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FPL’s Turkey Point Power Plant complex
has operated safely since the 1960s

Located on 9,400-acre site
In southern Miami-Dade

Staffed 24 hours a day
800 full-time employees

Four separate generating
units currently in service




About the Turkey Point area

Like much of Miami-Dade — and
much of Florida — Turkey Point is
located in close proximity to a
host of environmental treasures

Nearby protected areas include
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How Turkey Point generates energy

Turkey Point generates enough energy to supply the annual
needs of more than 900,000 homes

SENENAlNY:
Units

Ulplje b

Unies o & 4

IS

In-Service

1967 (retiring 2016)

1972-73

2007

Fuel

Oil**

Nuclear

Natural Gas

Capacity

396 megawatts

1,632 megawatts

1,187 megawatts

Cooling

Canals

Canals

Towers

* Unit 2, an oil-fired generator similar to Unit 1, entered service in 1968. It was retired (converted to
synchronous condenser mode) in 2011 as part of FPL's ongoing power plant modernization strategy.
Unit 1 is being retired this year.
** Since 2001, by phasing out older, less-efficient generating units and investing in advanced, fuel-
efficient technology, FPL has reduced its annual oil usage by 99 percent and saved customers more
than $8 billion on fuel costs.




What makes Turkey Point unique

Many coastal power
plants use ocean water
for cooling, but Turkey
Point uses a unique,
manmade system of
canals

System is a loop that is
closed off from other
surface waters (i.e.,
Biscayne Bay) but is
designed and permitted
to be connected with
groundwater




Turkey Point’s cooling canal system
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Water travels approximately 168 linear N
miles of canals in a 48-hour cycle to < S AR
keep the plant cool ey
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An “interceptor ditch” was built along
the western perimeter to restrict
westward movement of the system’s
water in the adjacent wetlands




Cooling canal system history

In the early 1970s, the cooling canals were created
to avoid the thermal effect on Biscayne Bay of a o
ontinuous

traditional “once-through” cooling design svarsieiit 2in
regulation has

Initial Design and Installation governed the
operation of

Final Judgment in federal government case in 1971 required FPL to
construct a cooling reservoir closed to other surface-water bodies (Civil the system
since 1971

Action No. 70-328-CA)
Note that closing system left remnant deep excavations

Regulatory Oversight

Permitted as Industrial Waste Water Facility under National Pollutant
Discharge Elimination System (NPDES), issued by DEP (FL 0001562)

Florida Power Plant Siting Act provides Conditions of Certification
SFWMD provides oversight under 5th Supplemental Agreement




Monitoring water quality

Annual Post-Uprate Menitoring Report
Units 3 & 4 Uprate Project |

to evaluate impacts on saltwater intrusion

4.5 million data points per year, covering:
Groundwater and surface water quality from canals, model lands and Bay
Marsh and Bay ecological surveys incl. plant diversity, growth and density
Porewater quality in sediments in wetlands and beneath the bay bottom

Bi-annual reporting since 2010, publically available

FPL takes water-

Data immediately available to agencies through quggﬁiyoglsﬁ;“;%ng
online electronic database Bglgrtoing) St

make scientifically
driven decisions




Expanded monitoring uses tritium tracer

Tritium Is a radioactive isotope used / \
as a tracer to help monitor cooling ('F}

canal water > % {Eﬁ
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Tritium levels are safe
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Monitoring hypersaline groundwater

In 2013, four years of monitoring results confirmed and
defined hypersaline plume underneath the cooling
canals and beyond the property boundary

DEP and SFWMD required FPL to identify corrective action
(December 2014 Administrative Order)

In 2015, Miami-Dade County initiated separate enforcement
(October 2015 Consent Agreement)

In April 2016, DEP issued the Final Administrative Order and a
Notice of Violation




Monitoring continues to advance

Enhanced technology enables us to
monitor salinity at varying depths

Helicopters fly a grid pattern to conduct
advanced airborne electromagnetic 3-D

mapping
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3-D mapping of groundwater hypersalinity
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Where South Florida Gets Its Water

Wellfield Protection
Areas (2012)

et

Miami-Dade’s wellfields
are primarily north of
the Homestead area

Saltwater intrusion is a
challenge for many
wellfields in Florida,
and it existed in this
region prior to Turkey
Point’s existence

= Saltwater intrusion line (Prinos et al., 2014)
= Western extent of hypersaline groundwater




Wellfield Protection

Saltwater intrusion in Miami-Dade
a

ORID - ADUCT, ORITY,.
PriOl:' to | i SIABORICAMP) - /
cooling & 1 P

canals j#

15




Keeping hypersalinity far from wellfields

Monitoring shows westward DrnkiNg g~ ¢
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We are fully committed to
reversing the plume’s direction
to prevent it from increasing
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Solutions

Long-term freshening inputs
to the cooling canals from
the Floridan Aquifer will have
a positive impact on the
groundwater

2-D modeling
shows that
freshening the
canals will
reduce the
hypersaline
plume over
time

Groundwater Salinity
Improvement Model
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Solutions

Hyvpersalinity Recovery Well System

West o e
Drinking Water Well B
¢ =

Water

Confining Layer
Upper Floridan Aquifer

Confining Layer

Lower Floridan Aquifer
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Solutions

Initial 3-D modeling
demonstrates that the
recovery well system is
the right approach

Model shows
we will be able
to pull back
the saltwater
intrusion line
over the next
decade

r

Groundwater Salinity
Improvement Model

lower saliniyiigliersalinity |
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Fixing Isolated artificial channels

Recently, elevated levels of nutrients
and the canal system’s tritium tracer
were identified in deep pockets of four
Isolated artificial channels between
the canals and Biscayne Bay

Central iIssue Is ammonia

Data indicate multiple sources of ammonia —
e.g. vegetation decay (power plant does not
produce or use significant amounts of
ammonia)

Tritium tracer simply indicates interaction with
cooling canals via groundwater in these
specific locations

EPL IS taking
Immediate
action to
remediate this
ISSUE

O = Normal levels
B = Elevated ammonia




Solutions

We are implementing a combination of actions, including
removing the stagnant deep water and returning some of
the areas to their natural bay state

Ammonia levels have already begun to come down, with
one of the four areas now back to normal concentrations

Typical Shallow Area

Deep areas
affected by
stagnation due
to minimal
water
movement

Cooling
Canals

Artificial Biscayne Bay
Channel Bottom




Three essential facts to keep in mind

1. Drinking water is safe — there is no impact to safety or
public health

2. There will not be any lasting adverse impact on the
ecology of Biscayne Bay

3. FPL is absolutely committed to the Miami-Dade
community, just as we have been for the past 90 years
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Turkey Point’s
Cooling Canal System
Overview




Turkey Point’s Cooling Canal System

Introduction

Turkey Point consists of five electrical generating units. Units 1 and 2 are oil/natural gas-fired generation
units.! Units 3 and 4 are nuclear generating units and Unit 5 is a natural gas combined cycle generating
unit. In 1973 the Cooling Canal System (CCS) was constructed to eliminate direct warm water discharges
to the Biscayne Bay and Card Sound. The CCS is a closed-loop system consisting of a 5,900-acre
network of unlined canals which serves as the tertiary cooling system for units 1, 3, and 4 of the power
plant. The water passes through the condenser systems and is then discharged to the northern end of the
canals and travels through the system and is recycled back to the plant for intake. The CCS water is
considered hypersaline, which means that it has higher levels of salinity than seawater. The canals are
unlined, therefore, there is a sub-surface interchange between the CCS and the surrounding waters.

Concerns

Temperature and Salinity Variations

Spiking in the summer of 2014, the temperature of the CCS water has approached and exceeded 100
degrees. The higher the temperature of the CCS water, the faster the evaporation rate, and, therefore, the
higher the salinity levels of the water. The higher salinity makes the CCS water more dense, which leads
the water to sink beneath the canals and to the bottom of the Biscayne Aquifer. The confining layer
between the Biscayne Aquifer and the Upper Floridan Aquifer prevents the further downward movement
of the hypersaline CCS water and causes a plume of high salinity water to spread east and west.

Saltwater Intrusion

The point where saltwater and freshwater meet is called the saline water interface. When the canals were
built an interceptor ditch was constructed on the west side of the cooling canal system to prevent the
hypersaline CCS water from migrating westward. In 2013 both the Department of Environmental
Protection and the South Florida Water Management District found that there is evidence that the saline
water interface has moved 4-5 miles westward of the L-31E canal. The westward movement of the
hypersaline CCS water has the potential to impact the drinking water supply for the Miami-Dade area,
which relies on the Biscayne Aquifer.

Tritium Levels

Tritium is a mildly radioactive type of hydrogen that occurs both naturally and as waste from nuclear
power plants. The CCS tritium level averages about 4,000 pCi/L.? Tritium is used as an additional tracer
to monitor the rate and direction of the movement of the CCS waters. There are multiple samples
collected from various locations beyond the boundaries of the facility to monitor the tritium levels.?
Miami-Dade County has found that based on the tritium data, there are low doses of tritium outside of the
property boundaries of the CCS. At such low doses, the levels of tritium reported do not pose a health
concern, rather they serve as evidence that the hypersaline water that exists in the groundwater outside of
the facility’s property boundaries can be attributed to the CCS.

! Unit 2 ceased operating in 2010.
2 The maximum contaminant level for drinking water is 20,000 pCi/L.
3 Tritium samples exceeding 20 pCi/L are used to identify saline groundwater as having originated from the CCS.




South Florida Water
Management District

Timeline/Background




Background Information Provided by the South Florida Water Management District

In January 2008, FPL applied to DEP to increase electrical generation from Unit Nos. 3 and 4 at its
Turkey Point Power Plant. FPL submitted this application to “uprate” and certify its units pursuant
to the Florida Electrical Power Plant Siting Act. The District participated in the uprate proceeding as
a statutorily-mandated party, and ultimately recommended approval of the application conditioned
upon FPL’s future ground and surface water monitoring of the area surrounding the power plant’s
cooling canal system for potential impacts to the Biscayne Aquifer and Biscayne Bay. Review of FPL’s
proposal also included discussion of salinity trends in groundwater wells west of the power plant’s
cooling canal system.

In October 2008, DEP issued a Final Order authorizing the uncontested uprate and certification of
Unit Nos. 3 and 4. Conditions of that approval included that FPL delineate the vertical and horizontal
extent of a hyper-saline plume originating from the cooling canal system, and that FPL monitor
changes in the quantity and quality of surface and ground water over time due to the uprate project.
Subsequently, technical staff from the District, DEP, and Miami-Dade County cooperated in
development of FPL’s monitoring plan and technical evaluation of collected data.

In April 2013, the District notified FPL that its technical evaluation of collected data indicated that
saline water from the cooling canal system had moved westward of the L-31E canal system, and into
water resources outside of the power plant’s property boundary. The District understands that,
around this same time, DEP began discussing regulatory action to require FPL to abate movement of
saline water outside the cooling canal system. District technical staff worked with DEP to evaluate
monitoring data, review three-dimensional groundwater models, and model potential abatement
measures.

In August 2014, FPL requested that the District issue an Emergency Order for temporary authorization
to divert and use surface water from the District’s L-31E canal system to help moderate unusually high
temperatures and salinity occurring in the cooling canal system. Those conditions within the cooling
canal system had the potential to affect the continued operation of the power plant. Pursuant to
Chapter 373, Florida Statutes, the District has jurisdiction over the use of and connection to the
District’s rights of way and facilities (e.g., L-31E canal system), as well as the consumptive use of water
within its geographic boundaries. The District also reserves from allocation to consumptive uses a
quantity of water to protect fish and wildlife in Biscayne Bay. The District issued the Emergency Order
authorizing FPL to temporarily withdraw surface water from the L-31E canal to distribute to the
cooling canal system only after Biscayne Bay’s water reservation was met.

In September 2014, FPL submitted to DEP an application to modify its site certification for Unit Nos.
3 and 4 under the Florida Electrical Power Plant Siting Act. FPL’s proposal included the installation of
six wells to withdraw 14 million gallons per day of water from the Upper Floridan aquifer system to
manage salinity and temperature within the cooling canal system. The District participated in that
proceeding as a statutorily-mandated party, and recommended approval of the modification. During
litigation over the proposed modification, District technical staff testified that this groundwater
withdrawal would not interfere with existing legal uses or otherwise cause harmful saltwater
intrusion, and would-likely slow the inland movement of the saltwater interface. The Governor and
Cabinet sitting as the Siting Board approved FPL’s proposal in March 2016.




In December 2014, DEP issued a regulatory order (“Administrative Order”) to compel FPL to produce
for review and approval a detailed Salinity Management Plan to reduce the hyper-salinity of the
cooling canal system to abate westward movement of saline water associated with the system.
Litigation over DEP’s order ensued, and DEP has not yet taken final agency action. The District was
not a party to that litigation, but District technical staff testified that reducing the salinity in the cooling
canal system would likely slow the inland movement of the saltwater interface.

In May 2015, upon FPL’s demonstration of emergency conditions, the District issued a second
Emergency Order allowing the temporary diversion and use of non-reserved surface water from the
L-31F canal system. By the end of November 2015, salinity in the cooling canal system had dropped
significantly. The District expects that introduction of Upper Floridan aquifer water pursuant to FPL’s
approved site certification modification will eliminate the need for future emergency surface water
withdrawals from the L-31E canal system.

In October 2015, FPL and Miami-Dade County entered into a Consent Agreement requiring FPL to
take action to address the County’s alleged violations of County water quality standards and criteria
in groundwater outside the cooling canal system. The District has provided technical support to
Miami-Dade County in the evaluation of FPL’s saltwater extraction plan and groundwater model
development.

Historical Information

Historical actions that pre-date the establishment of modern environmental regulatory programs and
Florida’s centralized power plant licensing program:

In 1971, FPL signed a Consent Decree with the U.S. Department of Justice that required the
construction of a “closed-loop” cooling canal system, and the Florida Department of Pollution Control
(later to become the Florida Department of Environmental Protection) issued a construction permit
for the project. FPL had been discharging heated water directly into Biscayne Bay. FPL completed
construction of the cooling canal system in 1973.

Although it did not have regulatory authority over the cooling canal system, the Central and Southern
Florida Flood Control District (later to become the South Florida Water Management District) sought
assurances that the construction and operation of the facility would not impede the function of the
District. In 1972, the Flood Control District and FPL entered into an agreement requiring FPL to
implement and operate a seepage control system to restrict the movement of saline water from the
cooling canal system westward of the L-31E canal to those amounts that would occur without the
existence of the cooling canals. The seepage control system is commonly known as the “interceptor
ditch,” and is located along the western edge of the cooling canal system. Since then, the agreement
has been updated several times; the most recent version is the “Fifth Supplemental Agreement”
entered into in October 2009. The Fifth Supplementa! Agreement brings forward much of the
language and commitments from the prior versions, including operation of the interceptor ditch.

District Contacts

Terrie Bates Jon Shaw
Water Resources Division Water Supply Bureau
thates@sfwmd.gov ishaw@sfwmd.gov

561-682-6952 561-682-6849
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MIAMIDADE

Memorandum

Date: February 17, 2016 Agenda Item No. 2(B)1
March 8, 2016
To: Honorable Chairman Jean MonesH
and Members, Board of Counjy €gmmissione
From: Carlos A. Gimenez ¢ A i -
Mayor ~——

Subject:  Cooling Canal Study at the Florida Power and Light Turkey Point Power Plant ~
Directive 151025

Pursuant to Resolution No. R-517-15, which was adopted by the Board of County
Commissioners (Board) on June 2, 2015, the County Mayor or the County Mayor's designee was
to have a study and report on the cooling canal system at Turkey Point Power Plan conducted by
a third party to examine available data, including the long-term monitoring data from Florida
Power and Light, and analyze what has happened with the cooling canal system. Furthermore,
the study is to address issues including, but not limited to, salinity levels, temperature levels, and
the migration of the plume of cooling canal water into the groundwater beyond the cooling canal
system.

For the Board’s reference, attached is a preliminary report on the study completed by Dr. David
Chin of the University of Miami. :

Resolution No. R-517-15 also directed that the preliminary report be made available to the public
through the County’s website. Interested parties and members of the public will have 30 days to
submit written comments and questions about the study, which will be relayed to Dr. David Chin
to be addressed in the final study report that shall be completed within 60 days after the closing
of the public comment period. For your reference, the link for public comment is
http://www.miamidade.gov/environment/cooling-canal-study-and-feedback.asp

Pursuant to Ordinance No. 14-85, this memorandum will be placed on the next available Board
meeting agenda. The final study report will be also be placed on a Board meeting agenda upon
its completion.

Should you have any guestions or concerns, please contact Lee Hefty, Assistant Director,
Department of Regulatory and Economic Resources, at 305-372-6754 or heftyl@miamidade.gov.

Attachment

c Honorable Harvey Ruvin, Clerk of the Board
Abigail Price-Williams, County Attorney
Office of the Mayor Senior Staff
Lourdes Gomez, Deputy Director, Department of Regulatory and Economic Resources
Lee Hefty, Assistant Director, Department of Regulatory and Economic Resources
Charles Anderson, Commission Auditor
Eugene Love, Agenda Coordinator




The Cooling-Canal System at the FPL Turkey Point Power Station

By David A. Chin, Ph.D., PE., D.WRE, BCEE
Professor of Civil and Environmental Engineering
Universily of Miami

Executive Summary

This report was prepared under an agreement between Miami-Dade County and the University of Miami.
The following issues related to the operation of the cooling-canal system (CCS) at the Turkey Point Power
Station were investigated: (1) temperature variations in the CCS and associated impacts on the surrounding
groundwater, (2) salinity variations in the CCS and associated impacts on the surrounding groundwater,
and (3) the effects of pumping up to 100 million gallons per day from the L-31E Canal into the CCS.
The principal findings of this investigation are summarized below, with analytical details suppotting the
findings contained in the body of the reporl. Data for this study was provided by the Miami-Dade Counly
Department of Regulatory and Economic Resources. CCS temperature and salinity data for the four-year
interval of 9/1/10~12/7/14 were made available for this investigation.

Temperature in the CCS, A heat-balance model was developed to simulate the temperature dynamics
in the CCS. The results derived from the heat-balance model showed that there were two distinct periods
during which the heat-rejection rate from the power plant remained approximately constant. The first period
corresponded to pre-uprate conditions, and the second period corresponded to post-uprate conditions. The
heat-rejection rate during the second period was found to be significantly greater than the heat-rejection rate
during the first period, As aresult of the increased heat addition to the CCS, the average temperature of water
in the CCS has increased, and in the vicinity of the power-plant intake the average temperature has increased
by approximately 2.6°C (4.7°F). This measured increase in average temperature within the intake zone is
slightly greater than the increase in the maximum allowable operating temperature at the intake location of
2.2°C (4.0°F) that was approved by the Nuclear Regulatory Commission in 2014, Therefore, the increased
maximum operaling temperature has not reduced the probability of the intake temperatures exceeding the
threshold value, which currently stands at 104°F. Since supplementary cooling of the CCS was needed in
2014, this serves as a cautionary note regarding further increases in power generation beyond 2014 levels
without providing a reliable supplementary cooling system. Measured temperature data during the period of
record indicate that the thermal efficiency of the CCS has decreased between the pre-uprate and post-uprate
periods. Further investigation is recommended to confirm the decrease in thermal efficiency of the CCS and
identify the causative factor(s). The assertion that higher algae concentrations in the CCS were responsible
for the elevated temperatures in the CCS was investigated, A sensitivity analysis indicates that increased
algae concentrations were not likely to have been responsible for the significantly elevated temperatures
in the CCS recorded in the mid-summer months of 2014, The additional heating rate in the CCS caused
by the presence of high concentrations of algae is estimated to be less than 7% of the heat-rejection rate
of the power plant, hence the minimal impact, Further development of the heat-balance model is needed,
since the design of any engineered system to control temperatures in the CCS must be done in tandem with
heat-balance-model simulations.

Temperature impact on groundwater. Measured groundwater temperatures in some monitoring wells
between the CCS and the L-31E Canal have shown higher temperatures than groundwater west of the L-31E




Canal, and this occurrence can be partially attributed to limited cooling-canal water intrusion into the Bis-
cayne Aquifer, Monitoring-well measurements further show that nearly all of the seasonal temperature
fluctuations in the groundwater occur above an elevation of —25 ft NGVD* (about 30 ft below the ground
surface). At lower elevations in the aquifer, the groundwater temperature generally remains relatively steady
and in the range of 75°F—77°F (24°C—25°C). Seasonal temperature fluctuations above —25 ft NGVD can
be partially attributed to the heating and cooling of water in the L-31E Canal in response to seasonal changes
in atmospheric conditions. Overall, the impact of CCS water on the temperature of groundwater in the Bis-
cayne Aquifer can be considered as localized of not having any significant environmental consequence.

Salinity in the CCS, There has been a steady increase in CCS salinity of around 5%o per decade since the
CCS began operation in 1973, Recent measurements indicate that the rate of change of salinity might be
increasing. Analyses of the salinity dynamics in the CCS were performed using a salinity model previously
developed by a FPL contractor. Results from this salinity model show that evaporation and rainfall are the
primary drivers affecting the salinity in the CCS, with pumpage from the interceptor ditch and blowdown
from the Unit 5 generating facility also having an effect. Over prolonged periods with no rainfall, the salinity
in the CCS will generally increase as fresh water is evaporated and the evaporated fresh water is replaced by
saline water from the surrounding aquifer. A prolonged period with no rainfall was the primary cause for the
unusually high salinities (greater than 90%o) that were observed in early summer of 2014, Seepage inflow
to the CCS is mostly from the east (i.e., the area adjacent to Biscayne Bay) and seepage outflow of more
saline water occurs primarily (hrough the bottom of the CCS, thereby contributing to an increased salinity
of the underlying groundwaler. The shorl-ferm (seasonal) salinity fluctuations in the CCS are controlled by
seasonal variations in the amount and timing of rainfall, and aperiodic spikes in salinity should be considered

as being normal and expecled. In the long term, barring any significant intervention, salinities will continue -

to follow an upward trend, since over the long term annual evaporation exceeds annual rainfall. Increased
temperatures in the CCS lead to increased evaporation which increases the rate of change of salinity in the
CCS above historical rates of change. The steady increase in salinity could be mitigated by an engineered
system to add supplemental water with lesser salinity. However, pumping lower salinily water into the CCS
in large quantities will elevate the water level in the CCS, decrease the seaward piezometric-head gradient,
and likely exacerbate the inland intrusion of saltwater originating from the CCS. The effectiveness of an
engineered system that pumps saline water from the CCS to deep-well(s) for disposal will depend on the
groundwater-flow response in the aquifer surrounding the CCS, the induced salinity-transport dynamics
within the aquifer, and the operational protocol of the deep-well injection system. Data in support of such a
proposed system was not made available to the investigator during this study,

Salinity impact on groundwater. Based on available documentation and data summaries contained in
numerous reports prepared by FPL, SFWMD, and DERWM, there is little doubt that seepage from the CCS
into the Biscayne Aquifer has caused salinity increases within the aquifer, and this impact extends several
miles inland from the CCS, The strongest evidence for this assertion comes from the analysis of tritium data.
The CCS contains water with a high tritium concentration, and utilization of (ritium as a tracer to identify
groundwater originating from the CCS is justified, Elevated concentrations of tritium above a 20 pCi/L.
threshold in the deep groundwater can reasonably be attributed to the presence of water originating from the
CCS. The approximate limit of the 20 pCi/L concentration contour has been reported to be 3.8 —4.7 miles
west of the CCS and 2.1 miles east of the CCS,

*“NGVD” refers to the NGVD 29 datum.




Withdrawal of 100 mgd from the L-31E Canal, Adverse impacts of pumping 100 mgd from the L-31E
Canal into the CCS during June 1~Navember 30 are likely to occur under the current permitted pumping
protocol. Under the current pumping protocol stipulated in the SFEWMD-issued permit, the stage in the
L-31E Canal will be held constant during pumping, while the stage in the CCS will generally rise as a result
of pumping, This combined effect will decrease, or possibly reverse, the seaward piezometric-head gradient
between the L-31E Canal and the CCS that would normally exist in the absence of pumping. A possible
consequence of a reversed head gradient between the L-31E Canal and the CCS is advection of a saline
plume from the CCS towards the L-31E Canal, and creation of a circulation cell in which the salinity of the
water in the L-31E Canal is increased as the saline plume enters the L-31E Canal, Furthermore, according to
model results provided by FPL in support of the pumping-permit application, pumping of 100 mgd into the
CCS is likely to reduce the water-level differential between the L-31E Canal and the CCS 1o below the 0.30 ft
threshold that would normally trigger the operation of the interceptor ditch salinity-control system, which,
if operational, would further reduce the head gradient between the L-31E Canal and the CCS. Based on
these findings, it is recommended that the permitted pumping protocol be revised prior to the 2016 pumping
period. The revised protocol should include, as a minimum, real-time monitoring of the stages in the CCS
and the L-31E Canal during pumping operations, specification of a threshold water-level difference between
the L-31E Canal and the CCS that would limit further pumping, and real-time monitoring of the salinity in
the L-31E Canal during pumping operations.

Recommended actions. The following specific action items would lead to better and more efficient man-
agement of the cooling-canal system:

* Develop a calibrated heat-balance model to simulate the thermal dynamics in the CCS, and collect the
data necessary to calibrate and validate this model.

» Confirm and identify the causative factors for the decline in the thermal efficiency of the CCS between
the pre-uprate and post-uprate periods.

+ Develop a quantitative relationship for estimating algae concentrations in the CCS as a function of
temperature, salinity, and nutrient levels,

* Develop a locally validated relationship between the evaporation rate, water temperature, air temper-
ature, wind speed, salinity, and algae concentrations in the CCS.

Modity the operational protocol associated with the 20152016 permit for transferring up to 100 mgd
from the L-31E Canal to the CCS.

The analyses and recommendations contained in this report are offered in support of the goal of achieving an
environmental balance for the sustainable generation of electrical power at the Turkey Point power station.
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1 Background

This investigation is primarily focused on the operation of the cooling-canal system (CCS) located at the
Turkey Point power-generating station in south Miami-Dade County, Florida. The issues of concern relate
primarily to the increased temperatures and salinities that have recently been measured in the CCS, the envi-
ronmental impacts of these increased levels on the quality of groundwater in the Biscayne Aquifer, the need
for additional engineered systems to supply supplemental cooling water to the CCS, and the environmental
impacts of permitted pumping of up to 100 mgd of water from the L-31E Canal to the CCS between June 1
and November 30.

Environmental concerns, Most of the environmental concerns regarding the operation of the cooling-
canal system (CCS) at Turkey Point relate to: (1) the sustainability of the system in maintaining adequate
temperatures to cool the power-generating units, (2) the impact that current and projected future salinities
in the CCS have on the quality of groundwater in the surrounding Biscayne Aquifer, and (3) the need for
new supplementary sources of water and/or revised operational protocols to control the temperatures and
salinities in the CCS, Specific issues of concern are as follows:

* Increased temperatures in the CCS limit the effectiveness of the CCS as a cooling-water source ser-
vicing four power-generating units. When the intake temperature in the CCS exceeds a regulatory
limiting value of 104°F, either power generation must be curtailed or supplementary cooling waler
must be provided to the CCS to reduce the temperature and hence keep the generating units in op-
eration; the sustainability of a supplementary system to cool the water in the CCS has not yet been
established.

¢ Increased salinity in the CCS likely contributes to increased saltwater intrusion within the Biscayne
Aquifer, thereby deteriorating the groundwaler quality underlying inland areas. The current salinity-
control system, sometimes called the interceptor-ditch system, has not been effective in controlling
the inland migration of saline water from the CCS, thereby signaling the need for revised operating
strategies to manage salinity intrusion resulting from CCS operation.

< The effectiveness of the permitted protocol for pumping 100 mgd from the L-31E Canal into the CCS
to reduce temperatures in the CCS, and the effect of this pumping operation on saltwater intrusion in
the Biscayne Aquifer and water quality within the L-31E Canal are issues that are yet to be resolved.

This report summarizes what is currently known about the CCS, summarizes key findings from previous
related investigations, regulatory reports and reviews, provides new analyses, and gives suggested answers
and pathways forward to resolve several issues related to the above-listed concerns.

1.1 Turkey Point Power Station

The Turkey Point Power Station currently consists of five power-generating units: two 404-MW oil/natural
gas-fired generating units (Units 1 and 2), two 728-MW nuclear-powered units (Units 3 and 4), and a nomi-
nal 1150-MW natural gas-fired combined-cycle unit (Unit 5). In 2002, the Nuclear Regulatory Commission
(NRC) extended the operating licenses for both nuclear reactors from forty yearts to sixty years, extending
licensed operation to the year 2033. In June of 2009 the Florida Department of Environmental Protection
(FDEP) issued certification for the increase in power-generating capacity (commonly called an “uprate’) of




Units 3 and 4 to provide an additional 250 MW of power. Unit 3 has been operating at its uprated power-
generation capacity since Nov 2012, and Unit 4 has been operated at its uprated power-generation capacity
since May 2013. In planning for the Unit 3 and Unit 4 uprates, it was anticipated that the uprate would
increase the temperature of the cooling water discharged to the CCS by 2.5°F (1.4°C), from 106.1°F to
108.6°F (41.2°C to 42.6°C) (FPL 2011), and that the increased temperature in the CCS might result in in-
creased evaporation and increased salinity. The CCS provides cooling water for Units 1 to 4, with cooling
of Unit 5 accomplished by mechanical-drafl cooling towers that use make-up water drawn from the Upper
Floridan Aquifer. Blowdown water from Unit 5 is discharged into the CCS. Since the uprate of Units 3 and
4 went into effect, Unit 2 has not been operational. In 2014, the Florida legislature approved construction
of two additional nuclear reactors at Turkey Point (Units 6 and 7), with each additional unit having an ap-
proximate electrical output of 1100 MW; approval of the additional units by the NRC is currently pending.
The two additional nuclear reactors will not use the CCS for cooling. Presently, with an estimated total
power-station capacity of approximately 3550 MW, the Turkey Point power station is the second largest
power station in Florida, in terms of generating capacity, and is the sixth largest power station in the United
States (NRC, 2012).

1.2 Geohydrology

The Turkey Point power station and associated cooling-canal system (CCS) are underlain by the Biscayne
Aquifer. In the vicinity of Turkey Point, the Biscayne Aquifer extends from land surface to a depth of ap-
proximately 106 ft below sea level (BSL), with the thickness of the aquifer decreasing towards the west.
Geologic formations within the Biscayne Aquifer include, from the ground surface downward, the Miami
Limestone Formation, Key Largo/Fort Thompson Formations, and upper portions of the Tamiami Forma-
tion, The less-permeable units of the Tamiami Formation, and the deeper Hawthorn Group, form the con-
fining unit between the Biscayne Aquifer and the Upper Floridan aquifer. The top of the confining unit is
characterized by the transition between highly permeable beds of the Fort Thompson Formation and the
lower-permeability silty sands of the Tamiami Formation. The thickness of the Miami Limestone Formation
is in the range of 8~23ft, and the thickness of the Fort Thompson Formation is in the range of 46-95 ft.
The regional groundwater flow direction is, on average, from the northwest to southeast (Fish and Stewart
1991), although the predominant flow direction at the coasl can vary significantly between the wet and dry
seasons. The water-table gradient is lypically towards the coast during the wet season (May —October),
but can be directed inland during the dry season (October— April). The possibility of the occurrence of an
inland water-table gradient is the primary reason for the so-called “interceptor-ditch system” that is used
ostensibly to control the inland migration of saline water originating from the CCS. Water-lable elevations
al Turkey Point are typically around 1 ft NGVD, and the magnitude of the average regional water-table gra-
dient is typically in the range of 0.004%—0.005%. Notably, with such small water-table gradients, small
errors in measured water-table elevalions can significantly impact the accuracy of the estimated gradients.
Vertical piezometric-head gradients at the Turkey Point site (away from the CCS) are typically negligible,
with piezometric-head differentials between shallow, intermediate, and deep zones reportedly being within
hundredths of a foot.

Groundwater classification, Groundwater at the Turkey Point site was originally classified by FDEP as
as G-II, which is the classification for groundwater that is of possible potable use and has a total dissolved
solids content of less than 10,000 mg/L. In September 1983, at the request of FPL, the groundwater at
the Turkey Point site was reclassified by FDEP as G-III, which is the classification for groundwater that



has a total dissolved solids content of 10,000 mg/L. or greater, or has a total dissolved solids of 3,000—
10,000 mg/L. and has no reasonable potential as a future source of drinking water. The G-III classification
currenily remains in effect.

1.3 The Cooling-Canal System

History and regulation. Construction of the cooling-canal system (CCS) was approved by the Dade
County Board of County Commissioners in November 1971, and became operational in February 1973. At
the time of its initial operation, the CCS was approximately half-way completed compared with the present
system. The CCS is sometimes referred (o as an Industrial Wastewater Facility (IWW) since the circulating
water system, which discharges saline water to the suwrrounding aquifer, is regulated under the federal Na-
tional Pollutant Discharge Elimination System (NPDES) and an Industrial Wastewater (IW) permit issued
to FPL by the Florida Department of Environmental Protection,

Current canal system. In its present state, the CCS is approximately two miles wide (east—west) and five
miles long (north-south), covers an area of approximately 5900 acres, and has approximately 4370 acres
of water surface. The CCS consists of 32 canals flowing south from the discharge location in the north,
and 7 return canals flowing north to the intake location, Because the south-flowing canals are located in
the western scction of the CCS and the north-flowing canals are located in the eastern section of the CCS,
the system is sometimes referred to as having 32 western canals and 7 eastern canals. The south-flowing
(western) canals are each approximately 4 fi deep, 200 ft wide, and spaced approximately 90 ft apart; these
canals range in length from 2~5 miles. The 4 ft depth of the canals (from ground surface) was originally
chosen so as to not penefrate the less-permeable surficial Miami Oolite Formation that extends to about
4 fl below grade, thereby minimizing groundwater exchange between the CCS and the underlying Biscayne
Aquifer. The bottom of the canals are below the lowest water-table elevation expected in the Biscayne
Aquifer at Turkey Point, and therefore the canals always contain water that is directly connected to the
adjacent groundwater. Cooling water leaves the four generating units (Units 1~4), flows into Lake Warren,
and then into the 20-ft deep 100-ft wide feeder canal that connects to the 32 south-flowing cooling canals.
Four shallow cross canals spaced 1-mile apart run east —west across the 32 south-flowing cooling canals.
These cross canals contain flow-control structures that distribute water flow evenly to the canals so that
each cooling canal carries a flow that is proportional to its surface arca in order to optimize heat exchange
with the atmosphere. At the southern end of the CCS is a collector canal that is approximately 20 ft deep
and 200 ft wide. Water returns to the power-generating units from the southern collector canal via 6 north-
flowing canals, the largest of which is the Card Sound Canal which is 200 ft wide and 20 ft deep. The
average length of the circulation path between the discharge and intake locations is 13.4 miles. The 32
south-flowing cooling canals are numbered from [ to 32, from east to west, hence, cooling-canal number
32 is the westernmost canal in the CCS. Endangered American crocodiles (Crocodylus acuius) inhabit the
cooling canals, During nesting season, more than 40 adull crocodiles have been observed in the canals,
although there have been some reports that the crocodile population in the CCS is declining possibly due
directly or indirectly to the increased salinities in the CCS,

Operational characteristics. The canals in the CCS were designed to operate at a total flow rate of
4250 ft3/s (2750 mgd) when all four generating units (Units 1—4) supported by the CCS are in full oper-
ation. Small wastewater (blowdown) flows from Unit 5 are also discharged into the CCS. Typically, the
flow rate through the CCS varies significantly with the electric load demand on the generating units, and is



usually in the range of 27004250 ft/s (17502750 mgd) on any given day, with a typical flow depth of
around 2.8 ft. Thermal energy is dissipated in CCS as water moves from north to south, with the primary
heat-exchange processes being evaporation, solar radiation, and both emitted and absorbed longwave radia-
tion. Maximum temperatures near the discharge location of the power-generating units are typically around
108°F (42°C), and maximum temperatures near intake to the power-generating units are typically around
93°F (34°C); the difference between these typical maxima is 15°F (8°C), which gives a measure of the cool-
ing effect of the CCS. The (regulated) maximum allowable temperature at the intake location in the CCS
is 104°F (40°C). The flow in the CCS is driven by 12 condenser-circulating pumps and auxiliary cooling
pumps. The CCS typically contains approximately 7 x 108 ft of water, and the average velocity is around
0.25 fi/s in each canal. Approximately two days (44 -48h) are required for water in the CCS to travel from
the discharge location to the intake location. Within the CCS, the flow is maintained by a head differential
between the discharge and intake locations, with the water-surface elevation being highest at the discharge
location and lowest at the intake location. The water level at the discharge location is typically about 3 ft
higher than the water level at the intake location. Typical water surface elevations in the CCS are 2.04ft
NGVD at the discharge localion, 0.76 ft NGVD at the south end, and —0.77 ft NGVD at the intake loca-
tion. The water-surface elevation at south end of the CCS is usually closest to the water-surface elevation in
Biscayne Bay, The water-surface elevation in the CCS is typically higher than the site-average water-table
elevation in the Biscayne Aquifer at the discharge (north) end of the system, approximately equal to the
water-table elevation at the south end of the system, and below the water table at the intake (north) end of
the system, Consequently, water generally flows out of the CCS into the aquifer near the discharge location
of the CCS and water generally flows into the CCS from the aquifer near the intake location of the CCS,
there is less flow interaction between the CCS and the aquifer at the southern end of the system. During very
heavy rains, there can be a net inflow to the CCS from the surrounding aquifer. The CCS is approximately
nontidal, and water in the CCS is typically warmer than the air temperature, The effectiveness of the CCS
as a cooling system decreases as the temperature in the CCS increases,

1.4 Algae in the CCS

A significant algae bloom occurred in the CCS during 2014 and algae in now perceived to be a problem in
the CCS. Prior to 2013, only limited and shorl-term algae blooms had occutred in the CCS, typically during
the early summer months. In fact, algae blooms were of such limited concern that routine monitoring for
algae was not commonly done prior to 2014. In the sumamer of 2014, large-scale application of a CuSO,-
based algaecide was used to reduce the algae concentrations in the CCS. The applied algaecide was reported
as being ineffective in reducing the algae concentrations, serving only to stabilize the existing concentrations
(SFWMD, 2015).

Faciors affecting algae concentrations. High concentrations of algae have been observed in the CCS
with correspondingly high concentrations of nutrients being measured. The historical average algae concen-
tration in the CCS is reported to be 50 cell/LT, however, in the summer of 2014 algae concentrations as high
as 1600 cell/L. were reported (SFWMD, 2015), The addition of nutrients from the power-generating units
into the CCS is assumed to be negligible, with nutrients likely originating from allochthonous sources, Total
nitrogen (TN) concentrations in the CCS have been reported in the range of 1.7-5.3 mg/L (Ecology and
Environment, Inc., 2012). The highest reported TN concentrations in the CCS were measured at all stations
in March 2012, which coincided with higher turbidities and pH in the CCS. The majority of the nitrogen

tAlgae concentrations are normaily given in Chla/L, so these units are unusual,
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in the CCS appears to be in organic form (typically 80% —90%). Total phosphorus (TP) concentrations in
the CCS have been reported in the range of 4~73 pg/L, with an overall average concentration of 36 pg/L.
Numerous measurements of TN and TP have been reported between 7/2010 and 3/2015 (Ecology and Envi-
ronment, Inc., 2010; 201 1a; 2011b; 2012a; 2012b; 2012c¢; 2013a; 2013b; 2014a; 2014b; 2015), and synoptic
measurements within this time period yield TN/TP values in the range of 48 -~2015 with a median value of
142, Since the measured TN/TP values generally exceed the Redfield ratio of 16, it can be inferred that TP
is the controlling nutrient for algae growth in the CCS. The existence of TP control of algae growth in saline
systems is commonly atiributed to the presence of nitrogen-fixing planktonic cyancbacteria which make up
any short-term nitrogen deficits (Howarth and Marino, 2006). It has been reported that the cyanobacteria
Aphanothece sp. are the predominant algae species in the CCS; these species are nitrogen-fixing and thrive
under hypersaline conditions. In addition to nutrients, both temperature and salinity are known to affect
the growth of algae in water bodies. For given nutrient levels, increasing temperatures usually contribute
to increased algae concentrations, and increasing salinities usually contribute to decreased algae concen-
trations (Hakanson and Eklund, 2010). However, for the algae species commonly found within the CCS,
algae concentrations have been reported to increase with increasing salinity (SFWMD, 2015). Algae con-
centrations are usually expressed in terms of the mass of chlorophyll-a per liter. Synoptic measurements
of chlorophyll-a (Chla) concentration, salinity (), temperature (77, and total phosphorus (TP) concentra-
tion at locations near the discharge and intake locations in the CCS between May 31, 2015 and November
13, 2015 are plotted in Figure 1. These synoptic measurements collectively show the algae concentration
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Figure 1: Chlorophyll-a levels in the CCS as a function of temperature, salinity, and total phosphorus

(Chle) decreasing with increasing salinity (5), decreasing with increasing temperature (1), and decreasing
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with increasing nutrient concentration (TP), All of these trends are contrary to the natural relationships be-
tween Chla, 8, T', and TP and are either anomalous or indicate the effect of an algaecide. Assuming that a
CuS0,-based algaecide was applied during the period of measurements, the effectiveness of the algaecide
can be seen by plotting the relationship between Chla and sulfate (SO,) concentrations, and this relation-
ship is shown in Figure 2. It is apparent from Figure 2 that algae concentrations decrease significantly with
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Figure 2: Chlorophyll-a levels in the CCS sulfate concentrations

increasing concentrations of algaecide (as measured by sulfate concentration), indicating that addition of an
algaecide is an effective means of reducing algae concentrations in the CCS. However, it should also be kept
in mind that Chla reductions caused by an algaecide are necessarily only temporary, since the natural factors
causing high levels of Chla (i.e., S, T', and TP) remain at elevated levels within the CCS. Since the system is
autotrophic, reduction of autochthonous TP levels should be targeted to ultimately reduce both algae levels
and the need for repeated application of algaecide(s) in the CCS.

Impact of increased algae concentrations. It has been asserted (SFWMD, 2015) that increased algae
concentrations and turbidities associated with algae blooms cause more solar energy to be absorbed in
the CCS, and reduces the ability of the CCS to dissipate thermal energy. The primary mechanisms by
which the CCS dissipates thermal energy are by evaporation and the emission of longwave radiation. A
conventional assumption made by engineers and scientists is that the evaporation rate from a water body
is unaffected by the concentration of algae in the water body. There is no scientific evidence documented
in any published studies showing that the rate of evaporation from a water body is reduced by high algae
concentrations. Further, there are no published studies showing that the emission of longwave radiation
from a water body is particularly sensitive to the concentration of algae in the water. As a consequence, the
primary effect of increased algae concentrations in the CCS can be assumed to be increased absorption of
solar radiation, which would increase the heating of the water and elevate the temperature of the water in
the CCS. The quantitative effect of increased solar heating of the CCS due to increased algae concentrations
is parameterized by a reduced albedo of the water surface, and the relationship between the reduced albedo
and the corresponding increased temperature was investigated in this study using a heat-balance model
described subsequently in Section 2.2 of this report. It should be noted that the “trapping” of solar energy
due to increased algae concentrations would be moderated by the resulling increased evaporation which
would cause increased cooling due to the extraction of the latent heat of vaporization.
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1.5 Saltwater Intrusion

The inland extent of saltwater intrusion in the Biscayne Aquifer is defined by the location of the 1000 mg/L
isochlor. As a reference concentration, the South Florida Water Management District (SFWMD) defines
seawater as having a chlorinity (i.e., chloride concentration) greater than 19,000 mg/L, and saline water
as having a chlorinity greater than 250 mg/L. Swface waters with chlorinities greater than 1500 mg/L are
classified as marine waters, and surface waters with chlorinities less than 1500 mg/L. are classified as fresh
waters (F.A.C. 62-302,200). The landward extent of the saltwater interface (i.e., the 1000 mg/L isochlor)
varies naturally in response to a variety of factors, such as seasonal variations groundwater recharge and
variations in rates at which groundwater is pumped from the aquifer, For example, prolonged droughts or
excessive water usage inland that reduce water-table elevations can cause increased salinity intrusion. Prior
to the construction of the CCS, the groundwater underlying the Turkey Point site was naturally saline due
to the proximity of the site to the coast. In fact, had the groundwater not been saline, construction of the
cooling-canal system at Turkey Point would not have been permitted. Since the water-table gradient towards
the coast at Turkey Point is typically very low, and with the location of the saltwater interface being partially
controlled by those gradients, even slight reductions of the fresh water piezometric-head gradient can cause
substantial landward movement of the saltwater interface. The occurrence of landward gradients during the
dry season promotes inland movement of saline groundwater.

CCS impact on saltwater intrusion. It has always been recognized that construction of the CCS without
any mitigating salinity-control systerns would cause the saltwater interface to move further inland. This
expectation was based on the assertion that construction of a CCS containing saline water one mile inland
from the coast is tantamount to moving the coast one mile inland, and also moving the associated saltwater
wedge around one mile inland. Since water in the CCS has a higher salinity than seawater, and is therefore
denser that the water in Biscayne Bay, the effect of the CCS is actually greater than moving the coast one mile
inland. To compound this effect, the engineering consultants that originally analyzed the performance of the
CCS also asserted that if the water level in the CCS were to be increased by 0.50 {t above the preconstryction
water-table elevation, then the toe of saltwater water wedge at the base of the Biscayne Aquifer might move
approximately 7.5 miles further inland during the dry season as compared to its original location during the
dry season., The engineering consultants also asserted that in the wet season, an elevated water level of
0.50 ft in the CCS might move the toe of the saltwater wedge approximately 1 mile further inland compared
to its original location during the wet season. Based partially on these expectations, the salinity-control
system that is currently in place was designed to control the westward migration of saltwater originating in
the CCS. This control system involves pumping water from a so-called “interceptor ditch” into the CCS in
order lo create a seaward hydraulic gradient between the L-31E Canal and the interceptor ditch, where the
L-31E Canal is located to the west of the interceptor ditch. The protocol for operating this salinity-control
system and the effectiveness of the system are discussed in Section 1.6 of this report,

Tracing the movement of CCS water in the Biscayne Aquifer, Tritium has been selected by the cog-
nizant regulatory agencies (SFWMD and DERM) to trace the movement of CCS water in the Biscayne
Aquifer, Historical data from 1974 to 1975 showed CCS tritium concentrations in the CCS to be in the range
of 15564846 pCi/L, and reports submitted by FPL for the monitoring period from June 2010 through De-
cember 2011 showed CCS tritium concentrations in the range of 1260 14,280 pCi/L.. Natural groundwater
at the base of the Biscayne Aquifer would be expected to have relatively low concentrations of tritium. A
threshold concentration of 20 pCi/L has been used as a baseline to infer the presence of groundwater orig-
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inating from the CCS. Groundwater with concentrations below 20 pCi/L are presumed not to be affected
by the CCS. FPL does not concur with the selection of 20 pCi/L. as a threshold or background tritium con-
centration for surface water, pore water, or shallow groundwater, The basis of FPL's contention regarding
the 20 pCi/L threshold is that multiple factors such as atmospheric deposition, vapor exchange, and errors in
laboratory analysis can influence reported tritium levels. The FPL assertion is reasonable and is supported
by measured data that indicate atmospheric and vapor exchange effects on tritium concentrations can be par-
ticularly significant in surface water and shallow groundwater, with significance decreasing with distance
from the CCS. However, at depth, the CCS appears to be the primary source of tritium, and using tritium
as a tracer in the lower elevations of the Biscayne Aquifer is reasonable. Reported measurements show
groundwater tritium concentrations in excess of 3000 pCi/L near the CCS, with concentrations decreasing
with distance from the CCS, and found at concentrations of hundreds of pCi/L three miles west of the CCS
at depth. The approximate limit of the 20 pCi/L concentration contour is 3.8 —4.7 mi west of the CCS and
2.1 mi east of the CCS, Based on the strength of these data and supporting analyses, it is reasonable to con-
clude that operation of the CCS has impacted the salinity of the Biscayne Aquifer within the limits of the
20 pCGi/L contour.

1.6 L-31E Canal and Interceptor Ditch

L-31E Canal Levee L-31E and its adjacent 20-ft deep borrow canal to the west of the levee were primarily
construcled as a barrier to prevent salinity intrusion to locations west of the canal. The L-31E Canal collects
water from other drainage canals in the area that include Military Canal, North Canal, Florida City Canal,
North Model Land Canal (C-106), and South Model Land Canal (C-107). The L-31E Canal discharges
into Biscayne Bay through structures $-20 and S-20F in the vicinity of Turkey Point. The L-31E Canal
was constructed in the late 1960’s by the U.S. Army Corps of Engineers and the Central and Southern
Florida Flood Control District (CSFFCD), where the CSFFCD was later renamed the South Florida Water
Management District (SFWMD).

Imterceptor ditch control system. The interceptor-ditch (ID) salinity-control system was designed to
prevent the seepage of water from the CCS westward within the Biscayne Aquifer. The ID, which is located
immediately to the west of the CCS, is occasionally pumped to create a seaward water-table gradient between
the L-31E Canal to the west and the ID to the east, with the basis for the effectiveness of the ID control
system being that groundwalter originating in the CCS will be prevented from migrating towards the west in
the presence of an eastward water-table gradient between the L-31E Canal and the ID. The ID is pumped
when a natural seaward water-table gradient between the L-31E Canal and the ID does not exist, and usually
this is needed only during the dry season (November— April). The ID is adjacent and parallel to cooling-
canal number 32 (CC-32) at the western end of the CCS, and was constructed at the same time as the CCS.
The ID is approximately 18 —20 ft deep, 30 ft wide, and 29,000 ft (5.5 mi) long. Within the ID are two pump
stations, with each station containing two pumps, each capable of pumping up to 15,000 gpm (21.6 mgd).
There is no mechanism to transfer water between the ID and CCS, except for the 4 pumps at the two pump
stations. The L-31E Canal, ID, and CC-32 are all approximately parallel to each other and run at an angle
of approximately 17°38’ west of south. The perpendicular horizontal distance between the L-31E Canal and
the ID is about 1000 ft. When the ID is pumped, there is a quick and measurable response in water levels
in the L-31E Canal and the monitoring wells closest to the ID, indicating that there is good connectivity
between the ID, L-31E Canal, and nearby monitoring wells.
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Interceptor ditch operating rule (1973-2011). The ID operating rule that was followed {rom the initial
date of operation of the CCS in February 1973 up until December 2011 (i.e., for 38 years) was as follows:

= Whenever the water-surface elevation in the L-31E Canal is more than 0.2 ft higher than the water-
surface elevation in CC-32, there is a seaward water-level gradient and no pumping is necessary.

» If the above criterion is not met, a seaward gradient is still taken to exist if the water-surface elevation
in the L-31E Canal is more than 0.3 ft higher than the water-surface elevation in the ID. Under this
condition no pumping is necessary.

* If neither of the above two criteria are met, pumping of the ID is initiated and the pumping rates are
adjusted to meet the 0,3-ft water-level difference criterion between the L-31E Canal and the ID,

+ Pumping is lerminated when the criteria for a natural water-table gradient is met (without pumping),

Although this operating rule is no longer in effect, it is still relevant to this analysis since possible westward
migration of saline water from the CCS into the Biscayne Aquifer could have occurred while following this
operating rule, This concern is discussed subsequently.

Interceptor ditch operating rule (2011 —present), A more conservative revised operating rule for the
ID was initiated in December 2011 that considered freshwater piezometric-head equivalents rather than
measured water-table elevations. This resulted in changes to the ID operating rule, and since December
2011 the ID operating rule in effect is as follows:

e If the L-31E Canal water-surface elevation minus the CC-32 water-surface elevation is equal to or
greater than 0.30 ft then no pumping of ID is necessary, and a seaward gradient exists.

» If the L-31E Canal water-surface elevation minus the CC-32 water-surface elevation is less than
0.30ft, a natural seaward gradient might still exist if the L-31E Canal water-surface elevation mi-
nus the ID water-surface elevation is equal to or greater than 0.30 fi and the density of the water in
the ID is less than or equal to 1012 kg/m®. If a density in the ID is greater than 1012 kg/m®, a higher
elevation difference between L-31E and the ID is necessary and can be calculated by converting the
surface-water levels to freshwater piezometric-head equivalents.

¢ If a natural seaward gradient does not exist, create an artificial seaward gradient by pumping the ID
until the ID is maintained at an elevation difference of at least 0.30~0.70 ft between the L-31E Canal
and the ID, depending on the density of the ID water,

The primary change between this revised operating rule and the previous operating rule is the increase in the
L-31E/ID/CC-32 water-level difference criteria and the consideration of variable-density effects. The use of
freshwater piezometric-head equivalents provides a more rigorous approach to the operation of the ID.

Effectiveness of the ID salinity-control system. Both the current and previous operating rules of the
ID salinity-control system have limited salinity-control effects and do not prevent the landward migration
of saline water originating from the CCS under all conditions. Following either of these operating rules,
pumping of the ID reduces the water level in the ID below that in the L-31E Canal thereby creating a seaward
water-table gradient and presumably precluding westward migration of groundwater originating in the CCS.
However, pumping water from the 1D into the CCS generally elevates the water-surface in the CCS and it is
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possible for the water level in the CCS to be above the water level in the L-31E Canal, which then creates
the possibility that water originating in the CCS could pass under the ID even when the pumps in the ID are
running to prevent this occurrence. Interestingly, this scenario was recognized in an early report prepared
by the design engineers (Dames and Moore, 1971) based on results derived from an analog model of the
system. The analog model showed that westward migration of the saltwater interface is possible even if the
ID operating rule is followed. Further, Golder (2008) stated that operation of the ID salinity-control system
would prevent westward migration of CCS water “at least in the top 18 f of groundwater.” Measurements
taken during ID pumping have in fact shown several occurrences where the water level in the CCS exceeds
that in the L-31E Canal during ID pump operation, thereby indicating the possible ineffectiveness of the
ID salinity-control system. In actuality, the functioning of the ID salinity-control system is more accurately
characterized as intercepting shallow saline groundwater adjacent to the ID that is then pumped back to the
CCS when the natural gradients are low and the potential for saltwater intrusion exists. It is possible that
pumping of the ID under some circumstances simply creates a shallow subsurface (groundwater) circulation
in which water from the CCS flows into the ID as groundwater that is subsequently returned to the CCS as
pumped water. In support of this assertion, time series plots show that there are periods during pumping of
the ID when the bottom-water temperatures in the ID rose along with an increase in specific conductance
in the ID (Ecology and Environment, Inc., 2014). Aside from concerns regarding the effectiveness of the
ID control system in mitigating saltwater intrusion, secondary concerns have also been raised that the ID
control system coniributes to the deterioration of groundwater quality in (hat it generally pumps less-saline
water from the ID into the hypersaline CCS which further contributes to increased salinity in the aquifer.

2 Temperature Variations in the Cooling Canals

The temperature in the CCS at the intakes to the power-generating units affect the efficiency and power
output of the generating units that use water from the CCS, Both the efficiency and the power output of
the generating units decrease with higher cooling-water temperatures, The practical upper limit of the
intake cooling-waler lemperature is determined by the characteristics of the condensers and auxiliary heat
exchangers in the generating units, In 2014 the Nuclear Regulatory Commission granted FPL's request to
increase the maximum intake cooling-water temperature from 100°F to 104°F (37.8°C to 40°C). If the
intake cooling-water temperatures in the CCS were to exceed 104°F, then FPL would be required to reduce
power output and possibly shut down one or more of the power-generating units. Since this occurrence
would adversely affect a large number of customers in the South Florida service region, Miami-Dade County
is obliged to work with FPL to find ways to avoid cutbacks in power generation resulting from elevated
temperatures in the CCS.

2.1 Results from Previous Studies
211 Temperatares in the CCS

Water temperatures in the CCS are almost always higher than synoptic temperatures of the ovetlying air,
and temperatures in the CCS are almost always higher than temperatures in nearby Biscayne Bay. Analyses
done by FPL's engineering consultants in around 2008 anticipated that the uprate of Units 3 and 4 would
cause a maximum temperature increase of 2.5°F (1.4°C) in the cooling water discharged to the CCS and
an increase of 0.9°F (0.5°C) in the temperature of the intake water (reported in SFWMD, 2008). These
temperature changes were predicted to resull in an increase in evaporation from the CCS of around 2—
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3mgd, and the increased evaporation was expected to increase the salinity in the CCS by 2%0—3%o. In
contrast to the aforementioned predictions, it has been generally reported that temperatures in the CCS have
actually increased by 5—9°F (3—5°C) in the post-uprate period compared with the pre-uprate period. In
the summer of 2014 (during the post-uprate period), temperatures in the CCS were sufficiently elevated as
to prompt concern regarding the sustainability of the CCS as an adequate source of cooling water to the
power-generating units. According to FPL's consultant (Ecology and Environment, Inc., 2014), the increase
in CCS water temperatures in the post-uprate period cannot be attributed to the uprate since the total heat
rejection rate to the CCS from Units 1, 2, 3, and 4, operating at full capacity prior to the uprate would
have been higher than the post-uprate heal rejection rate to the CCS for Units 1, 3, and 4, operating at [ull
capacity. Unit2 in the post-uprate period has been dedicated to operate in a synchronous generator mode
and hence not producing steam heat.

2.1.2 Thermal Efficiency of the CCS

The thermal efficiency ol the CCS is a measure of the ability of the CCS to cool the discharged water down
to the background air temperature. An investigation of the thermal efficiency of the CCS was performed
by Lyerly (1998), and these analyses indicated that the thermal efficiency of the CCS al the time of the
study was equal to 86.4%. This efficiency was based on a 24-h average discharge (emperature of 107.3°F
(41.8°C), average intake temperature of 91.1°F (32.8°C), and an average air temperature of 88.6°F (31.4°C).
In analyzing the temperature measurements, Lyerly (1998) noted that most of the cooling (i.e., most of the
temperature decrease) occurs as the water in the CCS flows from the (north) discharge location to (south)
collector canal, with much less temperature decrease as the water flows back from the collector canal to
the (north) intake location. It is expected that the thermal performance varies with flow rate and the state
of the CCS, so the reported thermal efficiency should be regarded more as a snapshot of conditions at the
time of the measurements than as a constant value. More recent measurements between June 2010 and June
2012 (Ecology and the Environment, 2012) show waler temperatures in the CCS on the discharge side of
the power-generating units being around 13.5°F (7.5°C) warmer on average than at the intake side of the
power-generating units, The average temperature at the south end of the CCS was only 2°F (1.1°C) warmer
than at the intake side of the power-generating units, which supports the assertion that most of the cooling
in the CCS occurs as the water flows from north Lo south,

2.1.3 Thermal Effects on Groundwater

Measured groundwater temperatures in some wells between the ID and the L-31E Canal show higher tem-
peratures than the groundwater west of the L-31E Canal, and this occurrence has been partially attributed
to limited cooling-canal water intrusion (Dames and Moore, 1977). A *groundwater thermocline” has been
reported to exist in the area west of the CCS, which shows a sudden decrease in groundwater lemperature
at a particular depth in the aquifer. Measurements show that nearly all of the seasonal temperature fluc-
tuations occur above an elevation of —25ft NGVD. Below —25 ft NGVD, the groundwater temperature
generally remains in the range of 75°F—77°F (24°C-25°C). The seasonal temperature fluctuations above
—25 ft NGVD have been attributed to the heating and cooling of water in the L-31E Canal in response to
scagonal changes in atmospheric conditions, Notably there is some temperature stratification in the L-31E
Canal, in part due to the canal depth and limited flow, The near-surface water tcmperatures in the L-31E
Canal are almost always warmer than the bottom temperatures, and the surface temperatures exhibit more
daily variability in response to air temperature changes. Aside from the groundwater adjacent to the L-31E
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Canal, it has also been reported (Ecology and Environment, Inc., 2014) that since groundwater in monitor-
ing wells TPGW-2M and TPGW-2D is warmer than other nearby surface waters such as Biscayne Bay or
fresh groundwater, the CCS might be influencing the groundwater temperatures in those wells. Based on
the aforementioned evidence, it can be concluded that the environmental effects of elevated groundwater
temperatures due to the operation of the CCS are inconsequential.

2.2 Heat-Balance Model of CCS

To fully understand the temperature dynamics in the CCS, it is necessary to have a validated heat-balance
model of the CCS. In reviewing the documentation made available for this investigation, all indications
were that such a model does not currently exist, at least not in the public domain. Historical documentation
shows that a heat-balance model was developed in the early stages of operating the CCS, as reported by
Ray L. Lyerly Associates (1973), however, utilization of this model has not been subsequently reported.
As described by Lyerly (1973), the heat-balance model that was developed previously took into account
such key components as the heat entering the water from the power-generating units, the net heat entering
the water from shortwave solar radiation and longwave atmospheric radiation, and the latent heat transfer
associated with evaporation. The input variables in the thermal model were the air temperature, relative
humidity, wind velocity, and the net amount of radiation; the output variable was the waler temperature in
the CCS.

2,2,1 Heat-Balance Model Formulation

To investigate and understand the thermal dynamics within the CCS, a preliminary heat-balance model of
the CCS was developed for this study. The CCS was divided into four zones as shown in Figure 3, where
water in the CCS flows sequentially through zones 1, 2, 3, and 4, The four delineated zones are the same

TPSWCCS-1 g Power Generating

Units

System

l TPSWCCS-5

TPSWCCS-41

Figure 3: Cooling-canal system

zones that are used in salinity-balance model of the CCS developed by the engineering consultant for FPL,
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The measurement stations that characterize conditions within each of the four CCS zones were taken as
TPSWCCS-1, TPSWCCS-2, TPSWCCS-4, and TPSWCCS-5, respectively, and the approximate locations
of these measurement stations are shown in Figure 3. The average-daily temperature measurements within
each of the CCS zones in the period 9/1/10—12/7/14 are shown in Figure 4, It is apparent from these
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Figure 4: Temperature measurements in CCS

measurements that the temperatures in the CCS decrease noticeably from zones 1 to 3 (i.e., moving from
north to south in the CCS), with much less temperature change as the water moves back to the northern
(cooling-water intake) end of the CCS through zone 4, Therefore, almost all of the cooling in the CCS occurs
in the south-flowing canals in the western portion of the CCS. It i further apparent from the temperature
measurements shown in Figure 4 that the midsummer temperatores in 2014 (between July and August) were
higher than the midsummer temperatures in previous years. For the period of record (9/1/10—12/7/14), the
maximum measured daily-average temperature in Zone 1 was 113°F (44.9°C) recorded on 8/21/14, and the
maximum measured daily-average temperature in Zone 4 was 101°F (38.3°C) recorded on 8/22/14. Since
the maximum allowable temperature at the cooling-water intake is 104°F and measured temperatures in
Zone 4 have been close to this limiting value (e.g., 101°F recorded on 8/22/14), there is cause for concern.
Temperatures in Zone 4 near the 104°F limit could force curtailment of power generation by one or more
of the power-generating units, and cause power outages in South Florida. Given the elevated temperatures
that have been recorded in the CCS, is necessary to identify the fundamental reasons for these occurrences,
and to determine whether such occurrences are expected to continue in the future without any changes in
the CCS and/or power-plant operations, To fully understand the temperature dynamics in the CCS it was
necessary to develop a heat¥-balance model of the CCS, which is described in the following section.

2,2.2 Heat-Flux Components

The heat fluxes within each of the CCS zones are illustrated in Figure 5, where the volumetric inflow rate and
temperature are ()1 and 77, respectively, and the corresponding quantities on the outflow side are Q9 and Th.
Within each zone, there are several sources of energy that are represented in Figure 5. These energy sources

¥In this report “heat” and “thermal energy” are used interchangeably,
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Figure 5: Energy fluxes in CCS zone

and their quantification are described below, where, for consistency with thermodynamic convention, energy
added to CCS is taken as positive and energy losses are taken as negative.

Absorbed solar radiation, (1 — o) Rs. The incident solar (short-wave) radiation is represented by R, [EL~2T 1],
and the albedo (i.e., reflectivity) of the water surface is represented by o [dimensionless]; therefore the
amount of solar radiation that is absorbed within the zone is (1 — «)Rs. The average solar radiation,
R, for each day in the four-year study (9/1/10~12/7/14) was obtained from the Florida Automated
Water Network (FAWN) station located on the premises of the University of Florida Tropical Research
and Education Center (TREC) in Homestead, Florida. The albedo, «, of a water surface is typically
on the order of 0.1 for latitudes in the range of 20° -30° (Cogley, 1979), and a value of 0.1 was used
as a reference value for this investigation. Factors such as the concentration of algae in the CCS can
affect the value of o, and therefore the sensitivity of the temperature dynamics within the zone to
elevated algae concentrations was investigated by varying «v. The minimum value of « is equal to
zero, in which case all of the incident solar radiation is absorbed by the CCS and none is reflected.
Hence, o was varied within the range of 0-0.1,

Evaporation heat flux, Ey,. Evaporation extracts heat from the CCS due to the latent heat of evaporation
required to transform water from the liquid phase to the vapor phase. The evaporation heat flux,
By, [EL™2T~1], is given by

where E[LT™1] is the evaporation rate, pf [ML™®] is the density of fresh water, and L, [EM™!]
is the latent heat of vaporization of water. The evaporation rate of water has long been known to
decrease with increasing salinity (e.g., Harbeck, 1955; Salhorta et al., 1985). In the present study,
daily evaporation rates, £, were calculated based on typical salinities in the CCS, measurements
of water temperature, 15 [©], at the monitoring station within the zone, onsite measurements of air
temperature, T, [©] and relative humidity, RH [dimensionless] at station TPM-1, and measurements
of wind speed, V,,, at station TD. The freshwater densily, p, in Equation 1, was taken as 994 kg/m?,
which is the approximate density of fresh water at 35°C (95°F), The latent heat of vaporization,
Ly, in Equation 1, is known to depend on both the temperature and salinity of the source (liquid)
waler. Al a temperature of 35°C, values of L, at salinities of 60%o and 80%o are 2,279 MJ/kg and
2,229 MI/kg, respectively (Sharqawy et al., 2010), and an average of 2.254 MJ/kg was used for L, in
the energy analysis. The empirical formula used for estimating E [cm/d], from onsite meteorological

By =—EpLy M }
|
i
|
|

$Terms in square brackets indicate dimensions; E = energy, L = length, M = mass, T = time, and © = temperature.
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measurements is
B o= ~S§'w(0.299 +0.11Vy) [Bes(Ts) — RH es(Ta)] (2)

=f (Vw)

where C\, [dimensionless] is a calibration constant, f(Vy,) = C(0.299 - 0.11V,,) is a wind function
that accounts for the effect of wind on evaporation, V,, is the wind speed in m/s, § [dimensionless] is a
factor that accounts for the effect of salinity on the saturation vapor pressure of water, and es(7") [kPa)
is the saturation vapor pressure of water at temperature 7. Equation 2 was used to calculate the
evaporation for the sake of consistency with the previously developed salinity model of the CCS,
where the constants C, and  were taken as 0.69 and 0.885, respectively. In the salinity model, the
value of Cy, was determined by calibration, and the value of 3 was obtained from previous research
on evaporation from saline water bodies reported by Salhorta et al. (1985). The evaporation formula
given by Equation 2 has an uncertain functional form, particularly for the wind function f(Vi,).

Uncertainty in the wind function. Wind functions used to estimate evaporation typically have the
form f(Vi) = a + bV, where a and b are constants. Such a wind function is used in Equation 2.
In artificially heated waters, vertical convection is particulary important under low-wind conditions
making specification of the value of @ a key parameter. The wind function used in Equation?2 was
originally proposed by Williams and Tomasko (2009) for heated waters, however, alternate formula-
tions have been proposed by others (e.g., Brady et al., 1969; Ryan and Harleman, 1973). Notably,
the formulation proposed by Ryan and Harleman (1973), and subsequently supported by Adams et al.
(1975), accounts for the effect of the temperature difference between the heated water and the overly-
ing air in specifying the convection parameter a in the wind function, which is a logical relationship
that is not accounted for in the other models (including the model used in this study) and could be an
important considération in accounting for convective heat transfer at low wind velocities.

Rainfall heat flux, Ry. Rainfall that is cooler than the water in the CCS extracts thermal energy from
the CCS because thermal energy in the CCS water is used to warm the rainwater. The heat flux,
Ry, [EL2T~1] due to rainfall directly on the CCS can be estimated using the relation

Ry = — PECpf dr(j—;; - Tr)

where p¢ [ML~3] and Cpf [EM~'©~17 are the density and specific heat of the (fresh) rainwater, re-
spectively, d, is the depth of rainfall, 75 [©] is the temperature of the water in the CCS, and 7} [®] is
the temperature of the rainfall, There are no direct measurements of rainfall temperature at the Turkey
Point site, however, it can be estimated (hat during a rainfall event the ambient air can be cooled by
several degrees, and the temperature of raindrops approaches that of the cooled ambient air. Cooling
effects of rainfall on the ambient air have been reported to be as high as 10°C (Byers, 1949). On a
global average, raindrops can have temperatures in the range of 32°F—80°F (0°C-27°C). For pur-
poses of the present analysis, the temperature of the rainfall, 7}, was assumed to be 68°F (20°C), and
the corresponding values of py and ¢, were taken as 998 kg/m® and 4.180 kJ/kg-°C, respectively. The
temperature dynamics in the CCS zones are relatively insensitive to the assumed temperature of the
rainfall,

Atmospheric longwave radiation, L. Any body of matter whose temperature is above absolute zero emits
longwave radiation. Longwave radiation, L, [W/m?] emitted by the atmosphere can be estimated us-
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ing the relation (Chin, 2013)

Ly = o(Ty + 273)*(0.6 + 0.031/RH es(T3) (1 - Ry)

where o is the Stefan-Boltzmann constant (= 4.903 x 1079 MI-m2K~4d~1), 7, [°C] is the air tem-
perature, RH [dimensionless] is the relative humidity, es(7%) [mm Hg] is the saturation vapor pressure
of water at temperature Ty, and Ry, is the longwave reflection coefficient that can be taken as 0,03.
On cloudy days, atmospheric longwave radiation can be the greatest source of thermal energy at the
waler surface,

Water longwave radiation, L,,, Water in the CCS also emits longwave radiation by virtue of its temper-
ature being greater than absolute zero. Longwave radiation, L, [W/m?] emitted by the water in the
CCS can be estimated using the relation (Chin, 2013)

Ly = —ea(Ts + 273)4

where e is the emissivity of water that can be estimated as 0.97 [dimensionless], ¢ is the Stefan-
Boltzmann constant as given previously, and Ty [°C] is the temperature of the water in the CCS.

Heat interchange with surrounding aquifer, G},. The CCS exchanges heat with the surrounding aquifer
via seepage of groundwater into and out of the CCS, and conduction of heat between water in the
CCS and groundwater in the swrrounding aquifer. It is o be expected thal the region immediately
surrounding the CCS is normally cooler than the water in the CCS, in which case there will be cooling
of the CCS water due to heat conduction between the CCS and the swrrounding aquifer, cooling due to
seepage inflow from the surrounding aquifer into the CCS, and no cooling or heating due to seepage
outflow from the CCS into the surrounding aquifer. The cooling heat flux due to conduction can be
assumed to negligible compared to the heat flux duc to seepage inflow. The heat flux @y, [EL~2T—1]
due to scepage inflow is proportional to the temperature difference between the water in the CCS and
the groundwater in the surrounding aquifer and can be estimated by the relation

Gh = —PgCpg %‘g‘Ang
8
where pg [ML™%] and ¢, [EM™1© 1] are the density and specific heat, respectively, of the groundwa-
ter surrounding the CCS, Qg [L3T~1] is the seepage inflow to the CCS from the surrounding aquifer,
Ag[L?] is the area of the CCS zone, and ATy [©] is the difference between the temperature in the
CCS, T [©], and the temperature on the surrounding groundwater, Ty [©] (i.e., ATy, = Ty — Ty)

Conduction heat flux, Cy,. The conduction heat flux is associated with the sensible transfer of heat be-
tween the CCS water and the air above the CCS. The conduction heat flux, C), [W/m?] can be esti-
mated using the empirical relation (Chin, 2013; Chapra, 1997)

Ch = —ceaf (Vo) (Ts - To)

where cp is Bowen’s coefficient, and f(V4,) is the wind function as defined in Equation 2. Following
the guidance given in Chin (2013) and Chapra (1997), the value of cp can be estimated as 0.063.
According to Martin and McCutcheon (1998), sensible heat transfer from lakes and reservoirs to the
overlying air due to conduction and convection is a relatively small component of the heat balance
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equation that is poorly understood, and Brown and Barnwell (1987) have noted that the conduction
heat Aux from lakes and reservoirs to the overlying air calculated by heat-transfer theory is normally
small enough to neglect. Given the aforementioned considerations, conduction of heat between the
CCS and the overlying air was neglected in this analysis.

Based on the component heat fluxes described above, the net heat flux, Hg [EL~2T-1], into the CCS is

given by
4

Ho =Y { (1 - @)Bs + B + R+ L+ Ly + Gil; A 3)
i=1
where i is an index that refers to each zone within the CCS, A; [L?] is the area of Zone ¢, and the summation

is over the four zones within the CCS. The areas of each of the zones in the CCS are given it Table 1, and the
total area of the CCS is approximately 1907 ha (= 4712 ac). The heat extracted from the CCS by pumping

Table 1: CCS Zonal Areas in Energy and Salinity Models

Avrea
Zone  (ha)
1 368.0
2 795.1
3 396.6
4 347.0

Total 1906.7

cooler water from the ID into the CCS was calculated in a similar manner to the method used to calculate
the cooling effect of rainfall, where the “effective” rainfall rate is equal to the volume of water pumped from
the ID divided by the area of the CCS, Assuming (conservatively) that the temperature difference between
the ID water and the CCS water is 10°C (50°F), the cooling effect of pumped ID water was found to be
negligible compared with other component fluxes in the heat-balance equation.

2.2.3 Heat-Balance Equations

Under steady-state conditions, conservation of thermal energy requires that the net rate at which heat is
added to the CCS is equal to the difference in thermal energy between the water leaving the CCS and the
water entering the CCS, This relationship is expressed by the following equation,

He = pscpQ(Ty — T) )

where ps and ¢y, are the density and specific heat of the CCS water, @ is the flow rate of water through the
CCS, Ty the temperature of the cooling water at the intake of the power plant (in Zone 4), and T} is the
temperature of the cooling water at the discharge from the power plant (in Zone 1). If the power-generating
units add heal to the water at a rate H, then between the intake and discharge end of the power-generating
units the heat-balance equation is given by

He = psepsQ(T1 — Ty) (5)
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Combining Equations 3, 4, and 5 requires that the heat rejection rate in the power-generating units, Hg, is
related to the net rate at which heat is added to the CCS, Hc, by the relation

4
Ho =~ {[(1~ )R+ By + Bu + Ln+ L + Gl A | ©

i=1

This equation can be used to estimate the heat-rejection rate, H, of the power-generating units based on
field measurements that are used lo calculate the terms on the righthand side of Equation 6. In cases where
daily time steps are used, estimated values of Hg might fluctuate about a mean value and be difficult to
discern. In such cases, the average heat-rejection rate, (Hg) s, over a period of J time steps can be estimated
using the relation

J
. 1 .
(HG}J = 'J—A—t- E Hc,‘Af (7
j=1

where At is the duration of each time step. In accordance with Equation 7, a constant heat rejection rate
can be recognized by plotting the cumulative estimated heat rejection rate, }:fml HgAt, versus time, JAt,
which would would result in a straight line of constant slope equal to (Hg} 7. This relationship was used
in this study to identify periods of constant heat rejection rate of the power-generating units that utilize the
CCS.

2.24 Model Results

The heat-balance model was applied to each of the four zones within the CCS to determine the net heat
flux into each zone, and the results from all zones were combined (o determine the net heat {lux into the
entire CCS. The energy model was applied at daily time steps for the period of record 9/1/10—12/7/14. The
thermal-energy dynamics within each of the CCS zones are similar, and the fuctuations of the heat-fAux
components in Zone 1 will be used to demonstrate the thermal-energy dynamics within each zone.

Zone 1 heat-flux components. The longwave radiation and shortwave solar energy fluxes as a function of
time are shown in Figure 6(a), and the evaporation and rainfall heat fluxes as a function of time are shown
in Figure 6(b). It is apparent that the shortwave and longwave energy fluxes vary seasonally, and that there
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Figure 6: Energy fuxes in Zone 1
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is much more seasonal variation in the shortwave solar radiation than in the longwave radiation. The net
longwave radiation has a cooling effect (i.e. net negative heat flux) which contributes to a net-radiation
cooling of the CCS water at night when the solar radiation is effectively zero, It is apparent from Figure 6(b)
that evaporation and rainfall generally have a cooling effect, with evaporation usually having the greater
cooling effect and rainfall having a lesser cooling effect. The convective heat flux between the CCS and the
adjacent groundwater, Gy, is not shown in Figure 6 because the magnitude of Gy, is generally much smaller
that the heat flux due to rainfall and therefore has a minimal impact on the heat balance within the CCS.

Heat rejection rate of the power-generating units. To determine the thermal dynamics in the entire
CCS, the component heat fluxes were determined for each zone within the CCS, and these heal fluxes
were combined in accordance with Equation 6 to determine the thermal energy that is added to the CCS
by the power plant (i.e., the heat-rejection rate). The cumulative heat-rejection from the power plant as a
function of time for the entire CCS is shown in Figure 7. It is apparent from Figure 7 that there are two
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Figure 7: Cumulative heat rejection rate from the power plant

periods during which the heat rejection rate is approximately constant. The first period, shown as Period 1 in
Figure 7, covers the time interval 9/1/10-2/1/13, and the second period (Period 2) covers the time interval
7/1/13—12/1/14. Notably, Period 1 includes the pre-uprate period before May 2013 and Period 2 includes
the post-uprate period after May 2013. During Period 1, the average heat-rejection rate is estimated to be
around 2800 MW, and during Period 2 the average heat-rejection rate is estimated to be around 5500 MW.
Although these estimated heat rejection rates are preliminary estimates and derived from an uncalibrated
heat-balance model, the distinct difference in heat-rejection rates between the two periods is clear, and the
numerical estimates of the heat-rejection rates during these two periods are reasonable given the capacities
of the power-generating units serviced by the CCS and the energy efficiencies normally associated with both
fossil-fuel and nuclear power plants. A logical inference from the results shown in Figure 7 is that the uprate
in power-generating capacity of the two nuclear nnits (Units 3 and 4) has caused the total heat-rejection rate
from the power plant to increase significantly. This finding is not inconsistent with the condition that the
post-uprate generating capacity of the power plant served by the CCS is less than the pre-uprate generating
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capacity (due to Unit2 operating in synchronous generator mode). This is so because in the post-uprate
generating capacity there is a significant shift from fossil-fuel generation to nuclear-power generation, and
nuclear-power units are known to have a much higher heat-rejection rates to cooling water than fossil-fuel
generating units, which release a significant porlion of their waste heat in flue-gas emissions.

Effect of algae. It is assumed that the algae content of the CCS affects the heat balance in the CCS
by increasing the amount of solar energy that is absorbed by the CCS. Consequently, the effect of algae
in the CCS was investigated by reducing the albedo (i.e., reflectivity), ¢, of the water surface from 0.1
to 0.0 starting on January 1, 2014. An albedo of 0.1 was used in the “normal” simulations presented in
Figure 7 since this is the typical value of ¢ that is associated with water surfaces at subtropical latitudes; this
corresponds to 90% of the incident solar radiation being absorbed by the water in the CCS. Assuming that
the effect of algae is to retain more solar heat, then taking « = 0 reflects the extreme case where the CCS
with high concentrations of algae absorbs 100% of the incoming solar radiation. The effect of reducing «
from 0.1 to 0.0 on the estimated cumulative heat-rejection rate is shown in Figure 8. It is apparent that the
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Figure 8: Estimated algae effect on estimated cumulative heal rejection rate from the power plant

impact of the higher absorption rate of solar energy attributed to high algae concentrations is relatively small
compared with the heat rejection rate of the power-generating units. In quantitative terms, the increased rate
of heating of the CCS due to reduced reflection of solar energy is around 400 MW, compared with a normal
heat rejection rate of around 5700 MW (in 2014). This indicates that the (maximum) rate of increased
heating caused by algae is only around 7% of the normal heat-rejection rate, and hence there is a relatively
small heating effect caused by algae in the CCS.

Relationship between increased net heat flux and temperature.  An increased heat-rejection rate would
be expected to increase the temperature in the CCS relative to the temperature of the overlying air. Repre-
senting the temperature in the CCS as T, and the temperature of the overlying air as Ty, this temperature
difference is Ty — Ty, The variation of T — T, as function of time for each of the four CCS zones is shown
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in Figure 9, where the average temperature difference during Period | and Period 2 are shown as horizon-
tal lines, It is apparent from Figure 9 that the increase in the average heat-rejection rate from Period 1 to
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Figure 9: Temperature differences between CCS and overlying air. Horizontal lines show intervals of con-
stant heat-addition rates,

Period 2 corresponds to an increase in the average value of Ty — T,,. Representing the average value of
Ty — T, during Period 1 as AT and the average value of Ty — T, during Period 2 as AT, these averaged
values for each CCS zone are shown in Table2, along with the corresponding standard deviations, S} and
Sy, respectively. These results show that in Zone 1, which accepts the cooling-water discharge, the average
temperature difference between the CCS and the overlying air has increased from 9.6°C (18°F) to 13.1°C
(23.6°F), which corresponds to an average temperature increase of 3,5°C (6.3°F). In Zone4, which con-
tains the cooling-water intake, the average (emperature difference between the CCS and the overlying air
has increased from 2.8°C (5.0°F) to 5.4°C (9.7°F), which corresponds to an average lemperature increase
of 2.6°C (4.7°F). These changes in average temperature can be contrasted with previous (pre-uprate) pre-
dictions made by FPL's engineering consultants in 2008 where it was anticipated that the uprate of Units 3
and 4 would cause a maximum temperature increase of 1.4°C (2.5°F) in the discharged cooling water (to
Zone 1) and an increase of 0,5°C (0,.9°F) in the temperature of the intake water (from Zone 4). The standard
deviations of the temperature fluctuations are similar across all zones, and have shown relatively modest
decreases belween the pre-uprate and post-uprate periods. Of particular interest, in Zone 1 the standard de-
viation decreased from 3.8°C (6.8°F) to 3.3°C (5.9°F), and in Zone 4 the standard deviation decreased from
3.9°C (7.0°F) to 3.5°C (6.3°F).
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Table 2: Temperature Statistics in CCS

Period 1 Period 2
Z"T—l 5 —A—T—‘g S Z_fz — ﬁ:l
Zone (°C) (°C) (°C) (°C) (°C) (°F)
96 38 131 33 35 6.3
46 37 84 37 38 6.8
29 39 b5 36 26 4.7
28 39 54 35 26 4.7

LY R

Thermal efficiency. The thermal efficiency, 7, of the CCS is a measure of the ability of the CCS to
cool the water down to the background air lemperature. The thermal efficiency of the CCS was previously
measured by Lyerly (1998) using the relation

Ti“Ta
Td"‘Ta

n=1- ®
where Ty and T; are the temperatures of the cooling water at the discharge and intake ends of the power
plant, respectively, and 7 is the temperature of the ambient air above the CCS, The thermal efficiency of
the CCS can be estimated using Equation 8 by replacing Ty — T} by the average value of Ty — T, in Zone 1,
and replacing Tj — T}, by the average value of Ty — T, in Zone 4. Using the averaged temperature differences
given in Table 2 in Equation 8 gives:

13.1
These resulls indicate that the thermal efficiency of the CCS in Period 1 is around 70% and the thermal
efficiency of the CCS in Period 2 is around 60%. Hence, the thermal efficiency of the CCS has apparently
decreased between Period 1 and Period 2. The reason for this decrease in thermal efficiency is not readily
apparent and could be due to a variety of factors, including increased thermal loading and increase algae
concentrations in the CCS. It should be noted that the thermal efficiency of 86% reported by Lyerly (1998)
is not directly comparable to the values calculated here, since the additional cooling between the discharge
location and the Zone | temperature measurement station, as well as the additional cooling between the
intake location and the Zone 4 temperature measurement location are not taken into account in the present
analysis.

2.
Period1: 5y =1 — 5—9—2 =0.71, Period2: gy =1 — = (.59

2,2.5 Conclusions

The results derived from the heat-balance model indicate that the rate of heat addition to the CCS has in-
creased significantly during the period of record, and that the increased heat-addition rate is manifested in
an increase in the average temperature in the CCS relative to the temperature of the overlying air, It appears
that the most likely cause for the increased heat-addition rate is an increased heat-rejection rate from the
power-generating units. Notably, the increased heat-addition rate began shortly afler the beginning of the
post-uprate period. As a result of the increased heat addition to the CCS, the average temperature in the
intake zone (Zone 4) has increased by approximately 2.6°C (4.7°F). Interestingly, this measured increase in
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average temperature is slightly greater than the increase in the maximum allowable operating temperature
at the intake location of 2.2°C (4.0°F)1 approved by the Nuclear Regulatory Commission in 2014, There-
fore, the increased maximum allowable operating temperature has not reduced the probability of the intake
temperatures exceeding the threshold value, and might have slightly increased the probability of exceeding
the threshold temperature. This serves as a cautionary note regarding further increases in power generation
beyond 2014 levels without providing a supplementary system to cool the water in the CCS. Others have
cited increased algae concentrations in the CCS as being as a possible reason for elevated temperatures of
the water in the CCS, However, a sensitivity analysis indicates that changes in the algae-influenced solar
reflectivity of the CCS within a realistic range are unlikely to have been of sufficient magnitude to cause the
observed changes in temperature, nor stimulate the sudden change in heat-addition rate that was observed
almost immediately after the beginning of the post-uprate period. There are indications that the thermal
efficiency of the CCS has decreased significantly between the pre-uprate and post-uprate periods. Further
investigation is recommended to confirm this finding and to identify the factor(s) causing the reduced ther-
mal efficiency.

Limitations of the heat-balance model, The heat-balance model developed for this study is based on the
best estimales of all of the heat-balance components thal influence the temperature in the CCS, However,
the heat-balance model has not been calibrated due to lack of available data for calibration. Data required
lo calibrate the heat-balance model would include synoptic measurements of the flow rate and (emperalure
differences between the intake and discharge structures of the power-generating units, and synoptic tem-
peratures and [ow rates at the inflow and outflow faces of each CCS zone. Calibration of the heat-balance
model would not necessarily change the key inferences that have been drawn from the uncalibrated model,
namely thal there has been a significant increase in the heat-rejection rate from the power-generating units
during the post-uprate period, and that increased algae concentrations and increased ambient temperatures
are not the most likely causes of elevated temperatures in the CCS. Further development of a calibrated
heat-balance model is warranted to confirm the conclusions that have been drawn.

3 Salinity Variations in the Cooling Canals

Salinity is defined as the mass of dissolved salts per unit mass of solution, and is usually reported directly in
units of either parts per thousand (%o) or as a dimensionless number on the practical salinity scale 1978 (PSS-
78). Salinities are sometimes expressed indirectly in terms of chlorinity (mg/L chloride) or conductance
{mS/cm). In this report, salinities are expressed in units of parts per thousand (%c), which gives salinities
approximately equal in magnitude to salinities expressed in PSS-78. As reference points, average seawater at
25°C has a salinity of 35%e, a chlorinity of 19.84 g/L, and a specific conductance of 54,7 mS/cm. Hypersaline
water is typically defined as water with a salinity greater than 40%o. or a specific conductance greater than
61.5mS/cm, and brine is typically defined as water with a salinily greater than 50%.. These hypersalinity
and brine thresholds are routinely exceeded in the CCS, and therefore water within the CCS can be properly
classified either as being hypersaline or as brine.

IProm 37.8°C to 40°C (100°F to 104°F)
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3,1 Results from Previous Studies

There has been a continuous upward trend in salinity since the CCS began operation in August 1973, and
this trend is clearly apparent in Figure 10, which shows the maximum reported salinities in the CCS since the
initial NPDES report was submitted in 1973. The long-term trend of increasing salinity shown in Figure 10
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Figure 10; Maximum observed salinities in the CCS since initial operation

can be approximated as being linear (as shown by the linear trend line) with a salinity increase of around 5%o
per 10years, It is also apparent from Figure 10 that the rate of increase in salinity might have accelerated
since 2013, The salinity in the CCS when it was first put into operation was around 26.5%., with the
contemporaneous salinily in Biscayne Bay being around 33%. (Lyerly, 1973). The average CCS salinity in
1998 was reported to be in the range of 38 ~50%o (Lyerly, 1998), and in May 2014, the salinity in the CCS
was reported to be as high as 95%e.

Salinity-control processes. The key processes affecting the salinity in the CCS are: rainfall, evaporation,
and groundwater exchange between the CCS and the surrounding aquifer. Average annual rainfall at Turkey
Point is approximately 60 inches, and the natural annual evaporation at Turkey Point is approximately equal
to the average annual rainfall. Actual evaporation of water from the CCS exceeds natural evaporation due
to the elevated temperatures in the CCS, The steady increase in salinity since operation of cooling canals
began in the early 1970s (as shown in Figure 10) has been most commonly attributed to evaporation excess
over rainfall, ‘

3.1.1 Historical Chloride Levels

Chloride concentrations (i.e., chlorinities) in the CCS between June 2010 and June 2012 were in the range of
2646 g/l with an average chlorinity of 33.9 g/L. The average chlorinity in Biscayne Bay during the same
period was 18.9 g/L. (Ecology and Environment, Inc., 2012), There is little difference (less than 10%) in
chloride concentration between samples collected near the surface or near the bottom at any given sampling
location within the CCS canals. Chloride concentrations in the CCS during the post-uprate period were
observed in range of 27.0-49.8 g/L., with the highest values observed in March 2014 and the lowest values
in June 2013 (Ecology and Environment, Inc., 2014),
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3.1.2 Historical Specific Conductance Levels

Specific conductances in the CCS between June 2010 and June 2012 were in the range of 70~90 mS/cm.
Specific conductance in the CCS has been rising since the beginning of the dry season in 2014 and reached
over 120mS/em in May 2014. The average posl-uprate specific conductance for all CCS stations was
reported as 92,6 mS/cm, and this average value was over 15 mS/cm higher than the average value reported
in the pre-uprate period,

3,2 Salinity-Balance Model of CCS

The salinity-balance model of the CCS that is currently being used to simulate salinity variations in the
CCS was developed by engineering consultants for FPL. The salinity-balance model uses a finite-control-
volume approach in which the control volume is defined to include the canals of the CCS and the adjacent
interceptor ditch (ID), The salinity-balance model is closely related to a companion water-balance model,
with both models having been developed by the same contractor and described by Ecology and Environment,
Inc. (2012). For purposes of the current analyses, this previously developed model will be accepted as valid
and the relevant components of the model formulation are described in the following section.

3.2,1 Salinity-Balance Model Formulation

Component salinity fluxes into and out of the defined control volume are determined by multiplying the
water (volume) flux by the corresponding salinity. The components of the water balance model are the
lateral and vertical seepage into the CCS, blowdown water (i.e., additional water pumped from other units
to the CCS), rainfall (including runoff from earth berms between canals), and evaporation. The key features
of the salinity model are as follows:

* The base of the control volume is assumed to be the bottom of the ID and the cooling canals, whose
elevation ranges from approximately —3 ft feet NAVD! to approximately —30 ft NAVD. The elevation
of bottom of the ID is approximately —20 ft NAVD. Sloping sidewalls of the canals in the CCS are
taken into account by expressing the water-surface area as a function of the water-surface elevation(s)
in the CCS,

* Lateral seepage of water and salt between the L-31E Canal and the control volume is calculated
directly from the product of the calibrated hydraulic conductivity and the difference in water-surface
elevations between the 1-31E Canal and the ID,

* Lateral seepage of water and salt between Biscayne Bay and the control volume is calculated directly
from the produet of the calibrated hydraulic conductivity and the difference in water-surface elevations
between the CCS and Biscayne Bay.

e

Vertical seepage of water and salt through the bottom of the control volume is calculated directly from
the product of the calibrated hydraulic conductivily and the difference in the water-surface elevations
in the CCS and the measured and estimated piezometric heads beneath the CCS,

* Evaporation is estimated using Equation 2, which uses meteorological data collected from meteoro-
logical stations in and immediately to the north and south of the CCS.

WNAVD” refers to the NAVD 88 datum,
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Rainfall is estimated using Next Generation Weather Radar (NEXRAD) precipitation data provided by
the SFWMD. Runoff into the control volume from earth berms between canals is used as a calibration
parameter and is initially assumed to be 50% of the rainfall that falls on the berms.

°

Added water from Units 3 and 4 are assumed to be freshwater (non-saline); Unit 5 blowdown salin-
ities are adjusted to between 20% and 80% of seawater (35%c), with the exact percentage used as a
calibration parameter,

» The ID control system is simulated to operate primarily between the months of January and June; with
pumping rates as high as 50 mgd and averaging 4.5 mgd over the calibration perjod.

* The water-budget model is calibrated first by minimizing the errors between the simulated and ob-
served storage in the control volume. Parameters adjusted during calibration of the water-budget
model included the hydraulic conductivities in the aquifer adjacent to and beneath the CCS, an evap-
oration factor that adjusts the coefficients in the wind function, the amount of runoff that enters the
control volume as percentage of precipitation, and the amount of Unit 5 cooling-tower water that is
lost to evaporation before entering the CCS. The salinity model uses measured salinities in and around
the CCS.

Calibrated values of the horizontal hydraulic conductivities in the aquifer surrounding the control volume
have been found to be in the range of 500950 ft/d, and calibrated values of the vertical hydraulic con-
ductivities beneath the conirol volume have been found to be in the range of 0,1-4 ft/d. Vertical hydraulic
conductivities beneath the northern discharge canals and beneath the return canals, where it is assumed
deeper canals intersect highly permeable material underlying the muck and Miami Limestone Formation,
were calibrated to have (higher) vertical hydraulic conductivities of 3.8 fi/d and 4 ft/d, respectively. Lower
vertical hydraulic conductivities of 0.1 ft/d were calibrated for the mid- and southern portions of the dis-
charge canals, as well as the southern portion of the return canals, Calibration of the salinity model was
done entirely by the FPL contractor.

3.2.2 Previous Model Results

The model was ron to simulate salinity variations both before the uprate (i.e., before November 2012) and
after the uprate (i.e., after May 2013). The results of these model simulations are useful in understanding
the salinity dynamics in the CCS and are described below.

Pre-uprate model results. The salinity model was calibrated for a 22-month pre-uprate period and the
results showed an average volume outflow rate from the CCS of 0.62 mgd, with monthly-averaged outflow
rates ranging from —46.6 mgd (October 2010) to +52.1 mgd (September 2010) (Ecology and Environment,
Inc., 2012). Net flow through the bottom of the CCS was generally outward between the dry-season months
of September through February, and inward during the wet-season months, Average inflow from precipita-
tion during the wet season was more than twice that for the dry season. It was reported that vertical flows
into and out of the control volume were substantially larger than lateral flows.

Post-uprate model results, A second round of salinity-model results was reported for the post-uprate
period of June 2013—May 2014 (Ecology and Environment, Inc., 2014). The results showed an average
outflow rate of 3.26 mgd, with monthly-averaged outflow rates ranging from —31.1mgd (June 2013) to
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+19.6 mgd (July 2013). During the pre-uprale and interim operating period, (September 2010 to May 2013),
precipitation accounted for 39.4% of inflowing water to the CCS and evaporation accounted for 63.7% of
the outflowing water from the CCS. There was an average rate of increase of salt in the CCS during the
post-uprate period of 2.2 x 10%1b/d, which was attributed primarily to the combined effects of low rainfall
and high evaporation. These model simulations were able to match the summer 2014 rise in salinity from
approximately 60%. to approximately 90%o.

3.2.3 Analysis of Salinity Dynamics

The primary drivers of salinity variations in the CCS are rainfall, evaporation, and seepage exchanges be-
tween the CCS and the surrounding aquifer. Pumpage from the ID can also influence salinity variations in
the CCS, but its role is secondary to that of the aforementioned processes. Evaporation increases the salin-
ity, rainfall and ID pumpage decrease the salinity, and seepage interchange with the surrounding aquifer can
either increase or decrease the salinity depending on other factors,

Salinity variations under dry conditions. Under conditions of no rainfall (i.e., dry conditions), salin-
ity in the CCS is primarily controlled by evaporation, and the salinity in the CCS steadily increases with
time. Evaporation removes pure water from the CCS, and the volume of pure water that is evaporated is
replenished by the seepage of saline water into the CCS from the surrounding aquifer. Since the CCS is
directly connected to the surrounding aquifer, the water surface elevation within the CCS remains close to
the water-table elevation in the surrounding aquifer which changes over relatively long time scales (viz.
months) compared to the shorter time scales (viz. days, weeks) over which significant salinity variations are
observed. Small differences between the water-surface elevations in the CCS and the water-table elevations
in the adjacent aquifer are proportional to the seepage interchange between these two bodies of water, Over
shorter time scales (viz. days) the evaporated volume of pure water is approximately equal to the seepage
inflow volume of saline water, and the volume of water within the CCS remains approximately constant.
This mechanism results in an increased mass of salt in an unchanged CCS volume, and hence an increase in
salinity,

Salinity variations under wet conditions. When rainfall occurs (i.e., wet conditions), salinity is primarily
controlled by the difference between evaporation and rainfall, Conditions under which evaporation exceeds
rainfall result in the net removal of pure water from the CCS and the dynamics of salinily variations under
this condition are similar to those described previously for evaporation without rainfall. Hence, for time
intervals where evaporation exceeds rainfall, the salinity in the CCS can be expected to increase. For time
intervals where rainfall exceeds evaporation, there is a net inflow of (approximately) pure water into CCS
that is equal to the difference between the rainfall and evaporation volumes, and this inflow is approximately
balanced by the volume of saline water that seeps out of the CCS into the surrounding aquifer, The salinity
of the seepage outflow is approximately equal to the salinity of the water within the CCS. This mechanism
results in a decreased mass of salt in the CCS in an unchanged volume, and hence a decrease in salinity.

Salinity variations under ID pumping, Pumping water from the ID into the CCS has a relatively minor
effect on the salinity in the CCS relative to rainfall and evaporation, since the volume of pumped water is
relatively smaller and the difference in salinity belween the pumped water and the water in the CCS is also
less than for evaporation and rainfall,
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3.2.4 Demonstration of Salinity Dynamics

The mechanism driving salinity changes in the CCS can be demonstrated using the previously calibrated
salinity model. The cumulative rainfall, evaporation, seepage inflow, ID pumpage, and water storage (= net
inflow) within the CCS between September 2010 and April 2014 are shown in Figure 11. It is apparent
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Figure 11: Water inflow into CCS

from Figure 11 that the storage in the CCS remains relatively constant compared with cumulative rainfall,
evaporation, ID pumpage, and seepage inflow. Further, it can be asserted from Figure 11 that the seepage
inflow adjusts to the difference between evaporation and rainfall-plus-ID-pumpage so as to keep the volume
of water within the CCS approximately constant. The cumulative evaporation and rainfall in Figure 11
show approximately linear trends, with the evaporation trend line showing an average evaporation rate of
approximately 39 mgd, and the rainfall trend line showing an average rainfall rate of approximately 21 mgd.

Distribution of seepage inflows and ountflows. Secpage flow to the CCS does not occur uniformly over
the interfaces of the CCS with the surrounding aquifer, and the relative volumes of seepage inflow over the
CCS interfaces are shown in Figure 12. It is apparent from Figure 12 that most of the inflow is across the
East interface (i.e., the interface facing Biscayne Bay), most of the outflow is across the Bottom interface,
relatively lesser volume fluxes occur across of the North, South, and West interfaces, and inflows and out-
flows occur across all interfaces to varying degrees. The relative seepage contributions from the different
faces are important inasmuch as the salinity in the aquifer adjacent to the East interface tends to be at least
as high as the salinity in Biscayne Bay, the salinity in the aquifer adjacent to the Bottom interface tends to
be on the same order of magnitude as the salinity in the CCS, and lesser salinities occur at the North, South,
and West interfaces. The salt contributions from the CCS seepage interfaces are shown in Figure 13. It is
apparent that the salt fluxes across the East and Bottom interfaces constitute the predominant components
of the salt budget, with influx of salt primarily associated with the East interface and efflux of salt primarily
associated with the Bottom interface; keeping in mind that both influx and efflux of salt can occur at these
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Figure 12: Seepage into CCS from aquifer

interfaces. Lesser but still significant salt influx occurs across the South interface and via ID pumping, with
much smaller to negligible salt fluxes across the North and West interfaces. It is apparent from Figure 13
that in the interval September 2013 —~May 2014 the flux of salt was primarily and (almost) consistently into
the CCS from both the East and Bottom interfaces and, with relatively stable water level and volume in the
CCS, this yielded an (almost) consistent increase in the CCS salinity as demonstrated by the measurements
shown in Figure 14. Since the seepage influx was driven by the deficit between evaporation and rainfall vol-
unes, it can be concluded that the increase in salinity in the CCS was due directly to the evaporation-rainfall
deficit causing contemporaneous influxes of salinity from both the Bottom and East interfaces. Subsequent
to the time period covered by Figure 14, salinity in the CCS duting 2014 increased to a maximum daily-~
average value of approximately 99%o.. On January 1, 2015, the average salinity in the CCS was 75%o, and by
April 26, 2015, salinity levels were over 95%.. From April 2728, 2015, significant rainfall over the CCS
reduced the average salinity to 78%o, however, salinities subsequently began rising again in the absence of
more rainfall (SFWMD, 2015),

Lessons learned. The results presented in this section clearly demonstrate that the salinity in the CCS
can be expected to rise significantly during prolonged periods without rainfall, and that further controls
are necessary to ensure that CCS salinity concentrations do not exceed acceptable levels in the future. In
October 20135, in response to chloride levels in the Biscayne Aquifer exceeding water-quality standards as a
result of the high salinities in the CCS, FPL reached an agreement with Miami-Dade County which includes
construction and operation of six wells that would pump water from the CCS into the Boulder Zone of the
Floridan Aquifer so as to reduce the salinity in the CCS.

4 Pumping Water from the L-31E Canal into the Cooling Canals

4.1 Pumping Permit and Protocols

In August 2014, SFWMD issued an Emergency Order authorizing the pumping of up to 100 mgd of freshwa-
ter from the L-31E Canal to the CCS between August and October 2014, with the primary goal of reducing
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Figure 13: Salt inflow to CCS

the temperature in the CCS, Pursuant to this order, FPL conducted emergency pumping between Septem-~
ber25 and October 15, 2014, and as a result the temperature in the CCS dropped by 6.5°F, the salinity
dropped from 87%o to 75%., and the algae concentrations reportedly dropped from 1315 cell/L on Septem-
ber 26, 2014 to 68 cell/L on October 27, 2014. After pumping had terminated, algae concentrations again
began increasing. Also subsequent to pumping, the temperature in the CCS began to rise again and on April
27, 2015, the intake temperature in the CCS was 98.2°F. A large rainfall event between April 27 and 28,
2015 reduced the temperature in the CCS to 81,3°F, however, by May 17, 2015, the intake temperature had
risen to 94.6°F, which was within 10°F of the maximum allowable intake temperature of 104°F. It was
primarily on the basis of these conditions that FPL requested a permit to pump additional water from the
L-31E Canal into the CCS,

2015-2016 Pumping Permit In May 2015, FPL received a permit from the SFWMD to pump up to
100 mgd from the L-31E Canal to the CCS, for the purpose of controlling the temperature in the CCS.
Pumping is permitted between June 1 and November 30 in both 2015 and 2016. A limitation stipulated
within this permit is that water cannot be withdrawn from the L-31E Canal on any given day until at least
504 acre-ft (2.2 x 107 f13) of water has been diverted from the L-31E Canal to Biscayne Bay for purposes
of fish and wildlife preservation. Diversion of water from the L-31E Canal to Biscayne Bay occwrs through
structures S-20F, S-20G, and S-21A, which are located upstream of the CCS withdrawal location (at the
“South Pumps”) as shown in Figure 15. These three upstream structures open and close based on prescribed
water-surface elevations in L-31E Canal at the structure locations, and the open/close stages of these struc-
tures are given in Table 3. For example, in the wet-season period of April 30—~ October 15 the S-20F, $-20G,
and S-21A structures open when the 1.-31E Canal stage is at or above 0.67 ft NAVD and close when the
stage is at or below 0.27 ft NAVD. The cumulative discharges from these structures are monitored daily,
to ensure that no pumping from the L-31E Canal into the CCS is allowed until the cumulative discharges
from these structures exceed the threshold of 504 acre-ft. The delivery system consists of a northern and
southern pump station, where the northern pump station pumps water from the C-103 Basin into the L-31E
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Figure 14: Measured and modeled salinity variations in CCS

Table 3: Gate Operation Rules that Affect L-31E Withdrawals

L-31E Stage
Open Close
Gate(s) Season Period (ft NAVD) (ft NAVD)
5-20F, 8-20G, S-21A Wet April 30—October 15 0.67 0.27
5-20F Dry October 15— April 30 -0.13 -0.53
$-20G6 0.67 0.27
S-21A -0.13 ~0.53

Canal, and the southern pump station pumps water from the L-31E Canal into the CCS. The operational
plan synchronizes northern and southern pumping operations so as to avert dewatering of wetlands between
the two pump stations and adjacent to the L-31E Canal. The operational protocol requires that the northern
pumps always be started at least five minutes prior (o starting the southern pumps, and al the end of each
day the southern pumps must be shut down at least five minutes before the northern pumps are shut down.
This operational protocol for the pumps ensures that the volume of water pumped daily from the C-103
Basin into the L-31E Canal by the northern pumps exceeds the volume pumped from the L-31E Canal into
the CCS by the southern pumps, A particularly important condition of the pumping permit is that FPL is
required to monitor the stage in the L-31E Canal between the pumps to ensure that there is no drawdown in
the L-31E Canal as a result of the pumping operations. Besides ensuring that there is no L-31N drawdown
as a result of pumping, this protocol also ensures that the wetlands adjacent to the L-31N Canal are not
dewatered as a result of pumping. Subsequent to beginning of pumping on June 1 2015, the salinity level
in the CCS dropped to 70%e, and subsequent large rainfall events have further reduced the CCS salinity to
6(0%e, according to reports submitted by FPL to the SFWMD,

37




37

North Pumps.__

South Pumps._

Cooling Canals-.

Figure 15: Pumping from L-31E Canal into Cooling-Canal System

4.2  Quantitative Effects

The change in temperature, AT, of the water in the CCS resulting from the addition of a volume V, water
at temperature Ty, can be approximated using the relation

Vot Va

where V; is the initial volume of water in the CCS, and Ty is the initial temperature of water in the CCS.
Equation 9 is a very approximate relationship which assumes that the added water is well mixed over the
CCS, and it neglects the differences in densily and specific heat between the saline water in the CCS and the
fresh water being added. In spite of these shortcomings and in the absence of a detailed heat-balance model
of the CCS, Equation 9 can be used to provide a rough estimate of how the temperatare in the CCS might
react to the addition water from the L-31E Canal. If 100 mgd (= 1.337 x 107 ft3/d) is added to the CCS which
has a volume of 5.746 x 108 £t® (assuming an average depth of 2.8 ft) and the added water has a temperature
of 75°F, then Equation 9 can be applied using a daily time step to calculate the temperature in the CCS in as
a function of number of days of continuous pumping for initial temperatures in the range of 85°F—100°F.
The results of these calculations are shown in Figure 16(a). In a similar manner, the change in salinity,
AS, in the CCS resulting from the addition water at salinity S, can be estimated using the approximate
relationship

AT

(Ta — To) ®

(Va — Vo)
Vot (Va— Vo)
where Sp is the initial salinity in the CCS, and V; is the evaporated volume. Equation 10 is an approximate
relationship which assumes that the added water is well mixed over the CCS, and it neglects decreases in
salinity that would be caused by rainfall. If 100 mgd is added to the CCS and the rate of evaporation is
39 mgd, then the net rate of freshwater addition to the CCS (i.e., V; — V) is equal to 61 mgd (= 8.156 x
10% £13/d). Using the same CCS volume V; that is used for calculating the daily temperature changes, AT,

AS — (Sa — Sp) (10)
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Figure 16: Approximate effect of pumping 100 mgd on temperature and salinity in CCS

and taking the salinity, S, of the water pumped from the L-31E Canal equal to zero, Equation 10 can be
used to calculate the salinity in the CCS in as a function of number of days of continuous pumping for
initial salinities in the range of 70%o~ 100% as shown in Figure 16(b). The results in Figure 16 collectively
indicate that the sustained addition of 100 mgd from the L-31E Canal to the CCS over continuous times
on the order of a week to a month (30 days) would be an effective means of reducing the temperature and
salinity in the CCS. The environmental effects on the surrounding environment of pumping water from the
L-31E Canal to the CCS are discussed subsequently,

Context, To put a volume flow rate of 100 mgd of fresh water in a societal context, it is noted that 100 mgd
is approximately the average daily drinking-water demand of one million people. In the context of the CCS,
100 mgd can be contrasted with the average CCS evaporation rate of around 39 mgd and a long-term average
rainfall rate on the CCS of around 21 mgd, where both of these averages are computed over the 9/1/2010—
5/1/2014 time period. If the CCS were empty and were to be filled by supplying water at 100 mgd, it would
take approximately 43 days to fill the CCS, Although 100 mgd is more than twice the evaporation rate, the
cooling effect of a unit volume of evaporated water is much greater than the cooling effect of a unit volume
of added liquid water. For example, a unit volume of evaporated water would cause a temperature decrease
of around 50 times the temperature decrease caused by adding a unit volume of liquid water that is 20°F
cooler than the CCS. Therefore, in thermodynamic terms, the addition of 100 mgd of pumped water has
approximately the same cooling effect as 2mgd of evaporated water, With regard to salinity, the salinity
reduction resulting from (he addition of a unit volume of fresh water exactly compensates for the salinity
increase caused by a unit volume of evaporated water, Hence, 39 mgd of added water would neutralize the
salinity-increase caused by 39 mgd of evaporated water, with the excess added water causing a reduction in
salinity.

4.3 Model Results

The water-balance and salt-balance models used previously by FPL to simulate the pre-uprate salinity dy-
namics in the CCS were used by FPL to simulate the potential future scenarios with and without the L-31E
water inputs in the summer of 2015 and 2016. FPL made minor revisions in the model to incorporate data up
through October 2014, The model simulation to predict the response of the CCS to pumping water from the
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L-31F Canal started November 1, 2014, and ended November 30, 2016. Two scenarios were simulated at
multiple maximum-allowable withdrawal rates, where actual withdrawal rates were predicated on the avail-
ability of water in the L-31E Canal after providing 504 acre-ft to Biscayne Bay. Scenario A assumes future
conditions that are the same as those observed between November 1, 2010 and October 31, 2012; conditions
during this time frame reflected normal weather patterns. Scenario B assumes future conditions that are
the same as those observed between November 1, 2013 and October 31, 2014; conditions during this time
reflected dry weather patterns, and this one-year period was repeated sequentially to produce a two-year
predictive simulation. In both scenarios, the conditions observed during the first November (2010, 2013)
were repeated to simulate conditions for the last month (November 2016) of the 25-month predictive simu-
lation. Scenario A and Scenario B were each run four times under different pumping scenarios: no pumping,
30 mgd-maximum, 60 mgd-maximum, and 100 mgd-maximum and for a two-year time period. Under all
pumping scenarios the simulated CCS water levels increased and simulated CCS salinities decreased rela-
tive to the base case of no pumping. Greater changes were observed in response to greater pumping rates.
Under all pumping scenarios, the greatest increases in CCS stage occur between June 1 and November 30,

Application of model results, The water-balance and salinity-balance modeling done by FPL in support
of the application for the 2015 - 2016 pumping permit focused on the effectiveness of the L-31E pumping on
reducing salinity, whereas the primary motivation for pumping from the L-31E Canal is actually to reduce
temperature, Elevated temperatures in the CCS will affect power-generation while elevated salinities will
not, and there is not a proportional correspondence between reduced salinity and reduced temperature, since
temperatures in the CCS depend on a variety of other factors besides the volume of water pumped from the
L-31E Canal..

4.4 Environmental Effects

Environmental concerns that have been raised previously by others relate to both the diversion of fresh water
from other environmental restoration projects that ave currently being serviced by the L-31E Canal, and the
utilization of fresh water to dilute hypersaline water, which degrades the quality and utility of the fresh wa-
ter. Based on available information, it appears that the only environmental projects currently being served
directly by the L-31E Canal is the Biscayne Bay fish and wildlife preservation allocation of 504 acre-ft, and
the maintenance seasonal water levels in support of adjacent wetlands, The permitted pumping operation
will not divert the water volume previously allocated to fish and wildlife preservation, and a pumping pro-
tocol will be followed to maintain water levels at their no-pumping levels. With respect to the degradation
of fresh water; this degradation will in fact occur, however, the extent of water-quality deterioration and
specific deleterious impacts on existing water uses have not to date been identified. Aside from these pre-
viously raised concerns, some major additional concerns resulting from pumping up to 100 mgd from the
L~-31E Canal to the CCS are described below.

4.41 Effect of Increased Water-Surface Elevations in the CCS

Pumping water from the L-31E Canal into the CCS will elevate the average water level in the CCS relative
to the water level that would exist without pumping. The magnitudes of water-level increases in the CCS
were estimated by FPL using the previously developed and calibrated mass balance mode] of the CCS, and
the results of these simulations were submitted to the SFWMD as part of the application for the 2015 ~2016
pumping permit (SFWMD, 2015). Since the water level in the L-31E Canal will be held constant during
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pumping operations, the increased water-surface elevations in the CCS are of concern because they will
decrease the seaward piezometric-head gradient between the L-31E Canal and the CCS. Furthermore, it is
likely that the piezomelric-head gradient between the L-31E Canal and the CCS could be reversed from a
seaward gradient 1o a landward gradient. This could produce landward groundwater flow between the CCS
and the L-31E Canal, which would likely advect a saline plume from the CCS towards the L-31E Canal. In
addition to the aforementioned outcome, elevated water levels in the CCS resulting from pumping 100 mgd
from the L-31E Canal will increase the (seaward) piezometric-head gradient between the CCS and Biscayne
Bay, resulting in the increased discharge of higher-salinity water from the CCS into the Bay via the Biscayne
Adquifer.

Relevant data. To quantify the effect of increased water-surface elevations in the CCS that would oceur as
aresult of pumping, the increased water-surface elevations simulated by FPL were subtracted from historical
water-level differences between the L-31E Canal and the CCS to yield possible water-level differences un-
der the 100-mgd pumping scenario. As described previously, two scenarios were modeled, with Scenario A
corresponding to “normal” conditions and Scenario B corresponding to “dry” conditions. Each simulation
covered two years (2015 and 2016), with pumping in each year from June 1 to November 30. The increases
in CCS water-surface elevations over the water-surface elevations that would exist in the CCS withoutl pump-
ing are given in Table 4 for selected dates (about a month apart) during each of these scenarios. The values

Table 4; Estimated Water Level Increases in CCS

2015 2016
Day-Month Scenario  (ft) ()
15-Jun A 0.00 0.23
15-Jul A 0.00 055
15-Aug A 0.55 040
15-Sep A 0.57 040
15-Oct A 0.50 0.60
15-Nov A 0.65 0.60
30-Nov A 0.50 045
15-Tun B 0.00 0.00
15-Tul B 0.62 050
15-Aug B 0.65 070
15-Sep B 0.15  0.10
15-Oct B 035 030
15-Nov B 037 055
30-Nov B 0.50 0.65

given in Table 4 were estimated from graphical plots developed by FPL. as part of the permit application. It
is apparent from Table 4 that water-level increases in the CCS on the order of 0.5 ft are predicted to oceur
as a result of pumping water at a rate of 100 mgd from the L-31E Canal into the CCS, These water-level
increases can be contrasted with historical differences in the water levels between the L-31E Canal and the
CCS for the pre-uprate (June 2011 ~May 2012) and post-uprate (June 2013 —May 2014) periods as shown
in Table 5, where a positive difference indicates that the water level in the L-31E Canal is higher than the
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water level in the CCS. It is apparent from Table 5 that the historical differences between the water levels

Table 5: Historical Water-Level Differences Between L-31E Canal and CCS

Pre-Uprate Post-Uprate

Day-Month (fy (f1)
15-Jun -{).32 0.46
15-Jul 0.57 0.37
15-Aug 0.80 0.40
15-Sep 042 0.48
15-Oct 0.85 0.60
15-Nov 0.51 0.49
30-Nov 0.55 045

_in the L-31E Canal and the CCS are typically on the same order of magnitude as the expected increases in
the CCS water level, and therefore a significant impact on the historical seaward water-level gradient is to
be expected. This concern is further amplified when it is considered that a minimum water-level difference
of 0.30ft is required to keep an acceptable seaward water-level gradient and to keep from triggering the
interceptor ditch (ID) pumps. If the ID pumps are turned on, this would further elevate the water level in the
CCS and further decrease the water-level difference between the L-31E Canal and the CCS.

Demonstration of effects, The increases in the water-surface elevations in the CCS predicted by the FPL
mags-balance model can be subtracted from the historical water-level differences between the L-31E Canal
and the CCS (o estimate the water-level differences between the L-31E Canal and the CCS that are likely
to exist as a consequence of pumping a maximum of 100 mgd from the L-31E Canal into the CCS, These
expected water-level differences are summarized for the Scenario A (the “normal” condition) in Figure 17(a),
and for Scenario B (the “dry” condition) in Figure 17(b). For each historical period (pre-uprate and posi-
vprate), and for each selected day, three water-level differences are shown: the historical difference (blue),
the projected 2015 difference (orange), and the projected 2016 difference (gray). In general, the 2015
and 2016 projected water-level differences are less than the historical differences by the amounts listed in
Table 4. Also shown in Figure 17 is the 0.30-ft reference line, which is the threshold water-level difference
below which the ID pump system is triggered. It is apparent from Figure 17(a) that under pre-uprate walter-
level-difference conditions a landward water-level gradient would be created around 15-Sep and 15-Nov on
which dates there were previously seaward water-level gradients; the 15-Jun data point is anomalous in that a
landward gradient already existed in the historical record, It is further apparent from Figure 17(a) that under
post-uprale water-level-difference conditions a landward water-level gradient would be created around 15-
Jul, 15-Aug, 15-Sep, 15-Nov, and 30-Nov on which dates there were previously seaward gradients. Under
both historical conditions (pre-uprate, post-uprate) shown in Figure 17(a), the difference between the water
level in the L-31E Canal and the CCS would fall below the 0.30-ft threshold on all of the dates cited in
Figure 17(a). Considering Scenario B (the “dry” condition) shown in Figure 17(b), the results are similar to
those shown in Figure 17(a). Under pre-uprate conditions, a landward water-level gradient would be created
around 15-Sep and 15-Nov, and under post-uprate water-level-difference conditions a landward water-level
gradient would be created around 15-Jul, 15-Aug, 15-Sep, 15-Nov, and 30-Nov. Under both historical
conditions, the difference between the water levels in the L-31E Canal and the CCS would fall below the
0.30-ft threshold on all dates cited in Figure 17(b). The results shown in Figure 17 collectively show that
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Figure 17; Differences Between L-31E Canal and CCS Water Levels. The historical difference is in blue,
the projected 2015 difference is in orange, and the projected 2016 difference is in gray.

there is cause for concern that pumping 100 mgd from the L-31E Canal into the CCS could cause a landward
water-level gradient where none previously existed. This concern is further exacerbated when considering
that water levels at the northern end of the CCS near the discharge from the power-generating units will
be higher that the average water level in the CCS that is used in this analysis, which further decreases the
seaward water-level gradient between the L-31E Canal and the CCS. Concern is further heightened when the
increased density of water in (and under) the CCS is taken into account, since the difference in equivalent
freshwater (piezometric) heads between the L-31E Canal and the CCS is less that the difference in water
levels between the L-31E Canal and the CCS. It is actually the difference in equivalent [reshwater heads
that govern the flow between these bodies of water (e.g., Post et al., 2007). This latter point is particularly
important since the difference in freshwater heads between the L-31E Canal and the CCS will increase with

depth.
Effect of generating a landward gradient, A landward gradient in the freshwater-equivalent piezometric

head between the L-31E Canal and the CCS would advect saline water from the CCS towards the L-31E
Canal. Such gradients are likely to be generated under 100-mgd pumping operations. Also, since pumping
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would be occurring mostly during the wet season, it is likely that a seaward head gradient would exist
(and be maintained) west of the L-31E Canal. As a consequence of a landward gradient in the freshwater-
equivalent piezometric head east of the L-31E Canal and a seaward (freshwater) head gradient west of the
L-31E Canal, it is possible that a “saline circulation cell” is developed in which water is pumped from the
L-31E Canal into the CCS, water seeps out of the CCS and flows through the Biscayne Aquifer back into
the L-31E Canal, and then this water is pumped back into the CCS. This circulation cell would increase the
salinity in the L-31E Canal, which would degrade the quality of the water in the L-31E Canal and decrease
the effectiveness of the pumped water in decreasing the salinity in the CCS,

Historical anecdote, Interestingly, in 1978, engineers from the consulling firm Dames and Moore wrote
a report to FPL with a specific section in their report titled “Effects ol an Overall Increase in Water Level
in the Cooling-Canal System Relative to the Ground Water” (Dames and Moore, 1978). In their report, the
engineers at Dames and Moore specifically considered the impact of raising the water level in the CCS by
0.50 ft above the water table in the surrounding aquifer. They concluded that such an occurrence would
cause the saltwater interface to move approximately one mile further inland relative to its location prior to
the rise in the water level of the CCS,

4.4.2 Suggested Permit Modifications

Based on the concerns described here, along with the supporting analyses provided, it is recommended
that the pump-operation protocol associated with the 20152016 pumping permit be modified to include
measurement of water levels in the CCS, and that a threshold water-level difference between the L-31E
Canal and the CCS be determined by the SFWMD and added as a controlling factor in pump operations.
To ensure that a subswrface circulation cell of saline water does not develop, the salinity of the water in the
L-31E Canal should be monitored during pump operations,

5 Conclusions and Recommendations

This brief study consisted of reviewing and summarizing the relevant data and reports relating to the oper-
ation of the cooling-canal system (CCS) at the Turkey Point power station, and focusing on three primary
issues: (1) the temperature dynamics in the CCS, (2) the salinity dynamics in the CCS, and (3) the impacts
and consequences of pumping a maximum of 100 mgd from the L-31E Canal into the CCS,

Temperature dynamics: Temperature dynamics in the CCS are a concern primarily because operation of
the power-generating units will be impacted if the temperature of the cooling water at the intake exceeds
104°F. Recent elevated temperatures have come close to exceeding this threshold value. Understanding the
temperature dynamics in the CCS is not possible without the development of a heat-balance model of the
CCS, and no such model currently exisis in the public domain, As part of this study, a preliminary heat-
balance model was developed and is described in this report, Using this model to simulate the heat balance
in the CCS during the interval 9/1/10 ~ 12/7/14 showed that there were two distinct periods during which the
heat-rejection rate from the power plant remained approximately constant. The first period corresponded
to pre-uprate conditions and the second period corresponded to post-uprate conditions. The heat-rejection
rate during the second period was found to be significantly greater than the heat-rejection rate during the
first period, This finding is not inconsistent with the condition that the post-uprate generating capacity of
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the power-generating units served by the CCS is less than the pre-uprate generating capacity, since in the
_post-uprate generating capacity there is a significant shift from fossil-fuel generation to nuclear-power gen-
eration, and nuclear-power units are known to have a much higher heat-rejection rate to cooling water than
fossil-fuel generating units. The increased heat-rejection rate in the post-uprate period was manifested in the
CCS by increased temperatures, Notably, the average temperature in the discharge zone increased by about
6.3°F (3.5°C) and the average temperatore in the intake zone increased by about 4.7°F (2.6°C), Considering
that the increased average temperature in the intake zone of the CCS is slightly greater that the increased
threshold temperature of 4.0°F (2.2°C) approved by the NRC in 2014, and also considering that supplemen-
tary cooling of the CCS was needed in 2014, then caution should be exercised in further increasing power
generation beyond 2014 levels without a reliable system to provide additional cooling beyond that currently
being provided by the CCS. A power-generation increase would likely lead to a repeat of the need for sup-
plementary cooling that was experienced in 2014. There are also indications that the thermal efficiency of
the CCS has decreased in the post-uprate period relative to the thermal efficiency in the pre-uprate period. A
sensitivity analysis indicated that increased algae concentrations in the CCS and increased air temperatures
are unlikely to have been of sufficient magnitude to cause the elevated temperatures that have been measured
in the CCS. In quantitative terms, the additional heating rate in the CCS caused by the presence of high con-
centrations of algae is estimated to be less than 7% of the heat-rejection rate of the power plant, hence the
relatively small effect of algae-induced additional heating, The preliminary findings of this study will need
to be followed up by further development of the thermal model supplemented by indirect measurements
of heat-rejection rates, and (ideally) flows and temperatures within the CCS, that can be used to calibrate
the model within each of the four zones of the CCS. The development of any engineered system to control
temperatures in the CCS will need to be done in tandem with thermal-model simulations.

Salinity dynamics: Salinity in the CCS is a concern because increased salinity levels contribute to the
increased salinity intrusion into the Biscayne Aquifer. Although an interceptor-ditch salinity-control system
is in place, this system is ineffective in controlling salinily intrusion at depth, and so elevated salinities in
the CCS remain a problem. This study confirms that long-term salinity increases in the CCS are caused by
evaporation rates exceeding rainfall rates. Without any intervention, the trend of increasing salinity would
continue into the future. Recent spikes in salinity in the CCS are a normal consequence of a prolonged
rainfall deficit and can be expected to recur. Engineered systerns that add less-saline water to the CCS to
decrease salinity could have an adverse environmental impact caused by the increased water-level elevations
in the CCS that these systems create. The effectiveness of an engineered system that pumps saline water
from the CCS to deep-well(s) for disposal will depend on the groundwalter-flow response in the aquifer sur-
rounding the CCS, the induced salinity-transport dynamics within the aquifer, and the operational protocol
of the deep-well injection system, The investigator was made aware through press reports that such a deep-
well injection system has been approved for implementation, however, no supporting details were provided
by Miami-Dade County to the investigator for further consideration during this study.

Pumping from the L-31E Canal: Pumping of up to 100 mgd from the L-31E Canal into the CCS is
permitted between June 1 and November 30 during 2015 and 2016, Mass-balance modeling has shown
that this level of pumping will likely raise the average water level in the CCS by around 0.5 ft, and since
the historical water-level differences between the L-31E Canal and the CCS are also on the order of 0.5 ft,
it is likely that there will be a significant reduction, or even reversal, of the historical seaward water-level
gradient that would exist in the absence of pumping. It is even more likely that the water-level difference
between the L-31E Canal and the CCS will be reduced below the 0.30-ft threshold that normally triggers the
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ID salinity-control system. Model results show a likely reversal of gradient under some circumstances, and
a consequence of this reversal could be the advection of a saline plume from the CCS to the L-31E Canal
which would cause in increase in the salinity in the L-31E Canal, which is undesirable since the L-31E
Canal is regarded as a source of freshwater in its various environmental functions.

Recommended action items. Based on the aforementioned findings, the following action items should be
considered:

» Develop a calibrated heat-balance model to simulate the thermal dynamics in the CCS. Essential
additional measurements that are required to supplement the calibration of this model are synoptic
measurements of volumetric flow rate through the power-generating units, intake temperature, and
discharge temperature. Desirable additional measurements include synoptic measurements of the
volumetric flow rate and temperature into and out of each CCS zone. The thermal model could be
developed to simulate the effects of various supplementary cooling systems to supporl operation of
the CCS.

» Confirm and identify causative factors for the decline in the thermal efficiency of the CCS between
the pre-uprate and post-uprate periods.

'Y

Develop a quantitative relationship for estimating algae concentrations as a function of temperature,
salinity, and nutrient levels in the CCS. Such a relationship could be derived using data that is already
being collected. The developed model could be useful in managing the CCS, since algae concentra-
tions affect the heat balance and possibly the thermal efficiency of the CCS.

» Develop a locally validated relationship between the evaporation rate, water temperature, air temper-
ature, wind speed, salinity, and algae concentrations in the CCS. This is justified since evaporation
is the major cooling process in the CCS, and the evaporation model that is currently being used has
a high uncertainty level, At present, a constant in the evaporation function is used as a calibration
parameter in the salinity-balance model which is not a desirable circumstance given the importance
of the evaporation process.

» The operational protocol associated with the 20152016 permit for transferring up to 100 mgd from
the L-31E Canal to the CCS should be modified to include: (1) measurement of water levels in the
CCS to preclude a landward equivalent freshwater head gradient being developed, (2) specification of
threshold water-leve] difference between the L-31E Canal and the CCS as a controlling factor in pump
operations, and (3) monitoring of the salinity of the water in the L-31E Canal during pump operations
to ensure that CCS water is not seeping into the L-31E Canal.

The scope of this study was necessarily limited by the short (120-day) time frame that was available to in-
vestigate all of the relevant issues. Follow-on and more detailed investigations will likely lead to a resolution
of outstanding issues and the design of robust engineered systems to control the temperature and salinity in

the CCS, as well as the extent of salinity intrusion associated with the operation of the CCS. All of these -

objectives can likely be accomplished with the goal of having sustainable power generation at the Turkey
Point station,
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Miami-Dade County
Florida Power & Light

Consent Agreement




MIAMI-DADE COUNTY, through its
DEPARTMENT OF REGULATORY AND
ECONOMIC RESOURCES, DIVISION OF
ENVIRONMENTAL RESOURCES
MANAGEMENT,

CONSENT AGREEMENT
Complainant,
V.

FLORIDA POWER & LIGHT COMPANY,

Respondent,

This Consent Agreement, entered into by and between the Complainant, MIAMI-DADE
COUNTY, through its DEPARTMENT OF REGULATORY AND ECONOMIC RESOURCES,
DIVISION OF ENVIRONMENTAL RESOURCES MANAGEMENT (“DERM"), and the Respondent
FLORIDA POWER & LIGHT COMPANY (“FPL”), pursuant to Section 24-7(15)(c) of the Code of
Miami-Dade County, shall serve to redress alleged violations of Chapter 24 of the Code of Miami-Dade
County located near, surrounding, or in the vicinity of the Cooling Canal System located at Turkey Point

on FPL’s property, as further described herein, in Miami-Dade County, Florida.

DERM and FPL enter into the following Consent Agreement:

FINDINGS OF FACT

1. DERM is a division of Miami-Dade County, a political subdivision of the State of Florida, which is
empowered to control and prohibit pollution and protect the environment within Miami-Dade County
pursuant to Article VIII, Section 6 of the Florida Constitution, the Miami-Dade County Home Rule
Charter and Section 403,182 of the Florida Statutes,

2. Florida Power & Light Company (“FPL”) is the owner and operator of the Turkey Point Power Plant,
and FPL is the owner and operator of approximately a 5,900-acre network of unlined canals (the
“Cooling Canal System” or “CCS”) on the FPL property described in the map in Exhibit A (the
“Property™).




In 1971, FPL signed a Consent Decree with the U.S. Department of Justice that required the
construction, after permitting, of a closed-loop cooling configuration, with no discharge to surface

waters,

The Florida Department of Pollution Control (later to become the Florida Department of
Environmental Protection), in 1971, issued Construction Permit No. IC-1286 for the CCS. In 1972,
Dade County issued Zoning Use Permit No, W-49833 for the excavation of the proposed Alternate
Cooling Water Return Canal, FPL represents that in 1973, the construction of the CCS was
completed; and the CCS was closed fiom the surface waters of both Biscayne Bay and Card Sound,

becoming a closed-loop system.

An approximate 18 foot deep interceptor ditch located along the west side of the CCS was designed
and constructed to create a hydraulic barrier to keep water in the CCS from migrating inland or

westward,

In 1972, FPL entered into an agreement with the Central and Southern Florida Flood Control District
(later to become the South Florida Water Management District or “District”) addressing the
operations and impacts of the CCS, Tlie agreement has been updated several times, with the most
recent version being the Fifth Supplemental Agreement between the District and FPL entered into on
October 16, 2009 (“Fifth Supplemental Agreement”) which included an extensive monitoring
program for the CCS, entitled the Turkey Point Plant Groundwater, Surface Water and Ecological
Monitoring Plan (*2009 Monitoring Plan™), incorporated as Exhibit A of the Fifth Supplemental

Agreement,

In a letter dated April 16, 2013, the District notified FPL of their determination that saline water from
the CCS has moved westward of the L-31E Canal in excess of those amounts that would have
oceurred without the existence of the CCS, and pursuant to the provisions of the Fifth Supplemental
Agreemegt, initiated consultation with FPL for the mitigation, abatement or remediation of the saline

water movement,

DERM issued a Notice of Violation dated October 2, 2015 (the “NOV”) to FPL, alleging violations
of Chapter 24 of the Code of Miami-Dade County, for alleged violations of County water quality
standards and criteria in groundwater attributable to FPL’s actions, and specifically for groundwaters

outside the boundaries of FPL’s Cooling Canal System and beyond the boundaries of the Propetty.
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10,

13

14,

5.

s

The phrase “hypersaline water” as used herein is defined as water that exceeds 19,000 mg/L

chlorides.

DERM maintains there is hypersaline water aitributable to FPL’s actions in the groundwaters outside
the boundaries of the Property, which exceeds County water quality standards and criteria. FPL
acknowledges the presence of hypersaline water in certain areas outside the boundaries of the
Property, For waters that do not reach the level of hypersalinity, DERM and FPL do not agree on the

applicable “background” standards for chlorides,

. In 2013 and 2014, FPL experienced waler quality issues within the CCS, including increases in

temperature and salinity, and FPL sought approvals from various regulatory agencies for actions to

improve the water quality within the CCS.

. DEP issued an Administrative Order, No. 14-0741, on December 23, 2014, requiring FPL to, among

other things, reduce and maintain the annual average salinity of the CCS at a practical salinity of 34,

and that Administrative Order is currently the subject of an Administrative Hearing.

Both DERM and FPL agree and acknowledge that it would be beneficial to improve the water quality
within the Cooling Canal System itself, and FPL has already undertaken some efforts to improve the

CCS water quality.

This Consent Agreement requires FPL to take action to address the County’s alleged violations o‘f
County water quality standards and criteria in groundwaters outside the CCS as described in the
NOV, As part of these actions, this Consent Agreement also requires FPL to take into account ifs
efforts to improve CCS water quality and the potential and actual impacts of such actions on water
resources outside the CCS, to not cause or contribute to (i) the exaéerbati,on of alleged violations of
County water quality standards or criteria or (if) future violations of County water quality standards

or criteria in the groundwaters or surface waters outside the CCS.

FPL hereby agrees to the terms of this Consent Agreement without admitting the allegations' made by

the above-mentioned NOV.




16. In an effort to expeditiously resolve this matter and to ensure compliance with Chapter 24 of the Code

17,

of Miami-Dade County, and to avoid time consuming and costly litigation, the parties hereto agree to
the following, and it is ORDERED:

REQUIREMENTS

FPL shall undertake the following activities to specifically address water quality impacts associated
with the CCS, as alleged in the NOV. The objective of this Consent Agreement will be for FPL to

" demonstrate a statistically valid reduction in the salt mass and volumetric extent of hypersaline water

(as represented by chloridé concentrations above 19,000 mg/L) in groundwater west ‘and noith of
FPL's property without creating adverse environmental impacts. A further objective of this Consent
Agreement is to reduce the rate of, and, as an ultimate goal, arrest migration of hypersaline
groundwater, Recognizing other factors beyond FPL’s control may influence movement of
groundwater in the surficial aquifer, FPL shall reasonably take into account such factors when
developing and implementing remedial actions to minimize the timeframe for achieving compliance

with this Consent Agreement,

a, Abatement.
i. DERM acknowledges that FPL is planning to undertake the following:
I, pursue permitting, construction and operation of up to six Upper Floridan
Aquifer System wells in accordance with the Site Certification Modification
that is the subject of DOAH Case No, 15-1559EPP.

2. continue the use of the existing marine wells (SW-1, SW-2, and PW-1) as a
short term resource to lower and maintain salinities, FPL shall work to avoid

the use of the marine wells, except under extraordinary circumstances.

3. continue operation of the authovized L-31E canal pumps as a short term
resource only, in accordance with the terms and conditions of the applicable
approvals. FPL acknowledges that the use of water from the L-31E canal is
intended only as a short term resource to lower CCS salinity. FPL
anticipates the need for this resource for the next two years to reduce salinity
as it transitions into the long term resources that are intended to maintain the
lower salinity in the CCS, FPL acknowledges that additional regulatory

4




approvals will be required for continuation of this activity beyond the

expiration of the existing approvals.

ii. FPL shall evaluate alternative water sources to offset the CCS water deficit and
reduce chloride concentration in the CCS, and as a means of abating the westward
movement of CCS groundwater, FPL will consider the practicality and
appropriateness of using reclaimed wastewater from the Miami-Dade County South
District Waste Waler Treatment Plant as an alternative water source. FPL will
provide DERM a summary of its Alternative Water Supply plan within 180 days of
execuling the Consent Agreement. FPL recognizes the importance and potential for
reuse water, and FPL will make good faith efforts to implement the use of reuse water

where practicable.

iii, FPL shall also conduct a review of the Interceptor Ditch operations to determine if
curreni design and/or operations can be practicably modified to improve its function
recognizing the current status of the CCS and surrounding wetlands, FPL will
provide a summary of its Interceptor Ditch Review within 180 days of executing the

Consent Agreement,

jv, The alternative water sources and any modifications to Inferceptor Ditch design or
operation shall be authorized through the appropriate regulatory processes and shall
be demonstratéd to not create adverse impacts to surface waters, groundwater,
wetland or other environmental resources consistent with the Fifth Supplemental

Agreement.

b. Remediation. FPL shall develop and implement the following actions to intercept, capture, contain,
and retract hypersaline groundwater (groundwater with a chloride concentration of greater than

19,000 mg/L) to the Property boundary to achieve the objectives of this Consent Agreement.

i. Phase 1. FPL shall design, permit, and construct a Biscayne Aquifer Recovery Well
System (RWS) based on the results of a variable density dependent groundwater
model which shall be sufficient to support the design of the RWS to intercept,
capture, and contain the hypersaline plume; support authorization through the

appropriate regulatory processes; and demonstrate that it will not create adverse




impacts to groundwater, wetland (hydroperiod or water-stage), or other
environmental resources, Final operation and design will be informed by an Aqu‘ifer
Performance Test (APT).  FPL shall provide its design and supporting information
for the Recovery Well System and associated monitoring wells for DERM review and
approval within 180 days of executing the Consent Agreement. FPL shall proceed
with implementation within one year of executing the Consent Agreement, subject to

regulatory timelines not in FPL’s control. The initial design will be based on up to 12

- MGD disposal capacity recognizing existing on-site capability. Efficacy of this

ii.

iv,

ii.

design constraint will be reviewed in Phases 2, 3, and 4.

Phase 2. FPL shall operate the RWS in accordance with all local, state, and federal
regulatory requirements, collect data as required by the monitoring program, and
employ the data to inform and reduce the uncertainty of the groundwater model.
Status and efficacy of the system operation in meeting the objectives of this Consent
Agreement and results of continued groundwater model refinement will be provided

in the annual reports required in Paragraph 17d.

Phase 3, After five years, FPL shall evaluate the effectiveness of the RWS in
achieving the goal to intercept, capture, contain, and ultimately retract the hypersaline
groundwater plume. This evaluation shall include estimated milestones and be based
on the results of the monitoring data and refined groundwater/surfacewater model,
which will be submitted to DERM. If the analysis indicates that the RWS is not

anticipated to achieve the goal to intercept, capture, contain, and ultimately retract the

hypersaline groundwater plume, FPL shall make recommendations for modifications

to the project components and/or designs to ensure the ability of the system to
achieve the objectives of the Consent Agreement. The evaluation and any proposed

revisions shall be submitted to DERM for review and approval.

Phase 4. After ten years, FPL shall review the results of the activities and progress to
achieve the objectives of this Consent Agreement, and this evaluation shall be
submitted to DERM. If monitoring demonstrates that the activities are not achieving
the objectives of this Consent Agreement, FPL shall revise the project components

and/or designs to ensure the ability of the system to achieve the objectives of this




Consent Agreement, The proposed revisions shall be submitted to DERM for review

and approval.

o. Repional Hydrologic Improvement Projects, In addition, FPL agrees to undertake the

following:

i,

%

1L

e
jed
.

Raise control ¢levations in the Everglades Mitigation Bank, Within 30 days of the
effective date of this Consent Agreement, FPL shall raise the control elevations of the
FPL Everglades Mitigation Bank (“EMB”) culvert weirs to no lower than 0.2 feet
lower than the 2.4 foot trigger of the $-20 structure and shall maintain this elevation,
After the first year of operation, FPL shall evaluate the change in control elevation, in
regards to improvements in saliﬁity, water quality, and lift in the area, and if FPL
determines that the change in control elevations is not effective, or that FPL is
negatively impacled in receiving mitigation credits as a result of this action, FPL will

consult with DERM and propose potential alternatives,

Fill portions of the Model Lands North Canal within the Everglades Mitigation Bank,
Within 30 days of the effective date of the Consent Agreement, FPL shall seck all
necessary regulatory approvals to place excavated fill from the adjoining roadway
into the Model Lands North Canal within FPL’s Everglades Mitigation Bank. Upon
issuance of such regulatory approvals, FPL shall, starting on the east end, fill the
Model Lands North Canal. This Consent Agreement only requires FPL to fill to the

extent the fill is available from the adjoining roadway permitted to be degraded.

. If the District determines that flowage easements are needed from FPL in order to

increase the operational stages of the S-20 water control sfructure as planned and
approved by CERP, FPL agrees to provide such flowage easements for FPL owned
land within the Everglades Mitigation Bank, in favor of the District within six months

of the determination,

. FPL acknowledges the benefit of hydrologic restoration projects contemplated by the

Comprehensive Everglades Restoration Project (“CERP”), as well as other
governiment entities, adjacent and to the west of the CCS in contcolling movement of

hypersaline and saline waters in the Biscayne Aquifer. FPI commits to working with




local, state and federal agencies to facilitate implementation of these projects to

promote improved hydrologic conditions.

d. Monitoring and Reporting. FPL shall conduct monitoring to evaluate the progress made in

achieving the objectives of this Consent Agresment, This includes actions that result from

satisfying the abatement, remediation and hydrologic improvement components of this

Consent Agreement. [PL shall initiate the monitoring and reporting requirements identified

below within 30 days of executing the Consent Agreement. The monitoring shall include the

following:

i

pto
-

iii.

FPL shall facilitate DERM access to all data from continuous electronically

monitored stations.

FPL shall continue to provide monthly and quartexly reports substantially consistent
with those required in M-D Class 1 permit CL1-2014-0312, beyond the expiration of

the permit,

FPL shall employ Continuous Surface Electromagnetic Mapping (CSEM) methods to
assess the location and orientation of the hypersaline plume west and north of the

CCs.

.FPL shall add three groundwater monitoring clusters (shallow, mid and deep) to

monitor groundwater conditions in the model lands basin. The well clusters shall be
similar in design and function to existing groundwater monitoring wells in the region
as part of the CCS monitoring program, and shall be geographically ‘located in
consultation with DERM,

FPL shall submit annual reports providing an evaluation of progtess in achieving the
objectives of this Consent Agreement, status of implementing projects identified
above, and the results of monitoring to determine the impacts of these activities.
Recommendations for refinements to the activities will be included in the annual
report. This may include deletions of monitoring that is demonstrated to no longer

be needed, or additional monitoring that is warranted based on observations,




SAFETY PRECAUTIONS

18, FPL shall maintain the subject property during the pendency of this Consent Agreement in a manner

20

21

which shall not pose a hazard or threat to the public at large or the environment and shall not cause a

nuisance or sanitary nuisance as set forth in Chapter 24 of the Code of Miami-Dade County, Florida.

VIOLATION OF REQUIREMENTS

. This Consent Agreement conslitutes a lawful order of the DERM Director and is enforceable in a

22,

civil court of competent jurisdiction. Violation of any requirement of this Consent Agreement may
resull in enforcement action by DERM. Each violation of any of the terms and conditions of this

Consent Agreement by FPL shall constitute a separate offense.

SETTLEMENT COSTS

FPL hereby certifies that it has the financial ability to comply with the terms and conditions herein

and to comply with the payment of settlement costs specified in this Agreement.

DERM has determined that due to the administrative costs incurred by DERM for this matter, a
settlement of $30,000.00 is appropriate, FPL shall, within sixty (60) days of the effective date of this
Consent Agreément, submit to DERM a check in the amount of $30,000.00 for full settlement
payment, The payment shall be made payable to Miami-Dade County and sent to the Division of
Environmental Resources Managemeént, ¢/o Barbara Brown, 701 NW 1 Court, 6™ Floor, Miami, FL
33136-3912,

In the event that FPL fails to submit, modify, implement, obtain, provide, operate and/or complete
those items listed in paragraph 17 herein, FPL shall pay DERM a civil penalty of one hundred dollars
($100.00) per day for each day of non-compliance and FPL may be subject to enforcement action in a
court of competent jurisdiction for such failure pursuant to those provisions set forth in Chapter 24 of
the Code of Miami-Dade County. Any such payments shall be made by FPL to DERM within ten
days of receipt of written notification and shall be sent to the Division of Environmental Resources

Management, 701 NW 1¥ Court, 6" Floor, Miami, FL. 33136-3912.




GENERAL PROVISIONS

23, FPL shall allow any duly authorized representative of DERM, with l'ea$onable notification, to enter

24,

25

26,

27,

28,

29,

and inspect the CCS, Floridan wells, extraction wells, or any other relevant facilities, at any
reasonable time for the purpose of ascertaining the state of compliance with the terms and conditions
of this Consent Agreement, DERM shall comply with the plant safety and security precautions. FPL
shall provide and maintain a point of contact at the Turkey Point Power Plant to assist DERM in

accessing the facilities to be inspected.

On a quarterly basis (January, April, July, and October), DERM may collect surface and/or
groundwater samples at the discretion of DERM at various monitoring locations in accordance with

monitoring referenced in Paragraph 17 above,

FPL and DERM agree to cooperate and use best efforts moving forward refated to this Consent

Agreement,

Disputes related lo or arising out of this Consent Agreement shall be construed consistent with the
laws of the State of Florida and the United States, as applicable, and shall be filed in the state or
federal courts of the State of Florida, as appropriate. Proceedings shall take place exclusively in the
Circuit Court for Miami-Dade County, Florida or the United States District Court for the Southern
District of Florida.

In consideration of the complete and timely performance by FPL of the obligations contained in this
Consent Agreement, DERM waives ifs rights to seek judicial imposition of damages or civil penalties

for the matters alleged in Notice of Violation and Consent Agreement.

Where FPL cannot meet timetables or conditions due to circumstances beyond FPL's control, FPL
shall provide written documentation to DERM which shall substantiate that the cause(s) for delay or
non-compliance was not reasonably in FPL’s control. DERM shall make a determination of the
reasonableness of the delay for the purpose of continued enforcement pursuant to paragraph 22 of this

Consent Agreement,

DERM expressly reserves the right to initiate appropriate legal action to prevent or prohibit future

yiolations of applicable laws, regulations, and ordinances or the rules promulgated thereunder.
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30. Entry of this Consent Agreement does not relieve FPL of the responsibility to comply with applicable

federal, state or local laws, regulations, and ordinances.

31. FPL acknowledges that this Consent Agreement is within the jurisdiction of Miami-Dade County.
Nothing in this Consent Agreement is intended to expand, nor shall this Consent Agreement be

construed to expand, the regulatory authority or jurisdiction of Miami-Dade County,

39, This Consent Agreement shall neither be evidence of a prior violation of this Chapter nor shall it be
deemed to impose any limitation upon any investigation or action by DERM in the enforcement of

Chapter 24 of the Code of Miami-Dade County.

33, This Conscnt Agreement shall become effective upon the date of execution by the DERM Director, or

the Director's designee.

20/5” %
Dervpen 6, 20/5 7

Date Eric E. Silagy
President & CEO
Florida Power & Light Company
700 Universe Boulevard
Juno Beach, FL 33408
Respondent

Before me, the undersigned authorily, personally appeared Crie 21 la &, Lé: _, who after being

duly sworn, deposes and says that they have read and agreed to the foregoing,

Subscribe and sworn to before me this !QVH‘\ day of Octobey , 2015 by
C e 5(' f 23 [z} Lﬁt (name of affiant).
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~ Personally known _\ /" or Produced Identification

(Check one)
S, LISAGROVE
o Nungd, + MY COMNSSION  FF 1547
Type of Identification Produced: . i EXPIRES: Decamtar 4, 2016
e Bndid T Bl Pty Bunet

N )
f U o
M,;L,/Jf LAWY Licor Cor OV e

Notary Public Signature Notary Public Printed Name

DO NOT WRITE BELOW THIS LINE —~ GOVERNMENT USE ONLY

Vi
/ .’f A / !

I3
A A ; i
S / A / /A S

'* raa 71
Ile€ N. Hefty, DERM Director

Date
Miami-Dade County
vV (g v T _
Witndss Witness
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Exhibit A
FPL Turkey Point Property Boundary
for Purposes of Consent Agreement (~9000 acres)




BEFORE THE STATE OF FLORIDA
DEPARTMENT OF ENVIRONMENTAL PROTECTION

STATE OF FLORIDA DEPARTMENT IN THE OFFICE OF THE

OF ENVIRONMENTAL PROTECTION, SOUTHEAST DISTRICT
Petitioner,

V. OGC File No.: 16-0241

FLORIDA POWER & LIGHT
COMPANY, INC,,

Respondent.

/

NOTICE OF VIOLATION AND
ORDERS FOR CORRECTIVE ACTION

To:  Florida Power & Light Company, Inc.
c/o]. E. Leon, Registered Agent
4200 West Flagler Street
Suite 2113
Miami, Florida 33134

Certified Return Receipt No. 7013 2630 0001 2651 6074

Pursuant to the authority of section 403.121(2), Florida Statutes, the State of
Florida Department of Environmental Protection (Department) gives notice to Florida
Power & Light Company, Inc. (Respondent) of the following findings of fact and
conclusions of law with respect to violations of chapter 403, Florida Statutes.

FINDINGS OF FACT

L The Department is the administrative agency of the State of Florida

having the power and duty to protect Florida’s air and water resources and to



administer and enforce the provisions of chapter 403, Florida Statutes, and the rules
promulgated thereunder in title 62, Florida Administrative Code.

2. Respondent is an active Florida corporation, registered to conduct
business in the State of Florida. Respondent is a regulated Florida Utility providing
electric service to 4.7 million customers in 35 counties.

3. Respondent owns and operates the Turkey Point Power Plant located on
approximately 9,400 acres in unincorporated Miami-Dade County, Florida along the
coastline adjacent to Biscayne Bay (Turkey Point), with a permitted address of 9670 S.W.
344 Street, Florida City, Miami-Dade County, Florida.

4. Turkey Point consists of five electrical generating units and also includes a
cooling canal system (CCS). The CCS is made up of a 5,900-acre network of canals
providing a heat removal function for the five electrical generating units.

5. Respondent is the permittee of National Pollutant Discharge Elimination
System Industrial Wastewater Permit Number FL0001562 (Permit). Respondent

operates the CCS under the Permit.

6. The CCS canals are unlined and have a direct connection to the
groundwater.
7. On or about December 23, 2014, the Department issued an Administrative

Order related to the CCS at Turkey Point.
8. On or about February 9, 2015, the Administrative Order was petitioned
and subsequently referred to the Division of Administrative Hearings (DOAH)

(Consolidated Case Numbers 15-1746 and 15-1747).



9. On February 15, 2016, the Administrative Law Judge issued a
Recommended Order in DOAH Case Numbers 15-1746 and 15-1747 (Recommended
Order).

10. On April 21, 2016, the Recommended Order, as modified in part, was
adopted by the Department in Final Order Number 16-0111.

11.  The following findings in the Final Order are hereby incorporated in this
Notice of Violation:

a. The CCS is the major contributing cause to the continuing westward
movement of the saline water interface;

b. The CCS groundwater discharge of hypersaline water contributes to
saltwater intrusion;

c. Rule 62-520.400, Florida Administrative Code, prohibits a discharge in
concentrations that impair the reasonable and beneficial use of
adjacent waters;

d. Saltwater intrusion into the area west of the CCS is impairing the
reasonable and beneficial use of adjacent G-II groundwater and
therefore, is a violation of the minimum criteria for groundwater in
rule 62-520.400, Florida Administrative Code.

12.  Condition IV. 1. of the Permit requires that Respondent’s discharge to
groundwater shall not cause a violation of the minimum criteria for groundwater as
specified in rules 62-520.400 and 62-520.430, Florida Administrative Code.

13.  Section 403.161(1)(b), Florida Statutes, states, in part, it is a violation to fail



to comply with a permit issued by the Department.

CONCLUSIONS OF LAW

14.  The Department has evaluated the Findings of Fact with regard to the
requirements of chapter 403, Florida Statutes, and title 62, Florida Administrative Code.
Based on the foregoing facts, the Department has made the following conclusions of
law.

15.  Respondent is a “person” as defined in section 403.031(5), Florida Statutes.

16.  Respondent is the permittee of the Permit.

17.  Respondent operates the CCS under the Permit.

18.  The facts set forth above constitute a violation of section 403.161(1)(b),
Florida Statutes, for failing to comply with Condition IV. 1. of the Permit.

ORDERS FOR CORRECTIVE ACTION

19.  The Department has alleged that the activities related in the Findings of
Fact constitute violations of Florida law. The Orders for Corrective Action state what
you, Respondent, must do in order to correct and redress the violations alleged in this
Notice. The Department will adopt the Orders for Corrective Action as part of its Final
Order in this case qnless Respondent either files a timely petition for a formal hearing
or informal proceeding, pursuant to section 403.121(2)(c), Florida Statutes, or files
written notice with the Department opting out of this administrative process, pursuant
to section 403.121(2)(c), Florida Statutes. (See Notice of Rights.) If Respondent fails to
comply with the corrective actions ordered by the Final Order, the Department is

authorized to file suit seeking judicial enforcement of the Department’s Order pursuant



to sections 120.69, 403.121, and 403.131, Florida Statutes.

20.  Pursuant to the authority of sections 403.061(8) and 403.121, Florida
Statutes, the Department proposes to adopt in its Final Order in this case the following
specific corrective actions that will redress the alleged violations.

21.  Within 21 days of the effective date of this Order, Respondent shall enter
into consultations with the Department to address abatement and remediation
measures necessary to address the violation set forth above. At the start of this
consultation, Respondent shall provide the following information/data to the
Department:

a. All final studies and analyses of the effects of the CCS on ground
waters.

b. All final studies and analyses regarding abatement, remediation,
modeling and/ or prevention of the hypersaline plume, to which the
CCS contributes.

22.  Respondent and Department shall attempt to enter into an agreeable
consent order or equivalent that incorporates corrective actions to abate and remediate
the effects of the violation listed above. The consent order or equivalent shall, at a
minimum, delineate actions to abate the CCS contribution to the hypersaline plume,
reduce the size of the hypersaline plume, and prevent future harm to waters of the
State.

23.  If parties are unable to enter into a consent order or equivalent

incorporating the terms described above, within 60 days of the effective date of this



Order, the Department may issue a comprehensive management plan to, at a minimum,
abate the CCS contribution to the hypersaline plume, reduce the size of the hypersaline
plume, and prevent future harm to waters of the State. Respondent shall implement the
comprehensive management plan as issued by the Department.

24.  Except as otherwise provided, all submittals required by this Order shall
be sent to Elsa Potts, Program Administrator Water Resource Management, Department
of Environmental Protection, 2600 Blair Stone Road, Tallahassee, Florida 32399-2400.

NOTICE OF RIGHTS

25.  Respondent’s rights to negotiate, litigate or transfer this action are set

forth below.
Right to Negotiate

26.  This matter may be resolved if the Department and Respondent enter into
a consent order, in accordance with section 120.57(4), Florida Statutes, upon such terms
and conditions as may be mutually agreeable.

Right to Request a Hearing

27. Respondent has the right to a formal administrative hearing pursuant to
sections 120.569, 120.57(1), and 403.121(2), Florida Statutes, if Respondent disputes
issues of material fact raised by this Notice of Violation and Orders for Corrective
Action (Notice). At a formal hearing, Respondent will have the opportunity to be
represented by counsel or other qualified representative, to present evidence and
argument on all issues involved, to conduct cross-examination and submit rebuttal

evidence, to submit proposed findings of fact and orders, and to file exceptions to any



order or administrative law judge’s recommended order.

28.  Respondent has the right to an informal administrative proceeding
pursuant to sections 120.569 and 120.57(2), Florida Statutes, if Respondent does not
dispute issues of material fact raised by this Notice. If an informal proceeding is held,
Respondent will have the opportunity to be represented by counsel or other qualified
representative, to present to the agency written or oral evidence in opposition to the
Department’s proposed action, or to present a written statement challenging the
grounds upon which the Department is justifying its proposed action.

29.  If Respondent desires a formal hearing or an informal proceeding,
Respondent must file a written responsive pleading entitled “Petition for
Administrative Proceeding” within 20 days of receipt of this Notice. The petition must

be in the form required by rule 28-106.2015, Florida Administrative Code.

(@) The Department’s Notice identification number and the county in which
the subject matter or activity is located;

(b)  The name, address, and telephone number, and facsimile number (if any)
of each respondent;

(c) The name, address, telephone number, and facsimile number of the
attorney or qualified representative of respondent, if any, upon whom
service of pleadings and other papers shall be made;

(d) A statement of when respondent received the Notice; and

(e) A statement requesting an administrative hearing identifying those
material facts that are in dispute. If there are none, the petition must so

indicate.



A petition is filed when it is received by the Department’s Office of General Counsel,

3900 Commonwealth Boulevard, MS-35, Tallahassee, Florida, 32399-3000.

Right to Request Mediation

30.  Respondent may request mediation after filing a petition for hearing.
Requesting mediation will not adversely affect the right to a hearing if mediation does
not result in a settlement. The mediation will be held if the parties enter a written
agreement, which is described below, within 30 days after receipt of the Notice. The
mediation must be completed within 60 days of the agreement unless the parties
otherwise agree.

The agreement to mediate must include the following:

(@) The names, addresses, and telephone numbers of any persons who may
attend the mediation;

(b) The name, address, and telephone number of the mediator selected by the
parties, or a provision for selecting a mediator within a specified time;

(c) The agreed allocation of the costs and fees associated with the mediation;

(d) The agreement of the parties on the confidentiality of discussions and
documents introduced during mediation;

(e) The date, time, and place of the first mediation session, or a deadline for
holding the first session, if no mediator has yet been chosen;

(f) The name of each party’s representative who shall have authority to settle or
recommend settlement; and

(g) The signatures of all parties or their authorized representatives.

As provided in section 120.573 of the Florida Statutes, the timely agreement of all
parties to mediate will toll the time limitations imposed by sections 120.569 and 120.57
for requesting ana holding an administrative hearing. Unless otherwise agreed by the

parties, the mediation must be concluded within sixty days of the execution of the



agreement. If mediation results in settlement of the administrative dispute, the
Department must enter a final order incorporating the agreement of the parties.
Persons whose substantial interests will be affected by such a modified final decision bf
the Department have a right to petition for a hearing only in accordance with the
requirements for such petitions set forth above, and must therefore file their petitions
within 21 days of receipt of this notice. If mediation terminates without settlement of
the dispute, the Department shall notify the Respondent in writing that the
administrative hearing processes under sections 120.569 and 120.57 remain available for
disposition of the dispute, and the notice will specify the deadlines that then will apply
for challenging the agency action and electing remedies under those two statutes.
Waivers

31.  Respondent will waive the right to a formal hearing or an informal
proceeding if a petition is not filed with the Department within 20 days of receipt of this
Notice. These time limits may be varied only by written consent of the Department.

General Provisions

32.  The allegations of this Notice together with the Orders for Corrective
Action will be adopted by the Department in a Final Order if Respondent fails to timely
tile a petition for a formal hearing or informal proceeding, pursuant to section 403.121,
Florida Statutes. A Final Order will constitute a full and final adjudication of the
matters alleged in this Notice.

33.  If Respondent fails to comply with the Final Order, the Department is
authorized to file suit in circuit court seeking a mandatory injunction to compel
compliance with the Order, pursuant to sections 120.69, 403.121 and 403.131, Florida
Statutes. The Department may also seek to recover damages, all costs of litigation
including reasonable attorney's fees and expert witness fees, and civil penalties of not
more than $10,000 day for each day that Respondent has failed to comply with the Final
Order.



34.  The Department is not barred by the issuance of this Notice from
maintaining an independent action in circuit court with respect to the alleged
violations. If such action is warranted, the Department may seek injunctive relief,
damages, civil penalties of not more than $10,000 per day, and all costs of litigation.

35.  Copies of Department rules referenced in this Notice may be examined at
any Department Office or may be obtained by written request to the person listed on

the last page of this Notice.

DATED this 25th day of April, 2016.

STATE OF FLORIDA DEPARTMENT
OF ENVIRONMENTAL PROTECTION

Fredelfk L. Aschauer, Jr., Director
Division of Water Resource Management

Copies furnished to:
Larry Morgan, OGC Enforcement Section
Mail Station 35
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Florida Department of Rick Scott

Environmental Protection
Carlos Lopez-Cantera

Bob Martinez Center Lt. Governor

2600 Blair Stone Road

Tallahassee, Florida 32399-2400 Jonathan P. Steverson
Secretary
April 25, 2016
Florida Power & Light Company, Inc. Certified US Mail Return Receipt

c/o J.E. Leon, Registered Agent #1013 2630 0001 2651 6081

4200 West Flagler Street
Suite 2113
Miami, Florida 33134

Re:  Wamning Letter #WL16-00015IW13SED
Turkey Point Power Plant
Facility ID No.: FL0O001562
Miami-Dade County

Dear Sir:

The Department is in receipt of a March 2016 “Report on Recent Biscayne Bay Water
Quality Observations associated with Florida Power and Light Turkey Point Cooling Canal
System Operations” (Report). The Report indicates recent sampling events “provide
compelling evidence that water originating from the Cooling Canal System is reaching
these tidal surface waters connected to Biscayne Bay.” Information in the Report indicates
possible violations of chapter 403, Florida Statutes, and chapters 62-302 and 62-520,
Florida Administrative Code.

Violations of Florida Statutes or administrative rules may result in liability for damages
and restoration, and the judicial imposition of civil penalties, pursuant to section 403.161,
Florida Statutes.

Please contact Elsa Potts, at (850) 245-8665, within 15 days of receipt of this Warning
Letter to arrange a meeting to discuss this matter. The Department is interested in
receiving any facts you may have that will assist in determining whether any violations
have occurred. You may bring anyone with you to the meeting that you feel could help
resolve this matter.



Please be advised that this Warning Letter is part of an agency investigation, preliminary
to agency action in accordance with section 120.57(5), Florida Statutes. We look forward
to your cooperation in completing the investigation and resolving this matter.

Frederigk L. Aschauer, Jr., Director
Water Resource Management
Florida Department of Environmental Protection

ee: Elsa Potts, DEP
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1 LEWIS Attorneys at Law
L LW LONGMAN | liw-law.com
WALKER

Andrew J. Baumann
abaumann(@llw-law.com

: : Reply To:
West Palm Beach Office
April 29,2016 :

VIA HAND DELIVERY

Senator Anitere Flores
10691 N. Kendall Drive
Suite 309

Miami, FL 33176

Re:  Florida Power & Light Company Turkey Point Cooling
Canal System Groundwater Contamination

Dear Senator Flores:

Our firm represents Atlantic Civil, Inc., a family owned and operated business in
Southeastern Miami-Dade County located due west of Florida Power & Light Company’s (FPL)
Cooling Canal System (CCS). Thank you very much for the opportunity to provide you with
information regarding the severe impacts that CCS is causing to the groundwater around FPL’s
Turkey Point Power Plant.

Atlantic Civil has been closely following this issue since 2004, when extensive
groundwater models Atlantic Civil was ordered to provide as part of its mining permits revealed
the serious impacts the CCS was causing. Since then, Atlantic Civil has repeatedly tried to work
with FPL, South Florida Water Management (SFWMD), Miami-Dade County, and the Florida
Department of Environmental Protection (DEP) to resolve Atlantic Civil’s concern. Now, twelve
years later, Atlantic Civil’s validly issued mining and agricultural permits and its longstanding
business operations are in imminent peril, yet FPL has still made no binding commitment to protect
Atlantic Civil from the advancing saltwater intrusion caused by the CCS.

As recently as December, 2014, FPL continued to deny that the CCS was even the cause
of the problem. It took two different rulings by a Judge to at least force FPL to accept responsibility
for the saltwater intrusion.

JACKSONVILLE TALLAHASSEE TAMPA BAY WEST PALM BEACH

245 Riverside Ave., Suite 150 315 South Calhoun St., Suite 830 101 Riverfront Blvd., Suite 620 515 North Flagler Dr., Suite 1500
Jacksonville, Florida 32202 Tallahassee, Florida 32301 Bradenton, Florida 34205 West Palm Beach, Florida 33401
T: 904.353.6410 T: 860.222.5702 T: 941.708.4040 T: 561.640.0820
F: 904.353.7619 F: 850.224.9242 F: 941.708.4024 F: 561.640.8202
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Senator Anitere Flores
April 29, 2016
Page 2

After nearly two weeks of testimony, where FPL and DEP both testified that the saltwater
intrusion was likely the result of other forces, a Judge ruled in two different cases that that the CCS
is the primary cause of saltwater intrusion in Southeastern Miami-Dade County. In fact, modeling
presented by Atlantic Civil showed that these other forces, such as drinking well fields and canals,
were insignificant in comparison to the CCS’s impact.

Despite their continued denials, FPL was already studying the feasibility of 36 different
measures to stop the CCS’s continued contamination of the water supply as far back as 2009 and
2010. DEP staff had already internally communicated that the CCS was causing exceedances of
State groundwater standards, and the SFWMD had already concluded that the CCS plume had
spread beyond its permitted area and had advanced miles to the west, contrary to the Supplemental
Agreements between SEFWMD and FPL.

Relying primarily on FPL’s own monitoring data, the Judge had no difficulty finding that
FPL was causing the saltwater intrusion and that the CCS was violating state groundwater
standards. These findings were made in two different rulings earlier this year.

Throughout all of this, FPL has still made no binding commitment to prevent the known
and impending harm to Atlantic Civil. FPL’s Band-Aid solutions (adding water to the CCS) were
debunked in FPL’s 2010 feasibility study because it was likely to negatively affect the huge plume
of CCS water that had already seeped from the unlined CCS into the Aquifer. At the end of
December, SFWMD staff testified that even under FPL’s chosen action the Biscayne Aquifer will
continue to be loaded with between 600,000 and 3 million pounds of salt per day. The saltfront
will convert over 850,000 gallons a day of water from potable to non-potable each day after the
CCS is freshened with additional water. That is enough drinking water to supply 6,000 south
Florida residents that is lost each and every day.

Atlantic Civil, Inc.’s Harm in Imminent

The Torcise family came to Florida from Italy and started a family farm in southeastern
Miami-Dade County in the 1920’s, long before there was a nuclear power plant or CCS. As south
Florida grew and diversified, so did the Torcise family business operations; expanding from
agriculture to include the rock-mining and beach-compatible sand industries. Today, Atlantic Civil
is in the castor bean business and produces FDOT grade limerock utilized across the state for
public road projects, concrete and building materials and provides high quality beach-compatible
sand for beach renourishment projects.

Atlantic Civil owns 2,600 acres of property four miles due west of Turkey Point. The
Biscayne Aquifer is the sole source of fresh water for the Atlantic Civil Property. Atlantic Civil
uses fresh water from the Biscayne Aquifer pursuant to SFWMD Water Use Permit Nos. 13-
03608-W and 13-03796-W. DEP has also issued Atlantic Civil a Life-of-the-Mine Environmental
Resource Permit for mining activities.

00650305-2
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Page 3

In order to obtain this permit, Atlantic Civil was required to demonstrate that the mining
operations would not cause or worsen saltwater intrusion, something that was already a serious
concern to DEP, SFWMD and the Corps of Engineers back in 2004. Atlantic Civil was required
to develop a sophisticated 3-D density dependent, solute transfer groundwater model to determine
impact of various factors on saltwater intrusion in the area. The model is able to look both
cumulatively and to isolate individual potential causes such as mining operations, SEFWMD canals,
agricultural withdrawals and the CCS. In the course of this analysis, the model revealed the CCS
was causing the saltwater intrusion and that that other activities in the area were having only a
negligible impact.

Atlantic Civil was required to install dozens of monitoring wells on its property. If any
groundwater monitoring well profile, mine pit profile, or monitoring well sample shows an
exceedance of salinity (measured as a specific conductivity threshold of 1.07 mS/cm (150 mg/L
chloride)), Atlantic Civil must immediately notify DEP. If the groundwater monitoring data shows
that chloride concentrations rise above 250 mg/L. within the mine pit, DEP’s permit prohibits
Atlantic Civil from continuing to mine on its property.

Regardless of Atlantic Civil’s permit, if the saltfront reaches Atlantic Civil’s property,
even with a valid permit, the limerock mine would be rendered essentially inoperable. If salt
mixes with limerock, the limerock loses its commercial viability for road infrastructure and
building materials because the limerock can no longer maintain its structural integrity.

Atlantic Civil’s concerns mounted when FPL Monitoring Well TPGW-7D,' which
historically has always contained fresh, potable water and which is located approximately 1,200
feet from Atlantic Civil, began to show signs of saltwater intrusion in the fall of 2013. Since that
time, salinity and total dissolved solids (TDS) at the deep monitoring horizon have rapidly
increased converting Class G-II potable groundwater to non-potable Class G-III groundwater.?
The sodium levels at TPGW-7D also now exceed 160 mg/L, which violates DEP’s primary
groundwater standard for sodium. There are no more monitoring wells between Turkey Point and
Atlantic Civil’s property. The saltfront now sits somewhere between TPGW-7D and Atlantic
Civil’s property. The next well to the west is located on Atlantic Civil’s property.

Atlantic Civil’s Administrative Challenges Brought These Issues to Light

When it became clear to Atlantic Civil during its permitting process that the CCS was
causing saltwater intrusion and that Atlantic Civil’s business was in jeopardy, Mr. Torcise
approached FPL and all the regulatory agencies asking an open dialogue about how to stop the
saltfront. FPL denied that the CCS was the cause of saltwater intrusion, pointed fingers towards

! As part of the Uprate Certification for Units 3 & 4 and as part of the 5* Supplemental Agreement between FPL and
SFWMD, an extensive groundwater and surface water monitoring system was installed.

2 Classes of groundwater are defined by DEP Rule 62-520, F.A.C, Class G-II groundwater is measured as less than
10,000 mg/L TDS and indicates potable, fresh water, Once the TDS level increases above 10,000 mg/L TDS, that
portion of the aquifer is considered to be G-III classification, or non-potable.
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other activities in the region, and denied any responsibility for remediation. When Atlantic Civil
learned that that DEP and SFWMD were negotiating an Administrative Order (AO) over the CCS,
Atlantic Civil provided substantive input and met with DEP to discuss its serious concerns over
the sufficiency of the AO.

On December 23, 2014, DEP issued the AO without addressing Atlantic Civil’s concerns
and simultaneously approved FPL’s request to modify the Conditions of Certification to their
~ Power Plant Site License to add 14 million gallons a day (mgd) of Upper Floridan Aquifer to the
CCS. In combination, these efforts were designed to solve FPL’s temperature and salinity concerns
inside of the CCS itself, but did not address or clean-up 40 years of legacy pollution already in the
Biscayne Aquifer. Atlantic Civil was forced to administratively challenge these two authorizations
in order to prevent the grandfathering in of this pollution plume and in the hopes of forcing a
solution that remediated the known and continuing harm.?

Administrative Law Judge Bram Canter presided over both hearings and after nearly 8 days
of collective testimony and evidence, made several vital findings:

- Tritium above natural background levels (of ~ 20 picocuries per liter) has is universally
accepted by the agencies as “fingerprinting” water that originated from the CCS.* Tritium
above background in combination with levels of salt above the salinity of bay water have
been found in monitoring wells 4-5 miles west of the CCS and within close proximity to
Miami-Dade County’s public water supply wellfields.

- The hypersaline plume from the CCS continues to push naturally occurring
freshwater/saltwater line in front of it — pushing this saltfront miles further west than
normal.

- The preponderance of the evidence presented at hearing indicated that the CCS is the major
contributing cause of the continued westward movement of the saltwater interface.

The Judge further found:
- The DEP administrator who testified in both hearings regarding DEP’s inability to

determine a specific groundwater quality violation lacked credibility.

- The undisputed evidence at the hearings was that the CCS has contributed to saltwater
intrusion, making less fresh/potable water available for the environment and legal existing
users. FPL is in violation of the minimum criteria for groundwater in Rule 62-520.400,

3 In addition to this letter, Atlantic Civil has submitted an extensive back-up materials which include both materials
from the two hearings and other key information to consider.

4 Atlantic Civil does not claim that the levels of tritium in the Biscayne Aquifer are at levels dangerous to human
health. However, the levels of tritium in Biscayne Bay need further study before claims can be made by FPL or others
that there is no harm to the Bay.

00650305-2






Senator Anitere Flores
April 29, 2016
Page 5

F.A.C. which prohibits a discharge to groundwater in concentrations that “impair the
reasonable and beneficial use of adjacent waters.”>

- Wells west of the CCS and beyond FPL’s zone of discharge are many times greater than
the applicable G-II groundwater standard for sodium. ) '

While skeptically authorizing the 14 mgd proposal as something of an improvement over
the current situation by somewhat slowing the rate of saltwater intrusion, the Judge found that
nothing about the addition of the 14 mgd will stop the known and continuing harm to the Biscayne
Aquifer and Atlantic Civil. All the modeling evidence at hearing demonstrated that under the 14
mgd solution, the saltwater front continued to move west through the modeling horizon of 2044
and all the modeling demonstrated Atlantic Civil’s property becoming overrun with saltwater in
the next few years.

In light of this the Judge felt that is was “appropriate to inform the Siting Board that the
operation of the Turkey Point Power Plant, as authorized by the Siting Board under the
Conditions of Certification, has caused harm to water resources because of the effects of the
CCS, and the modification requested by FPL will not prevent further harm from occurring.”

In March 2016, Atlantic Civil went before the Governor and Cabinet, sitting as the Siting
Board, and asked that additional conditions be placed into the Site License to require FPL to stop
the harm and remediate the known and continuing pollution caused by the CCS. Unfortunately,
the Siting Board believed it lacked legal authority to add conditions. Recent case law from the
Third District Court of Appeal indicates otherwise.

In the AO case, The Judge agreed with Atlantic Civil and found that the success criteria
in the AO were fatally flawed because they allowed FPL to continue to violate groundwater
quality standards for decades. The Judge concluded that the AO was not a reasonable exercise
of DEP’s enforcement discretion because the AO did not require FPL to come into compliance
with the applicable rules and regulations, or specify a reasonable time for the CCS to come into
compliance with those rules and regulations. The Judge evaluated DEP’s definition of “abate”
with regard to the groundwater contamination, and found it was inconsistent with the intended
meaning of the Conditions of Certification and incongruous with environmental statutes use and
meaning of the word abate. Just last week, DEP rejected the ALJ’s finding and determined in its
Final Order that the AO was reasonable because DEP has exclusive right to determine enforcement
and issued the AO as written.

The Miami-Dade Consent Order Is Not Intended to Address the Groundwater Plume

3 This requirement is also found in FPL’s “administratively extended” NPDES permit. The NPDES permit has been
expired since 2010 and DEP provided testimony at hearing that they cannot renew the NPDES permit while the
groundwater issues with the CCS remain and that the AO was intended to assist in the reissuance.
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Miami-Dade County was originally a party to both of Atlantic Civil’s administrative
challenges. However, Miami-Dade and FPL entered into settlement discussions which resulted in
Miami-Dade withdrawing from the litigation and the issuance of a Notice of Violation for FPL for
chlorides. FPL and Miami-Dade entered into a Consent Order to help resolve the CCS as the source
of the pollution. However, Miami-Dade officials have informed Atlantic Civil that the Consent
Order was never intended to address the existing groundwater pollution or stop the western edge
of the saltfront from continuing to move inland.

Under the Consent Order, FPL was required within 180 days from execution to provide
Miami-Dade County comprehensive 3-D modeling of proposed extraction wells in the immediate
area of the CCS. That deadline came and went. FPL asked for an extension on the modeling to
mid-May. To date, FPL has provided no modeling showing that the proposed extraction wells will
stop the continued westward movement of the saltfront.

Atlantic Civil modeled the Miami-Dade Consent Order’s actions and informed FPL that
the proposed extraction wells would be insufficient to prevent the harm to Atlantic Civil in their
proposed location. FPL, in their own feasibility study from 2010, evaluated the idea of locating
extraction wells further to the west at 137"/ Tallahassee Road. Atlantic Civil’s modeling indicates
that this location will have a greater impact on both removing the hypersaline plume and stopping
the leading edge of the saltfront from moving further west.

DEP’s NOV Does Not Appear to Address the Saltwater Intrusion

Just this week DEP has issued a Notice of Violation against FPL for a violation of their
National Pollutant Discharge Elimination System/Industrial Wastewater Permit. This Permit is
incorporated into the Turkey Point Site License as Condition of Certification X1, which states that
a violation of this permit is considered a violation of the Site License.

While the recent NOV is a positive step forward, several concerns remain. The NOV does
not address the actual movement of the saltfront caused by discharges from the CCS, but only
mentions the “hypersaline plume” which is only a portion of the CCS plume in the groundwater.
A much larger portion of the Aquifer is contaminated by CCS water fingerprinted by elevated
levels of tritium, which are not strictly speaking, hypersaline. The NOV does not specify a date
for implementation or date for which compliance must be reached, it only calls for a plan. So,
until a Consent Order is executed, it is unclear how effective any yet-to-be identified measures
will be. Finally, FPL modeling has not been provided to Atlantic Civil and Atlantic Civil has
serious concerns that modeling is based on outdated information that does not account for FPL’s
practice of 45 mgd of marine water into the CCS or FPL’s recent dredging of the CCS which has
actually increased the connection between the CCS and the Aquifer below and has increased
seepage from the CCS. Nevertheless, Atlantic Civil remains hopeful that it can be included in
discussions with DEP and, with continued oversight by the Legislature, a Consent Order can be
reached that protects the Aquifer, including Atlantic Civil’s property.
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Conclusions

Atlantic Civil has been working tirelessly for 12 years to get FPL and the regulatory
agencies to take action to stop the saltfront from continuing to convert south Florida’s drinking
water from potable to non-potable and to protect the imminent harm to Atlantic Civil’s family
owned and operated businesses. Until Atlantic Civil’s administrative litigation and ultimately the
findings by the Judge, FPL and the agencies denied that the CCS was even the cause of saltwater
intrusion. Atlantic Civil has given many dozen presentations and written extensive letters over the
years on this serious issue, to no avail. No regulatory agency has held FPL accountable for what
has now been judicially determined to be FPL’s historical a continuing violation of groundwater
standards. Atlantic Civil is hopeful the Legislature can help reinstate public confidence by forcing
the regulators to restore the Biscayne Aquifer to its former pre-CCS condition.

Sincerely,

Andrev-v J. Baumann

AJB/mal
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Atlantic Civil’s “Cheat Sheet” to the Parallel Ch. 120 Cases

Modlﬁeatlon Approved by DEP as Sltmg Board
12/23/2014

FPL requested to withdraw 14 mgd from Upper
Floridan Aquifer and place into CCS in order to
reduce salinity within CCS- application does not
discuss Condition X.D of Site License

Water will free flow from artesian wells

(indefinitely) into NW corner of CCS- This is also |

the area of the CCS where seepage (leaking) into
Biscayne Aquifer is greatest.

There is no corresponding mitigation or
remediation to offset the known harm from doing
S0.

Atlantic Civil, Miami-Dade County and Tropical

| Audubon filed written objections

Miami-Dade Settled; Tropical withdrew
Hearmg held: December 2015
ALJ: Bram Canter

Recommended Order issued: January 25, 2016
recommending approval of 14 mgd but also
informing Siting Board that the operation of the
CCS is causing harm to the water resources of the

| state and the 14mgd will not prevent the harm.
| Atlantic Civil’s concerns:

e Adding additional water into the CCS
raises the stage/head/gradient of the CCS
compared to the rest of the Model Lands
Basin (area to the west of the CCS).

e This in turn forces CCS water out of the
bottom of the CCS down into the
Biscayne Aquifer and out into the
environment in all directions in quantities
greater than the amount of water added
(~15.7 MGD of seepage out after 14
MGD in)

e No evaluation by SFWMD permit review |

staff was done on the impact of adding the
water to the CCS- only the withdrawals.

e Not one party believes this “solution” will
halt/stop or remediate the existing
pollution in the Aquifer- merely slow it
down- but the front moves for at least
another 25 years

e Atlantic Civil’s existing legal use of
Biscayne Aquifer will be compromised/
Atlantic Civil’s validly issued mining
operations will be forced to shut down

ve Order Case-

" Administrative Order Approved by DEP
12/23/2014

| DEP approved a hybrid “order” under general
authority “implementing and enforcing”
Condition of Certification X.D of Site License

| Administrative Order directed FPL to create a
“salinity management plan” which would declare
| FPL successful in “abating” harm to the water
| resources of the state if:

e CCS could be brought down to at least 34

PSU (Practical salinity units)
e  Monitoring wells at edge of CCS showed
a “decreasing trend”

Atlantic Civil, Miami-Dade County, City of

Miami and Tropical Audubon filed petitions
Miami-Dade Settled; Tropical withdrew
Hearing held: November 2015

ALJ: Bram Canter

Recommended Order issued: February 25, 2016 il
| recommending rescinding Administrative Order

as document was an abuse of DEP’s enforcement
discretion or altering it to conform to the order.

Key Points from the Administrative Order
Recommended Order:

e FPL’s CCS is the primary cause of the
continuing saltwater intrusion issue in
Southeast Miami-Dade County

e The CCS is causing conversion of
groundwater from potable/fresh (G-II
GW) to non-potable (G-Il GW)

o This causing violations of the “free-from”
rule for groundwater and also violations
of the primary drinking water standard for
sodium. (Unaddressed by NOV)

e The Administrative Order defines abate as
to lessen or diminish. The ALJ found that
inconsistent with environmental rules and
statutes and contrary to the meaning in
Condition X.D of the Site License it was
intended to “enforce.”

e The Administrative Order did nothing to
clean up the groundwater- merely the
CCS itself- same as 14 mgd case.

e DEP’s NOV addresses only the CCS
contribution to the “hypersaline” plume-
does not address leading edge of saltfront
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SOUTH FLORIDA WATER MANAGEMENT DISTRICT

=] FPL G-I Getriniwler Tasignalion

Sea Dade Canal Z

N - i
5| i PR Toue@ermues -.d‘.rmndJ

BF-10-00000:

> FPL constructs a Cooling Canal

System (CCS) in early 1970s
> Closed loop cooling system
> Salinity to match seawater
> Salinity management system
District permit authority under
agreement with FPL
> Monitoring and management
provisions included in the
Agreement
CCS water becomes hyper saline
over time
Groundwater monitoring wells
show increasing salinity levels
FPL seeks power uprate to
nuclear units 3 and 4
> Condition of certification requires
additional pre and post uprate
monitoring
> District/FPL agreement updated
October 2009






SOUTH FLORIDA WATER MANAGEMENT DISTRICT

District Model: Historic and Future Interface
Location; No Change to CCS Salinity

SFWMD model; 2040 -
with no reduction in CCS ==
salinity }

. SFWMD model; 2014
. interface location
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SOUTH FLORIDA WATER MANAGEMENT DISTRICT

District Model: Historic and Future Interface
Location; CCS Salinity Equal Bay Concentrations
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- Florida Department of
Memorandum Environmental Protection

TO: Marc Harris
NPDES Power Plant Permitting Supervisor/Tallahasses

THROUGH: Linda Brien .
Water Facillties Administrator/DEP Southeast District

FROM: Tim Powell 3P
Wastewater Permitting Supervisor/DEP Southeast District

DATE: November 16, 2009
SUBJECT:  FPL Turkey Point NPDES Permit Renewal (FL0001562)

Marc,

We have reviewed the subject permit renewal package, received October 22, 2009, and offer
the following comments.

1. The applicant should submit a proposal for a ground water monitoring plan. The plan could
include wells that are part of the updated SFWMD Monitoring Plan In the agreement that
was approved last month by the SFWMD Board. The plan should include monitering of
ground waters both east and west of the Cooling Canal System (CCS). Any wells that are
used to monitor ground water movement to Biscayne Bay should be monitored for
appropriate surface water standards (Class il Marine). The proposal should identify the G-
11/G-lll ground water boundary, and include compliance wells at the boundary.

2. Per FAC Rule 62-520.520(8), existing coaling ponds are exempt from secondary standards
for G-Il ground water so long as the cooling pond waters are monitored pursuant to
Department permit to ensure that the pond does not impair the designated use of
contiguous ground waters and surface waters. Review of water quality data collected by the
SFWMD in Feb-Mar 2009 indicates not only exceedences of the secondary standards, but
also for at least one primary standard - sodium. The following wells listed below indicate
sodium levels above the standard (160 mg/L). Please see the attached map for well
focations. it's important to note that the L-3 and L-5 wells exhibit higher salinities than sea
water, in line with the CCS salinities.

Well 1D Sodium (mg/L)
BBCW-4 2,730
BBCW-5 3,560

FKS-4 2,850

G-21 1,640

G-28 6,750

L-3 17,200

L-5 15,600

Compliance with our Ground Water rules depends on where the boundary between G-Il and
G-lit waters lies. Review of documents from the early 1980's indicate the boundary at the
time lay just west of the CCS interceptor ditch. The applicant should discuss this data and

~ how they can demonstrate compliance with appropriate ground water criterla.

ACI-66-000001







FPL Turkey Point NPDES Permit Renewal (FL0001562)
Page 2

3. ltis inaccurate to describe the CCS as a “closed-loop” system, since we now know there is a
plume of hypersaline water moving west from the CCS. It is also likely that the CCS is
impacting surface waters to the west, or possibly Biscayne Bay to the east, Therefore, a
complete analysis of CCS waters should be completed as provided in Section V of the
ground water discharge application (Form 2CG), and Section VII of the surface water
discharge application (Form 2CS). We recommend at least three sampling events from
various representative locations within the CCs. We suggest at least three locations: one of
effluent (cooling water) exiting the plant condensers; one at cooling water intake; and one
point approximatsly midway between the intake and effluent points. Some of the data
collected in the SFWMD study in Feb-Mar 2009 could be used.
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STATE OF FLORIDA
DIVISION OF ADMINISTRATIVE HEARINGS
ATLANTIC CIVIL, INC.,
Petitioner,
vS. Case No. 15-174¢6
FLORIDA POWER AND LIGHT COMPANY
AND DEPARTMENT OF ENVIRONMENTAL

PROTECTION,

Respondents.

CITY OF MIAMI,
Petitioner,
vSs. Case No. 15-1747
FLORIDA POWER AND LIGHT COMPANY
AND DEPARTMENT OF ENVIRONMENTAL

PROTECTION,

Respondents.

RECOMMENDED ORDER

The final hearing in this case was held on November 2
through 4, 2015, in Miami, Florida, before Bram D. E. Canter,
Administrative Law Judge of the Division of Administrative

Hearings (“DOAH").



APPEARANCES

For Petitioner Atlantic Civil, Inc. (“ACI”):

Andrew J. Baumann, Esquire

Rachael B. Santana, Esquire

Lewis, Longman and Walker, P.A.

515 North Flagler Drive, Suite 1500
West Palm Beach, Florida 33401

Edwin A. Steinmeyer, Esquire

Lewis, Longman and Walker, P.A.

315 South Calhoun Street, Suite 830
Tallahassee, Florida 32301

For Petitioner City of Miami:

Kerri L. McNulty, Esquire

Matthew S. Haber, Esquire

Ruth A. Holmes, Esquire

Nicholas Basco, Esquire

City of Miami

444 Southwest 2nd Avenue, Suite 945
Miami, Florida 33130
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STATEMENT OF THE ISSUE

The issue to be determined in this case is whether the
Administrative Order issued by DEP on December 23, 2014, is a
reasonable exercise of its enforcement authority.

PRELIMINARY STATEMENT

On December 23, 2014, DEP issued Administrative Order OGC
No. 14-0741 (“the A0”) related to the cooling canal system at
FPL’s Turkey Point Power Plant in southeast Miami-Dade County.
On February 9, 2015, petitions for administrative hearing
challenging the A0 were filed by Tropical Audubon Society, Inc.,
Blair Butterfield, Charles Munroe, and Jeffrey Mullins; Miami-
Dade County; ACI; and the City of Miami. After referral to
DOAH, the four cases were consolidated for hearing.

On April 16, 2015, Respondent FPL filed a motion to dismiss
portions of the petitions on grounds that the petitions failed
to allege sufficient grounds for standing. The motion was
denied.

On October 2, 2015, ACI filed a motion for leave to file an
amended petition for administrative hearing. The motion was
granted except with respect to the request in ACI’s Amended
Petition that the Administrative Law Judge recommend “additional
appropriate ferms and criteria to halt and remediate the ongoing

westward migration of saltwater intrusion in the Aquifer.”



On October 9, 2015, Miami-Dade County filed a Notice of
Voluntary Dismissal and Case No. 15-1745 was closed.

FPL filed a Motion for Partial Summary Recommended Order or
Alternatively for Dismissal of Petitioner City of Miami,
claiming the City lacked standing. The motion was denied.

On August 24, 2015, Petitioner Mullins filed a Notice of
Voluntary Dismissal. On October 30, 2015, Petitioners Tropical
Audubon Society, Butterfield, and Munroe filed an Agreed Notice
of Voluntary Dismissal without Prejudice. Accordingly, Case
No. 15-1744 was closed.

At the final hearing, Joint Exhibits J-1, J-2, J-3, J-5,
J-6, and J-7-were admitted into evidence. DEP presented the
testimony of Phillip Coram, a DEP Program Administrator who was
accepted as an expert in environmental engineering; Terri Bates,
Division Director of Water Resources at the South Florida Water
Management District (“SFWMD”), and Jefferson Giddings, a
Principal Scientist at SFWMD who was accepted as an expert in
groundwater modeling. DEP Exhibits D-2, D-6, D-7, D-10, D-11,
D-13, D-15, and D-16 were admitted into evidence.

FPL presented the testimony of Michael Sole, who is FPL’s
Vice President of Governmental Affairs; Steven Scroggs, a Senior
Director of Project Development for FPL who was accepted as an

expert in power plant engineering, design and siting; and



Peter Andersen, who was accepted as an expert in groundwater
hydrology and groundwater flow and transport modeling.

FPL, Exhibits FPL-1 through FPL-6, FPL-9, FPL-11, FPL-14, FPL-15,
FPL-25, and FPL-26 were admitted into evidence.

ACI presented the testimony of Steve Torcise, Jr., who is
ACI’s President; Marc Harris, who is a DEP employee responsible
for issuing NPDES permits for power plants; William Nuttle,
Ph.D., who was accepted as an expert in water salt budgets; and
Edward Swakon, who was accepted as an expert in groundwater
resources and groundwater monitoring. ACI Exhibits ACI-7, ACI-
8, ACI-9, ACI-11, ACI-31, ACI-33, ACI-34, ACI-63, and ACI-66
were admitted into evidence.

The City presented the testimony of Miguel Augustin, who 1is
the City’s Controller; and Mark Crisp, who was accepted as an
expert in design and function of electrical generating
facilities and cooling systems. City Exhibits 40 and 43 were
admitted into evidence. The City’s motion for official
recognition of its City Charter was denied, but a copy of the
City Charter was accepted as a proffer.

The five-volume transcript of the final hearing was filed
with DOAH. The parties filed proposed recommended orders that

were considered in the preparation of this Recommended Order.



FINDINGS OF FACT

Partiés

1. FPL is a subsidiary of NextEra Energy. It is a
regulated Florida Utility providing electric service to 4.7
million customers in 35 counties.

2. FPL owns and operates the Turkey Point Power Plant,
which includes a cooling canal system (“CCS”) that is the
subject of the A0 at issue in this proceeding.

3. DEP is the state agency charged with administering the
Florida Electric Power Plant Siting Act (“PPSA”), chapter 403,
Part II, Florida Statutes. DEP has the power and the duty to
control and prohibit pollution of air and water in accordance
with the law and rules adopted and promulgated by it.

§ 403.061, Fla. Stat. (2015).

4. ACI is a Florida corporation and the owner of 2,598
acres of land in southeast Miami-Dade County approximately four
miles west of the Turkey Point CCS. ACI is engaged in
agriculture and limerock mining on the land.

5. ACI withdraws and uses water from the Biscayne Aquifer
pursuant to two SFWMD water use permits. ACI also has a Life-
of-the-Mine Environmental Resource Permit issued by DEP for its
mining activities. The Life-of-the-Mine permit requires that

mining be terminated if monitoring data indicate the occurrence



of chloride concentrations greater than 250 milligrams per liter
(“‘mg/L”) in the mine pit.

6. The City of Miami is a municipal corporation located
about 25-miles north of Turkey Point.

7. The City purchases water from Miami-Dade County, which
withdraws the water from the Biscayne Aquifer.

Turkey Point

8. FPL’s Turkey Point property covers approximately 9,400
acres in unincorporated Miami-Dade County, along the coastline
adjacent to Biscayne Bay.

9. Five electrical generating units were built at Turkey
Point. Units 1 and 2 were built in the 1960s. Unit 2 ceased
operating in 2010. Units 3 and 4 are Florida’s first nuclear
generating units, which FPL constructed in the 1970s. Uﬁit 5 is
a natural gas combined cycle generating unit brought into
service in 2007.

10. Units 1 through 4 pre-date the PPSA and were not
certified when they were built. However, Units 3 and 4 were
certified pursuant to the PPSA in 2008 when FPL applied to
increase their power output, referred to as an “uprate.” Unit 5

was built after the PPSA and was certified under the Act.



The CCS

11. The Turkey Point CCS is a 5,900-acre network of
canals, which provides a heat removal function for Units 1, 3,
and 4, and receives cooling tower blowdown from Unit 5.

12. FPL constructed the CCS pursuant to satisfy a 1971
consent judgment with the U.S. Department of Justice which
required FPL to terminate its direct discharges of heated water
into Biscayne Bay.

13. The CCS is not a certified facility under the PPSA,

(4

but it is an “associated facility,” which means it directly
supports the operation of the power plant.

14. The CCS functions like a radiator, using evaporation,
convective heat transfer, and radiated heat loss to lower the
water temperature. When cooling water enters the plant, heat is
transferred to the water by flow-through heat exchangers and
then discharged to the “top” or northeast corner of the CCS.
Circulating water pumps provide counter-clockwise flow of water
from the discharge point, down (south) through the 32
westernmost canals, across the southern end of the CCS, and then
back up the seven easternmost canals to the power plant intake.

15. The full circuit through the CCS from discharge to

intake takes about 48 hours and results in a reduction in water

temperature of about 10 to 15 degrees Fahrenheit.



16. The CCS canals are unlined, so they have a direct
'connection’to the groundwater. Makeup water for the CCS to
replace water lost by evaporation and seepage comes from process
water, rainfall, stormwater runoff, and groundwater
infiltration.

17. When the CCS was first constructed, FPL and SFWMD'’s
predecessor, the Central and Southern Florida Flood Control
District, entered into an agreement to address the operation and
management‘of the.CCS. The agreement has been updated from time
to time. The original agreement and updateé called for
monitoring the potential impacts of the CCS.

18. Operation of the CCS is also subject to a combined
state industrial wastewater permit and National Pollution
Discharge Elimination System (“NPDES”) permit administered by
DEP. The industrial wastewater/NPDES permit is incorporated
into the Conditions of Certification.

Hypersaline Conditions

19. The original salinity levels in the CCS were probably
the same as Biscayne Bay. However, because the salt in
saltwater is left behind when the water evapofates, and higher
water temperature causes more evaporation, the water in the CCS
becomes saltier. Salinity levels in the CCS are also affected
by rainfall, air temperature, the volume of flow from the power

plant, and the rate of water circulation.



20. In 2008, when FPL applied for certification of the
uprate of Units 3 and 4, it reported average salinity to be 50
to 60 Practical Salinity Units (“PSU”). This is a “hypersaline”
condition, which means the salinity level is higher than is
typical for seawater, which is about 35 PSU.

21. Higher salinity makes water denser, so the hypersaline
water in the CCS sinks beneath the canals and to the bottom of
the Biscayne Aquifer, which is about 90 feet beneath the CCS.

At this depth, there is a confining layer that separates the
Biscayne Agquifer from the deeper Upper Floridan Aquifer. The
confining layer stops the downward movement of the hypersaline
“plume” and it spreads out in all directions.

22. FPL estimated that the average daily loading of salt
moving from the CCS into the Biscayne Aquifer is 600,000 pounds
per day.

23. 1In late 2013, salinity levels in the CCS began to
spike, reaching a high of 92 PSU in the summer of 2014. FPL
believes the salinity spikes in recent years are attributable in
part to lower than normal rainfall and to higher turbidity in
the CCS caused by algal blooms. Reductions in flow and
circulation during this period associated with the retirement of
Unit 2 and the uprate of Units 3 and 4 could also have

contributed to increased temperatures in the CCS, more

evaporation, and higher salinity.
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24. ACI presented evidence suggesting that the uprate of
Units 3 and 4 could be the primary cause of recent, higher water
temperatures and higher salinity.

25. The analyses that have been conducted to date are not
comprehensive or meticulous enough to eliminate reasonable
disagreement about the relative influence of the factors that
affect salinity in the CCS.

26. FPL has taken action to reduce salinity within the CCS
by adding stormwater from the L-31E Canal (pursuant to emergency
orders), adding water from shallow saline water wells, and
removing sediment build-up in the canals to improve flow. These
actions, combined with more normal rainfall, have decreased
salinity levels in the CCS to about 45 PSU at the time of the
final hearing.

Saltwater Intrusion

27. Historical data show that when the CCS was constructed
in the 1970s, saltwater had already intruded inland along the
coast due to water withdrawals, drainage and flood controi
structures, and other human activities.

28. The “front” or westernmost line of saltwater intrusion
is referred to as the saline water interface. More
specifically, the saline water interface is where groundwater
with total dissolved solids (“TDS”) of 10,000 mg/L or greater

meets groundwater with a lower chloride concentration. DEP
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classifies groundwater with a TDS concentration less than 10,000
mg/L as G-ITI groundwater, and groundwater with a TDS
concentration equal to or greater than 10,000 mg/L as G-IIT
groundwater, so the saline water interface can be described as
the interface between Class G-II groundwater and Class G-III
groundwater.

29. 1In the 1980s, the saline water interface was just west
of the interceptor ditch, which runs generally along the western
boundary of the CCS. The interceptor ditch was installed when
the CCS was first constructed as a means to prevent saline
waters from the CCS from moving west of the ditch. Now, the
saline water interface is four or five miles west of the CCS,
and it is still moving west.

30. The groundwater that comes from the CCS can be
identified by its tritium content because tritium occurs in
greater concentrations in CCS process water than occurs
naturally in groundwater. CCS water has been detected four
miles west of the CCS.

31. Saline waters from the CCS have been detected
northwest of the CCS, moving in the direction of Miami-Dade
County’s public water supply wellfields.

32. The hypersaline plume from the CCS is pushing the

saline water interface further west.

12



33. Respondents identified factors that contributed to the
saltwater intrusion that occurred before the CCS was
constructed. However, while saltwater intrusion has stabilized
in other parts of Miami-Dade County, it continues to worsen in
the area west of the CCS.

34. Respondents made no effort to show how any factor
other than the CCS is currently contributing to the continuing
westward movement of the saline water interface in this area of
the County.

35. The preponderance of the record evidence indicates the
CCS is the major contributing cause of the continuing westward
movement of the saline water interface.

36. Fresh groundwater in the Biscayne Aquifer in southeast
Miami-Dade County is an important natural resource that supports
marsh wetland communities and is utilized by numerous existing
legal water uses including irrigation, domestic self-supply, and
public water supply. The Biscayne Aquifer is the main source of
potable water in Miami-Dade County and is designated by the
federal government as a sole source aquifer under the Safe
Drinking Water Act.

37. Saltwater intrusion into the area west of the CCS is
reducing the amount of fresh groundwater in the Biscayne Aquifer

available for natural resources and water uses.
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Water Quality Violations

38. At the final hearing, a DEP administrator testified
that DEP was unable to identify a specific violation of state
groundwater or surface water quality standards attributable to
the CCS, but DEP’s position cannot be reconciled with the
undisputed evidence that the CCS has a groundwater discharge of
hypersaline water that is contributing to saltwater intrusion.
Florida Administrative Code Rule 62-520.400, entitled “Minimum
Criteria for Ground Water,” prohibits a discharge in
concentrations that “impair the reasonable and beneficial use of
adjacent waters.”

39. Saltwater intrusion into the area west of the CCS is
impairing the reasonable and beneficial use of adjacent G-II
groundwater and, therefore, is a violation of the minimum
criteria for groundwater in rule 62-520.400.

40. 1In addition, sodium levels detected in monitoring
wells west of the CCS and beyond FPL’s zone of discharge are
many times greater than the applicable G-II groundwater standard
for sodium. The preponderance of the evidence shows that the
CCS is contributing to a violation of the sodium standard.

Agency Response

41. The 2008 Conditions of Certification included a
Section X, entitled “Surface Water, Ground Water, Ecological

Monitoring,” which, among other things, required FPL and SFWMD
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to execute a Fifth Supplemental Agreement regarding the
operation and management of the CCS. New monitoring was
required and FPL was to “detect changes in the quantity and
gquality of surface and ground water over time due to the cooling
canal system.”

42, Section X.D. of the Conditions of Certification
provides in pertinent part:

If the DEP in consultation with SFWMD and
[Miami-Dade County Department of
Environmental Resources Management]
determines that the pre- and post-Uprate
monitoring data: 1s insufficient to
evaluate changes as a result of this
project; indicates harm or potential harm to
the waters of the State including ecological
resources; exceeds State or County water
gquality standards; or is inconsistent with
the goals and objectives of the CERP
Biscayne Bay Coastal Wetlands Project, then
additional measures, including enhanced
monitoring and/or modeling, shall be
required to evaluate or to abate such
impacts. Additional measures include but
are not limited to:

3. operational changes in the cooling canal
system to reduce any such impacts;

43. DEP determined that the monitoring data indicates harm
to waters of the State because of the contribution of CCS waters
to westward movement of the saline water interface. Under the

procedures established in the Conditions of Certification, this
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determination triggered the requirement for “additional
measures” to require FPL to “evaluate or abate” the impacts.

44, Pursuant to the Conditions of Certification, a Fifth
Supplemental Agreement was executed by FPL and SFWMD, which,
among other things, requires FPL to operate the interceptoﬁ
ditch to restrict movement of saline water from the CCS westward
of Levee 31E “to those amounts which would occur without the
existence of the cooling canal system.” The agreement provides
that if the District determines that the interceptor ditch is
ineffective, FPL and the District shall consult to identify
measures to “mitigate, abate or remediate” impacts from the CCS
and to promptly implement those approved measures.

45. SFWMD determined that the interceptor ditch is
ineffective in preventing saline waters from the CCS in deeper
zones of the Biscayne Aquifer from moving west of the ditch,
which triggered the requirement of the Fifth Supplemental
Agreement for FPL to mitigate, abate, or remediate the impacts.

46. Following consultation betwéen DEP and SFWMD, the
agencies decided that, rather than both agencies responding to
address the harm caused by the CCS, DEP would take action. DEP

then issued the AO for that purpose.
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The AO

47. The AO begins with 36 Findings of Fact, many of which
are undisputed background facts about the history of Turkey
Point and the CCS.

48. Also undisputed is the statement in Finding of Fact 25
that “the CCS is one of the contributing factors in the western
migration of CCS saline Water” and “the western migration of the
saline water must be abated to prevent further harm to the
waters of the state.”

49. Findings of Fact 16-19 and 25 indicate there is
insufficient information to identify the causes and relative
contributions of factors affecting saltwater intrusion in the
area west of the CCS. However, as found above, the
preponderance of the record evidence indicates the CCS is the
major contributing cause of the continuing westward movement of
the saltwater interface.

50. In the “Ordered” section of the A0, FPL is required to
submit to DEP for approval a detailed CCS Salinity Management
Plan. The AO explains that “[t]he primary goal of the
Management Plan shall be to reduce the hypersalinity of the CCS
to abate westward movement of CCS groundwater into class G-II
(<10,000 mg/L TDS) groundwaters of the State.”

51. The goal of reducing hypersalinity of the CCS to abate

westward movement of CCS groundwater into class G-II
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groundwaters is to be demonstrated by two success criteria: (1)
reducing and maintaining the average annual salinity of the CCS
at a practical salinity of 34 within 4 years of the effective
date of the Salinity Management Plan; and (2) decreasing
salinity trends in four monitoring wells located near the CCS.

52. Although the AO states that FPL’s proposal to withdraw
14 mgd from the Upper Florida Aquifer and discharge it into the
CCS might accomplish the goal of the AO, the A0 does not require
implementation of this particular proposal. It is just one of
the options that could be proposed by FPL in its Salinity
Management Plan.'/

53. If the success criteria in the AO are achieved,
hypersaline water will no longer sink beneath the CCS, the rate
of saltwater intrusion will be slowed, and the existing

hypersaline plume would begin to “freshen.”

Petitioners’ Objections

54. ACI and the City object to the A0 because the success
criteria do not prevent further harm to water resources.
Maintaining salinity in the CCS tco 34 PSU will not halt the
western movement of the saline water interface.

55. They also contend the AO is vague, forecloses salinity
management options that could be effective, and authorizes FPL’s

continued vioclation of water quality standards.
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56. For ACI, it doesn’t matter when the saline water
interface will reach its property because, advancing in front of
the saltwater interface (10,000 mg/L TDS) is a line of less
salty water that is still “too salty” for ACI’'s mining
operations. Years before the saline water interface reaches
ACI’'s property, ACI’s mining operations will be disrupted by the

arrival of groundwater with a chloride concentration at or above

250 mg/L.%
CONCLUSIONS OF LAW
Standing
57. To establish standing,.a party must present evidence

to show that its substantial interests could be affected. St.

Johns Riverkeeper, Inc. v. St. Johns River Water Mgmt. Dist., 54

So. 3d 1051, 1054 (Fla 5th DCA 2011).

58. The City claims standing based on the doctrine of
parens patriae, which generally recognizes an inherent authority
of the state to protect persons who are unable to act on their
own behalf and there is a sovereign interest involved. See

Engle v. Liggett Group, Inc., 945 So. 2d 1246 (Fla. 2006). 1In

Engle, the Court stated “it is clear that a state may sue to
protect its citizens against the pollution of the air over its
territory; or interstate waters in which the state has rights.”

Id. at 1260.
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59. The City cites no case in which the City or any other
local government was held to have standing under the doctrine
parens patriae to participate in a proceeding like the present
case. The Administrative Law Judge declines the City’s
invitation to be the first forum in Florida to extend the
doctrine of parens patriae to allow a municipality to intervene
in a DEP enforcement action.

60. The City holds no water use permit and, generally, an
entity has no water rights unless it has obtained a permit for
the water or is using water pursuant to a statutory exemption

from permitting. See Tequesta v. Jupiter Inlet Corp., 371 So.

2d 663 (Fla. 1979). However, in Osceola County v. St. Johns

River Water Management District, 486 So. 2d 616 (Fla. 5th DCA

1986), it was held that Osceola County had standing based of the
potential effect of the decision on the County’s “various
statutory duties and responsibilities with respect to planning

for water management and conservation.” See also South Fla.

Water Mgmt. Dist. v. City of St. Cloud, 550 So. 2d 551 (Fla. 5th

DCA 1989).

61. All local governments have statutory duties and
responsibilities with respect to planning for water management
and conservation under section 163.3177(6) (c), Florida Statutes.

Therefore, based on the precedent established in Osceola County
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and City of St. Cloud, supra, 1t is concluded the City of Miami

has standing in this proceeding.
62. ACI and the City presented competent evidence that
their substantial interests could be affected.

The Nature of the Proceeding

63. The parties debated the nature of the proceeding that
was initiated by the AO. The AO begins with a statement that it
is being issued under the authority of sections 403.061(8).
Section 403.061(8) is the authority to issue “such orders as are
necessary to effectuate the control of air and water pollutiocon
and enforce the same by all appropriate administrative and
judicial proceedings.”

64. Respondents contend the AO resolves a “violation” of
Section X.D. of the Conditions of Certification, but Section
X.D. has not been violated. A “wiolation” involves doing
something that is prohibited or failing to do something that is
required. FPL has done nothing prohibited by Section X.D. and
has not failed to do something required by Section X.D. The
section is directed to DEP, which is required to determine
whether harm has been caused, consult with other agencies, and
then require additional measures to address the harm.

65. The Conditions of Certification do not say what
procedure DEP should use. DEP admitted the A0 is not a typical

administrative order and referred to it as a “hybrid” between an
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administrative order and a consent order. Still, Respondents
also describe the AO as a “pure” enforcement action.

66. The AO lacks the most fundamental element of an
enforcement action: charges. An agency enforcement action
charges a party with one or more violations of law, which the
party has the right to challenge and attempt to refute. DEP did
not charge FPL with violating the minimum criteria for
groundwater, with violating the conditions of its industrial
wastewater permit, or with violating the primary groundwater
standard for sodium. FPL did not come to the final hearing to
defend against these charges.

67. DEP cites some of its final orders that involved
consent orders, but the AO is not a consent order.

68. ACI and the City are wrong in characterizing the AO as
a permit. The Salinity Management Plan required by the A0 could
possibly lead to a permit or a modification to the Conditions of
Certification, but the A0’s requirement for a plan is not an
authorization for FPL to change any facilities or operations at
Turkey Point. For comparison, SFWMD issued a water use permit
to FPL (the subject of DOAH Case No. 15-3845) to withdraw water
from the L-31E Canal and discharge it into the CCS to lower
water temperature and salinity. A permit was necessary because
a water withdraw was authorized. The AO does not authorize any

action.
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69. Section 403.088(2) (e) gives DEP enforcement authority
suited for the circumstances associated with the CCS discharge.
This statute provides that, if a discharge will not meet permit
conditions or applicable statutes and rules, DEP “may issue,
renew, revise, or reissue the operation permit” when one of six
specified criteria is satisfied. The criteria pertain to
actions to come into compliance or to demonstrate why non-
compliance is justified. However, DEP did not choose this
approach.

The Meaning of the Term “Abate”

70. DEP defines the term “abate” in Paragraph 37 of the AO
as “to reduce in amount, degree or intensity; lessen; diminish”
and believes it is consistent with the meaning of the term in
Section X.D. of the Conditions of Certification. ACI and the
City dispute this interpretation and contend the term “abate”
means to stop or terminate. However, this dispute is largely
moot because the AO states that “[f]or the purposes of this
Order” the term “abate” means to reduce. With this caveat, the
term “abate” in the A0 can have a different meaning than it has
in the Conditions of Certification. However, the following
analysis of the law was undertaken to show that the term
“abate,” as used in the Conditions of Certification, does not

mean to reduce.
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71. The term “abate” is not defined in Section X.D. or
elsewhere in the Conditions of Certification. Under Section
ITII, the following statement appears:

The meaning of terms used herein shall be
governed by the definitions contained in
chapter 373 and 403, Florida Statutes, and
any regulation adopted pursuant thereto. In
the event of any dispute over the meaning of
a term used in these conditions which is not
defined in such statutes or regulations,
such dispute shall be resolved by reference
to the most relevant definitions contained
in any other relevant state or federal
statute or regulation or, in the alternative
by the use of the commonly accepted meaning
as determined by the Department.

72. There is no definition of “abate” in chapter 373 or
chapter 403, or in any regulation adopted pursuant thereto. DEP
made no showing about the use of the term in a relevant statute
or regulation of the Federal Government or another state. DEP
chose to use a dictionary definition of the term “abate.”

73. Respondents made no effort to show the definition in
the AO is the “most commonly accepted meaning” of the term. The
most commonly accepted meaning is a matter subject to objective

determination. DEP cannot simply deem a definition to be the

most commonly accepted meaning if it is not.

74. In Webster’s New Collegiate Dictionary, the first
definition entry for the word “abate” is “to put an end to.”

The second entry is similar to the definition in the AO; that
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is, to reduce or lessen. Most suggested synonyms are associated

with the meaning to reduce or lessen. See e.g., Thesaurus.com

75. However, the terms “abate” and “abatement” are
regularly used in ehvironmental law. Therefore, choosing one of
the meanings of “abate” outside the environmental context is
unnecessary and inappropriate.

76. Several environmental statutes use the phrase “prevent
or abate.” This usage is not free of ambiguity, but it is more
likely to mean “prevent or, 1f it is already occurring, then
stop.” BSee e.g., §§ 376.308, 403.061(9) 403.081(4), and
403.191(1), Fla Stat.

77. Section 373.433, entitled “Abatement,” refers to
injunctions if certain water control structures are violating
DEP or water management district standards. The meaning of
“abatement” in this section is clearly to stop the violation,
not merely to diminish it.

78. Section 376.12 (1) refers to “abatement of a prohibited
discharge,” which means to stop the discharge.

79. Sections 376.09 and 376.305, pertaining to the removal
of prohibited discharges, states that polluters shall
immediately “contain, remove, and abate the discharge,” which is
not free of ambiguity regarding the intended meaning of the word
“abate.” There are a few other statutes with this kind of

ambiguous wording.
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80. Section 403.4154(3) authorizes DEP to “abate or
substantially reduce” hazards caused by phosphogypsum stacks.
In this section, the term abate is clearly intended to mean to
stop and to be distinguished from “reduce.”

81l. Section 403.709 refers to an “abatement action”
brought by DEP to bring an illegal waste tire site into
compliance. In this context, the word “abatement” means to stop
the violation of waste tire regulations.

82. Section 403.726 is entitled “Abatement of imminent
hazard caused by hazardous substance” and includes a similar
statement that DEP “shall take and any action necessary to abate
or substantially reduce any imminent hazard.” In this section,
the term “abate” means to stop.

83. Section 403.727(1) (g) refers to statutory remedies
“Yavailable to the department to abate violations of this act.”
In this context, the term “abate” means to stop.

84. Section 376.11(6) provides for payment of moneys from
the Florida Coastal Protection Trust Fund for “the abatement of
any other potential pollution hazards,” which means to end the
hazard, not to diminish it.

85. Finally, article II, section 7(a) of the Florida
Constitution provides:

It shall be the policy of the state to

conserve and protect its natural resources
and scenic beauty. Adequate provision shall
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be made by law for the abatement of air and

water pollution and of excessive and

unnecessary noise and for the conservation

and protection of natural resources.
It 1s likely that the word “abate” in section 7(a) was intended
to mean to stop pollution. A state policy to only reduce
pollution does not sound very ambitious.

86. When these uses of the term “abate” or “abatement” are
objectively considered, it is clear that the most commonly
accepted meaning for the term in Florida enviroﬁmental laws is
to stop, terminate, or end.

87. It is logical fhat a statute granting enforcement
power to DEP would grant full power to stop a violation or
harmful activity, rather than only the power to reduce the
violation or activity. Therefore, even in the statutes cited
above, where the use of the term “abate” did not make its
meaning clear, it is likely that the intended meaning was to
stop.

88. The use of the term “abate” or similar terms in
Florida statutes has not been interpreted by DEP or any court to
mean DEP must always require complete restoration of the harm
caused or full compliance with a standard. DEP retains
enforcement discretion. It i1s a separate question whether the

circumstances in any case provide a reasonable basis for DEP to

require less than complete restoration or full compliance.
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89. If the term “abate” in Section X.D. was intended by
the Siting Board to mean to lessen or diminish, that would mean
the Siting Board, without explanation, meant to prevent DEP from
exercising its full range of enforcement authority with respect
to harm caused by the CCS. That is an unreasonable
interpretation.

Reasonable Enforcement Discretion

90. Because the AO purports to be an enforcement action,
the applicable standard of review in this case is whether the
action taken by the Department is a reasonable exercise of its
enforcement discretion.

91. ACI and the City have the burden to prove by a
preponderance of the evidence that the A0 is not a reasonable
exercise of enforcement discretion. They met their burden.

92. The AO is not a reasonable exercise of DEP’s
enforcement discretion because FPL has not been charged with
violations of law and afforded due process to address the
charges through litigation, consent order, or settlement.

93. The AO is not a reasonable exercise of DEP’s
enforcement discretion because, without demonstrating a
reasonable basis for doing so, DEP does not require FPL to come
into compliance with standards or specify a reasonable time for

FPL to come into compliance.
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94. The A0 i1s an unreasonable exercise of DEP’s
‘enforcement discretion because the success criteria are
inadequate to accomplish DEP’s stated purposes as explained
below.

a. Maintaining Salinity at 34 PSU in the CCS

i. Requiring FPL to maintain salinity in the CCS at 34 PSU
is based on 34 PSU being the average salinity of Biscayne Bay.
However, in the context of addressing existing harm to the
Biscayne Aquifer, it could be an unnecessary impediment. It was
not shown why it is important not to allow the water in the CCS
to become fresher than Biscayne Bay.

ii. The evidence presented shows that, the fresher the
water in the CCS, the greater would be the freshening ofkthe
Biscéyne Aquifer beneath and west of the CCS. Perhaps FPL would
be able to explain in the Salinity Management Plan why economic,
technological, ecological, or other considerations support the
reasonableness of going no fresher than 34 PSU. However this
record does not show the reasonableness of restricting FPL’s
options in this manner. FPL should be free to consider and
propose options to lower the salinity in the CCS even further if
it is practicable and could achieve greater benefits.

iii. Requiring salinity to be maintained at 34 PSU is also
unreasonable because it forecloses all options that could

achieve the goal of the A0 to abate westward movement of CCS
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groundwater into Class G-II groundwater without lowering the
salinity of CCS water or not lowering it as much. Respondents
did not explain in the record why FPL should be foreclosed from
considering any option that achieves the goal of reducing the
westward movement of CCS groundwater.

b. Decreasing Salinity Trends in Nearby Wells

i. Another success criterion in the AO is for FPL to
demonstrate “decreasing salinity trends” in four monitoring
‘wells near the CCS, but the decreasing trend is not quantified.

ii. The wording in the AO allows for achievement of this
success criterion even with decreasing trends that are smaller
than was predicted by the computer modeling upon which DEP
relied. 1If decreasing salinity trends in wells near the CCS are
smaller, then there would likely be less slowing of the westward
movement of the saline water interface than was predicted by the
modeling, and one of DEP’s stated purposes would be thwarted.

iii. In addition, by only using wells near the CCS, the AO
allows for the possibility that salinity trends near the CCS
decrease as predicted by the computer modeling, but the
predicted benefits at distance do not occur.

c. FPL’s Contribution to the Harm

In this proceeding, DEP never stated that it had made a
determination that FPL should not be required to terminate its

contribution to the westward movement of the saline water
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interface. 1Instead, DEP stated that FPL’s contribution had not
been determined. That was the reason given for the enforcement
approach taken by DEP. However, the AO does not require FPL to
determine its contribution.

95. All of the infirmities in the AO described above can
be cured by amending the A0 to delete the proposed success
criteria and require FPL to submit a Salinity Management Plan
that includes an analysis of the factors contributing to the
western movement of saltier groundwater and options that could
eliminate the CCS’s contribution. In this amended form, the AO
would not be an enforcement instrument, but would achieve DEP’s
apparent intent to require further analysis of the problem and
its solution.

96. Petitioners’ claim that DEP should take immediate
enforcement action to stop FPL’s current violations and prevent
further harm is a claim that must be brought in a proceeding
under section 403.412, section 120.69, or other law which allows
for redress of injuries when DEP has chosen not to exercise its
enforcement authority.

RECOMMENDATTION

Based on the foregoing Findings of Fact and Conclusions of
Law it is
RECOMMENDED that the Department of Environmental Protection

rescind the AO or amend it as described above.
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DONE AND ENTERED this 15th day of February, 2016, in

Tallahassee, Leon County, Florida.

ulde

BRAM D. E. CANTER

Administrative Law Judge

Division of Administrative Hearings
The DeSoto Building A

1230 Apalachee Parkway

Tallahassee, Florida 32399-3060
(850) 488-9675

Fax Filing (850) 921-6847
www.doah.state.fl.us

Filed with the Clerk of the
Division of Administrative Hearings
this 15th day of February, 2016.

ENDNOTES
Y FPL applied to modify the Conditions of Certification to
authorize FPL to withdraw 14 mgd from the Upper Floridan Aquifer
for use in the CCS. ACI challenged the proposed modification in
a separate DOAH proceeding, a hearing was held, a Recommended
Order was issued, and the matter is now pending before the
Governor and Cabinet in their capacity as the State Siting
Board.
2/ Tps and chloride concentration are not equivalent, but can be
considered roughly equivalent for the purpose of this finding.
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Steinmeyer Fiveash LLP

310 West College Avenue
Tallahassee, Florida 32301
(eServed)
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City of Miami
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(eServed)
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Tallahassee, Florida 32399
(eServed)
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Protection

Protection

NOTICE OF RIGHT TO SUBMIT EXCEPTIONS

All parties have the right to submit written exceptions within
15 days from the date of this Recommended Order. Any exceptions
to this Recommended Order should be filed with the agency that
will issue the Final Order in this case.
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ENVIRONMENT  APRIL 21,2016 3:00 AM

Evidence of salt plume under
Turkey Point nuclear plant
goes back years

HIGHLIGHTS
Engineers warned decades ago of flaws in
cooling canal design

Internal review by FPL engineers in 2010 said
fixes could worsen plume

On Thursday, Florida environmental regulators
approved controversial management plan

>
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Matt Raffenberg, FPL's environmental services director,
talks about how FPL is working on ways to better
control water temperature and salinity in the 39 cooling
canals at the Turkey Point power plant. Emily Michot -
emichot@miarmiherald.com

BY JENNY STALETOVICH
Jstaletovich@miamiherald.com

In the wake of revelations last month that its
aging cooling canals at Turkey Point were
leaking into Biscayne Bay, Florida Power &
Light rushed to do damage control: company
leadership went on the defensive, insisting
they were acting responsibly and, in a full
page ad, blaming “misinformation” for
fanning unfounded fears.

“We’re not punting on this at all,” president
and CEO Eric Silagy told the Miami Herald
editorial board earlier this month as he laid
out a list of on-going fixes.

“If this company has given that impression,
that’s my fault,” he said. “What is frustrating
a little bit is we’ve worked really hard over the
decades to do the right thing.”

But critics contend the powerful utility worked
even harder at delay tactics in the face of
mounting evidence that its compromised canal
system had produced an underground plume
of saltwater threatening nearby drinking
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supplies and contaminating Biscayne Bay.

Records show FPL had been warned for years
about problems and even conducted its own
research in 2010 that concluded its key fix —
adding millions of gallons of brackish water to
freshen the super salty canals — would likely
make the plume worse. After overheated
canals forced the plant’s two reactors to
partially power down in 2014, the utility
pushed state regulators and water managers
repeatedly to add more water, solutions that
would allow it to continue operating under
Nuclear Regulatory Commission limits but
potentially increase the extent and speed of
saltwater seepage from the unlined canals.

At the time, the company was still publicly
insisting its canals were “definitely a closed
system” not impacting any other source of
water.

The end result, say environmentalists and
others who pushed FPL to move faster over
the years, are patchwork fixes and
shortsighted solutions they say have failed to
deal with broader problems caused by the
44-year-old canals.

“They’re band-aids,” said Steve Torcise,
whose family has operated a rock mine just
west of the canals for 90 years and earlier this
year won a legal fight demanding the state
overhaul a management plan that allowed FPL
to add more water without fully addressing
the impact on the plume. An administrative
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judge in February faulted the Florida
Department of Environmental Protection for
being too weak and not citing FPL.

Despite the criticism, the DEP on Thursday
approved the plan, dismissing many of the
judge’s findings. In a 28-page decision, DEP
Secretary Jon Steverson wrote the judge
“inappropriately invaded the exclusive
province” of the state’s ability to regulate the
utility. The city of Miami, which had joined
the lawsuit with Torcise, plans to appeal.

“We will be pursuing all available appellate
remedies to challenge this ruling,”’” said deputy
city attorney Barnaby Min.

In the meantime, the salt plume continues to
grow. According to the DEP’s own 2014
management plan, it has advanced at a rate of
525 to 660 feet per year with up to 600,000
pounds of salt escaping daily from the canals.
That’s pure salt, not salty water.

“THEIR FIRST ORDER@#& BUSINESS HAS TO BE
TODO NO HARM TO OUR COMMUNITY AND TO
OUR ENVIRONMENT.”

Miami-Dade County Commissioner Daniella Levine Cava

“FPL definitely should have shared that they
were working on a solution, instead of fighting
us in court,” said Miami-Dade County
Commissioner Daniella Levine Cava, who
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pressed for information from additional
monitoring wells that this year confirmed the
presence of tritium, a radioactive isotope used
to trace cooling canal water, in Biscayne Bay.

“Their first order of business has to be to do
no harm to our community and to our
environment,” she said. “They want to be
known as being good stewards, so it’s

especially incumbent upon them to set the

»
example.
Turkey Point's leaky cooling canals +
Using tritium, a radioactive isotope found In cooling canal water, Tritium concentration (pCl/L)
Miami-Dade County officials detected canal water spreading 1 159-419.05 (5 2,088.89 - 250636

through groundwater between 2011 and 2013. While tritiumisnotat L1 419,05 - 83651 1 250636 - 291382
dangerous levels, canal water could be causing elevated amounts E 8651-129997 [ 290.82-1341.28
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This month, County Commissioner Dennis
Moss, whose district covers the canals, asked
the Environmental Protection Agency to weigh
in, joining Rep. Jose Javier Rodriguez,
D-Miami, who in March requested an
investigation. In a letter to Rodriguez this
week, EPA regional administrator Heather
McTeer Toney said the agency has been
meeting with county, state and FPL officials to
collect information. The agency has already
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made one visit to the canals and plans to
before the end of the month, a spokeswoman
said.

Worsening conditions have also caught the
attention of Monroe County, which operates
its only wellfield west of the canals. The
county, which this week passed a resolution
raising concerns, is considering buying land
further west to relocate its well field as well as
build an additional reverse osmosis plant in
Key West, an expensive option that can make
salt water fit for human consumption.

“The cooling canals have been on our radar
screen as long as I've been here,” said Florida
Keys Aqueduct Authority deputy director Tom
Walker. “We literally have a line we watch.”

How FPL got to this point is a complex path
of regulatory decisions and company
expansion, complicated by the singular design
of the cooling canals. Turkey Point is the only
nuclear power plant in the country that uses
the radiator-like cooling system spanning
5,900 acres. It also sits atop the Biscayne
aquifer, a pitted layer of coral rock that looks
more like a hardened sponge than solid
ground. |

In 1972, when the canals were created — a
compromise FPL says it was forced to accept
after federal environmental regulators sued in
court to stop the plant from dumping cooling
water directly into the bay — it was
understood canals in such porous geology
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would leak. So the design included a critical
feature: a straight, deep canal, called an
interceptor ditch, to stop saltwater piling up
under the canals from migrating west.

>

Turkey Point's salt problem

..................................................................................

Engineer Ed Swakon created this video
model of an expanding saltwater plume
near Turkey Point using data collected from
groundwater sampling. Swakon, who was
hired by Atlantic Civil, a rock mining
company that has sued FPL, depicted what
the underground salt front looked like over
time and expanded as conditions in the
canals grew saltier.

The interceptor ditch was important because
South Florida’s drinking water supply also sits
just below the surface in the Biscayne aquifer.
Canals dredged in the 1940s to drain the
Everglades had caused the salt front to
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migrate inland. But over the years water
managers installed hundreds of gates and
other controls to stop the migration — and in
some cases, even reverse it.

But by the 1980s, there already was an
indication that Turkey Point’s ditch wasn’t
effective, with the underground salt front
moving just west of what was suppose to act
as a barrier.

Under all five management plans for Turkey
Point drawn up by the Florida environmental
regulators and water managers over the
decades, FPL has been under orders to
maintain the quality of surrounding
groundwater. A network of monitoring wells
was dug to keep watch.

Over the years, the number of wells dwindled,
falling to just four by 1983. If state regulators
were watching them, they weren’t doing it
very closely, said consulting engineer Ed
SwakonTorcise hired him to investigate the
plume after plans to expand a rock mine near
Homestead were nearly derailed when
environmental regulators wondered whether
mining would pull the saltwater front inland.

In 2007, Swakon went to the South Florida
Water Management District, the regulatory
agency keeping tabs on salt water intrusion,
and asked for old records. To his surprise,
Swakon found salinity in groundwater
spreading and spiking. By 2001 and 2002,
readings showed the front — water with
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higher salt concentrations than in Biscayne
Bay — had reached Southwest 137th Avenue
about three miles to the west.

“THEY NEVER REAK& DID ALONG TERM
HISTORY OF THE DATA. THEY ONLY
[COMPARED] QUARTER TO QUARTER AND
THERE WAS VERY LITTLE DIFFERENCE”

Ed Swakon, president EAS Engineering

“The way the reports were written, they never
really did a long term history of the data.
They only [compared] quarter to quarter and
there was very little difference,” he said. “But
if you really plotted it, and somebody had
taken the time, they would have seen each
successive quarter got a little worse and a
little worse.”

Swakon said he and Torcise met with FPL
officials to report their findings, but got no
response. An FPL spokesman later called
them “unfounded allegations.” At the time,
the utility was in the midst of hammering out
a new administrative order required by a $3
billion uprating project of Turkey Point’s two
nuclear reactors that FPL said it needed to
keep up with increasing demand: as much as
40 percent of the power the county needed
was being imported, FPL officials said in a
2007 zoning meeting.
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The uprate would increase power output by 15
percent but also raise temperatures in the
cooling canals, with the effect of increasing
evaporation and salt concentrations. FPL
officials planned to offset additional heat
going into the canals by shutting down the
plant’s two oldest fossil fuel burning units.
The move was expected to cap the heat
increase to only by 2.5 degrees — an impact
FPL insisted would not effect the operation of
the canals.

But modeling done by the U.S. Geological
Survey in 2009 found that as the canals grew
hotter and saltier, they could potentially shoot
“saline fingers” to the bottom of the 98-foot
thick aquifer —sometimes as fast as a few
days. The extra salty water could then spread
laterally, expanding the plume.

Water managers, whose approval was key to
the uprating moving forward, wanted to know
if the interceptor ditch was still an effective
barrier. At the time, FPL officials assured

them it was.

Engineers who designed the ditch weren’t so
confident. According to a report compiled this
year by University of Miami hydrologist David
Chin for Miami-Dade County, the engineers

- worried as early as 1971 that saltwater could
migrate inland even if the ditch was properly
operated. Chin also found the ditch only
blocks shallow saltwater from spreading —
and the canal system was pushing it deeper
into the Biscayne aquifer.
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Faced with increased scrutiny, FPL hired its
own engineers to look for remedies, according
to an in-house study Torcise obtained in his
recent lawsuit. Completed in August 2011,
the study found that canal water had moved
3.5 miles west of the plant and was spreading
at a relatively brisk pace of 500 feet a year. In
response to a question, an FPL spokesman
this week revised that figure, saying the rate
has since slowed to just over 120 feet a year.

FPL’s engineers offered five alternatives,
including building massive slurry walls
underground to stop water from moving at a
cost of $134.4 million. But the cheapest and
preferable alternative, the engineers said, was
adding fresher water from the Floridan
aquifer.

“The alternative is attractive because it
effectively removes the source of the
hypersaline water,” engineers wrote. But a
“potentially negative aspect” of the remedy,
they said, was it did nothing to stop the
westward movement of saltwater. Nor did the
other four.

Despite the findings, FPL officials in 2010
and 2011 continued to work with water
managers on an elaborate monitoring plan
that also for the first time included checking
for tritium, a radioactive isotope found in
canal water that could be used as a tracer. In
2011, as part of their effort to confirm tritium
as the best tracer, district hydrologists John
Janzen and Steven Krupa found that canal

110f19
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water was in wells at Southwest 137th
Avenue. Tritium was also found in surface
water just east of the canals and at the mouth
of the Card Sound Canal. To get a better read,
the hydrologists recommended installing a
better network of wells.

But in its annual post-uprate report in October
2012, FPL continued to debate the 2009
USGS findings of the expanding plume,
arguing that the wells used by the agency
might not be connected or in the same zone
because of the “complex geology of the area.”
Still, the utility agreed a plume existed and
offered solutions.

FPL managers now say the location of the
saltwater plume wasn’t in dispute — just the
exact cause of it.

“WE ALWAYS SAID WRWERE PART OF IT, BUT
THERE'S OTHER FACTORS.”

FPL senior director Steve Scroggs

“We always said we were part of it, but there’s
other factors,” including lowering the water
table seasonally for nearby farmers, senior
project director Steve Scroggs said this week.
“It’s easy to say it’s all FPL. It’s not.”

Meanwhile, the boundaries of the tritium were
growing clearer. A Miami-Dade County
contour map of samples in 2011 and 2013
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show tritium detected well beyond cooling
canal borders. County officials had been
keeping an eye on the wells, but had no
authority without a water quality violation,
said Lee Hefty, director of the Division of
Environmental Resources Management.
Instead, he said, they pushed for the district
to act.

In April 2013, the Water Management
District finally officially notified FPL that the
canals were in violation. The utility responded
by asking to add 14 million gallons of water a
day from the Floridan aquifer, which it said
would reverse the plume, a prediction that
contradicts the earlier 2010 report. But
district hydro-geologist Jeff Giddings found
FPL used faulty modeling. While adding
Floridan water reduced salinity in the canals,
it did nothing to reduce the underground
plume.

District consultant William Nuttle also
concluded more water would just increase
seepage and warned that FPL failed to
account for local conditions including a major
change on the horizon: sea rise. A foot rise,
now predicted by the National Oceanic and
Atmospheric Administration by 2030, would
put the shoreline west of the canals.

~ As the agencies tried to hammer out a deal,
temperatures in the canal spiked in the
summer of 2014, prompting the utility to
scramble for solutions, including getting
operating limits raised to 104 degrees, the
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highest in the country, and an emergency
permit to pump up to 100 million gallons of
water a day from a nearby drainage canal.
The utility also began pumping water from
unregulated marine wells.

Over the next year, Miami-Dade County
officials estimate that FPL pumped more than
12 billion gallons of water into the canals.
Half that came from the marine wells with a
quarter coming from the nearby L-31e canal.
Rain supplied just 37 percent, even though
company officials say rain remains the
primary source of water to address increasing
evaporation with higher temperatures.

What caused the spike remains in dispute.
Chin, whose final report is due next month,
concluded that the uprating project caused it.
FPL blames a local drought. In July 2014, FPL
environmental services director Matt
Raffenberg said rainfall over the canals
amounted to just 5.29 inches and only 20
inches in all of 2013.

“IFIT'S SUCH AN IMRGRTANT FACILITY, YOU
WOULD EXPECT ITS DESIGN WOULD NOT BE
BASED UPON THE WEATHER.”

Lee Hefty, director of Miami-Dade County’s Division of
Environmental Resources Management

“If it’s such an important facility, you would
expect its design would not be based on the
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weather,” Hefty said. “It sounds like a funny
thing to say, but really it’s a fairly significant
facility. I would have expected their design
engineers would have contemplated how that
facility would operate without rain.”

FPL’s Scroggs also said that when the canals
were briefly shut down, sediment built up in
the northwest corner, which slowed flowed,
turned the water browner and hotter, and
caused an algae bloom to spread. Sediment
had not been removed from the canals since
1990s, Scroggs said, because it is expensive.

When the state finally issued a new
administrative order late in 2015, allowing
FPL to pump more water into the canals to
lower salinity and “abate” the plume without
fully spelling out how, Torcise,
environmentalists, neighboring cities and the
county sued. Last month, a Tallahassee
administrative judge ordered the state to redo
the plan after it failed to cite FPL for a specific
violation.

On Thursday, DEP chief Steverson wrote that
the order in fact contained remedies which
were not suitable for judicial review and that
choosing to fix the problem, rather than
penalize FPL, was up to the department.

The state’s decision, South Miami Mayor Phil
Stoddard said, comes as no surprise given the
utility’s political connections.

“I suspect there’s incentive enough for DEP to
disrespect the administrative law judge and
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the public welfare to avoid holding FPL
responsible for the environmental damage
they’ve done.”

On May 15, FPL is also due to submit a
clean-up plan to the county, which pulled out
of the suit and hammered out its own deal.
The plan calls for FPL to install extraction
wells to pump the extra salty water deep into
the boulder zone, which environmentalists
worry won’t do enough to address the plume.
To address high levels of ammonia and
phosphorus leaking into the bay, FPL also dug
a 30-foot deep well east of the canals, which
it did without consulting the county
environmental staff, prompting another letter
from Hefty to better spell out plans.

FPL now says the cooling canals are back
under control, that salinity is a third lower
than last summer and, now that they’ve
cleared sediment and have permission to add
water from the deeper brackish Floridan
aquifer, they expect the canals to work
properly. Efforts to address the plume was
delayed not by them, Scroggs said, but by a
complicated bureaucratic system.

“For years people knew about this and
everybody talked about what we would do.
Well, we finally broke through that,” he said.
“I'm living everyday with the delays and the
questions and the go back and do this and the
back and forth. It’s an incredibly complex
process with multiple people and multiple
interests. But at the end of the day, we've
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How long have Turkey Point's cooling canals been leaking? Critics say...  http://www.miamiherald.com/news/local/environment/article73233802...

moved to a place where we’re taking action.”

Follow Jenny Staletovich on Twitter @jenstaletovich
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* The cooling canals of Turkey Point
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Executive Summary

This report was prepared under an agreement between Miami-Dade County and the University of Miami.
The following issues related to the operation of the cooling-canal system (CCS) at the Turkey Point Power
Station were investigated: (1) temperature variations in the CCS and associated impacts on the surrounding
groundwater, (2) salinity variations in the CCS and associated impacts on the surrounding groundwater, (3)
salinity control within the CCS, and (4) the effects of pumping up to 100 million gallons per day from the
L-31E Canal into the CCS. The principal findings of this investigation are summarized below, with-analytical
details supporting the findings contained in the body of the report. Data for this study was provided by
the Miami-Dade County Department of Regulatory and Economic Resources, Division of Environmental
Resources Management (DERM). CCS temperature and salinity data for the four-year interval of 9/1/10—
12/7/14 were made available for this investigation.

Temperature in the CCS. A heat-balance model was developed to simulate the temperature dynamics in
the CCS. The results derived from the heat-balance model identified two distinct periods during which the
heat-rejection rate from the power plant remained approximately constant. The first period corresponded
to pre-uprate conditions (i.e., before February2012), and the second period corresponded to post-uprate
conditions (i.e., after May 2013). The heat-rejection rate under post-uprate conditions was found to be sig-
nificantly greater than the heat-rejection rate under pre-uprate conditions. As a result of the increased heat
addition to the CCS, the average temperature of water in the CCS has increased, and in the vicinity of the
power-plant intake the average temperature has increased by approximately 4.7°F. This measured increase
in average temperature within the intake zone is slightly greater than the increase in the maximum allowable
operating temperature at the intake location of 4.0°F that was approved for the nuclear-power generating
units by the Nuclear Regulatory Commission in 2014. Therefore, the increased maximum operating tem-
perature has not reduced the probability of the intake temperatures exceeding the threshold value, which
currently stands at 104°F. Since supplementary cooling of the CCS was needed in 2014, this serves as a
cautionary note regarding further increases in power generation beyond 2014 levels without providing a re-
liable supplementary cooling system. Measured temperature data under pre-uprate conditions indicate that
the thermal efficiency of the CCS has decreased between the pre-uprate and post-uprate periods. Recent
efforts have been made by FPL to increase the thermal efficiency of the CCS with some tangible results.
However, measured (current) post-uprate thermal efficiencies of the CCS remain below the pre-uprate levels
(67% versus 77%), and the extent to which further improvements in the thermal efficiency of the CCS will
be able to mitigate increased temperatures resulting from increased thermal loading is yet to be established.
The assertion that higher algae concentrations in the CCS were responsible for the elevated temperatures in
the CCS was investigated. A sensitivity analysis indicates that increased algae concentrations were not likely
to have been responsible for the significantly elevated temperatures in the CCS recorded in the mid-summer



months of 2014. The additional heating rate in the CCS caused by the presence of high concentrations of
algae is estimated to be less than 7% of the heat-rejection rate of the power plant, hence the minimal impact.
Further development of a heat-balance model of the CCS is needed, since the design of any engineered
system to control temperatures in the CCS must be done in tandem with heat-balance-model simulations.

Temperature impact on groundwater. Measured groundwater temperatures in some monitoring wells
between the CCS and the L-31E Canal have shown higher temperatures than groundwater west of the L-31E
Canal, and this occurrence can be partially attributed to limited cooling-canal water intrusion into the Bis-
cayne aquifer. Monitoring-well measurements show that nearly all of the seasonal temperature fluctuations
in the groundwater occur above an elevation of —25 ft NGVD* (about 30 ft below the ground surface). At
lower elevations in the aquifer, the groundwater temperature generally remains relatively steady and in the
range of 75°F—77°F. Seasonal temperature fluctuations above —25 ft NGVD can be partially attributed to
the heating and cooling of water in the L-31E Canal in response to seasonal changes in atmospheric condi-
tions. Overall, the impact of the CCS on the temperature of the groundwater in the Biscayne aquifer can be
considered as localized of not having any direct environmental consequence. However, since the density of
water is inversely proportional to temperature and directly proportional to salinity, the cooling of CCS water
as it penetrates the Biscayne aquifer causes an increase in density that affects the groundwater flow in the
vicinity of the CCS. Hence, accounting for subsurface temperature variations in the vicinity of the CCS is
essential in modeling the extent of salinity intrusion resulting from operation of the CCS.

Salinity in the CCS. There has been a steady increase in the CCS salinity of around 5%o per decade since
the CCS began operation in 1973. Recent measurements indicate that the rate of change of salinity in the
CCS might be increasing. Analyses of the salinity dynamics in the CCS were performed using a salinity
model previously developed by a FPL contractor. Results from this salinity model show that evaporation and
rainfall are the primary drivers affecting the salinity in the CCS, with pumpage from the interceptor ditch and
blowdown from the Unit 5 generating facility also having an effect. Over prolonged periods with no rainfall,
the salinity in the CCS will typically increase as fresh water is evaporated and the evaporated fresh water
is replaced by saline water from the surrounding aquifer. A prolonged period with no rainfall coupled with
the significant inflow of saline water from the surrounding aquifer were the primary causes of the unusually
high salinities (greater than 90%.) that were observed in early summer of 2014. Seepage inflow to the CCS
is mostly from the east (i.e., the area adjacent to Biscayne Bay) and seepage outflow is mostly through the
bottom of the CCS, thereby contributing to an increased salinity of the underlying groundwater. The short-
term (seasonal) salinity fluctuations in the CCS are controlled by seasonal variations in the amount and
timing of rainfall, and aperiodic spikes in salinity should be considered as being normal and expected. In the
long term, barring any significant intervention, salinities in the CCS will continue to follow an upward trend,
since over the long term annual evaporation exceeds annual rainfall. Recent increases in the temperatures in
the CCS will certainly lead to increased evaporation, which will likely increase the rate of change of salinity
in the CCS to above-historical rates of change.

Salinity impact on groundwater. Based on available documentation and data summaries contained in nu-
merous reports prepared by FPL, SFWMD, and DERM, there is little doubt that seepage from the CCS into
the Biscayne aquifer has caused salinity increases within the aquifer, and this impact extends several miles
inland from the CCS. The strongest evidence for this assertion comes from measured tritium concentrations

*“NGVD” refers to the NGVD 29 datum.



in groundwater samples collected at monitoring wells in the vicinity of the CCS. Water in the CCS generally
contains tritium concentrations that are significantly higher than natural background concentrations in the
surrounding aquifer, and hence utilization of tritium as a tracer to identify groundwater originating from the
CCS is justified. Elevated concentrations of tritium above a 20 pCi/L. threshold in the deep groundwater can
reasonably be attributed to the presence of water originating from the CCS. The approximate limit of the
20 pCi/L concentration contour has been reported to be 3.8 —4.7 miles west of the CCS and 2.1 miles east
of the CCS. This finding is further reinforced by USGS measurements showing that groundwater samples
collected within 5.3 miles west of the CCS had elevated levels of tritium relative to normal background
levels of tritium in the Biscayne aquifer. It is important to note that presence of elevated levels of tritium
above natural background levels in the Biscayne aquifer is not considered to be a threat to public health and
safety, since the measured concentrations are far below the federal drinking water standard of 20,000 pCi/L.
Elevated levels of tritium are simply being attributed to the presence of water originating in the CCS.

Salinity control in the CCS. FPL has reached an agreement with Miami-Dade County to install a system
of up to six wells to pump low-salinity water at a rate of 14 mgd from the Upper Floridan aquifer into the
CCS in order to reduce salinity in the CCS. The operational goal of this system is to reduce the average-
annual salinity in the CCS to approximately 34%. within four years after the system begins operation. Based
on available information, there are still some outstanding technical issues that should be addressed in devel-
oping the final design of the salinity-control system. The first issue is that the long-term addition of 14 mgd
of brackish water from the Upper Floridan aquifer could be insufficient to compensate for the post-uprate
evaporation-rainfall deficit that is currently around 29 mgd. This shortfall in pumping rate, if not adequately
addressed in the design of the salinity-control system, would likely result in a continued steady increase
in salinity within the CCS. A second issue of concern is that adding 14 mgd or more of water to the CCS
is likely to significantly increase the salinity flux out of the bottom of the CCS, at least in the short term,
and the extent to which this increased salinity flux will exacerbate salinity intrusion in the Biscayne aquifer
still needs to be addressed. A third issue of concern is that the time-frame required for the proposed sys-
tem to significantly reduce salinity levels in the Biscayne aquifer remains highly uncertain pending more
definitive characterization of the subsurface hydrostratigraphy and the development of a groundwater-flow
model that accounts for the effects of temperature and salinity on the flow distribution in the aquifer. The
variable-density groundwater model that is being developed in support of the Biscayne Aquifer Recovery
Well System (RWS) could possibly be adapted to investigate the technical issues relating to CCS salinity-
control system that are identified here.

Withdrawal of 100 mgd from the L-31E Canal. Adverse impacts of pumping 100 mgd from the L-31E
Canal into the CCS during June 1 —November 30 are possible under the current permitted pumping protocol.
Under the current pumping protocol stipulated in the SFWMD-issued permit, the stage in the L-31E Canal
will be held constant during pumping, while the stage in the CCS will generally rise as a result of pumping.
This combined effect will decrease, or possibly reverse, the seaward piezometric-head gradient between the
1.-31E Canal and the CCS that would normally exist in the absence of pumping. A possible consequence
of a reversed head gradient between the 1.-31E Canal and the CCS is advection of a saline plume from the
CCS towards the L-31E Canal, and creation of a circulation cell in which the salinity of the water in the
1.-31E Canal is increased as the saline plume enters the L-31E Canal. Furthermore, according to model
results provided by FPL in support of the pumping-permit application, pumping of 100 mgd into the CCS
is likely to reduce the water-level differential between the L-31E Canal and the CCS to below the 0.30ft
threshold that would normally trigger the operation of the interceptor ditch salinity-control system, which,



if operational, would further reduce the head gradient between the L-31E Canal and the CCS. Based on
these findings, it is recommended that the permitted pumping protocol be revised prior to the 2016 pumping
period. The revised protocol should include, as a minimum, real-time monitoring of the stages in the CCS
and the L-31E Canal during pumping operations, specification of a threshold water-level difference between
the L-31E Canal and the CCS that would limit further pumping, and real-time monitoring of the salinity in
the L-31E Canal during pumping operations.

Recommended actions. The following action items would lead to better and more efficient management
of temperatures and salinities within the cooling-canal system, and support the robust design of remediation
systems to control CCS-induced salinity intrusion:

* Develop a calibrated heat-balance model to simulate the thermal dynamics in the CCS, and collect the
data necessary to calibrate and validate the model.

» Continue present efforts to increase the thermal efficiency of the CCS, and use measured data to es-
tablish the extent to which temperature increases due to increased thermal loading are being mitigated
by increased thermal efficiency.

* Develop a quantitative relationship for estimating algae concentrations in the CCS as a function of
temperature, salinity, and nutrient levels.

* Develop a locally validated relationship between the evaporation rate, water temperature, air temper-
ature, wind speed, salinity, and algae concentrations in the CCS.

» Re-assess the effectiveness of pumping 14mgd of brackish water from the Upper Floridan aquifer
into the CCS with the objective of reducing the salinity in the CCS. Under present operating condi-
tions, a higher pumping rate will likely be necessary, since post-uprate increases in CCS operating
temperatures have increased the evaporation-rainfall deficit from around 19 mgd to around 29 mgd.

» Utilize a variable-density groundwater model to better estimate the effectiveness and aquifer-response
time scale of the proposed CCS salinity-control actions related to pumping 14 mgd or more from
the Upper Floridan aquifer into the CCS. Based on available data, there is much uncertainty in the
effectiveness and aquifer-response time scale.

* Modify the operational protocol associated with the 2015—2016 permit for transferring up to 100 mgd
from the L-31E Canal to the CCS.

The analyses and recommendations contained in this report are offered constructively in support of the goal
of achieving an environmental balance for the sustainable generation of electrical power at the Turkey Point
power station.
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1 Background

This investigation is primarily focused on the operation of the cooling-canal system (CCS) located at the
Turkey Point power-generating station in south Miami-Dade County, Florida. The issues of concern relate
to the increased temperatures and salinities that have recently been measured in the CCS, the environmental
impacts of these increased levels on the quality of groundwater in the Biscayne aquifer, the need for addi-
tional engineered systems to supply supplemental cooling water to the CCS, the proposed plan to reduce
salinities in the CCS, and the environmental impacts of permitted pumping of up to 100 mgd of water from
the L-31E Canal to the CCS between June 1 and November 30.

Environmental concerns. Most of the environmental concerns regarding the operation of the cooling-
canal system (CCS) at Turkey Point relate to: (1) the sustainability of the system in maintaining adequate
temperatures to cool the power-generating units, (2) the impact that current and projected future salinities
in the CCS have on the quality of groundwater in the surrounding Biscayne aquifer, and (3) the need for
new supplementary sources of water and/or revised operational protocols to control the temperatures and
salinities in the CCS. Specific issues of concern are as follows:

* Increased temperatures in the CCS limit the effectiveness of the CCS as a cooling-water source ser-
vicing three power-generating units. When the intake temperature in the CCS exceeds a regulatory
limiting value of 104°F, either nuclear-power generation must be curtailed or supplementary cooling
water must be provided to the CCS to reduce the temperature and hence keep the nuclear-power gen-
erating units in operation; the sustainability of a supplementary system to cool the water in the CCS
has not yet been established.

¢ Increased salinity in the CCS likely contributes to increased saltwater intrusion within the Biscayne
aquifer, thereby deteriorating the groundwater quality underlying nearby inland areas. This is of con-
cern because of the proximity of the CCS to public water-supply wellfields, a commercial rockmining
operation, and ecologically sensitive areas. The current salinity-control system, sometimes called the
interceptor-ditch system, has not been effective in controlling the inland migration of saline water
from the CCS, thereby signaling the need for revised operating strategies to manage salinity intrusion
resulting from CCS operation.

* The effectiveness and environmental impact of a planned system to reduce the salinity in the CCS by
pumping water from the Upper Floridan aquifer into the CCS, and the effectiveness and environmen-
tal impact of a planned system to reduce CCS-induced salinity intrusion by pumping CCS-derived
hypersaline water from the Biscayne aquifer into the Boulder Zone are unresolved issues.

* The effectiveness of the permitted protocol for pumping 100 mgd from the L-31E Canal into the CCS
to reduce temperatures and salinities in the CCS, and the effect of this pumping operation on saltwater
intrusion in the Biscayne aquifer and water quality within the L.-31E Canal are issues that are yet to
be resolved.

This report summarizes what is currently known about the CCS, summarizes the key findings from previous
related investigations, regulatory reports and reviews, provides new analyses, and gives suggested answers
and pathways forward to resolve several issues related to the above-listed concerns.



1.1 Turkey Point Power Station

The Turkey Point Power Station consists of five power-generating units: two 404-MW oil/natural gas-fired
generating units (Units 1 and 2), two 728-MW nuclear-powered units (Units 3 and 4), and a nominal 1150-
MW natural gas-fired combined-cycle unit (Unit5). The five power-generating units and support facilities
occupy approximately 130 acres of the 11,000-acre Turkey Point plant. Units 3 and 4 were the first nuclear
power plants constructed in Florida, and they were licensed to begin operation in 1972 and 1973, respec-
tively. In 2002, the Nuclear Regulatory Commission (NRC) extended the operating licenses for both nuclear
reactors from forty years to sixty years, extending licensed operation of Units 3 and 4 to the years 2032 and
2033, respectively. The CCS provides cooling water for Units 1 to 4, with cooling of Unit5 accomplished by
mechanical-draft cooling towers that use make-up water drawn from the Upper Floridan aquifer. Blowdown
water from Unit5 is discharged into the CCS. Since the uprate of Units 3 and 4 went into effect, Unit 2
has not been operational, with some documentation indicating that Unit 2 actually ceased operating in 2010
(Florida, 2015). With an estimated total power-station capacity of approximately 3550 MW, the Turkey
Point power station has been cited as the second largest power station in Florida, in terms of generating
capacity, and is the sixth largest power station in the United States (NRC, 2012).

Uprate of Units3 and 4. In June of 2009, the Florida Department of Environmental Protection (FDEP)
certified the increase in power-generating capacity (commonly called an “uprate”) of Units 3 and 4 to provide
an additional 250 MW of electrical power (i.e., 250 MWe). Pursuant to this uprate certification, Unit 3 has
been operating at its uprated power-generation capacity since November 2012, and Unit 4 has been operated
at its uprated power-generation capacity since May 2013. By increasing electrical-power generation by
250 MW, the NRC estimated that the increase in thermal loading on the CCS would be approximately
688 MW (i.e., 688 MWt). Further, in planning for the Unit 3 and Unit 4 uprates, it was anticipated that
the uprate would increase the temperature of the cooling water discharged to the CCS by approximately
2.5°F, and would increase the temperature in the CCS at the power-plant intake by around 0.9°F (FPL 2011;
FDEP, 2008) . It was also anticipated that the increased temperature in the CCS would result in increased
evaporation, which would cause an increased CCS salinity of around 3.6%o.

Future plans. In 2014, the Florida legislature approved construction of two additional nuclear reactors at

- Turkey Point (Units 6 and 7), with each additional unit having an approximate electrical output of 1100 MW,
approval of the additional units by the NRC is currently pending. The two additional nuclear reactors will
not use the CCS for cooling.

1.2 Geohydrology

The Turkey Point power station and associated cooling-canal system (CCS) are underlain by the Biscayne
aquifer. In the vicinity of Turkey Point, the Biscayne aquifer extends from land surface to a depth of approxi-
mately 106 ft below sea level (BSL), with the thickness of the aquifer decreasing towards the west. Geologic
formations within the Biscayne aquifer include, from the ground surface downward, the Miami Limestone
Formation, Key Largo/Fort Thompson Formations, and upper portions of the Tamiami Formation. The less-
permeable units of the Tamiami Formation, and the deeper Hawthorn Group, form the confining unit be-
tween the Biscayne aquifer and the Upper Floridan aquifer. The top of the confining unit is characterized by
the transition between highly permeable beds of the Fort Thompson Formation and the lower-permeability
silty sands of the Tamiami Formation. The thickness of the Miami Limestone Formation is in the range of



823 1t, and the thickness of the Fort Thompson Formation is in the range of 46 — 95 ft. The bulk hydraulic
conductivity of the Biscayne aquifer in the vicinity of Turkey Point is in the range of 27007300 m/day
(Fish and Stewart, 1991). The regional groundwater flow direction is, on average, from the northwest to
southeast, although the predominant flow direction at the coast can vary significantly between the wet and
dry seasons. The water-table gradient is typically towards the coast during the wet season (May — October),
but can be directed inland during the dry season (October— April). The possibility of the occurrence of an
inland water-table gradient is the primary reason for utilization of the so-called “interceptor-ditch system”
that is used ostensibly to control the inland migration of saline water originating from the CCS. Water-
table elevations at Turkey Point are typically around 1t NGVD, and the magnitude of the average regional
water-table gradient is typically in the range of 0.004% —0.005%. Notably, with such small water-table gra-
dients, small errors in measured water-table elevations can significantly impact the accuracy of the estimated
gradients. Vertical piezometric-head gradients at the Turkey Point site (away from the CCS) are typically
negligible, with piezometric-head differentials between shallow, intermediate, and deep zones reportedly
being within hundredths of a foot. Negligible vertical piezometric-head gradients indicate that groundwater
flows are predominantly in the horizontal direction (Chin, 2013).

Groundwater classification. Groundwater at the Turkey Point site was originally classified by FDEP as
as G-1I, which is the classification for groundwater that is of possible potable use and has a total dissolved
solids content of less than 10,000 mg/L. In September 1983, at the request of FPL, the groundwater at
the Turkey Point site was reclassified by FDEP as G-III, which is the classification for groundwater that
has a total dissolved solids content of 10,000 mg/L or greater, or has a total dissolved solids of 3,000—
10,000 mg/L and has no reasonable potential as a future source of drinking water. The G-III classification
currently remains in effect.

1.3 The Cooling-Canal System

Background. The utilization of recirculating cooling ponds and cooling canals at thermoelectric power
plants in the United States is not unique to South Florida, with approximately 85 thermoelectric power
plants using such closed-loop cooling systems as of 2005 (Hughes et al., 2010). Approximately 40% of
U.S. nuclear power plants use closed-cycle cooling, with the others using once-through cooling systems
(EPRI, 2012). In the United States, closed-loop cooling-pond systems are more commonly utilized in arid
areas where evaporation rates are high, and such systems are less commonly used in humid areas where
evaporation rates are relatively low. Elevated temperatures and salinities are common features of cooling
ponds and canals. Notably, elevated temperatures and salinities have opposite effects on the density of water,
with elevated temperatures causing reduced densities, and elevated salinities causing increased densities.
Typically, the increased density due to elevated salinities is greater than the reduced density due to elevated
temperatures’. Therefore, the combined effect is to increase the density of the water in the cooling system
relative to that of surrounding groundwater. The increased density of water within the cooling system causes
the water to move downward through the surrounding aquifer. Such density-driven flows are commonly
referred to as thermohaline flows, and such flows contribute to the process of salinity intrusion.

History and regulation of the Turkey Point cooling canal system. The Turkey Point cooling-canal sys-
tem (CCS) is located approximately 4.5 miles southeast of Homestead, approximately 8 miles east of Florida

tFor temperature: 8p/8T = —0.375 (kg/m®)/°C; and for salinity: 8p/dS = 0.75 (kg/m®)/ %o.



City, and approximately 10 miles north of Key Largo. Construction of the CCS was approved by the Dade
County Board of County Commissioners in November 1971, and became operational in February 1973.
At the time of its initial operation, the CCS was approximately half-completed compared with the present
system. The CCS is sometimes referred to as the Industrial Wastewater Facility (IWW), since the circulating-
water system discharges saline water to the surrounding Biscayne aquifer and is regulated under the federal
National Pollutant Discharge Elimination System (NPDES) and an Industrial Wastewater (IW) permit is-
sued to FPL by the Florida Department of Environmental Protection. The CCS is also commonly referred
to as the Ultimate Heat Sink (UHS) of the nuclear-reactor power-generating units (Units 3 and 4).

Current canal system. In its present state, the CCS is approximately two miles wide (east-west) and five
miles long (north—south), covers an area of approximately 6100 acres, and has approximately 4370 acres of
water surface. The CCS occupies more than half of the 11,000-acre Turkey Point power-station property.
The CCS consists of 32 canals flowing south from the discharge location in the north, and 6 return canals
flowing north to the intake location. Because the south-flowing canals are located in the western section of
the CCS and the north-flowing canals are located in the eastern section of the CCS, the system is sometimes
referred to as having 32 western canals and 6 eastern canals. The south-flowing (western) canals are cach
approximately 4 ft deep, 200 ft wide, and spaced approximately 90 ft apart; these canals range in length from
2 —5 miles. The 4 ft depth of the canals (from ground surface) was originally chosen so as to not penetrate the
less-permeable surficial Miami Oolite Formation that extends to about 4 ft below grade, thereby minimizing
groundwater exchange between the CCS and the underlying Biscayne aquifer. The bottom of the canals are
below the lowest water-table elevation expected in the Biscayne aquifer at Turkey Point, and therefore the
canals always contain water that is directly connected to the adjacent groundwater. Cooling water leaves
the three operational power-generating units (Units 1,3, and 4), flows into Lake Warren, and then into the
20-ft deep 100-ft wide feeder canal that connects to the 32 south-flowing cooling canals. Four shallow cross
canals spaced 1-mile apart run east—west across the 32 south-flowing cooling canals. These cross canals
contain flow-control structures that distribute water flow evenly to the canals so that each cooling canal
carries a flow that is proportional to its surface area in order to optimize heat exchange with the atmosphere.
At the southern end of the CCS is a collector canal that is approximately 20 ft deep and 200 ft wide. Water
returns to the power-generating units from the southern collector canal via 6 north-flowing canals, the largest
of which is the Grand Canal which is 200 ft wide and 20 ft deep. The average length of the circulation path
between the discharge and intake locations is 13.4 miles. The 32 south-flowing cooling canals are numbered
from 1 to 32, from east to west, hence, cooling-canal number 32 is the westernmost canal in the CCS.

Federally protected species inhabiting the CCS. Since 1977 an area that includes the majority of the
Turkey Point site (including the CCS) has been designated as critical habitat for American crocodiles under
the Endangered Species Act. Endangered American crocodiles (Crocodylus acutus) have inhabited the
cooling canals since around 1976 (FDEP, 2008). During nesting season, more than 40 adult crocodiles have
been observed in the canals, although there have been some reports that the crocodile population in the
CCS is declining possibly due directly or indirectly to the increased salinities in the CCS. According to the
NRC (NRC, 2014), the Turkey Point site now hosts approximately one-third to one-half of the breeding
population of crocodiles in the United States.

Operational characteristics of the CCS. The canals in the CCS were designed to operate at a total flow
rate of 4250 ft3/s (2750 mgd) when all four generating units (Units 1-4) supported by the CCS are in full
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operation. Small wastewater (blowdown) flows from Unit 5 are also discharged into the CCS. Typically, the
flow rate through the CCS varies with the electric load demand on the generating units, and is usually in the
range of 2700—42501t3/s (1750 -2750 mgd) on any given day, with a typical flow depth of around 2.8 ft.
Thermal energy input from the power-generating units is dissipated in CCS as water moves from north to
south, with the primary heat-exchange processes being evaporation, solar radiation, and both emitted and
absorbed longwave radiation. Maximum temperatures near the discharge location of the power-generating
units are typically around 108°F, and maximum temperatures near intake to the power-generating units are
typically around 93°F; the difference between these typical maxima is 15°F, which gives a measure of the
cooling effect of the CCS. The (regulated) maximum allowable temperature at the intake location in the
CCS is 104°F. The flow in the CCS is driven by 12 condenser-circulating pumps and auxiliary cooling
pumps. The CCS typically contains approximately 7 x 108 ft3 of water, and the average velocity of flow
is around 0.25 ft/s in each canal. Approximately two days (44 —48 h) are required for water in the CCS
to travel from the discharge location to the intake location. Flow within the CCS is maintained by a head
differential between the discharge and intake locations, with the water-surface elevation being highest at
the discharge location and lowest at the intake location. Under current operating conditions, typical water
surface elevations in the CCS are 1.48 ft NGVD at the discharge location, 0.95 ft NGVD at the south end,
and 0.70 ft NGVD at the intake location. The water-surface elevation at south end of the CCS is usually
closest to the water-surface elevation in Biscayne Bay. The water-surface elevation in the CCS is typically
higher than the site-average water-table elevation in the Biscayne aquifer at the discharge (north) end of
the system, approximately equal to the water-table elevation at the south end of the system, and below the
water table at the intake (north) end of the system. Consequently, water generally flows out of the CCS
into the aquifer near the discharge location of the CCS and water generally flows into the CCS from the
aquifer near the intake location of the CCS, there is less flow interaction between the CCS and the aquifer
at the southern end of the system. During very heavy rains, there can be a net inflow to the CCS from the
surrounding aquifer. The CCS is approximately nontidal, and water in the CCS is typically warmer than the
air temperature.

1.4 Algae in the CCS

A significant algae bloom occurred in the CCS during 2014 and algae is now perceived to be a problem
in the CCS. Prior to 2013, only limited and short-term algae blooms had occurred in the CCS, typically
during the early summer months. In fact, algae blooms were previously of such limited concern that routine
monitoring for algae was not commonly done prior to 2014. In the summer of 2014, large-scale application
of a CuSO,-based algaecide was used to reduce the algae concentrations in the CCS. The applied algaecide
was reported as being ineffective in reducing the algae concentrations, serving only to stabilize the existing
concenfrations (SFWMD, 2015).

Factors affecting algae concentrations. High concentrations of algae have been observed in the CCS
with correspondingly high concentrations of nutrients being measured. The historical average algae concen-
tration in the CCS is reported to be 50 cell/L¥, however, in the summer of 2014 algae concentrations as high
as 1600 cell/L. were reported (SFWMD, 2015). The addition of nutrients from the power-generating units
into the CCS is assumed to be negligible, with nutrients likely originating from allochthonous sources. Total
nitrogen (TN) concentrations in the CCS have been reported in the range of 1.7 —5.3 mg/L (Ecology and
Environment, Inc., 2012). The highest reported TN concentrations in the CCS were measured at all stations

*Algae concentrations are normally given in Chla/L, so these units are unusual.
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in March 2012, which coincided with higher turbidities and pH in the CCS. The majority of the nitrogen
in the CCS appears to be in organic form (typically 80% —90%). Total phosphorus (TP) concentrations in
the CCS have been reported in the range of 4—73 ug/L, with an overall average concentration of 36 pg/L.
Numerous measurements of TN and TP were reported between 7/2010 and 3/2015 (Ecology and Environ-
ment, Inc., 2010; 2011a; 2011b; 2012a; 2012b; 2012c¢; 2013a; 2013b; 2014a; 2014b; 2015), and synoptic
measurements within this time period yield TN/TP values in the range of 48 —2015 with a median value of
142. Since the measured TN/TP values generally exceed the Redfield ratio of 16, it can be inferred that TP
is the controlling nutrient for algae growth in the CCS. The existence of TP-control of algae growth in saline
systems is commonly attributed to the presence of nitrogen-fixing planktonic cyanobacteria which make up
any short-term nitrogen deficits (Howarth and Marino, 2006). It has been reported that the cyanobacteria
Aphanothece sp. are the predominant algae species in the CCS; these species are nitrogen-fixing and thrive
under hypersaline conditions. In addition to nutrients, both temperature and salinity are known to affect
the growth of algae in water bodies. For given nutrient levels, increasing temperatures usually contribute
to increased algae concentrations, and increasing salinities usually contribute to decreased algae concen-
trations (Hékanson and Eklund, 2010). However, for the algae species commonly found within the CCS,
algae concentrations have been reported to increase with increasing salinity (SFWMD, 2015). Algae con-
centrations are usually expressed in terms of the mass of chlorophyll-a per liter of sample volume. Synoptic
measurements of chlorophyll-a (Chla) concentration, salinity (S), temperature (1), and total phosphorus
(TP) concentration at locations near the discharge and intake locations in the CCS between May 31, 2015
and November 13, 2015 are plotted in Figure 1. These synoptic measurements collectively show the algae
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Figure 1: Chlorophyll-a levels in the CCS as a function of temperature, salinity, and total phosphorus



12

concentration (Chla) decreasing with increasing salinity (S), decreasing with increasing temperature (77),
and decreasing with increasing nutrient concentration (TP). All of these trends are contrary to the natural
relationships between Chla, S, T, and TP and are either anomalous or indicate the effect of an algaecide.
The active ingredient of the algaecide commonly used in the CCS is CuSO,, and the possible effectiveness
of this algaecide can be seen by plotting the relationship between Chla and sulfate (SO?[) concentrations;
this relationship is shown in Figure 2. It is apparent from Figure 2 that algae concentrations decrease signifi-
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Figure 2: Chlorophyll-a levels in the CCS sulfate concentrations

cantly with increasing concentrations SO%‘, indicating that the addition of an algaecide is an effective means
of reducing algae concentrations in the CCS. However, according to FPL (see Appendix A), no algaecide
was applied during the period covered by Figures 1 and 2, and so the SOZ‘ apparently acting as an algae-
cide could be the residual from previous CuSO, applications. FPL has suggested an alternative hypothesis
that the decreasing trend in algae concentrations during this time is attributable to salinity concentrations
exceeding 70%o, since the particular algae species observed in the CCS during this time frame was not
ideally suited to growing and surviving in water with salinity exceeding 70%o. Collectively, the anomalous
results described here should provide a strong motivation for FPL to use measured data to develop a func-
tional relationship between algae concentrations and the influencing independent variables of temperature,
salinity, total phosphorus, and algaecide concentrations. Such a functional relationship could provide useful
guidance for the control of algae within the CCS. However, it should generally be kept in mind that Chla
reductions caused by any algaecide are necessarily only temporary, since the natural factors causing high
levels of Chla (i.e., S, T, and TP) remain at elevated levels within the CCS. Since the system is autotrophic,
reduction of autochthonous TP levels should be targeted to ultimately reduce both algae levels and the need
for repeated application of algaecide(s) in the CCS.

Impact of increased algae concentrations. It has been asserted (SFWMD, 2015) that increased algae
concentrations and turbidities associated with algae blooms cause more solar energy to be absorbed in
the CCS, and reduces the ability of the CCS to dissipate thermal energy. The primary mechanisms by
which the CCS dissipates thermal energy input by the power-generating units are by evaporation and the
emission of longwave radiation. A conventional assumption made by engineers and scientists is that the
evaporation rate from a water body is unaffected by the concentration of algae in the water body. There
is no scientific evidence documented in any published studies showing that the rate of evaporation from a
water body is reduced by high algae concentrations. Further, there are no published studies showing that
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the emission of longwave radiation from a water body is particularly sensitive to the concentration of algae
in the water. As a consequence, the primary effect of increased algae concentrations in the CCS can be
assumed to be increased absorption of solar radiation, which would increase the heating of the water and
elevate the temperature of the water in the CCS. The quantitative effect of increased solar heating of the
CCS due to increased algae concentrations is parameterized by a reduced albedo of the water surface, and
the relationship between the reduced albedo and the corresponding increased temperature was investigated
in this study using a heat-balance model described subsequently in Section 2.2 of this report. It should be
noted that the “trapping” of solar energy due to increased algae concentrations would be moderated by the
resulting increased evaporation which would cause increased cooling due to the extraction of the latent heat
of vaporization.

1.5 Saltwater Intrusion

Definitions. The extent of saltwater intrusion in an aquifer is typically based on the chloride concentra-
tion in the groundwater. The chloride concentration in water is commonly called the chlorinity, and typical
seawater has a chlorinity of around 19,000 mg/L.. Contours of equal chlorinity are called isochlors. In South
Florida, water with clorinity exceeding 19,000 mg/L is commonly classified as hypersaline, and the inland
extent of saltwater intrusion is defined by the location of the 1000 mg/L. isochlor. As a reference concentra-
tion, the (secondary) drinking-water standard for chloride concentration is 250 mg/L. Saltwater is commonly
defined as water having a chlorinity greater than or equal to 1000 mg/L, and brackish water as having a chlo-
rinity between 250 mg/L. and 1000 mg/L.. The South Florida Water Management District (SFWMD) defines
seawater as having a chlorinity greater than 19,000 mg/L, and saline water as having a chlorinity greater
than 250 mg/L. Surface-water bodies with chlorinities greater than 1500 mg/L are classified as marine wa-
ters, and surface-water bodies with chlorinities less than 1500 mg/L are classified as fresh waters (FA.C.
62-302.200). The terms “saltwater intrusion”, “saltwater encroachment”, and “salinity intrusion” are used
synonymously. Chlorinity is closely related to salinity, where salinity measures the concentration of total
dissolved solids and chlorinity measures the concentration of dissolved chloride ions. Typical seawater has a
salinity of around 35 g/kg or 35%.. Salinities are also commonly expressed in terms of the practical salinity
unit (PSU), with salinities in PSU being numerically close, but not exactly equal, to salinities in %o (i.e.,
35PSU = 35%o).

Saltwater intrusion in the vicinity of Turkey Point. The landward extent of the saltwater interface (i.e.,
the 1000 mg/L isochlor) in South Florida varies naturally in response to a variety of factors, such as seasonal
variations groundwater recharge, variations in rates at which groundwater is pumped from the aquifer, and
controlled water-surface elevations in coastal canals. For example, prolonged droughts or excessive water
usage inland that reduce water-table elevations can cause increased salinity intrusion. The beginning of
saltwater intrusion in South Florida can be traced back to the draining of the Everglades starting in the early
1900s; the motivation for draining the Everglades was to support urban development and human habitation.
At the time of construction of the CCS in the early 1970s, the groundwater underlying the Turkey Point
site was saline due to the proximity of the site to the coast. In fact, had the groundwater not been saline,
construction of the cooling-canal system at Turkey Point would not have been permitted. The current state
of salinity intrusion in the vicinity of Turkey Point can be found in Prinos et al. (2014). Since the water-table
gradient (and topographic gradient) towards the coast at Turkey Point is very low, and with the location of
the saltwater interface being partially controlled by the water-table gradient, even slight reductions of the
water-table gradient can cause substantial landward movement of the saltwater interface. The occurrence of
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landward gradients during the dry season promotes inland movement of saline groundwater.

CCS impact on saltwater intrusion. It has always been recognized that construction of the CCS without
any mitigating salinity-control systems would cause the saltwater interface to move further inland. This
expectation was based on the assertion that construction of a CCS containing saline water one mile inland
from the coast is tantamount to moving the coast one mile inland, and also moving the associated saltwater
wedge around one mile inland. Since water in the CCS has a higher salinity than seawater, and is therefore
denser that the water in Biscayne Bay, the effect of the CCS is actually greater than moving the coast one mile
inland. The engineering consultants that originally analyzed the performance of the CCS further asserted
that if the water level in the CCS were to be increased by 0.50 ft above the preconstruction water-table
elevation, then the toe of saltwater wedge at the base of the Biscayne aquifer might move approximately
7.5 miles further inland during the dry season as compared to its original location during the dry season.
The engineering consultants also asserted that in the wet season, an elevated water level of 0.50 ft in the
CCS might move the toe of the saltwater wedge approximately 1 mile further inland compared to its original
location during the wet season. Based partially on these expectations, the salinity-control system that is
currently in place was designed to control the westward migration of saltwater originating in the CCS. This
control system involves pumping water from a so-called “interceptor ditch” into the CCS in order to create
a seaward hydraulic gradient between the L-31E Canal and the interceptor ditch, where the L-31E Canal is
located to the west of the interceptor ditch. The protocol for operating this salinity-control system and the
effectiveness of the system are discussed in Section 4.2 of this report.

Trituim as a tracer. Tritium is a naturally occurring radioactive isotope of hydrogen (*H) that is produced
in the atmosphere, is naturally found in very small or trace amounts in groundwater throughout the world,
and has a half life of approximately 12.32 years. Tritium is also a byproduct of the production of electricity
by nuclear power plants, and elevated levels of tritium are commonly found in the cooling water of nuclear
power plants. Tritium has been selected by the cognizant regulatory agencies (SFWMD and DERM) as a
tracer to track the movement of CCS water in the Biscayne aquifer. The drinking-water standard for tritium
is 20,000 picocuries per liter (pCi/L).

Tritium concentrations in the vicinity of CCS. Data collected and analyzed by Prinos et al. (2014)
showed that natural tritium concentrations in southern Miami-Dade county average around 4.2 pCi/L with
a standard deviation of 2.6 pCi/L. Prinos et al. (2014) also noted that groundwater samples collected within
5.3 miles of the CCS had elevated levels of tritium, with measured tritium concentrations in this proximal
area being in the range of 13 — 173 pCi/L, with an average concentration of 40 pCi/L..

Using tritium to trace the movement of CCS water in the Biscayne aquifer. Historical data from 1974
to 1975 showed tritium concentrations in the CCS to be in the range of 1556 —4846 pCi/L, and reports
submitted by FPL for the monitoring period from June 2010 through December 2011 showed CCS tritium
concentrations in the range of 1260 — 14,280 pCi/L.. Natural groundwater at the base of the Biscayne aquifer
would be expected to have relatively low concentrations of tritium. A threshold concentration of 20 pCi/L
has been used as a baseline to infer the presence of groundwater originating from the CCS. Groundwater
with concentrations below 20 pCi/L. are presumed not to be significantly affected by the CCS. FPL does
not concur with the selection of 20 pCi/L. as a threshold for background tritium concentration for surface
water, pore water, or shallow groundwater. The basis of FPL’s contention regarding the 20 pCi/L threshold
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is that multiple factors such as atmospheric deposition, vapor exchange, and errors in laboratory analysis
can influence reported tritium levels. The FPL assertion is reasonable and is supported by measured data
that indicate atmospheric and vapor exchange effects on tritium concentrations can be particularly signifi-
cant in surface water and shallow groundwater, with significance decreasing with distance from the CCS.
However, at depth, the CCS appears to be the primary source of tritium, and using tritium as a tracer in the
lower elevations of the Biscayne aquifer is reasonable. Reported measurements show groundwater tritium
concentrations in excess of 3000 pC/L near the CCS, with concentrations decreasing with distance from the
CCS, and found at concentrations of hundreds of pCi/L three miles west of the CCS at depth. The tritium-
concentration contours derived from measurements in deep wells (within the Biscayne aquifer) surrounding
the CCS were documented by Ecology and Environment, Inc. (2012c) and these contours are shown in Fig-
ure3. The contours shown in Figure3 support the assertion that the CCS is the source of tritium in the
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Figure 3: Tritium-concentrations derived from deep wells surrounding the CCS

groundwater at the bottom of the Biscayne aquifer, indicating that some of this groundwater originated from
the CCS. The approximate limit of the 20 pCi/L concentration contour is 3.8 —4.7 mi west of the CCS and
2.1 mi east of the CCS. Based on these data and supporting analyses, it is reasonable to conclude that oper-
ation of the CCS has impacted the salinity of the Biscayne aquifer at least within the limits of the 20 pCi/L
contour. The presence of elevated levels of tritium above natural background levels in the Biscayne aquifer
is not considered to be a threat to public health and safety, since the measured concentrations are far below
the federal drinking water standard of 20,000 pCi/L. Elevated levels of tritium are simply being attributed to
the presence of water originating in the CCS.

Groundwater flows around the CCS. Any representative model of groundwater flow in the aquifer sur-
rounding the CCS must necessarily account for temperature and salinity effects. This approach is necessary
since flows in the vicinity of the CCS are influenced by spatial variations in density, and the density dis-
tribution in the groundwater depends on both the temperature and salinity distribution. A simplified two-
dimensional cross-section model of the portion of the Biscayne aquifer surrounding the CCS was developed
by Hughes et al. (2010) using the SEAWAT code (Langevin et al., 2007). The focus of the Hughes et al.
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(2010) model was to study the dynamics of density-driven groundwater flow and salinity transport for a vari-
ety of assumed realistic aquifer hydrogeologic properties. Results generated by Hughes et al. (2010) showed
that the base of the Biscayne aquifer immediately under the CCS can be expected to have a salinity roughly
equal to that of the water in the CCS, indicating a uniform salinity distribution over the 100-ft aquifer depth
under the CCS. The temperature at the base of the aquifer under the CCS can be expected to have an equi-
librium temperature of around 80% of the temperature of the CCS water. This combination of salinity and
temperature indicates that the density of the groundwater at the base of the aquifer under the CCS is greater
than the density of water in the CCS, since the density of water is inversely proportional to temperature. The
Hughes et al. (2010) model showed that the extent of salinity intrusion attributable to operation of the CCS
is very sensitive to the salinity of the water in the CCS. For example, increasing the salinity in the CCS from
35%o to 70%o (i.e., by a factor of 2) increased the extent of of salinity intrusion by a factor of 6. This result
lends support to the effectiveness of a strategy of reducing CCS salinities as a means of reducing salinity
intrusion caused by operation of the CCS. The Hughes et al. (2010) model also showed that the time taken
for a salinity plume originating at the CCS-aquifer interface to penetrate the 100-ft depth of the aquifer could
be anywhere from a few days to 5 years, depending on the hydraulic conductivity distribution over the depth
of the aquifer. Since Hughes et al. (2010) investigated a range of plausible aquifer hydraulic conductivity
distributions, the aforementioned result indicates that greater certainty in the subsurface hydrogeology is
required in order to provide reasonably accurate estimates of the time required to arrest salinity intrusion by
reducing the salinity of the water in the CCS.

1.6 L-31E Canal and Interceptor Ditch

L-31E Canal Levee L-31E and its adjacent 20-ft deep borrow canal to the west of the levee were primarily
constructed as a barriers to prevent salinity intrusion to locations west of the canal. The L-31E Canal collects
water from other drainage canals in the area, including Military Canal, North Canal, Florida City Canal,
North Model Land Canal (C-106), and South Model Land Canal (C-107). The L-31E Canal discharges into
Biscayne Bay through structures S-20 and S-20F in the vicinity of Turkey Point. The L-31E Canal was
constructed in the late 1960’s by the U.S. Army Corps of Engineers and the Central and Southern Florida
Flood Control District (FCD); in 1972 the FCD was renamed the South Florida Water Management District
(SFWMD).

Interceptor-ditch control system. The interceptor-ditch (ID) salinity-control system was designed to pre-
vent the seepage of water from the CCS westward within the Biscayne aquifer. The ID, which is located
immediately to the west of the CCS, is occasionally pumped to create a seaward water-table gradient be-
tween the L-31E Canal to the west and the ID to the east, with the basis for the effectiveness of the ID
control system being that groundwater originating in the CCS will be prevented from migrating towards the
west in the presence of an eastward water-table gradient between the L-31E Canal and the ID. The ID is
pumped when a natural seaward water-table gradient between the L-31E Canal and the ID does not exist,
and usually this is needed only during the dry season (November— April). The ID is adjacent and parallel
to cooling-canal number 32 (CC-32) at the western end of the CCS, and was constructed at the same time
as the CCS. The ID is approximately 18 —20 ft deep, 30 ft wide, and 29,0001t (5.5 mi) long. Within the ID
are two pump stations, with each station containing two pumps, each capable of pumping up to 15,000 gpm
(21.6 mgd). There is no mechanism to transfer water between the ID and the CCS, except for the 4 pumps
at the two pump stations. The L-31E Canal, ID, and CC-32 are all approximately parallel to each other and
run at an angle of approximately 17°38’ west of south. The perpendicular horizontal distance between the
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L-31E Canal and the ID is about 1000 ft. When the ID is pumped, there is a quick and measurable response
in water levels in the 1.-31E Canal and the monitoring wells closest to the ID, indicating that there is good
connectivity between the ID, 1.-31E Canal, and nearby monitoring wells.

Interceptor ditch operating rule (1973 -2011). The ID operating rule that was followed from the initial
date of operation of the CCS in February 1973 up until December 2011 (i.e., for 38 years) was as follows:

* Whenever the water-surface elevation in the 1.-31E Canal is more than 0.2 ft higher than the water-
surface elevation in CC-32, there is a seaward water-level gradient and no pumping is necessary.

» If the above criterion is not met, a seaward gradient is still taken to exist if the water-surface elevation
in the 1.-31E Canal is more than 0.3 ft higher than the water-surface elevation in the ID. Under this
condition no pumping is necessary.

* If neither of the above two criteria are met, pumping of the ID is initiated and the pumping rates are
adjusted to meet the 0.3-ft water-level difference criterion between the 1-31E Canal and the ID.

* Pumping is terminated when the criteria for a natural water-table gradient is met (without pumping).

Although this operating rule is no longer in effect, it is still relevant to this analysis since possible westward
migration of saline water from the CCS into the Biscayne aquifer could have occurred while following this
operating rule. This concern is discussed subsequently.

Interceptor ditch operating rule (2011 -present). A more conservative operating rule for the ID was
initiated in December 2011 that considered freshwater piezometric-head equivalents rather than measured
water-table elevations. This resulted in changes to the ID operating rule, and since December 2011 the ID
operating rule in effect is as follows:

+ If the L-31E Canal water-surface elevation minus the CC-32 water-surface elevation is equal to or
greater than 0.30 ft then no pumping of ID is necessary, and a seaward gradient exists.

» If the L-31E Canal water-surface elevation minus the CC-32 water-surface elevation is less than
0.301t, a natural seaward gradient might still exist if the 1.-31E Canal water-surface elevation mi-
nus the ID water-surface elevation is equal to or greater than 0.30 ft and the density of the water in
the ID is less than or equal to 1012kg/m3. If a density in the ID is greater than 1012kg/m?, a higher
elevation difference between 1.-31E and the ID is necessary and can be calculated by converting the
surface-water levels to freshwater piezometric-head equivalents.

» If a natural seaward gradient does not exist, create an artificial seaward gradient by pumping the ID
until the ID is maintained at an elevation difference of at least 0.30-0.70 ft between the L-31E Canal
and the ID, depending on the density of the ID water. '

The primary change between this revised operating rule and the previous operating rule is the increase in the
L-31E/ID/CC-32 water-level difference criteria and the consideration of variable-density effects. The use of
freshwater piezometric-head equivalents provides a more rigorous approach to the operation of the ID.
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Effectiveness of the ID salinity-control system. Both the current and previous operating rules of the
ID salinity-control system have limited salinity-control effects and do not prevent the landward migration
of saline water originating from the CCS under all conditions. Following either of these operating rules,
pumping of the ID reduces the water level in the ID below that in the L-31E Canal thereby creating a seaward
water-table gradient and presumably precluding westward migration of groundwater originating in the CCS.
However, pumping water from the ID into the CCS generally elevates the water-surface in the CCS and it is
possible for the water level in the CCS to be above the water level in the L.-31E Canal, which then creates
the possibility that water originating in the CCS could pass under the ID even when the pumps in the ID are
running to prevent this occurrence. Interestingly, this scenario was recognized in an early report prepared
by the design engineers (Dames and Moore, 1971) based on results derived from an analog model of the
system. The analog model showed that westward migration of the saltwater interface is possible even if the
ID operating rule is followed. Further, Golder (2008) stated that operation of the ID salinity-control system
would prevent westward migration of CCS water “at least in the top 18 ft of groundwater”” Measurements
taken during ID pumping have in fact shown several occurrences where the water level in the CCS exceeds
that in the L-31E Canal during ID pump operation, thereby indicating the possible ineffectiveness of the
ID salinity-control system. In actuality, the functioning of the ID salinity-control system is more accurately
characterized as intercepting shallow saline groundwater adjacent to the ID that is then pumped back to the
CCS when the natural gradients are low and the potential for saltwater intrusion exists. It is possible that
pumping of the ID under some circumstances simply creates a shallow subsurface (groundwater) circulation
in which water from the CCS flows into the ID as groundwater that is subsequently returned to the CCS as
pumped water. In support of this assertion, time series plots show that there are periods during pumping of
the ID when the bottom-water temperatures in the ID rose along with an increase in specific conductance
in the ID (Ecology and Environment, Inc., 2014). Aside from concerns regarding the effectiveness of the
ID control system in mitigating saltwater intrusion, secondary concerns have also been raised that the ID
control system contributes to the deterioration of groundwater quality in that it generally pumps less-saline
water from the ID into the hypersaline CCS which further contributes to increased salinity in the aquifer.

2 Temperature Variations in the Cooling Canals

The temperature in the CCS at the intake to the power-generating units affect the efficiency and power
output of the generating units that use water from the CCS. Both the efficiency and the power output of
the generating units decrease with higher cooling-water temperatures. The practical upper limit of the
intake cooling-water temperature is determined by the characteristics of the condensers and auxiliary heat
exchangers in the generating units.

Maximum-allowable intake temperature. In 2014 the Nuclear Regulatory Commission granted FPL’s
request to increase the maximum intake cooling-water temperature for the nuclear-power generating units
from 100°F to 104°F. Under the new rule, if the intake cooling-water temperatures in the CCS were to
exceed 100°F, then FPL would be required to monitor the temperature at the cooling-water intake at least
once every six hours® as long as the intake-water temperature exceeds 100°F. If the intake cooling-water
temperatures in the CCS were to exceed 104°F, then FPL would be required to transition Units 3 and 4
into at least “hot stand by” mode within 12 hours, and to “cold shutdown” mode within 30hours. Since
curtailment of power generation would adversely affect a large number of customers in the South Florida

$The normal monitoring interval for the intake-water temperature is 24 hours.
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service region, Miami-Dade County is obliged to work with FPL to find ways to avoid cutbacks in power
generation resulting from elevated temperatures in the CCS.

2.1 Results from Previous Studies
2.1.1 Temperatures in the CCS

Water temperatures in the CCS are almost always higher than synoptic temperatures of the overlying air,
and temperatures in the CCS are almost always higher than temperatures in nearby Biscayne Bay. Analyses
done by FPL’s engineering consultants in around 2008 anticipated that the uprate of Units 3 and 4 would
cause a maximum temperature increase of 2.5°F (1.4°C) in the cooling water discharged to the CCS and
an increase of 0.9°F (0.5°C) in the temperature of the intake water (SFWMD, 2008). These temperature
changes were predicted to result in an increase in evaporation from the CCS of around 2 -3 mgd, and the
increased evaporation was expected to increase the salinity in the CCS by 2%o— 3%eo. In contrast to the afore-
mentioned predictions, it has been generally reported that temperatures in the CCS have actually increased
by 5-9°F (3-5°C) in the post-uprate period compared with the pre-uprate period. In the summer of 2014
(during the post-uprate period), temperatures in the CCS were sufficiently elevated as to prompt concern
regarding the sustainability of the CCS as an adequate source of cooling water to the power-generating
units. According to FPL’s consultant (Ecology and Environment, Inc., 2014), the increase in CCS water
temperatures in the post-uprate period cannot be attributed to the uprate since the total heat rejection rate to
the CCS from Units 1, 2, 3, and 4, operating at full capacity prior to the uprate would have been higher than
the post-uprate heat rejection rate to the CCS for Units 1, 3, and 4, operating at full capacity. Unit2 in the
post-uprate period has been dedicated to operate in a synchronous generator mode and hence not producing
steam heat. It is important to note that the preceding argument presented by FPL’s consultant is flawed,
since power-generating units do not operate at full capacity over extended periods of time, and so the actual
power generation (which affects the temperatures in the CCS) should not be inferred from power-generation
capacity. Furthermore, with the post-uprate switch to a higher percentage of power being generated by
the nuclear units, the capacity factor of the combined generating units serviced by the CCS would almost
certainly be higher in the post-uprate period compared with the pre-uprate period.

2.1.2 Thermal Efficiency of the CCS

The thermal efficiency of the CCS is a measure of the ability of the CCS to cool the discharged water down
to the background air temperature. An investigation of the thermal efficiency of the CCS was performed by
Lyerly (1998), and these analyses indicated that the thermal efficiency of the CCS at the time of the Lyerly
(1998) study was equal to 86.4%. This efficiency was based on a 24-h average discharge temperature of
107.3°F (41.8°C), average intake temperature of 91.1°F (32.8°C), and an average air temperature of 88.6°F
(31.4°C). In analyzing the temperature measurements, Lyerly (1998) noted that most of the cooling (i.e.,
most of the temperature decrease) occurs as the water in the CCS flows from the (north) discharge location
to the (south) collector canal, with much less temperature decrease as the water flows back from the collector
canal to the (north) intake location. It is expected that the thermal performance varies with flow rate and the
state of the CCS, so the reported thermal efficiency should be regarded more as a snapshot of conditions at
the time of the measurements than as a constant value. More recent measurements between June 2010 and
June 2012 (Ecology and the Environment, 2012) show water temperatures in the CCS on the discharge side
of the power-generating units being around 13.5°F (7.5°C) warmer on average than at the intake side of the
power-generating units. The average temperature at the south end of the CCS was only 2°F (1.1°C) warmer
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than at the intake side of the power-generating units, which supports the assertion that most of the cooling
in the CCS occurs as the water flows from north to south.

2.1.3 Thermal Effects on Groundwater

Measured groundwater temperatures in some wells between the ID and the L-31E Canal show higher tem-
peratures than the groundwater west of the L-31E Canal, and this occurrence has been partially attributed
to limited cooling-canal water intrusion (Dames and Moore, 1977). A “groundwater thermocline” has been
reported to exist in the area west of the CCS, which shows a sudden decrease in groundwater temperature
at a particular depth in the aquifer. Measurements show that nearly all of the seasonal temperature fluc-
tuations occur above an elevation of —25 ft NGVD. Below —25 ft NGVD, the groundwater temperature
generally remains in the range of 75°F—77°F (24°C-25°C). The seasonal temperature fluctuations above
—25 ft NGVD have been attributed to the heating and cooling of water in the L.-31E Canal in response to
seasonal changes in atmospheric conditions. Notably there is some temperature stratification in the L-31E
Canal, in part due to the canal depth and limited flow. The near-surface water temperatures in the L-31E
Canal are almost always warmer than the bottom temperatures, and the surface temperatures exhibit more
daily variability in response to air-temperature changes. Aside from the groundwater adjacent to the L-31E
Canal, it has also been reported (Ecology and Environment, Inc., 2014) that since groundwater in monitoring
wells TPGW-2M and TPGW-2D is warmer than other nearby surface waters such as Biscayne Bay or fresh
groundwater, the CCS might be influencing the groundwater temperatures in those wells. Based on mod-
eling results reported by Hughes et al. (2010), subsurface temperature variations in the immediate vicinity
of the CCS are of sufficient magnitude to significantly influence the density-driven groundwater flow in the
aquifer, particulary in the immediate vicinity of the CCS. As a consequence, temperature variations in the
aquifer must be regarded as significant, and therefore taken into account in modeling the extent of intrusion
of CCS water into the Biscayne aquifer.

2.2 Heat-Balance Model of CCS

To fully understand the temperature dynamics in the CCS, it is necessary to have a validated heat-balance
model of the CCS. In reviewing the documentation made available for this investigation, all indications
were that such a model does not currently exist, at least not in the public domain. Historical documentation
shows that a heat-balance model was developed in the early stages of operating the CCS, as reported by
Ray L. Lyerly Associates (1973), however, utilization of this model has not been subsequently reported. As
described by Lyerly (1973), the heat-balance model that was developed previously took into account such
key components as the heat input from the power-generating units, the net heat entering the water from
shortwave solar radiation and longwave atmospheric radiation, and the latent heat transfer associated with
evaporation. The input variables in the thermal model were the air temperature, relative humidity, wind
speed, and the net amount of radiation; the output variable was the water temperature in the CCS.

2.2.1 Heat-Balance Model Formulation

To investigate and understand the thermal dynamics within the CCS, a preliminary heat-balance model of
the CCS was developed for this study. The CCS was divided into four zones as shown in Figure 4, where
water in the CCS flows sequentially through zones 1, 2, 3, and 4. The four delineated zones are the same
zones that are used in salinity-balance model of the CCS developed by an engineering consultant for FPL.
The measurement stations that characterize conditions within each of the four CCS zones were taken as
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Figure 4: Cooling-canal system

TPSWCCS-1, TPSWCCS-2, TPSWCCS-4, and TPSWCCS-5, respectively, and the approximate locations
of these measurement stations are shown in Figure 4. The average-daily temperature measurements within
each of the CCS zones in the period 9/1/10—-12/7/14 are shown in Figure5. It is apparent from these
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Figure 5: Temperature measurements in CCS

measurements that the temperatures in the CCS decrease noticeably from zones 1 to 3 (i.e., moving from
north to south in the CCS), with much less temperature change as the water moves back to the northern
(cooling-water intake) end of the CCS through zone 4. Therefore, almost all of the cooling in the CCS occurs
in the south-flowing canals in the western portion of the CCS. It is further apparent from the temperature
measurements shown in Figure 5 that the midsummer temperatures in the CCS in 2014 (between July and
August) were higher than the midsummer temperatures in the CCS in previous years. For the period of



22

record (9/1/10—12/7/14), the maximum measured daily-average temperature in Zone 1 was 113°F (44.9°C)
recorded on 8/21/14, and the maximum measured daily-average temperature in Zone 4 was 101°F (38.3°C)
recorded on 8/22/14. Since the maximum allowable temperature at the cooling-water intake is 104°F and
measured temperatures in Zone 4 have been close to this limiting value (e.g., 101°F recorded on 8/22/14),
there is cause for concern. Temperatures in Zone 4 near the 104°F Jimit could force curtailment of power
generation by one or more of the nuclear-power generating units, and cause power outages in South Florida.
Given the elevated temperatures that have been recorded in the CCS, is necessary to identify the fundamental
reasons for these occurrences, and to determine whether such occurrences are expected to continue in the
future without any changes in the CCS and/or power-plant operations. To fully understand the temperature
dynamics in the CCS it was necessary to develop a heat'-balance model of the CCS, which is described in
the following section.

2.2.2 Heat-Flux Components

The heat fluxes within each of the CCS zones are illustrated in Figure 6, where the volumetric inflow rate and
temperature are ()1 and 17, respectively, and the corresponding quantities on the outflow side are Q2 and 7.
Within each zone, there are several sources of energy that are represented in Figure 6. These energy sources
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Figure 6: Energy fluxes in CCS zone

and their quantification are described below, where, for consistency with thermodynamic convention, energy
added to CCS is taken as positive and energy losses are taken as negative.

Absorbed solar radiation, (1 — o) Rg. The incident solar (short-wave) radiation, which is normally avail-
able from direct measurements, is represented by Ry [EL~2T—1]", and the albedo (i.e., reflectivity) of
the water surface is represented by o [dimensionless]. Therefore, the amount of solar radiation that is
absorbed within the zone is (1 — &) Rs. The average solar radiation, Ry, for each day in the four-year
study (9/1/10-12/7/14) was obtained from the Florida Automated Water Network (FAWN) station
located on the premises of the University of Florida Tropical Research and Education Center (TREC)
in Homestead, Florida. The albedo, «, of a water surface is typically on the order of 0.1 for latitudes
in the range of 20°—30° (Cogley, 1979), and a value of 0.1 was used as a reference value for this
investigation. Factors such as the concentration of algae in the CCS can affect the value of «, and
therefore the sensitivity of the temperature dynamics within the zone to elevated algae concentrations
was investigated by varying «. The minimum value of « is equal to zero, in which case all of the

91n this report “heat” and “thermal energy” are used interchangeably.
"Terms in square brackets indicate dimensions: E = energy, L = length, M = mass, T = time, and © = temperature,
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incident solar radiation is absorbed by the CCS and none is reflected. Hence, a was varied within the
range of 0-0.1.

Evaporation heat flux, Ey,. Evaporation extracts heat from the CCS due to the latent heat of evaporation
required to transform water from the liquid phase to the vapor phase. The evaporation heat flux,

Ey, [EL™2T~1], is given by
Ey = —EpiLy : (D

where E [LT™!] is the evaporation rate, ps [ML ™3] is the density of fresh water, and L, [EM ]
is the latent heat of vaporization of water. The evaporation rate of water has long been known to
decrease with increasing salinity (e.g., Harbeck, 1955; Salhorta et al., 1985). In the present study,
daily evaporation rates, E, were calculated based on typical salinities in the CCS, measurements
of water temperature, T3 [©], at the monitoring station within the zone, onsite measurements of air
temperature, T, [@] and relative humidity, RH [dimensionless] at station TPM-1, and measurements
of wind speed, V4, at station TD. The freshwater density, pf, in Equation 1, was taken as 994 kg/m3,
which is the approximate density of fresh water at 35°C (95°F). The latent heat of vaporization,
Ly, in Equation 1, is known to depend on both the temperature and salinity of the source (liquid)
water. At a temperature of 35°C, values of Ly at salinities of 60%oc and 80%o. are 2.279 MJ/kg and
2.229 MJ/kg, respectively (Sharqawy et al., 2010), and an average of 2.254 MJ/kg was used for Ly in
the energy analysis. The empirical formula used for estimating F [cm/d], from onsite meteorological
measurements is

E= ~\CW(O.299 +0.11Vy) [Bes(Ts) — RHeg(Th)) 2)

=f(Vw)

where C,, [dimensionless] is a calibration constant, f{V5,) = C{(0.299 4+ 0.11V4,) is a wind function
that accounts for the effect of wind on evaporation, V4, is the wind speed in m/s, § [dimensionless] is a
factor that accounts for the effect of salinity on the saturation vapor pressure of water, and es(7") [kPa]
is the saturation vapor pressure of water at temperature 7. Equation2 was used to calculate the
evaporation for the sake of consistency with the previously developed salinity model of the CCS,
where the constants Cy, and 3 were taken as 0.69 and 0.885, respectively. In the salinity model, the
value of C, was determined by calibration, and the value of 5 was obtained from previous research
on evaporation from saline water bodies reported by Salhorta et al. (1985). The evaporation formula
given by Equation 2 has an uncertain functional form, particularly for the wind function f(V4,).

Uncertainty in the wind function. Wind functions used to estimate evaporation typically have the
form f(Vi) = a + bV, where a and b are constants. Such a wind function is used in Equation 2.
In artificially heated waters, vertical convection is particulary important under low-wind conditions
making specification of the value of a a key parameter. The wind function used in Equation2 was
originally proposed by Williams and Tomasko (2009) for heated waters, however, alternate formula-
tions have been proposed by others (e.g., Brady et al., 1969; Ryan and Harleman, 1973). Notably,
the formulation proposed by Ryan and Harleman (1973), and subsequently supported by Adams et al.
(1975), accounts for the effect of the temperature difference between the heated water and the overly-
ing air in specifying the convection parameter a in the wind function, which is a logical relationship
that is not accounted for in the other models (including the model used in this study) and could be an
important consideration in accounting for convective heat transfer at low wind velocities.



24

Rainfall heat flux, R;,. Rainfall that is cooler than the water in the CCS extracts thermal energy from
the CCS because thermal energy in the CCS water is used to warm the rainwater. The heat flux,
Ry, [EL2T1] due to rainfall directly on the CCS can be estimated using the relation

R’y = —PfCpf dr(:rs - :Tr)

where pf [ML 3] and c,s [EM~1©71] are the density and specific heat of the (fresh) rainwater, re-
spectively, d; is the depth of rainfall, 7 [©] is the temperature of the water in the CCS, and 77 [©] is
the temperature of the rainfall. There are no direct measurements of rainfall temperature at the Turkey
Point site, however, it can be estimated that during a rainfall event the ambient air can be cooled by
several degrees, and the temperature of raindrops approaches that of the cooled ambient air. Cooling
effects of rainfall on the ambient air have been reported to be as high as 10°C (Byers, 1949). On a
global average, raindrops can have temperatures in the range of 32°F—80°F (0°C—27°C). For pur-
poses of the present analysis, the temperature of the rainfall, 77, was assumed to be 68°F (20°C), and
the corresponding values of pr and cp¢ were taken as 998 kg/m? and 4.180 kJ/kg-°C, respectively. The
temperature dynamics in the CCS zones are relatively insensitive to the assumed temperature of the
rainfall.

Atmospheric longwave radiation, L,. Any body of matter whose temperature is above absolute zero emits
longwave radiation. Longwave radiation, L, [W/m?] emitted by the atmosphere can be estimated us-
ing the relation (Chin, 2013)

Lo = o(Ty +273)*(0.6 +0.031+/RH e5(T4) (1 — Ry,)

where ¢ is the Stefan-Boltzmann constant (= 4.903 x 1072 MJ-m?K—4d—1), 7., [°C] is the air tem-
perature, RH [dimensionless] is the relative humidity, e5(7,) [mm Hg] is the saturation vapor pressure
of water at temperature 7, and FEy, is the longwave reflection coefficient that can be taken as 0.03.
On cloudy days, atmospheric longwave radiation can be the greatest source of thermal energy at the
water surface.

Water longwave radiation, L,,. Water in the CCS also emits longwave radiation by virtue of its temper-
ature being greater than absolute zero. Longwave radiation, Ly [W/m?] emitted by the water in the
CCS can be estimated using the relation (Chin, 2013)

Ly = —eo(Ts +273)*

where ¢ is the emissivity of water that can be estimated as 0.97 [dimensionless], ¢ is the Stefan-
Boltzmann constant as given previously, and T [°C] is the temperature of the water in the CCS.

Heat interchange with surrounding aquifer, Gy,. The CCS exchanges heat with the surrounding aquifer
via seepage of groundwater into and out of the CCS, and conduction of heat between water in the
CCS and both the groundwater and solid (limestone) matrix in the surrounding aquifer. It is to be
expected that the region immediately surrounding the CCS is normally cooler than the water in the
CCS, in which case there will be cooling of the CCS water due to heat conduction between the CCS
and the surrounding aquifer, cooling due to seepage inflow from the surrounding aquifer into the
CCS, and no cooling or heating due to seepage outflow from the CCS into the surrounding aquifer.
The cooling heat flux due to conduction can be assumed to negligible compared to the heat flux due to
seepage inflow. The heat flux Gy, [EL 2T 1] due to seepage inflow is proportional to the temperature
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difference between the water in the CCS and the groundwater in the surrounding aquifer and can be
estimated by the relation
ng
S

Gh = —pgCpg A_Ang

where p; [ML ™3] and c,s [EM 1©71] are the density and specific heat, respectively, of the groundwa-
ter surrounding the CCS, Qg [L3T 1] is the seepage inflow to the CCS from the surrounding aquifer,
Ag [L?] is the area of the CCS zone, and ATye [O] is the difference between the temperature in the
CCS, 75 [©], and the temperature on the surrounding groundwater, T, [O] (i.e., ATy = Ty — Ty)

Conduction heat flux, C},. The conduction heat flux is associated with the sensible transfer of heat be-
tween the CCS water and the air above the CCS. The conduction heat flux, C, [W/m?] can be esti-
mated using the empirical relation (Chin, 2013; Chapra, 1997)

Cn = —cf (V) (Ts — Ta)

where cp is Bowen’s coefficient, and f(V4,) is the wind function as defined in Equation 2. Following
the guidance given in Chin (2013) and Chapra (1997), the value of ¢g can be estimated as 0.063.
According to Martin and McCutcheon (1998), sensible heat transfer from lakes and reservoirs to the
overlying air due to conduction and convection is a relatively small component of the heat balance
equation that is poorly understood, and Brown and Barnwell (1987) have noted that the conduction
heat flux from lakes and reservoirs to the overlying air calculated by heat-transfer theory is normally
small enough to neglect. Given the aforementioned considerations, conduction of heat between the
CCS and the overlying air was neglected in this analysis.

The sum of the above-described heat-flux components gives the net heat flux into to the CCS due to the
combined effects of solar radiation, evaporation, longwave radiation, seepage, and conduction. The heat
dissipated by the CCS is equal to the negative of this summation.

2.23 Steady-State Energy Model

In terms of the component heat fluxes described in the previous section, the steady-state heat-balance equa-
tion for the CCS is given by

4

ng—Z{[(1—a)Rs+Eh+Rh+La+Lw+Gh]iAi} 3)
=1

where Hg [EL~2T 1], is the heat-rejection rate of the power-generating units that are serviced by the CCS,
1 is an index that refers to each zone within the CCS, A; [L2] is the area of Zone 4, and the summation is
over the four zones within the CCS. The average water-surface area in each CCS zone during the period
9/1/10-5/31/14 is given in Table 1, and the average total area of the CCS water surface during this period
was approximately 1886 ha (= 4685 ac = 7.32 mi?).



26

Table 1: CCS Zonal Areas in Energy and Salinity Models

Area
Zone (ha)
1 187.7
2 988.1
3 349.1
4 371.1

Total 1896.0

2.2.4 Model Application

Application of the heat-balance model given by Equation 3 consists of first calculating the the component
heat fluxes in each zone of the CCS, and then summing the component heat fluxes to estimate the rate
at which heat is being added to the CCS by the power-generating units. A daily time step is used in the
calculations, and so daily-averaged heat-rejection rates are estimated. Two key aspects of these calculations
are given below.

Cooling from ID pumpage. The heat extracted from the CCS by pumping cooler water from the ID into
the CCS was calculated in a similar manner to the method used to calculate the cooling effect of rainfall,
where the “effective” rainfall rate is equal to the volume of water pumped from the ID divided by the area
of the CCS. Assuming (conservatively) that the temperature difference between the ID water and the CCS
water is 10°C (50°F), the cooling effect of pumped ID water was found to be negligible compared with other
component fluxes in the heat-balance equation.

Estimation of heat-rejection rate. The heat-balance model used in this study, given by Equation 3, as-
sumes that on any given day the heat added to the CCS (by the power-generating units, solar radiation, and
atmospheric longwave radiation) is equal to heat loss from the CCS (by evaporation and longwave radia-
tion). It is assumed that heat storage due to stage changes on any given day is small relative to the other
heat-flux terms. Since daily stage changes are typically less than 2% of the local CCS depth, the assumption
of a relatively small change in heat storage over daily time scales within the CCS is justified. In cases where
daily time steps are used, estimated values of He given by Equation 3 might fluctuate about a mean value
and be difficult to discern. In such cases, the average heat-rejection rate, (H a)J, over a period of J time
steps can be estimated using the relation

J
<HG)J = — HgAt 4)
TG 2

where At is the duration of each time step. In accordance with Equation4, a constant heat-rejection rate
can be recognized by plotting the cumulative estimated heat rejection rate, ijl H, a/At, versus time, JAL,
which would would result in a straight line of constant slope equal to (Hg) 7. This relationship was used
in this study to identify periods of constant heat rejection rate of the power-generating units that utilize the
CCS.
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2.2.5 Model Results

The heat-balance model was applied to each of the four zones within the CCS to determine the net heat flux
into each zone, and the results from all zones were combined to determine the net heat flux into the entire
CCS. The heat-balance model was applied at daily time steps for the period of record, 9/1/10—-12/7/14.
The thermal-energy dynamics within each of the CCS zones are similar, and the temporal variations of the
heat-flux components in Zone 1 will be used to demonstrate the thermal-energy dynamics within each zone.

Zone 1 heat-flux components. The longwave radiation and shortwave solar energy fluxes as a function of
time are shown in Figure 7(a), and the evaporation and rainfall heat fluxes as a function of time are shown in
Figure 7(b). It is apparent that the shortwave and longwave energy fluxes vary seasonally, and there is much
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Figure 7: Energy fluxes in Zone 1

more seasonal variation in the shortwave solar radiation than in the longwave radiation. The net longwave
radiation has a cooling effect (i.e. net negative heat flux) which contributes to a net-radiation cooling of
the CCS water at night when the solar radiation is effectively zero. It is apparent from Figure 7(b) that
evaporation and rainfall generally have a cooling effect, with evaporation usually having the greater cooling
effect and rainfall having a lesser cooling effect. The convective heat flux between the CCS and the adjacent
groundwater, G, is not shown in Figure 7 because the magnitude of G}, is generally much smaller that the
heat flux due to rainfall, and therefore has a minimal impact on the heat balance within the CCS.

Heat rejection rate of the power-generating units. To determine the thermal dynamics in the entire
CCS, the component heat fluxes were determined for each zone within the CCS, and these heat fluxes were
combined in accordance with Equation 3 to determine the thermal energy that is added to the CCS by the
power plant (i.e., the heat-rejection rate). The cumulative heat-rejection from the power plant as a function of
time for the entire CCS is shown in Figure 8. It is apparent from Figure 8 that there are two periods during
which the heat rejection rate is approximately constant. The first period, shown as Period 1 in Figure 8,
covers the time interval 9/1/10—2/1/13, and the second period, shown as Period 2 in Figure 8 covers the
time interval 7/1/13—12/1/14. Notably, Period 1 includes the pre-uprate period before February 2012 and
Period 2 includes the post-uprate period after May 2013. During Period 1, the average heat-rejection rate
is estimated to be around 2600 MW, and during Period 2 the average heat-rejection rate is estimated to be
around 5300 MW. Although these estimated heat rejection rates are preliminary estimates and derived from
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Figure 8: Cumulative heat rejection rate from the power plant

an uncalibrated heat-balance model, the distinct difference in heat-rejection rates between the two periods
is clear, and the estimated magnitudes of the heat-rejection rates during these two periods are reasonable
given the capacities of the power-generating units serviced by the CCS and the energy efficiencies normally
associated with fossil-fuel and nuclear power plants. A logical inference from the results shown in Figure 8
is that the uprate in power-generating capacity of the two nuclear units (Units 3 and 4) has caused the total
heat-rejection rate from the power plant to increase significantly. This finding is not inconsistent with the
condition that the post-uprate generating capacity of the power plant served by the CCS is less than the
pre-uprate generating capacity (due to Unit 2 operating in synchronous generator mode). This is so because
in the post-uprate generating capacity there is a significant shift from fossil-fuel generation to nuclear-power
generation, and nuclear-power units are known to have much higher heat-rejection rates to cooling water than
fossil-fuel generating units, which release a significant portion of their waste heat in flue-gas emissions. In
addition, nuclear units typically have much higher capacity factors than fossil-fuel generating units, which
means that the actual power generation is likely to be closer to the generating capacity under post-uprate
conditions than under pre-uprate conditions.

Effect of reduced flows in the CCS. According to FPL, the uprate of Units 3 and 4 between January 2012
and May 2013 resulted in reduced CCS flow rates of up to 50% for a period of approximately 16 months.
If the anomalous period with reduced CCS circulation (January 2012 —May 2013) were excluded from the
heat-budget analysis, this would not affect the conclusion that the post-uprate heat rejection rate to the CCS
is significantly higher than the pre-uprate heat-rejection rate. This assertion is apparent from Figure 8, which
shows that the heat-rejection rate prior to January 2012 is approximately the same as that asserted for the
entire Period 1, and the anomalous flow period (January 2012 —May 2013) does not overlap with Period 2.
Consequently, the asserted pre- and post-uprate heat-rejection rates would be approximately the same if the
anomalous flow period were excluded from the analysis, and hence inclusion of the anomalous flow period
does not significantly affect the heat-budget analysis and the derived conclusions.
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Data supporting increased heat rejection rate. Using the uncalibrated heat-balance model, the average
heat-rejection rate prior to 2/1/13 (Period 1) is estimated as 2600 MW, and after 7/1/13 (Period 2) is estimated
as 5300 MW. Power-generation data for the units serviced by the CCS for the months included in Periods 1
and 2 were documented by Ecology and Environment, Inc. (2012; 2014) and Nuttle (2015a; 2015b) and these
data are plotted in Figure 9. For the months within Period 1, the average power generation (shown in red in
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Figure 9: Power-generation in Periods 1 and 2

Figure 9) was 1160 MW, and for the months within Period 2 the average power generation (also shown in red)
was 1620 MW. Using these data, the plant efficiencies during Periods 1 and 2 are approximately 31% and
23%, respectively, which are on the order of magnitude that one would expect from the mix of fossil-fuel and
nuclear-power generating units being serviced by the CCS. To account for possible seasonalities in power
generation, 12-month average power generation (shown in green in Figure 9) were 1307 MW and 1629 MW
for Periods 1 and 2, respectively, which correspond to plant efficiencies of 33% and 24%, respectively. For
both of the scenarios considered here, the estimated heat-rejection rates appear to be quite reasonable for the
given power-generation rates. The results presented here are further supported by data contained in a recent
report by the Electric Power Research Institute (EPRI, 2012). These data show the summer capacity of each
nuclear unit as 693 MWe, with a corresponding thermal output of 2300 MWth, indicating a unit efficiency

of 23% which is remarkably close to the plant efficiencies derived from the heat-balance model developed
in this study.

Effect of algae. It is assumed that increased algae concentrations in the CCS affect the heat balance in
the CCS by increasing the amount of solar energy that is absorbed by the CCS. Consequently, the effect of
elevated algae concentrations in the CCS was investigated by reducing the albedo (i.e., reflectivity), «, of
the water surface from 0.1 to 0.0 starting on January 1, 2014. An albedo of 0.1 was used in the “normal”
simulations presented in Figure 8 since this is the typical value of ¢ that is associated with water surfaces
at subtropical latitudes; this corresponds to 90% of the incident solar radiation being absorbed by the water
in the CCS. Assuming that the effect of algae is to retain more solar heat, then taking oo = O represents
the extreme case where the CCS with high concentrations of algae absorbs 100% of the incoming solar
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radiation. The effect of reducing « from 0.1 to 0.0 on the estimated cumulative heat-rejection rate is shown
in Figure 10. It is apparent from Figure 10 that the impact of the higher absorption rate of solar energy
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Figure 10: Estimated algae effect on estimated cumulative heat rejection rate from the power plant

attributed to high algae concentrations is relatively small compared with the heat rejection rate of the power-
generating units. In quantitative terms, the increased rate of heating of the CCS due to reduced reflection of
solar energy is around 400 MW, compared with a normal heat rejection rate of around 5500 MW (in 2014).
This indicates that the (maximum) rate of increased heating caused by algae is only around 7% of the normal
heat-rejection rate, and hence there is a relatively small heating effect caused by algae in the CCS.

Relationship between increased net heat flux and temperature. An increased heat-rejection rate would
normally be expected to increase the temperature in the CCS relative to the temperature of the overlying
air. Representing the temperature in the CCS as T, and the temperature of the overlying air as 75, this
temperature difference is Ty — T,. The variation of Ty — 73 as function of time for each of the four CCS
zones is shown in Figure 11, where the average temperature difference during Period 1 and Period2 are
shown as horizontal lines. It is apparent from Figure 11 that the increase in the average heat-rejection
rate from Period 1 to Period 2 corresponds to an increase in the average value of 75 — 7,. Representing
the average value of Ty — T, during Period 1 as AT and the average value of Ty — T3 during Period 2
as AT, these averaged values for each CCS zone are shown in Table 2, along with the corresponding
standard deviations, Sy and Sq, respectively. These results show that in Zone 1, which accepts the cooling-
water discharge, the average temperature difference between the CCS and the overlying air has increased
from 9.6°C (17.3°F) to 13.1°C (23.6°F), which corresponds to an average temperature increase of 3.5°C
(6.3°F). In Zone4, which contains the cooling-water intake, the average temperature difference between
the CCS and the overlying air has increased from 2.8°C (5.0°F) to 5.4°C (9.7°F), which corresponds to an
average temperature increase of 2.6°C (4.7°F). These changes in average temperature can be contrasted with
previous (pre-uprate) predictions made by FPL’s engineering consultants in 2008 where it was anticipated
that the uprate of Units3 and 4 would cause a maximum temperature increase of 1.4°C (2.5°F) in the
discharged cooling water (to Zone 1) and an increase of 0.5°C (0.9°F) in the temperature of the intake water
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Figure 11: Temperature differences between CCS and overlying air. Horizontal lines show intervals of
constant heat-addition rates.

(from Zone 4). The standard deviations of the temperature fluctuations are similar across all zones, and have
shown relatively modest decreases between the pre-uprate and post-uprate periods. Of particular interest,
in Zone 1 the standard deviation decreased from 3.8°C (6.8°F) to 3.3°C (5.9°F), and in Zone 4 the standard
deviation decreased from 3.9°C (7.0°F) to 3.5°C (6.3°F).

Thermal efficiency. The thermal efficiency, 7, of the CCS is a measure of the ability of the CCS to
cool the water down to the background air temperature. The thermal efficiency of the CCS was previously
measured by Lyerly (1998} using the relation

Ti - Ta
Td - Ta
where Ty and Tj are the temperatures of the cooling water at the discharge and intake ends of the power
plant, respectively, and T, is the temperature of the ambient air above the CCS. The thermal efficiency of
the CCS can be estimated using Equation 5 by replacing Ty — T by the average value of Ty — T}, in Zone 1,

and replacing T3 — T, by the average value of Ts — Ty in Zone 4. Using the averaged temperature differences
given in Table 2 in Equation 5 gives:

n=1- &)

2.8 5.4
iodl:y =1— — =0. iod2: y =1— ——=10.59
Period 1: n, = 1 06 0.71, Period 2: 7, 31 0
These results indicate that the thermal efficiency of the CCS in Period 1 is around 70% and the thermal

efficiency of the CCS in Period 2 is around 60%. Hence, the thermal efficiency of the CCS has apparently
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Table 2: Temperature Statistics in CCS

Period 1 Period 2
AT1 S ATy Sy ATy— AT,
Zone (°C) (°C) (°C) (°C) (°C) (°F)
1 96 3.8 13.1 3.3 35 6.3
46 37 84 37 38 6.8
29 39 b5 36 286 4.7
28 39 b4 35 26 4.7

E- G PSR )

decreased between Period 1 and Period 2. The reason for this decrease in thermal efficiency is not readily
apparent and could be due to a variety of factors, including increased thermal loading, inefficient flow
distribution, and increased algae concentrations and turbidity in the CCS. It should be noted that the thermal
efficiency of 86% reported by Lyerly (1998) is not directly comparable to the values calculated here, since
the additional cooling between the discharge location and the Zone 1 temperature measurement station, as
well as the additional cooling between the intake location and the Zone 4 temperature measurement location
are not taken into account in the present analysis.

Efforts to improve thermal efficiency. FPL has undertaken significant efforts to improve the thermal
efficiency of the CCS by reducing flow restrictions (blockages) caused by elevated sediment levels and other
impediments in the CCS. Sediment removal from the CCS was conducted between March and October
2015, with the intention of redistributing the flow and recovering the design flow depths in portions of
CCS. FPL has reported that the thermal efficiency of the CCS was approximately 65% in August 2015 (see
Appendix A). However, the extent to which the removal of blockages will contribute to increased thermal
efficiency in the CCS is unknown at this time. The temporal trend in the thermal efficiency of the CCS
is shown in Figure 12**, where it is apparent that the pre-uprate thermal efficiency averaged around 77%
and the post-uprate thermal efficiency is currently averaging around 67%. Under the best-case scenario, the
thermal efficiency of the CCS would be improved to levels that are sufficiently greater than the pre-uprate
thermal efficiency so as to compensate for the increased heat loading that is occurring under post-uprate
(current) conditions. If this best-case scenario is not achieved, then post-uprate temperatures in the CCS can
be expected to continue being greater than pre-uprate temperatures in the CCS. Based on the data shown in
Figure 12, it is not apparent at this time that the post-uprate thermal efficiency is trending towards recovering
the pre-uprate thermal efficiency. As a consequence, temperatures in the CCS are expected to continue being
elevated relative to pre-uprate temperatures.

2.2.6 Conclusions

The results derived from the heat-balance model indicate that the rate of heat addition to the CCS has in-
creased significantly during the period of record, and that the increased heat-addition rate is manifested in
an increase in the average temperature in the CCS relative to the temperature of the overlying air. It appears
that the most likely cause for the increased heat-addition rate is an increased heat-rejection rate from the

**From data contained in the FPL response to the preliminary report.
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Figure 12: Thermal efficiency of the cooling canal system

power-generating units. Notably, the increased heat-addition rate began shortly after the beginning of the
post-uprate period. As a result of the increased heat addition to the CCS, the average temperature in the
intake zone (Zone 4) has increased by approximately 2.6°C (4.7°F). Interestingly, this measured increase in
average temperature is slightly greater than the increase in the maximum allowable operating temperature
at the intake location of 2.2°C (4.0°F)'T approved for the nuclear-power generating units by the Nuclear
Regulatory Commission in 2014. Therefore, the increased maximum allowable operating temperature has
not reduced the probability of the intake temperatures exceeding the threshold value, and might have slightly
increased the probability of exceeding the threshold temperature. This serves as a cautionary note regard-
ing further increases in power generation beyond 2014 levels without providing a supplementary system
to cool the water in the CCS. Others have cited increased algae concentrations in the CCS as being a pos-
sible reason for elevated temperatures in the CCS. However, a sensitivity analysis indicates that changes
in the algae-influenced solar reflectivity of the CCS within a realistic range are unlikely to have been of
sufficient magnitude to cause the observed changes in temperature, nor stimulate the sudden change in heat-
addition rate that was observed almost immediately after the beginning of the post-uprate period. There
are indications that the thermal efficiency of the CCS has decreased significantly between the pre-uprate
and post-uprate periods. Further investigation is recommended to identify the factor(s) causing the reduced
thermal efficiency.

Limitations of the heat-balance model. The heat-balance model developed for this study is based on the
best estimates of all of the heat-balance components that influence the temperature in the CCS. However,
the heat-balance model has not been calibrated due to lack of available data for calibration. Data required
to calibrate the heat-balance model would include synoptic measurements of the flow rate and temperature
differences between the intake and discharge structures of the power-generating units, and synoptic tem-
peratures and flow rates at the inflow and outflow faces of each CCS zone. Calibration of the heat-balance

"Erom 37.8°C to 40°C (100°F to 104°F)
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model would not necessarily change the key inferences that have been drawn from the uncalibrated model,
namely that there has been a significant increase in the heat-rejection rate from the power-generating units
during the post-uprate period, and that increased algae concentrations and increased ambient temperatures
are not the most likely causes of elevated temperatures in the CCS. Further development of a calibrated
heat-balance model is warranted to confirm the conclusions that have been drawn.

3 Salinity Variations in the Cooling Canals

Salinity is defined as the mass of dissolved salts per unit mass of solution, and is usually reported in units
of either parts per thousand (%o) or as a dimensionless number on the practical salinity scale 1978 (PSS-
78). Salinities are sometimes expressed indirectly in terms of chlorinity (mg/L chloride) or conductance
(mS/cm). In this report, salinities are expressed in units of parts per thousand (%o), which gives salinities
approximately equal in magnitude to salinities expressed in PSS-78. As reference points, average seawater at
25°C has a salinity of 35%eo, a chlorinity of 19.84 g/L, and a specific conductance of 54.7 mS/cm. Hypersaline
water is typically defined as water with a salinity greater than 40%o or a specific conductance greater than
61.5mS/cm, and brine is typically defined as water with a salinity greater than 50%.. These hypersalinity
and brine thresholds are routinely exceeded in the CCS, and therefore water within the CCS can be properly
classified either as being hypersaline or as brine.

3.1 Results from Previous Studies

There has been a continuous upward trend in salinity since the CCS began operation in August 1973, and
this trend is clearly apparent in Figure 13, which shows the maximum reported salinities in the CCS since
the initial NPDES report was submitted by FPL in 1973. The long-term trend of increasing salinity shown
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Figure 13: Maximum observed salinities in the CCS since initial operation

in Figure 13 can be approximated as being linear (as shown by the linear trend line) with a salinity increase
of around 5%o per 10 years. It is also apparent from Figure 13 that the rate of increase in salinity might have
accelerated since 2013, The salinity in the CCS when it was first put into operation was around 26.5%o, with
the contemporaneous salinity in Biscayne Bay being around 33%. (Lyerly, 1973). The average CCS salinity



35

in 1998 was reported to be in the range of 38 — 50%0 (Lyerly, 1998), and in May 2014, the salinity in the
CCS was reported to be as high as 95%o.

Salinity-control processes. The key processes affecting the salinity in the CCS are: rainfall, evaporation,
and groundwater exchange between the CCS and the surrounding Biscayne aquifer. Average annual rainfall
at Turkey Point is approximately 60 inches, and the natural annual evaporation at Turkey Point is approx-
imately equal to the average annual rainfall. Actual evaporation of water from the CCS exceeds natural
evaporation due to the elevated temperatures in the CCS. The steady increase in salinity since operation
of cooling canals began in the early 1970s (as shown in Figure 13) has been most commonly attributed to
evaporation excess over rainfall.

3.1.1 Historical Chloride Levels

Chloride concentrations (i.e., chlorinities) in the CCS between June 2010 and June 2012 were in the range
of 26 —46 g/L. with an average chlorinity of 33.9 g/L. The average chlorinity in Biscayne Bay during the
same period was 18.9 g/L. (Ecology and Environment, Inc., 2012). There is little difference (less than 10%)
in chloride concentration between water samples collected near the surface or near the bottom at any given
sampling location within the CCS. Chloride concentrations in the CCS during the post-uprate period were
observed in range of 27— 50 g/L., with the highest values observed in March 2014 and the lowest values in
June 2013 (Ecology and Environment, Inc., 2014).

3.1.2 Historical Specific Conductance Levels

Specific conductances in the CCS between June 2010 and June 2012 were in the range of 70—90 mS/cm.
Specific conductance in the CCS has been rising since the beginning of the dry season in 2014 and exceeded
120mS/cm in May 2014. The average post-uprate specific conductance for all CCS stations was reported
as 92.6mS/cm, and this average value was over 15 mS/cm higher than the average value reported in the
pre-uprate period.

3.2 Salinity-Balance Model of CCS

The salinity-balance model of the CCS that is currently being used to simulate salinity variations in the
CCS was developed by FPL consultants. The salinity-balance model uses a finite-control-volume approach
in which the control volume is defined to include the canals of the CCS and the adjacent interceptor ditch
(ID). The salinity-balance model is closely related to a companion water-balance model, with both models
having been developed by the same consultant and described by Ecology and Environment, Inc. (2012). For
purposes of the current analyses, this previously developed model will be accepted as valid, and the relevant
components of the model formulation are described in the following section.

3.2.1 Salinity-Balance Model Formulation

Component salinity fluxes into and out of the defined control volume are determined by multiplying the
water (volume) flux by the corresponding salinity. The components of the water balance model are the
lateral and vertical seepage into the CCS, blowdown water (i.e., additional water pumped from other units
to the CCS), rainfall (including runoff from earth berms between canals), and evaporation. The key features
of the salinity model are as follows:
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« The base of the control volume is assumed to be the bottom of the ID and the cooling canals, whose
elevations range from approximately —3 ft feet NAVD#* to approximately —30 ft NAVD. The eleva-
tion of bottom of the ID is approximately —20 ft NAVD. Sloping sidewalls of the canals in the CCS
are taken into account by expressing the water-surface area as a function of the water-surface elevation
in the CCS.

* Lateral seepage of water and salt between the L-31E Canal and the control volume is calculated
directly from the product of the calibrated hydraulic conductivity and the difference in water-surface
elevations between the L-31E Canal and the ID.

Lateral seepage of water and salt between Biscayne Bay and the control volume is calculated directly
from the product of the calibrated hydraulic conductivity and the difference in water-surface elevations
between the CCS and Biscayne Bay.

* Vertical seepage of water and salt through the bottom of the control volume is calculated directly from
the product of the calibrated hydraulic conductivity and the difference in the water-surface elevations
in the CCS and the measured and estimated piezometric heads beneath the CCS.

* Evaporation is estimated using Equation 2, which uses meteorological data collected from meteoro-
logical stations in and immediately to the north and south of the CCS.

+» Rainfall is estimated using Next Generation Weather Radar NEXRAD) precipitation data provided by
the SEFWMD. Runoff into the control volume from earth berms between canals is used as a calibration
parameter and is initially assumed to be 50% of the rainfall that falls on the berms.

¢ Added water from Units 3 and 4 are assumed to be freshwater (non-saline); Unit 5 blowdown salin-
ities are adjusted to between 20% and 80% of seawater (35%a), with the exact percentage used as a
calibration parameter.

* The ID control system is simulated to operate primarily between the months of January and June; with
pumping rates as high as 50 mgd and averaging 4.5 mgd over the calibration period.

* The water-budget model is calibrated first by minimizing the errors between the simulated and ob-
served storage in the control volume. Parameters adjusted during calibration of the water-budget
model included the hydraulic conductivities in the aquifer adjacent to and beneath the CCS, an evap-
oration factor that adjusts the coefficients in the wind function, the amount of runoff that enters the
control volume as percentage of precipitation, and the amount of Unit5 cooling-tower water that is
lost to evaporation before entering the CCS. The salinity model uses measured salinities in and around
the CCS.

Calibrated values of the horizontal hydraulic conductivities in the aquifer surrounding the control volume
have been found to be in the range of 500—950ft/d, and calibrated values of the vertical hydraulic con-
ductivities beneath the control volume have been found to be in the range of 0.1 -4 ft/d. Vertical hydraulic
conductivities beneath the northern discharge canals and beneath the return canals, where it is assumed
deeper canals intersect highly permeable material underlying the muck and Miami Limestone Formation,
were calibrated to have (higher) vertical hydraulic conductivities of 3.8 ft/d and 4 ft/d, respectively. Lower

H<NAVD” refers to the NAVD 88 datum.
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vertical hydraulic conductivities of 0.1 ft/d were calibrated for the mid- and southern portions of the dis-
charge canals, as well as the southern portion of the return canals. Calibration of the salinity model was
done entirely by the FPL consultant.

3.2.2 Previous Model Results

The model was run to simulate salinity variations both before the uprate (i.e., before February 2012) and
after the uprate (i.e., after May 2013). The results of these model simulations are useful in understanding
the salinity dynamics in the CCS and are described below.

Pre-uprate model results. The salinity model was calibrated for a 22-month pre-uprate period and the
results showed an average volume outflow rate from the CCS of 0.62 mgd, with monthly-averaged outflow
rates ranging from —46.6 mgd (October 2010) to +52.1 mgd (September 2010) (Ecology and Environment,
Inc., 2012). Net flow through the bottom of the CCS was generally outward between the dry-season months
of September through February, and inward during the wet-season months. Average inflow from precipita-
tion during the wet season was more than twice that for the dry season. It was reported that vertical flows
into and out of the control volume were substantially larger than lateral flows.

Post-uprate model results. A second round of salinity-model results was reported for the post-uprate
period of June 2013 —~May 2014 (Ecology and Environment, Inc., 2014). The results showed an average
outflow rate of 3.26 mgd, with monthly-averaged outflow rates ranging from —31.1 mgd (June 2013) to
+19.6 mgd (July 2013). During the pre-uprate and interim operating period, (September 2010 to May 2013),
precipitation accounted for 39.4% of inflowing water to the CCS and evaporation accounted for 63.7% of
the outflowing water from the CCS. There was an average rate of increase of salt in the CCS during the
post-uprate period of 2.2 x 10° 1b/d, which was attributed primarily to the combined effects of low rainfall
and high evaporation. These model simulations were able to match the summer 2014 rise in salinity from
approximately 60%o to approximately 90%.o.

3.2.3 Analysis of Salinity Dynamics

The primary drivers of salinity variations in the CCS are rainfall, evaporation, and seepage exchanges be-
tween the CCS and the surrounding aquifer. Pumpage from the ID can also influence salinity variations in
the CCS, but its role is secondary to that of the aforementioned processes. Evaporation increases the salin-
ity, rainfall and ID pumpage decrease the salinity, and seepage interchange with the surrounding aquifer can
either increase or decrease the salinity depending on other factors.

Salinity variations under dry conditions. Under conditions of no rainfall (i.e., dry conditions), salin-
ity in the CCS is primarily controlled by evaporation, and the salinity in the CCS steadily increases with
time. Evaporation removes pure water from the CCS, and the volume of pure water that is evaporated is
replenished by the seepage of saline water into the CCS from the surrounding aquifer. Since the CCS is
directly connected to the surrounding aquifer, the water surface elevation within the CCS remains close to
the water-table elevation in the surrounding aquifer which changes ovér relatively long time scales (viz.
months) compared to the shorter time scales (viz. days, weeks) over which significant salinity variations are
observed. The seepage flows between the CCS and the surrounding aquifer are proportional to the small
differences between the water-surface elevations in the CCS and the piezometric heads in the surrounding
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aquifer. Over shorter time scales (viz. days) the evaporated volume of pure water is approximately equal to
the seepage inflow volume of saline water, and the volume of water within the CCS remains approximately
constant. This mechanism results in an increased mass of salt in an approximately unchanged CCS volume,
and hence an increase in salinity.

Salinity variations under wet conditions. When rainfall occurs (i.e., wet conditions), salinity is primarily
controlled by the difference between evaporation and rainfall. Conditions under which evaporation exceeds
rainfall result in the net removal of pure water from the CCS and the dynamics of salinity variations under
this condition are similar to those described previously for evaporation without rainfall. Hence, for time
intervals where evaporation exceeds rainfall, the salinity in the CCS can be expected to increase. For time
intervals where rainfall exceeds evaporation, there is a net inflow of (approximately) pure water into CCS
that is equal to the difference between the rainfall and evaporation volumes, and this inflow is approximately
balanced by the volume of saline water that seeps out of the CCS into the surrounding aquifer. The salinity
of the seepage outflow is approximately equal to the salinity of the water within the CCS. This mechanism
results in a decreased mass of salt in the CCS in an unchanged volume, and hence a decrease in salinity.

Salinity variations under ID pumping. Pumping water from the ID into the CCS has a relatively minor
effect on the salinity in the CCS relative to rainfall and evaporation, since the volume of pumped water is
relatively smaller and the difference in salinity between the pumped water and the water in the CCS is also
less than for evaporation and rainfall.

3.2.4 Modeled Salinity Dynamics

The mechanism driving salinity changes in the CCS can be demonstrated using the previously calibrated
salinity model. The cumulative rainfall, evaporation, seepage inflow, ID pumpage, and water storage (= net
inflow) within the CCS between September 2010 and April 2014 are shown in Figure 14. It is apparent from
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Figure 14 that evaporation and rainfall are dominant components of the water budget, and the storage in the
CCS remains relatively constant compared with cumulative rainfall, evaporation, ID pumpage, and seepage
inflow. Further, it can be asserted from Figure 14 that the seepage inflow adjusts to the difference between
evaporation and rainfall-plus-ID-pumpage so as to keep the volume of water within the CCS approximately
constant,

Post-uprate increase in evaporation. A notable feature of Figure 14 is that the evaporation rate increases
during the post-uprate period (Period 2) relative to the evaporation rate during the pre-uprate period (Pe-
riod 1), which is consistent with the post-uprate temperature increases shown in Figure 11. Using the evap-
oration and rainfall data from the heat-balance model, the average evaporation rate, average rainfall rate,
and the difference between these quantities during Period 1 (9/1/10—-2/1/13) and Period 2 (7/1/13 - 12/1/14)
are shown in Table 3. It is apparent from Table 3 that the average evaporation rate in the post-uprate period

Table 3: Average Evaporation and Rainfall Rates in the CCS

Evaporation Rainfall Difference

Period " “(gd)  (mgd)  (mgd)
1 34.46 15.44 19.02
2 4420 15.52 28.68

is approximately 9.7 mgd greater than the average evaporation rate during the pre-uprate period, with the
evaporation-rainfall deficit increasing by approximately the same amount. Since the long-term rate of in-
crease in salinity in the CCS is proportional to the evaporation-rainfall deficit, these results indicate that the
long-term rate of increase in CCS salinity is likely to increase if there is no intervention. It is interesting to
note that pre-uprate analyses by FPL consultants predicted that the CCS evaporation rate would increase by
2 -3 mgd and the intake temperature would increase by 0.9°F. In contrast, the actual increase in evaporation
rate is around 9.7 mgd and the measured increase in the average intake temperature is 4.7°F. The post-uprate
evaporation-rainfall deficit of 28.7mgd is a key design variable for any planned system to control salinity
within the CCS by pumping fresh or brackish water into the CCS from external sources.

Seepage inflow and outflow. Seepage flow to the CCS does not occur uniformly over the interfaces of
the CCS with the surrounding Biscayne aquifer, and the relative volumes of seepage inflows and outflows
over the CCS interfaces are shown in Figure 15. It is apparent from Figure 15 that most of the inflow is
across the East interface (i.e., the interface facing Biscayne Bay), most of the outflow is across the Bottom
interface, relatively lesser volume fluxes occur across of the North, South, and West interfaces, and inflows
and outflows occur across all interfaces to varying degrees. The relative seepage contributions from the
different faces are important inasmuch as the salinity in the aquifer adjacent to the East interface tends to be
at least as high as the salinity in Biscayne Bay, the salinity in the aquifer adjacent to the Bottom interface
tends to be on the same order of magnitude as the salinity in the CCS, and lesser salinities occur at the
North, South, and West interfaces. Analyses have shown that, although the net seepage across of the Bottom
interface is predominantly outward, secpage across the Bottom interface is not uniform within the four
zones of the CCS. In particular, seepage across the Bottom interface is predominantly outward in Zone 1,
predominantly inward in Zone4, and much weaker inflows and outflows occur in Zones 2 and 3 (Nuttle,
2015a).
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Figure 15: Seepage into CCS from aquifer

Salinity inflow and outflow. The estimated salt contributions from the CCS seepage interfaces are shown
in Figure 16. It is apparent that the salt fluxes across the East and Bottom interfaces constitute the predomi-
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Figure 16: Salt inflow to CCS

nant components of the salt budget, with influx of salt primarily associated with the East interface and efflux
of salt primarily associated with the Bottom interface; keeping in mind that both influx and efflux of salt can
occur at these interfaces. Lesser but still significant salt influx occurs across the South interface and via ID
pumping, with much smaller to negligible salt Auxes across the North and West interfaces. Following the
same pattern as seepage fluxes, salt fluxes across the Bottom interface are predominantly outward in Zone 1
and predominantly inward in Zone 4 (Nuttle, 2015a), with the net salt flux across the Bottom interface typi-
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cally being outward. It is apparent from Figure 16 that in the interval September 2013 —May 2014 the flux
of salt was primarily and (almost) consistently into the CCS from both the East and Bottom interfaces and,
with relatively stable water level and volume in the CCS, this yielded an (almost) consistent increase in
the CCS salinity as demonstrated by the measurements shown in Figure 17. Since the seepage influx was
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Figure 17: Measured and modeled salinity variations in CCS

driven by the deficit between evaporation and rainfall, it can be concluded that the increase in salinity in the
CCS was due to the evaporation-rainfall deficit causing contemporaneous influxes of salinity from both the
Bottom and East interfaces. Subsequent to the time period covered by Figure 17, salinity in the CCS during
2014 increased to a maximum daily-average value of approximately 99%o. On January 1, 2015, the average
salinity in the CCS was 75%o, and by April 26, 2015, salinity levels were over 95%o. During April 27 —28,
2015, significant rainfall over the CCS reduced the average salinity to 78%o, however, salinities subsequently
began rising again in the absence of more rainfall (SFWMD, 2015).

Lessons learned. The results presented in this section clearly demonstrate that the salinity of water in
the CCS can be expected to rise significantly during prolonged periods without rainfall. Furthermore, over
multi-seasonal time scales, a steady increase in salinity within the CCS occurs since average evaporation
rates exceed average rainfall rates. Post-uprate increases in CCS operating temperatures have increased
evaporation rates compared with pre-uprate evaporation rates. In the absence on any engineered intervention,
this increased evaporation rate will cause salinities in the CCS to increase at a higher rates in the future
compared with the rates of salinity increase observed during the pre-uprate period. It is apparent from the
results presented here that additional salinity controls are necessary in order to reduce the likelihood that the
excessive salinity levels of the past will be repeated in the future.

Salinity-control and groundwater remediation plan. In October 2015, in response to chloride levels in
the Biscayne aquifer exceeding water-quality standards as a consequence of the high salinities in the CCS,
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FPL reached an agreement with Miami-Dade County which includes the design of a system of up to six
wells to pump low-salinity water from the Upper Floridan aquifer into the CCS to reduce salinity levels in
the CCS. Reports indicate that the plan is to pump up to 14 mgd of water from the Upper Floridan aquifer
into the CCS, with the goal of reducing the average annual salinity in the CCS to approximately 34%o within
four years of the implementation of the plan. In addition to the aforementioned plan to reduce the salinity
in the CCS, FPL has agreed to remediate the hypersaline part of the saltwater plume to the west of the CCS,
potentially by pumping hypersaline water from the Biscayne aquifer into the Boulder Zone. This planned
remediation system is called the Biscayne Aquifer Recovery Well System (RWS) and will be designed based
on simulations using a variable-density groundwater flow model that is currently under development by FPL.
Initial design of the RWS will be based on a 12 mgd capacity.

Issues of concern. The analyses and modeling that were used as bases for formulating the salinity-control
plan for the CCS were not made available to the author of this report, and so unanswered questions remain
concerning the likelihood that the proposed plan will be successful. Three technical issues of concern are
identified here. The first issue of concern is that the current (post-uprate) evaporation and rainfall rates at
the CCS are 44.2 mgd and 15.5 mgd, respectively, which means that a long-term average inflow of around
44,2 mgd — 15.5mgd = 28.7 mgd of fresh water would be required to keep the salinity in the CCS at ap-
proximately its current average-annual value. Hence, a long-term addition of only 14 mgd of brackish water
from the Upper Floridan aquifer might be of insufficient volume and quality to abate the persistent increase
in salinity within the CCS. A second issue of concern is that adding 14 mgd or more of water to the CCS is
likely to significantly increase the salinity flux out of the bottom of the CCS (at least in the short term), and
the extent to which this increased salinity flux will exacerbate salinity intrusion would need to be addressed.
To properly model the effect of adding 14 mgd or more of brackish water to the CCS on salinity intrusion in
the surrounding aquifer it would be necessary to use a groundwater model that accounts for density-driven
flow, heat transport, and dissolved-solids transport in the portion of the Biscayne aquifer surrounding the
CCS. This model could also be used to accurately describe the seepage flux of salinity into and out of the
CCS at a much more sophisticated level that is currently being done with the FPL salinity-balance model. A
third issue of concern is that the time-frame required for the proposed system to significantly reduce salinity
levels in the aquifer remains highly uncertain pending more definitive characterization of the subsurface hy-
drogeology and the development of a groundwater-flow model that accounts for the effects of temperature
and salinity on the flow distribution in the surrounding aquifer. Utilization of a variable-density groundwa-
ter model is essential to estimate the time scale required for the proposed actions to take effect, The need
for model development in support of designing the salinity-reduction protocol is further buttressed by the
modeling results reported by Hughes et al. (2010), who showed that estimation of the time scale for salin-
ity changes in the CCS to propagate through the aquifer are significantly influenced by the certainty with
which the hydrogeology in the aquifer surrounding the CCS can be specified. The model being developed
in support of the RWS could possibly be adapted for this purpose.

4 Pumping Water from the L.-31E Canal into the Cooling Canals

4.1 Pumping Permit and Protocols

In August 2014, SFWMD issued an Emergency Order authorizing the pumping of up to 100 mgd of freshwa-
ter from the L-31E Canal to the CCS between August and October 2014, with the primary goal of reducing
the temperature in the CCS. Pursuant to this order, FPL conducted emergency pumping between Septem-
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ber25 and October 15, 2014, and as a result the temperature in the CCS dropped by 6.5°F, the salinity
dropped from 87%o to 75%e, and the algae concentrations reportedly dropped from 1315 cell/L on Septem-
ber 26, 2014 to 68 cell/L. on October 27, 2014. After pumping had terminated, algae concentrations again
began increasing. Also subsequent to pumping, the temperature in the CCS began to rise again. On April
27,2015, the temperature of the CCS reached 98.2°F. A large rainfall event occurred over the CCS between
April 27 and 28, 2015. The addition of freshwater inflow from rainfall reduced the temperature of the water
in the CCS to 81.3°F. However, by May 17, 2015, the intake temperature had risen to 94.6°F, which was
within 10°F of the maximum allowable intake temperature of 104°F. It was primarily on the basis of these
conditions that FPL requested a permit to pump additional water from the L-31E Canal into the CCS.

2015-2016 Pumping Permit In May 2015, FPL received a permit from the SFWMD to pump up to
100 mgd from the L.-31E Canal to the CCS, for the purpose of controlling the temperature in the CCS.
Pumping is permitted between June 1 and November 30 in both 2015 and 2016. A limitation stipulated
within this permit is that water cannot be withdrawn from the [.-31E Canal on any given day until at least
504 acre-ft (2.2 x 107 ft3) of water has been diverted from the 1.-31E Canal to Biscayne Bay for purposes
of fish and wildlife preservation. Diversion of water from the I.-31E Canal to Biscayne Bay occurs through
structures S-20F, S-20G, and S-21A, which are located upstream of the CCS withdrawal location (at the
“South Pumps”) as shown in Figure 18. These three upstream structures open and close based on prescribed
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Figure 18: Pumping from L-31E Canal into Cooling-Canal System

water-surface elevations in L-31E Canal at the structure locations, and the open/close stages of these struc-
tures are given in Table 4. For example, in the wet-season period of April 30— October 15 the S-20F, S-20G,
and S-21A structures open when the L-31E Canal stage is at or above 0.67 ft NAVD and close when the
stage is at or below 0.27 ft NAVD. The cumulative discharges from these structures are monitored daily,
to ensure that no pumping from the L.-31E Canal into the CCS is allowed until the cumulative discharges
from these structures exceed the threshold of 504 acre-ft. The delivery system consists of a northern and
southern pump station, where the northern pump station pumps water from the C-103 Basin into the L-31E
Canal, and the southern pump station pumps water from the [.-31E Canal into the CCS. The operational
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Table 4: Gate Operation Rules that Affect L-31E Withdrawals

L-31E Stage
Open Close
Gate(s) Season Period (ft NAVD) (ft NAVD)
S-20F, S-20G, S-21A  Wet April 30— October 15 0.67 0.27
S-20F Dry October 15— April 30 —0.13 —0.53
S-20G 0.67 0.27
S-21A —0.13 —0.53

plan synchronizes northern and southern pumping operations so as to avert dewatering of wetlands between
the two pump stations and adjacent to the L-31E Canal. The operational protocol requires that the northern
pumps always be started at least five minutes prior to starting the southern pumps, and at the end of each day
the southern pumps must be shut down at least five minutes before the northern pumps are shut down. This
operational protocol for the pumps ensures that the volume of water pumped daily from the C-103 Basin into
the L-31E Canal by the northern pumps exceeds the volume pumped from the L-31E Canal into the CCS
by the southern pumps. A particularly important condition of the pumping permit is that FPL is required
to monitor the stage in the L-31E Canal between the northern and southern pump stations to ensure that
there is no drawdown in the L-31E Canal between the pump stations as a result of the pumping operations.
Besides ensuring that there is no L-31N drawdown as a result of pumping, this protocol also ensures that the
wetlands adjacent to the L-31N Canal are not dewatered as a result of pumping. Subsequent to beginning of
pumping on June 1 2015, the salinity level in the CCS dropped to 70%o, and subsequent large rainfall events
have further reduced the CCS salinity to 60%e, according to reports submitted by FPL to the SEFWMD.

4.2 Quantitative Effects

This section presents a simplified analysis that is intended only to illustrate the relative impacts on tem-
perature and salinity of pumping water from the L-31E Canal into the CCS. The change in temperature,
AT, of the water in the CCS resulting from the addition of a volume V, water at temperature 7, can be
approximated using the relation

Va
Vo+Va

where Vj is the initial volume of water in the CCS, and T is the initial temperature of water in the CCS.
Equation 6 is a very approximate relationship which assumes that the added water is well mixed over the
CCS, and it neglects the differences in density and specific heat between the saline water in the CCS and the
fresh water being added. In spite of these shortcomings and in the absence of a detailed heat-balance model
of the CCS, Equation 6 can be used to provide a rough estimate of how the temperature in the CCS might
react to the addition water from the L-31E Canal. If 100 mgd (= 1.337 x 107 ft3/d) is added to the CCS which
has a volume of 5.746 x 108 fi® (assuming an average depth of 2.8 ft) and the added water has a temperature
of 75°F, then Equation 6 can be applied using a daily time step to calculate the temperature in the CCS in as
a function of number of days of continuous pumping for initial temperatures in the range of 85°F—100°F.
The results of these calculations are shown in Figure 19(a). In a similar manner, the change in salinity,
AS, in the CCS resulting from the addition water at salinity S, can be estimated using the approximate

AT =~

(To — Tb) (6
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Figure 19: Approximate effect of pumping 100 mgd on temperature and salinity in CCS

relationship
(Va —Ve)
AS~ ————————
Vo + (Va - Ve)

where S is the initial salinity in the CCS, and V, is the evaporated volume. Equation7 is an approximate
relationship which assumes that the added water is well mixed over the CCS, and it neglects decreases in
salinity that would be caused by rainfall. If 100 mgd is added to the CCS and the rate of evaporation is
39 mgd, then the net rate of freshwater addition to the CCS (i.e., V, — Vo) is equal to 61 mgd (= 8.156 x
108 ft3/d). Using the same CCS volume Vj that is used for calculating the daily temperature changes, AT,
and taking the salinity, .S, of the water pumped from the L-31E Canal equal to zero, Equation7 can be
used to calculate the salinity in the CCS in as a function of number of days of continuous pumping for
initial salinities in the range of 70%c— 100%o as shown in Figure 19(b). The results in Figure 19 collectively
indicate that the sustained addition of 100 mgd from the L-31E Canal to the CCS over continuous times
on the order of a week to a month (30 days) would be an effective means of reducing the temperature and
salinity in the CCS. The environmental effects on the surrounding environment of pumping water from the
L-31E Canal to the CCS are discussed subsequently.

(Sa. - SO) . (7)

Context. To puta volume flow rate of 100 mgd of fresh water in a societal context, it is noted that 100 mgd
is approximately the average daily drinking-water demand of one million people. In the context of the
CCS, 100 mgd can be contrasted with the assumed average CCS evaporation rate of around 39 mgd and a
long-term average rainfall rate on the CCS of around 21 mgd, where both of these averages are computed
over the 9/1/2010-5/1/2014 time period using data from the FPL water-balance model. If the CCS were
empty and were to be filled by supplying water at 100 mgd, it would take approximately 43 days to fill
the CCS. Although 100 mgd is more than twice the evaporation rate, the cooling effect of a unit volume
of evaporated water is much greater than the cooling effect of a unit volume of added liquid water. For
example, a unit volume of evaporated water would cause a temperature decrease of around 50 times the
temperature decrease caused by adding a unit volume of liquid water that is 20°F cooler than the CCS.
Therefore, in thermodynamic terms, the addition of 100 mgd of pumped water has approximately the same
cooling effect as 2 mgd of evaporated water. With regard to salinity, the salinity reduction resulting from
the addition of a unit volume of fresh water exactly compensates for the salinity increase caused by a unit
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volume of evaporated water. Hence, 39 mgd of added water would neutralize the salinity-increase caused
by 39 mgd of evaporated water, with the excess added water causing a reduction in salinity.

4.3 Model Results

The water-balance and salt-balance models used previously by FPL to simulate the pre-uprate salinity dy-
namics in the CCS were used by FPL to simulate the potential future scenarios with and without the L-31E
water inputs in the summer of 2015 and 2016. FPL made minor revisions in the models to incorporate data
up through October 2014. The model-simulation period to predict the response of the CCS to pumping water
from the 1.-31E Canal starts on November 1, 2014, and ends on November 30, 2016. Two scenarios were
simulated at multiple maximum-allowable withdrawal rates, where actual withdrawal rates were predicated
on the availability of water in the L.-31E Canal after providing 504 acre-ft to Biscayne Bay. Scenario A
assumes that future conditions are the same as those observed between November 1, 2010 and October 31,
2012; conditions during this time frame reflected normal weather patterns. Scenario B assumes that future
conditions are the same as those observed between November 1, 2013 and October 31, 2014; conditions
during this time reflected dry weather patterns, and this one-year period was repeated sequentially to pro-
duce a two-year predictive simulation. In both scenarios, the conditions observed during the first November
(2010, 2013) were repeated to simulate conditions for the last month (November 2016) of the 25-month
predictive simulation. Scenario A and Scenario B were each run four times under different pumping sce-
narios: no pumping, 30 mgd-maximum, 60 mgd-maximum, and 100 mgd-maximum and for a two-year time
period. Under all pumping scenarios the simulated CCS water levels increased and simulated CCS salinities
decreased relative to the base case of no pumping. Greater changes were observed in response to greater
pumping rates. Under all pumping scenarios, the greatest increases in CCS stage occur between June 1 and
November 30.

Application of model results. The water-balance and salinity-balance modeling done by FPL in support
of the application for the 2015 — 2016 pumping permit focused on the effectiveness of the L-31E pumping on
reducing salinity, whereas the primary motivation for pumping from the L.-31E Canal is actually to reduce
temperature. Elevated temperatures in the CCS will affect power-generation while elevated salinities will
not, and there is not a proportional correspondence between reduced salinity and reduced temperature, since
temperatures in the CCS depend on a variety of other factors besides the volume of water pumped from the
L-31E Canal.

4.4 Environmental Effects

Environmental concerns that have been raised previously by others relate to both the diversion of fresh water
from other environmental restoration projects that are currently being serviced by the L.-31E Canal, and the
utilization of fresh water to dilute hypersaline water, which degrades the quality and utility of the fresh wa-
ter. Based on available information, it appears that the only environmental projects currently being served
directly by the L-31E Canal is the Biscayne Bay fish and wildlife preservation allocation of 504 acre-ft, and
the maintenance seasonal water levels in support of adjacent wetlands. The permitted pumping operation
will not divert the water volume previously allocated to fish and wildlife preservation, and a pumping pro-
tocol will be followed to maintain water levels at their no-pumping levels. With respect to the degradation
of fresh water, this degradation will in fact occur, however, the extent of water-quality deterioration and
specific deleterious impacts on existing water uses have not to date been identified. Aside from these pre-
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viously raised concerns, some major additional concerns resulting from pumping up to 100 mgd from the
L-31E Canal to the CCS are described below.

4.4.1 Effect of Increased Water-Surface Elevations in the CCS

Pumping water from the 1.-31E Canal into the CCS will elevate the average water level in the CCS relative
to the water level that would exist without pumping. The magnitudes of water-level increases in the CCS
were estimated by FPL using the previously developed and calibrated mass balance model of the CCS, and
the results of these simulations were submitted to the SFWMD as part of the application for the 2015-2016
pumping permit (SFWMD, 2015). Since the water level in the 1.-31E Canal will be held constant during
pumping operations, the increased water-surface elevations in the CCS are.of concern because they will
decrease the seaward piezometric-head gradient between the L-31E Canal and the CCS. Furthermore, it is
likely that the piezometric-head gradient between the L-31E Canal and the CCS could be reversed from a
seaward gradient to a landward gradient. This could produce landward groundwater flow between the CCS
and the L-31E Canal, which would likely advect a saline plume from the CCS towards the L-31E Canal.
In addition to the aforementioned outcome, elevated water levels in the CCS resulting from pumping up to
100 mgd from the 1.-31E Canal will increase the (seaward) piezometric-head gradient between the CCS and
Biscayne Bay, resulting in the increased discharge of higher-salinity water from the CCS into the Bay via
the Biscayne aquifer.

Relevant data. To quantify the effect of increased water-surface elevations in the CCS that would occur as
a result of pumping, the increased water-surface elevations simulated by FPL were subtracted from historical
water-level differences between the L-31E Canal and the CCS to yield possible water-level differences un-
der the 100-mgd pumping scenario. As described previously, two scenarios were modeled, with Scenario A
corresponding to “normal” conditions, and Scenario B corresponding to “dry” conditions. Each simulation
covered two years (2015 and 2016), with pumping in each year from June 1 to November 30. The increases
in CCS water-surface elevations over the water-surface elevations that would exist in the CCS without pump-
ing are given in Table 5 for selected dates (about a month apart) during each of these scenarios. The values
given in Table 5 were estimated from graphical plots developed by FPL as part of the permit application. Tt
is apparent from Table 5 that water-level increases in the CCS on the order of 0.5 ft are predicted to occur
as a result of pumping water at a rate of 100mgd from the L-31E Canal into the CCS. These water-level
increases can be contrasted with historical differences in the water levels between the L-31E Canal and the
CCS for the pre-uprate (June 2011-May 2012) and post-uprate (June 2013 —May 2014) periods as shown
in Table 6, where a positive difference indicates that the water level in the L-31E Canal is higher than the
water level in the CCS. It is apparent from Table 6 that the historical differences between the water levels
in the L-31E Canal and the CCS are typically on the same order of magnitude as the expected increases in
the CCS water level, and therefore a significant impact on the historical seaward water-level gradient is to
be expected. This concern is further amplified when it is considered that a minimum water-level difference
of 0.30ft is required to keep an acceptable seaward water-level gradient and to keep from triggering the
interceptor ditch (ID) pumps. If the ID pumps are turned on, this would further elevate the water level in the
CCS and further decrease the water-level difference between the 1.-31E Canal and the CCS.

Demonstration of effects. The increases in the water-surface elevations in the CCS predicted by the FPL
mass-balance model can be subtracted from the historical water-level differences between the L-31E Canal
and the CCS to estimate the water-level differences between the L-31E Canal and the CCS that are likely
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Table 5: Estimated Water Level Increases in CCS

2015 2016
Day-Month Scenario  (ft) (ft)
15-Jun A 0.00 0.23
15-Jul A 0.00 0.5
15-Aug A 0.55 040
15-Sep A 0.57 040
15-Oct A 0.50 0.60
15-Nov A 0.65 0.60
30-Nov A 0.50 045
15-Jun B 0.00 0.00
15-Jul B 0.62 0.50
15-Aug B 0.65 0.70
15-Sep B 0.15 0.10
15-Oct B 035 030
15-Nov B 0.37 055
30-Nov B 0.50 0.65

to exist as a consequence of pumping a maximum of 100 mgd from the L-31E Canal into the CCS. These
expected water-level differences are summarized for the Scenario A (the “normal” condition) in Figure 20(a),
and for Scenario B (the “dry” condition) in Figure 20(b). For each historical period (pre-uprate and post-
uprate), and for each selected day, three water-level differences are shown: the historical difference (blue),
the projected 2015 difference (orange), and the projected 2016 difference (gray). In general, the 2015
and 2016 projected water-level differences are less than the historical differences by the amounts listed in
Table 5. Also shown in Figure 20 is the 0.30-ft reference line, which is the threshold water-level difference
below which the ID pump system is triggered. It is apparent from Figure 20(a) that under pre-uprate water-
level-difference conditions a landward water-level gradient would be created around 15-Sep and 15-Nov on
which dates there were previously seaward water-level gradients; the 15-Jun data point is anomalous in that a
landward gradient already existed in the historical record. It is further apparent from Figure 20(a) that under
post-uprate water-level-difference conditions a landward water-level gradient would be created around 15-
Jul, 15-Aug, 15-Sep, 15-Nov, and 30-Nov on which dates there were previously seaward gradients. Under
both pre-uprate and post-uprate conditions shown in Figure 20(a), the difference between the water level in
the 1.-31E Canal and the CCS would fall below the 0.30-ft threshold on all of the dates cited in Figure 20(a).
Considering Scenario B (the “dry” condition) shown in Figure 20(b), the results are similar to those shown in
Figure 20(a). Under pre-uprate conditions, a landward water-level gradient would be created around 15-Sep
and 15-Nov, and under post-uprate water-level-difference conditions a landward water-level gradient would
be created around 15-Jul, 15-Aug, 15-Sep, 15-Nov, and 30-Nov. Under both pre-uprate and post-uprate
conditions, the difference between the water levels in the L-31E Canal and the CCS would fall below the
0.30-ft threshold on all dates cited in Figure 20(b). The results shown in Figure 20 collectively show that
there is cause for concern that pumping 100 mgd from the L-31E Canal into the CCS could cause a landward
water-level gradient where none previously existed. This concern is further exacerbated when considering
that water levels at the northern end of the CCS near the discharge from the power-generating units will
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Table 6: Historical Water-Level Differences Between 1.-31E Canal and CCS

Pre-Uprate Post-Uprate

Day-Month (ft) (ft)
15-Jun -0.32 0.46
15-Jul 0.57 0.37
15-Aug 0.80 0.40
15-Sep 0.42 0.48
15-Oct - . 0.85 0.60
15-Nov 0.51 0.49
30-Nov 0.55 0.45

be higher than the average water level in the CCS that is used in this analysis, which further decreases the
seaward water-level gradient between the L-3 1E Canal and the CCS. Concern is further heightened when the
increased density of water in (and under) the CCS is taken into account, since the difference in equivalent
freshwater (piezometric) heads between the L-31E Canal and the CCS is less that the difference in water
levels between the L-31E Canal and the CCS. It is actually the difference in equivalent freshwater heads
that govern the flow between these bodies of water (e.g., Post et al., 2007). This latter point is particularly
important since the difference in freshwater heads between the L.-31E Canal and the CCS will increase with
depth.

Effect of generating a landward gradient. A landward gradient in the freshwater-equivalent piezometric
head between the L-31E Canal and the CCS would advect saline water from the CCS towards the L-31E
Canal. Such gradients are likely to be generated under 100-mgd pumping operations. Also, since pumping
would be occurring mostly during the wet season, it is likely that a seaward head gradient would exist
(and be maintained) west of the L-31E Canal. As a consequence of a landward gradient in the freshwater-
equivalent piezometric head east of the L-31E Canal and a seaward (freshwater) head gradient west of the
L-31E Canal, it is possible that a “saline circulation cell” is developed in which water is pumped from the
L-31E Canal into the CCS, water seeps out of the CCS and flows through the Biscayne aquifer back into
the L-31E Canal, and then this water is pumped back into the CCS. This circulation cell would increase the
salinity in the L.-31E Canal, which would degrade the quality of the water in the L-31E Canal and decrease
the effectiveness of the pumped water in decreasing the salinity in the CCS.

Historical anecdote. Interestingly, in 1978, engineers from the consulting firm Dames and Moore wrote
a report to FPL with a specific section in their report titled “Effects of an Overall Increase in Water Level
in the Cooling-Canal System Relative to the Ground Water” (Dames and Moore, 1978). In their report, the
engineers at Dames and Moore specifically considered the impact of raising the water level in the CCS by
0.50 ft above the water table in the surrounding aquifer. They concluded that such an occurrence would
cause the saltwater interface to move approximately one mile further inland relative to its location prior to
the rise in the water level of the CCS.
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Figure 20: Differences Between L-31E Canal and CCS Water Levels. The historical difference is in blue,
the projected 2015 difference is in orange, and the projected 2016 difference is in gray.

4.4.2 Suggested Permit Modifications

Based on the concerns described here, along with the supporting analyses provided, it is recommended
that the pump-operation protocol associated with the 2015-2016 pumping permit be modified to include
measurement of water levels in the CCS, and that a threshold water-level difference between the L-31E
Canal and the CCS be determined by the SFWMD and added as a controlling factor in pump operations.
To ensure that a subsurface circulation cell of saline water does not develop, the salinity of the water in the

L-31E Canal should be monitored during pump operations.

5 Conclusions and Recommendations

This study consisted of reviewing, summarizing, and analyzing the relevant reports and data relating to the
operation of the cooling-canal system (CCS) at the Turkey Point power station. The study focused on the
following four primary issues: (1) the temperature dynamics in the CCS, (2) the salinity dynamics in the
CCS, (3) salinity control in the CCS, and (4) the impacts and consequences of pumping a maximum of



51

100 mgd from the L-31E Canal into the CCS.

5.1 Temperatore Dynamics

Temperature dynamics in the CCS are a concern primarily because operation of the nuclear-power gener-
ating units will be impacted if the temperature of the cooling water at the intake exceeds 104°F. Recent
elevated temperatures have come close to exceeding this threshold value.

Heat balance in the CCS. Understanding the temperature dynamics in the CCS is not possible without the
development of a heat-balance model of the CCS, and no such model currently exists in the public domain.
As part of this study, a preliminary heat-balance model was developed and is described in this report. Using
this model to simulate the heat balance in the CCS during the interval 9/1/10 —12/7/14 showed that there
were two distinct periods during which the heat-rejection rate from the power plant remained approximately
constant. The first period corresponded to pre-uprate conditions (prior to February 2012) and the second
period corresponded to post-uprate conditions (after May 2013). The heat-rejection rate during the post-
uprate period was found to be significantly greater than the heat-rejection rate during the pre-uprate period.
In the 250 MW uprate in nuclear-power generating capacity (Units 3 and 4) that was completed in 2013 and
the retirement of a 400 MW standby fossil-fuel plant (Unit2) that was done in 2010 there was a significant
shift from fossil-fuel generation to nuclear-power generation that occurred between the pre-uprate and post-
uprate periods. This shift towards the greater utilization of nuclear power in the units served by the CCS
is significant because nuclear-power units are known to have a much higher heat-rejection rates to cooling
water than fossil-fuel generating units. Hence, on a per-megawatt basis, nuclear-power units generate more
heat to the CCS than fossil-fuel units. Furthermore, capacity factors of nuclear-power units are typically
much higher than capacity factors of fossil-fuel units, hence the ratio of actual power generation to installed
capacity can be expected to be higher during the post-uprate period compared with the corresponding ratio
during the pre-uprate period.

Increased temperatures. The increased heat-rejection rate in the post-uprate period was manifested in the
CCS by increased temperatures. Notably, the average temperature in the CCS discharge zone increased by
about 6.3°F (3.5°C), and the average temperature in the CCS intake zone increased by about 4.7°F (2.6°C).
Considering that the increased average temperature in the intake zone of the CCS is slightly greater that
the increased threshold temperature of 4.0°F (2.2°C) approved by the NRC in 2014, and also considering
that supplementary cooling of the CCS was needed in 2014, then caution should be exercised in further
increasing power generation beyond 2014 levels without a reliable system to provide additional cooling
beyond that currently being provided by the CCS. A power-generation increase would likely lead to a repeat
of the need for supplementary cooling that was experienced in 2014.

Decreased thermal efficiency. The thermal efficiency of the CCS has decreased in the post-uprate period
relative to the thermal efficiency in the pre-uprate period. FPL has undertaken efforts to improve the thermal
efficiency of the CCS and thereby compensate for the increased thermal loading on the CCS. However,
available data indicate that the average post-uprate thermal efficiency remains significantly less than the
average pre-uprate efficiency (67% versus 77%). Increasing the thermal efficiency of the CCS is a possible
means of mitigating the effects of increase heat loading on the CCS, but the extent of this mitigation is yet to
be established and current levels of mitigation are insufficient to compensate for the increased heat loading.
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Thermal effect of algae. A sensitivity analysis indicates that increased algae concentrations in the CCS
and increased air temperatures are unlikely to have been of sufficient magnitude to have caused the elevated
temperatures that have been measured in the CCS. In quantitative terms, the additional solar heating rate
in the CCS caused by the presence of high concentrations of algae is estimated to be less than 7% of the
heat-rejection rate of the power plant, hence the relatively small effect of algae-induced additional heating.

Follow-up. The preliminary findings of this study will need to be followed up by further development
of the thermal model. This model will need to be calibrated within each zone of the CCS. Data required
for calibration include indirect measurements of heat-rejection rates, and (ideally) flows and temperatures
within the designated zones of the CCS. The development of any engineered system to control temperatures
in the CCS will need to be done in tandem with thermal-model simulations.

5.2 Salinity Dynamics

Salinity in the CCS is of concern because increased salinity levels contribute to increased salinity intrusion
into the Biscayne aquifer. Although an interceptor-ditch salinity-control system has been in place since ini-
tial operation of the CCS, this salinity-control system is ineffective in controlling salinity intrusion at depth,
and so elevated salinities in the CCS remain a problem. This study confirms that long-term salinity increases
in the CCS are primarily caused by long-term evaporation rates exceeding long-term rainfall rates. Without
any intervention, the trend of increasing salinity would continue into the future, likely at an increased rate
due to increased post-uprate temperatures in the CCS. Recent spikes in salinity in the CCS are a normal
consequence of a prolonged rainfall deficit and can be expected to recur.

5.3 Salinity-Control Plan

FPL has reached an agreement with Miami-Dade County which includes the installation of a system of up to
six wells to pump brackish water at a rate of up to 14 mgd from the Upper Floridan aquifer into the CCS. The
design objective of this system is to reduce the average annual salinity in the CCS to approximately 34%.
within four years after installation of the system. The agreement with Miami-Dade County also includes
remediation of the hypersaline part of the saltwater plume to the west of the CCS, potentially by pumping
hypersaline water from the Biscayne aquifer into the Boulder Zone. Three issues of concern related to
salinity control in the CCS are identified in this report.

Concern # 1: Pumping rate. The long-term addition of 14 mgd of brackish water from the Upper Floridan
aquifer could be of insufficient volume and quality to compensate for the post-uprate evaporation-rainfall
deficit that is currently around 29 mgd. This shortfall in pumping rate, if not adequately addressed in the
design of the salinity-control system, would likely result in a continued steady increase in salinity within the
CCS.

Concern #2: Increased salinity flux. Adding 14 mgd or more of water to the CCS is likely to significantly
increase the salinity flux out of the bottom of the CCS, at least in the short term. The extent to which this
increased salinity flux will exacerbate salinity intrusion needs to be addressed.
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Concern #3: Time-frame. The time-frame required for the proposed system to significantly reduce salin-
ity levels in the aquifer remains highly uncertain. Increased certainty is pending more definitive characteri-
zation of the subsurface hydrostratigraphy, and the development of a groundwater-flow model that accounts
for density-driven flow, heat transport, and dissolved-solids transport in the portion of the Biscayne aquifer
surrounding the CCS.

Model leveraging. Utilization of a variable-density groundwater-flow model is essential to accurately de-
scribe the flux of salinity into and out of the CCS, to estimate the time scale required for the proposed actions
to take effect, and to account for the effects of pumping hypersaline water from the Biscayne aquifer into the
Boulder Zone. The variable-density groundwater model that is being developed in support of the Biscayne
Aquifer Recovery Well System (RWS) could possibly be adapted to further investigate the technical issues
relating to the CCS salinity-control system that are identified here.

5.4 Pumping from the L.-31E Canal

Pumping of up to 100 mgd from the L-31E Canal into the CCS is permitted between June 1 and November 30
during 2015 and 2016. Mass-balance modeling has shown that this level of pumping will likely raise the
average water level in the CCS by around 0.5 ft, and since the historical water-level differences between the
L-31E Canal and the CCS are also on the order of 0.5 ft, it is likely that there will be a significant reduction,
or even reversal, of the historical seaward water-level gradient that would exist in the absence of pumping.
It is even more likely that the water-level difference between the L-31E Canal and the CCS will be reduced
below the 0.30-ft threshold that normally triggers the ID salinity-control system. Model results show a likely
reversal of gradient under some circumstances, and a consequence of this reversal could be the advection
of a saline plume from the CCS to the L-31E Canal which would cause in increase in the salinity in the
L-31E Canal, which is undesirable since the L-31E Canal is regarded as a source of freshwater in its various
environmental functions.

5.5 Recommended Action Items
Based on the aforementioned findings, the following action items should be considered:

* Develop a calibrated heat-balance model to simulate the thermal dynamics in the CCS. Essential
additional measurements that are required to supplement the calibration of this model are synoptic
measurements of volumetric flow rate through the power-generating units, intake temperature, and
discharge temperature. Desirable additional measurements include synoptic measurements of the
volumetric flow rate and temperature into and out of each CCS zone. The thermal model could be
developed to simulate the effects of various supplementary cooling systems to support operation of
the CCS.

* Continue efforts to increase the thermal efficiency of the CCS. Increasing the thermal efficiency of the
CCS is a possible means to mitigate elevated temperatures caused by increased heat loading on the
CCS. However the extent of mitigation that is possible is yet to be established.

» Develop a quantitative relationship for estimating algae concentrations as a function of temperature,
salinity, and nutrient levels in the CCS. Such a relationship could be derived using data that is already
being collected. The developed model could be useful in managing the CCS, since algae concentra-
tions affect the heat balance and possibly the thermal efficiency of the CCS.
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» Develop a locally validated relationship between the evaporation rate, water temperature, air temper-
ature, wind speed, salinity, and algae concentrations in the CCS. This is justified since evaporation
is the major cooling process in the CCS, and the evaporation model that is currently being used has
a high uncertainty level. At present, a constant in the evaporation function is used as a calibration
parameter in the salinity-balance model which is not a desirable circumstance given the importance
of the evaporation process.

» Re-assess the effectiveness of pumping up to 14 mgd of brackish water from the Upper Floridan
aquifer into the CCS with the objective of reducing the salinity in the CCS. Under present post-uprate
operating conditions, a much higher pumping rate will likely be necessary, since post-uprate increases
in CCS operating temperatures have increased the evaporation-rainfall deficit from around 19 mgd to
around 29 mgd.

+ Utilize a variable-density groundwater model to estimate the effectiveness and aquifer-response time
scale of the proposed CCS salinity-control actions related to pumping 14 mgd or more from the Upper
Floridan aquifer into the CCS.

» The operational protocol associated with the 2015—2016 permit for transferring up to 100 mgd from
the L-31E Canal to the CCS should be modified to include: (1) measurement of water levels in the
CCS to preclude a landward equivalent freshwater head gradient being developed, (2) specification of
threshold water-level difference between the 1.-31E Canal and the CCS as a controlling factor in pump
operations, and (3) monitoring of the salinity of the water in the L-31E Canal during pump operations
to ensure that CCS water is not seeping into the L-31E Canal.

The recommendations made in this report are intended to facilitate the resolution of the outstanding oper-
ational issues related to the CCS. In particular, these recommendations will facilitate the design of robust
engineered systems to control the temperature and salinity in the CCS, and control to some degree the extent
of salinity intrusion associated with the operation of the CCS. All of the issues raised in this report can likely
be resolved, with the goal of having sustainable power generation at the Turkey Point station.
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Appendices

A Response to FPL. Comments

Author Comment: The author thanks FPL for providing feedback on the preliminary report. The com-
ments and data provided by FPL were taken into consideration in the preparation of this final report. As
explained subsequently in this response, most of the data and commentary provided by FPL reinforces
the findings and recommendations contained in the preliminary report. The author encourages FPL to
give serious consideration to several recommended actions contained in this final report.

General Comments

FPL Comment: We note that Dr. Chin’s review was limited by the lack of any direct interaction with FPL
engineers and scientists, or the body of data that has been developed to characterize and understand the
various forces in action within the system.

Author Response: The author respectfully disagrees with the above statement. A preliminary form of
this report was publicly disseminated, and FPL was formally invited to provide comments and any ad-
ditional data of their choice. All comments and additional data submitted by FPL were considered in
the preparation of this final report. Following this protocol, this final report does not lack direct interac-
tion with FPL and is not limited by lack of FPL input. In conducting scientific and engineering studies
that affect a variety of public interests, it is common professional practice to develop a preliminary
report based on available data before disseminating the preliminary report and inviting comments and
input from stakeholders; this practice was followed here. For preparation of the preliminary report, the
Miami-Dade County Division of Environmental Resources Management (DERM) provided the author
with an extensive amount of documentation and data that had been compiled by FPL and submitted
to regulatory agencies including DERM and the South Florida Water Management District (SFWMD).
These data and documentation were used in the preparation of the preliminary report, and additional
data provided by stakeholders (including FPL) were also taken into consideration in the preparation of
the final report. In their response to the preliminary report, FPL does not contest the accuracy of any
of the data used in this study. Although more data has been collected by FPL, beyond that used in this
study, the data used in this study was of sufficient length to provide a good understanding of the “vari-
ous forces in action (sic) within the system.” FPL has not provided any additional data that changes the
fundamental understanding of the driving forces in the CCS. This latter assertion is discussed in more
detail in subsequent sections of this response.

FPL Comment: “Not unexpectedly some of the assumptions employed by Dr. Chin are not consistent with
our observations or practical limitations. Moreover, we regret that Dr. Chin’s work does not reflect the sig-
nificant results of FPLs concerted efforts undertaken in 2014 and 2015 to address degraded water quality.”

Author Response: The author respectfully disagrees with the above statement. FPL states that “some of
the assumptions employed by Dr. Chin are not consistent with our observations or practical limitations,”
and yet does not state what assumptions they are referring to and what are the observations and practical
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limitations that are not consistent with the assumptions made in the preliminary report. Therefore,
the FPL statement is simply unsubstantiated. A review of FPL’s Technical Addendum included with
their response to the preliminary report indicates that FPL’s statement might have resulted from their
misunderstanding of some of the material in the preliminary report, and the author has endeavored to
provide increased clarity in this final report. The author recognizes that FPL has done additional work
and has acquired additional data beyond the data used in the present study. However, FPL has not
presented any additional data that contradicts or changes any of the key findings that were contained in
the preliminary report.

FPL Comment on Recommendation 1: Heat balance models are a useful tool that have been used to inform
the original design and subsequent changes to system operation and remain an important part of CCS man-
agement. It is important that these models be informed with actual system data and observations of the full
range of system operations, and with an appreciation for the wide range of water quality, flow distribution,
and ambient conditions that affect the heat balance. Importantly, these models have been the basis of reg-
ulatory review and direction provided for system operation. Review of the system operational experience
through the summer of 2015 confirms that actions taken to restore water quality and system flow have sta-
bilized the thermal operation of the system.

Author Response: FPL states that “Heat balance models are a useful tool that have been used to inform

management,” yet, there is no documentation cited by FPL, no documentation submitted to regulatory
agencies and made available to the author, and no documentation in the public domain that could be
found by the author of any heat-balance model currently being used in the management of the CCS,
particularly to guide temperature-control measures in the CCS. Any heat-balance model that is currently
being used by FPL to assist in the management of the CCS should be made available to the public and
outside professionals for peer review and comment. Utilization of such a model would likely have
shown that algae blooms in the CCS were not of sufficient magnitude to have been the prime cause
of elevated temperatures in the CCS. With this knowledge, FPL might not have made statements to
regulatory agencies and the public that elevated algae concentrations were primarily responsible for
elevated temperature levels in the CCS, and FPL might have been able to f