From: Bonnie Rippingille
Chair
Special. Committee for Turkey Point Issues
Ocean Reef Community Association (ORCA)
Key Largo, Florida

To: Rulemaking Comments Resources
Subject: Comments re: NUREG-1437, Generic Environmental Impact
Statement for License Renewal of Nuclear Plants (SLR)

Date: May 2™, 2023

Please accept these comments on the proposed changes to NRC regulations, draft
Revision 2 to NUREG-1437 prepared by the Ocean Reef Community Association
Special Committee (ORCA) for the FPL Turkey Point Power Plant, a 4000-acre
community of approximately 2100 residential homes in North Key Largo, Monroe
County, Florida located 5.5 miles across Card Sound from the coastal FPL Turkey Point
Power Plant.

Our comments relate to proposed environmental review rule and category changes in
Document ID NRC -2018-0296-0017, Article Il, Section D Proposed Actions and Basis
for Changes to 10 CFR Part 51, Appendix B to Subpart A of 10 CFR Part 51:

Historical Information on the Cooling Canal System at Turkey Point
Applicable to All Comments

The Applicant uses a unique, open, shallow, and unlined seawater cooling canal system
(CCS) constructed in 1976 to cool water used to operate two nuclear reactors at Turkey
Point. After more than 45 years of operation, the CCS is still not used in any other
nuclear facility in the United States.

The CCS network comprises 168 miles of serpentine canals and 5,900 acres of coastal
land. The Applicant has an industrial wastewater facility permit from the State of Florida
FDEP to operate the CCS and the permit is reevaluated and renewed every five years.
The CCS is excavated into the native porous limestone and within the underlying
surficial Biscayne aquifer (BA) which is the federally designated “sole source drinking
water aquifer” for the Florida Keys and South Florida. The CCS berms, which are
essentially at mean sea level elevation on the coast, was not designed as a closed loop
cooling water system. It experiences a daily high/low tidal seawater exchange from
Card Sound which is part of Biscayne Bay. lts performance is significantly weather
dependent, relying on sufficient and regular rainfall to dilute the salty sea water in the
canals and make up for the water lost through evaporation and seepage from the
canals. The evaporative cooling method which is used in the CCS causes the heavier
salt to settle and concentrate at the bottom of the canals, making the water leaking from
the CCS into the Biscayne Aquifer much saltier than seawater unless the salt is dredged




from the canals regularly as the designer intended. Over time, because of increasing
ambient temperatures, increased evaporation and poor operation & maintenance
practices by the Florida Power and Light, salt and decayed organic matter from trees
and other vegetation on the berms flanking the CCS were allowed to accumulate in the
canals causing a hypersaline and nutrient-polluted water quality condition in the CCS.
By 2014, a massive hypersaline, polluted-water plume created by the leakage from the
CCS was identified to extend 2-4 miles to the north, south and west beyond the Turkey
Point Plant property line in the Biscayne Aquifer. The plume had been moving in all
directions out from the TP plant site and towards Biscayne National Park, FKAA and the
Miami Dade County wellfields in Florida City, which supply drinking water for Monroe
County and South Miami-Dade County.

In 2011, because the CCS design made its performance as a cooling water system
subject to the varying weather and extensive maintenance, which was not being
performed, the Applicant began pumping millions of gallons a day of supplemental
cooler surface water and ground water into the CCS. The first source used was the
SFWMD L31E freshwater Canal adjacent to the west property line. When that surface
water source was disallowed in 2014 by the SFWMD, the Applicant was allowed by
FDEP to pump millions of gallons of cooler dilution water from the brackish Floridan
Aquifer to attempt to reduce the hypersaline condition in the CCS and to reduce the
CCS water temperature and replace evaporating canal water to increase cooling
capacity of the CCS to meet NRC permit thermal efficiency requirements.

In 2016, before the initial license renewal (LR) and the subsequent license renewal
(SLR) for Turkey Point in 2019 to year 2052, the Florida Department of Environmental
Protection (FDEP) finally acted on these serious environmental pollution violations and
entered a Consent Order (CO) with the Applicant in 2015 to mitigate the impact and
eliminate the cause of the water quality violations. In 2016, Miami Dade County also
acted on the water environment pollution and entered into a Consent Agreement (CA)
with Applicant to remediate the groundwater pollution caused by poor operation and
maintenance of the CCS. The FDEP CO required FPL to:

 to halt the westward migration of the massive hypersaline plume from the TPPP
canal system (CCS) into the Biscayne Aquifer within three years from the start of
the agreed remediation plan activities, and

e to withdraw the entire defined volume of hypersaline plume leaked from the CCS
back to east side of the SFWMD L-31E canal within 10 years from the start of the
agreed remediation plan activities.

The 2016 Miami-Dade Consent Agreement (MDC CA) required the Applicant to
demonstrate over a ten (10) year period ending in May 2028, valid reductions in the salt
mass and volume of hypersaline water in groundwater west and north of FPL's property
without lowering the groundwater table and creating adverse environmental impacts.
Hypersaline groundwater is defined in both the FDEP CO and MDC CA as groundwater
with a chloride concentration greater than that of seawater (19,000 milligrams per liter
(mg/l)




To accomplish the requirements of the CO and CA, the Applicant constructed a
Recovery Well System (RWS) comprised of ten (10) groundwater extraction wells along
the western edge of the CCS which capture and extract the hypersaline water from the
Biscayne Aquifer after it flows out of the CCS and then pumps it through a conveyance
pipeline system to a permitted Deep Injection Well (DIW) located near the center of the
CCS for disposal into the Boulder Zone located 3.000 ft below the ground surface of the
Biscayne Aquifer.

The RWS became operational on May 15" 201 8, and May 16", 2018, became the start
date for the applicable 5 year and 10 year compliance deadlines in the CO and the CA.
FPL is required by FDEP and MDC to prepare and file a Remedial Action Annual Status
Report on the Recovery Well System (RAASR) with FDEP and MDC. The fourth year
RAASR was filed with FDEP and MDC in November 2022.

Neither FDEP nor MDC have completed their review of the RAASR as of May 27, 2023
and submitted written comments on this document. We will submit an amendment to
these comments to include FDEP and MDC comments once they are provided.

The CO and the CA provide that the Applicant can continue to recalibrate its model in
year 5 to achieve compliance with the CO and CA by 2028. In the fifth year which ends
on May 16", the Applicant is required to file a report analyzing the effectiveness of the
RWS within 60 days of filing the 5% year RAASR. We reserve the right to comment on
this document.

Of major concern is that both the 3" year and the 4™ year RAASR modeling results
predict that FPL cannot completely comply with the CA and the CO mandates. The
RWS will not be able achieve full retraction/removal of the hypersaline water plume in
the “State of FL designated compliance area” in the middle and lower modeled layers
of the Biscayne Aquifer by 2028, the date for the 10 year compliance under the CO and
CA. Partial, not complete, retraction of the hypersaline water plume edge within the
compliance area” by 2028 fails to meet the FDEP Consent Order requirement. There is
also no decreasing trend in total phosphorus and chlorophyll and tritium concentrations
reported in the 4% year RAASR.

The operation and maintenance of the CCS, a major component of the nuclear reactor
system, is a significant site-specific environmental issue that affects the safe and
efficient operation of the Turkey Point Power Plant and our primary and secondary
sources of drinking and agriculture water in South Florida and Monroe County. The
NRC must consider requiring the Applicant to replace the archaic non-closed loop
cooling canal system which is subject to sea level rise with the non-weather dependent,
industry standard method of cooling towers as a key part of its review of aging nuclear
reactor system in determining whether to renew the FPL license for Turkey Point Power
Plant from 2033 to 2053. The continued CCS operation will have an impact on all
generic environmental and site specific environmental category issues and they should
all be moved to site specific review. The following exhibits support our comments on
proposed NRC environmental review rules changes:



Exhibit 1 - 4" Remedial Action Annual Status Report by FPL, filed in November 2022
Exhibit 2 - Letfer from Stan Austin, Regional Director, National Park Service to Frank
Astulewicz , Director New Reactor Licensing , December 19% . 2016 .

Exhibit 3 - Evidence of salt plume under Turkey Point nuclear plant goes back years,
J. Staletovich, Miami Herald, April 21, 2016.

Exhibit 4- Report on Recent Biscayne Bay Water Quality Observations, L ee Hefty,
Assistant Director, Division of Environmental Resource Management, December 15,
2015

Section 51.53 (C)(3)(ii)(D): Post-Construction Environmental Reports

We support the proposed language changes and consolidation of the groundwater
quality degradation issues into a single consolidated Category 2 level. The revised LR.
GEIS in 2013 "based on new information” was correct in its finding that cooling ponds or
cooling canals at both inland and coastal plant sites can and have impacted
groundwater and surface water quality because of the migration of contaminants
discharged from the cooling ponds or cooling canals. The contaminants, through the
negligent operation and maintenance of the cooling ponds or canals, can be created in
said cooling ponds and canals and, through migration in the aquifer and surrounding
groundwater, and can result in an adverse impact to the groundwater and surface water
in the environment around the nuclear power plant site. The impact at Turkey Point and
surrounding areas is large and includes Biscayne National Park, the surrounding
wetlands, and the Everglades .

We support the 2013 LR GEIS finding and Category 2 designation as an environmental
site-specific issue.

For example, in 2014, the cooling canals at the FPL Turkey Point Power Plant, drought
conditions and extremely high ambient temperatures coupled with Applicant's poor
operation & maintenance practices of the CCS caused reactor intake water
temperatures to reach 104 degrees F, This exceeded the design limit by 8 degrees F
and the Applicant had to apply for and was granted an emergency increase from the
NRC which was unprecedented and the highest input temperatures of any nuclear
plant in the nation. This caused the NRC to require FLPL to temporarily ramp down the
operating capacity of the 2 nuclear reactors. FPL obtained an emergency permit from
SFWMD to withdraw millions of gallons of L31E canal water (freshwater) to pump into
the CCS to reduce the temperature of the CCS.

Turkey Point is an example of what can occur when the State and County do not
monitor the performance of all critical plant components post construction. It was not
until 2015 and 2016, that the State and County finally issued groundwater quality
violations caused by polluted, hypersaline water which had been migrating from the
cooling canal system over decades after completion of construction of the CCS and
required FPL to clean it up. The 4" RAASR indicates that improvements CCS have
been made but that there is still more to be done to clean it up. The NRC relied upon




the projected success of the RWS to issue the LR and SLR in 2019 but FPL now
predicts that it will not be able to achieve compliance by 2028. The cooling canal
system is an integral nuclear power plant component under the NRC license and the
performance as designed is vital to the safe and efficient operation of the nuclear
reactors, not just an industrial wastewater basin.

Subsection vii Groundwater Resources- (22) Groundwater Use Conflicts for
Plants Withdrawing More than 100 gpm of Make-up Water from a River:

This proposed rule should be modified/ expanded to include those plants that withdraw
more than 100 gpm of make-up water from a state identified drinking water aquifer for a
closed-loop or non-closed loop cooling water system. Alternatively, the NRC could
create a new Sub-Section vii Category (26) for those nuclear power plants that withdraw
more than 100 gpm of make-up water from an aquifer for a closed-loop or non-closed
loop cooling water system.

As a site-specific example, The Turkey Point Plant has pumped 15 mgd — 30 mgd first
from the L31 and then from the Floridan since 2011. FPL is one of the largest users of
water in Florida where the diminishing trend in drinking and irrigation water supply is
alarming.

The Floridan, which is Florida’s largest aquifer, lies beneath most of Florida and
underpins life in Florida by providing most of the drinking water and water for other uses
in the state except in South Florida and Monroe County which relies on the Biscayne
Aquifer for drinking water. The L31 is used for agricultural and it has become
increasingly salty due to the operation of the CCS and saline intrusion. Florida’s
demand for water is increasing and water levels in the Floridan are dropping caused by
overextraction due to dramatic population growth and development which diminish
recharge as lands that recharge the aquifer are drained and covered with concrete. The
Floridan Aquifer is not unlimited and in recent years the water levels in the Floridan
have been dropping due to population growth and development, contamination , over
extraction, saltwater intrusion, and the effects of climate change. The brackish Floridan
is also exhibiting an increasing saline concentration. A source other than Floridan must
be located for use by FPL at Turkey Point because of groundwater use conflicts. This
proposed rule should be modified, or a new rule proposed which should also include the
following requirements:

For an initial or subsequent term renewal application for a nuclear power plant planning
to withdraw over 100 gpm (140,000 gpd) make-up water from a State-identified
irmigation water and/or drinking water aquifer for any on-site purpose, the Applicant must
be required to provide in its site-specific environmental report to the NRC a
comprehensive review of all other known available water supply resources in the
surrounding environment, including, but not limited to, advanced- treated municipal or
industrial waste water effluent sources. The applicant shall also be required to include in
the site-specific environmental report a complete qualitative and quantitative analysis of



the water demand for the entire nuclear power plant. This analysis shall include, but not
be limited to, the ultimate destination of all used water discharges.

Exhibit 5 : Recharging the Floridan Aquifer: Threats to the Floridan Aquifer, August 22,
2022, www.nflt.org

Exhibit 6: The Floridan Aquifer: Why one of our rainiest states is running out of water,
National Geographic.com, July 29" 2020 .

Exhibit 7- Protecting Fresh Water We're working to ensure clean water for Florida’s
people and nature. The Nature Conservancy July 14, 2020 , updated July 28, 2022

Subsection xvii (74)- Climate Change Impacts on Environmental Resources:

This proposed rule is lacking in that as written it only requires evaluation of
impacts of climate change on environmental resources that are affected by the
continued nuclear power plant operation and refurbishments during the license
renewal term (initial LR or SLR). The proposed rule should be modified/ expanded to
require thorough evaluation of impacts of climate change on the continued safe nuclear
power plant operation and refurbishment itself during the license renewal term. The
evaluation of climate change impacts on safety and performance of nuclear power
plants located directly along a coast, such as the Turkey Point in Miami-Dade County
which is located just above mean sea level on the coast and between Biscayne Bay
National Park and the Atlantic Ocean and Everglades National Park and adjacent to
coastal wetlands is a critical issue which deserves the minimum Category 2, and
probably a Category 3 classification and affects many of the generic issues related to
the environment.

Existing aging nuclear plants are extremely vulnerable to climate change impacts which
can decrease the efficiency of nuclear reactors, require operators to cut back or shut
off reactors, increase the cost of nuclear power, and increase safety and environmental
risks. Rising temperatures can warm the power plant’'s source of cooling water, relied
upon to ensure safety within the core and in spent fuel storage areas. Recently
warming waters have already caused many global nuclear power plants to scale back
generation or shut down temporarily. The IPCC has just announced that the world is
likely to surpass its most ambitious climate target limiting warming to 1.5 Celsius (2.7
degrees F) above preindustrial temperatures by the early 2030’s. Scientists predict that
beyond that threshold, climate disasters will be extreme and cause irreversible damage
to communities and ecosystems unless carbon emissions are reduced. Higher
temperatures resulting will make storms more powerful and sea level rise makes
flooding from these storms more intense.

Increasing temperatures and decreasing rainfall can and do impact the performance of
nuclear power plant reactors and support systems such as the cooling canal system,
which can adversely affect the capacity and thermal efficiency of the reactor(s) water
cooling system if ponds or canals on / adjacent to the nuclear plant site are utilized.

The inability of the weather/ climate dependent cooling ponds or canals to reliably return




water to the nuclear reactors which is cooled to the design influent temperature can
cause a reduction or shut down in the electrical power generating capacity of the
nuclear power plant . .
Increasingly severe hurricanes and flooding as a result of global warming can damage
nuclear power plants and cut off access to cooling water, like the events of the
Fukushima Daiichi nuclear accident. The risks to both operational and decommissioned
nuclear plants that store nuclear waste on-site are increasing and climate Impacts to
nuclear power plants can lead to catastrophic accidents with irreversible and
widespread health and environmental effects.

Recent sea level rise studies by renown climate scientists, Jianjun Yin and Sonke
Dangendorf have concluded that a quickly warming Gulf of Mexico is driving a faster
than expected rise in sea levels along the Gulf and across the east coast of Florida that
is “unprecedented in at least 120 years”. The findings by these scientists are
incorporated in the recent Washington Post article, in the UN Intergovernmental Panel
on Climate Change report. (IPCC) and in July last, the Southeast Florida Regional
Climate Change Compact projected that by 2040, seas would rise between 10 to 17
inches over 2000 levels, based on predictions from NOAA and the Intergovernmental
Panel on Climate Change, the United Nations body that has studied the issue since the
1980s.

Sea level rise and resulting saline intrusion will cause contamination of aquifers in
Florida and will flood the CCS and prevent it from serving the purpose for which it was
intended as well as cause saline intrusion into Florida's aquifer system. It will also
severely restrict access to access for the proper operation and maintenance of the 168
miles of canals comprising the CCS as well as transportation corridors around the
Turkey Point property.

NRC should also require the applicant to address in the site -specific environmental
report for a nuclear power plant located on US Atlantic, Pacific and Gulf Coast that
proposes to continue to use ponds and canals as the cooling water system based upon
the actual predicted level of sea level rise, projected rise in ambient temperatures ,storm
surge and King Tides instead of the historic levels which FPL used in its EIS in support
of its SLR application in 2019 . All these factors will adversely impact the operational
integrity and the thermal efficiency of the cooling canals or ponds in the next 30 years if
the NRC extends the life of the reactors to 2052 which exceeds design specifications for
nuclear reactors. The applicant must be required to demonstrate how these adverse
impacts can be prevented by a proven refurbishment to the pond or canal system or by
complete replacement of the CCS with new industry-standard cooling towers
constructed well above sea level rise and hurricane storm surge. If replacement is the
only viable option, then the renewal permit should stipulate immediate termination of
water use from the canals and ponds and, if on-site, immediate decommissioning of the
canals or ponds after the cooling towers are completed, tested, and put online.




Exhibit 8- Seas have drastically risen along southern U.S. coast in past decade, The
Washington Post, April 10, 2023.

Exhibit 9-Unified Sea Level Rise Projection for Southeast Florida, prepared by the
Florida Regional Climate Change Compact’s Sea Level Rise Ad Hoc Work Group, pp 9-
23,

Exhibit 10- World is on brink of catastrophic warming, UN Climate Change Report says,
Sarah Kaplan, March 20™, 2023.

Subsection ix, Aguatic Resources (35), Impingement Mortality and Entrainment of
Aguatic Organisms:

We agree that this proposed new rule must be a Category 2 site specific for nuclear
power plants where the environment around the plant site contains “aquatic resources”.
This rule should contain a specific definition of and examples of “aquatic resources”
covered by the rule, i.e., wetlands, coastal estuaries, streams, lakes, rivers, springs,
seeps, ponds, groundwater. The scope of the rule should be modified / expanded to
include “cooling canals™. This following additional text should be added to this proposed
rule.

e An Applicant seeking a LR or SLR for a nuclear power plant located next to a
coastal bay or ocean waters and which expects to continue using non-closed
loop (unlined) cooling ponds or canals that utilize seawater for make-up and (1)
leak into the groundwater and /or (2) experiences a daily tidal exchange of
seawater with said coastal bay or ocean waters must include in its Site Specific
Environmental Report a qualitative and quantitative evaluation of the impacts on
the aquatic resources contained within the environment around the plant site
during the SLR term.

= Furthermore, the Site- Specific Environmental report must describe how the
Applicant intends to mitigate any predicted adverse impacts and how it will
monitor the status of the health of the aquatic resources during the renewal term
to determine the level of success of the mitigation measures. The Applicant shall
also be required to include this information in the annual plant report to the NRC.

Subsection xvii (73)- Greenhouse Emissions and Climate Change:

We agree with the comments filed by the U.S Department of Environmental
Protection’s comments filed in these proceedings and that this new category should be
added but not as a Category 1 issue; it should be added as a Category 2 issue for site
specific analyses. The draft GEIS has assigned Category 2 to climate change impacts
and adaptions and should also assign Category 2 to Greenhouse upstream and
downstream emissions. Although the NRC evaluation of nuclear power plants’
operations concludes that GHG emissions are inherently low and impact on climate
change would be “SMALL?”, there is strong evidence that GHG emissions coming from
transmission facilities conveying electrical power from the nuclear power plant is




"MODERATE to LARGE". Therefore, this issue during environmental review should
justify a Category 2 classification and we attach the following as further support.
Exhibit 11 - US Emissions of the World’s Most Potent Greenhouse Gas are 56
percent higher Than EPA Estimates, a New Study Shows. Inside Climate News,
January 31, 2023.

Subsection xx (80)- Termination of Nuclear Power Plant Operations and
Decommissioning

This issue must be elevated to a Category 2 or 3 level. It is imperative that every
nuclear power plant seeking a license renewal term must resubmit to the NRC for
approval as part the application and environmental review an updated plant and plant
site “Termination and Decommissioning Plan " based on the current integrity and age of
the plant components and systems, feasible refurbishments to same, conditions of
environmental resources affected by past and continued plant operations and
foreseeable impacts of changes in climate during the proposed renewal term. It takes
decades to decommission a nuclear plant and sea level rise and resultant flooding
during the SLR and beyond needs to be considered and decommissioning timed
correctly so that projected sea level rise does not interfere with the successful
decommissioning of the nuclear plant.

The applicant, based on all the above considerations, must include a re-assessment of
the service life of the major components of nuclear power plant, storage of spent fuel,
feasibility of refurbishment and an updated schedule for decommissioning and
termination. The plan shall state a primary federally approved site and a secondary
federally- approved site for the disposal of the spent fuel stored on-site once
decommissioning has commenced. Public safety demands the classification of the
Applicant’s submittal and the NRC review of an updated site-specific termination and
decommissioning plan as a Category 2 or 3 issue.

Respectfully submitted,

Bonnie Rippingille
Chair
Special Committee for Turkey Point Issues

Ocean Reef Community Association
Key Largo, Florida
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EXECUTIVE SUMMARY

Analyses of data through Year 4 of remediation demonstrate that the net westward migration of the
cooling canal system (CCS) hypersaline plume has been halted, and hypersaline groundwater from
the CCS is being intercepted, captured, contained, and retracted by recovery well system (RWS)
operations. The aerial electromagnetic (AEM) data shows that the volume of hypersaline water in the
compliance area has been reduced by 67% since remediation began in 2018. In addition, many of
the groundwater monitoring wells are showing declining trends in salinity, and there are notable
improvements in CCS water quality, reductions in algae, and continued improvements in thermal
efficiency. Evaluations to better align groundwater monitoring data, AEM surveys, and groundwater
modeling results will continue in preparation for the Year 5 Remedial Action Annual Status Report.

The Florida Power & Light Company (FPL) has prepared this Remedial Action Annual Status
Report (RAASR) to document the results of the Year 4 Recovery Well System (RWS) operation,
in compliance with the monitoring and reporting objectives of the Miami-Dade County (MDC)
Consent Agreement (CA) and Florida Department of Environmental Protection (FDEP) Consent
Order (CO). The RWS groundwater remediation system is designed to intercept, capture,
contain, and retract hypersaline groundwater located to the west and north of FPL’s property
without creating adverse environmental impacts. The RWS consists of 10 extraction wells that
remove hypersaline water from the Biscayne aquifer and dispose of it in the Boulder Zone, more
than 3,000 feet below the base of the aquifer, through an underground injection control (UIC)
well system. FPL successfully initiated operations of the Turkey Point RWS on May 15, 2018.

FPL uses three primary tools to assess remediation progress: groundwater monitoring,
continuous surface electromagnetic (CSEM) survey using aerial electromagnetic (AEM)
methods, and groundwater modeling (i.e., variable density flow and salt transport model). Data
collected from groundwater monitoring wells from 2018 through Year 4 (July 1, 2021, to June
30, 2022) of remediation, in conjunction with the comparative 2018-2022 AEM surveys and
updated and recalibrated modeling results, were used collectively to assess changes in the
volume and extent of the hypersaline plume. The groundwater model was also used to estimate
future reductions to the hypersaline plume based on 4 years of remediation data. Data and
modeling confirm the objectives of the CA and the CO through Year 4 are being met. The
following is a summary of the major findings of this evaluation:

e After 4 years of remediation operations, the CA objectives to intercept, capture, contain
and demonstrate statistically valid reductions in the salt mass and volumetric extent
(retraction) of hypersaline groundwater from the CCS continue to be met. The CO
requirement to halt the westward migration of hypersaline water from the CCS within 3
years was achieved and documented in the April 2021 Year 2 Part 2 RAASR,; significant
reductions continue to be demonstrated by analyses conducted in this report.
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Since inception of the remediation system, approximately 23.43 billion gallons of
hypersaline groundwater and 9.24 billion pounds of salt have been extracted from the
Biscayne aquifer. Approximately 6.18 billion gallons of hypersaline water and 2.37
billion pounds of salt were removed during this reporting period.

In total, 21 of 26 monitoring wells west and north of the CCS used in the remediation
assessment showed a statistically significant declining trend in one or more parameters
(quarterly chloride, quarterly tritium, and weekly average automated salinity) and
multiple wells had one or more parameters that were the lowest value on record this
reporting period.

The fact that the majority of the wells have a declining trend since the start of the RWS
and a number of the wells, including intermediate and deep wells, continue to show
lower chloride, salinity, and/or tritium concentrations each year indicates positive
progress in meeting the objectives of the CA and CO.

Greatest reductions in chloride levels are being measured in shallow monitoring wells
next to the CCS where shallow fresher groundwater replaces hypersaline water along the
top of the plume. The gradual reductions occurring in the middle and deep monitoring
wells near the CCS are expected to increase as the continuing plume retraction reaches
the narrow monitoring intervals of the deeper monitoring wells.

The Year 4 AEM results, compared to the 2018 baseline survey results, indicate the
volumetric extent of the hypersaline plume has been reduced by 67% after 4 years of
RWS operation. The location of the leading edge of the CCS-sourced hypersaline plume
west and north of the Plant site is shown to have retracted back to the CCS by as much as
1.25 miles.

Based on AEM data, the greatest reduction in hypersalinity volume is occurring in the
lower portion of the aquifer as the plume west of the L-31E canal is retracting eastward.

The Year 4 recalibrated V7 model forecast simulations for Years 5 and 10 of remediation
show improved hypersaline retraction results at all depths of the modeled aquifer.
Complete retraction predominantly occurs in shallow and intermediate model layers.
Retraction in the deepest model layers is focused in northern areas.

In addition to reductions in groundwater hypersalinity to the west and north of the CCS, FPL has
successfully completed multiple restoration and remediation activities outlined in the MDC CA
and the FDEP CO which have resulted in tangible improvements within the CCS:

Reduction of the annual average salinity in the CCS to 36.1 PSU (June 1, 2021, to May
31, 2022) which is its lowest annual level since 1977. Reducing salinities in the CCS
reduces the formation of hypersaline water and reduces the driving head on hypersaline
groundwater beneath the CCS, aiding in the retraction of the hypersaline plume.
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e CCS thermal efficiencies have exceeded the CO minimum value of 70% since 2016,
with the annual average CCS thermal efficiency for the period from June 2021 through
May 2022 being 86.2% (FPL 2022).

e There is a statistically significant declining trend in total nitrogen over the past three plus
years, while the total phosphorus levels remain relatively low, ranging between 0.01 to
0.05 mgl/L.

e Algae levels show dramatic declines during the reporting period, reaching their lowest
levels since 2016. Reductions in turbidity and increases in water clarity have been
coincident with the algae reduction.

During the reporting year, FPL implemented various actions to enhance the ongoing remediation
and to further enhance the objectives of the CA and CO, including enhancing processes and
procedures to improve resiliency of the RWS system, maximizing flow, expanding the
groundwater network by adding TPGW-23, and increasing the Upper Floridan Aquifer allocation
for CCS freshening.

Given the significant progress of remediation since initiation of the RWS, FPL does not propose
any changes to the Agencies’ approved remediation plan at this time. However, based on review
of groundwater monitoring data, Year 4 AEM survey data, and the updated and recalibrated Year
4 (V7) forecast modeling, FPL plans to undertake the following recommended actions in
preparation for the Year 5 RAASR:

e Conduct evaluations of the AEM results to further verify documented changes along the
western edge of the plume, determine the nature of isolated lenses of hypersalinity,
evaluate areas of lower salinity groundwater located along the base of the aquifer
beneath AEM-identified hypersaline layers, and evaluate areas where AEM-estimated
chloride values significantly differ from adjacent monitoring well values.

e Continue to refine and improve the model as a predictive and management tool by
refining the technique for using inputs from the water and salt balance in the
groundwater flow and saltwater transport model; explore alternative conceptual models
of the near-RWS flow system to align the modeled hypersaline interface more closely
with those characterized by AEM and monitor well data; continue to collect data
reflective of long-term RWS operations and recalibrate the model to help inform the
model and increase its accuracy in simulating the effect of the RWS; conduct additional
analysis to understand the hypersaline plume development and retraction in the lower
model layers; and verify the degree to which model-generated, non-CCS hypersaline
groundwater impacts remediation objectives.

It is important to note that the aquifer system is complex and subject to many external factors
beyond the CCS and RWS; therefore, continued monitoring, model updates, and scientific data
analyses are performed to improve our understanding of the impact of RWS operations in
concert with these other factors. FPL will continue to monitor and evaluate progress in meeting
the requirements of the CA and CO and make recommendations for modifications as needed.
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1 INTRODUCTION

FPL is submitting the Year 4 Remedial Action Annual Status Report (July 1, 2021, through June 30,
2022) on the status of remediation and progress in meeting the objectives of the MDC CA and FDEP
CO. The remediation efforts have resulted in significant reduction in salt mass and the volumetric
extent of hypersaline groundwater west and north of the FPL property over the last 4 years.
Additionally, multiple restoration and remediation activities outlined in the CA and CO have been
completed and FPL and has made substantial progress in implementing and completing activities
which have resulted in tangible improvements within the CCS.

1.1 BACKGROUND

Florida Power & Light Company (FPL) submits this Year 4 Remedial Action Annual Status
Report (RAASR) pursuant to paragraphs 17.b.ii and 17.d.v of the Miami-Dade County (MDC)
Department of Regulatory and Economic Resources (DERM) Consent Agreement (CA) and
paragraphs 28, 29.c. and 33 of the Florida Department of Environmental Protection (FDEP)
Consent Order (CO). FPL entered into the CA on October 7, 2015, and the CO on June 20,
2016. FPL agreed to conduct specific actions, including the remediation of hypersaline
groundwater adjacent to the FPL Turkey Point Power Plant (Turkey Point). The specific
objectives of the CA are to demonstrate a statistically valid reduction in the salt mass and
volumetric extent of hypersaline water in groundwater west and north of FPL’s property without
creating adverse environmental impacts and to reduce the rate of, and ultimately arrest, migration
of hypersaline groundwater. The specific hypersaline groundwater remediation objectives of the
CO are to halt the westward migration of the hypersaline plume from the cooling canal system
(CCS) within three years and reduce the westward extent of the hypersaline plume to the L-31E
canal within 10 years. Hypersaline groundwater, as defined in the CO and CA, is groundwater
with a chloride concentration greater than 19,000 milligrams per liter (mg/L).

FPL initiated the evaluation and design of a recovery well system (RWS) as part of a Remedial
Action Plan (RAP) to intercept, capture, and retract hypersaline groundwater west and north of
the FPL property boundary in accordance with the requirements of the CA and CO. To design
the RWS, FPL developed a groundwater flow and salt transport model, which was extensively
reviewed by the South Florida Water Management District (SFWMD), FDEP, MDC, the United
States Environmental Protection Agency (USEPA), and the University of Florida. The model
and remediation design were ultimately approved by MDC on May 15, 2017. After obtaining all
required environmental and well construction permits, FPL initiated the construction of the
RWS, which includes 10 groundwater recovery wells, a conveyance pipeline system, and a deep
injection well (DIW) more than 3,000 feet (ft) below the base of the aquifer. The system was
fully operable on May 15, 2018. FPL submitted an RWS startup report to MDC in October 2018
(FPL 2018a), and quarterly RWS status reports through May 2019 (FPL 2018b, 2019a, 2019b)
that provided information on the design and operation of the approved RWS. In addition, an
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annual remediation restoration report was submitted in December 2018 (FPL, 2018d) that
documented the status of the RWS, CCS canal management actions, Turtle Point and Barge
Canal restoration, and monitoring and mitigation actions.

Annual RAASR reports were then subsequently submitted with the first year report (Year 1)
covering the period from May 15, 2018, to May 31, 2019 (FPL 2019c). In Year 2, collection of
the Aerial Electromagnetic (AEM) survey data was delayed from the originally scheduled end of
May 2020 timeframe until September 2020 due to restrictions on international travel and health
risks associated with the COVID-19 pandemic. This resulted in the Year 2 RAASR having 16
months of data and being submitted in two parts: groundwater monitoring data from June 2019
to September 2020 (FPL 2020a) and the Year 2 AEM survey (flown September 26-27, 2020)
and groundwater model (FPL 2021a). The Year 3 report included groundwater monitoring data
collected from October 1, 2020, to September 30, 2021, an updated groundwater model V6, and
the Year 3 AEM survey flown June 18 through 22, 2021 (FPL 2021b).

In an effort to return to the pre-COVID 12-month annual remediation assessment schedule, the
Year 4 report comprises data collected from July 2021 through June 2022, including the Year 4
AEM survey flown on May 19 and 20, 2022. This timeframe incorporates the June 2022
quarterly sampling event which is used to establish the relationship with bulk airborne transient
electromagnetic method (AEM) resistivity measurements from the May 2022 AEM survey.

Data and accompanying analyses in the Year 1 reports indicated a statistically valid reduction in
salt mass and a 22% reduction in the volumetric extent of hypersaline groundwater west and
north of the FPL property (FPL 2019c). An additional 12% in reductions were observed in the
second year of operation which were documented in the Year 2 RAASR (FPL 2021a). In
addition to capturing and reducing the plume extent, particle tracking using the Version 5 (V5)
updated model demonstrated that the RWS creates a hydraulic barrier that intercepts and
contains hypersaline groundwater located beneath the CCS from migrating west and north. In
the Year 3 RAASR (FPL 2021b), there was an additional 8% volumetric reduction in the
hypersaline plume with a total of 42% reduction since startup of the RWS in May 2018. In
addition, data and analyses contained in the Year 3 RAASR show that FPL has successfully
intercepted, captured and contained the hypersaline plume and has begun to retract the
hypersaline plume within the first three years of operation of the groundwater recovery system.

1.2 SCOPE OF THE REMEDIAL ACTION ANNUAL STATUS
REPORT
This Year 4 RAASR report includes the following:
e Information collected from July 1, 2021, through June 30, 2022 although in some
instances, data beyond June 30, 2022, have been incorporated into this report for the

most updated data trends

e Year 4 RWS operational summary, including analytical results from the RWS wells, salt
mass and hypersaline groundwater removal and operation run times
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e Data and assessment from monitoring wells in Year 4 and comparisons to baseline
conditions and/or previous years

e Year 4 annual AEM survey results with comparisons between the 2022 AEM survey and
2018 baseline AEM survey

e An updated RWS groundwater model description and results, as well as Year 5 and Year
10 remediation forecast results

e Status of activities related to management of the CCS and resulting improvements which
includes data up through September 30, 2022

e Appendices containing additional supporting information and data used in the report
(Appendices A-H)

Section 2 of this report provides an overview of RWS operations, and it includes a summary of
automated and analytical data from the recovery wells and the calculation of total salt removed
by the RWS.

Section 3 of the RAASR provides automated data and/or analytical samples from monitoring
well sites (up to 26 wells) located within the areal extent of the hypersaline groundwater plume
collected from July 1, 2021, to June 30, 2022. These data along with Year 1, Year 2, and Year 3
data were used to evaluate changes and trends in groundwater quality from baseline conditions in
March 2018 through June 2022 (52 months). These results were compared to the data collected
prior to the startup of RWS to identify changes likely related to RWS operations. Groundwater
chloride contour maps for the shallow, middle, and deep monitoring well horizons augmented
with AEM data are generated for Year 4 and compared with similarly prepared 2018 baseline
contour maps to identify changes in the extent of hypersalinity.

Section 4 of the RAASR includes the results of the Year 4 AEM survey with comparisons to the
baseline 2018 AEM survey to document changes to the extent and volume of the hypersaline
plume within the CO/CA compliance boundary that have occurred since RWS operations began.

Section 5 of the RAASR encompasses documentation of the updated, recalibrated Turkey Point
groundwater flow and salt transport model with predictive model runs for Year 5 and Year 10 of
plume remediation.

Section 6 of the RAASR discusses findings observed in the CCS associated with salinity,
nutrient, and thermal efficiency management actions.
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1.3 STATUS OF CONSENT AGREEMENT/CONSENT ORDER
IMPLEMENTATION

FPL is successfully implementing restoration and remediation activities outlined in the MDC CA and
FDEP CO, resulting in significant reductions of hypersaline groundwater volume and improved CCS
water quality and conditions.

The RAASR provides information on FPL’s progress in meeting the groundwater remediation
objectives of the CA and CO along with the status of meeting the additional requirements of
these regulatory documents. The CA and CO consist of two categories of required actions: those
with deadlines for completion that precede this report (such as design and construct an approved
groundwater RWS) and ongoing/future actions (such as implementation of CCS salinity,
nutrient, and thermal efficiency management plans and Year 5 and 10 remediation progress
reports).

FPL has successfully completed all actions required to be completed prior to this report and is on
track implementing all ongoing actions. A summary of all required actions of the CA and CO is
included in Appendix A of this report. Additional details pertaining to ongoing actions including
salinity, nutrient, and thermal management in the CCS are summarized further in Section 6.

1.4 INDEPENDENT TECHNICAL REVIEW

In support of its review of FPL’s Remedial Action Annual Status Reports, MDC DERM retained
the services of Arcadis U.S., Inc. (Arcadis) to evaluate FPL’s AEM methods, results and
statistics, and Groundwater Tek Inc. (GTI) to evaluate site-specific variable density groundwater
flow and solute transport modeling. The results of these evaluations were discussed in multiple
technical meetings between FPL’s and MDC’s technical experts and project management staff.

Arcadis’ review of FPL’s AEM work was detailed, with the overall scope of their evaluations
summarized by FPL into the following five categories:

e Review of geophysical data collection

e Review of geophysical data processing and inversion modeling

e Evaluation of alternative mathematical relationships to the correlation between airborne
transient electromagnetic (AEM) measured formation resistivity, water resistivity, and
chloride concentrations to define the extent and volume of the hypersaline plume

e Evaluation of hypersaline plume volume estimates (conducted for Year 1 report)

e Assessment of approach used to assess statistical significance of changes to plume
volume and orientation
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The Arcadis conclusions and recommendations were rigorously discussed between FPL and
MDC technical and project management staff. As a result of these discussions, FPL addressed
the following recommendations in this report as follows:

e Recommendations to standardize geophysical data acquisition, equipment calibration
and data verification have been implemented since 2018 and are described in section
4.2.1 of this report and in section 2 of the September 22, 2022, Aqua Geo Frameworks,
LLC, report entitled Report on Advanced Processing and Inversion of 2022 AEM Survey
Data and Derived Chloride Concentrations near the Turkey Point Power Plant,
Southern Florida (Appendix G).

e Recommendations for reducing systematic drift between AEM resistivity and monitoring
well fluid resistivity by basing regressions on year-specific data pairings rather than
multiple year pairings have been implemented by FPL since Year 2. However, this year,
this recommendation was also applied to the 2018 baseline survey as discussed in section
4.2.3.2 of this report and section 3.1 of the AGF report (Appendix G).

e Recommendations for alternative methods to those used by FPL and the U.S. Geologic
Survey (USGS) to relate AEM formation resistivity to porewater chloride concentrations
were examined in section 2.6 of the AGF report (Appendix G). As suggested by Arcadis,
rather than incorporating uncertainty associated with the regressions between AEM bulk
resistivity and monitoring well laboratory chloride data, the distribution of AEM-
measured resistivity values from the 2018 baseline survey through 2022 were
qualitatively compared with a focus on changes in orientation of AEM resistivity
threshold values of 1.75 ohm-meters or less, which are representative of chloride
concentrations of 19,000 mg/L and above. The resulting distributions and retraction of
the specified resistivity threshold values compared very well to the chloride conversion
approach used by FPL in prior years.

e Six alternative evaluation approaches for assessing hypersaline plume volume estimates
from 2018 and 2019 (Year 1 of remediation) were conducted by Arcadis using FPL AEM
data. These alternatives produced a range of plume reduction values for the first year of
RWS remediation from 16% to 25%, with Arcadis’ estimated Year 1 plume volume
reduction of 24%; this compared well with FPL’s Year 1 volumetric reduction report of
22% (Arcadis 2020). The Arcadis evaluation of alternative methods indicates FPL’s
methods for calculation of changes in plume volume are consistent with these alternative
methods.

e Arcadis’s review of the approach FPL uses to assess uncertainty surrounding the
regressions that ultimately relate AEM resistivity to chloride concentration focused on
how that uncertainty potentially relates to chloride estimation error on a point-by-point
scale. While the regression-based relationship between AEM formation resistivity and
porewater chloride produce the most probable estimation of 19,000 mg/L chloride
hypersaline threshold formation resistivity value, the use of the resulting confidence
interval surrounding the regression does not fully represent the range of possible
predictive chloride values at any 19,000 mg/L estimated value in the study area. FPL
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discussed alternative approaches to assess uncertainty in the estimation of plume
volumes with Arcadis and MDC and have included additional approaches (i.e.,
permutation testing and bootstrap estimation) in this report as described in section
4.2.4.3. and Appendix H. The results of the alternative methods produced very similar
volumetric estimates as FPL’s original approach.

The GTI review of FPL’s variable density groundwater flow and solute transport model versions
3-6 was also detailed and well documented (GTI1 2022), with the overall scope of the Year 3
evaluation summarized by FPL into the following five categories:

e Review of FPL’s RAASR Year 3 report
e Review of FPL’s SEAWAT model V6

e \frification of SEAWAT model runs (i.e., calibration, prediction, and sensitivity
analyses)

e Review of salt extraction data and modeling results
e Assessment of model’s plume reduction forecast results

The GTI conclusions and recommendations that addressed the model’s differences with
groundwater monitoring well data and AEM plume orientations and the potential impacts these
differences had on remediation forecasts were rigorously discussed between FPL’s and MDC’s
technical and project management staff. The major conclusions and recommendations are
summarized by FPL as follows:

e The FPL models overstate the westward extent of hypersalinity as defined by AEM
surveys and groundwater monitoring data. Accurate alignment of the western edge of
the plume is critical in assessing progress of the remediation.

e The model shows the plume expanding along the base of the Biscayne Aquifer, which is
contrary to the conceptual model and is not supported by AEM data. This issue, unless
fixed, will prevent the model from accurately predicting the progress of the plume
retraction.

e The model as configured shows vertical preferred flow instead of horizontal flow along
the bottom of the aquifer (model layers 10 and 11) that, if true, constrains plume
retraction along the base of the aquifer. However, this phenomenon is contrary to AEM
survey results which show plume retraction along the base of the aquifer is occurring.
This inconsistency between the model and the AEM data needs to be resolved.

e Recommendations made by GTI include improved use of parameter estimation targets to
achieve better alignment of AEM and modeled initial plume locations, improved
calibration that better aligns with groundwater monitoring wells and AEM salinity
changes measured since remediation has been implemented, conducting sensitivity
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evaluations to determine the relationship between vertical and horizontal flow in the
deep layers of the aquifer, and reassessing the capture zone analysis performed by FPL
around RWS-5, RWS-6, RWS-7 and RWS-8 in the deep level of the aquifer to verify
CCS hypersaline groundwater from beneath the CCS is contained by RWS operations.

These issues were also identified by FPL in the RAASR Year 3 report, and modifications were
incorporated into the development of the V7 model. The following modifications, consistent
with the recommendations made by GTI, were made to produce the V7 model updates described
in greater detail in section 5 and Appendix | in this report:

Vertical layering of prior versions of the model, informed by the 2016 aquifer
performance test (APT) prescribed in paragraph 17.b.i. of the CA, did not include the
deep high-flow zone (about 80-90 ft deep) found throughout the Model Lands area. The
vertical layering of the V7 model was expanded to include 17 layers, including the deep
high-flow zone with the hydraulic conductivities being informed by lithologic core data
collected during construction of the RWS production wells.

CCS seepage to underlying groundwater in prior model versions were much greater than
values calculated by the water and salt budget models produced under the 2009 annual
monitoring plan. Seepage into and out of the CCS in the V7 model is informed by the
calibrated water and salt budget model as documented in FPL Extended Power Uprate
Annual Monitoring Reports.

Initial conditions for the lower portions of the aquifer in prior model versions were
informed by low hydraulic conductivity values produced from the 2016 APT test which
resulted in conditions that could explain the modeled plume responses that are different
from AEM and monitoring data. Initial hydraulic conductivity values of the V7 model
were updated with values determined from the RWS and monitoring well core data.

Model calibration targets and weighting factors were redistributed to better emphasize

yearly changes at the Turkey Point groundwater monitoring wells and AEM site salinity
changes since remediation began.
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2 RECOVERY WELL SYSTEM YEAR 4
OPERATION SUMMARY

2.1 HYPERSALINE EXTRACTION/DISPOSAL
OPERATIONS

The RWS operated 93.8% of the time during the reporting period; there were only 22.8 days out of
the year (6.2%) when the entire system was not operational. The majority of outages were related
to system enhancements, preventative maintenance activities, lightning strikes, regulatory testing,
permit-required testing of the DIW, and during the CSEM survey.

FPL operates 10 recovery wells to extract up to 465 million gallons per month (annual average of
15 mgd) of hypersaline groundwater, preferentially along the base of the Biscayne aquifer. The
extraction wells are cased to the lower high flow zone of the Biscayne aquifer (FPL 2018a),
allowing hypersaline water to be withdrawn along the base of the plume. As the extraction wells
are pumped, hypersaline groundwater from beneath the CCS and from the plume west and north
of the CCS flows laterally toward the points of withdrawal. As hypersaline water is removed,
the plume shrinks both vertically and laterally with adjacent lower-salinity groundwater
replacing the area formerly containing hypersaline groundwater. The extraction of hypersaline
groundwater from the lower extent of the Biscayne aquifer along the western margin and north
of the CCS accomplishes the objectives listed below:

e Reduces the salt mass and volumetric extent of hypersaline groundwater west and north
of the CCS. The retraction of the hypersaline plume is accomplished primarily by direct
extraction of hypersaline groundwater, which increases the natural seaward groundwater
flow gradient eastward into the RWS capture zone, and secondarily by natural dilution
and dispersion of hypersaline water with the lower-salinity waters in the aquifer.

e Creates a hydraulic barrier that intercepts and contains the westward and northward
migration of hypersaline groundwater from the CCS. RWS operations extend the
hydraulic barrier effect of the interceptor ditch (ID) operation in the upper portion of the
Biscayne aquifer to the base of the aquifer.

e Decreases groundwater salinity and mass beneath the CCS, which reduces the driving

force that contributed to lateral movement away from the CCS and which is a component
of halting the westward migration of hypersaline groundwater from the CCS.
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The hypersaline groundwater is pumped from each
recovery well into a collection system that consists of
an approximately 9-mile-long pipeline that is routed to a
deep injection well (DIW) located near the center of the
CCS for disposal. The DIW is a 24-inch-diameter
permitted underground injection control (UIC) non-
hazardous Class | industrial wastewater disposal well
(Permit No. 0293962-004-UO/11) constructed to a depth
of 3,230 ft below ground surface into the regionally
confined Boulder Zone. Near the end of Year 1, the
permitted operating capacity of the DIW was increased from 15.59 mgd to 18.64 mgd (Permit
Modification No. 0293962-005-UO/MM) to accommodate additional remediation flows.

The deep injection well.

The Consumptive Use Permit from SFWMD authorizes an RWS annual withdrawal allocation of
5,475 million gallons (15 mgd) and a maximum monthly allocation of 465 million gallons from
RWS extraction wells 1 through 10. In early 2020, two UICPWs (UICPW-1 and UICPW-2),
co--located with the DIW and constructed to the base of the Biscayne aquifer in a similar manner
as the recovery wells, were activated with a rate of approximately 3 mgd each to remove
hypersaline groundwater from beneath the CCS. This extracted hypersaline water is disposed in
the DIW along with the RWS-extracted hypersaline water, utilizing the DIW UIC permit’s
injection rate limit.

The groundwater extraction wells are controlled by a Supervisory Control and Data Acquisition
(SCADA) system that controls the operation of all wells, has the capability to monitor and
regulate individual well withdrawal rates, and maintains real-time-assigned total system
extraction capacity in the event of individual well fluctuations. This system assists the operators
in maintaining compliance with groundwater withdrawal and disposal permit limits. Flow
pumped from each well is measured by totalizers; the combined flow down the DIW is also
measured by a totalizer. All RWS and DIW flow meters were checked, calibrated, and certified
in June 2022 as part of an annual calibration process.

Overall, the RWS operated 93.8% of the time from July 1, 2021, to June 30, 2022, with only 574
hours (22.8 days) over the year in which the entire system was turned off, primarily related to
system enhancements, preventive maintenance activities, lightning strikes, regulatory testing,
permit-required testing of the DIW, and during the CSEM survey. There were four outages that
lasted more than a day which included the following:

e November 5, 2021, 15:00 to November 8, 2021, 9:00. Lightning strike that damaged a
transformer which shut down the entire system. The damage was promptly repaired the
following business day.

e February 8, 2022, 10:00 to February 18, 2022, 15:00. FPL modified the piping
configuration at the DIW to allow for more accurate flow measurements at the totalizer
and replace corroded production well piping.
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e March 14, 2022, 9:00 to March 17, 2022, 13:00. A permit required, five-year DIW
integrity test.

e May 15, 2022, 4:00 to May 20, 2022, 14:00. The whole system was turned off to
reduce electrical noise during the CSEM survey.

The system was also turned off on partial days for the following:

e Additional SCADA refinements to optimize flow so that the monthly total extractions
are being met and to help ensure that the system does not stop when two or more wells
are offline.

e Short-duration maintenance events.

In addition to systemwide RWS outages, individual extraction wells shut down for various
reasons including repairs, refurbishment, calibration tests, or preventive maintenance. In these
cases, the SCADA system immediately adjusts pumping of the remaining operational wells to
continue authorized system total withdrawal rates. Preventive maintenance measures, which are
necessary for effective long-term operation of the system, included replacing ductal iron
wellhead components and electronic operational components that reach the end of their projected
operational life and periodically pulling pumps and motors for rehabilitation based on
manufacture’s recommendations. Operational run times for each of the RWS wells are shown
graphically on Figure 2.1-1.

Figure 2.1-1. Operation of RWS in Year 4 (Pumping with More than 4 Hours of Daily
Flow)
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2.2 RECOVERY WELL SYSTEM MONITORING RESULTS
AND HYPERSALINE GROUNDWATER/SALT MASS
REMOVED

During the reporting period, FPL’'s groundwater remediation actions removed approximately 6.18
billion gallons of groundwater with an average chloride concentration of approximately 27,000 mg/L
that contained 2.37 billion pounds of salt. Since inception of the remediation system, approximately
23.43 billion gallons of groundwater with an average chloride concentration of 27,800 mg/L and 9.24
billion pounds of salt have been extracted from the Biscayne aquifer.

Automated flow, salinity, total dissolved solids (TDS), and water elevation data were
continuously recorded from each RWS extraction well. Water quality samples were collected
from each RWS well monthly and were analyzed for chloride along with field parameters.
Pursuant to execution of CA Amendment 2 on August 20, 2019, quarterly sampling of RWS
nutrients was implemented in September 2019. All sampling/monitoring was conducted in
accordance with the SFWMD-approved FPL Quality Assurance Project Plan (QAPP) (FPL
2013). Water quality data referenced in this RAASR are available in Microsoft Excel tables on
the FPL Turkey Point Electronic Data Monitoring System (EDMS) database (https://www.ptn-
combined-monitoring.com).

Automated data for all 10 RWS wells and the two UICPW wells are shown in Appendix B.
Analytic data are shown in Appendix C, including the field parameters and additional analytes
(i.e., nutrients), field sampling logs, data qualifiers, and quality assurance samples. Data
usability summary (DUS) reports for the events are provided in Appendix D. Level 4 laboratory
reports from the FPL Central Laboratory can be found on FPL’s EDMS at https://www.ptn-
combined-monitoring.com.

Table 2.2-1 shows a summary of the chloride values for all recovery wells. Chloride values in
most of the wells reflect hypersaline conditions, ranging between 21,700 mg/L and 32,400 mg/L
in Year 4. The only exception was RWS-1 where all monthly chloride concentrations were less
than 19,000 mg/L and ranged between 15,300 mg/L and 18,400 mg/L (Figure 2.2-1). RWS-1
started to frequently have chloride concentrations less than 19,000 mg/L in July 20109.

2-4



https://www.ptn-combined-monitoring.com/
https://www.ptn-combined-monitoring.com/
https://www.ptn-combined-monitoring.com/
https://www.ptn-combined-monitoring.com/

FPL Turkey Point RAASR Year 4
November 2022 2 Recovery Well System Year 4 Operation Summary
. ________________________________________________________________________________________________________________________________________|

Table 2.2-1. RWS Chloride Monitoring Results (mg/L)

Sample ID Average
Current
Reporting  Previous

Period Year (7/1/20-

(7/1/21- 6/30/21)
6/30/22)
RWS-1 15300 17000 16200 18100 18000 17200 17000 18400 17500 16200 15900 16400 16933 18042
RWS-2 22900 21700 23800 25000 24800 25100 24300 23800 24400 24400 23300 23700 23933 24775
RWS-3 24900 27900 26600 26900 27200 27600 27600 27400 26000 26500 25100 26900 26717 27150
RWS-4 27000 30700 30200 29800 30300 30500 30200 30600 29000 NA 28900 29500 29700 29567
RWS-5 26600 30400 30200 29800 30700 30700 30000 29700 29100 29700 27300 28700 29408 29275
RWS-6 26200 29600 28800 28900 30000 29500 28500 29100 28100 28400 27600 28400 28592 28717
RWS-7 25300 28400 28800 28600 29800 29400 28300 28900 27200 28500 27300 27300 28150 28492
RWS-8 26800 29700 29900 29600 30700 30300 30200 30400 29200 29800 28200 29000 29483 29608
RWS-9 26100 29200 28400 28800 29700 29500 28600 28900 27600 29100 27100 28900 28492 28442
RWS-10 23300 26700 25600 25800 27000 26300 26100 25700 25300 25600 24100 24900 25533 25658
UICPW-1 NA 30400 NA 30700 NA NA NA NA 28100 NA 30400 28000 29520 30817
UICPW-2 | 28900 NA 32400 NA 30800 30300 29200 29200 NA 29100 28500 NA 29800 30320
Key:

NA = not available/no pumping.
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Figure 2.2-1. RWS Chloride Results (mg/L)

While Mann-Kendall trend analysis conducted on each extraction well for the reporting period
shows no trends in chloride, longer-term statistically significant gradual declines in chloride
concentrations remain in all the RWS wells using the monthly data from May 2018 through June
2022.

This gradual reduction in salinity of the RWS wells was documented in early modeling of the
RWS (Tetra Tech 2016a). The design of the remediation system considers the fluid density of
the plume, which is why the extraction wells are open to the base of the aquifer (i.e., dense
hypersaline groundwater will naturally “sink” toward extraction points along the base of the
aquifer). Accordingly, it is expected that the salinity levels of the extracted water from the RWS
wells will remain elevated for an initial period while the thickness of the plume diminishes. As
the vertical and lateral extent of the hypersaline plume diminishes over long-term operation of
the RWS, larger portions of lower-salinity groundwater from above the extraction horizon mix
with hypersaline water moving laterally along the base of the aquifer, resulting in a gradual
lowering of the extracted water salinity.

The majority of changes since start-up are modest with both chloride and salinity reductions
ranging between 4% and 10%. However, RWS-1, has exhibited greater reduction since the first
year of operation as both average chloride and salinity values are now approximately 25% lower
than at inception. RWS-1 is located approximately 0.8 mile north of the CCS where the plume is
thinner, and CSEM data shows that the plume has diminished significantly in this area since
remediation began in 2018. Changes to current pumping operations may be considered when an
RWS well produces saline water that is consistently below 19,000 mg/L chloride and when data
indicate that CCS hypersaline groundwater within the capture radius of the RWS production well
has been sufficiently remediated.



FPL Turkey Point RAASR Year 4
November 2022 2 Recovery Well System Year 4 Operation Summary

Table B.1-1 in Appendix B shows the weekly
Vil Salt volume of groundwater pumped from each
Time Period (billion (billion recovery well. From July 1, 2021, to June 30,
gallons) Ibs) 2022, approximately 5.04 billion gallons of
water were extracted from the RWS and
jﬂ% é’ozgélzé 6.18 2.37 disposed of via the DIW. This equates to
' utilizing 92% of the allowed withdrawal of 5,475
May 15, 2018 - 93.43 9.24 million gallons per the Consumptive Use Permit.
June 30, 2022 ' ' An additional 1.14 billion gallons of hypersaline
Values shown are for total water and salt mass groundwater were extracted in Year 4 from the
extracted each reporting period and total since UICPW wells in the middle of the CCS (Table
T Ll e B.2-1), for a total of 6.18 billion gallons of

hypersaline groundwater removed from the
Biscayne aquifer from July 1, 2021, to June 30, 2022. Since the start-up of the RWS in May
2018, 23.43 billion gallons of hypersaline groundwater have been removed.

Table B.1-1 of Appendix B also shows the automated weekly TDS values and the associated
amount of salt mass removed on a weekly basis for each recovery well, which is calculated in
accordance with paragraph 29.f of the FDEP CO. Salinity data is provided alongside the TDS
values for reference purposes because most people are familiar with salinity. The salt mass
values were based on automated flow and TDS data, and the values were then summed for daily
and weekly salt mass removal. The TDS value is calculated from specific conductance using a
preprogrammed conversion factor of 0.64 (based on empirical data from monitoring wells
TPGW-11D and TPGW-13D from 2010-2016). The equation for salt mass removal is as
follows:

liters

(gallons
min

) X TDS (%) X 1,000 (%) X 3.7854 ( ) min

gallon min
x 1,440 G0

Salt mass removed (Ibs/day) = 45359237 ()

The total amount of salt mass removed varies since the pumping rates, run time, salinity, and
TDS differ among wells and/or over time. In Year 4, approximately 1.91 billion pounds of salt
was removed from the RWS wells (Table B.1-1) and 0.46 billion pounds for UICPW-1 and
UICPW-2 (Table B.2-1), resulting in 2.37 billion pounds removed in the reporting year.
Combined with salt mass removed in previous reporting periods, 9.24 billion pounds of salt have
been removed from the Biscayne aquifer from May 15, 2018, to June 30, 2022.
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2.3 RECOVERY WELL SYSTEM DRAWDOWN ASSESSMENT

Water table drawdown from RWS operations continue to be negligible (less than 0.10 ft) in Year 4,
consistent with previous observations when RWS pumping is occurring.

In the 2019 RAASR (FPL 2019c), FPL determined that the drawdown solely from RWS
pumping was approximately 0.11 ft, and the combined drawdown with the RWS and ID was
approximately 0.25 ft at TPGW-15S, which is located approximately 710 ft from RWS-3 and
just west of the ID. The drawdown in the other depth intervals and at TPGW-1 was of similar
magnitude. This amount of drawdown in the shallow portion of the Biscayne aquifer is
considered negligible; i.e., it is not considered harmful to wetlands or water resources. The
SFWMD regulates drawdown impacts to wetlands and water resources. SFWMD water use rule
criteria limit cumulative drawdowns beneath seasonally inundated wetlands to 1 ft during 1-in-
10-year drought conditions and maximum authorized withdrawals (SFWMD 2015). Drawdowns
that exceed this threshold are considered harmful to wetlands and water resources. Based on the
measured drawdowns of the combined impacts of the RWS and ID operations, the combined
withdrawals are negligible.

Subsequently, in the Year 2 assessment presented in the 2020 Part 1 RAASR (FPL 2020a), FPL
confirmed the above findings of negligible drawdown of 0.10 ft at TPGW-1S and TPGW-15S
from solely RWS operations as there was no time during the reporting period when the RWS was
turned off and the ID pumps were operating.

For Year 3 of operation, and similar to the previous years, several periods were selected when
the RWS wells near TPGW-1 and TPGW-15 were turned off to allow the groundwater to
stabilize when there was little to no rainfall (several tenths of an inch) that could mask
drawdown. The results supported previous findings of a combined drawdown of approximately
0.25 ft at TPGW-1S and TPGW-15S when RWS and ID pumps are both operational (FPL
2021b).

In Year 4, there was one short period of three days when the RWS pumps near TPGW-1 and
TPGW-15 were off and rainfall totals were less than several tenths of an inch (March 14 to
March 17, 2022). The results show changes in groundwater levels in TPGW-1 and TPGW-15 of
less than 0.10 ft when the RWS wells are turned off and on. Additionally, a review of water
levels in TPGW-2 on the same dates of March 14 to March 17 when the entire system was shut
down, indicated changes only in the hundredths of a foot in response to RWS operation. There
were no times during the reporting period when the RWS was turned off and the ID pumps were
operating. ID pumping was triggered only four times (seven days in total) during this reporting
year (FPL 2022), which limited the opportunity to assess the combined drawdown effect of ID
and RWS operations when both systems were turned off and on. However, since drawdown of
water levels in TPGW-1 and TPGW-15 during limited ID operation in April 2022 ranged from
0.10 to 0.20 ft, it is still reasonable to conclude the combined influence of RWS and ID pumping
on water levels at TPGW-1 and TPGW-15 is still approximately 0.25 ft.
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The impacts of the RWS operations on L-31E stage levels continue to be indiscernible (in the
hundredths of a foot) when the pumps are turned on and off. Changes in water levels at nearby
L-31E surface water canal sites TPSWC-1, TPSWC-2, and TPSWC-3 are within the range of
normal fluctuations due to typical minor meteorological influences (e.g., wind), and do not
appear to be a result of RWS operations.

2.4 INTERCEPTOR DITCH OPERATIONS

FPL has reviewed ID operations in conjunction with RWS operations on multiple occasions in
accordance with paragraph 17.a.iii of the CA. FPL has presented these findings at various times,
including in a meeting with DERM on May 16, 2016, in a letter to DERM dated May 23, 2016,
in a presentation to DERM, FDEP, and SFWMD on May 19, 2017, in the RWS Start-Up Report
(FPL 2018a), subsequent quarterly status reports (FPL 2018b, FPL 2019a, FPL 2019b), as well
as in FPL’s Annual Monitoring Reports (FPL 2012, FPL 2016, FPL 2017, FPL 2018c, FPL
2019d, FPL 2020b, FPL 2021c, FPL 2022). Based on these evaluations, modifications to
improve the ID function are not warranted at this time due to the following:

e Continued effectiveness of the ID in restricting westward migration of CCS groundwater
into the upper portion of the Biscayne aquifer, into wetlands west of the CCS, and into
the L-31E canal.

e Continued effectiveness in maintaining the freshwater lens thickness in the Biscayne
aquifer west of the CCS.

e Demonstrated lack of harmful impacts to groundwater levels, wetlands, and other water
resources in the area as further described in the reports referenced above.
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3 GROUNDWATER MONITORING
DATA

Groundwater monitoring to assess RWS performance was conducted on 14 well clusters west and
north of the CCS. Most wells have a declining trend since the start of the RWS and many of them
show the lowest value on record. The largest reductions thus far have been in the shallow wells
while the intermediate and deep well declines have been more gradual. The monitoring well results
combined with the area wide CSEM survey and modeling results, provide a robust assessment of
changes that are analyzed across the entire landscape west and north of the CCS.

3.1 GROUNDWATER MONITORING

Groundwater monitoring for the assessment of the RWS was performed on well clusters
TPGW-1, TPGW-2, TPGW-4, TPGW-5, TPGW-12, TPGW-15, TPGW-17, TPGW-18,
TPGW-19, and TPGW-22 and on historical individual wells TPGW-L3, TPGW-LJ5,
TPGW-G21, and TPGW-G28, with samples collected for laboratory analysis in September 2021,
December 2021, March 2022, and June 2022 (Figure 3.1-1). With the exception of TPGW-22
included in the 2021 report, these wells are the same ones that were sampled as part of the March
2018 baseline and in Years 1, 2, and 3 RAASRs, with the chloride data used for correlation with
CESM data (refer to Section 4) and assessing progress of the remediation. Monitoring sites
TPGW-4, TGPW-5, TPGW-G21, and TPGW-G28 are located west of the hypersaline
groundwater plume but are useful in the evaluation of the western extent to which RWS
operations could influence groundwater salinity. The monitoring horizons for the 3-cluster wells
at site TPGW-22 were established by MDC in 2020 independent of the criteria used by FPL to
determine the elevations of the three regional high flow zones for the other FPL monitoring
wells. Accordingly, the monitoring horizons at this site, particularly the deep monitoring
interval, may not be fully comparable with the zones established with the other wells currently in
the network. Data from the TPGW-22 monitoring site has been collected since February 16,
2021.

Samples for all events were collected at discrete screen intervals from the well clusters (i.e.,
shallow, intermediate, and deep intervals), except for the historic L- and G-series, which are
continuously screened wells where samples were collected at 18 ft and 58 ft below the top of
casing unless noted otherwise. Samples from the groundwater clusters were collected using
dedicated tubing and per the methods outlined in the QAPP (FPL 2013) and FDEP Standard
Operating Procedures. To aid in the assessment of the RWS, field parameters (i.e., temperature,
specific conductance, salinity, density) were measured, and samples from each of the monitoring
wells were sent for laboratory analysis of TDS, chloride, and tritium.



FPL Turkey Point RAASR Year 4

November 2022 3. Groundwater Monitoring Data
_______________________________________________________________________________________________________________________________|]

In most instances, the data show that the monitoring wells that were or still are hypersaline have
lower values this reporting period compared to the baseline values in March 2018. A summary
of the Year 4 quarterly chloride and tritium results is included in Tables 3.1-1 and 3.1-2,
respectively, along with baseline results for comparison. These results help gauge the progress
of remediation, and the chloride data support the calibration of CSEM survey and groundwater
modeling updates. Time-series graphs showing quarterly chloride and tritium data from March
2018 (baseline) through June 2022 (end of Year 4 reporting period) are provided in Appendix E
and show the extent of change since RWS start-up in well clusters where one or more depths
have hypersaline groundwater and historic L—series wells with hypersaline groundwater. Note
that in the first year of monitoring, chloride samples were collected weekly for the first month of
operation and monthly for the first quarter; data were presented in the 2019 RAASR (FPL
2019c). Chloride trend analyses conducted on monitoring data collected since RWS start-up
were based on quarterly data (i.e., early weekly and monthly values were not included) to avoid
sample frequency biases.

In addition to analytical data, all the monitoring wells, except TPGW-L3, TPGW-L5, TPGW-
G21, and TPGW-G28, are equipped with automated probes that record specific conductance,
salinity, and water levels at 1-hour intervals. With the exception of recently installed site
TPGW-22, automated data have been recorded since at least April 2018, with several well
clusters (TPGW-1, TPGW-2, and TPGW-12) having data that extends back to 2010. For
TPGW-22, automated probes were deployed in February 2021. Appendix E shows time-series
of average weekly salinity graphs of select wells from the start of RWS monitoring where the
entire well cluster at one or more depths have hypersaline groundwater.

Nearly all the analytical and automated data for Year 4 meet the data quality objectives of the
QAPP (FPL 2013). Aside from a few sample results, all analytical monitoring well data are
usable and exceed the QAPP completeness goal of 90%. Collectively, automated monitoring
well water quality data and water level data are over 98% complete in Year 4. Nearly all
parameters (i.e., specific conductance, salinity, temperature, and water elevations) in each well
are over 90% complete, with the most notable exceptions being water elevations at wells
TPGW-22S, TPGW-22M, and TPGW-22D. This well cluster (TPGW-22) had issues, mostly
with obtaining valid automated water elevation readings in the first half of the reporting period.
There also appears to be stratification that reoccurs in wells TPGW-22S and TPGW-22M where
the density of water in the casing may be lower than the density of the water at the screened
interval. This can result in water elevation readings that, while accurate, may not fully represent
freshwater head equivalents if they were to be calculated.
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Figure 3.1-1. RWS and Monitoring Wells West and North of the CCS Used in the
Assessment of the RWS
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Table 3.1-1.

Monitoring Well Baseline and Year 4 Quarterly (Sept 2021 to June 2022)
Chloride Concentration Data

Baseline
Chloride Year 4 Chloride (mg/L)
(mg/L)
03/2018 9/2021 12/2021 03/2022 06/2022
TPGW-1S 19400 5850 5300 5110 9650
TPGW-1M 27700 25100 25300 24300 23700
TPGW-1D 28500 28000 28700 27800 26700
TPGW-2S 24800 16700 16700 15900 15300
TPGW-2M 29500 29800 30000 28900 28500
TPGW-2D 31300 30800 30300 29500 29000
TPGW-4S 2280 1930 1190 2320 2520
TPGW-4M 15100 15900 15200 14700 14300
TPGW-4D 14800 16400 16100 15700 14700
TPGW-5S 164 153 183 125 138
TPGW-5M 11700 10800 10600 10400 9540
TPGW-5D 13100 14000 13300 13100 12600
TPGW-12S 16500 19300 18900 17700 18400
TPGW-12M 20900 22300 20800 21300 19900
TPGW-12D 24000 26700 26100 26400 24700
TPGW-15S 20100 4970 2710 9850 12800
TPGW-15M 30000 27300 28300 26300 25700
TPGW-15D 28800 29700 31100 28800 27600
TPGW-17S 24900 21400 22100 21400 20300
TPGW-17M 29300 26900 26200 26500 24400
TPGW-17D 28600 28000 28200 27100 26500
TPGW-18S 14200 2810 2610 2590 2230
TPGW-18M 25200 23500 22500 22200 19600
TPGW-18D 26400 23900 23200 22900 22000
TPGW-19S 1830 1350 1030 794 1160
TPGW-19M 26000 20800 20200 19700 19200
TPGW-19D 26800 24600 23600 23400 22800
TPGW-22S NA 16600 16200 15400 14900
TPGW-22M NA 22800 21900 21100 20900
TPGW-22D NA 22400 21900 21000 20400
TPGW-L3-18 2030 142 346 137 124
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Baseline
Chloride Year 4 Chloride (mg/L)
(mg/L)
03/2018 9/2021 12/2021 03/2022 06/2022
TPGW-L3-58 31400 31700 31600 29700 31500
TPGW-L5-18 1290 87.7 80.4 136 79.5
TPGW-L5-58 29500 30300 29800 27400 28700
TPGW-G21-18 49.2 37.7 290.1 44.0 46.6
TPGW-G21-58 7210 7600 7370 7200 7160
TPGW-G28-18 693 436 573 408 414
TPGW-G28-58 14200 16300 15300 14000 14300
Notes:

1.Laboratory results are reported with 3 digits although only the first 2 are significant figures.

2. Sample at TPGW-L5-18 in December 2021 collected approximately 5 ft deeper.

3. Wells with cells highlighted in tan have or have had chloride concentrations above 19.000 mg/L
(hypersaline) and blue highlighted text indicates well has transitioned from hypersaline to saline.
Key:

NA = not available. TPGW-22 was added to the CA sampling requirements in March 2021.

Table 3.1-2.

Baseline

Tritium Year 4 Tritium (pCi/L)

(pCilL)

03/2018 9/2021 12/2021 03/2022 06/2022
TPGW-1S 954 139 107 67.6 293
TPGW-1M 2173 2415 2158 2076 2002
TPGW-1D 2307 1887 1847 1784 1924
TPGW-2S 2166 962 1079 1066 1060
TPGW-2M 3130 2486 2694 2768 3074
TPGW-2D 3123 2472 2545 2558 2594
TPGW-4S 17.4 22.1 2.3 155 6.9
TPGW-4M 342 314 274 310 288
TPGW-4D 403 357 341 361 358
TPGW-5S 10.9 17.0 3.7 20.4 13.0
TPGW-5M 271 180 190 187 163
TPGW-5D 362 301 303 342 302
TPGW-12S 46.4 95.2 39.7 43.5 30.5
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Baseline
Tritium Year 4 Tritium (pCi/L)
(pCi/L)
03/2018 9/2021 12/2021 03/2022 06/2022

TPGW-12M 931 424 304 254 221
TPGW-12D 1344 1110 1047 1044 1031
TPGW-15S 1555 116 78.4 306 1562
TPGW-15M 2605 4049 4635 4941 5288
TPGW-15D 2509 3066 3367 2927 3315
TPGW-17S 1482 634 717 676 638
TPGW-17M 2518 1429 1426 1357 1242
TPGW-17D 2272 1729 1751 1754 1800
TPGW-18S 550 25.3 17.1 2.3 17.1
TPGW-18M 1568 1189 1229 1214 1234
TPGW-18D 1600 1252 1233 1175 1205
TPGW-19S 42.9 79.0 46.7 27.6 40.1
TPGW-19M 864 494 521 481 486
TPGW-19D 1082 857 885 848 846
TPGW-22S NA 382 354 342 307
TPGW-22M NA 612 597 638 645
TPGW-22D NA 818 792 860 839
TPGW-L3-18 108 61.2 65.3 98.7 29.2
TPGW-L3-58 3014 4358 4661 4441 5109
TPGW-L5-18 86.7 42.6 96.1 68.5 10.6
TPGW-L5-58 2640 1995 1927 1730 2015

TPGW-G21-18 8.5 -8.8 23.0 16.2 7.4
TPGW-G21-58 40.0 50.6 58.1 54.9 38.2

TPGW-G28-18 7.3 20.4 8.5 5.8 0.9
TPGW-G28-58 333 322 280 313 316

Notes:

1. Sample at TPGW-L5-18 in December 2021 collected approximately 5 ft deeper.

2. Wells with cells highlighted in tan have or have had chloride concentrations above 19.000 mg/L
(hypersaline) and blue highlighted text indicates well has transitioned from hypersaline to saline.
Key:

NA = not available. TPGW-22 was added to the CA sampling requirements in March 2021.

3-6



FPL Turkey Point RAASR Year 4
November 2022 3. Groundwater Monitoring Data

3.2 YEAR 4 WATER QUALITY CONDITIONS AND TRENDS

A multi-factored objective data assessment was used to identify meaningful changes in groundwater
guality associated with the ongoing groundwater remediation. The assessment identified that 21 of
the 26 RWS monitoring wells exhibited statistically significant declining trends in either chlorides,
salinity, and/or tritium since remediation began in May 2018. Changes in shallow, middle, and deep
wells indicate positive progress in meeting the objectives of the CA and CO.

To assess trends and influence of RWS operations, a multifactor data screening process was
applied to analytical and automated groundwater monitoring data. This included comparing
Year 4 data against periods of record low values and conducting objective statistical trend
analyses (i.e., linear regression and Mann-Kendall trend) for chloride, tritium, and salinity.
Assessments for tritium help confirm chloride and salinity trends and can be a potential precursor
to declining chloride and salinity trends as lower tritium may indicate a reduction in
CCS-sourced water. Regression analyses were conducted using Statistix v. 10 (Analytical
Software Inc., Tallahassee, Florida), while Mann-Kendall analyses were conducted with XL Stat
(Addinsoft Inc., Paris, France). Additional information and graphical plots for both sets of
analyses are included in Appendix E.

Wells used in these analyses were located west and north of the CCS where one or more of the
depths had hypersaline groundwater. This includes all the wells in well cluster TPGW-1,
TPGW-2, TPGW-12, TPGW-15, TPGW-17, TPGW-18, TPGW-19, and TPGW-22 in addition to
non-automated stations TPGW-L3-58 and TPGW-L5-58 for a total of 24 wells with automated
data and 26 wells with analytical data. TPGW-22 has hypersaline groundwater in two of the
wells, but since it has a relatively short period (6 quarters) of analytical data available,
comparisons of data values to the period of record at this time is premature. However,
TPGW-22S, TPGW-22M and TPGW-22D are included in the automated weekly Mann-Kendall
salinity and regression analyses. There are 4 wells in this group (TPGW-12S, TPGW-18S,
TPGW-19S and TPGW-22S) that were never hypersaline during the historical period of
monitoring, leaving a total of 22 hypersaline monitoring wells. Three of the 22 wells have since
transitioned during RWS operations from hypersaline to saline. Table 3.2-1 and Figure 3.2-1
provide a summary of this assessment which include the following findings:

e The weekly average salinity during this reporting period was less than the historical
period of record (comprising the start of data collection through June 2021) and the RWS
operational period (March 2018 through June 2021) for 9 (3 shallow, 4 intermediate, and
2 deep depth) out of 21 wells with automated probes. Of the current hypersaline
monitoring wells with automated salinity data, 7 recorded the lowest weekly value for the
period of record during this reporting period.

e One or more chloride concentrations for the reporting period were less than the historical
period of record and the prior RWS operational period in 9 (4 shallow and 5 intermediate
depth) out of 23 wells. Of the current hypersaline monitoring wells with 2 or more years
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of quarterly chloride data, 5 have the lowest quarterly chloride concentration this
reporting period.

e One or more tritium concentrations for the reporting period were less than the historical
period of record and the prior RWS operational period in 11 (3 shallow, 5 intermediate,
and 3 deep depth) out of 23 wells. Of the current hypersaline monitoring wells with 2 or
more years of quarterly tritium data, 8 have the lowest quarterly tritium concentration this
reporting period.

The Mann-Kendall trend analysis and linear regression analysis for automated salinity using
weekly average values from March 2018 through June 2022, and a similar analysis for chloride
and tritium using quarterly sampling results showed the following:

e 17 wells had a declining trend for weekly salinity out of 24 wells with automated data,
including TPGW-22 wells (automated data are not collected from TPGW-L3 and L5)
based on Mann-Kendall analysis and 18 wells based on regression analysis. Of the
current hypersaline monitoring wells with automated salinity data (17 wells total), 12
have a declining trend based on Mann-Kendall analysis and 13 wells based on linear
regression analysis.

e 13 wells had a declining trend for chloride out of 23 wells (excluding the three TPGW-22
wells due to the short period of quarterly monitoring data) based on Mann-Kendall
analysis and 14 wells based on regression analysis. Of the current hypersaline
monitoring wells with 2 or more years of quarterly chloride data (17 wells total), 9 have a
declining trend based on Mann-Kendall analysis and 10 based on linear regression
analysis.

e 17 wells had a declining trend for tritium (one less well this reporting period) out of 23
wells based on Mann-Kendall analysis and 16 wells based on regression analysis. Of the
current hypersaline monitoring wells with 2 or more years of quarterly tritium data (17
wells total), 13 have a declining trend based on Mann-Kendall analysis and 12 based on
linear regression analysis.

In total, 21 of the 26 RWS monitoring wells exhibited statistically significant declining trends in
either chlorides, salinity, and/or tritium since remediation began in May 2018.
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Figure 3.2-1. Summary of Monitoring Well Influences in Year 4 RWS Operations
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Table 3.2-1. Summary of Monitoring Well Influences from RWS Operations in Year 4

Analytical Quarterly Chloride Data

Analytical Quarterly Tritium Data

Automated Salinity Data’

e ——— Year 4 minimum < Statistically Year 3 minimum < Statistically Year 4 minimum < Statistically Mann-Kendall
Period of Record Year1,2,3& significant Mann-Kendall Period of Record Year1,2 & significant Mann-Kendall Period of Record Year1,2,3& significant average weekly
low in Year 4? baseline minimum  declining linear chloride trend low in Year 4? baseline minimum  declining linear tritium trend low in Year 4? baseline minimum  declining linear  automated salinity
chloride? regression? tritium? regression? weekly salinity? regression? trend
. . Start* — June 30, July 2021 - June March 1, 2018 — March 1, 2018 — Start* — June 30, UL =l March 1, 2018 — March 1, 2018 — Weei(ly Average U7 =l March 1, 2018 — March 1, 2018 —
Period of Review: 2022 2022 vs. March June 30, 2022 June 30, 2022 2022 2022 vs. March June 30, 2022 June 30,2022 = StarttoJdune3p, - 2022vs. March June 30, 2022 June 30, 2022
2018 — June 2021 ! ! 2018 — June 2021 ! ' 2022 2018 — June 2021 ! '
TPGW-1S Yes Yes Yes Decrease Yes Yes Yes Decrease Yes Yes Yes Decrease
TPGW-1M Yes Yes Yes Decrease No No No No Trend Yes Yes Yes Decrease
TPGW-1D No No No No trend No No Yes Decrease No No Yes Decrease
TPGW-2S Yes Yes Yes Decrease Yes Yes Yes Decrease Yes Yes Yes Decrease
TPGW-2M No No No No trend No No No Decrease No No No No Trend
TPGW-2D No No Yes No trend No No Yes Decrease No No Yes Decrease
TPGW-12S No No No Increase No No No No Trend No No No No Trend
TPGW-12M Yes Yes Yes Decrease Yes Yes Yes Decrease No No Yes Decrease
TPGW-12D No No No No trend Yes Yes Yes Decrease No No Yes Decrease
TPGW-15S Yes Yes No No trend Yes Yes No No Trend No No Yes Decrease
TPGW-15M No No Yes Decrease No No No Increase No No Yes Decrease
TPGW-15D No No No No trend No No No Increase No No No Increase
TPGW-17S No No Yes Decrease No No Yes Decrease No No Yes Decrease
TPGW-17M Yes Yes Yes Decrease Yes Yes Yes Decrease Yes Yes Yes Decrease
TPGW-17D No No Yes Decrease Yes Yes Yes Decrease No No Yes Decrease
TPGW-18S Yes Yes Yes Decrease No No Yes Decrease Yes Yes Yes Decrease
TPGW-18M Yes Yes Yes Decrease Yes Yes Yes Decrease Yes Yes Yes Decrease
TPGW-18D No No Yes Decrease Yes Yes Yes Decrease Yes Yes No No Trend
TPGW-19S No No Yes Decrease No No Yes Decrease No No Yes Decrease
TPGW-19M Yes Yes Yes Decrease Yes Yes Yes Decrease Yes Yes Yes Decrease
TPGW-19D No No No No trend No No Yes Decrease Yes Yes Yes Decrease
TPGW-22S - - - - - - - - - - No Increase
TPGW-22M - - - - - - - - - - No Increase
TPGW-22D - - - - - - - - - - Yes No Trend
TPGW-L3-58 No No No No trend No No No Increase - - - -
TPGW-L5-58 No No No No trend Yes Yes Yes Decrease - - - -

NOTES:
TPGW-22 came online in February 16, 2021 so limited data for comparative and trend analysis.
Wells with cells shaded in tan indicate station has had chloride values >19,000 mg/L.

Wells highlighted in blue have transitioned from hypersaline to saline in Year 1 or year 3 of RWS operation, and chloride concentrations have stayed below 19,000 mg/L.

Text highlighted in green are indications of postive RWS influence.
KEY:

! Startup period varies: TPGW-1 to -12 started reporting around mid-2010; TPGW-15 started to reportin September 2015; TPGW-17 and -19 started on January 10, 2018. TPGW-18 came online April 15, 2018.

2 Actual date ranges may vary by a few days based on the beginning and ending date of full week of data .

- No analysis for salinity since stations TPGW-L3 and TPGW-L5 do not have automated instrumentation. No analytical data comparisons or trend analysis at TPGW-22 to previous reporting periods due to short period of record or limited quarterly data.
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The assessment in Table 3.2-1 includes multiple factors and time periods as some of the changes
may be relatively small and within the range of laboratory or field reading accuracy. However,
with sufficient and different types of data, trends can be ascertained. A single affirmative answer
in Table 3.2-1 may not indicate significance, but a number of affirmative factors likely indicate
that something positive is happening. Of those factors, linear regression analysis and the Mann-
Kendall analysis represent powerful tools to objectively assess if the data, since the start-up of
the RWS, is indicating a statistically significant trend.

The fact that a majority of wells have a declining trend since the start of the RWS and a number of
the wells, including intermediate and deep wells, continue to show lower chloride, salinity, and/or
tritium concentrations each year, indicates positive progress in meeting the objectives of the CA and
CO.

Further details related to changes in specific conductance, chloride, and tritium at select wells
used to monitor the progress of remediation are discussed below. These findings are similar to
observations in the 2022 annual monitoring report (FPL 2022) with minor differences due to
slightly differing time periods (i.e., the 2022 Annual Report time period was June 2021 through
May 2022 while the Year 4 RAASR time period was July 2021 through June 2022).

3.2.1 Shallow Wells

While variable, there is a net decline of chloride in the shallow wells west of the RWS from March
2018 through May 2022. This coincides with automated probe-specific conductance reductions at
those stations and are statistically significant per Mann-Kendall trend analyses and regression
analyses.

The shallow zone in wells west of the CCS show the greatest amounts of saltwater constituent
decline since the start of remediation (Figure 3.2-2). However, the rate of decline is decreasing
in some wells as the salinity is much lower now, and conditions may be approaching a new
salinity equilibrium range. Four shallow wells were hypersaline at the start of remediation
(TPGW-1S, TPGW-2S, TPGW-15S and TPGW-17S), with only one well still hypersaline
(TPGW-17S) this reporting year. The other shallow wells, including TPGW-12S, TPGW-18S,
TPGW-19S and TPGW-22S, were never hypersaline; however, they are of interest as
remediation progresses because they are in the compliance area and provide insights as to how
remediation is affecting the shallow zone. The percent reduction of saltwater was most evident
in TPGW-1S, TPGW-2S, and TPGW-15S as the average annual salinity values during the
reporting period for these three wells (11.7 PSU, 27.3 PSU, and 13.0 PSU) were 65%, 42%, and
49% lower respectively, compared to the historic period of record (33.4 PSU, 47.3 PSU, and
25.4 PSU). These reductions were associated with RWS operations.
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Note: TPGW-1S, TPGW-2S and TPGW-15S have transitioned below 19,000 mg/L after RWS start-up and have remained below
19,000 mg/L through Year 4. (TPGW-22S is not shown due to limited data.)

Figure 3.2-2. Reductions in Chloride Concentrations in Shallow Wells West of the CCS

Similarly, the average annual chloride concentrations for the reporting period at TPGW-18S,
TPGW-2S, and TPGW-15S (6,478 mg/L, 16,150 mg/L, and 7,583 mg/L) were 60%, 37%, and
47% lower than the historic period of record (16,284 mg/L, 25,739 mg/L, and 14,401 mg/L),
respectively. The average tritium concentrations this reporting period at TPGW-1S, TPGW-2S,
and TPGW-15S (152 picocuries per liter [pCi/L], 1,042 pCi/L, and 516 pCi/L) are 82%, 60%
and 52% lower than the historical period of record annual average (845 pCi/L, 2,596 pCi/L, and
1,068 pCi/L), respectively. Since significant reductions in saltwater constituents and tritium
have already occurred, the rate of reduction is lower this year compared to previous years. In
future years, it is anticipated that reductions in these three wells will generally be similar to or
smaller than this reporting period and, in some years, will have slightly higher values reflective
of variability in groundwater concentrations.

TPGW-17S, located near the southwest end of the CCS, is of interest since it is the only shallow
well west of the CCS that is still hypersaline with the lowest value this period reported at 20,200
mg/L (note that chloride levels were below 19,000 mg/L in March 2020 and March 2021). The
Mann-Kendall and regression analysis for chloride and salinity showed a declining trend in
saltwater concentrations since startup of the RWS; however, there has been very little change
observed this year compared to the prior 12 months. The USGS induction log in the annual
monitoring report (FPL 2022) for TPGW-17S also showed an overall notable net reduction in
bulk conductivity since 2018 just above the screened interval. It is anticipated that these
reductions will be reflected in time at the shallow screen interval as the freshening continues
vertically downward and with retraction of the hypersaline groundwater back towards the CCS.
Since the retraction of the plume is being observed first in shallow monitoring wells closer to the
CCS and recovery wells, distance from the CCS is also a factor of when shallow wells will
transition from hypersaline to saline. TPGW-17S is approximately 0.5 miles west of the CCS
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and over 0.25 miles further west than TPGW-1S and TPGW-2S; thus, it is taking longer to
observe meaningful salinity reductions at TPGW-178S.

The other shallow wells, including TPGW-12S, TPGW-18S, TPGW-19S and TPGW-22S, were
never hypersaline; but they are of interest as remediation progresses. Declines in specific
conductance, chloride, and tritium were observed at TPGW-18S and TPGW-19S during the
reporting period. These two wells are located within 1 mile west or northwest of the CCS
(Figure 3.1-1). The biggest percent reduction in salinity and chloride this reporting period in any
of the 23 wells occurred in TPGW-18S. The average automated salinity this reporting period at
TPGW-18S (4.7 PSU) was 35% lower this reporting period compared to the previous 12 months.
Chloride concentrations at TPGW-18S this reporting period (2,560 mg/L) was 37% lower
compared to the previous year (4,065 mg/L). Tritium concentrations in TPGW-18S are slightly
less than the previous reporting year, but the values are low (i.e., 15 pCi/L compared to 24
pCi/L), indicating little to no CCS groundwater contribution. The USGS induction logs in the
annual monitoring report (FPL 2022) showed appreciable declines in bulk conductivity in
shallow groundwater at the shallow well screens in TPGW-18S, TPGW-19S, TPGW-1S,
TPGW-2S, and TPGW-15S, confirming freshening of the shallow zone.

No decreasing trends were noted at TPGW-12S and TPGW-22S. The salinity and chloride at
TPGW-12S are affected by Biscayne Bay with limited influence from the CCS. The average
annual tritium concentration this reporting period was 52 pCi/L with a low value of 30 pCi/L in
June 2022. Since TPGW-22 is a relatively new monitoring well (i.e., FPL started collecting
automated data from mid-February 2021, with the first quarterly analytical sample taken in
March 2021), and because conditions prior to RWS operations at this location are unknown, it is
not possible to assess the effects of the RWS operations since startup at this site. Chloride values
at TPGW-22S have ranged from 13,900 mg/L to 16,200 mg/L with no discernible pattern.
Mann-Kendall analysis based on limited weekly salinity data shows a slight increasing trend at
TPGW-22S with values at the end of February 2021 around 27.4 PSU and values at the end of
June 2022 around 28 PSU (note that these small differences are within the error band of
automated data).

3.2.2 Intermediate and Deep Wells

Nearly all the intermediate and deep wells west and north of the CCS used in the remediation
assessment showed a statistically significant decline in one or more parameters (i.e., specific
conductance, chloride, tritium) since the inception of the RWS. The only exceptions are
TPGW-15D (located between RWS-3 and the CCS), TPGW-L3-58 (located near well cluster
TPGW-15), and TPGW-22M (which has too short of a period of record to observe a declining
trend). Reductions of saltwater and tritium in the intermediate and deep wells continue to be
observed, although these declines are smaller than in the shallow wells (Figure 3.2-3). For wells
that only show a declining trend in tritium, these trends may be a precursor to a reduction in
saltwater concentrations.

At the time of this report, there are 10 hypersaline intermediate monitoring wells (TPGW-1,
TPGW-2, TPGW-12, TPGW-15, TPGW-17, TPGW-18, TPGW-19, TPGW-22, TPGW-L3-58
and TPGW-L5-58), with 5 of those wells (TPGW-1, TPGW-12, TPGW-18, TPGW-19, and
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TPGW-22) in the compliance area west of the L-31E canal and north of the FPL property. There
are 8 deep horizon monitoring wells (same as above excluding TPGW-L3-58 and TPGW-L5-
58), 5 of which are in the compliance area (same locations as the intermediate wells). The
TPGW-23 well cluster site, located along the L-31E canal road 0.5 miles north of Palm Drive,
was completed; and data collection began in mid-August 2022. Preliminary data indicate that
both intermediate and deep wells are hypersaline.

During the reporting period, no intermediate or deep hypersaline monitoring wells transitioned to
saline groundwater (i.e., chloride concentration <19,000 mg/L), but three intermediate depth
wells (TPGW-12M, TPGW-18M and TPGW-19M) reported at least one chloride concentration
below 20,000 mg/L during this reporting year. All of these wells have a statistically significant
declining trend in chloride and salinity.

Note: TPGW-22 is not shown due to limited data.

Figure 3.2-3. Reduction in Chloride Concentration in Intermediate Wells West of the CCS

Monitoring well TPGW-19M (shown as the dark blue line in Figure 3.2-3) has been fluctuating
from 19,000 mg/L to 21,000 mg/L for approximately the past 3 years, and it is the closest
intermediate or deep well to transition from hypersaline to saline. As discussed in the annual
monitoring report (FPL 2022), the induction log at TPGW-19 shows reduction in bulk
conductivity has occurred in the upper 70 ft of the well since 2018.

As previously discussed, there are 22 groundwater monitoring wells used in this assessment of
RWS operations that have been or still are hypersaline (9 of which are in the compliance area)
with the majority of them being intermediate and deep wells. Figure 3.2-4 shows the chloride
concentration in March 2018 for most of the wells prior to the start of RWS operations (top of
the orange color of the bar) and the chloride concentration at the end of this reporting period in
June 2022 (top of the blue color of the bar). There are two wells in March 2018 that appeared to
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have biased high chloride levels (TPGW-19M and TPGW-19D) and one well with biased low
(TPGW-12M) chloride concentrations based on prior and subsequent near-term data; for these 3
wells, June 2018 chloride values were used in the graph. The June 2018 data for these 3 wells
did not appear to be affected by RWS operations, so use of the June 2018 data is a reasonable
surrogate for the March 2018 baseline data. The orange portion of the bar shows how much the
chloride concentration has dropped from 2018 to 2022 while the blue portion of the bar shows
how much more the concentration would need to drop from the June 2022 concentration to reach
the 19,000 mg/L target. Other than TPGW-12D and TPGW-L3-58, all the wells show reductions
in chloride concentrations with the three shallow wells (TPGW-1S, TPGW-2S, TPGW-15S) no
longer hypersaline and several other wells close to the 19,000 mg/L threshold.

Figure 3.2-4. Chloride Concentrations in March 2018 and June 2022

Average tritium concentrations in the intermediate and deep wells for the reporting period range
from 496 pCi/L (TPGW-19M) to 4,728 pCi/L (TPGW-15M), indicating varying degrees of CCS
groundwater influence with concentrations in excess of 1,000 pCi/L within approximately 1 mile
of the CCS. Approximately half of the intermediate and deep monitoring wells west and north of
the CCS used in monitoring the progress of RWS remediation, have lower annual average tritium
concentrations this reporting period compared to the previous 12 months and to the historical
period of record (Table 3.2-1). Monitoring wells TPGW-17M, TPGW-19M, and TPGW-L5-58
show the greatest tritium reduction this reporting period compared to the previous reporting
period (18.6%, 9.3%, and 8.1% respectively) while TPGW-17M and TPGW-L5-58 show the
greatest reduction compared to the historical period of record (20.2% and 32.1%, respectively).
The tritium concentrations this reporting period were 1,364 pCi/L at TPGW-17M, and 1,917
pCi/L at TPGW-L5-58 (historic period of record averages were 1,981 pCi/L and 2,823 pCi/L,
respectively), so the percent reductions are appreciable drops in tritium concentrations. These
two wells, TPGW-17M and TPGW-L5-58, along with TPGW-17S (previously mentioned) are
located near the southwestern boundary of the CCS and indicate reductions in CCS-sourced
groundwater in that area.
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TPGW-2M, which is in the same general vicinity as TPGW-17M and TPGW-L5-58, had a 12%
increase in tritium (2,755 pCi/L average for reporting period) compared to the previous 12-
month average. Note that the tritium values at TPGW-2M are 11% lower compared to the
historical period of record, and there is an overall declining trend since RWS startup through
May 2022. The data indicate that changes are not spatially uniform, and variations between
years may occur even though an overall trend is observed.

There were a few wells (TPGW-15M, TPGW-15D and TPGW-L3-58) that showed increasing
trends in tritium since the start of RWS operations through the end of this reporting period. The
increases at TPGW-15M and TPGW-15D are likely related to RWS pumping as this well cluster
is situated between the CCS and RWS-3 (RWS-3 is less than 0.5 mile northwest of the CCS).
The screen interval at TPGW-15M is -48 to -51 ft (NAVD 88) while TPGW-15D is -80 to -84 ft
(NAVD 88). These depths are within the targeted ranges for extraction at RWS-3 (-72 to -90 ft
[NAVD 88]). It is suspected that groundwater from under the CCS may be pulled past TPGW-
15 at depth, thereby increasing the percentage of CCS-sourced groundwater as reflected in higher
tritium concentrations. Due to the proximity of TPGW-L3-58 to the TPGW-15 well cluster, it is
also suspected TPGW-L3-58 could be similarly affected.

Well data provides a localized assessment of changes. Given the volume of the hypersaline
plume, distance between the wells, hypersaline boundary, and the gradual vertical reductions in
the thickness of the hypersaline plume in response to remediation to date, it is not surprising that
reductions of chloride in the intermediate and deep wells are more modest compared to the
shallow wells which were/are closer to the hypersaline interface. The CSEM survey results that
are presented in Section 4 provide a more robust assessment of changes since data are analyzed
across the entire landscape west and north of the CCS.

3.2.3 Other Observations

Chloride reductions in the compliance area in the middle well at TPGW-5, which is over 3 miles west
of the RWS, is an indication of the lateral reach of the withdrawal system.

Well clusters TPGW-4 and TPGW-5 and wells TPGW-G21 and TPGW-G28 are the next series
of wells west of the hypersaline plume. Monitoring sites TPGW-4, TPGW-5 and TPGW-G28
are approximately 3 miles west of the CCS while TPGW-G21 is approximately 3.7 miles west.
These wells are of general interest in assessing the lateral extent of RWS operations on reducing
groundwater salinity levels. Based on a review of the data, there appears to be relatively few
meaningful salinity trends other than a statistically significant declining trends in chloride,
tritium, and salinity at TPGW-5M over the reporting period. Chloride (10,335 mg/L) and
salinity (18.2 PSU) were approximately 15% and 6.2% lower, respectively, this reporting period
compared to the previous year; and the time series automated salinity data show a clear declining
trend. Tritium concentrations at TPGW-5M were slightly lower this reporting period (180
pCi/L) compared to the previous reporting period (209 pCi/L) and over 25% lower than the
historical period-of-record average (242 pCi/L). Collectively, the data from this site potentially
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indicate some influences of RWS operations at this mid-depth well located over 3.1 miles west
of the CCS.

While gradual reductions in chloride are occurring in the intermediate and deep wells, large declines,
and transitions from hypersaline to saline groundwater will not occur until the edge of the hypersaline
plume reaches the narrow monitoring interval at that well location.

3.2.4 Monitoring Well Data Considerations

Several factors should be considered when evaluating monitoring well water quality data and
trends for the purpose of gauging progress in plume remediation rates and spatial extent. These
factors include the nature of geology of the Biscayne aquifer in the Model Lands area, the design
and location of the monitoring well network, the effects of fluid density on the characteristics
and remediation of the plume, and the design of the RWS. The combined influences of these
factors, discussed below, are expected to result in transitions from hypersaline to saline in
shallow monitoring wells prior to middle and deep monitoring wells; and such transitions will
occur comparatively quickly following a period of relatively small reductions in chloride
concentrations.

Lithologic core and geophysical logging data from the Biscayne aquifer in the Model Lands
indicate the presence of three thin high flow zones, localized lower permeable tight limestone
beds and variable occurrences of sandy silts reflective of the Tamiami Formation interspaced
with higher permeable limestones along the lower portions of the Biscayne aquifer (JLA
Geoscience, Inc. 2010). These variations in vertical and horizontal permeability affect the
orientation and spatial extent of hypersaline groundwater originating from beneath the CCS with
groundwater being able to move laterally more freely in high flow zones while being restricted
by lithologies characterized by lower permeabilities. As a result, the vertical and lateral extent
and concentrations of the hypersaline plume are complex and variable as shown in AEM
mapping and borehole induction logs.

The monitoring wells used to assess the progress of plume remediation are constructed to
monitor these three high flow zones (with the exception of the L and G monitoring wells which
are open hole to over 60 ft and, possibly TPGW-22). These high flow zones are on the order of 2
to 5 ft thick, and the monitoring well intervals were constructed to the same thickness. Prior to
the initiation of remedial actions, hypersaline groundwater preferentially moved through the high
flow zones, which represents the greater lateral extent of the plume. Many of the wells are
located on upland and roadways either near the CCS or along Tallahassee Road to avoid impacts
to wetland areas. Monitoring wells in the vicinity of Tallahassee Road are west of the
hypersaline plume and have not contained hypersaline groundwater, while monitoring wells near
the CCS (particularly those constructed into the middle and deep high flow zones, contain
hypersaline groundwater with the highest concentrations. The lateral extent of the plume in the
middle and high flow zone was mapped in 2018 to be as far west as 1 to 2 miles west of the
CCS, with the edge of the plume closer to the CCS in the shallow high flow zone due to fluid-
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specific density factors and in the lower high flow zone due to occurrences of lower permeability
sediments at depth in the aquifer (FPL 2019c).

The orientation and extent of hypersalinity is also influenced by the specific gravity and density
of the fluid compared with lower salinity native coastal waters. Higher specific gravity
hypersaline water, formed in the CCS when evaporation exceeded rainfall, sank through the
Biscayne aquifer beneath the CCS until low permeable lithologies along the base of the aquifer
restricted vertical flow, after which the hypersaline groundwater flowed laterally along more
permeable pathways. These factors combined to form narrow or sharp interfaces between
hypersaline and saline groundwater.

The Agency-approved RWS is designed to extract hypersaline water near the base of the aquifer,
which induces lateral and vertical flow of hypersaline groundwater into the extraction wells. As
hypersaline groundwater is removed along the base of the aquifer, the plume narrows in
thickness and retracts along the outward edge as hypersaline groundwater moves eastward and
downward to replace the hypersaline water being extracted at depth. This process results in
salinity reduction along the western and northern edge of the plume in wetland areas without
many monitoring wells and along the top of the plume in shallow monitoring wells closer to the
CCs.

This is illustrated by the borehole induction log for TPGW-2 on Figure 3.2-5. Lithologies having
high permeabilities and containing high salinity groundwater have comparatively higher bulk
conductivity values compared to lower permeable materials. As permeability of earth materials
don’t change much with time, the shifts in measured bulk conductivity over the years
(represented by different color traces on the figure) are due to change in borehole salinity. Depth
intervals where bulk conductivity decreases with time are areas where pore water salinity is
decreasing. This can be seen to varying degrees at each of the three monitoring intervals at
monitoring site TPGW-2. At the shallow monitoring interval (-28 to -30 ft), there has been a
significant reduction in bulk conductivity from 2018 (green trace) to 2022 (black trace) in the
upper high flow zone since remediation began. This is reflected by chloride level trends in
TPGW-2S which have dropped from approximately 25,000 mg/L immediately prior to the start
of remediation withdrawals to less than 15,000 mg/L in 2022.

The interval immediately below the TPGW-2S monitoring interval, from approximately -32

to -48 ft, has low bulk conductivity which has not changed in value from 2011 to 2022. This
area and deeper areas with similar low conductivity values that remain consistent over years are
interpreted to be low permeable lithofacies that impede the flow of groundwater. The middle
(-54 to -56 ft) and deep (-89 to -91 ft) high flow zones show progressively less reductions in bulk
conductivity since remediation began, which is reflected in the chloride monitoring data that
shows no significant trend during the first four years of remediation. Note that despite chloride
concentrations of 30,000 mg/l in TPGW-2D, the maximum bulk conductivity is significantly less
than the two shallower monitor horizons containing lower chloride concentrations. This is most
likely due to interbedded, comparatively lower permeable layers of rock and sandstone in the
lower portion of the aquifer at this site that could slow the extraction of hypersaline groundwater
at depth.
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Figure 3.2-5. Monitoring Well TPGW-2 Borehole Induction Log: 2011 through 2022

Documentation of both the sharpness of the hypersaline-saline water interface and the vertical
retraction of the plume while deep salinity levels remain unchanged is also documented by open
hole monitoring wells TPGW-L3 and TPGW-L5 located along the L-31E canal, west of sections
1 and 3 of the CCS. Figure 3.2-6 shows the measured depth to the 19,000 mg/I chloride interface
from 2011 through June 2022, including the last 4 years of remediation. These elevations are
collected at 1-ft intervals over the depth of the well (FPL 2022). These data show a progressive
expansion of the thickness of the overlaying fresher water lens by approximately 6 ft at
TPGW-L5 and about 10 ft at TPGW-L3 and the thinning of the deeper hypersaline plume at
these two monitoring sites during the four years of remediation. The data also show the saline-
hypersaline interface is sharp, with chloride values transitioning from 5,000 to 19,000 mg/L in
approximately 5 ft (FPL 2022). However, while the thickness of the hypersaline plume at this
location is narrowing at these locations, the chloride concentrations at a depth of -58 ft have
shown no statistically significant trend since remediation began (Table 3.2-1).
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Figure 3.2-6. Trends in the Depth to the Hypersaline Interface in wells TPGW-L3 and
TPGW-L5

Monitoring well data provide information on water quality from a 2- to 5-ft length of the
Biscayne aquifer over a radial distance of a foot or two. Due to lithologic variability in the
Biscayne aquifer, it is not possible to produce technically based conclusions regarding the
progress of the remediation of the plume west and north of the CCS on these data alone.
However, these data play a critical role in assessing remediation progress when used in
conjunction with other monitoring and analytic methods, including AEM and groundwater
modeling. As a result, the lack of large declines in hypersaline chloride concentrations in middle
or deep monitoring wells located near the CCS should not be construed to mean the plume is not
being reduced in volume or extent, rather that the edge of the hypersaline plume has yet to reach
the particular monitoring interval at that well location.

3.3 CHLORIDE CONCENTRATION CONTOUR MAPS

Comparison of the 2018 and 2022 maps show the 19,000 mg/L contour line is being retracted closer
to the CCS for all three depth horizons, which is supported by other data findings reported in this
Year 4 RAASR.

As requested by MDC, plan view chloride concentration contour maps were created for the
shallow, middle, and deep monitoring horizons using chloride measurements from up to 22
monitoring well sites and nine CSEM chloride measurement sites for comparison of the
estimated location of the 2022 versus 2018 baseline orientations of the 19,000 mg/L chloride
isochlor contour lines. The contours were objectively generated by Earth VVolumetric Studio, a
program developed by C Tech Development Corporation, using kriging algorithms. Isochlors
were generated using the kriging software and contoured for chloride levels of 1,000, 4,000,

3-20




FPL Turkey Point RAASR Year 4

November 2022 3. Groundwater Monitoring Data
_______________________________________________________________________________________________________________________________|]

9,000, 14,000, 19,000, and 24,000 mg/L. These figures were modified to clip or blank isochlors
that trend into areas not supported by monitoring data or outside of the remediation compliance
area east and south of the CCS.

To reduce some of the uncertainty in spatial data gaps between monitoring wells in the area
between the CCS and Tallahassee Road which covers the western extent of the hypersaline
plume and CSEM survey data, chloride estimates from the CSEM survey were added for
mapping purposes at nine different areas at shallow, middle, and deep layers. The CSEM
chloride values were added at midpoints between monitoring wells to place the CSEM points in
locations that were least represented by monitoring well data. The added CSEM locations and
their spatial relationships to the monitoring wells are shown graphically in Figures 3.3-1 through
3.3-6. Chloride concentrations for the 2022 TPGW and CSEM monitoring points used in these
figures are provided in Table 3.3-1.

The 2022 chloride contour maps for the shallow, middle, and deep layers are shown on Figures
3.3-1 through 3.3-3 while Figures 3.3-4 through 3.3-6 show comparative positions of the 19,000
mg/L chloride contour for the 2018 baseline conditions and the 2022 Year 4 conditions.
Comparison of the 2018 and 2022 maps show the 19,000 mg/L contour line is being retracted
closer to the CCS for all three depth horizons, which is supported by other data findings reported
in this Year 4 RAASR. Any definitive conclusions in specific areas, however, are constrained in
accuracy by the spatial distances between the existing monitoring wells, the degree that chloride
concentrations change spatially, differing vertical depths or relative depths of monitoring well
screens, differences between the CSEM and laboratory determination of chloride concentration,
the size of the study area, and the assumptions of hydraulic continuity among all monitoring
wells in each layer.
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Table 3.3-1. Chloride concentrations for the 2022 TPGW and CSEM monitoring points

Shallow Middle Deep

Relative Relative Relative
4 Chloride Elevation ]
position

Data poinl Chloride Elevation i 4 Chioride Elevation

POy mey (y POURT mgn) o POTCS

TPGW-1 | 0650 -25.3 28.6 | 23700 | 493 55.5 | 26700 | -82.7 02.9
TPGW-2 | 15300 | -254 25.8 | 28500 | -52.9 53.2 | 20000 | -B31 834
TPGW-3 | 22500 | -255 243 | 24300 | 514 | 492 | 26300 | -B83 84.6
TPGW-4 | 2520 -22.3 327 14300 | -40.2 58.6 | 14700 | -61.8 89.5
TPGW-5 | 138 -23.5 31.8 0540 -45.8 61.2 | 12600 | -64.2 854
TPGW-6 | 263 -22.5 21.7 1870 -51.8 61.9 8200 -82.5 97.7
TPGW-T | 324 -25.1 30.9 44.2 -51.4 61.2 4290 -79 93
TPGW-8 | 283 -20.7 36.8 21.5 -35.2 60.6 33.9 -50.3 854
TPGW-9 | 210 -11.8 247 22.4 -20.1 56.3 24.9 -45.1 854
TPGW-10| 20500 | -333 25 21100 -50 38 27000 | -121.6 ) 939
TPGW-11] 21200 | -374 284 | 22600 | -B6.8 J0.6 | 27600 | -118.1 | 97.3

TPGW-12| 18400 | -283 2719 19900 | -53.8 524 | 24700 | -89.9 §7.1
TPGW-13| 31100 | -30.1 31.6 | 31200 | -56.4 58.6 | 32100 | -81.8 84.7
TPGW-14| 22000 | -23.7 19.6 | 23600 | -50.6 | 454 | 27600 | -953 88.3
TPGW-15| 12800 | -26.9 20.2 | 253700 [ -49.5 53 27600 | -834 88.8
TPGW-16| 24000 | -30.2 28.3 | 20400 | -51.6 | 47.8 | 29600 | -68.7 63.4
TPGW-17] 20300 -25 26.7 | 24400 | 482 51.2 | 26500 | -823 87.3
TPGW-18| 2230 -28.3 31.6 19600 | -55.1 61.2 | 22000 | -73.7 81.8
TPGW-13] 1160 -23.2 26.9 19200 | 433 49 2800 -80 80.2
TPGW-20| N/A N/A N/A N/A N/A N/A 2420 -80.2 08.2
TPGW-21| 258 -17.2 23.8 26.9 -39.7 53.6 30.7 -69.6 93.3
TPGW-22| 14000 | -202 37.8 | 20900 | -34.1 69.4 | 20400 | -65.7 84.1
CSEM1 | 1225 -23.1 217 11835 -50 58.3 5574 -80.4 03.3
CSEM2Z 171 -23.5 30.7 1274 -48.2 60.3 9306 -68.7 83
CSEM3 [ 553 -24.4 29.5 2560 -41.1 49.3 4779 -67.4 80.3
CSEM4 | 1023 -25.6 30.3 10511 -51 59.9 7538 -68.9 80.8
CSEMS5 | 8034 -28.1 31.6 0814 -51.4 579 | 17132 | -714 80.3
CSEM6 | 2317 -20.9 24.9 12616 | -48.5 575 | 13676 | -67.9 80.3
CSEM7 [ 930 -20.2 21.5 9905 -43.2 584 | 12839 | -59.6 80.6
CSEMS | 4084 -23.8 28.8 19246 -52 62.1 15646 | -70.6 83.9
CSEM3 | §138 -24.8 26.8 | 21120 | -52.2 57.1 10004 | -79.3 87

ol

1 computed as: -(elevation) / thickness
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Figure 3.3-1. Groundwater Chloride Contour Map based on 2022 Shallow Monitoring
Well Data and CSEM Horizon Chloride Values
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Figure 3.3-2. Groundwater Chloride Contour Map based on 2022 Middle Monitoring Well
Data and CSEM Horizon Chloride Values
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Figure 3.3-3. Groundwater Chloride Contour Map based on 2022 Deep Monitoring Well
Data and CSEM Horizon Chloride Values
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Figure 3.3-4. Comparison of the 2018 Baseline and 2022 Year 3 Inland Extent of
Hypersaline Groundwater (19,000 mg/L Chloride Isochlor) based on
Shallow Horizon Monitoring Well Data

3-26



FPL Turkey Point RAASR Year 4

November 2022 3. Groundwater Monitoring Data
_______________________________________________________________________________________________________________________________|]

Figure 3.3-5. Comparison of the 2018 Baseline and 2022 Year 3 Inland Extent of
Hypersaline Groundwater (19,000 mg/L Chloride Isochlor) based on Middle
Horizon Monitoring Well Data
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Figure 3.3-6. Comparison of the 2018 Baseline and 2022 Year 3 Inland Extent of
Hypersaline Groundwater (19,000 mg/L Chloride Isochlor) based on Deep
Horizon Monitoring Well Data
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3.4 GROUNDWATER LEVEL TRENDS

Groundwater levels in the area vary seasonally, with levels generally higher during the wet
season and lower during the dry season. However, the groundwater levels can also vary daily
and rise within hours of a rainfall event and, in some wells, change hourly with tides. Despite
these complicating factors, groundwater contouring can provide broad insights into regional
gradients, flow directions, and flow rates. Figures 3.4-1 and 3.4-2 show groundwater elevation
contour maps generated from daily average automated water level data for two separate days
(April 1, 2022, representing dry season conditions and September 24, 2021, representing wet
season conditions) collected from shallow monitoring wells TPGW-1S, TPGW-2S, TPGW-4S,
TPGW-5S, TPGW-6S, TPGW-7S, TPGW-12S, TPGW-15S, TPGW-17S, TPGW-18S,
TPGW-19S and TPGW-22S. The contours were developed using manual linear interpolation
contouring methods and best professional judgment and informed by the above-referenced
monitoring wells and additional wells (TPGW-10, TPGW-13, and TPGW-21) which are part of
other monitoring efforts.

The representative groundwater contour maps for the dry (Figure 3.4-1) and wet (Figure 3.4-2)
seasons indicate a generally eastward flow direction, with a slightly steeper gradient during the
wet season relative to the dry season. These maps are based on measured water levels and are
not adjusted for freshwater head equivalents, so care must be taken to interpret the results.
Because of the variable fluid densities in the Biscayne aquifer, modeling tools are needed to
more accurately represent groundwater flow rates, direction, and gradients.

Regionally, the groundwater levels on September 24, 2021, (the wet season) were approximately
0.5 to 1.0 ft higher than April 1, 2022 (the dry season). Continuous eastward groundwater
gradients with stages equal or above sea level are generally considered helpful in reducing
saltwater intrusion and aid in plume remediation.
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Figure 3.4-1. Dry Season Water Level Contour Map (April 1, 2022)
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Figure 3.4-2. Wet Season Water Level Contour Map (September 24, 2021)
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4 CONTINUOUS SURFACE
ELECTROMAGNETIC MAPPING
SURVEY SUMMARY

Year 4 CSEM survey results were compared against the 2018 baseline survey and indicate net
westward migration of the hypersaline plume has been halted and the volumetric extent has been
reduced by 67% after four years of RWS extraction.

4.1 INTRODUCTION

Pursuant to the FDEP CO requirements of paragraph 29.a., MDC CA paragraph 17.d.iii, and as
requested in item 3.b. in a letter provided to FPL by MDC dated May 15, 2017, FPL conducted
the 2018 baseline CSEM survey from March 31 to April 6, 2018, using aerial electromagnetic
(AEM) methods (described in ENERCON 2016). As AEM is the methodology employed for the
CSEM surveys, the acronym will be used when referring to the survey processes, procedures,
and data. The purpose of the 2018 baseline survey was to map the hypersaline plume west and
north of the FPL property adjacent to Turkey Point prior to the initiation of RWS operations.

Paragraph 17(d)(iii) of the MDC CA and paragraph 29(b) of the FDEP CO required that an AEM
survey be conducted 30 days after the first year of RWS operation, which was initiated on May
15, 2018. The first year AEM survey was conducted from May 24 through 26, 2019, and the
results were presented in the November 15, 2019, Remedial Action Annual Status Report
(RAASR). Due to restrictions on international travel and health risks associated with the
COVID-19 pandemic, collection of the Year 2 survey data was delayed from the originally
scheduled May 2020 timeframe until September 26-27, 2020. The Year 3 survey was conducted
June 18-22, 2021, and data acquisition for the Year 4 survey (the subject of this report) occurred
May 19-20, 2022.

Information on data collection, data analysis, error assessment, three-dimensional (3D) mapping
of the distribution of hypersaline chloride concentrations within the Biscayne aquifer and
comparisons of the 2022 results with those of the 2018 baseline AEM survey are provided in the
following sections and detailed in the Report on Advanced Processing and Inversion of 2022
AEM Survey Data and Derived Chloride Concentrations near the Turkey Point Power Plant,
Southern Florida provided by AGF (Appendix G). Plan and profile color-flood maps of bulk
resistivity and AEM-derived chloride concentrations for the 2018 and 2022 surveys and 3D
chloride views are provided in Appendices F (2018 baseline) and G (Year 4, 2022). Year 4
AEM data confirms prior documentation that there is no net westward movement in the leading
edge of the hypersaline plume. The data also demonstrate a statistically significant reduction of
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67% in the volume of the hypersaline Biscayne aquifer materials in 2022 as compared to 2018.
In addition, there is no CCS-sourced hypersaline water in layers 1 through 4 (upper 15 feet of the
aquifer) west of the L-31E canal and north of the FPL property; and there has been net
retractions in the western and northern extent of the CCS-sourced hypersaline plume in layers 5
through 14.

4.2 APPROACH AND METHODS

To collect transient AEM data, an electrical current is sent through a large loop of wire
consisting of multiple turns which generates an electromagnetic (EM) field. The EM field
switches off and on at rapid rates. When the EM field is generated, it passes into the ground
where it dissipates and decays with time, traveling deeper and spreading wider into the
subsurface. The rate of dissipation is dependent on the electrical properties of the subsurface and
is controlled by the material composition of the geology, including the amount of mineralogical
clay, the water content, the presence of dissolved solids, and the percentage of void space. At
the moment the EM field is turned off, a secondary EM field, which also begins to decay, is
generated within the subsurface. The decaying secondary EM field generates a current in a
receiver coil. This current is measured at several different moments in time, each moment being
within a time band called a “time gate.” From the induced current, the time rate of decay of the
magnetic field, B, is determined (dB/dt). When compiled in time, these measurements constitute
a “sounding” at that location. Short time measurements present data on near-surface conditions
while longer timed measurements collect data from greater depths below land surface. Thus,
data on the decay of the magnetic field over multiple progressively longer time bands break up
each sounding into sequential depth layers. By maintaining a consistent elevation of the
transmitter/receiver (minor flight elevation variations are adjusted during post-processing), and
using consistent time gates, the thickness of each individual earth layer derived from the field
data is constant across the surveyed area relative to the land surface, with layer thickness being
thinnest near the surface while deeper layers average data over progressively greater thicknesses.
Additional details of data acquisition and processing are contained in the 2022 Aqua Geo
Frameworks, Inc. (AGF) report (Appendix G).

The AEM survey area encompasses approximately 30 square miles of mostly wetlands located to
the west and north of the CCS. Figure 4.2-1 presents Turkey Point, the CCS, the survey area and
compliance boundary, monitoring well sites used to correlate chloride concentrations, and 2022
AEM survey flight lines.
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Figure 4.2-1. 2022 AEM Survey Area, Flight Lines, Monitoring Well Locations and
Designation of Compliance Area Boundary (Black Line)
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The 2022 AEM survey was performed using the same airborne platform and EM technique used
for the 2018 through 2021 surveys: a helicopter-borne transient EM (TEM) system developed
and implemented by SkyTEM Canada, Inc. (SkyTEM) that provided nearly continuous (i.e., one
sounding every 6 feet along each flight line) EM survey data within the coverage area. The
geophysical data are collected using TEM sounding equipment suspended from an airborne
platform flown along prescribed flight lines (transects) over the target area. In this application,
the individual transects primarily run from west to east with north to south tie lines (as shown in
Figure 4.2-1) and cover the entire region of interest.

The AEM survey measures bulk resistivity of the ground. For water-saturated materials, bulk
resistivity, or its inverse, bulk conductivity, is principally determined by pore fluid conductivity
and porosity. When pore water chloride ion content is high, bulk conductivity and fluid
conductivity have a nearly 1:1 relationship. This allows the measurement of fluid conductivity
from bulk resistivity or conductivity values obtained from geophysical surveys. Consequently,
the high electrical conductivity of saline groundwater makes it an excellent target for electrical
geophysical methods. Due to lithologic effects, the relationship between bulk electrical
properties and fluid conductivity must be calibrated with local water quality data. ENERCON
established a relationship for the Biscayne aquifer near the CCS during performance of the proof
of concept 2016 AEM survey as reported in PTN Cooling Canal System, Electromagnetic
Conductance Geophysical Survey, Draft Final Report, Florida Power and Light Turkey Point
Power Plant (ENERCON 2016). ENERCON supplemented those data with the 2018 baseline
AEM survey and 2018 water quality data as presented in Appendix G of the Recovery Well
System Startup Report (FPL 2018a) and amended the reported hypersaline volumes as described
in Section 4.2 of this report. The relationship between bulk AEM resistivity and laboratory
chloride content was developed for the 2022 data sets as described in Section 4.2.3 below. The
process conducted by ENERCON to assess the vertical and horizontal extents of a hypersaline
plume in the Biscayne aquifer in the vicinity of the CCS is similar to the USGS method
previously conducted for the Biscayne aquifer (Prinos et al. 2014).

4.2.1 Data Acquisition and Field Processing

Airborne EM data acquisition was conducted by SkyTEM during May 19-20, 2022. As changes
in hypersaline extent over time are based on comparisons between baseline and current EM
survey responses, multiple steps are taken prior to, during, and immediately after AEM field
acquisition flights to help ensure consistent data acquisition and processing from year to year.
Steps to provide consistency in the data include the following:

e Use of consistent hardware. The EM304 hardware and software has been consistently
used since 2016. Since AEM systems go through constant updates and replacements that
may complicate direct comparisons, SKyTEM has dedicated the EM304 unit used in our
studies for use over the entire 10-year project. All software updates are provided to AGF
who evaluate impacts to consistency of annual surveys. Adjustments to data processing
are made and documented if software changes would otherwise result in inconsistency
between survey years.
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e Implement consistent flight plans. Prior to flights, the detailed flight plan is reviewed
with the pilot. The flight plan details flight line locations, ground speed, elevations,
flight direction, ground hazards such as powerline locations, and any areas of potential
EM interference. Attention and care are given to attempt to fly as close as practical the
same flight path as 2018. In addition, as described in Appendix G, constant details of
flight conditions, global positioning system (GPS) locations, altimeter, tilt, fight speed,
etc. are recorded and reviewed after each flight. If any flight lines are found to fall out
of consistency specifications, the out-of-spec flight lines are re-flown.

e Equipment calibration. Prior to deployment of the EM304 system hardware to the site,
it is calibrated to a ground test site in Lyngby, Denmark. After delivery to the Turkey
Point site, the calibration is verified through a series of test flights that include
measurement of the transmitter waveforms, verification that the receiver is properly
located in a null position, and verification that all positioning instruments were
functioning properly. A high-altitude test, used to verify system performance, is also
conducted prior to the beginning of the survey’s production flights.

e In-field preliminary data verification and review. Raw flight data are transmitted
upon landing to AGF for verification and quality control. If flight data were found to fall
outside quality specifications, the flight segment would be re-flown and verified before
proceeding to the next flight segment. This field-based quality control protocol helps
ensure that the field data are complete and verified prior to completing the airborne data
acquisition phase of the survey. In addition, a review of acquired raw data by SKyTEM
in Denmark for primary field compensation (PFC) is conducted prior to continued data
processing by AGF (Schamper et al. 2014). The primary field of the transmitter affects
the recorded early time gates, which in the case of the Low Moment measurements
(LM), are helpful in resolving the near-surface resistivity structure of the ground. The
LM uses a sawtooth waveform which is calculated and used in the PFC correction to
correct the early time gates.

Multi-zoned groundwater monitoring wells (Figure 4.2-1) were sampled during June 2022, and
samples were analyzed for dissolved chloride using procedures and methods described in the
approved Turkey Point QAPP (FPL 2013). The water quality data were used in the calibration
and conversion of the AEM data to chloride concentrations. In addition, continuous borehole
induction logging was conducted by USGS from the deepest monitoring well at each monitoring
well site during March 2022 and were used as an independent comparison and verification of the
airborne resistivity data.

Following data acquisition by SKkyTEM, the field data were delivered directly to AGF for post-
processing. The AGF-ENERCON team conducted the data processing, interpretations, method
calibration, data correlations with monitoring well induction logs and water quality, and prepared
the survey reports. At each sounding along a flight line, the theoretical field response of a
layered earth model was calculated and compared to the actual field data and adjacent data
points. The resistivities of the model layers were adjusted until the differences between the
calculated (model) response and the observed field response were minimized. This spatial
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averaging produced laterally-constrained inversions (LCIs) and spatially-constrained inversions
(SCils) of the data collected. AGF produced LClIs and SCls of collected data with the SkKyTEM
system during daily flight operations to verify and confirm the functionality of the SkKyTEM
system and eliminate drift or calibration concerns. These inversions were conducted using the
Aarhus University Geophysics Workbench software that allowed for editing of the AEM data to
remove EM couplings (i.e., noise) from power lines and pipelines. AGF also provided
integration of continuous borehole induction log data as a qualitative check against field
resistivity data. The inversions were then combined into an electrical resistivity model of the
area which generates calibrated resistivity estimates for the survey area along each flight line.

Table 4.2-1 lists the thicknesses of the layers within the AEM model, including the upper 14
layers that account for the estimated thickness of the Biscayne aquifer in the area based on USGS
maps (Fish and Stewart 1991). Layer thicknesses increase with depth as AEM resolution
decreases. Layer 1 has a thickness of about 3 ft, while layer 14, with a bottom depth of
approximately 100 ft, has a thickness of about 13 ft. The data in this AEM survey were inverted
at each sounding, converted into two-dimensional (2D) resistivity plan view sections versus
depth and displayed as resistivity profiles by layer. The plan and profile views of the AEM
resistivity model for the 2022 survey are presented in Appendix G-2 and G-3.

4.2.2 Quality Control of the AEM Data Inversion

4.2.2.1 Magnetic Field Noise

The raw field data acquired along flight lines are filtered and processed to improve data quality
and reliability. The data are converted to a uniform transmitter coil height above the ground
using the helicopter altimeter data, and a GPS location is determined for each data point. An
analysis is made of background EM interference (noise) that originates from sources such as
thunderstorms, large electrical motors, and power lines. Data points that are “too noisy” (i.e.,
where the signal is obscured by excessive background interference to a degree the data are
unreliable) are “blanked” and not included in the data inversion. The data are examined for
spikes that occur over pipelines and other conductive objects. The spikes are also blanked.
Figure 4.2-2 shows the locations of the decoupled and removed data (red lines) along the AEM
flight lines and the data used in the inversion (blue lines) in the 2022 project area. A noisy area
near the RWS appeared during the 2019 survey. The noise was presumed to be associated with
power delivery and operation of the RWS electric pump motors. As recommended in the 2019
report, the RWS was temporarily shut down during acquisition of the 2020 through 2022 AEM
data. The result was a quieter EM setting for these surveys, resulting in less filtering and
interpolation than in 2019.
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Table 4.2-1. Thickness and Depth to Bottom for each Layer in the AEM Model

Depth to
Layer Bottom (m) Thickness (m) From (ft) To (ft) Thickness (ft)
3 33 12 6.0 10.8 ERY
4 47 14 10.3 154 446
5 62 13 154 203 490
(1] 9 1.7 203 259 6
T 0.3 19 2590 321 62
8 119 21 321 390 6.9
L 142 23 300 466 13
10 16.8 26 466 331 8.3
11 197 20 351 646 035
12 2290 32 646 731 10.3
13 264 33 73l 86.6 11.3
14 303 kR 36.6 994 12.3
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Figure 4.2-2. Locations of the Decoupled and Removed Data (Red Lines) Along
the AEM Flight Lines and the Data Used in the Inversion (Blue Lines)
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4.2.2.2 Resistivity Model Verification

Continuous surface electromagnetic mapping resistivity measurements are generally in close
agreement with U.S. Geologic Survey induction (resistivity) logs collected from monitoring wells within
the survey boundaries. This, combined with the good calibration with chloride samples from multi-
layered monitoring wells, provides an independent check on the efficacy of the EM data processing
method in estimating groundwater salinity concentrations within the study area.

Borehole induction logging was conducted by the USGS at each deep well within the TPGW
series monitoring sites located within the survey area. The induction logs were acquired with a
single frequency EM logging tool that measures the bulk resistivity of the earth materials and
pore fluids up to approximately 1 meter (m) outside the well bore. Details regarding the
borehole induction logging and the result for each site are published in Appendix J of the 2022
Turkey Point Annual Monitoring Report (FPL 2022). The induction logs provide a continuous
record of localized (i.e., tens of centimeters surrounding the borehole) EM electrical resistivity
with depth at each well where the induction log data were obtained.

The layer inversions (resistivity model) from the AEM data were compared to the induction log
data to verify that the parameters chosen in the AEM inversion software were producing layer
resistivities that are in general agreement with the borehole induction logs. However, there are
several differences between the two methods that make direct alignment of the data technically
infeasible. Therefore, care needs to be taken when comparing results from the borehole
induction logs and the AEM layer resistivities, as comparing trends is appropriate rather than
attempting to match absolute resistivity values. Factors that prevent direct comparisons of
resistivity values between the two methods include the following:

e Differences in measuring geometry. The AEM footprint is large compared to the data
acquisition distances within centimeters of a borehole for induction logs. Accordingly,
there are typically vertical differences between the location of the borehole screen and
the associated AEM layer which provides data for the layer with thickness greater than
the screened zone.

e Lateral differences in data acquisition locations. Not all wells are located on flight
lines; but several wells that were close to or within a few hundred feet of a flight line
were used in the verification.

e Uncalibrated borehole logging tool. The borehole logging tool is generally
uncalibrated for the full range of resistivities measured in the survey area. Additionally,
various logging tools have been used within the survey area leading to potential data
biases.
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AEM bulk resistivity inversion profiles were compared to induction logs obtained at wells
TPGW-1, TPGW-2, TPGW-4, TPGW-5, TPGW-6, TPGW-12, TPGW-15, TPGW-17,
TPGW-18, TPGW-19 and TPGW-22 shown in Appendix G-2. Where a TPGW monitoring well
induction log was performed near an AEM flight line profile, the induction log resistivity is
shown on the profile using the same color scale as the AEM resistivity. The bulk resistivity
inversion profiles along each flight line generally compare well with the borehole induction logs,
indicating that the inversion has produced estimates of the variation of bulk resistivity versus
depth comparable to values obtained in observation wells. A detailed discussion of the USGS
induction log/AEM resistivity comparison is presented in the 2022 AGF Report (Appendix G).

4.2.3 Conversion of AEM Resistivity to Estimated Chloride Concentrations
of Ground Water

Quarterly water quality data from the TPGW monitoring wells were used to develop an equation
for conversion of AEM resistivity to equivalent groundwater chloride concentration (i.e.,
chlorinity). The calculations used the relationship established between the June 2022 laboratory
samples for the TPGW wells (Table 4.2-2) and AEM resistivity. Normal seawater has a salinity
of about 34 PSU and will have a chlorinity of about 19,000 milligrams per liter (mg/L). The CO,
paragraph 8, and CA, paragraph 9, delineate 19,000 mg/L of chloride to be the boundary
between normal salinity seawater and hypersaline groundwater. Chloride concentrations greater
than 19,000 mg/L equate to standard seawater salinity greater than 34.32 PSU.

The calibration of the AEM data was conducted using a two-step approach, similar to that
presented in Fitterman and Prinos (2011) and Fitterman et al. (2012). First, a mathematical
relationship was established between AEM resistivity and the resistivity of groundwater samples
from discrete depth intervals in the TPGW monitoring wells (water resistivity is the inverse of
specific conductance). The mean values of the AEM resistivity sounding located within a 175-m
radius (574 ft) of each corresponding TPGW monitoring well were selected to develop a
statistical range in bulk resistivities for the AEM model layer that was at an equivalent depth to
the screened intervals in the TPGW wells.
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Table 4.2-2.  June 2022 Water Quality Data from TPGW Wells

Well Screen (from Top of Casing)

Specific
From To From To Cl Salinity = Conductance
Well 1D () (ft) (m) (m) (mg/L) (GE]9)) (uS/cm)
TPGW-1S 32.00 34.00 9.76 10.37 9,650 18.28 29,601
TPGW-1M 52.10 54.10 15.88 16.49 23,700 43.58 64,475
TPGW-1D 85.30 89.30 26.01 27.23 26,700 47.83 69,913
TPGW-2S 27.97 31.97 8.53 9.75 15,300 28.24 43,898
TPGW-2M 53.88 55.88 16.43 17.04 28,500 50.99 73,997
TPGW-2D 88.79 90.79 27.07 27.68 29,000 52.12 75,380
TPGW-4S 23.20 25.20 7.07 7.68 2,520 5.08 9,116
TPGW-4M 38.10 43.10 11.62 13.14 14,300 26.45 41,343
TPGW-4D 61.60 65.60 18.78 20.00 14,700 27.31 42,535
TPGW-5S 28.60 32.60 8.72 9.94 138 0.46 933
TPGW-5M 49.30 54.30 15.03 16.55 9,540 17.87 28,975
TPGW-5D 67.00 72.00 20.43 21.95 12,600 23.33 36,900
TPGW-6S 25.09 27.09 7.65 8.26 263 0.73 1,453
TPGW-6M 51.61 55.61 15.73 16.95 7,870 14.79 24,410
TPGW-6D 84.70 88.70 25.82 27.04 8,290 15.25 25,063
TPGW-12S 25.19 27.19 7.68 8.29 18,400 33.52 51,161
TPGW-12M 59.21 63.21 18.05 19.27 19,900 35.83 54,259
TPGW-12D 93.24 97.24 28.43 29.65 24,700 45.27 66,655
TPGW-15S 24.32 29.32 7.41 8.94 12,800 23.30 37,003
TPGW-15M 44.39 49.39 13.53 15.06 25,700 46.23 68,050
TPGW-15D 79.31 84.31 24.18 25.70 27,600 49.84 72,666
TPGW-17S 32.11 37.11 9.79 11.31 20,300 36.95 55,776
TPGW-17M 49.95 54.95 15.23 16.75 24,400 43.90 64,903
TPGW-17D 86.81 91.81 26.47 27.99 26,500 47.58 69,644
TPGW-18S 35.25 40.25 10.75 12.27 2,230 4.62 8,330
TPGW-18M 63.25 68.25 19.28 20.81 19,600 39.91 59,647
TPGW-18D 84.27 91.27 25.69 27.83 22,000 39.48 59,076
TPGW-19S 27.37 31.37 8.34 9.56 1,160 2.45 4,601
TPGW-19M 48.39 52.39 14.75 15.97 19,200 35.65 53,961
TPGW-19D 84.35 89.35 25.72 27.24 22,800 40.93 60,952
TPGW-22S 29.00 32.00 8.84 9.75 14,900 27.76 43,156
TPGW-22M 54.00 57.00 16.46 17.37 20,900 37.25 56,083
TPGW-22D 69.00 72.00 21.03 21.94 20,400 37.59 56,532

4-11



FPL Turkey Point RAASR Year 4
November 2022 4. CSEM Survey Summary

4.2.3.1 Year 2022 Chloride Conversion

The 2022 AEM chloride conversion process is described in detail in Appendix G, including
details of the conversion process and calibration data sets used during previous surveys. The
process is summarized below.

The 2022 water quality data, using the baseline or “core” 24 monitoring well set, were plotted on
a log-log plot with the mean AEM resistivity value from the analogous resistivity model layer on
the x-axis and the corresponding groundwater sample resistivity on the y-axis. A regression
equation was fitted to the plot producing a power function of the form:

Water Resistivity = 0.12038 - (AEM Resistivity)194945 (1)

with R? = 0.826 (Figure 4.2-3). R? is the percent of the variance in the dependent variable (i.e.,
water resistivity) explained by the variance of the independent variable (i.e., AEM resistivity).
The value of the Pearson correlation coefficient, r, is the square root of R2. For an R?of 0.83, r
is 0.91. For the number of samples, n, equal to 24, the significance of r is p <0.0001 indicating
that the regression between water resistivity and AEM resistivity is highly significant
statistically.

The second step in the calibration process is to mathematically relate laboratory chloride to field
measured borehole water resistivity. As chloride concentration increases, water resistivity
decreases. In groundwater influenced by seawater, the dominant and most conductive ions are
chloride and sodium. The chloride ion comprises 55% of the TDS of seawater, so it is expected
that there will be a statistically strong relationship between water resistivity and chloride ions.
Again, a log-log plot is constructed with water resistivity of well samples on the x-axis and
chloride concentration of well samples on the y-axis.

A regression equation is fitted to the data and has the form:
Chloride Concentration = 2,639.6 - (Water Resistivity) 119036 2)

with R? = 0.99 (Figure 4.2-4). For a sample number of 24, the statistical significance of the
correlation coefficient for the regression equation is p <0.0001. Equations (1) and (2) are
combined to form an equation that defines chloride concentration as a function of AEM
resistivity. This equation is then used to convert AEM resistivity to chloride concentration.
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Figure 4.2-3. Comparison of 2022 Field Water Resistivity (RhoW) versus AEM
Resistivity (RhoAEM)
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Figure 4.2-4. Comparison of 2022 Field Water Resistivity (RhoW) versus
Laboratory Chloride Concentration (CLconc)
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The correspondence of chloride concentration calculated from AEM resistivity and laboratory-
determined values of chloride concentration from TPGW wells is graphically illustrated by
superimposing the TPGW well-derived chloride values on AEM-derived chloride concentration
versus depth profiles, using the same color-coded contour intervals (Appendix G, Attachment 3).
On the vertical profiles, the agreement between the AEM predicted chloride value and the
chloride value obtained from samples taken from the monitor wells can be visually compared. A
quantitative comparison between AEM-estimated chloride and laboratory-determined chloride at
monitor wells is found in Table 4.2-3. Note that the sample area of each AEM-estimated
chloride value is different in every case from the corresponding sample area of the monitoring
well. Accordingly, at any given point, the correspondence is affected by many factors, including
porosity variations, the location of the screened interval with respect to the assigned AEM layer,
distance between monitoring well locations and flight lines, EM noise, and the documented wide
range of vertical variability in bulk conductivity documented in the borehole induction logs.

Monitoring well chloride data collected in 2022 are also posted on the 2022 AEM color-flood
depth layers for comparison (Appendix G, Attachment 4). The monitoring well data are posted
only on applicable AEM layers where the well screened interval is contained within the layer.
Monitoring well chloride data for well screens that are at or across a layer interface are posted on
both layers. As discussed in Appendix G, although TPGW-12, TPGW-15, and TPGW-22
chloride values were not included in the AEM calibration data set (Section 4.2.3.3), they are
posted on the appropriate AEM layer maps as a means to compare AEM-derived chloride with
laboratory chloride from these wells.

Monitoring well data are from the Biscayne aquifer only. Consequently, the calibrated equation
relating AEM resistivity to groundwater chloride concentrations is constrained to the data
collected from the CA/CO network of monitoring wells. For this reason, use of this empirically
derived relationship between AEM resistivity and chloride concentrations should not be applied
to AEM resistivities from geologic units below the Biscayne aquifer not monitored under the
CAJ/CO monitoring network.

4.2.3.2 AEM Layers and High Flow Zones

Monitoring wells within and surrounding Turkey Point are constructed into high permeability
zones in the upper, middle, and lower Biscayne aquifer that are based on review of pilot well
lithologic and borehole geophysical data. As the elevations of the screens in the monitoring
wells vary in depth and the elevations of the AEM layers are constant across the survey area, the
AEM layers that represent the upper, middle, and lower flow zones of the Biscayne aquifer can
vary. Table 4.2-3 lists the TPGW monitoring wells screen interval depths, corresponding AEM
layer, June 2022 monitoring well chloride values and the estimated chloride value for the
analogous AEM layer. For example, the upper flow zone is present in AEM layers 6 through 8,
the middle flow zone is present in AEM layers 10 and 11, and the lower flow zone is present in
AEM layers 12 through 14. The three AEM layers that include the most upper, middle, and
lower monitoring well intervals are AEM layers 7, 10, and 14, respectively.

4-15



FPL Turkey Point RAASR Year 4
November 2022 4. CSEM Survey Summary

Table 4.2-3. Correspondence Between TPGW Screened Zones and the AEM
Model Layer — 2022 Data

Depth Below Land Surface CSEM
Estimated
2022 Chloride CSEM Layer ClI
Well ID From(m) To(m) From(ft) To (ft) (mg/L) Model Layer (mg/L)
TPGW-4S 7.1 77 232 25.2 2,500 6 3,524
TPGW-15S 74 8.9 243 293 12,800 6 2,216*
TPGW-6S 7.6 8.3 25.1 27.1 263 6 245
TPGW-12S 7.7 8.3 25.2 27.2 18,400 6 21,410%
TPGW-2S 85 9.7 28.0 32.0 15,300 7 10,223
TPGW-5S 8.7 9.9 28.6 32.6 138 7 262
TPGW-6S 76 8.3 25.1 27.1 263 7 245
TPGW-15S 7.4 8.9 243 293 12,800 7 2,216*
TPGW-19S 8.3 96 274 314 1,160 7 1,119
TPGW-22S 8.8 9.8 29.0 32.0 14,900 7 6,503
TPGW-1S 9.8 10.4 320 34.0 9,650 8 9,445
TPGW-17S 9.8 11.3 321 37.1 20,300 8 20,331
TPGW-18S 10.7 12.3 35.3 40.2 2,230 8 10,900
TPGW-4M 116 131 38.1 431 14,300 9 14,801
TPGW-18S 107 123 35.3 40.2 2,230 9 10,900
TPGW-15M 135 15.1 44.4 49.4 25,700 9 16,304*
TPGW-15M 135 15.1 44.4 49.4 25,700 10 16,304*
TPGW-1M 159 165 52.1 54.1 23,700 10 17,753
TPGW-2M 16.4 17.0 53.9 55.9 28,500 10 24,441
TPGW-5M 15.0 16.6 49.3 54.3 9,540 10 5,660
TPGW-6M 157 17.0 516 55.6 7,870 10 2,949
TPGW-17M 152 16.8 50.0 55.0 24,400 10 31,030
TPGW-19M 14.8 16.0 484 524 19,200 10 20,126
TPGW-22M 165 174 54.0 57.0 20,900 10 14,623
TPGW-12M 18.1 193 59.2 63.2 19,900 1 20,331*
TPGW-4D 18.8 20.0 616 65.6 14,700 11 4,831
TPGW-22M 165 174 54.0 57.0 20,900 11 14,623
TPGW-4D 188 200 616 65.6 14,700 12 4,831
TPGW-5D 20.4 220 67.0 72.0 12,600 12 4,734
TPGW-18M 193 208 63.3 68.3 19,600 12 15,296
TPGW-22D 210 219 69.0 72.0 20,400 12 8,428
TPGW-15D 24.2 25.7 79.3 84.3 27,600 13 25,618*
TPGW-1D 26.0 272 85.3 89.3 26,700 13 13,367
TPGW-6D 258 27.0 84.7 88.7 8,290 13 5,348
TPGW-18D 25.7 278 84.3 91.3 22,000 13 16,375
TPGW-19D 25.7 272 84.3 89.4 22,800 13 6,123
TPGW-1D 26.0 27.2 85.3 89.3 26,700 14 13,367
TPGW-2D 27.1 27.7 88.8 90.8 29,000 14 26,566
TPGW-6D 258 27.0 84.7 88.7 8,290 14 5,348
TPGW-17D 265 28.0 86.8 918 26,500 14 30,200
TPGW-18D 25.7 27.8 84.3 91.3 22,000 14 16,375
TPGW-19D 25.7 27.2 84.3 89.4 22,300 14 6,123
TPGW-12D 28.4 29.6 93.2 97.2 24,700 14 20,331*

Note: AEM-derived Cl produced fromaverage resistivity within 175 mradius of borehole and converted to Clusing regression
equation.
* TPGW-12 and TPGW-15 AEM estimated chloride data are calculated from nearest Cl voxel due to locations within EM noise.
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4.2.3.3 AEM System Response Shift

In the 2019 RAASR, the AGF-ENERCON team considered using the regression equations
derived from the 2016 and 2018 data in the two-step process to convert 2018 AEM bulk
resistivity values to estimated pore water chloride content for defining the baseline hypersaline
spatial extent and volume prior to initiation of the RWS remediation to be used as the basis of
comparison for all subsequent annual AEM surveys. An inherent assumption of this approach is
that the AEM instrument response to a given bulk earth resistivity does not change over time or
from survey to survey; and by compounding AEM resistivity versus chloride data over
progressively more years, the expanded data set would reduce uncertainty in the regressions.
The SKyTEM system firmware and software are frequently updated to reduce noise, improve
signal to noise ratios, and provide better resolution of the resistivity of very shallow layers.
While the AEM instruments are calibrated at a test site, there may be small changes from year to
year in the instrument response to a given earth resistivity. These changes may fall below the
SkyTEM calibration criterion for the instrument which is more commonly used for mineral
exploration with greater resistivity contrast.

In 2020, after accumulating two years of survey data, FPL independently began conducting
evaluations of the potential for system drift in resistivity response. Additionally, a review by
MDC (Arcadis 2020) of the 2019 AEM survey, recommended that a procedure be implemented
to evaluate and reduce the effects of any year-to-year variations in the instrument response to a
given earth resistivity. To determine whether there had been any change in instrument response,
an analysis was conducted of the change in the AEM bulk resistivity value that correlates to an
estimated pore water chloride value of 19,000 mg/L from 2018-2022 on the basis of the
regression equations specifically developed for each survey year which are based on that year’s
specific water quality and AEM data. The results indicate that there have been small and
consistent changes in instrument responses over time (Table 4.2-4). To eliminate the effects of
this instrument bias or shift, consistent with the MDC recommendation, the AEM survey results
in each survey year are calibrated against water samples collected during that year. This
procedure produces a unique AEM resistivity to chloride relationship for each survey,
eliminating the consequences of any shift in SkyTEM system resistivity response that may occur
from year to year.

Table 4.2-4.  AEM Resistivity Associated with 19,000 mg/L Chloride Listed by
Survey Year

AEM Resistivity (ohm-m) at

Survey Year

19,000 mg/L
2022 1.4682
2021 1.6556
2020 1.7185
2019 1.8795
2018 2.0569
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It is important to recognize that the systematic drift in resistivity does not affect the chloride
model results, as each survey’s unique resistivity field is correlated with chloride data collected
near the time of the AEM survey. For each survey, the resistivity field is paired with the
associated chloride data; and the chloride model is developed based on this unique relationship,
which eliminates the effects of the resistivity drift in chloride space.

Accordingly, the AGF-ENERCON team used the 2022 calibration between 2022 AEM
resistivity and 2022 water quality data to derive estimated pore water chloride values from AEM
resistivity data. This procedure normalizes the instrument response from year to year, produces
an independent AEM resistivity to chloride relationship, and allows a comparison of the2022
survey year to 2018 baseline distribution of pore waters with chloride content >19,000 mg/L.
This procedure was also used for the 2020 and 2021 surveys to address the recommendation
provided by MDC (Arcadis 2020) to initiate a procedure to address any potential year-to-year
variation in the response of the SKkyTEM system. As the AEM-derived chloride distribution for
each year is independently calculated, the system response drift does not impact the volume
calculations or AEM-derived chloride distribution.

The 2018 baseline results used data obtained from both the 2016 proof of concept and the 2018
baseline surveys. To address year-to-year variation, AGF reprocessed the 2018 baseline data
conversion using only 2018 water quality and bulk resistivity data (i.e, the 2016 data were
excluded from the regressions to eliminate any impact of instrument drift). The resulting
regression equation was very similar to the original. However, for consistency, a new 2018
baseline survey result was established to compare with the current annual AEM survey results. A
comparison of the layer by layer and total volumetric differences between the 2018 baseline
produced using 2016-2018 data regressions versus the 2018 year-specific regressions is shown
in Table 4.2-5. As an example of how this change translates to the spatial extent of hypersaline
groundwater on a layer-by-layer basis, Figure 4.2-5 shows the location of the 19,000 mg/L
contour in model layer 7, resulting from both the original and new baseline data conversions.
Maps of the comparisons between the original 2016-2018 baseline and the survey-specific (i.e.,
2018 only) baseline for all layers are contained in Appendix G-7C.

In order to consistently address systematic drift in the baseline condition and subsequent years,
the 2018 year-specific regression volumes for the 2018 baseline condition will be used in this
report and for all subsequent reports.
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Table 4.2-5 Comparison of 2018 Baseline Volumes Developed Based on
2016+2018 Water Quality Data and Volumes Produced Using 2018
Survey-Specific Water Quality Data

2018 Volume > 19,000 mg/L (m?) 2018 Volume > 19,000 mg/L (m?) Based

Based on 2016+2018 Data on 2018 Survey Specific Data
1 1,920,000 1,930,000
2 2,026,000 2,047,500
3 1,587,000 1,644,500
4 858,000 923,000
5 2,595,500 2,508,500
6 12,672,000 12,304,000
7 22,896,000 22,572,000
8 20,480,000 20,480,000
9 33,770,000 33,440,000
10 68,281,500 67,399,500
11 92,840,000 92,207,500
12 89,822,500 89,029,500
13 63,181,000 63,817,500
14 43,050,000 43,540,000
Totals: 455,979,500 453,843,500
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Figure 4.2-5. Layer 7 Comparison of Original 2016/2018 Baseline AEM-Derived
19,000 mg/L Chloride Contour and Contour Resulting From 2018
Year-Specific Data Set
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4.2.3.4 The Calibration Data Set

Introduction of monitoring data not included in the original 2018 baseline calibration data set results
in shifts in the AEM resistivity versus pore water resistivity regression equation. Such shifts in the
regression affect the hypersaline voxel volume, creating discontinuities between hypersalinity volumes
calculated before and after any new monitoring station is added. To resolve this, annual volumetric
hypersalinity calculations are based on regressions calculated using year-specific (i.e., survey-specific)
pore water chloride data collected from a consistent set of 24 ‘core’ monitoring wells.

An important objective of the AEM survey is to assess change in the volumetric extent of the
hypersaline plume within the defined boundaries. To consistently assess the effect of the RWS
on AEM-estimated hypersaline pore water volume, the year-to-year AEM survey calibration
must use the same wells that were used in the baseline survey. These wells are considered the
core monitoring well data set (sites TPGW-1, TPGW-2, TPGW-4, TPGW-5, TPGW-6,
TPGW-17, TPGW-18, and TPGW-19 shallow, middle, and deep monitoring zones) and are used
to form the regression equation converting AEM resistivity to AEM-derived chloride. Data
obtained from any newly installed wells will be used in comparisons with borehole induction
logs, on vertical profiles of AEM-estimated pore water chloride, and (X, y) contour and color-
flood maps of AEM-estimated pore water chloride values.

An important underlying assumption related to the AEM bulk resistivity measurements is they
are made without consideration for naturally occurring variations in porosity of earth materials.
Said another way, the AEM surveys consider the Biscayne aquifer to be isotropic and
homogeneous with respect to porosity. Porosity is an important factor in the saturated portion of
the aquifer as pore spaces are filled with mineralized water that is a much better conductor of
electricity than rock. Lithologies with high porosities and high percentages of water will
produce lower AEM bulk resistivity measured values than the same lithology having low
porosity, even if the chloride concentration is the same in both lithologies. As a result, it is
possible that an AEM layer transect flown over an area with a constant chloride concentration
and comprising a lithology that laterally transitions from low porosity to high porosity would
produce a chloride map that shows chloride concentrations increase commensurate with
increasing porosity even though the actual pore water chloride does not change. Areas like this
are characterized as discontinuous lenses of elevated salinity that is not connected to a source of
higher salinity. In addition, since rock porosity does not change significantly over time, such
areas of apparent elevated salinity will not change, even though salinity levels in layers above or
below will change in response to remediation actions. There appear to be such areas within the
compliance area, most notably an area west of the southern portion of the CCS between the
L-31E canal and Tallahassee Road in AEM layer 9.

An AEM resistivity versus monitor well fluid resistivity plot shows some wells plotting above
and some below a regression trend line. Because porosity and well locations are fixed, those
wells would consistently plot in the same geometric offset position relative to the regression line
for each survey. This consistent offset or non-random error is what we observe in the year-
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specific regression plots. Wells consistently plot in the same general geometric positions (Figure
4.2-6). If the error was random, we would expect the position of a given well to exhibit random
scatter on the plot for multiple surveys. Since the pattern is consistent, we expect this to be
representative of porosity differences among wells.

Newly installed wells may plot above or below the trend line affecting the regression equation
and compromising the ability to compare against the baseline survey for which the new wells did
not exist. Due to the relatively few data points available to develop the regression equation, any
new data points that plot offset from the regression line carry a proportional weight in producing a
change in the regression equation that cannot be reproduced in the 2018 baseline regression data.

Figure 4.2-6. 2018-2022 Plot of Laboratory Chloride versus AEM Resistivity for
Deep Well Screened Zones
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4.2.4 Sources of AEM Method Uncertainty

The AEM results are used to map relative changes in the spatial extent and volume of the
hypersaline plume both horizontally and vertically. Appendix G-7A shows the AEM 19,000
mg/L chloride contour lines produced from year-specific regressions for years 2018 and 2022.
Statistically, the mapped position of the 19,000 mg/L contour is the most probable location of the
19,000 mg/L contour based on the year-specific data used to produce the laboratory derived
versus AEM-estimated chloride regressions. However, the estimates of pore water chloride
levels derived from AEM resistivity vary from measured chloride levels at discrete monitoring
intervals. In addition to the differences in lateral and vertical locations of the comparative AEM
and monitor well measurements and the wide range of vertical variability in bulk conductivity
documented in the borehole induction logs, an important source of differences between AEM-
estimated chloride and laboratory-determined chloride is the assumption of constant porosity.
As discussed earlier, the equation that relates AEM bulk resistivity to chloride uses the
regression equation derived from a plot of AEM bulk resistivity versus pore water resistivity
measured at wells. This equation uses the best fit relationship between AEM bulk resistivity and
measured pore water chloride levels.

Variation of porosity horizontally and vertically introduces some geologic noise to the AEM
chloride estimates. This geologic noise causes the locations of the specific AEM bulk resistivity
versus monitor well resistivity pairing to deviate to varying degrees from the best fit regression
line as shown on Figure 4.2-3 above. These deviations from the regression line are included in
the overall assessment of the error in AEM chloride estimates. The additional time series
monitoring well data and density-dependent solute transport groundwater modeling that FPL
performs complements the AEM survey and, together, provides a comprehensive representation
of the remedial action progress.

Another source of error is the spatial displacement of the water quality samples taken from
discrete intervals in the monitoring wells and the location of the nearest AEM data on a flight
line. None of the monitoring wells available for calibration of the AEM data are on a flight line:
all well screens are shorter than the thickness of AEM layers, and some well screens are divided
by two AEM layers (see Figure 4.2-7). In addition, the AEM data average the instrument’s
response to variations in chloride content over distances of a few tens of meters to over 100 m,
while well samples come from small-diameter well screens about 1 m in length. It can be
reasonably assumed that changes in pore water chloride content are smooth and not abrupt over
distances of tens of meters, and the effects of spatial errors are included in the overall assessment
of AEM-estimated chloride values.
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Figure 4.2-7. Monitor Well Screened Zone versus AEM Layer

4.2.4.1 Definition of AEM Survey Error

Statistically, the mapped location of the AEM-estimated 19,000 mg/L contour is the most probable
location of the 19,000 mg/L physical boundary.

The basis for evaluating the accuracy of the AEM surveys is in the comparison between
measured aquifer pore water chloride data obtained from the TPGW multi-level monitoring wells
and adjacent AEM-estimated chloride value. Each well cluster has three screened intervals
corresponding to the upper, middle, and lower flow zones within the Biscayne aquifer. Water
quality data are available from the TPGW monitoring well system. For comparison to AEM
data, water quality data closest in time to the AEM survey were selected for wells that are close
to an AEM flight line (i.e., there are no wells on a flight line) and at screen intervals that
correspond to AEM layers. Where the well screen elevations span two AEM layers, the average
of the two AEM layers is used for comparison. Figure 4.2-7 shows relative position and length
of monitoring well screens (shown in red) versus AEM layers. The water quality samples used
in the error analysis are the same samples used to establish the baseline relationship between
AEM bulk resistivity and pore water chloride content, as these samples were used to establish the
transfer function converting AEM resistivity to chloride concentrations, as described in Section
4.2.3.

The AEM estimates of pore water chloride levels are obtained as described in Section 4.2.3 and
listed along with monitoring well chloride in Table 4.2-3. The error between AEM-estimated

4-24



FPL Turkey Point RAASR Year 4

November 2022 4. CSEM Survey Summary
. __________________________________________________________________________________________________________________________________|]

chloride values and chloride levels obtained from monitoring wells is defined as the ratio of the
AEM-estimated chloride value to the closest monitoring well value:

AEM Error = [AEM estimated chloride]/[monitor well chloride]

A perfect correlation between AEM estimates of chloride and monitoring well data would have a
value of 1.0. Values >1.0 indicate an overestimation of chloride by the AEM data, and values
<1.0 indicate an underestimation of chloride by the AEM data.

An alternative error measure is the algebraic difference between the AEM estimates and the
water quality data:

AEM Error = [AEM estimated chloride] — [monitor well chloride]

However, the magnitude of this difference error varies with the chloride level: larger for high
chloride values and smaller for low chloride values. The error defined as a ratio maintains the
relative error between AEM and water quality data across a wide range of chloride values. It is
similar to a percent error, where:

% E 1 [AEM estimated chloride] 100
=1- *
PErTer [monitor well chloride]

4.2.4.2 Distribution of Error

For 2022, the relative error of AEM chloride estimates was assessed using only 2022 data in
order to reduce any effects of changes in instrument response that may have occurred between
2018 and 2022. The standard error is the standard deviation of the relative error between AEM-
estimated chloride and laboratory-measured chloride, divided by the square root of the sample
size. The standard error for the 2022 data is 0.07. The equation for the 95% confidence interval is

Clgs = (average error) * (1.96) * (s/n®®)
where s is the standard error and n is the number of samples.

For the 2022 data points greater than the minimum reliable chloride concentration of 10,000
mg/L (Section 4.2.5), n is 15, and the 95% confidence interval is 0.13, or about £13%. As
applied to the 19,000 mg/L estimated chloride value, the 95% confidence interval is + 2,470
mg/L, or approximately 16,500 mg/L to 21,500 mg/L. Plan view maps showing the 19,000 mg/L
contour for the 2018 and 2022 surveys are contained in Appendix G-7A.

4.2.4.3 Statistical Significance of Plume Volume Changes 2018—-2022

Additional analyses of statistically significant changes in the volume of hypersaline water from
2018-2022 in the compliance area, as defined by the AEM data, has been performed using
permutation testing and bootstrapping and is summarized below by Kirk Cameron, PhD. Dr.
Cameron is the principal author of the 2009 Unified Guidance for the Statistical Analysis of
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Groundwater Monitoring Data (EPA 2009) and Principal for MacStat Consulting, Ltd. A
detailed report of the data and analyses are contained in Appendix H.

If the RWS is ineffective or the AEM method has large errors in estimated chloride, then the
year-by-year changes in the AEM-derived hypersaline volume within the compliance area will
be random and statistically unrelated to the time of pumping by the RWS. This null hypothesis,
that there is no statistically significant change in the volume of the hypersaline volume with time,
can be tested statistically. Two methods have been applied to the voxel volume data to test the
null hypothesis: permutation testing and bootstrap estimation. The data used in these analyses
are the gridded chloride voxels derived from the regression-based, AEM-estimated pore water
chloride values, as summarized in Section 4.2.6 and described in detail in the AGF report
(Appendix G).

Permutation Testing

Permutation tests were first introduced by two early pioneers in the statistics field, Fisher (1935)
and Pitman (1937). Permutation tests are also known as randomization tests, involving a
hypothetical calculation of the possible ways in which a data set can be randomly rearranged,
and then comparing the observed arrangement to the set of possible rearrangements, to assess the
level of statistical significance.

Permutation testing and bootstrap estimation are highly empirical, computationally intensive
techniques. Neither one requires fitting or identification of exact statistical models. The most
critical assumption relates instead to the overall data generation process. In order to compare the
extent of the hypersaline plume across years, it is assumed that the data generating mechanism
remains essentially the same with each year consisting of the steps described above. Then,
regardless of the overall level of statistical uncertainty, under a null hypothesis of no actual
change in plume extent or volume, one would expect year-to-year differences to be random, e.g.,
some years showing the number of hypersaline voxels lower and some years higher, but not
trending over time or space in a particular direction. If, instead, the hypersaline plume is
shrinking (or growing), the pattern of change across voxels from year to year will tend to exhibit
a trend; and that trend can be positively identified as statistically significant using a combination
of permutation testing and bootstrap estimates.

When comparing two or more groups of data, the general algorithm for conducting a permutation
test is based on a straightforward idea: under the null hypothesis of no difference between the
groups (often representing a hypothesis of no physical difference between the underlying
populations), the observations from each group should be exchangeable. That is, random
shuffling of the measurements between the groups should not affect the observed difference. Or,
from another perspective, random relabeling of the observations (i.e., renaming elements of
group 1 as group 2, group 3, etc.) should not change the magnitude of difference between the
groups.
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In practice, a permutation test involves the following steps:

1. Select an appropriate test statistic (t) to numerically gauge any difference between the
groups.

2. Calculate the test statistic for the observed data as collected (to).

3. Enumerate all (if feasible) or a large, randomly-selected subset of the possible group label
rearrangements (permutations).

4. Compute (t) on each permuted version of the data to construct the permutation
distribution.

5. Compare to to the permutation distribution to determine what fraction (p) of the permuted
statistics t exhibits a group difference as or more extreme than to. This fraction is the p
value of the test.

6. If the p value (p) is large (e.g., p > 0.05 or p > 0.01), accept the null hypothesis of no
group difference; but if p is small (e.g., p < 0.05 or p < 0.01), declare a statistically
significant difference.

To implement permutation testing for the Turkey Point RWS, the only exchangeable voxels are
those with the same spatial coordinates but estimated in different years. That is, the same voxel
estimated in, say, 2018, can be randomly swapped with its paired counterpart in 2019, 2021, and
so on; but it cannot be swapped with a different voxel from one of those successive years.
Consequently, the strategy tailored to the Turkey Point remediation is denoted as a spatial
permutation test and looks akin to a kind of paired, two-sample test, where the natural pairing
occurs between identically-located voxels estimated in different years.

The steps for the spatial permutation testing are similar to those of a general permutation test, but
with specific adjustments:

1. Define hypersaline chloride volume as the proportion of voxels within the study or
comparison area of interest with chloride above 19,000 mg/L. Select year-to-year
percentage change in hypersaline volume as the test statistic (t).

2. Compute the observed percentage change (to) in hypersaline volume for each comparison
of interest, e.g., baseline (2018) versus 2019, 2020, 2021, and/or 2022 for the overall
hypersaline plume, any specific depth layer of the plume, or any subarea of the site.

3. For each comparison, generate a large number (e.g., 10,000) of random spatial
permutations of the data (i.e., by randomly swapping identical voxels between the years
being compared), and then compute t on each permutation to construct the permutation
distribution for that case.
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4. Compare to to the distribution of t to compute the p value and assess the statistical
significance of each desired comparison.

The results of the spatial permutation testing algorithm were computed for the chloride voxel
models from 2018 compared to years 2019-2022. The comparisons of interest were changes in
the overall hypersaline plume proportion, as well as similar changes calculated separately for
each depth layer. For the overall plume, the observed relative drop in hypersaline volume from
the baseline year of 2018 was 22.4% in 2019, 34.6% in 2020, 42% in 2021, and 66.9% in 2022.
These observed changes were very strongly different from the respective permutation
distributions, so much so that the p values in all cases were essentially zero. These annual
reductions in plume volume compare well with those reported in prior RAASR reports (22%
after Year 1 of remediation, 34% in Year 2, and 42% in Year 3). Separate spatial permutation
tests were conducted on a layer-by-layer basis. The results of these evaluations also are very
similar to those reported in prior RAASR reports. The p values associated with the vast majority
of the depth layers in each year were also essentially zero and document a highly statistically
significant percentage decrease in hypersaline plume volume. The exceptions at fairly shallow
depth layers indicate a net increase in hypersaline plume volume, including statistically
significant increases in depth layers 4 and 5 that were documented in prior reports. The source
of hypersalinity in these shallow layers was from evaporation of bay water transported inland
northeast of the Turkey Point Plant by Hurricane Irma.

Bootstrap Estimation

Bootstrapping was first introduced in the late 1970s (Efron 1979, Efron and Tibshirani 1986).
The flexibility and usefulness of bootstrapping has made it commonly employed by statisticians.
While permutation tests are mostly limited to group comparisons, bootstrapping can be applied
to a wide variety of problems, including estimates of statistical variation from a single group or
population. The bootstrap is especially powerful in constructing confidence intervals on test
statistics for which the underlying statistical model is complex or unknown. As such,
bootstrapping is often employed as a nonparametric technique when it may be difficult or
impossible to fit the underlying data to a standard statistical distribution/model. The core idea
behind the bootstrap is that the observed data can be assumed to adequately represent and
substitute for the underlying, unknown population. Any statistical model must assume that the
collected data are in some sense representative of the underlying population from which the
observations came. But bootstrapping takes this assumption a step further by recognizing that
the empirical (observed) distribution (or density) can be repeatedly resampled in order to mimic
what would occur if access were available to the “true” distribution, and not simply to its
empirical representative. In the simplest case, a nonparametric percentile bootstrap confidence
interval around a desired statistic (t) can be computed as follows:

1. Select an appropriate (test) statistic (t) to summarize the desired population characteristic.
2. Note the sample size (n) of the observed data.

3. Compute t for the observed sample data, yielding the observed statistic (to).
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4. Construct a large number of bootstrap samples (Bx) by repeatedly resampling n
observations with replacement from the observed data.

5. Compute t on each bootstrap sample B+, leading to the bootstrap distribution of t.
6. Select a confidence level, 1 — a.

7. Calculate lower and upper percentiles of the bootstrap distribution so that the range
between the percentiles covers a proportion of 1 — o of the total bootstrap density (e.g.,
for 95% confidence, compute the 2.5th and 97.5th percentiles).

Results of bootstrap estimation for the Turkey Point RWS are shown on Figure 4.2-8 which
presents the calculated 99% bootstrap confidence intervals around the proportion of hypersaline
chloride in each of the years 2018-2022, both overall and for each depth layer separately, using
10,000 bootstrap samples in each calculation. The trend in decreased overall hypersalinity is
evident as well as the general ‘tightness’ of the confidence intervals, so that no overlap in the
combined confidence intervals is recorded between the respective years. These results are
consistent with the permutation testing outcomes; but instead of providing a p value, they show a
range of statistical uncertainty around each estimate.

Results of Statistical Tests

The results of the permutation testing are contained in Appendix H. The probability that the
observed changes in plume volume with time are random (the p value) is much less than 0.001
for the full plume volume and AEM layers 1-3 and 6-14. The null hypothesis is rejected.
Layers 4 and 5 show an increase in chloride as a result of tidal inundation in 2017 during
Hurricane Irma in the coastal area north of the CCS bounded by the Turkey Point Power Plant
access road and the L-31E berm. These waters were concentrated by evaporation and moved
downward from 2018-2022 through layers 1-3 to layers 4 and 5.

The results of the bootstrap testing are contained in Tables 2 and 3 and Figure 4 of Appendix H
and are reprinted below as Figure 4.2-8. The p values for layers 1-3 and 6-14 are <<0.001 and
the null hypothesis is rejected for the overall plume volume in layers 1-3 and 6-14. Again, layers
4 and 5 show an increase in plume volume from 2018-2022 in the coastal area north of the CCS.
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Figure 4.2-8. Bootstrapped Trend in Percent Hypersaline Plume Volume (from
Cameron 2022 included as Appendix H)

In summary, the statistical testing of the changes in the volume of the hypersaline plume, both
overall and by layer, demonstrates that the changes are highly significant statistically. This
demonstrates that the RWS is effectively reducing the volume of the hypersaline plume, and that
the AEM results are producing statistically significant estimates of the change in plume volume
from year to year.

4.2.4.4 Verification of AEM Resistivity Changes

An alternative approach to calculate changes over time of measured formation resistivity within the
compliance area west and north of the CCS confirms the reductions in high conductivity estimated
using the chloride regression methods.

As explained in the previous sections, and as with any empirical data analyses, there is
uncertainty associated with correlation of AEM-estimated chloride and measured chloride
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values. To verify the magnitude of AEM-derived chloride changes that have occurred from the
2018 baseline and that the measured changes in AEM-derived chloride are independent of the
AEM resistivity to chloride conversion process, AEM resistivity distributions from each survey
were compared independent of conversion to chloride. AGF conducted the analyses and gridded
resistivity models for each survey (2018-2022). Details of the analyses are reported in detail in
Appendix G. Part of the analysis included comparisons of the multilayered AEM resistivity
models for each survey to evaluate how AEM resistivities associated with hypersaline water
were changing with time. For this evaluation, the average of values shown on Table 4.2-4 above,
1.75 ohm-m, was selected to represent 19,000 mg/L chloride (if resistivity alone was to be used
to assess yearly changes rather than chloride, the year-specific resistivity to chloride values from
the table would be used for each year). Resistivity values of 1.75 ohm-m or less were tracked
and resistivities above that value (non-hypersaline) were discarded. The AEM resistivity
soundings were then gridded to provide a 3D resistivity model. This approach is similar to an
alternative approach suggested by MDC (Arcadis 2020). Figure 4.2-9 provided by AGF,
illustrates how AEM resistivity has been reduced over time in layer 7 (as an example).

The analysis is independent of the chloride conversion step, and the reduction of AEM resistivity
verifies that the annual changes in the volume of the hypersaline portion of the aquifer in the
compliance area are consistent with the observed changes in measured resistivity.
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Figure 4.2-9. Example of Changes in Resistivities Less than 1.75 ohm-m over
Time (2018-2022) in Layer 7

425 Method Minimum Reliable Chloride Concentration

While the AEM time-domain resistivity survey at Turkey Point was designed to map the extent
of aquifer pore waters with greater than 19,000 mg/L chloride concentration, as the predominant
bulk resistivity response at those concentrations is directly attributable to chloride within the
formation of the Biscayne aquifer, FPL was asked by MDC to assess the method reliability for
portions of the aquifer containing lower salinity concentrations. Appendix G of the Turkey Point
Recovery Well System Startup Report (FPL 2018a) provides a discussion on the derivation of the
minimum reliable chloride reporting limit. As discussed, prediction accuracy decreases
significantly for pore water chloride ion contents <10,000 mg/L. Based on this analysis, the
reliable lower limit of the AEM survey for mapping chloride concentration within the Biscayne
aquifer is 10,000 mg/L.
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4.2.6 Creation of a 3D Chloride lon Voxel Grid

A voxel is a 3D grid cell, or “volume element.” The AEM-derived chloride values were
interpolated to a uniform voxel grid to allow for more effective graphical visualization of the
chloride ion distribution. Each voxel has lateral (x, y) dimensions of 328 ft x 328 ft (100 m x
100 m) and a thickness equivalent to the individual 3D AEM resistivity layers (Table 4.2-1).
The bottom of layer 14 is at a depth of about 100 ft below land surface (30.3 m). As a result of
the interpolation process to develop the voxel model, AEM-derived chloride concentrations near
monitoring wells located in blanked areas due to excessive background EM noise can be
compared to water quality data obtained from those wells and used to assess remediation
progress. For example, TPGW-12 and TPGW-15 were excluded from the AEM bulk resistivity
model because there were no usable AEM data within the radial criterion of 175 m due to EM
noise and proximity of flight line data. However, these data points are useful for comparison
with AEM-derived chloride in the plan view and cross-sectional maps.

All depth slices, profile views, and 3D views of the AEM-derived chloride concentrations are
provided in Appendix G for the 2022 survey. Chloride concentrations between 10,000 mg/L and
19,000 mg/L are shown in shades of gray; chloride concentrations above 19,000 mg/L are shown
with a colored scale, with red representing the highest concentrations (up to ~40,000 mg/L) and
blue representing the lowest concentrations (~19,000 mg/L). An example of a chloride depth
slice is shown in Figure 4.2-10, representing AEM layer 12.
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Figure 4.2-10. Chloride Depth Slice (Layer 12) for 2022 AEM Survey
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4.3 DISCUSSION OF FINDINGS

AEM data demonstrate there has been significant retraction of the leading edge of the hypersaline
plume by as much as 1.25 miles after four years of remediation. The data also demonstrate a
statistically significant reduction of 67% in the volume of the hypersaline Biscayne aquifer materials in
2022 as compared to 2018. In addition, there is no CCS-sourced hypersaline water in layers 1-4, and
remediation of the plume in layers 5 and 6 is nearly complete.

4.3.1 Natural Occurrence of Hypersaline Water

Two sources of hypersaline groundwater occur within the AEM survey area adjacent to the CCS.
Per the groundwater model, the predominant source is CCS groundwater while the other source
is naturally occurring non-CCS-sourced evaporated seawater that originates in the coastal
wetland margins (referred to as “the white zone”) and documented by USGS (Prinos et al. 2014).
Salinities exceeding 40 PSU (>22,000 mg/L) have been documented to occur in coastal waters in
western Florida Bay and Taylor River, well outside of any influences from the CCS (SFNRC
2012), and north and south of the CCS as discussed in Section 4.3.3.1. Hypersaline surface
water with fluid densities greater than underlying groundwater will sink into groundwater,
resulting in both shallow and deep expressions of hypersaline groundwater. This is significant to
the RWS remediation assessment, as the CA and CO do not require FPL to extract naturally
occurring hypersaline groundwater.

Fitterman et al. (2012) used helicopter electromagnetic (HEM) surveys to map the distribution of
saline groundwater in the C-111 and Model Lands basin areas of southeast MDC. The HEM
data were presented as resistivity depth profiles. Comparison of geophysically determined
formation resistivity and salinity concentrations from well samples (Fitterman and Prinos 2011)
shows that formation resistivities of 1-2 ohm-m represent geologic units saturated with
groundwater close to or at normal seawater chloride concentrations of 19,000 mg/L. Formation
resistivities with values of 1 ohm-m or less represent hypersaline groundwater with chlorinity
greater than 19,000 mg/L. Fitterman et al.’s (2012) HEM data show that at a depth of
approximately 17 ft (5 m), hypersaline groundwater is present between Card Sound Road and
U.S. Highway 1 (US 1) in a coast-parallel band 4,000 to 6,000 ft wide. Hydrologically, the
hypersaline groundwater in this coastal band is not from the CCS as there is no mechanism for
coast-parallel flow of hypersaline groundwater from the CCS southwest past US 1. This
hypersaline water corresponds to a coast-parallel zone of lower vegetative density in the coastal
wetlands as viewed from satellite images. It is common in coastal wetlands for evaporation of
seawater to form hypersaline groundwater that moves downward into the sediments under a
density gradient (Prinos et al. 2014). Salinities in shallow groundwater in coastal wetlands can
reach 60-100 PSU (34,000-56,000 mg/L) (Stringer et al. 2010) and will migrate downward due
to the increased density as compared to normal seawater. Close to the coast, evaporation of
seawater can create a wide band of hypersaline groundwater. The HEM data of Fitterman et al.
(2012) suggest that this band of naturally created hypersaline groundwater extends to the base of
the Biscayne aquifer between Card Sound Road and southwest past US 1. It is likely that this
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band of naturally occurring hypersaline water extended northward along the coast prior to
construction of the CCS in the early 1970s at Turkey Point.

Shallow Hypersaline Occurrence North of the Cooling Canal System

A shallow zone of >19,000 mg/L chloride porewater occurs north of Palm Drive and east of the
L-31E levee. The shallow zone of hypersalinity was observed in the 2018 baseline survey,
which was conducted approximately six months after the Hurricane Irma storm surge of 3-5 ft
inundated the costal reaches of the Model Lands basin. Seawater that flooded the coastal
wetlands up to the L-31E levee and the Turkey Point entrance road north of the Plant was
trapped and became concentrated via evaporation during the dry season. This evaporative-
sourced hypersaline groundwater was limited to the upper 7-10 ft of the aquifer as shown in
2018 AEM survey layers 1-3 (Appendix F, Figures 1a, 2a, 3a). At the same time, at depths of
20-25 feet (AEM layers 4 and 5), groundwater salinities were lower with chloride levels similar
to or less than seawater. From 2018- 2022, this more-dense, naturally sourced hypersaline
groundwater has migrated downward under a density gradient, from layers 1-3 to layers 4 and 5
(see Appendix G-5 and Section 4.3.3). In layers 4 and 5, this shallow hypersaline water is not
connected to the main hypersaline plume just north of the CCS. The AEM data do not show
continuity of hypersalinity in the inundated area with the CCS-sourced hypersaline plume. As
this area is tidally influenced and periodically producing hypersaline waters in the upper layers
that migrate downward, it is expected that the measured hypersaline volumes by layer will
continue to change cyclically.

4.3.2 Spatial Extent AEM-Derived Chloride Concentrations

Color-flood maps that illustrate the 2D plan view variation in AEM-estimated chloride content of
groundwater (i.e., representation of “groundwater contours” utilizing AEM) for the 2022 survey
(Year 4) are provided in Appendix G-5. Consistent with the CA, too further assess changes in
the spatial extent of the hypersaline plume edges before and after four years of RWS operations,
contour maps were created to compare the location of the 19,000 mg/L contour in the 2018
baseline results with the location of the 19,000 mg/L contour for Year 4 (2022). These
comparisons are shown for each AEM layer in Appendix G-7A, and an example is shown below
in Section 4.3.3. While there is uncertainty in the estimated 19,000 mg/L chloride values
produced from the AEM survey, the contour lines represent the most probable location of the
19,000 mg/L boundary in 2018 and 2022.

4.3.2.1 Spatial Comparison and Volumetric Determination Methodologies

As described above, the AEM pore water chloride estimates were interpolated to a voxel grid
with horizontal dimensions of 100 m x 100 m for each grid cell. The thickness of each cell is the
thickness of a given AEM layer (Table 4.2-1). The voxels with estimated chloride values
>19,000 mg/L can be counted, and their volumes calculated. This allows an estimate of the
volume of the hypersaline plume (>19,000 mg/L) to be made. This comparison of hypersaline
volume can be made layer by layer or for the entire thickness of the Biscayne aquifer. Likewise,
the spatial extent of hypersaline earth materials is determined by locating the westernmost and
northernmost positions of adjacent voxels along each flight line. The locations of each “edge”
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position are manually identified by AGF; and the contour of the 19,000 mg/L chloride extent on
a layer-by-layer basis is produced. To assess changes in the orientation of the extent
hypersalinity in the Biscayne aquifer after four years of RWS operations, the positions of both
the 2018 and 2022 19,000 mg/L contours are produced for each AEM layer.

4.3.3 Comparison of the 2018 and 2022 AEM Survey Results

4.3.3.1 Comparison of 2018 and 2022 Spatial Extent of AEM-Estimated
Hypersalinity

Comparison of the 19,000 mg/L chloride contours generated from the 2018 and 2022 AEM
surveys show reductions in the westward and northern extent of CCS-sourced hypersaline
groundwater in all layers of the compliance area except layers 4 and 5 which show increases in
non-CCS-sourced hypersaline groundwater as discuss above (Appendix G). The lateral extent of
CCS-sourced hypersalinity in all AEM layers exhibit movement of the western and northern
plume extent back toward the CCS and RWS extraction wells. However, there are localized
areas in each layer where the leading edge of the plume does not show significant retraction
toward the CCS; and in limited areas, there are some small areas exhibiting movement to the
west. It is expected these westward deviations in localized areas will be resolved over time as
the remediation continues.

On a layer-by-layer perspective, the spatial extent of hypersaline water in layers 1-5 north of
Palm Drive and east of the L-31E levee are reflective of non-CCS-sourced hypersaline water that
formed from seawater encroachment into the coastal marsh areas during Hurricane Irma. In this
area, the spatial extent of this evaporative hypersaline groundwater found in the shallow portion
of the Biscayne aquifer waxes and wanes over time as the denser water sinks. While the coastal
evaporative formation of hypersalinity occurs regionally along the Model Lands and south
Florida peninsular margin, only a small area northeast of the FPL property falls within the
compliance zone and is measured by the AEM surveys. While the extent of hypersalinity in the
upper five layers of the aquifer is comparatively small, there is no other hypersalinity in these
layers throughout the entire compliance area. As such, variations in extent are small while
percentage of changes in volume as the hypersaline water sinks from layer to layer are
disproportionately large.

Layers 6-14, for which the hypersalinity within the compliance area are predominantly CCS-
sourced, show reductions in the western and northern extent of hypersalinity from 2018-2022
with retraction of the plume ranging from 0.5 to over 1.25 miles. The amount of retraction
varies from layer to layer based on several factors, including the degree to which hypersaline
groundwater existed in the layer, the hydraulic characteristics of the layer, the distance between
the RWS wells and the edge of the plume, and the concentration of the plume.

The survey indicates there is no CCS-sourced hypersaline groundwater west of the L-31E canal
or north of the FPL property in the upper 15 ft (4.7 m) of the aquifer, with small areas remaining
in layers 5, 6 and 7 which have otherwise seen the plume retracted back to or east of the L-31E
canal. The 2022 survey also indicates reductions in chloride concentration within the plume that
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further reflects progress of the RWS operations in reducing CCS-sourced hypersalinity within
the compliance area. A more detailed description of changes within each layer follows.

Layer 6

The AEM data indicates that there are no CCS-derived waters >19,000 mg/L west of the L-31E
canal except for a small area between TPGW-2 and TPGW-17, and a very small, isolated area
north of TPGW-2. AEM data from 2018 and 2022 show the hypersaline volume in the
compliance area for this layer has been reduced by over 93%. The AEM data shows a significant
eastward retraction of the 19,000 mg/L boundary in the southern third of the compliance area
with the 2018 western edge of the plume retreating east by as much as 1 mile near monitoring
sites TPGW-2 and TPGW-17.

Layer 7

Layer 7 most closely represents the upper high flow zone in the Biscayne aquifer near the CCS
(see Figure 4.3-1). This layer shows a 99% reduction in the volume of hypersaline water within
the compliance area between the 2018 and 2022 AEM surveys (Table 4.3-1). For AEM layer 7,
there is very little hypersaline water west of L-31E in 2022, with the 2018 western edge of the
plume retreating east by as much as 1.25 miles from just south of monitoring site TPGW-18 to
the southern extent of the CCS.

Layer 8

The main, unbroken 19,000 mg/L contour is largely east of the L-31E canal in the 2022 AEM
survey. There are isolated areas of >19,000 mg/L estimated chloride south and southeast of
TPGW-18, west of TPGW-12, and at TPGW-17. AEM data from 2018 and 2022 show the
hypersaline volume in the compliance area for this layer has been reduced by 88%. In general,
there is significant eastward movement of the 19,000 mg/L boundary (ranging between 0.5 to
over 1 mile) in layer 8 from monitoring well site TPGW-18 to the southern extent of the CCS.
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Figure 4.3-1. Layer 7, 19,000 mg/L Chloride Concentration Contours for 2018 and
2022
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Table 4.3-1. Year-Specific AEM-Derived Chloride Volume Estimates of
Hypersaline Aquifer Material for the 2018 Baseline and the 2022 Year
4 survey by Layer (m®)

Percent Volumetric
Percent Change by Layer

2018 Volume > 2022 Volume > Volumetric (2018 to 2022)
19,000 mg/L 19,000 mg/L Change by Layer Relative to Total
(m3) (m?3) (2018 to 2022) Volume

1* 1,930,000 0 -0.4
2* 2,047,500 0 -100 -0.5
3* 1,644,500 793,500 -52 -0.2
4* 923,000 2,509,000 172 0.3
5= 2,508,500 3,944,000 57 0.3
12,304,000 848,000 -93 -3
22,572,000 72,000 -99 -5
20,480,000 2,500,000 -88 -4
33,440,000 15,928,000 -52 -4
10 67,399,500 22,123,500 -67 -10
11 92,207,500 31,845,000 -65 -13
12 89,029,500 34,983,500 -61 -12
13 63,817,500 17,520,500 -73 -10
14 43,540,000 17,185,000 -61 -6
Totals: 453,843,500 150,252,000 -67 -67

* Note: Hypersaline volumes located in the northeast corner of the compliance area (east of the L-31E levee and
north of Palm Drive) in these layers are from evaporated seawater and not sourced from the CCS.

Layer 9

Overall, layer 9 shows a 52% reduction in the volume of the aquifer with AEM-estimated
chloride values >19,000 mg/L from 2018-2022, with much of the discontinuous hypersaline area
in the southwest survey area remaining unchanged while significant retraction has occurred in
the area of hypersalinity contiguous to the CCS. Significant retraction of the contiguous
hypersaline plume has occurred west and north of the CCS during the first four years of
remediation.

A broad area 1 to 2 miles west of TPGW-2 and TPGW-17 shows isolated discontinuous lenses of
hypersalinity in both the 2018 and 2022 surveys (Figure 4.3-2). The contour lines show a broad
area of isolated lenses with pore water chlorinity at or near 19,000 mg/L (as shown in Appendix
G-5). There is little discernible significant change in the position of the 19,000 mg/L contour
between 2018 and 2022 in this area. Lithologic, acoustic imaging, and seismic borehole logs for
TPGW-2 and TPGW-4 (JLA 2010) and data described in Fish and Stewart (1991) (E-E’ geologic
cross section) suggest that at least the upper part of layer 9 is a lower permeability sandstone or
sandy limestone near the bottom of the Ft. Thompson Formation. The driller’s log for TPGW-22
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shows extensive high-porosity silty materials. As discussed above, variations in formation
porosity affect AEM estimations of chloride concentrations with higher porosities resulting in
elevated estimates of chlorinity. The area of slightly hypersaline to slightly less than hypersaline
aquifer pore waters located in the southwest corner of the AEM survey may be caused by higher
porosity localized lithology. Laboratory chlorides for TPGW-4M from September 2010 to
present have consistently averaged around 15,000 mg/L while chloride levels from TPGW-22M
are around 21,000 mg/L. Additional evaluation of this are will be conducted to verify or refute
the chloride concentrations in this area.

Layer 10

Layer 10 (Figure 4.3-3) most closely represents the middle flow zone of the Biscayne aquifer
near the CCS. Overall, the 2022 Year 4 AEM survey shows a 67% reduction of the hypersaline
plume volume from 2018-2022. Areas showing significant retraction of the northern and
western extent of >19,000 mg/L aquifer materials occur north of the CCS where the extent of the
plume has retracted into an isolated area between TPGW-19 and TPGW-1 from 2018-2022, and
into areas north and west of TPGW-2 and TPGW-17 where the western extent of the plume has
retracted east by as much as 1.5 miles since 2018. There is an isolated area of >19,000 mg/L
between TPGW-5 and TPGW-18 that is unconnected to the main plume similar to the lenses in
layer 9. (see Appendix G-5). Future AEM evaluations will show whether this area persists,
indicative of a high-porosity lithologic sequence or dissipates as a result of RWS operations.

Layers 11 and 12

Layers 11 and 12 showed a 66% and 61% volumetric reduction of the hypersaline plume,
respectively, since 2018, with the western extent of the 19,000 mg/L chloride retracting over 1
mile toward the CCS after four years of remediation (Figures 4.3-4 and 4.3-5). This is
significant as it indicates the remediation is working in the lower portion of the aquifer and at
significant distances west of the CCS. Factors that could be contributing to reductions in
chlorinity at distances further west than the capture radii of the RWS extraction wells include the
prevailing east-southeasterly groundwater gradient, the halting of net westward flow of
hypersaline groundwater from beneath the CCS, and reduction in fluid density west of the CCS
due to decreasing salinity concentrations resulting from RWS operations, thus facilitating
increased inflow of fresher groundwater from the west.

Layer 13

Layer 13 shows a 73% reduction in hypersaline plume volume in 2022 as compared to 2018. The
movement of the plume boundary eastward is similar to that of layer 12 with the largest amounts
of retraction (0.75 to 1 mile) occurring in the area between TPGW-18 and TPGW-2.

Layer 14

Layer 14 shows 61% in reduction of the volume of the hypersaline plume from 2018 to 2022.
The plume boundary is east of L-31E from TPGW-15 to southeast of TPGW-18.
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Figure 4.3-2. Layer 9, 19,000 mg/L Chloride Concentration Contours for 2018 and
2022
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Figure 4.3-3. Layer 10, 19,000 mg/L Chloride Concentration Contours for 2018 and
2022
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Figure 4.3-4. Layer 11, 19,000 mg/L Chloride Concentration Contours for 2018 and
2022
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Figure 4.3-5. Layer 12, 19,000 mg/L Chloride Concentration Contours for 2018 and
2022
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4.3.4 Volume of the Hypersaline Plume

There has been a 67% total reduction in the volume of hypersaline Biscayne aquifer materials
through Year 4, with layer volume reductions of CCS-sourced hypersaline materials from 53% to
99%.

The volume of the hypersaline plume is estimated by summing the volume of the AEM grid cells
(voxels) that have an estimated chloride level >19,000 mg/L. This has been done for all 14
layers of the baseline 2018 and Year 4 2022 surveys. It is very important to note that the volume
of each voxel represents the aquifer matrix measured by the resistivity survey to be hypersaline
and consists of rock matrix plus aquifer pore water. The majority of the voxel volume is rock,
while a smaller percentage (approximately 20% to 30%) is groundwater. As a result, the
reduction in volume of the Biscayne aquifer saturated with aquifer pore water with chloride
content >19,000 mg/L should not be construed as the volume of hypersaline water “removed”
from within the aquifer. Table 4.3-1 lists the measured volume of hypersaline aquifer matrix by
layer for the 2018 and 2022 AEM surveys and summarizes the volumetric changes by layer from
2018-2022, expressed both as a percent change in a layer and as a fraction of the total volume.
The reduction of hypersaline volume between the 2018 baseline survey and the Year 4 survey is
67%. The volumes are illustrated in Figures 4.3-6 and 4.3-7.

As previously described, the AEM layer geometry and the volumes of the voxels increase with
depth. As a result, care should be exercised when comparing the percent reduction of the volume
of the aquifer saturated with hypersaline water for different layers. The lower AEM layers have
substantially greater volume per voxel than the shallowest layers. To illustrate a relative change
in hypersaline aquifer volume between the 2018-2022 AEM surveys, the 2018 and 2022
hypersaline voxel volumes are tabulated and plotted (Table 4.3-1 and Figure 4.3-6). Figure 4.3-7
clearly illustrates that most of the reduction in hypersaline plume volume between 2018-2022
occurred in layers 6-14, corresponding to the three zones of preferential flow in the Biscayne
aquifer. Columns 4 and 5 of Table 4.3-1 list the relative percent change in hypersaline voxels by
layer between 2018-2022 (positive percentages indicate an increase from 2018). The changes in
layer volumes are reported as percentages of the 2018 total volume. The sum of the individual
layer changes is the 67% change in the total plume volume from 2018-2022. The layer
percentages represent the relative contribution of each layer to the total volume change.
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Note: Increases in hypersaline volumes in layers 4 and 5 are from non-CCS sources.

Figure 4.3-6. 2018 and 2022 Hypersaline Volumes (>19,000 mg/L) by Layer
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Figure 4.3-7. Normalized Percent Change: 2018 to 2022 (>19,000 mg/L) from the
Total 2018 Volume
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4.3.5 Summary of Comparison of 2018 and 2022 AEM Survey Results

There has been a statistically significant reduction in the volume of the hypersaline Biscayne
aquifer materials of 67% in 2022 as compared to 2018. There is no CCS-sourced hypersaline
water in layers 1-4 (upper 15 feet of the aquifer) west of the L-31E levee and most of the
hypersaline groundwater in layer 5 is from a non-CCS source. Plume remediation is continuing
in all layers and at distances of more than 1 mile from the RWS wells. The volume of the
hypersaline plume decreases between 2018 and 2022 in AEM layers 1-3 and 6-14, with the
largest volume decreases in layers 7-14. The area of hypersalinity located in layers 1 and 2 in
2018 in the northeastern corner of the compliance area is not sourced from the CCS and has
migrated into layers 4 and 5, resulting in net increased hypersalinity in these layers. Layers 1-3
did not contain pore waters >19,000 mg/L in 2022.

4.3.6 Factors for Additional Evaluation

As described above, changes in hypersaline extent over time are based on comparisons between
baseline and subsequent AEM survey responses. Accordingly, great care is taken prior to,
during, and immediately after AEM field acquisition flights to help ensure consistent data
acquisition and processing from year to year. By assuring data acquisition is acquired identically
and processed consistently with electromagnetic noise filtered, measured variations in bulk
resistivity reflect changes in fluid ionic strength from year to year. Accordingly, AEM’s
continuous measurement of changes in bulk resistivity produces the most complete data-sourced
expression of salinity dynamics available. Nonetheless, FPL plans to conduct additional
evaluations to determine whether better alignment between monitoring well data, groundwater
model-based plume dynamics, and AEM results can be achieved.

FPL plans to evaluate the following in preparation for the Year 5 RAASR:

e Extent of retraction of the leading edge (i.e., westward, northern) of the plume.
Layer-by-layer comparisons of the of the 2018 baseline and subsequent years 19,000
mg/L isochlor contours, as shown in Appendix G, indicate the reductions in plume
volume are largely occurring at distances farthest away from the RWS system and in the
thickness of the plume closer to the RWS wells. This west to east retraction is expected
and has been represented by the groundwater model (with the exception of the lower
model layers where plume retraction may be under-simulated due to hydraulic
conductivity assumptions that are also being evaluated). However, in some cases, AEM
results have shown hypersaline retraction has occurred at locations farther west than the
modeled extent of the RWS well capture radii. In addition, lateral retractions are
occurring west of existing monitoring wells. Additional evaluation to refine the AEM
documented changes along the western edge of the plume is prudent to further verify the
progress made in plume retraction and better inform the model calibration and resulting
remediation forecast reliability.

e Nature of isolated lenses of hypersalinity located in the southwest portion of the
compliance area in layer 9. AEM hypersaline plume maps identified several isolated
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island-like occurrences of low hypersalinity (19,000 to 21,000 mg/L chloride) in the
vicinity of Tallahassee Road approximately 2.5 to 3 miles west of the southern portion of
the CCS in AEM layers 8 and 9. These lenses lacked vertical or lateral continuity with
the CCS prior to remediation and have persisted through year 4, primarily in layer 9. As
discussed prior in this section, such an expression of apparent elevated chloride could be
associated with a change in lithology to a high-porosity clay and silt sequence. Further
evaluation will help determine whether CCS-sourced hypersaline groundwater exists at
that location or whether the AEM expression is caused by lower salinity water in high-
porosity lithology.

e AEM identified areas of lower salinity groundwater located along the base of the
aquifer beneath AEM identified hypersaline layers. In the area west of the southern
portion of the CCS, AEM surveys have shown the western edge of the continuous CCS
plume in layers 10 and 11 are farther west than the deeper layers 13 and 14, resulting in
areas in the aquifer where fresher groundwater is located beneath higher density
hypersaline groundwater. While such a phenomenon could occur where there is an
aquitard preventing vertical flow, such occurrences are rare in the Biscayne aquifer. FPL
plans to evaluate the potential that high-conductive fluids could be biasing the flow of
the AEM signals to deeper layers.

e Areas where AEM-estimated chloride values are consistently significantly lower
than adjacent monitoring well values. As shown on Table 4.2-3, there are several
monitoring wells, mostly monitoring the lower high flow zone, where AEM chloride
values are much lower than monitoring measured values (TPGW-1D, TPGW-4D,
TPGW-5D, TPGW-19D and TPGW-22D).The large differences between AEM-
calculated and monitor well measured chlorides have occurred in the same wells over all
four years of comparative data suggesting there is a time invariant feature, such as a
variation in geology or a sharp change in salinity, between the well interval and the
surveyed AEM layer. FPL plans to evaluate the cause and the lateral extent of the
differences to determine whether it is a localized condition or a large-scale factor.
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5 GROUNDWATER MODEL

Data from the 2018 baseline and Years 1 through 4 remediation operations have been incorporated
into and assessed in the Turkey Point variable density dependent solute transport model to provide a
better understanding of the hydrogeology of the study area, improve the model’s ability as a
predictive tool, and contribute to the assessment of the progress of remediation.

5.1 MODEL OVERVIEW AND EVOLUTION

5.1.1 Objectives

The variable density flow and salt transport model developed for the design of the RWS has been
updated and recalibrated using data from the fourth year of operation of the RWS. This update
represents the seventh version of the model. The objectives of the update and recalibration are to
inform and reduce the uncertainty of the model and to improve the model’s simulation of
saltwater conditions throughout the full aquifer vertical profile and the model’s capability to
predict the plume response to the groundwater recovery system. Revised five- and 10-year
model predictions and milestones to evaluate the system’s performance with respect to achieving
the objectives of paragraph 17.b., of the CA are provided.

These objectives were addressed by the following actions:

e Performance of a sensitivity analysis with the model used in the prior RAASR (V6) to
investigate the potential causes of that model’s inability to align the saline-hypersaline
interface (HSI) position along the base of the aquifer and retract the HSI in a manner
consistent with monitor well and CSEM data.

e Incorporation of the results of the sensitivity analysis into the Version 7 model
calibration process.

e Restructuring the vertical resolution of the model from 11 layers to 17 to represent the
presence of the third high flow zone and the dynamics of density-dependent flow and
transport more accurately in the lower parts of the Biscayne Aquifer.

e Assignment of revised depth-discrete hydraulic conductivities based on reinterpretation
of drill cores and geophysical logs as starting values in the model calibration.

e Incorporation of leakance (hydraulic conductivity/sediment thickness) zones from the
water and salt balance of the CCS to align the modeled water and salt flux with that
derived from the CCS-focused balance model.
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e Incorporation of the salinity, water level, and mass extraction data (RWS and UIC test
production wells) collected during the fourth year of the recovery system operation.

e Increasing calibration target weights on annual salinity changes during remediation to
further emphasize the accurate simulation of the movement of the saline and hypersaline
interfaces during the fourth year of RWS operation.

The revised model was then used to predict RWS impacts on the degree of CCS sourced
hypersaline groundwater plume retraction at Years 5 and 10 of remediation and update Years 5
and 10 plume retraction milestones based on the V7 forecasts.

5.1.2 Model Versions

The current groundwater flow and salt transport model documented in Appendix I is the seventh
version (V7) of a 3D regional model developed by FPL to evaluate various projects associated
with the Turkey Point CCS. The model has undergone an evolutionary process as the objectives
of the modeling changed, as progressively more data are added, and as the knowledge base
expands. The evolution of the model to date is summarized in Table 5.1-1 and presented in
detail in Appendix I.

FPL originally developed a 3D SEAWAT (Langevin et al. 2008) model wherein density varied
as a function of both salinity and temperature (Tetra Tech 2016). This model is referred to as the
V1 model. The purpose of the V1 model was to evaluate alternatives for compliance with the
MDC CA and FDEP CO that required stopping the westward migration of hypersaline water and
retracting hypersaline water north and west of the CCS to the L-31E canal and the FPL property.
This model simulated the period from pre-development (early 1940s) through 2015 and was
calibrated by manual methods to measured water levels and salinity. The model was used to
evaluate a number of potential groundwater remediation projects that resulted in the selection of
Alternative 3D, which involved implementing a groundwater RWS consisting of 10 wells
screened to the base of the Biscayne Aquifer capable of pumping 15 mgd of hypersaline
groundwater that would be disposed in an existing UIC DIW. Based on the V1 model (with
minor modifications requested by the reviewing agencies) and the associated results related to
the retraction of the hypersaline plume, the model’s application in the assessment of Alternative
3D was conditionally approved by MDC on September 29, 2016.

In addition to using the model to aid in the evaluation and selection of a groundwater
remediation system, FPL was directed by FDEP to use the variable density 3D groundwater
model developed under the MDC CA to allocate relative contributions of the CCS and other
entities or factors on the movement of the saltwater interface. In order to conduct this
evaluation, several modifications, including many of those required by MDC, were necessary
and incorporated into what is referred to as the Version 2 or V2 model. The results of the V2
modeling were presented to FDEP on June 19, 20109.
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Table 5.1-1.

Summary of Groundwater Model Versions

Representation

between 5,6, and 7; 9,10,
and 11 based on JLA

Version 1 Version 2 Version 3 Version 4 Version 5 Version 6 Version 7
Date June 2016 June 2018 October 2019 September 2020 April 2021 September 2021 October 2022
Purpose Design RWS FDEP attribution analysis | Year 1 verification of Year 1 Calibration to Year 2 Calibration to Year 3 Calibration to Year 4 Calibration to

RWS RWS RWS RWS RWS

Calibration Manual Automated (PEST) Automated (PEST) Automated (PEST) Automated (PEST) Automated (PEST) Automated (PEST)
Method
Hydraulic Uniform within layers Heterogeneous in layers | Heterogeneous in layers | Heterogeneous in layers | Heterogeneous in layers | Heterogeneous in layers | Heterogeneous in layers
Conductivity 4,8,9,10,11 4,8,9,10,11 4,8,9,10,11 4,8,9,10,11 4,8,9,10,11. Contrast 4 and 7-17. Contrast

between 7 and 8; 10 and
11; 12, 13, and 14; 15,16,

Associates and 17 based on JLA
Associates
Recharge Net Precipitation and Precipitation and Precipitation and Precipitation and Precipitation and Precipitation and
Formulation Evapotranspiration Evapotranspiration Evapotranspiration Evapotranspiration Evapotranspiration Evapotranspiration
CSEM Data No Yes Yes Yes Yes Yes Yes
Used?
Predictions 10-year forward 40-year backward 10-year forward 9-year forward 8-year forward 7-year forward 6-year forward

Primary Change /
Focus

Assess alternatives for
compliance; selected
alternative 3D

Differentiate between
Recharge and ET,
detailed surface water
representation, CSEM
targets evaluate causal
factors of regional
saltwater intrusion

Second round of CSEM
and recent TPGW &
RWS wells as targets;
verify with stress (RWS)

Recent TPGW & RWS
wells as targets;
incorporation of geologic
information at TPGW
and RWS locations

Third round of CSEM
and recent TPGW &
RWS wells as targets;
revision to CSEM targets
to eliminate localized
significant changes in
salinity

Fourth round of CSEM
and recent TPGW &
RWS wells as targets;
porosity as a spatially
variable parameter,
sensitivity analysis to
guide calibration

Fifth round of CSEM and
recent TPGW & RWS
wells as targets;
subdivision of lowermost
layers and inclusion of a
lower high flow zone;
initial hydraulic
conductivity from JLA
Associates, use of
water/salt balance to
determine CCS leakance
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In compliance with paragraph 17.b.ii., and 17.d.v., of the MDC CA, as amended on August 20,
2019, FPL has annually updated the variable density flow and salt transport model informed with
data collected during operation of the RWS. In addition to inclusion of additional RWS pumping
rates and mass extracted, TPGW well water levels and salinities, CCS stage and salinity, and
CSEM salinity data, each version of the model was modified with new findings or modeling
techniques and recalibrated. Examples of these modifications include: (1) use of the automated
parameter estimation technique called PEST, (2) incorporation of compatible elements of the
surface water routing package developed by USGS and implemented by Hughes and White
(2014), (3) incorporation of geologic information obtained during and after the installation of the
RWS and TPGW monitoring wells, (4) use of an averaging procedure to create a smoother
CSEM salinity distribution that contained less apparent outliers than the prior versions, and (5)
inclusion of layer-wide heterogeneity of porosity instead of the layer-wide homogeneity used in
the prior models. Following calibration, the models were used to make projections regarding
the performance of the RWS over the remaining years of operation. In addition to the V2 model,
four model updates have occurred annually such that the current model is referred to as the
Version 7 or V7 model.

5.1.3 Sensitivity Analysis with the Version 6 Model

Several of the recommendations in the Year 3 RAASR (FPL 2021b) and in the independent
model review conducted by Groundwater Tek Inc on behalf of MDC DERM (GTI 2022), sought
to obtain a more accurate present-day location of the hypersaline interface as the Version 6 (V6)
modeled plume appeared to be more extensive than suggested by the CSEM data. To investigate
the causes of the model’s inconsistent alignment of both the saline-hypersaline interface position
along the base of the aquifer and the retraction of the saline-hypersaline interface (HSI) with
respect to monitor well and CSEM data, sensitivity analyses were performed using the V6 model
to identify potential changes to model parameters, boundary conditions, initial conditions, or
calibration techniques that have the greatest influence on hypersaline plume location and
retraction. A model sensitivity analysis involves a series of simulations where model inputs are
varied from their calibrated values in a systematic manner to enable quantitative evaluation of
effects of those variations on model outputs. The insights gained through the sensitivity analyses
are used to improve model responses and calibration of the year 4 RAASR Version 7 (V7)
model.

Table 5.1-2 shows details of the sensitivity evaluations that were performed with the V6 model.
Five categories of evaluations were performed: effects of initial conditions on PEST calibration,
effects of explicitly adding the lower high flow zone, correlation between horizontal and vertical
hydraulic conductivity, use of water and salt balance to inform CCS connection to the aquifer,
and calibration targets and weights. For many of the categories, the evaluation involved multiple
simulations to either represent both the historical and future aspects of the modeling or to obtain
a true sense of sensitivity by various degrees of parameter perturbation.
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Table 5.1-2.

V6 Model

Evaluation No.

Sensitivity Description

Question to be Answered

5. Groundwater Mode/

Description of Sensitivity Evaluations and Simulations Performed with the

Why Important?

1 Use geologist estimated Does the geologist estimated | Hydraulic conductivity values
hydraulic conductivities as hydraulic conductivities influence containment,
initial condition subjected to | provide a better calibration interface location, and
PEST gradient search than produced by PEST? retraction.
calibration

2 Effect of adding Lower High | Does explicit inclusion of Lower high flow zone
Flow Zone lower high flow zone improve | provides a direct avenue for

match to saltwater interface plume movement in the lower
and remediation progress? (and pumped) part of the
aquifer.

3 Correlation between Can a better calibration be Relationship between
horizontal and vertical attained with different ratios | horizontal and vertical ease of
hydraulic conductivity of Kh to Kv? flow affects lateral capture

distances.

4 Use of CCS water and salt What is the effect of amore | How the model simulates
balance data to inform CCS informed timeseries of CCS hypersaline discharges to
connection to aquifer CCsS/aquifer inflows and the aquifer prior to RWS

outflows? operations affects the spatial
extent of the plume.

5 Calibration targets and Can different calibration Accurate representation of
weights targets be identified and plume extent and remediation

weighted to better reflect supports the usefulness of the
plume extent and model for evaluating
remediation? remediation enhancements.

Based on the results of the sensitivity simulations, updates associated with the formulation of the
V7 model included the following items: 1) restructuring the vertical resolution of the model from
11 layers to 17 to represent the presence of three high flow zones and the dynamics of density-
dependent flow and transport more accurately in the lower parts of the Biscayne Aquifer, 2)
specification as starting values in the model calibration of depth-discrete hydraulic conductivity
surfaces based on reinterpretation of drill cores and geophysical logs to the 17-layer vertical
resolution, 3) incorporation of leakance zones from the water and salt balance of the CCS to
align the modeled water and salt flux with that derived from the CCS-focused balance model and
4) increasing calibration target weights on overall salinity changes during remediation to further
emphasize the accurate simulation of the movement of the saline and hypersaline interfaces
during the fourth year of RWS operation. Additional details regarding the V6 model sensitivity
analyses are presented in Chapter 4 of Appendix I.
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5.1.4 Description of Version 7 Model

Detailed descriptions of the V7 model assembly, calibration, and predictive simulations are
included in Appendix I. The V7 model uses the same basic plan-view framework as the prior V1
though V6 models. It simulates a 276-square-mile area that is subdivided from west to east into
274 columns and from north to south into 295 rows. The width of the rows and columns vary
between 200 ft and 500 ft, with smaller grid cell dimensions located near the CCS. The model
domain overlain by the model grid is shown on Figure 5.1-1.

A significant change to the model included in this update was a revision to the vertical layering
that had been used in prior models. Layering in model versions 1 through 6 were informed by
data produced from an aquifer performance test as prescribed in paragraph 17. B. I., of the CA
and consisted of 11 layers that included two thin high flow zones located in the upper portion of
the Biscayne Aquifer and comparatively lower hydraulic conductivity layers assigned to the
lower portion of the aquifer. However, subsequent lithologic data produced from the construction
of the RWS and additional monitoring well identified a persistent third high flow zone that
appears as a discontinuity within the lower sequence of the Fort Thompson Formation. This
deeper high flow zone is also identified in the original FPL Extended Power Uprate (EPU)
monitoring well network throughout the region. The lack of the deep high flow zone and the
associated low hydraulic conductivities assigned to the lower layers of the prior model versions
is thought to be a potential reason why prior models produce different representations of
hypersaline groundwater than those reflected in groundwater monitoring data and AEM surveys.
Based on a sensitivity analysis with the V6 model it was determined that inclusion of a deep high
flow zone was important for accurately representing the results of RWS operation.

Accordingly, the layering and vertical framework of the V7 model has been modified from the
V6 model, with the Biscayne Aquifer divided into 17 layers in the V7 model. The uppermost
model layers (layers 1 through 4) represent the Miami Oolite. The thicker Fort Thompson
Formation was divided into thirteen layers (layers 5 through 17). Well borings and geophysical
logs were analyzed to define geologic contact elevations containing zones with large, connected
voids to determine the regional hydrostratigraphy. Consequently, three such high flow zones
were represented in the regional model based on their relatively higher hydraulic conductivity.
The upper high flow zone (layer 4) occurs at the base of the Miami Oolite, the middle high flow
zone (traversing layers 7 through 11 across the model domain) is located in the approximate
middle of the Fort Thompson formation, and the deep high flow zone (traversing model layers 11
through 17 across the model domain) is located near the base of the Fort Thompson formation.
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Figure 5.1-1. Model Study Area Overlain by the Active Model Grid; Red Dashed Line
Represents the Location of the Model Cross Section Shown in Figure 5.1-2
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Refinement of the layers in the model's lower half was also important to better represent the
dynamics of density-dependent flow in the area of highest salinity. The V1-V6 layer structure
was maintained for ease of comparison of results of the V7 to prior models by subdividing the
prior layers into even multiples. As such former layer 7 was subdivided into two layers (new
layers 7 and 8); former layer 9 was subdivided into two layers (new layers 10 and 11); former
layer 10 was subdivided into three layers (new layers 12, 13, and 14); and former layer 11 was
subdivided into three layers (new layers 15, 16, and 17). Horizontal hydraulic conductivity
estimates, based on geologic cores and geophysical logs collected from TPGW monitoring wells
and RWS production wells, were interpreted for each model layer by JLA Associates (2022).
These values were kriged to form hydraulic conductivity arrays for each model layer. This
methodology allowed the high-conductivity zones to be discontinuous or to be present in
multiple layers. Figure 5.1-2 provides a cross-sectional view of the 17 layers of the V7 model
and how they correspond to the hydrogeologic formations. The location of this cross section,
along row 116 of the model, is shown on Figure 5.1-1. Unlike the prior models, the interpreted
values were used as the starting values in the calibration with the opportunity for adjustment
based on the ability of the model to replicate measured heads and concentrations.

The representation of the connection between surface water in the CCS and the underlying
groundwater system, or leakance, has been modified in the V7 model. The V6 and prior models
used a single leakance value to represent the entire CCS. The value of the leakance varied with
time depending upon conceptualization of the effect of siltation and dredging. The V7 model
uses four zones of leakance, as derived from the water and salt balance model of the CCS (FPL
2012) and shown in Figure 5.1-3. Use of zones of leakance is consistent with the conceptual
model that sediment thicknesses and characteristics may vary due to velocity dependent siltation,
dredging, and/or vertical flow direction (inflow or outflow). Use of values from the water and
salt balance ensures consistency between the models, but moreover provides parameter values
that are derived specifically from calibration to CCS stage and salinity dynamics.

The USGS groundwater flow and solute transport modeling tool SEAWAT V4 (Langevin et al.
2008) was used in this analysis and the prior (V1 through V6) modeling analyses. This
SEAWAT version includes: (1) solute transport simulations through the integrated MT3DMS
process (Zheng and Wang 1998); and (2) variable density flow (VDF) simulation through the
VDF process. SEAWAT’s VDF package was used to simulate the density effects of both
temperature and salinity. SEAWAT inputs and outputs are specified in terms of “point-water
heads” (Langevin et al. 2008), which represent the hydraulic head at a given location based on
salinity and temperature. SEAWAT solves the groundwater flow and transport equations after
converting point-water heads to “reference heads” or “equivalent freshwater head at the
reference temperature.”
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Figure 5.1-2. Cross Section Showing Model Layering and Hydrogeologic Formations (Location of Cross Section Shown in
Figure 5.1-1)
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Figure 5.1-3. Representation of the CCS with Four Zones of Leakance from the Water
and Salt Balance Model
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The boundary conditions applied to the V7 model are also very similar to those applied in the
prior models. Namely, specified head-boundary conditions are used to simulate the effects of
temporal changes in Biscayne Bay and the various canals (including the CCS) on groundwater
flow and transport. General-head boundaries are used to simulate the exchange of groundwater
across the model’s lateral boundaries on all sides. Next Generation Radar (NEXRAD)-based
rainfall rates and historical patterns (spatial and temporal) in land use are used to estimate the
amount of groundwater recharge throughout the model domain. Reference evapotranspiration
(ET,) data and land use/land cover data are used similarly to estimate groundwater
evapotranspiration (ET) rates as a function of groundwater head. Consumptive use of
groundwater for agricultural purposes and some industrial uses (e.g., the Blue Water Industries
and Card Sound quarries) are simulated as specified withdrawals; and they were estimated based
on land cover, estimated local rainfall/recharge, and ET rates. Municipal and other industrial
groundwater uses are also simulated as specified withdrawals and are based on data as much as
possible. The temperatures and salinities assigned to water entering from the various boundaries
simulated are also based on actual data, as much as possible.

The V7 model incorporates canal hydraulics and groundwater interactions based on Hughes and
White’s (2014) modeling for MDC that were added in the V2 model. Details of these additions
are included in Appendix I.

5.2 MODEL MODIFICATIONS/CALIBRATION

The model was calibrated to 82 years of data, including Years 1 through 4 of operation of the RWS.
The resulting calibration indicates the model is a reasonable tool to be used in conjunction with
monitoring data and CSEM results to assess progress in meeting the groundwater remediation
objectives of the MDC CA and FDEP CO. However, improvements in the model's alignment with
CSEM and monitoring well data at the edge of the hypersaline plume in 2018, prior to remediation
and during subsequent remediation years, is needed to improve reliability of long-range remediation
forecasts.

5.2.1 Model Calibration Process

In order to perform reliable predictions and satisfactorily meet the objectives of this modeling
effort, the SEAWAT model required calibration. Model calibration is the process of adjusting
parameters and boundary conditions within reasonable ranges to match historical observations
reasonably well. The ability to replicate past conditions in the calibration period provides
confidence that the model can simulate future conditions in the model applications. The process
for developing a model capable of providing accurate projections of RWS operation involves
calibration of the model to prior measured data that are similar to those of the projections it is to
make. This model calibration involved matching: (1) water level and salinity observations; and
(2) salinity estimates based on spring 2018, spring 2019, fall 2020, summer 2021, and summer
(June) 2022 CSEM data set. The calibration period includes the V6 model calibration period
(i.e., pre-development through June 2021) plus an additional 12 months. This 12-month period
includes the June 2022 CSEM data set. The calibration model is subdivided into four timeframes,
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each of which simulates the development and movement of the saltwater wedge under different
hydrologic and anthropogenic stresses. These periods are defined as follows:

Pre-development steady-state flow model (prior to 1940)

Steady-state flow and transient transport calibration model (1940-1968)
Seasonal transient flow and transport calibration model (1968-2010)
Monthly transient flow and transport calibration model (2010-2022)

The final period includes the first, second, third, and fourth year of RWS operation. Operational
pumping rates for each RWS well are input monthly. All available precipitation and boundary
condition (i.e., canal stage) data are also used. Model results for water levels, salinities at
monitoring wells, CSEM salinity distribution, and mass extracted by the RWS are compared to
measured values.

Calibration was performed primarily using automated PEST, which seeks to minimize the
summation of weighted residuals, or differences between the sought observed / measured values
and the interim calibrated values of targets, using a systematic mathematical optimization
procedure.

5.2.2 Model Calibration Results

The calibration results for water levels and relative salinities are shown in Table 5.2-1. Seasonal
and monthly transient model water levels and relative salinities are shown separately in
Appendix I. In general, the monthly data set is considered more reliable than the seasonal data
set because it uses the multi-depth and short-screened TPGW wells at which groundwater levels
and salinity are measured on an hourly basis. As a result, the monthly data set also has
considerably more data despite its shorter duration (2010-2022). A robust assessment of model
calibration quality and statistics is provided in Appendix I.

Table 5.2-1. Calibration Statistic Summary for the V7 Model

Model Target Type Units ME MAE RMSE MAE + Range
Seasonal Hydraulic Head ft -0.130 0.464 0.614 6.8%
(1968-2010) Relative Salinity R.S. 0.013 0.090 0.163 5.4%
Monthly Hydraulic Head ft -0.162 0.325 0.447 5.2%
(2010-2022) Relative Salinity R.S. 0.034 0.161 0.216 8.4%
2018 CSEM Survey R.S. 0.017 0.230 0.313 11.2%
2019 CSEM Survey R.S. 0.066 0.252 0.343 12.2%
tﬁfoi'g”h(gggg) 2020 CSEM Survey | RS, 0.086 0.241 0.332 11.7%
2021 CSEM Survey R.S. 0.091 0.229 0.319 11.2%
2022 CSEM Survey R.S. 0.142 0.245 0.346 11.9%

Note: One Relative Salinity (R.S.) Unit =35 PSU = 19,400 mg/L CI
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Figures 5.2-1 and 5.2-2 show comparisons of the modeled hypersaline interfaces to the 2022
CSEM layer equivalent interface orientations and the TPGW monitor well supplemented with
CSEM points (presented in Figures 3.3-1 through 3.3-3) locations. These figures illustrate that
the model generally under-simulates the extent of the interface relative to the other interface
locations in shallow layers as represented by layer 9 but over-simulates the edge of hypersalinity
in deep layers such as layer 16. The over-simulation of the extent of the hypersaline compared
with AEM and monitoring well generated interface locations is consistent with prior versions of
the model. The perceived over-simulation is an area that continues to be investigated with
sensitivity analysis and alternative conceptual models.

The model responds similarly to the actual hydrologic system during the first four years of RWS
operation in that salinity changes are only observed in wells relatively close to the RWS (e.g.,
TPGW-1). Except TPGW-17, salinity changes in wells near the RWS are observed only in
shallow and intermediate wells. Model versus measured change in salinity since 2018 for wells
TPGW-1, TPGW-2, TPGW-4, TPGW-15, TPGW-17, TPGW-18, TPGW-19, and TPGW-22 are
shown on Figure 5.2-3. Comparison of model to measured salinity change is very good for these
wells, though inexact. Where simulated changes in salinity notably deviate from observed
changes (TPGW-1M, TPGW-15M), the model over-simulates salinity decline.

5-13



FPL Turkey Point RAASR Year 4
November 2022 5. Groundwater Mode/
|

Wiami-Dade

Model CSEM

Hypersaling === Fresh (1000 mg/L Chlorides) North

= Hypersaline (35,000 mg/L TDS) [y —
Supplemented

Hypersaline

PAPPLiRegional Bscayne Modd WEGISCSEMII22 Layerd madel noFWLine w7 mad

Figure 5.2-1. Location of the Modeled, CSEM, and TPGW-Supplemented Hypersaline
Interfaces in Layer 9
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Figure 5.2-2. Location of the Modeled, CSEM, and TPGW-Supplemented Hypersaline
Interfaces in Layer 16
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Figure 5.2-4. Comparison of Model and Observed Total Mass Extracted by the RWS
Between May 2018 and May 2022
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2018 and May 2022

5-20



FPL Turkey Point RAASR Year 4
November 2022 5. Groundwater Mode/
|

5.3 REMEDIATION YEARS 5 AND 10 FORECAST

Predictive model runs indicate the RWS will fully retract the hypersaline interface in the upper two
thirds of the Biscayne Aquifer (layers 1-10) to the FPL property within 10 years of RWS operation.
The simulations indicate the hypersaline interface retracts towards FPL property in layers 11
through 15 and the westward expansion slows or halts in layers 16 to 17. However, the results in
the lower model layers differ from CSEM-measured changes suggesting additional evaluation of the
model forecast and CSEM trends are needed.

5.3.1 Description of Remediation Simulations

The construction of the predictive model uses the calibrated V7 data and conditions represent a
recent time frame of varied hydrologic conditions. The model is well calibrated and its use to
simulate Years 5 and 10 potential plume responses to continued RWS operations is presented
here. It is recognized that there are areas for improvement in the alignment of the remedial
responses documented by the monitoring well network, the AEM surveys and the groundwater
model. Continued analysis of all three methods used to assess progress in plume remediation is
ongoing and will continue in 2022-2023 with the intent of improving the collective
understanding of the plume and its response to remediation actions. Accordingly, modeled
forecasts generated by the V7 model may differ from forecasts produced by subsequent model
versions.

The projected results of the operation of the RWS during Year 5 through Year 10 were simulated
in a similar fashion as the operations of the RWS during Years 1 through 4. The initial conditions
for the simulation were the ending conditions (i.e., salinity, temperature, and water level) of the
final period of the calibration simulation (June 2022). Climate conditions (e.g., precipitation,
evaporation, canal stages) for the 2018-2022 period used in the calibration were repeated during
the predictive period; the first four years of the prediction mimicked the 2018 to 2022 timeframe,
and the 2018 to 2020 timeframe informed the final two years of the prediction. In the Model-
Land ArcHydro Enhance Database watershed west of the CCS, the average annual (June to May)
precipitation during the period 2010 to 2022 is 47.2 inches (DBHYDRO 2022). Over the 2018 to
2022 4-year timeframe, the average annual rainfall is 48.7 inches. This 4-year sequence is
marked by precipitation that is below average for the first year (41.7 inches), above average for
the second and fourth years (50.3 and 54.6 inches, respectively), and close to average for the
third year (48.2 inches) (DBHYDRO, 2022). The RWS was simulated to operate according to
the design: 1.5 mgd extraction from each RWS well, for a total of 15 mgd withdrawal. The CCS
was set at a salinity of 34 PSU for the duration of the predictive period. In addition, the UIC test
production wells were set to withdraw a total of 3 mgd from beneath the CCS for the duration of
the remediation period.
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5.3.2 Remediation Forecast

Model forecasts of the position of the hypersaline/saline water interface in Years 5 and 10 of
remediation were determined using the V7 model, and they are similar to prior forecasts.
Retraction of the hypersaline plume to the L-31E canal is achieved in the upper 10 model layers
(approximately two thirds of the Biscayne Aquifer thickness) by year 10 of remediation. Figures
5.3-1a, b, c and d illustrate the Years 5 and 10 plume retraction in model layers 4, 9, 13, and 16.
Plume positions for Year 5 and 10 for additional model layers are shown in Appendix I. In layers
11 through 15, the plume is retracting toward the FPL property through Year 10 but remains
west of the L-31E canal. Due west of the southern portion of the CCS in layers 16 and 17,
however, the plume is shown to expand further west through year 5 and halts or slows by Year
10 of remediation. This forecast is contrary to Year 4 CSEM survey results that show net
retractions of the plume exceeding 60% along the base of the aquifer has already occurred from
2018 through 2022 as shown on Table 4.3-1 and visually in Appendix G 6A.

At this point, it is not clear whether the differences between the model forecast retraction in the
lower portion of the aquifer compared with AEM measured retraction achieved during the first
four years of remediation is a result of a physical phenomenon or inaccuracies in either the
model or AEM. The physical phenomenon of the complexities of CCS leakance (temporal
variability caused by siltation and dredging, spatial variability of sediment thickness and
hydraulic conductivity) may play a role in the extent of the historical location of the hypersaline
interface. The leakance terms associated with the CCS canals are a controlling influence on the
quantity of hypersaline water and salt mass that is released to the aquifer. Additionally, based on
the geologic/geophysical logs (JLA Associates 2022) horizontal hydraulic conductivities in the
screened zones of the RWS vary significantly from well to well. For example, the average
hydraulic conductivity in layers 15 through 17 is 1,587 ft/d in RWS-7 and 16,260 ft/d in RWS-9,
a difference of over an order of magnitude. The RWS wells that withdraw from layers assigned
with lower hydraulic conductivities have steeper cones of depression and hence narrower capture
zones than RWS wells with higher hydraulic conductivities. As a consequence of the steeper
cones of depression, these wells may obtain more water vertically than horizontally. This
conceptual model is supported by the layer 16 capture zones near RWS-5, RWS-6, and RWS-7
being smaller than the capture zones in overlying but unpumped layers.

In addition, there appears to be contribution from non-CCS, coastal, evaporative-formed
hypersaline groundwater that is recharging the hypersaline plume north and south of the CCS.
The V7 and earlier versions of the model have shown this process to be simulated with the
surface-formed hypersalinity migrating vertically in the aquifer and recharging the lower model
layers. Retraction in southern areas surrounding the CCS could be hampered by continued
addition of non-CCS sourced hypersaline water from the south. Additional evaluation of the
model’s representation and extent of this process should be evaluated to determine the degree to
which this source of hypersalinity could impact the CCS remediation objectives.
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Figure 5.3-1a. Location of Initial, Year 5, and Year 10 Hypersaline Interface in Model Layer
4
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Figure 5.3-1b. Location of Initial, Year 5, and Year 10 Hypersaline Interface in Model Layer
9
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Figure 5.3-1c. Location of Initial, Year 5, and Year 10 Hypersaline Interface in Model Layer
13
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Figure 5.3-1d. Location of Initial, Year 5, and Year 10 Hypersaline Interface in Model Layer
16
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Particle tracking, conducted using the V7 model (Figure 5.3-2), confirmed the hypersaline water
from the CCS is intercepted, captured, contained and no longer recharges the plume within the
compliance zone. Figure 5.3-2 shows the predicted capture zones of layers 4, 6, 9, 10, 13, and
16. This analysis was conducted for all model layers from initiation of the RWS operations
through 10 years of remediation. These figures are generated by initializing particles in cells in
the areas shaded gray in Figure 5.3-2 and highlighting the starting locations of each particle that
ends at the RWS in orange. This evaluation indicates the operation of the RWS provides a
hydraulic constraint to the migration of hypersaline groundwater from beneath the CCS. A gap
in the layer 16 capture zone appears to exist between RWS well 6 and 7 and to a lesser degree
between RWS wells 5 and 6. This gap was investigated further and indicated that particles in
this area are either stagnant, appear to oscillate in direction with no clear destination, or traverse
along circuitous pathways that require travel times of greater than 10 years to reach their final
RWS well destination. As discussed above, it appears that the narrower capture zones in this
area are related to the relatively low hydraulic conductivities that occur at these wells. The
pumping stress at these wells is transferred upward such that more water is obtained from above
than laterally, as desired. This conceptual model is supported by the comparatively more
extensive capture zones that exist in layers that are above the pumped zone (Figure 5.3-2).
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Figure 5.3-2. Predicted nine-year capture zones for model layers 4 (top left), 6 (center
left), 9 (bottom left), 10 (top right), 13 (center right), and 16 (bottom right)
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5.3.3 Sensitivity Simulations

Two sensitivity simulations were performed with the V7 calibration and prediction models. The
simulations suggest the importance of accurate quantification of the initial plume and a plausible
conceptual model to reproduce the monitoring well and CSEM-derived plume configurations.

Two sensitivity simulations were performed to 1) assess the influence on remediation of the
hypersaline plume being aligned with the CSEM data and 2) evaluate the efficacy of a
conceptual model in better aligning the hypersaline plume with CSEM and monitor well data.

The first sensitivity simulation was made to test the effect of the accuracy of the location of the
hypersaline plume at the start of the RWS operations. It has been recognized for some time that
model calibration tends to result in an initial plume that extends further west than supported by
the CSEM data (see Figure 5.2-2). Oversimulating the extent of the edge of the plume away
from the RWS wells would result in the model forecasting either longer timeframes for plume
remediation or not retracting the interface in areas outside the capture zones of the wells. It was
not clear how much of a change in the plume retraction forecast would result from a less
extended initial plume location. This condition was evaluated by replacing modeled salinities
within the compliance zone with data from the 2022 CSEM study as initial conditions for the
simulation of RWS operation.

The results of this simulation are similar to the original simulation in the upper 7 layers. The
plume for this simulation is less extended to the west in the lower layers than in the original
model, with a salinity below 45 PSU in layer 12 that is within the compliance zone. However,
the movement of the interface in layers 13 and 17 (Figures 5.3-3 and 5.3-4) shows mixed results
with westward movement in some areas during the 10-year remediation period. These results are
generally consistent with the capture zone figures for these layers (Figure 5.3-2) which show
limited lateral reach west of the RWS in some areas. The interface continues its westward
movement under the influence of hydraulic and density gradients when located outside the
capture zone. This simulation suggests that the model’s inability to align interface movement
with the CSEM data is related to the representation of the near-RWS flow system. The
sensitivity simulation highlights the importance of having the model construction and hydraulic
properties reproduce the CSEM initial plume more accurately. More refinement of the near-
RWS conceptual model is needed to improve alignment between the model and CSEM results
which would produce different forecast results. These factors of the conceptual model include
vertical hydraulic conductivities of the aquifer, leakance of the CCS, and source/sink
representation of L-31E.
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Figure 5.3-3. Location of Initial, Year 5, and Year 10 Hypersaline Interface in Model Layer
13 for the First Sensitivity Simulation

5-30



FPL Turkey Point RAASR Year 4
November 2022 5. Groundwater Mode/
|

Figure 5.3-4. Location of Initial, Year 5, and Year 10 Hypersaline Interface in Model Layer
16 for the First Sensitivity Simulation
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As a follow up to the findings of the first sensitivity simulation, a second sensitivity simulation
was made to evaluate the effect of the modeled boundary representation of the L-31E drainage
canal has on the hypersaline interface location. The V1-V7 models have represented this
boundary with the “river package” which allows flow out of the aquifer when the aquifer head is
greater than the canal stage and into the aquifer when the aquifer head is less than the canal
stage. It is plausible that L-31E is primarily an outflow or drain boundary condition and that
allowing flow into the aquifer provides an artificial source of water to the RWS water demand
that more appropriately would come from aquifer storage or a more distal source. The L-31E
water source would tend to reduce the lateral and upgradient capture zones of the RWS wells and
thereby cause the model to under-represent plume retraction. Evidence for “short-circuiting” of
water from the L-31E to the RWS wells in the model are the subtle rings of low salinity water
that surround some of the RWS wells in the color-flood plots of plume salinity.

To test this hypothesis, the modeled representation of L-31E was changed from a “river
package” to a “drain package” boundary condition. The entire historical model was run to 2022
with this representation. As shown in Figure 5.3-5 the modeled mass extraction is not degraded
from the original calibration model. Moreover, the hypersaline interface is closer to the CCS
than in the original V7 calibration model (Figure 5.3-5). The prediction model also shows
greater retraction (Figures 5.3-6 and 5.3-7) than the original V7 predictive model. The
sensitivity simulation presents a possible conceptual model for consideration in the V8 model for
the Year 5 RAASR.
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Figure 5.3-5. Comparison of Model and Observed Mass Extracted by Well Between May
2018 and May 2022 for the Second Sensitivity Simulation
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Figure 5.3-6. Location of Initial, Year 5, and Year 10 Hypersaline Interface in Model Layer
13 for the Second Sensitivity Simulation
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Figure 5.3-7. Location of Initial, Year 5, and Year 10 Hypersaline Interface in Model Layer
16 for the Second Sensitivity Simulation
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5.3.4 Model Recommendations
Six recommendations for future evaluations of system performance are offered:

e Refine the technique for using inputs from the water and salt balance in the groundwater
flow and saltwater transport model.

e Continue to explore alternative conceptual models of the near-RWS flow system to align
the modeled hypersaline interface more closely with those characterized by CSEM and
monitor well data.

e CCS salinities and climate conditions should continue to be monitored and the model
updated and recalibrated with more data reflective of longer RWS operations. The
longer period of RWS operation and consequent changes to salinities over a
progressively larger area will help inform the model and increase its accuracy in
simulating the effect of the RWS and forecasting longer-term performance.

e Additional analysis to understand the hypersaline plume development and retraction in
the lower model layers.

e Evaluations should be conducted to verify the degree to which model-generated, non-
CCS hypersaline groundwater impacts remediation objectives.

e Use the groundwater model to assist in the evaluation of potential CCS management and
RWS operations.
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6 COOLING CANAL SYSTEM
MANAGEMENT

As a result of FPL management activities in the CCS, the average annual salinity value of 36.1 PSU is
the lowest since 1977; and the thermal efficiency of 86.2% is well above the minimum target of 70%.
Total nitrogen and algae concentrations are declining along with more recent reductions in
chlorophyll-a concentrations and increases in light penetration and dissolved oxygen. Commensurate
with these improvements, seagrass beds are expanding and crocodile nests and hatchlings are at
record highs.

FPL has implemented multiple measures to improve conditions in the CCS, several of which are
directly or indirectly linked to the remediation of the hypersaline groundwater plume. These
management activities have been focused on reducing salinity and nutrients in the CCS and
enhancing thermal efficiency for ensuring a long-term sustainable operation. Objectives,
approaches and targets for managing nutrients are described in the Turkey Point Cooling Canal
System Nutrient Management Plan (NMP; FPL, 2016b) and for thermal efficiency, in the Turkey
Point Cooling Canal System Thermal Efficiency Plan (TEP; FPL, 2016c).

6.1 COOLING CANAL SYSTEM SALINITY MANAGEMENT

Paragraph 20.a., of the CO requires FPL to achieve a CCS average annual salinity of at or below
34 PSU two out of every three years, beginning in reporting year June 2022 through May 2023.
Reducing CCS salinity is a component of remediating the hypersaline plume west and north of
the CCS. One tool FPL uses to manage salinity within the CCS is to freshen the canals with
brackish Upper Floridan aquifer (UFA) water. Freshening is authorized by the Turkey Point site
certification PA 03-45F. In October 2021, FPL received a modification to the site certification to
increase its freshening allocation to 10,950 million gallons per year (30 mgd) with monthly total
withdrawals not to exceed 1,033.6 million gallons (34 mgd). Based on automated daily average
data from seven stations in the CCS, the average annual CCS salinity level for the most recent
reporting period, June 1, 2021, to May 31, 2022, was 36.1 PSU, which is the lowest annual
average value since June 1976 through May 1977 (35.6 ppt) and the second lowest annual
average salinity value since data first started being recorded in 1974 (FPL 2022). Salinity
reductions were achieved by above-average rainfall and by adding UFA freshening water during
the reporting period. Almost 5.29 billion gallons of UFA water (less than half of the authorized
allocation of the freshening wells) were added to the CCS, which was instrumental in reducing
CCS salinities by offsetting much of the evaporative losses of water from the CCS during the
drier periods of the year.

Figure 6.1-1 shows a time series of average salinity in the CCS (all stations) from July 2015, just
prior to the start of FPL’s CO-directed CCS freshening efforts, through September 2022.
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Freshening actions during this period included short-term use of marine groundwater
(intermittently from July 2015 to August 2017) and fresh L-31E surface water (intermittently
from August through November 2015) but evolved to the use of brackish UFA groundwater to
offset evaporative losses that result in increased CCS salinity. Based on the regression line, the
figure shows a declining trend in salinity of approximately 30 PSU over the past 7 years.

Figure 6.1-1. Time Series Declining Trend in CCS Salinity

Reductions in CCS salinity are important as they correspond with reductions in the specific
gravity of the CCS waters, thereby reducing the driving head of the canal water which, in turn,
reduces and ultimately halts seepage of hypersaline canal water into the underlying aquifer and
improves groundwater plume remediation to the west of the CCS. Another benefit of reducing
canal salinity is the reduction of the dominant hypersaline-tolerant CCS blue-green algae
(Synechocystis sp.). Concurrent with sustained salinities below 40 PSU are declines in nutrients
and algal populations in the canals as discussed below. Sustained CCS salinities below 40 psu is
a target identified in the NMP for reducing the severity and persistence of algae blooms.

FPL continues to successfully implement CCS salinity management measures using the UFA
freshening water authorized under the site license. The average CCS salinity since the last
average annual salinity (covering June 1, 2021 through May 31, 2022) value of 36.2 PSU was
calculated was 33.2 PSU (June 1, 2022 through September 30,2022), which was 6.7 PSU lower
than the average over the same period last year when salinities reached the lowest annual average
level since 1977.

6.2 COOLING CANAL SYSTEM NUTRIENT MANAGEMENT
PLAN

Paragraph 20.a., of the CO required FPL to submit a detailed report outlining the potential
sources of the nutrients found in the CCS and included a plan for minimizing nutrient levels in
the CCS. FPL has been implementing the FDEP required Turkey Point CCS NMP since July
2017 although several actions to improve CCS nutrient levels preceded the plan. The NMP
includes both short-term actions and long-term objectives. Short-term actions include nutrient
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and algae reduction, CCS sediment and vegetative management, and reduction of CCS salinity.
Long-term objectives of the plan focus on re-establishing seagrass meadows to stabilize nutrient
levels over the operational life of the CCS. The plan includes both “acceptable” and “good”
targets for achieving the plan objectives. These targets are specific to total phosphorus (TP;
<0.035 and <0.02 mg/L, respectively), total nitrogen (TN; <5.0 and <2.5 mg/L, respectively),
water clarity (between 2 and 10 ft to >10 ft respectively), and salinity (between 40 to 50 PSU and
less than 40 PSU respectively). The plan identifies that “achieving the target levels will reduce
the severity and persistence of algae blooms and provide the environmental conditions necessary
to support re-establishment of submerged aquatic vegetation in the system.”

Nutrient management activities conducted during the reporting period included continued
removal of non-native Australian pine (Casuarina equisetifolia) from the internal canal berms
and along the perimeter berms which impede airflow and are a significant source of biomass
entering the canals. The trees are either girdled, spiked with herbicide and left in place to die, or
completely felled with the stumps treated with herbicide and the felled trees burned in place.
Since 2018, removal of Australian pines on over 1,423 acres across the CCS has occurred and is
an ongoing annual management activity.

Along with active removal of the Australian pines, FPL has planted native grasses on berms to
aid erosion control and improve berm stability. To date, approximately 448,000 units of native
salt-tolerant grasses have been planted on 10 berms and shorelines across the CCS; these
plantings have been successful and are naturally expanding. Periodic control burns, when
conditions warrant, help to control regrowth of Australian pines while sustaining grasses and
native vegetation on the berms.

In addition to grasses on the berms, the NMP includes reestablishment of native seagrasses
within the canals. Seagrasses planted within the CCS at 24 sites from 2018-2021 have also been
successful, with 16 of the sites established and expanding. Due to the concentrations of nutrients
in the foamy CCS water that is produced at the plant discharge, FPL designed, constructed, and
maintains operation of a foam collection, condensation, and disposal system. Beginning July 25,
2019, through September 2022, the system has removed 8,156 pounds of nitrogen and 167
pounds of phosphorous from the CCS.

While not a component of the NMP, the RWS operations have also minimized the inflow of
groundwater-sourced nutrients to the CCS from the western face and bottom seepage and have
captured groundwater nutrients from below, west, and north of the CCS. During this reporting
period, an estimated 235,000 pounds of nitrogen and 3,000 pounds of phosphorus were removed
from the groundwater under, and in proximity to, the CCS. Since startup of the RWS and
UICPW operations, approximately 760,000 pounds of TN and 10,000 pounds of TP have been
removed from the groundwater.

TN and TP data collected at CCS monitoring stations TPSWCCS-1 and TPWCCS-6 from April

2019 through September 2022 are shown on Figure 6.2-1. These data show a significant decline
in TN, while TP fluctuated during this 3.5-year period, with the majority of the values within the
acceptable or good target ranges identified in the NMP (below 0.35 mg/L). Notably, the CCS is
a phosphorus-limited system; therefore, any bio-available phosphorus is scavenged, incorporated
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by the living organisms within the system, and rapidly recycled within the system when it is
available.

Figure 6.2-1. CCS Average TN and TP Concentrations

Nutrients within the CCS are primarily within the algal community. The retention of TN and TP
within the CCS water column for many years was likely a function of the rapid turnover and
uptake of the algae within the system, which was often in excess of 1,000,000 cells per milliliter
(mL). Increases in the rate of reductions in total nitrogen since June 2021 appear coincident with
declines in algae as nitrogen levels approach the acceptable NMP target level of 5 mg/L or less.
Further discussion of algal trends is found in section 6.4.

6.3 COOLING CANAL SYSTEM THERMAL EFFICIENCY
PLAN

Paragraph 20.b., of the CO required FPL to submit a thermal efficiency plan (TEP) that includes
a detailed description of actions for the CCS to achieve a minimum of 70% thermal efficiency.
The FDEP required plan has been implemented since July 2017 although several actions to
improve CCS thermal efficiency preceded the plan.

During the reporting period, TEP activities have included collecting thermal imagery to measure
thermal performance of the CCS canals, removing 400 acres of large Australian pine trees on the
CCS berms which impeded air flow across the canals, and removing sediment in strategic
cooling canals. The ongoing removal of Australian pine benefits both CCS nutrient management
and thermal efficiency objectives.

Thermal imagery indicated that flows through discharge cooling canals 1-5 in sections 1-3
could be improved by sediment removal. During the reporting period, approximately 100,000
cubic yards of canal sediment were removed.

Implementation of the TEP has not only improved the amount of heat released from the canals as
water travels from the plant discharge point to the intake location (an average of 9 degrees
Celsius [°C] or 16.2 degrees Fahrenheit [°F] during the reporting period), but it has also
contributed to a long-term downward trend in CCS temperature. Figure 6.3-1 shows the daily
average CCS temperature from all stations for June 2013 through May 2022 which documents an
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overall declining trend of nearly 2.5°C (4.5° F) below post-Uprate temperatures (FPL 2022).
CCS thermal efficiencies have significantly exceeded the CO minimum value (70%) since 2016,
with the annual average CCS thermal efficiency for the period from June 2021 through May
2022 being 86.2% (FPL 2022).

Figure 6.3-1. Time Series Declining Trend in CCS Temperature Since Unit 3 and 4 Uprate
(FPL 2022)

6.4 COOLING CANAL BIOTIC RESPONSES

Salinity, nutrient, and thermal management actions appear to be driving the CCS ecosystem towards
a new equilibrium which is currently characterized by lower algal densities, lower particulate nutrient
loads, improved water clarity, and coincident increases in biodiversity.

Implementation of FPL’s nutrient, thermal efficiency, and salinity management plans have
resulted in gradual sustained improvements in water quality. As a result, positive ecological
developments are occurring. The NMP identifies salinity, water clarity, TN and TP levels that, if
achieved and sustained, would likely reduce the blue-green algae, support the re-establishment of
native seagrasses to moderate nutrients, and return the CCS to its original status as a thermally
efficient, ecologically sustainable industrial cooling system.

To monitor progress in working toward these goals, FPL has collected algal data at TPSWCCS-1
to improve the understanding of algal dynamics in the CCS and assess potential impacts to
operations of the plant. Algal counts from April 2019 through September 2022 are shown on
Figure 6.4-1, along with related water quality parameters including turbidity, chlorophyll-a and
secchi disk depth, with linear trend lines for the 3-year, 5-month data period. More recently,
beginning approximately June 2021, there has been an increasing rate of decline in algal
concentrations, biomass, turbidity, chlorophyll-a, and nitrogen and an increase in light
penetration.
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Figure 6.4-1. Time Series of (A) CCS Algae Concentrations, (b) Turbidity, (c) Secchi Disk
and (d) Chlorophyll-a Concentrations

In addition, dissolved oxygen (DO) is measured quarterly at seven monitoring stations in the
CCS. In the first year of monitoring in 2010/2011, the average annual DO was 5.39 mg/L.
However, in the 2014/2015 time frame, the average annual DO dropped to 2.53 mg/L. In
subsequent years with the implementation of various CCS management activities, DO began to
trend upward (see Figure 6.4-2) with average DO values around 5 mg/L from October 2020

through June 2022.
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Figure 6.4-2 Average Quarterly CCS Dissolved Oxygen: 6/2015 through 9/2022

FPL has taken actions to improve DO levels in the CCS. Lower DO levels occur at the intake
and discharge sides of the plant due to inflow of anoxic groundwater associated with canal
drawdowns from the circulation pumps. As a result, aerators were added in intake and discharge
canals beginning in 2016. In addition, reducing orifice plates and upturned spray assemblies are
placed on the UFA freshening wells 2 through 7 to highly aerate freshening discharges into the
CCS. These actions along with changes in algae levels and lower nutrient levels likely play a
role in the increased DO levels of the CCS.

Continued efforts by FPL have resulted in CCS waters approaching the ambient salinity levels
characteristic of Biscayne Bay (Figure 6.1-1). Reductions in salinity and TN appear to be
driving the CCS ecosystem toward a new equilibrium which may be characterized by lower algal
densities, lower particulate nutrient loads, improved water clarity, and coincident increases in
biodiversity. The stability in lower salinity over the last 2 years, coupled with the range of
nutrient management efforts have, over time, likely contributed to this decline in algal biomass.
This reduction of algae biomass has resulted in concomitant improvements of water clarity
within the CCS as observed by turbidity and Secchi disk readings (Figure 6.4-1).

Despite the decrease in algal concentrations within the CCS water column, chlorophyll-a
concentrations from April 2019 through August 2021, while fluctuating, remained rather stable.
However, since September 2021, there has been a clear decreasing trend in chlorophyll-a
concentrations which parallels the decline in algae concentrations.

As discussed in prior RAASRs, FPL began test planting the native seagrass, Ruppia maritima, in
2018 when CCS salinity levels were declining to assesses viability under the CCS water
conditions at that time. As documented in the NMP, the reintroduction of this seagrass species,
previously found within the CCS, is recommended for nutrient management. This species once
occupied large areas of the CCS bottom, so reintroducing this species is preferred for initiating
the shift within the CCS from an algal-based system to a more ecologically stable seagrass
system. Seagrasses sequester nutrients within their biomass and also help maintain the stability
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of CCS sediments by capturing loose flocculent material within the bottom of the canal.
Additionally, the nutrient turnover within a seagrass system is much slower when compared to
an algal-dominated system, resulting in more consistent and manageable nutrient and water
quality. Many of the seagrass sites planted between 2018-2021 have successfully established;
and although these patches are currently small (estimated to be 100 to 3,500 square ft), they are
self-propagating and expanding. As water clarity improves, these grasses will likely be able to
expand geographically and into deeper CCS waters, thereby reducing turbidity and further
accelerating improvements to water clarity.

Commensurate with the thermal efficiency, salinity and water quality improvements, there are
also preliminary indications of improved habitat quality for various organisms within the CCS
resulting in increased non-algal biomass and biodiversity. During periods when CCS salinities
were very hypersaline, few—if any—aquatic or benthic species were noted based on anecdotal
observations.

More recently, invertebrates such as worms, mollusks, land crabs, and fiddler crabs have been
observed along canal banks while anemones, tube worms, pistol shrimp, diving beetles,
horseshoe crabs, and blue crabs have been observed within the canal itself. Increased numbers
of fish species have also been observed, from a system primarily dominated by sheepshead
minnows to a wider range of fish including mojarra, sailfin mollies, glass minnows,
mummichogs, sea trout, toadfish, barracuda, snook, and tarpon. These initial observations of
increased biological diversity within the canals are commensurate with salinity and nutrient
management efforts which have resulted in consistently lower salinity, nitrogen and algae
concentrations.

These management efforts appear to have increased the diversity of the food web within the CCS
and have consequently increased habitat quality for higher trophic levels. For example, a record
number of crocodile hatchlings (565) were recorded in 2021; in 2022, there was a record number
of nests on-site (33) with 512 crocodile hatchlings tagged. This success is attributable to FPL’s
habitat improvement measures as part of its continued commitment to improving and protecting
ideal crocodile habitat. In addition to crocodiles, the CCS supports a wide population of wading
birds.

Continued implementation of the NMP, TEP, and salinity management initiatives within the
CCS have resulted in water conditions that have trended towards and achieved targets identified
in the NMP which are considered favorable for the reduction in the dominance of algae in the
CCS, and are more conducive to seagrass re-establishment. However, the CCS is a large and
complex system, and the biological responses are often driven by a number of interacting local,
regional, and meteorological factors. FPL will continue to monitor CCS water quality and
biologic responses resulting from the implementation of the cooling canal management plans and
make necessary adjustments as needed to maintain a sustainable cooling system.
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7 SUMMARY AND RECOMMENDATIONS

7.1 OVERALL SUMMARY

FPL employs three types of data and associated analyses (monitoring, electromagnetic surveys, and
modeling) to assess progress in meeting the objectives of the MDC CA and FDEP CO. Analyses of
data through Year 4 of remediation demonstrate that the net westward migration of the hypersaline
plume has been halted, and hypersaline groundwater from the CCS is being intercepted, captured,
contained, and retracted by RWS operations. The CSEM data shows that the volume of hypersaline
water in the compliance area has been reduced by 67% since remediation began in 2018. In
addition, many of the groundwater monitoring wells are showing declining trends in salinity, and
there are notable improvements in CCS water quality, reductions in algae, and continued
improvements in thermal efficiency. Evaluations to better align groundwater monitoring data, AEM
surveys, and groundwater modeling results will continue in preparation for the Year 5 Remedial
Action Annual Status Report (RAASR).

FPL submits this Year 4 RAASR, which covers RWS operations and groundwater monitoring
data from July 1, 2021, to June 30, 2022, in compliance with the monitoring and reporting
objectives of the MDC CA and the FDEP CO. This report incorporates Year 4 RWS operational
summary, groundwater monitoring well data and analysis, CSEM results based on the May 2022
survey, the updated and recalibrated regional groundwater model (Version 7) including
remediation year 5 and 10 forecasts, and CCS management information. This report also
includes a summary of CA and CO compliance activities undertaken and completed since the CA
and CO were executed (Appendix A). The following is a summary of the major findings of this
evaluation:

o After four years of remediation operations, the CA objectives to intercept, capture,
contain and demonstrate statistically valid reductions in the salt mass and volumetric
extent (retraction) of hypersaline groundwater from the CCS continue to be met. The
CO requirement to halt the westward migration of hypersaline water from the CCS
within 3 years was achieved and documented in the April 2021 Year 2 Part 2 RAASR,;
significant reductions continue to be demonstrated by analyses conducted in this report.

e The RWS operated 93.8% of the reporting period; there were 574 hours (22.8 days;
6.2%) when the entire system was shut off for testing, maintenance, system
enhancements, and the CSEM survey.

e Approximately 6.18 billion gallons of hypersaline water and 2.37 billion pounds of salt

were removed during this reporting period from the RWS and UICPW. Since inception
of the remediation system, approximately 23.43 billion gallons of hypersaline
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groundwater and 9.24 billion pounds of salt have been extracted from the Biscayne
Aquifer.

e Water table drawdowns from RWS operations continue to be negligible at less than 0.10
ft.

e Intotal, 21 of 26 monitoring wells west and north of the CCS used in the remediation
assessment showed a statistically significant declining trend in one or more parameters
(i.e., quarterly chloride, quarterly tritium, and weekly average automated salinity) and
multiple wells had at least one or more parameters that were the lowest value on record
this reporting period.

e Greatest reductions in chloride levels are being measured in shallow monitoring wells
next to the CCS where shallow fresher groundwater replaces hypersaline water along the
top of the plume. The gradual reductions occurring in the middle and deep monitoring
wells near the CCS are expected to increase as the continuing plume retraction reaches
the narrow monitoring intervals of the deeper monitoring wells.

e There is only one shallow well, TPGW-17S, that remains hypersaline. The lowest
chloride concentration this reporting period was 20,200 mg/L, only 1,200 mg/L above
the threshold of 19,000 mg/L. Notable reductions in bulk conductivity were observed in
the induction log just above the well screen indicating freshening is occurring vertically
at this location. Three other shallow wells that were hypersaline at the start of RWS
operations became saline in prior reporting periods and remain saline this reporting
period with chloride concentrations well below 19,000 mg/L.

e All but three of the intermediate and deep monitor wells (TPGW-15D, TPGW-22M and
TPGW-L3-58) showed a statistically significant decline in one or more parameters (e.g.,
salinity, chloride, tritium) since the inception of the RWS.

e The fact that the majority of the wells have a declining trend since the start of the RWS
and a number of the wells, including intermediate and deep wells, continue to show
lower chloride, salinity, and/or tritium concentrations each year indicates positive
progress in meeting the objectives of the CA and CO.

e Chloride reductions in the compliance area in the middle well at TPGW-5, which is over
3 miles west of the RWS, is an indication of the lateral reach of the withdrawal system.

e Monitoring well data provide a localized assessment of change and must be used in
conjunction with tools such as AEM and modeling that help provide greater spatial
coverage and comprehensive insights into the progress of remediation.

e Year 4 AEM results, compared to the 2018 baseline survey results, indicate the
volumetric extent of the hypersaline plume has been reduced by 67% after 4 years of
RWS operation. The location of the leading edge of the CCS-sourced hypersaline plume
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west and north of the Plant site is shown to have retracted back towards the CCS by as
much as 1.25 miles.

e Based on AEM data, the greatest reduction in hypersalinity volume is occurring in the
lower portion of the aquifer as the plume west of the L-31E canal is retracting eastward.

e Two sources of hypersaline groundwater, coastal naturally occurring evaporated
seawater and the CCS, occur within the survey area. The spatial extent of hypersaline
water in the upper 6.2 meters north of Palm Drive and east of the L-31E levee are
reflective of non-CCS-sourced hypersaline water that formed from seawater
encroachment into the coastal marsh areas during Hurricane Irma. In the groundwater
model, coastal evaporative hypersalinity forms south of the CCS, sinks to lower layers
where it comingles with CCS-sourced hypersalinity, and appears to be captured by the
southern RWS wells. Additional evaluation of this modeled condition will be conducted
during Year 5 to determine how or if it impacts CCS plume remediation.

e Anumber of updates to the groundwater model have reduced total model error (defined
as the cumulative difference between model estimated value and actual measured
values), produced a groundwater model concurrent with measured aquifer CCS sediment
properties and hydraulic conductivities estimated from geological and geophysical logs,
and improved model representations of plume reductions associated with 4 years of
remediation.

e The Year 4 recalibrated V7 model forecast simulations for Years 5 and 10 of remediation
show improved hypersaline retraction results. Complete retraction predominantly occurs
in shallow and intermediate model layers (upper two thirds of the aquifer) by 2028.
Partial retraction in the deepest model layers is shown to occur in the northern portion of
the plume by 2028, while westward movement of hypersaline interface shown in
previous model versions along the base of the aquifer is halted or reversed in the V7
model.

e Two sensitivity simulations were run using the V7 model that used AEM-derived
western edge positions of the plume as initial conditions and modified how the L-31E
canal interacts with groundwater. These runs showed mixed results with retraction
generally consistent with the RWS capture zones in the bottom model layers but greater
retraction than the original V7 predictive model. The sensitivity simulation presents a
possible conceptual model for consideration in the V8 model for the Year 5 RAASR.

¢ Inaddition to the RWS operation and reduction in groundwater hypersalinity to the west
and north of the CCS, FPL has successfully completed multiple restoration and
remediation activities outlined in the CA and the CO which have resulted in tangible
improvements within the CCS:

— Reduction of the annual average salinity in the CCS to 36.1 PSU (June 1, 2021,
to May 31, 2022) which is its lowest annual level since 1977. Reducing salinities
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in the CCS reduces the formation of hypersaline water and reduces the driving
head on hypersaline groundwater beneath the CCS aiding in the retraction of the
hypersaline plume.

— CCS thermal efficiencies have exceeded the CO minimum value of 70% since
2016, with the annual average CCS thermal efficiency for the period from June
2021 through May 2022 being 86.2% (FPL 2022).

— There is a statistically significant declining trend in TN over the past 3 plus years,
while the total phosphorus levels remain relatively low, ranging between 0.01 to
0.05 mgl/L.

— Algae, which have dominated the CCS since 2014, show dramatic declines
during the reporting period, reaching their lowest levels since 2016. Reductions
in turbidity and increases in water clarity have been coincident with the algae
reduction.

— Salinity, nutrient, and thermal management actions appear to be driving the CCS
ecosystem towards a new equilibrium which is currently characterized by lower
algal densities, lower particulate nutrient loads, improved water clarity, and
coincident increases in biodiversity, including expanding seagrasses and
increased crocodile utilization, all of which have been documented over the past
2 years.

7.2 REFINEMENTS

FPL has implemented actions, including the following, to enhance the ongoing remediation and
to further the objectives of the CA and CO.

Hypersaline Groundwater Remediation

e Processes and procedures to improve resiliency of the RWS system and maximizing
flow, specifically the following:

— Ongoing systematic refurbishment of each of the extraction wells to maintain
system performance and reduce downtime due to repairs.

— Improvements in the electrical resilience of the system to storms via better
grounding systems.

— Optimization of the SCADA system programming to maintain extraction flows
even when more than two wells are offline for repairs or maintenance.

— Reconfiguration of the DIW piping, flow patterns, and flowmeter location to
reduce interferences and obtain more accurate velocity and flow readings, which
allows for maximizing injection volume.
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Groundwater Monitoring Network Expansion

o After permits were issued by SFWMD and U.S. Army Corps of Engineers, the new
monitoring well cluster TPGW-23, located along the L-31E canal road 0.5 mile north of
Palm Drive, was completed; and data collection began mid-August 2022.

Cooling Canal System Salinity Reduction

e A modification to the site certification license PA 03-45F was issued to FPL (October 19,
2021), authorizing use of the new F-7 CCS freshening well and increasing the UFA
allocation for wells F-1 through F-7 from 14 mgd (5,110 million gallons per year) to 30
mgd (10,950 million gallons per year), with a maximum monthly allocation of 34 mgd
(1,033.6 million gallons per month). This additional allocation will offset evaporative
losses of fresh water from the CCS that exceed the 14 mgd previously allocated, thereby
limiting dry season salinity increases that occur under the previous allocation and
achieving annual average CCS salinities of 34 PSU. FPL began increasing freshening
inflows starting in November 2021.

7.3 RECOMMENDATIONS

Given the significant progress of remediation since initiation of the RWS, FPL does not propose
any changes to the agencies’ approved remediation plan at this time. However, based on review
of Year 4 AEM survey data and the updated/recalibrated Year 4 (\V7) forecast modeling, FPL
plans to undertake the following recommended actions:

e Conduct the following evaluations of AEM results to better align monitoring well,
modeling, and AEM results:

— Conduct additional evaluation to verify the AEM documented changes along the
western edge of the plume to verify the progress made in plume retraction and
better inform the model calibration and resulting remediation forecast reliability.

— Investigate the nature of isolated lenses of hypersalinity located in the southwest
portion of the compliance area in layer nine.

— Evaluate AEM-identified areas of lower salinity groundwater located along the
base of the aquifer beneath AEM-identified hypersaline layers

— Investigate areas where AEM-estimated chloride values significantly differ from
adjacent monitoring well values

e Refine the technique for using inputs from the water and salt balance in the groundwater
flow and saltwater transport model.
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e Continue to explore alternative conceptual models of the near-RWS flow system to align
the groundwater modeled hypersaline interface more closely with those characterized by
CSEM and monitor well data.

e CCS salinities and climate conditions should continue to be monitored and the model
updated and recalibrated with more data reflective of longer RWS operations. The
longer period of RWS operation and consequent changes to salinities over a
progressively larger area will help inform the model and increase its accuracy in
simulating the effect of the RWS and forecasting longer-term performance.

e Additional analysis to understand the hypersaline plume development and retraction in
the lower model layers.

e Evaluations conducted to verify the degree to which model-generated, non-CCS
hypersaline groundwater impacts remediation objectives.

e Use the groundwater model to assist in the evaluation of potential CCS management and
RWS operations.

It is important to note that the aquifer system is complex and subject to many external factors
beyond the CCS and RWS; therefore, continued monitoring, model updates, and scientific data
analyses are performed to improve our understanding of the impact of RWS operations in
concert with these other factors. FPL will continue to monitor and evaluate progress in meeting
the requirements of the CA and CO and make recommendations for modifications as needed.
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Dear Mr. Akstulewicr and Colonel Kirk:

The National Park Service {NPS) appreciates the opporturnity to be a cooperating agency with the
Nuclear Regulatory Commission (NRC) and the 1.8, Army Corps of Engineers (USACE) for the
development of the Final Environmental Impact Statement (FEIS) regarding Combined Licenses
for Turkey Point Nuclear Plant Units 6 and 7 as proposed by Flonda Power and Light (FPL).

We appreciate the extensive work done by the NRC and the USACE staff and their willingness
to meet extensively with the NPS. However, the NPS continues to have serious concermns
regarding the adequacy and accuracy of the FEIS., The NPS is also taking this opportunity to
comment on the NR{"s Final Safety Evaluation Report (FSER ) because it describes natural
phenomena, including hurncanes and storm surge, which may negatively affect Units 6 and 7
and have both human and environmental consequences for Biscayne and Everglades National
Parks (NP).

USACE is preparing a Least Environmentally Damaging Practicable Alternative (LEDPA) for
Clean Water Act Section 404 wetland permits and a Public Interest Review (PIR) in accordance
with Clean Water Act Sections 10 and 14 of the Rivers and Harbors Act. According to the FEIS,
neither the LEDPA nor the PIR is addressed in this FEIS but will be part of USACE s Record of
Decision {ROD). The NPS asserts that there 15 strong public interest regarding ongoing
operational problems with the existing Turkey Point facility, which would be complicated by
Umits 6 and 7, affecting the success of the multi-billion dollar Comprehensive Everglades
Restoration Plan (CERP) and 1ts Biscayne Bay Coastal Wetlands (BBCW) project, as well as the
ecological health of Biscayne and Everglades NP fragile resources. As such, the NPS fonnally




requests that USACE provide its LEDPA and PIR for public review before it issues its ROD.
Public comment is not only warranted on the review of the LEDPA, but vital to ensuring that
USACE decisions are not contrary to the public interest; are 1 agreement with the content of the
FEIS: and ensure CERP and NPS resources are unnecessarily adversely impacted.

On June 20, 2009, FPL submitted 2 Combined Construction and Operating License (COL}
application to the NRC to build two additional nuclear reactors at the Turkey Point power plant
facility in Homestead, Florida. Other proposed infrastructure includes the construction of
additional access roads, bridges, a reclaimed water treatment facility, reclaimed and potable
water pipelines, Radial Collector Wells (RCW) and associated pipelines, expansion of an
existing barge basin, and two separate electric transmission corridors. The Turkey Point power
plant complex is located adjacent and contiguous to Biscayne NP and Biscayne Bay and two
miles south of Biscayne NP's visitor center. Everglades NP's boundary is located seven miles
west of the facility and, as will be articulated throughout this letter, its resources would also be
impacted by construction and operation of the project. FPL has also proposed to construct the
western powerline adjacent to Everglades NP and the eastern powerline corndor within a smali
portion of Biscayne NP where FPL has an existing powerline easement. Taken together. this
project poses serious direct and cumulative impacts to NPS resources. As such, the NPS
questions whether 1t 15 good public policy to further expand a nuclear power plant already
experiencing environmental problems in a location between two national parks, experiencing an
clevated rate of sea level nise, and 1s highly vulnerable to storm surge. Moreover, the NPS does
not have confidence that mitigation can adequately compensate for adverse impacts.

As a cooperating agency, the NPS has continually shared its concerns regarding the accuracy and
adequacy of the impacts analysis regarding NPS resources and the CERP. The NPS submitted
comenents on the Preliminary Draft FEIS on July 8, 2016; Draft Environmental Impact
Statement (DEIS) on July 17 and 23, 2015; preliminary draft hydrology and ecology sections of
the DEIS on October 8, 2014 and November 25, 2014: Draft Biological Assessments and
Essential Fish Habitat Report on January 31, 2014; and scoping comments on August 16, 2010,
We have enclosed these documents and mcorporated them by reference into this letter,

I. Alternative Site Analysis

As the NPS has stressed throughout this process, it does not seem to be in the public interest to
expand a power plant adjacent to Biscavne NP and near Fverglades NP. Combined, these
Natwonal Parks contributed approximately $135 muillion in 2015 to the local economy, and further
provide a enitical tunction of buffering mland areas that would otherwise be more vulnerable to
hurneanes, storm surge, and sea level rise. Moreover, both parks contain numerous fragile
threatened and endangered species, and are undergoing major multi-billion dollar ecological
restoration activities. Nonetheless, the NRC and USACE have not fully considered altemnative
sites for the project aside from Turkey Point.

I'he analysis of environmental impacts for all of the enerey generating alternatives is based on
locating them solely at the Turkey Point location. As an example, the analysis for the natural gas
alternative assumed building and operation of a natural-gas-fired plant at the Turkey Point site
without analysing siting the plant at a different location.




EPL applied different critena to sereening the non-Turkey Point sites than it used to screen the
existing Turkey Point site. In the analysis of environmental impacts for siting locations at
Glades, Martin, Okeechobee, and St. Lucie, these sites were only evaluated as to the
environmental impacts of siting 2 new two-unit nuclear power plant. It is unlikely that the
Turkey Point site would have ranked as high for FPL if there was not an existing, operating
nuclear power plant at that site. FPL selectively applied its own screening criteria to the other
candidate areas mncluding, but not limited to, avoidance of high population areas, ecologically
sensitive and special designations, and special dedicated land uses such as national parks. It is
probable that the Turkey Point site would have been screened cut utilizing the above criteria.

The siting analysis overlooks the impact of supporting infrastructure, such as the FPL’s proposed
Western Transmission Cornidor nearly adjacent to Everglades NP. It also neglects to consider:

e the presence of major Federal mvestments including Biscayne and Everglades NPs and
numerous other protected areas;
e the mgh concentration of sensitive Federal and State listed Threatened and Endangered
species n South Flonda, a biodiversity hotspot;
e Federal, state, and nonprofit invesiment in the multi-billion CERP BBCW Project;
major problems relating to the Industrial Wastewater Facility (IWF), including violation
ot its National Pollution Discharge Elimination System {(NPDES) permit, recent algae
blooms, and a demonstrated hydrologic connection to Biscayne Bay and Biscayne NP;
@ the subterranean hypersaline plume underlying the Turkey Point facility and Bisca&nc_;&_
NP, which was created by (and remains hydrologically connecied to) the IWF;
e/ radioactive tritium, a tracer for the IWFE, is found well above background levels within %
Biscayne NP and Biscayne Bay;
e/ the IWE poses an acute risk to sensitive NPS resources from hurricane and storm surge )&

events;
@ sea level rise 1s occurring at an increased rate in South Florida; 9‘{%

e the site of Umts 6 and 7 1s important mud flat and wetland habitat for shorebirds and
nearly adjacent to the NPS boundary;

e impacts to the experience of National Park visitors and recreationists, where park
visitations brings an estunated $135 mullion (2015) to the local economy; and

o the presence of Metropolitan Miam, which is clearly within the 50 mile radius and is the
eighth most populous urban area in the United States. Any evacuation would require a
route gong north toward the City of Miami and heavily populated areas which are
downwind of prevailing winds during much of the year.

As such, cumulative impact levels for water and ecological resources at Turkey Point are grossly
underrated in the FEIS.

The NPS contends the FEIS does not sufficiently support the NRC”s conclusion that “from an
environmental perspective, none of the viable alternatives 15 environmentally preferable to
building a new baseload nuclear power generation plant at the Turkey Point site.™ 1t appears that
the four inland alternative locations do not pose the same level of environmental concern.




Additionally, a number of pending legal actions exist that have an impact either directly or
indirectly on this project. Among these is a now final order issued by the Third District Court of
Appeal (3rd DCA) reversing and remanding the Final Order on Certification (Siting Order)
rendered by Florda’s State Sitin® Board; FPL’s pending motions were denied on November 22,
2016. The Siting Order was reversed 1n ifs entirety (1.e. Units 6 and 7 and supporting
wnfrastructure, mcluding the Western Transmission Corridor), not in part, and remanded for
further review conststent with local environmental regulations, comprehensive plans, and
applicable envirommental regulations.

As further evidence of the existing and potential future infeasibility of nuclear expansion at the
Turkey Point site, FPL has stated earlier this year before the Florida Public Service Commission
that they plan to take at least a four year “pause™ before construction to analyze economic factors
affecting the decision to proceed with an expanded nuclear facility at Turkey Point.

The NPS continues to assert that scientific uncertainty and numerous legal and regulatory issues,
maost of which relate to the IWF, and the uncertainty of when this project couid be built should
be considered and resolved before Units 6 and 7 are built because they may exacerbate current
problems.

SAME AQGumMENT AlPL(F¢
I. Units 6 and 7 Increases IWF Risk to Biscayne NP To TeL Unle 324 T‘«EU@HE{

A basic question neither the FEIS or FSER addresses is how the construction and operation of
Units 6 and 7, which would be surrounded by IWF canals, would impact the surrounding arca if
a hurricane and major storm surge event were to occur. Because of its coastal location, experts
have noted and 1t has been well publicized that reactors at Turkey Point are similarly susceptible
as those in Fukushima, Japan to natural disasters. For example, how would the outer walls of the

Jmits 6 and 7 block 1sland atfect the IWF, Biscayne NP and Biscayne Bay, if the eye of
Hurmicane Matthew, or a comparable storm, passed over Turkey Point? In October 2016,
Humcane Matthew passed very close to the Florida coast as a Category 3 to 4 storm and created
more than 12 feet of storm surge in Lake Worth, located 90 miles north.

A conceming and reasonably foreseeable scenario 1s that a storm surge event would push
Biscayne Bay water westward over the narrow eastern berm and across an IWF canal before
contacting the outer wall of Units 6 and 7. Polluted IWF water could then be pulled back in part
into Biscayne NF and Biscayne Bay either over the narrow eastemn levee or through subsurface
connectivity. There is also a high likelihood that such a storm surge event upon contact with the
outer walls of Units 6 and 7 could be driven back toward the levee thereby causing a breach of
the,castern levee and driving significant amounts of polluted IWF water into Biscayne NP and
the Biscayne Bay. Breaches of the levee further south could also cause newly stored Units 6 and
7 dredge spols to enter Biscayne NP and Biscayne Bay. These risks would likely increase when

toreseeable scenarios are not analyzed in either the FEIS or Safety Report. The enclosed map
titied “Hurricane/Storm Surge Risk to Biscayne National Park™ depicts this concern in detail.

future sea level rise 1s combined with a storms anticipated storm surge. These reasonably J

Even though much can be leamed from prior storm events, models that analyze past storm
forward speed, trajectory, and initial tide level show that a storm as small as a Category 3 could
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lead to over wash of the I'WF under the right conditions, and larger storms and sea level rise
increase that likelihood. The NPS enclosed map titled “Modeled Storm Surge from Category 3
and Category 5 Hurncanes” further illustrates this concern.

The NPS raised these concerns previously and was advised by NRC that they would be )

considered in the FSER. However, upon review, it appears that the FSER solely analyzes safety
issues within the Unit 6 and 7 block island. The NPS has routinely asserted that the IWF is
unsustainabie and that its presence adjacent to the National Park System’s preeminent marine
park poses a serious risk to sensitive NPS resources in the event of 2 major hurricane and storm

surge event. Excessive IWF water entering Biscayne NP and Biscayne Bay would likely impair
NPS resources for future generations to enjoy, which the NPS is required to prevent under the
1916 NPS Organic Act, as well as the “rare combination of terrestrial, marine, and amphibious
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II. Direct and Cumulative Impacts to Federal Investments D’N ,r"i' < ?;E
¥

The FFIS neglects to recognize and accurately reflect past and existing environmental unpacts "'Fr 23573
from the Turkey Point facility and reasonably foreseeable future impacts that would occur o / iu)f

through the construction and operation of Units 6 and 7 and supporting infrastructure.

e Comprehensive Everglades Restoration Plan and Biscayne Bay Coastal Wetlands
Project: The NPS disagrees with the impact levels that USACE has assigned to the
cumulative impacts for surface water use, groundwater use, surface water guality, and
groundwater quality. While stating in one part of the FEIS that withdrawals of surface
water from the L-31F Canal would only be allowed during periods of excess flow,
consumptive use of surface water from L-31F would not alter the volume of water in
Biscayne Bay. As such, the FEIS is inaccurate because the important 1ssue is maintaining
freshwater delivery to Biscayne Bay, not the volume of saltwater in the Bay. Flsewhere
the FEIS states that the use of surface water from the L-31E Canal diverts it from and
could result in less freshwater available for CERP BBCW Project. The NPS considers
this a diversion and elimination of freshwater that will negatively impact Biscayne NP,
Biscayne Bay, and the BBCW Project.

© Industrial Wastewater Facility: The FEIS understates the negative cumulative impacts
of past, present, and future use of the IWF, Despite extensive monitoring over a period
of years. a hypersaline plume also containing other poilutants such as phosphorus.
nitrogen and ammonia has been allowed to migrate west toward Miami-Dade County’s
drinking water wellfield and east to Biscayne NP and Biscayne Bay. The presence of the

. tracer element tritium in Bay waters adjacent to the Turkey Point facility is evidence of
connectivity and movement of the IWF water into the ecologically sensitive waters of
Biscayne NP and Biscayne Bay m violation of FPL’s strict liability NPDES permit as
well as the Federal Court 1971 Final Judgment. At present there is no guarantee that any
efforts to eliminate the plume and its movement will be successful.

e Radial Collector Wells: The NPS ts concerned that the analysis in the FEIS is
maccurate because it relies on an assumption that the RCWs will be used as a water
source only in an emergency and on a short-term basis. The FEIS does not analyze
whether extended RC'W operations could draw the subterranean hypersaline plume




e Chemicais of Emerging Concern {CECs): Given the large volume of reclaimed
wastewater used for Units 6 and 7 (up to 120 Million Gallons per Day (MGD)), even a
very low concentration of CECs that are released and fall within the NPS boundary or the
Bay, will provide a loadihg over time that is physiologically and ecologically significant.
These areas as Outstanding Florida Waters have and non-degradation standard under the
state.

¢ Roads: The 3rd DCA found that filling land and constructing structures i the East
Everglades would negatively impact sheet flow and the hydrologic resources of the area
thereby adding more negative cumulative impacts to the proposed expansion project.

The 3rd DCA further found that the effect on the area’s hydrology would destroy the
plant species that supplies the base for the food chain in the ecosystem and will adversely
affect the endangered birds that nest and feed on the west side of the L-31N Canal; in
addition, these adverse impacts would also affect the County’s water supply. However,
given the 3rd DCA decision, the location of roads is uncertain at present.

If you have any questions, or need additional information regarding our comments, please
contact Energy and Environmental Protection Specialist Bryan Fachner at (202) 513-7256 or
bryan fachner(wnps.gov.

‘umn:. c:r{*I}r,

BlopA

stin J
Regmnal Director

Enclosures (2)
Map titled “Hurmcane/Storm Surge Risk to Biscayne National Park™
Map titled “Modeled Storm Surge from Category 3 and Category 5 Hurricanes™
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Chairman Stephen G. Burns, Commissioner, U.S. Nuclear Regulatory Commission

Kristine L. Svinicki, Commussioner, U.5. Nuclear Regulatory Commission

Jeif Baran, Commissioner, 1.8, Nuclear Regulatory Commission

Vonna Ordaz, Office Director (Acting), Office of New Reactors, U.S. Nuclear Regulatory
{ommission

Anna Bradford, Deputy Division Director, Division of New Reactor Licensing, Office of New
Reactors, LS. Nuclear Regulatory Commission
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Evidence of-salt plumeﬁnder Turkey Point
nuclear plant goes back years

HIGHLIGHT!

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
e
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The cooling canals of Turkey Point 4.03
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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@miamiberald com

BY JENNY STALETOVICH
Jstafetovich@miamiterald 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 CEQ Eric Silagy told the Miami Herald
editorial board earlier this month as he laid out a list of on-going fixcs.

“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 supplies and contaminating Biscayne Bay.

http:/fwww. miamiherald comfnews/localfenvironmentfarticle 73233802 . htmi Page 14
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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
torced 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 sped : " a . =
Every 8 minutes, we respond to a disaster. T4

At the time, American =
system” not im Red Cross HELP NOW -

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 easlier 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 judge in February faulted the Florida Department of
Environmental Protection for being too weak and not eiting FPL.

Diespite 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 urility.
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 Bamaby Min. :

In the meantime, the salt plume continues to grow. According to the DEPs 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. -

11

“THEIR FIRST ORDER OF BUSINESS HAS TO BE TO DO NO HARM TO OUR COMMUNITY AND TO
OUR ENVIRONMENT."

Miami-Dade County Commissioner Daniell 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 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 pood stewards, so it's especially
incumbent upon them to set the example.”

http:/iwww. miamiberald.com/news/lecaljenvironment/articla? 3233802 htmil
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Turkey Point's leaky cooling canals
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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 apency has been meeting with county, state
and FPL officials to collect information. The agency has already 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 weilfield west of the canals. The county, which this week passed a resolution raising
Comcerns, is considering buying land further west to relocate itz 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 aquifey, a pitted layer of coral rock that looks more like a
hardened sponge than solid pround.

In 1972, when the canals were ereated — 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 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.

B>
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Turkey Point's leaky cooling canals

Using tritium, a radioactive isotope found in cooling canal water, Tritium concentration (pCi/L)
Miami-Dade County officials detected canal water spreading T 159 - 419.05 M 2,088.89 - 2,506.36
through groundwater between 2011 and 2013. While tritium is not at [ 419.05 - 836.51 3 2,506.36 - 2,923.82

dangerous levels, canal water could be causing elevated amounts 836.51-1253.97 [ 2,923.82 - 33M.28
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Turkey Point's salt problem explained

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 Chvil, 2 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 mterceptor ditch was important because South Florida's drinking water supply also sits
just below the surface in the Biscayne aquifer. Canals dredged in the 19405 to drain the
Everplades had caused the salt front to migrate inland. But over the years water MATAZCTS
installed hundreds of gates and other controls to stop the migration — and in some cases,
even reverse it.

But by the 19805, 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 swrounding 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 = v inns than in Biscayne Bay — had
r?‘fg:d Southwest 137th Avenue about three miles to the west,
il S Pl = oo - _.-—“‘/
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“THEY NEVER REALLY DID A LONG 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 linde 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,

http:/fwww miamiherald. comnews/localfenvironment/articla? 3233802 html
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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 offsct 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 11.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 carly as 1971 that saltwater could migrate inland even if the ditch was propethy

operated. Chin also found the ditch only blocks shallow saltwater from spreading — and the
canal system was pushing it deeper into the Biscayne aquifer.

Faged with increased serutiny, FPL hired its own engmecrs to look for remedies, according
w0 an in-house study Torcise obtained in ki sompleted in August 2011, the
study found that canal water had pfoved 3.5 miles west of the plant and was spreading at a
relatively brisk pace of 500 fect a year question, an FPL spokesman this
week revised that figure, saying the rate has since slowed to just over 120 feet a year.

FPLs engineers offered five alternatives, including building massive sluny-n‘-.ralls underground
to stop water from nmvmg at a cost of $134.4 nullmn_._gﬁt the cheapeét and preferable B

ﬂ]tﬂﬂﬂtl\rﬁLM neers said, was adding fresher water from the Floridan aguifer.

THE alternative is attractive because it cHeTtvely removes the source of the hypersaline
water,” engineers wrote. But a “potentially negative aspect” uf the 1e
did nothing to stop the westward movement of saltwater. Nor did the other four.

, was it

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 201 1, as part of
their effort to confirm tritium as the best tracer, district hydrologists John Janzen and Steven
Krupa found that canal 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 CGard 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.

44
“WE ALWAYS SAID WE WERE PART OF IT, BUT THERE'S OTHER FACTORS.”

EPL senior director Steve Scroges

“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 Scroges said this week. “It's
easy to say it’s all FPL. It's not.”

gavianment/article? 3233802 htmi Page 5 ¢
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Meanwhile, the boundaries of the tritium were growing clearer. A Miami-Dade County
contour map of samples in 2011 and 2013 show tritivm detected well beyond cooling canal
borders. County officials had been keeping an eye on the wells, but had no authority without
a water quality viclation, said Lee Hefty, director of the Division of Environmental Resources
Management. Instead, he said, they pushed for the district to act.

In April 2012, the Water Management District finally officially notified FPL that the canals
were in violstion. 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
taulty modeling. While adding Floridan water reduced saliniry in the canals, it did nothing to
reduce the underground plume.

District consultant William Nuttle also concluded more water would just increase secpage
and warned that FPL failed to account for local conditions including a major change on the-
horizon: sea rise. A foot rse, 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 our 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 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 mto 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.

(49

“IFIT'S SUCH AN IMPORTANT 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 Managarment

N N~ < —

*If it's such an importane facility, you would expect its design would not be based on the
weather,” Hefty said. "It sounds like a funny thing to say, but really it’s a fairly significant
facility. T would have expected their design engineers would have contemplated how that
facility would operate withour rain.”

FPL's S¢roggs also said that when the canals were briefly shut down, sediment built up in the
northwest corner, which slowed flowed, turmed the water browner and hotter, and caused an
algae bloom to spread. Sediment had not been removed from the canals since 19905,
Scroggs said, because it is cxpensive.

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

hrtg:/www. miamiherald comfnewsflocalfenvironment/article73233802 _html Page G ¢
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The state’s decision, South Miami Mayor Phil Stoddard said, comes as no surprise given the
utility’s palitical connections,

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

On May 15, FP'L 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. Effores to
address the plume was delayed not by them, Scroges 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 peaple and multiple interests. But at the end of the day, we've moved to a place
where we're taking action.”

Foilow fenny Staletovich on Twitter gjenstaletovich
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Memorandum %@

Date: March 7, 2016
To: Honorable Chairman Jean Monestime

and Members, Board of County Commissioners

From: Carlos A. Gimener
Mavyor y s A
t
Subject:  Report on Recent Biscayne Bay Water Quality Observations associated with | lorica
Power and Light Turkey Point Cooling Canal System Operations — Directive 152884

Commissioner Llevine Cava at the December 15, 2015 Board meeting for a report regarding
preliminary information on water quality impacts fo Biscayne Bay associated with operations of the
Florida Power and Light Turkey Point Power Plant Cocling Canal System

The following 1s provided to the Board of County Commissioners (Board) pursuant o a request by

if you have any questions or concemns, please contact Lee N Hefty, Assistant Director, Division of
“nvironmental Resources Management, Department of Reguiatory and [ conomic Resources, at
(305)372-6754 or at heyliMmard e cov

Attachment

¢ Abigail Price-Williams, County Attormey
Office of the Mayor Senior Staff
Lourdes M Gomez, Deputy Direclor, Department of Reg ¥ and Fconomic Resources
Lee N Hefly, Assistent Drector, Environmental Resoure fanagemen:, Deparment of
Regulatory and | conomic Resources
Charles Anderson, Commission Auditor
fugene Love, Agenda Coordinator
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Report on Recent Biscayne Bay Water Quality Observations | .
associated with L
FPL Turkey Point Cooling Canal System Operations

Sackground

FPL owns and operates a Cooling Canal System consisting of an approxamately 5,900 ace
network of untined canals at the Turkey Point Power Plant The Ceoling Canal System was
constructed in the early 1970s and serves as Turkey Point's Industrial Waste Water Treatment
Facility In that function, the Cooling Canal System serves as the heat sink jor the power plant
and it also receives industrial waste water discharges from plant operations  The Cooling Canal
System water removes excess heat from power plant operations and is then returned o the
Cogling Canal System where it cools by evaporation  As a result of the evaporation [rOCess,
chemical constluents in cooling canal water such as dissolved sal's become more
concentrated.  Histoncal data indicate that inital sahnity (dissolved salts) levels in the Cooling
Canal System in 1573 were less than 30 practical salinity units and were lower than levels
typical of marne waters such as Biscayne Bay However, long term moenitoring data indicate
that water qualty within the Cooling Canal System has deferiorated over ime The Cooling
Canal System is a "closed loop” system because it is not directly connected to adjoining surface
waters. However, the porous geology of the underlying Biscayne Aquifer allows water fom the
Cooling Canal System to move freely through the ground beyond the limits of the Cooling Canal
System and beyond the property boundarnes of the Turkey Point Power Plant This creates
concerns with potential impacts of the poorer gualty Cooling Canal System water reaching
sensitive water resources beyond the boundaries of the Cooling Canal System

History

In October 2008, FPL received approval from the State of Florida to modify the existing nuclear
power piant units to increase ther power generating capacity (referred to as an “Uprate” or the
“Uprate project”). As a condition of that approval, FPL implemented an enhanced monitoring
plan 1o evaluate the potential water quality impacts associated with imnlementation of the
Upraie and the Cooling Canal System. Following commencement of construction on the nowes
plant uprate work at Turkey Point in early 2012, water quality in the Cooling Canal System
{urther deteriorated ultimately affecting the heat exchange capacity of the water in the Cooling
(anal System By the summer of 2014, salmty levels m the Cooling Canal System had
reached a record high of more than 100 practical salinity units, wiich is approximately three (3)
times the saimity levels typical for Biscayne Bay. In addition, intake water temperature in the
Conlmg Canal System had exceeded the federal operating license criteriz of 100 denrees
Fahrenheit, reaching nearly 102 degrees Fahrenheit and requinng FPL o seek and obian
approval from the Nudear Regulatory Commission for 2 new intake operating lemperature lims
of 104 degrees Fahrenheit

in order {0 address emerging operational concerns with ‘he Ceooling Canal System, FPL
proposed o Improve waler quaiity by pumping additional water into the Codling Canal System
Under tius approach, FPL sought approval for use of water from the 1310 Canal as a
temnporary source of freshwater to improve water quality in the Cooling Canal System In Augus
2014, the South Florndza Water Management Distict issued an Emergency Order fo FPI
authorizing the temporaty installation of pipelines and associated equipment to Sansfer wates
fom the 1. 31F Canal to the Coolng Canal System to moderzte the unusually high
lemperatures and salinity in the Cocling Canal System  In September 2014, the Board of
County Commissioners (Eoard) approved Class | permst application CL1 2014 0312 authoriring
024 awes of temporary impacts to halophytic {sait tolerant) wetlands for the ‘emporary
nstallation of two, 36 inch above ground pipelines to facilitate the transfer of water from the |

31E Canal to the Cooling Canal System in an attempt to address the higher salinity and higher
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temperatures i the Coohng Canal System. As a condition of the approval and pursuart o the
Class [ permit, the temporary pumping activities ceased October 15, 2014, and the pipes were
removed

Nonttoring data mdicates that the Cooling Canal System salinity and temperzhre began to
temporanly mprove i late summer of 2014 with salinity decreasing to near 60 oractical salinity
units by October of that year However, salinity and temperature began to increase over the
winter months and early spring of 2015, FPL subsequently sought approval fo reinstall the
pipes to again convey water from the L31E into the Cooiling Canal System. In April 2015, the
South Florida Water Management District issued a Final Order to FPL, authorizing the
temporary pump installation and water withdrawal from the L 31F Canal as a temporasy
measure 10 oLcur June 7 through November 30, 2015, and June 1 through November 30, 2016
The Final Order required that the state-mandated daily water reservation for Biscayne Bay (504
acre feet/day) be achieved prior to FPL's use of water from the 1.31E.

in May 2015, the Board approved a modification to the Class | permit to authorize reinstaliation
of the pipelines in wetlands to facilitate an additional period of water transter from the 1 31 ‘o
the Cooling Canal System, but the Board approval limited the acthorized ime period o one n
season from May 26, 2015 through January 1, 2016. As a result, the Class | Denmit reguired
that the pipelines be removed by January 1, 2016. In addiion. the pennt required that
additional water quality monitoring stations be established to further svaluate amy potential
impact asscoated with pumping additional water into the Cooling Canal System. and the permit
required that FPL develop a long term plan to address water quality issues associated with the
Cooling Canal System. By December 2015, salinity levels in the Cooling Canal System
decreased to 34 practical salinity units following the pumping of additional water from the 1 33f
and unusually heavy ran. FPL requested 2 second modification to the Class | permit in
Movemnber 2015 to allow the pioes to remain in wetlands through May 2016, but not allow use of
the pipes for pumping water from the L31E durning that imeframe. The request would allow the
pipeiines to remain in wetlands over the winter months while FPL evaluzted emerging water
quality data and considered the need for use of the pinelines for pumping additional water
during the summer of 2018. The Board approved the modification request alloveng the pipes b
remain until May 31, 2016, during such time when pumping of water om the 131f = not
authorized. It should be noted that FPL will need further approval from the Board for the
pipelines 10 remain beyond the May 31, 2076 date and for use of the ripelines to pump any
additional water from the L31E Canal into the Cooling Canal System

Impact on Biscayne Bay

As noted above, long term monttoring data indicate that water quality within the Cooling Canai
System has deteriorated over time (Attachment A). Due to the porous nafure of the Biscayne
Aquifer underlying the Cooling Canal System, a hyner saline plume of Codling Canat Sysfemn
waler Nas migialec oiiside the boundagies of the Ceoling Canal Systeny thoogh the
grouncwaler and has moved beyond the boundanes of the Turkey Pomt faciity property
Pursuant to Flonda law, the siting and permitting of power plants are reviewed and approved by
the Glate under the Power Plant Siting Act. In s role as an affected agency, Memi-Dade
County participated in the State’s Power Plant Siting Act process and pravided comments to the
siale on conditions of certification for the Uprate Project at Twrkey Point  The Power Plant
Siting Act certification for the Uprate Project includes a condition that requires FPL o take
additonal measwes if the State contiudes the project is causing harm to waters of the State or
exceeding State or County water quality standards Followmng review of monforng data from
the uprate montloring program, County staff advised the State of concerns with water quality
impacts assocated with the Cooling Canal System and of mpacts o water resources of the
County and the State. On December 23, 2014, the Stzte of Florida Depariment of
Environmental Protection issued an Administrative Order to PP reqgarding water gualily issues
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associated with the Cooling Canal System  However County . stelf did not agmes that the
Administrative Order adequately addressed concemns related o these mpacts. Therefore, on
February O, 2015, WMamiDade County filed an objection to the Administrative Order and
requested an adrunistratiVe heanng on the matier |n addition, County staff advised F PL of the
County's mtention to pursue corective achon under Miami Dade County’s own reguiatory
authority

Cn October 2, 2015, the Diuision of Emdonmental Rescurces Managament (EERM) within the
Department of Regulatory and Economic Resources issued FPL 2 Natice of Violation and
Motice for Corrective Action for violations of the County's water quality standards for chloride in
groundwater outside of the Cooling Canal System and beyond the boundaries of the property
(Attachment B FPL expressed a wilingness to address the County’s concerns by
implementing corrective actions, and DERM and FPL met o discuss regured actions On
October 7, 2015, FPL entered into a Consent Agreement with Miami Dade County (Attachment
) The Consent Agreement includes components of a long term plan for FPL to address water
quality issues associated with the Cooling Canal Systern The Consent Agreement requires FPL
to implement actions to abate water quality within the Cooling Canal System to reduce the
threat the system poses to adjcining water resources To address this isue, FPL proposes to
use water from wells constructed into the Florida Aguifer to supply watler fo the Codling Canal
Lysiem to control salimity that would otherwise continue to morease due o evaporation. In
addition, the Consent Agreement requites FPL to remediate water guality impacts of the hypas

salime piume that has migrated landward outside the boundaries of the property. To address
this issue, FPL is obligated under the Consent Agreement ‘o dezign and constiuct a network of
growzxdirter exiraciion wells along e ndenrd borgdlary of the facilty to caphre, contan, and
telract the hypersaline plume The wells wil extact hyper-saline water fom the surficial
Brcayne Aquifer and dispose of it via deep well infection imto the boulder zone of the Floridan
Aguifer  Other components of the Consent Agreement require FPL to! a) evaluale other
sources of water to control salinty in the Cooling Canal System including the use of reuse water
from the County's South District Waste Water Treatment Plant, b} evaluate existing operations
of the Coonling Canal System Interceptor Ditch onginally implemented to control the westward
rugration of saline water from the Cooling Canal System to dentify improvements or
alternatives. ¢) modify water management operations at then neighbonng FPL-owned
Everglades Mitigation Bank to minimze overdrainage of the basin, which it tnder existing
pressure of salt intrusion exacerbated by the westward migration of the hyper-saline Cooling
Canal System groundwater plume; d) provide flowage easements o the South Florida Water
iManagement Distact if required, and e) agree o work cooperatively with agencies involved in
regional testoration effors relsted 4 the Comprehensive Everglades Restoration Plan Biscayne
Bay Coastal Wetlands Project and other hycrologic improvement projects  FPL is presently
implementing the requirements of the Consent Agreement.

As previously stated, monitoring data indicate that a hyper-galine groundwater plurne oiiginating
from the Cooling Canal System has migrated landward and s mmpacting water quaiity  Factors
that affect movement of Cooling Canal System water and the groundwater plume include water
elevation (or stage) in the areas surrounding the Cooling Canal System, the stage of the water
n the Cooling Canal System, and the density of the various water segments. In addiion tothe
existing water quality monitoring network associated with previous State and County apnrovals
{and due to concerns with potential oiiste migration of Coolng Canal System water as a2 result
of pumping additicnal water from the L31E Canal and other sources into the Cooling Canal
System), the modified Class | permat required that addttional monitonng statons be established
in parbicular, the permit reguued that FPL estabich water qualily  mongonng stations
immediately adjacent to the Cooling Canal System in surface waters tidally connected to
Siscayne Bay Additonal surface water stations were established i June 2015
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months snce the sampling began  In particular, the data indicate that concenrations of
nuinents such as phosphorQus and ammenia began to increase in September 2015 and
continued fo increase ovel the next few months For example, data resul's for ammonia at
station TPEBSW 7E were below the County's water quality standard of 0.5 miligrams per liter
duning mnitial sampling from early June through late August 2015, but these values increased to
as much as 3 29 milligrams per Iter by December 2015 Flevated levels of phosshorous wers
aiso detected in excess of the state numeric nutrient criteria of seven (7) paris per billion wath
results typically ranging from three (3} to 230 paris per billion with one {1) result as high as 383
parts per billion Other sample results included higher than normal salintties and temperaiures,
as well as higher than expected levels for chlorophyll, which can be an indication of aigal
blooms. The data indicate that the observed increases coincide with increases in the water
stage within the Cooling Canal System (Attachment D). ! should be noted that unusually heawy
localired rain in the f2ll of 2015, combined with FP's pumpmg of addifional water from the L-
31E Canal, as well as additional water associated with operation of the Cooling Canal System
interceptor Ditch pumping lead to record high water stage in the Cooling Canal Syetem in
December 2015 (Attachment £) This record high water stage inn the Cooling Canal System
would be axpected {o resul m increased seepage of water from *he Cooling Canal System into
surrotndng ground waters and periaps surface waters

Monitoring data fom these stations has documented changes in water qually over several

in late December 2015/early January 2016, DERM staff conducied a special sampling event
jointly with FPL to further evaluate and confirm these earlier findings Because the exsting
stations are sampled at the bottom of the water column. additional water SNpIes Wele alko
collected at multple depths at cach station to better evaluate the potential mfluence of
groundwater on surface water at these sites. In addition to resampling the exising siations,
addiional locations with similar site characteristics were also sampied in the wicinity of the
Cooling Canal System These stations are characterized by baing deeper dredged areas
iocated near the Ceoling Canal System  Water depths at these sites are as much as 24 feet
ceep in some areas 1 is likely that the groundwater plume associzted with the Cooling Canal
System is intersecting these deeper areas  As part of Hhis sampling effort, DERM also collected
suriace waler samples for trithum analysis. Tritium is an isotope of hydrogen that is frequently
assowated with the operation of nuclear power nlants. Water in the Cooling Canal System has
nigher levels of Gitium than levels found naturally in the environment and hifium = “erefore
being used au 2 Facer to track the movement of Cooling Canal System water i this area. Uver
the past fve-yeln period, ftium levels in the Cooling Canal System typically ranged between
1,200 and 16,500 picocuries (measurement of radicactive elements) per Iter (pCIL), while
levels for timm in the surface waters of Bizcayne Bay were tpecally less than 20 pCil.

Data results from the speaal sampling event confirmed earlier results showing elevated levels

of nutrients at these stations as well as at other similar deeper areas located i the vicmty of the

Sooling Canal System. Data results indicate that surface water qualbty at these sites iz stratfied

with better water quality at the surface and decreasing water quality with increasing depth.

Although most stations met County water quality standards for ammonia at the surface, nearly

all of these stations exceeded the County's water quality standard for ammonia at the bottom

with resuits fypically ranging between 1.3 o 2.6 millgrams per liter with one (1) sample resul as

high as 9.5 milligrams per liter Results for oitium were also stratfied through the water coluim
bated on sample depth, however all samples were hicher than backaround levels typical for

Biscayne Bay Most notably, nftum resuils for boltom samples at locations nearest to the |
“ooling Canal System ranged Som 2,652 104,317 pCill. The results for iritinm provide the ost/
compeling evidence that water onginating from the Cooling Canal System 1 reaching these
#dal suriace waters connected to Biscayne Bay
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In summary, water from the Covling Canal System is mugrating outside the houndanies of the
Cooling Caral System away from the Turkey Point facility property with impacis meastred

th surface and groundwater PPL is requred fo implement provisions of the Consent
Agreement fo address the.laridward migration of the hyper-saline plume However, Quther
evaluabor and achon 1= needed te address the recent discovery of mpacts o surface waters
tdally connected to Biscayne Bay. This includes further evaluation of the relations ip bebreen
the Cooling Canal Syslem and s assocaled groundwaler plume and mmpacts {o bdally
connecled surface waters In 7esponse fo the recent date, FPL is performing additional
modeling o further review the Cooling Canal System and groundwater flux under vanous water
stage scenarios  The cutcome of this effort will be needed {0 inform and refine FPL's long terny
plan for managing water qualily in the Cooling Canal System through the addition of other water
sources. DERM will continue to pursue tesolution of these msues throwgh provisions of the
existing Consent Agreement or through a subsequent enforcement action

Attachments Aflachment A Graph Hislorical Data for CCS
Adachment B. Natice of Violation
Altachment G Consent Agreement
Attachment D. Graph Increasing Ammonia i Tical Surface Water
Attachment £ Cooling Canal System Water [ eve! and Water Inputs
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Recharging the Floridan Aquifer:
Threats to the Floridan Aquifer

August 22, 2022

' Master Naturalist Spotlight Series

Recharging the Floridan Aquifer: Threats to
the Floridan Aquifer

Jon Heggie with National Geographic states, "Florida's
booming population is writing a water check its aquifers can't
cash " Some of the threats to the Flaridan aquifer include the
following:
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Figure 1: FDOT 2020 Population Growth

Population Growth

Florida's population has grown from about two million in the
19403 to around 21 million today, with a projection of over 26
million within the next 20 years

At the heart of the problem is over-extraction: there are simply
too many people taking too much water from the aquifer
(aboutblank). In the early, to mid-1900s developers began to
capitalize on Florida's natural beauty and warm climate,
draining wetlands to build homes and fueling development
that turned Florida into one of the fastest growing states an
estimated 900 people a day move here, adding another
200,000 peaple a year

The population growth also diminishes recharge as lands that
recharge the aquifer are drained and covered with concrete.

Contamination:

Groundwater quality is also impaired not only by point
contamination sources such as industrial or municipal waste
repositories but also by nonpoint contamination events such
as the widespread application of fertilizers and a wide range
of chemicals for increased agricultural production

Over Extraction (from other than population growth):

Of the seven billion gallons of freshwater used daily across
Florida’s agriculture, industry, power plants, and public water
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sectors, most are
taken from the
Floridan aquifer.
Half of all the
water taken from
the public supply
ends up watering
private lawns
Indoors, around 24
percent of a
household's water
goes to toilets, 20
percent is used for
showers and nearly
19 percent for
running faucets for
everything from

Figure 2 Construction site drainage

in Flagler County, photo by

Stephanie Hezel brushing teeth to
rinsing plates.

Saltwater Intrusion:
Matursl Conditions
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If water is pumped out
at a rate faster than the
aquifer is replenished,

the pressure of
freshwater over Figure 4: Source US Geological
saltwater in the land Survey (USGS.gov)

mass is decreased

This decrease may cause the level of saltwater to rise in the
aquifer, degrading water quality This problem can be
controlled by careful attention to well location and pumping
rates

The Effects of Climate Change:

Did you know since 1880, the global sea level has risen about
eight inches? Scientists expect the global sea level to
rise another one to four feet by 2100.

A changing climate impacts the quantity and guality of
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groundwater through increased risks of drought {aboutblank),
changes in precipitation (about'blank) and temperature
(about blank), decreases in snowmelt (about blank), and rising
sea levels (about blank). As the sea level rises, the amount of
saltwater infiltrating the groundwater aquifer will increase,
which can miake the water too salty for human consumption.

Protect and Preserve viable Recharge Areas:

With all of the threats to the Floridan aquifer, it's important to
protect and preserve those areas of NF Florida where,
when it rains, the water will filter through the sail and replenish
the aquifer to help ensure adequate and high-quality water
resources in the future
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In a little over 50 years, half of the freshwater basins in the US may not be able to meet our
usage demands. National Geograpic photographer Erika Larsen is in her home state of Florida |7 .

looking for ways to prevent a looming water crisis.
NATIONAL GEOGRAPHIC

BY JON HEGGIE Bl v =

PUBLISHEER JULY 29, 2020 = 8 MIN READ

This is Paid Content. The editorial staff of National Geographic was not
involved in the preparation or production of this content.

=

Millions of years ago, in the ocean above what is now Florida, a small
crustacean dies. It sinks to the seafloor where, in time, it is covered by the
skeletons of other fish, shellfish, and coral until it forms part of a thousand-foot
layer of limestone rock. Around 30 million years ago, sea levels fall, and Florida
emerges from the ocean to form dry land. But Florida never really dries out,
and water gradually erodes the porous limestone to form cracks, passages, and
vast underground spaces that fill with rain. This is the Floridan aquifer, the
natural freshwater reservoir that underpins life in the Sunshine State.

Florida’s famous springs are so large that they support entire river ecosystems,

such as the Suwannee and Santa Fe, and the underlying aquifer feeding these
springs provides most of the 100 to 150 gallons of water Florida residents use
every day. Indoors, around 24 percent of a household’s water goes to toilets, 20
percent is used for showers, and nearly 19 percent for running faucets for
everything from brushing teeth to rinsing plates. Half of all the water taken
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from the public supply ends up watering private lawns—some 900 million
gallons a day. Of the seven billion gallons of freshwater used daily across

Florida's agriculture, industry, power plants, and public water sectors, most is
taken from the Floridan aquifer. -
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Many residences in Florida boast lush gardens and are never very far from green recreational
areas. Almost 50 percent of domestic water usage goes on maintaining these manicured lawns—

all of which comes from the increasingly stressed aquifiers.
PHOTOGRAPH BY SHUTTERSTOCK
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Stretching beneath most of Florida the Floridan aquifer is the largest and
deepest in the state, and reaches into parts of Georgia, Alabama, Mississippi,
and South Carolina. It is an 82,000-square-mile reservoir that holds billions of
gallons of freshwater—some of it perhaps 26,000 years old. Across the state,
wells have been drilled to tap into this seemingly endless water supply. But
serious challenges to the Floridan aquifer are forcing residents to realize their
water supply may be limited. Over-extraction, sea level rise, and an increasing
risk of saltwater intrusion are all straining the aquifer's resources.

For thousands of years the Floridan aquifer has been capturing and storing
rainwater in a complex hydrological system. Florida is the fifth rainiest state in
the U.S., and, on average, receives 51inches of rain a year. About 70 percent of
all rainfall returns to the atmosphere through evaporation or transpiration by
plants, but Florida's loose sandy soils and porous limestone bedrock allow
around 13 inches of the rain that reaches the ground to soak into the earth. This
recharges the Floridan aquifer and keeps the water flowing from the state’s
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springs.

Every decade has seen at least one severe and widespread drought. And the
Floridan aquifer has always been able to recover, but the freshwater flowing
into some springs has dropped significantly. A 2018 study revealed a 32
percent reduction in average spring flows between 1950 and 2010; divers now
walk through caves that they previously had to swim through. The aquifer is in
trouble, and projections are that Florida’s freshwater basins may get even drier.

At the heart of the problem is over-extraction: there are simply too many
people taking too much water from the aquifer. In the 1900s developers began
to capitalize on Florida’s natural beauty and warm climate, draining wetlands to
build homes and fueling development that turned Florida into one of the
fastest growing states: an estimated 900 people a day move here, adding
another 300,000 people a year making more demands on an already stressed
water supply. And most of that water is drawn from the Floridan aquifer,

dangerously depleting its water levels.

When an aquifer’s water levels drop, the pressure that keeps water flowing
through it also drops and the system breaks down. In Florida, the health of the
aquifer is visible in its springs: with insufficient water to create high pressure,
the flows stop, algae forms, and the springs’ clear waters become stagnant and
brackish, and may even ultimately run dry. Research shows that a 10- to 20-foot
drop in water levels can stop a spring flowing; some urbanized areas of Florida
have recorded 90-foot drops. Silver Springs, one of the Floridan aquifer’s
largest springs, has seen its prodigious output fall from 500 million gallons to
around 200 million gallons per day—an alarming 60 percent decline.
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ADVERTISEMENT

Such a depletion of the aquifer’s water levels brings the danger of saltwater
intrusion. Beneath the Floridan aquifer is an ancient saltwater sea pushing
upward, but held in check by the freshwater above it. Over-extraction and
diminishing recharge are weakening the freshwater lens and allowing saltwater
to rise and seep into the aquifer at levels that make its water undrinkable.
Rising sea levels driven by climate change are speeding up this process around
Florida’s extensive coastline. If freshwater levels in the Floridan aquifer
continue to fall, the main source of usable water in Florida could be
contaminated—and the consequences would be devastating.
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ADVERTISEMENT

But saltwater intrusion can be reversed and there is still time to save the
Floridan aquifer. In 2017 the Department of Environmental Protection
proposed 747 projects to conserve water around the state. Ffforts are being
made to restore wetlands, including the Everglades, make development and
construction more sustainable, and create more reservoirs. There are also calls
for reform to curb the agricultural sector’s daily water consumption of 1.5
billion gallons. In some locations, desalination plants turn brackish and
saltwater into freshwater, but costs are twice as expensive. With household
water use one of the fastest growing drains on the Floridan aquifer, this is a
problem that everyone can help solve. Florida residents are being encouraged
to irrigate or water lawns less, take shorter showers, minimize toilet flushing,
and turn off faucets whenever possible. This includes making the most of
water-efficient washing machines and dishwashers and not pre-rinsing dishes,
which wastes as much as 20 gallons of water per load. A dishwasher and
detergent can do the work in a closed cycle that uses only five gallons of water.
If everyone altered a few of their water-wasting habits, it could make a big
difference to the health of the Floridan aquifer, and help in maintaining levels
of freshwater there that will reduce the risk of saltwater intrusion.
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Silver springs State Park is Florida's first tourist attraction, and the state’s popularity as a tourist
destination is only increasing; as is the stress this puts on the water supply. Developments of

everything from golf courses, to residential areas, to holiday resorts are rapidly dep...Read More
PHOTOGRAPH BY SHUTTERSTOCK

ADVERTISEMENT

But the water crisis is not restricted to Florida alone—or even California, Texas,
and Arizona. It is part of a wider national water crisis across that United States.
A government-backed study predicts serious water shortages in nearly half of
America’s water basins in around 50 years—sooner in some places. As the
nation’s population grows and climate change brings a hotter and drier normal
to many parts of the country, people are starting to recognize that it's time to
turn off the free-running faucet and build a more sustainable relationship with
the water we need to survive.
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Protecting Fresh Water

We're working to ensure clean water for Florida’s people and nature.
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Our long-term vision for freshwater conservation in Florida
is simple but ambitious: Florida must have enough clean

water for both people and nature.

-

The Florida Everglades, one of the only great grasslands in

the world, is marked by a silent, slow sheet of fresh water
moving above and below ground. This vast wetland provides
water to nearly 8 million people living in the southern
stretches of the state. The Everglades recharges the aquifer
as it slowly soaks up and releases waters southward. Asa
result of past wetland drainage, Florida has lost large
supplies of fresh water for both people and wildlife. But that

loss does not have to be permanent.

We're working to protect, restore and connect lands and
wetlands critical to the replenishment of the state’s aquifers.
These lands provide critical habitat for wide-ranging species,
like the Florida panther and black bear, as well as other

species such as the red-cockaded woodpecker and sandhill

crane. We completed restoration of the wetlands on our

Disney Wilderness Preserve, perfecting the process of

wetlands restoration over the last 20 years and applying
lessons learned to help restore other conservation land. We
work with ranchers in the northern Everglades to reduce
agricultural water use and nutrient run-off and to protect
lands for water recharge. This has provided a foundation for

meaningful change in the Everglades.
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GREAT BLUE HERON A mother and young nest in Florida's Everglades National Park. © Kent Mason

We helped preserve 350,000 acres and facilitated
expenditure of $280 million dollars through federal
programs to protect and restore wetlands that help replenish
the aquifer. Today, these wetlands are returning at least 500
million gallons of water from seasonal rains to the aquifer.
And, as part of these efforts, we helped secure The
Everglades Headwaters National Wildlife Refuge and
Conservation Area, the first refuge established in two
decades and the first of its kind in Florida. It links public and
private lands with 150,000 acres for recreation while helping
restore the natural flow of water to the greater Everglades.
These efforts are essential for improving water quality and
preserving wildlife habitat.
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FLORIDA SPRINGS Swimmer in a deep spring at MANATEES IN FRESHWATER SPRINGS Two adult
Ichetucknee Springs State Park in Fort White, Florida. © manatees share a special moment together while
Jennifer Adler aggregating in a freshwater spring in North-central

Florida. © Joseph Ricketts/TNC Photo Contest 2021

Because large-scale water storage and treatment is key to
restoring the health of the Everglades, we support the
completion of the regional storage and water-quality
projects that are part of state and federal programs for
restoring the Everglades. We helped to secure $200 million
in funding to support the multibillion dollar State and
Federal Everglades restoration effort, including funding for
completion of two large reservoirs, both of which capture
excess discharges from Lake Okeechobee to protect the
Caloosahatchee and St. Lucie estuaries from harmful algal
blooms caused by excess nutrients and pollution. These
projects are critical to improving the health of the estuaries,
which are damaged by high water releases from Lake
Okeechobee. We also support completion of the Herbert
Hoover dike to protect both people and nature from the
damaging effects of flooding.
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FLORIDA'S ESSENTIAL SOUTH DADE WETLANDS (1:40) 55,000 acres of
freshwater wetlands span across south Florida, linking two national treasures:
Everglades National Park and Biscayne National Park. TNC FL Field Rep. Roberto
Torres describes how this critical land helps to recharge Florida's aquifer,

preserving our precious freshwater resources.

Recovering Natural Springs

Florida’s springs provide critical groundwater to rivers and
estuaries while offering unique opportunities for swimming,
fishing and other recreational pursuits. Visitors contribute
hundreds of millions of dollars to Florida’s economy each

year.

Florida’s springs are struggling, though. The Floridan
aquifer, the source of groundwater for most of Florida’s
springs and 90% of the state’s drinking water, is being
depleted as water demand from urban areas and
unsustainable agricultural practices continually increase.
Pollution, including fertilizer and sewage runoff, invasive

species, excessive nutrients and erosion are also damaging

the health of our springs.
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MANATEES ATPLAY Manatees enjoy the waters at Three Sisters Spring, Crystal River, Florida. © Carol Grant

We are here to help. Our springs initiative focuses on
collaborative approaches to placing freshwater springs into
sustainable management and lasting protection. We’re
taking a multifaceted approach in key springs and
springsheds by developing restoration initiatives like pilot
projects, studies, springshed planning, land protection and
outreach. We’re using science to back us, examining water
flows needed to make springs healthy. We're demonstrating
how industries can minimize their footprint in the
springshed. We’re supporting education and outreach to
further the springs legacy. Protecting Florida’s iconic springs

is essential for wildlife, such as the Florida manatee.

https:[fwww. nature.orgfen-usfabout-usfwhere -we-work funited-states/floridafstories-in-Norida/florida-fresh-water Page 7 .




Protecting Florida's Fresh Water | The Nature Conservancy

Cur World/Our Florida

Despite recent declines in the quantity and quality of water,
we believe vibrant communities with sustainable economies
and healthy springs systems can coexist, but changes in
people’s behavior and actions will be necessary. TNC is hard
at work on the ground, in the water, and with local, state and
federal governments, universities, other environmental
organizations, businesses and individuals to ensure our

freshwater future,

Freshwater Fact Sheet

DOWNLOAD
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Seas have drastically risen
along southern U.S. coast in
past decade

Multiple new studies highlight a rate of sea level rise that is ‘unprecedented in at least
120 years’ along the Gulf of Mexico and southeastern U.S. coast

By Chris Mooney and Brady Dennis

Anal 10, 2023 at 500 am, 5DT

Seientists have documented an abnormal and dramatie surge in sea levels along the U.S. zulf and southeastern
coastlines since about 2010, raising new questions about whether New Orleans, Miami, Houston and other coastal
communities might be even more at risk from rising seas than onee predicted.

The aceeleration, while relatively short-lived so far, could have far reaching consequences in an area of the United
States that has seen massive development as the wetlands, mangroves and shorelines that once protected it are
shrinking. An already vulnerable landscape that is home to millions of people Is growing more vulnerable, more quick
potentially putting a larze swath of Ameriea at greater risk from severe storms and flooding.

The increase has already had major effects, researchers found. One study sugzests that recent devastating hurricanes,
including Michael in 2018 and Ian last vear, were made considerably worse by 2 faster rising ocean. Federal tide gaug
data from the National Oceanic and Atmospheric Administration suggest that the sea level, as measured by tide sauge
Lake Pontchartrain in New Orleans, is eight inches hizher than it was in 2006, just after Hurricane Katrina,

“The entire Southeast coast and the Gulf Coast is iceling the impact of the sea level rise acecleration,” said Jianjun Yir

climate scientist at the University of Arizona and the author of one of two academic studies published in recent weeks
that describe the changes.
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Yin's study, published in the Journal of Climate, calculates the rate of sea-level rise since 2010 at more than 10
millimeters or one centimeter — per year in the region, or nearly 5 inches in total throuzh 2022. That is more than
double the global average rate of about 4.5 millimeters per year since 2010, based on satellite observations of sea leve
from experts at the University of Colorado at Boulder.

While the annual totals might sound minor, even small changes in sea levels over time can have destructive
copsequences. Yin's study suggested that Hurricanes Michael and Ian, two of the strongest storms ever to hit the Uni
States, were made considerably worse in part from additional sea level rise.

“It turns out that the water level associated with Hurricane Ian was the hishest on record due to the combined effect «
sea-level rise and storm surge,” Yin said.

A second study by a Jong list of sea-level experts, led by Sonke Dangendorf of Tulane University and published in Nat
Communications, finds the same trend since 2010 across the U.S. Gulf Coast and southeastern coastlines, calling the
rise “unprecedented in at least 120 years.”

“It’s a window into the future,” said Dangendorf, who collaborated with experts at multiple U.S. Institutions and
Entain’s National Oceanography Center. The rates are so high in recent years, Dangendorf said, that they're similar te
what would be expected at the end of the century in a very hizh greenhouse zas emissions scenario.

An additional two studics on rapid sea level rise and how it is affecting the region have been released by scientists in
preprint form but bave not yet passed through peer review, suggesting a swell of scientific attention on the subject.

The new findings are striking in part because the rapid rise appears to be caused by profound changes in the ocean. It
parts of Texas and Louisiana, sinking land has long been a factor that contributes to sea levels srowing relatively high
over time. But in the latest studies, scientists show 2 rapid rise of sea levels in places such as Pensacola and Cedar Key
Fla., where the land is not sinking as rapidly as it is in places such as Grand Isle, La., or Galveston, Tex.

In general, higher seas in the Gulf of Mexico and around Florida mean that hurricane risks in some of the most expos
and storm-prore parts of the United States are growing only more acute.

In additidn, as seas rise and people continue to move to high risk areas alonz the coasts, scientists say that millions o
acres of U.S. land and hundreds of thousands of homes and offices could slip below swelling tide lines. Experts from t
nonprofit First Street Foundation also projected recently that properties in many coastal areas could lose value as
flooding intensifies, a shift that could harm homeowners and erode local tax bases.
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Scientists are not entirely on the same page about the causes driving the phenomenon, or whether the recent
acceleration in rising scas will continue at such a rapid clip. Researchers typically prefer to rely on decades of data to
more certain of trends in the climate system, and their causes. In that context, the recent sea level rise has happened
over a relatively short time period. "']1:1:_ makes the trend as ambizuous as it is worrying,.

Still, this much seems elear: The rapid sea level rise appears to start in the Gulf of Mexico, which has been warming
faster than the zlobal ocean. Warm water naturally expands, causing sea levels to rise. That warm water also gets can
by currents out of the gulf and along the East Coast, affecting places such as Georgia and the Carolinas,

Will this trend continue? That remains less clear, scientists say.

The waters that have helped drive up sea levels in Gulf of Mexico are very warm even at deep levels, based on a prepr
study by Jacob Steinberg and colleagues at the Woods Hole Occanographic Institution, NASA's Jet Propulsion
Laboratory, the University of Hawaii at Manoa and the National Center for Atmospheric Research.

Steinberg and colleagues sugoest that the trend implicates a warm current called the Loop Current, which enters the ;
from the Caribbean Sea and in turn is part of a broader pattern of circulation in the Atlantic Ocean.

The warm Loop Current is “bringing water in, not just at the surface but with depth,” ¢ temberg said. The current ofte
extends hundreds of vards beneath the sea suriace, Steinberg added, and will spin off warm water blobs, which
screntists call “eddies,” which move across the gul.

Yin also ties the change to the Loop Current and in his study goes further, deseribing it as an aftereffect of 2 major
slowdown event in the overall circulation of the Atlantic Ocean that occurred in 2000-2010, I true, this would sueses
that these sea level changes may be tied to 2 broader pattern that reflects how climate change is altering the circulatic
of the oceans.

Dangendort, lead author of the Nature Communications study, isn’t convinced. While noting the same rapid sea lovel
rise i recent years as the other works, his study determines the cause is 2 combination of factors, some of them natu;
“We have this forced acceleration, but then on top we have that natural variability, and over the last couple of vears w
were unlueky, having that acceleration superimposed on natural variability,” Dangendorf said.

Nevertheless, Dangendorf said that the rapid sea level changes are troubling, are having immediate effects, and are
more like what scientists onee would have expected only if the world kept pumping massive amounts of planet heatin

gases into the atmosphere.

He's not alone.
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Data from NOAA show that “high tide flooding,” even on sunny days, has more than doubled throughout the Gulf Coa
and Southeast coastal regions since 2o000.

“It messes up vour daily life. It interrupts your daily life,” said Thomas Wahl, 2 professor of coastal risks and
engineening at the University of Central Florida, and a co author of the paper in Nature Communications. “It corrodes
infrastructure. It corrodes cars that are driving through saltwater on 2 daily basis. You can't open your business or zet

work.”

Then there is the fact that in low-Iying regions with little elevation, even small amounts of sea level rise can make
storms that much more calamitous. Waves push closer to shore, worsening erosion. Surges push farther inland.
Wetlands can erode rapidly.

“Now you have a higher base water level,” Wahl said. “If you have a hurricane now as opposed to the same hurricane 1
years ago, the impacts would be different.”

A fourth study 1n preprint form, by sclentists with the University of Miami, NOAA, NASA and multiple institutions in
the United States and Australia, finds that the major rise in sea level in the Southeast sinee 2010 accounts for “30-50°

of flood days in 2015-2020.”

“In low lying coastal regions, an increase of even a few centimeters in the background sea level can break the regtonal
flooding thresholds and lead to coastal inundation,” the study notes.

The eritieal question, of course, 15 whether the current rates of change documented by researchers will continue
leading, potentially, to well over a foot of additional sea-level rise in coming decades -~ or if they will return to levels
more i line with zlobal averazes,

Rapid sea level rise at Pensacola, Fla.

10 inches
above 1983 2001 average

#]
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Based on sea-level records from Pensacola and Galveston, which date back a century or lopger, the Gulf Coast also saw
rapid rise in sea level in the 19405, a trend that had subsided by the 1950s. But it is not vet clear if this event will prove
similar.

Overall, the pace of sea-level rise is accelerating globally, and scientists have been unequivoeal that seas will continue |
rise well into the future, even if humans manase to drastically cut greenhouse gas emissions.

In a report last year, NOAA and other federal agencies found U.S. coastlines on average are projected to face an
additional foot of rising seas over the next three decades. The report gave particularly high projections for the Gul
Coast, in significant part because of recent trends. Earlier this year, new research documented how the amount of exee
heat buried in the planet’s oceans, a strong marker of climate change, had again reached a record high in 2022,

In the same report, NOAA found that if sea-level rise along the castern part of the Gulf Coast continues on its recent
trajectory, it would rival a high-end sea level forecast for the vear 2050. NASA recently released a sea-level tool that
includes similar findings, showing seas rising at a rate that exceeds even the hizgh-end forecasts at sites such as
Pensacola, Fla., and Dauphin Island, Ala,

Despite the ongoing scientific debate regarding the cause of the current sea-level surge in the Gulf of Mexico and in the
U.5. Southeast, the tangible effects it imposes on communities are likely to mount.

“It’s very difficult for me to say what's going to happen in the near term,” said Ben Hamlington, a NASA sea level expe
and a co-author on Steinberg’s study. “It’s not like these rates are immediatelv going to turn around.”
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Executive Summary

Early in the Southeast Florida Regional Climate Change Compact's (“the Compact”) work together, Broward,
Miami-Dade, Monroe, and Palm Beach counties recognized the need to unify a diversity of local sea level rise
projections to create a single, regionally unified projection, ensuring consistency in adaptation planning and
policy, and infrastructure siting and design in the Southeast Florida four-county region. The Compact published
the first Regionally Unified Sea Level Rise Projection for Southeast Florida in 2011, and updated the projection
in 2015. This document, the Compact's third Regionally Unified Sea Level Rise Projection, provides an update
to the amount of anticipated sea level rise in Southeast Florida through 2120. These projections represent a
consensus from a technical Work Group consisting of members from the academic community and federal
agencies, with support from local government staff, and incorporates the most up-to-date, peer-reviewed
literature, and climate modeling data. The Projection supports local government, regional entities, and other
partners in understanding vulnerabilities associated with sea level rise and informs the development of science-
based adaptation strategies, policies, and infrastructure design.

The 2019 Projection is based on projections of sea level rise developed by the Intergovernmental Panel on
Climate Change (IPCC) Fifth Assessment Report (IPCC, 2014), as well as projections from the National Oceanic
and Atmospheric Administration (NOAA) (Sweet et al., 2017), and accounts for regional effects, such as
gravitational effects of ice melt, changes in ocean dynamics, vertical land movement, and thermal expansion
from warming of the Florida Current that produce regional differences in Southeast Florida's rate of sea level
rise compared to global projections.

Based on past and current emissions, all projection curves assume a growing greenhouse gas emission
concentration scenario, in which emissions continue to increase until the end of the century, consistent with
the IPCC Fifth Assessment Report’s (AR5) Representative Concentration Pathways (RCP 8.5). Estimates of sea
level rise are provided from a baseline year of 2000, and the planning horizon has been extended to 2120, in
response to the release of climate scenarios extending beyond the year 2100 by federal agencies (NOAA and
the U.S. Army Corps of Engineers) and the need for planning for infrastructure with design lives greater than 50
years.

In the short term, sea level rise is projected to be 10 to 17 inches by 2040 and 21 to 54 inches by 2070 (above
the 2000 mean sea level in Key West, Florida). In the long term, sea level rise is projected to be 40 to 136 inches
by 2120. Projected sea level rise, especially beyond 2070, has a significant range of variation as a result of
uncertainty in future greenhouse gas emissions reduction efforts and resulting geophysical effects.

The 2019 Unified Sea Level Rise Projection includes three curves for application, in descending order, the
NOAA High Curve, the NOAA Intermediate High Curve, and the curve corresponding to the median of the
Intergovernmental Panel on Climate Change (IPCC) AR5 RCP 8.5 scenario. A fourth curve, the NOAA Extreme
curve, is included for informational purposes, not for application, illustrating the possible upper limit of

sea level rise in response to potential massive ice sheet collapse in the latter part of the century. This curve
underscores that without imminent and substantial reductions in greenhouse gas emissions, much greater sea
level rise is possible more than 100 years from now.

This guidance document describes the recommended application of the projection as it relates to both high-
and low-risk projects and short- and long-term planning efforts. The Work Group recommends that this
guidance be updated, at a minimum every five years to reflect the ongoing advances in scientific knowledge
related to global climate change and potential impacts.
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Introduction

IMPACTS ASSOCIATED WITH SEA LEVEL RISE FOR SOUTHEAST FLORIDA

The climate is changing, manifesting in significant impacts for the Southeast Florida region, including increasing
average temperatures, more intense storm events, and rising sea levels. Sea level rise, caused by the thermal
expansion of warming ocean water and melting land ice as the earth warms, is one of the most evident impacts
in our region given Southeast Florida's low-lying elevation and porous geology.

The consequences associated with sea level rise are already apparent in Southeast Florida and pose an
immediate and real threat to lives, livelihoods, economies, and the environment. Consequences include
physical impacts such as coastal inundation and erosion, increased frequency of flooding in vulnerable coastal
areas as well as inland areas due to impairment of the region's largely gravity-driven stormwater infrastructure
system, reduced soil infiltration capacity, and saltwater intrusion of drinking-water supply. Moreover, the
impacts of surge from tropical storms or hurricanes are exacerbated as a result of sea level rise. Increased
pollution and contamination as a result of flooding degrades natural resources critical to the region’s economy.
Consequences also include cascading socio-economic impacts such as displacement, decrease in property
values and tax base, increases in insurance costs, loss of services and impairment of infrastructure such as
roads and septic systems. Appendix A: State of the Science, describes the interconnected processes and
resulting impacts of sea level rise in additional detail.

The extent of these impacts into the future is dependent upon the factors influencing the rate of sea level rise
such as thermal expansion of oceans and increased rate of melting of land-based ice sheets due to global
warming, the degree to which society limits greenhouse gas emissions in the near-term, and the decisions
and investments made by communities to increase their climate resilience. One of the values of the Unified
Sea Level Rise Projection is its application for scenario testing to better understand the potential impacts and
timeline of sea level rise within the Southeast Florida community.

OBSERVED SEA LEVEL RISE IN SOUTHEAST FLORIDA

Global mean sea level (GMSL) during 2018 was the highest annual average in the satellite altimetry record
(1993-2018), rising approximately 3 inches above the 1993 average (Thompson et al., 2019). Projections
anticipate an increase in the acceleration of sea level rise regionally based on recent observations in response

to changes in the speed and thermodynamics of the Florida Currents and Gulf Stream (Domingues et al., 2018;
Sweet et al., 2017; Volkov et al., 2019). Based on the 5-year moving average, the observed sea level rise at the
Key West tide gauge from 2000 to 2017 is 3.9 inches. Whether this rapid rise will be persistent into the future is
unclear at this time.

HOW ARE GREENHOUSE GAS EMISSIONS AND SEA LEVEL RISE RELATED?

Since the beginning of the Industrial Revolution, human activities have caused significant increases in emissions
of greenhouse gases in the atmosphere, such as carbon dioxide, methane, and nitrous oxides in addition

to natural emissions of these gases due to the biome carbon and nitrogen cycles. Major sources of carbon
dioxide are the burning of fossil fuels such as coal, petroleum-based liquid fuels, and natural gas for electric
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power generation, transportation, and industrial processes. These greenhouse gases trap heat from the
sun in a natural process called the “greenhouse effect,” which would otherwise be radiated back to space.
Problematically, as the concentrations of these gases accumulate in the earth’s atmosphere as a result of
human activities, the earth’s average temperature continues to rise. This process is called “global warming.”

More than 90% of the warming that has happened on Earth over the past 50 years has been transferred to
the ocean. Sea level rise is a result of both the expansion of seawater as the ocean temperature increases, as
well as the melting of glaciers and ice sheets. As a result of continuing global warming, the rate of sea level rise
accelerates with passing time.

FUTURE PROJECTIONS IF EMISSIONS ARE REDUCED

The rate of sea level rise projected, particularly in the latter half of the century, is dependent upon the amount
of greenhouse gas emissions generated in the next decade and sustained in the coming decades. Rapid and
immediate global, federal, state, local, and individual action will be necessary to limit the amount of sea level
rise adaptation required. The four greenhouse gas concentration scenarios, known as the Representative
Concentration Pathways (RCPs) are sets of scenarios for greenhouse gas emissions dependent upon
reduction commitments, economic activity, energy sources, population, and land use trajectories, and other
socio-economic factors. RCPs are input into climate models which yield sea level rise scenarios. The lowest
concentration scenario, RCP 2.6, is viewed as the scenario necessary to keep global temperature increases
below 2°C and slow the rate of sea level rise (van Vuuren et al 2011a). This scenario would require that
greenhouse gas emissions peak around 2020 and decrease at 4% annually (van Vuuren et al., 2011a). Future
global mean sea level would be significantly lower for RCP 2.6 compared to that of RCP 8.5 (IPCC, 2019). The
types of reduction strategies necessary to reduce regional emissions can be found in the Compact's Regional
Climate Action Plan (www.rcap2.org).
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WHAT ARE RCPS?

The future impacts of climate depend not only on the
response of our Earth system, but also on how global
society responds through changes in technology,
economy, policy, and lifestyle. These responses are
uncertain, so future scenarios are used to explore the
consequences of different options. Representative
Concentration Pathways (RCPs) are possible

future scenarios for greenhouse gas emissions, or
concentration pathways, used within the IPCC AR5
and other complex climate modeling activities that
simulate how the climate might change in the future.
There are generally four of these scenarios used in
climate modeling: RCP 8.5, RCP 6, RCP 4.5, and RCP
2.6. The numbers in each RCP refers to the amount
of radiative forcing produced by greenhouse gases

in 2100, which is a measure of the energy absorbed

SCENARIO
COMPONENT

Greenhouse gas
emissions

Very low

Medium-low
mitigation

and retained by the lower atmosphere. For example,
in RCP 8.5 the radiative forcing is 8.5 watts per meter
squared (W/m2) in 2100.

RCPs start with atmospheric concentrations of
greenhouse gases rather than socioeconomic
processes (van Vuuren et al., 2011b). This is important
because every modelling step from a socioeconomic
scenario to climate change impacts adds uncertainty.
That said, these concentration pathways are
dependent upon reduction commitments, economic
activity, energy sources, population, land use
trajectories, and other socio-economic factors that
could lead to a particular concentration pathway and
magnitude of climate change.

Medium baseline;
high mitigation

High baseline

Very low baseline

Agricultural area Medium for cropland

and pasture

Air pollution Medium-Low

Very low for both
cropland and pasture

Medium

Medium for both
cropland and pasture

Medium for cropland
but very low for
pasture (total low)

Medium Medium-high

Main characteristics of each Representative Concentration Pathway (RCP). Vuuren et.al., 2011

RCP PRIMARY CHARACTERISTICS

>> RCP 2.6 is representative of scenarios in the
literature that lead to very low greenhouse gas
concentration levels. It is a “peak-and-decline”
scenario; its radiative forcing level first reaches a value
of around 3.1 W/m? by mid-century, and returns to 2.6
W/m?2 by 2100. In order to reach such radiative forcing
levels, greenhouse gas emissions (and indirectly
emissions of air pollutants) are reduced substantially,
over time (Van Vuuren et al. 2007a).

>> RCP 4.5 is a stabilization scenario in which total
radiative forcing is stabilized shortly after 2100,
without overshooting the long-run radiative forcing
target level (Clarke et al. 2007; Smith and Wigley 2006;
Wise et al. 2009).

Unified Sea Level Rise Projection: 2019 Update

>> RCP 6 is a stabilization scenario in which total
radiative forcing is stabilized shortly after 2100,
without overshoot, by the application of a range of
technologies and strategies for reducing greenhouse
gas emissions (Fujino et al. 2006; Hijioka et al. 2008).

>> RCP 8.5 is characterized by increasing greenhouse
gas emissions over time, representative of scenarios
in the literature that lead to high greenhouse gas
concentration levels (Riahi et al. 2007).

(Characteristics quoted from van Vuuren et.al., 2011)




Purpose and Intended Use

WHO SHOULD USE THIS PROJECTION AND GUIDANCE DOCUMENT?

The Unified Sea Level Rise Projection for Southeast Florida and this guidance document are intended to assist
decision-makers at both the local and regional levels in Southeast Florida to plan for and make decisions

about sea level rise and associated vulnerabilities based on best-available science. The projection (Unified Sea
Level Rise Projection for Southeast Florida) contains a graph and table describing the anticipated rise in sea
level from 2000 through 2120. The projection can be used to estimate future potential sea level elevations

in Southeast Florida and the relative change in sea level from today to a point in the future. The section,
Guidance for Application, contains directions and specific examples of how the projection can be used by local
governments, planners, designers, engineers, and developers. This regional projection is offered to ensure that
all major infrastructure projects throughout the Southeast Florida region have the same basis for design and
construction relative to future sea level.

WHO DEVELOPED THE UNIFIED SEA LEVEL RISE PROJECTION FOR SOUTHEAST FLORIDA?

In 2010, the Southeast Florida Regional Climate Change Compact first convened the Sea Level Rise Ad Hoc Work
Group (Work Group) for the purpose of developing a Unified Sea Level Rise Projection for the region. The Work
Group reviewed existing projections and scientific literature and developed a unified regional projection for the
period from 2010 to 2060 (Compact, 2012), and recommended a review of the projection four years after its
release in 2011.

In September 2014, the Sea Level Rise Work Group was reconvened to develop the second update of the
Unified Sea Level Rise Projection, based on projections and scientific literature released since 2011, which was
published by the Compact in October 2015 (Compact, 2015).

Based on guidance from the Work Group, and in response to emergent research since the publication of the
2015 report, the Compact reconvened the Work Group in 2019 to produce the third update. In particular,
new research has indicated the potential for faster rates of melting of the Antarctic Ice Sheet, triggering the
likelihood of higher rates of rise in the future. In addition, the Work Group opted to include the regional sea
level rise rates as reported in the Fourth National Climate Assessment (Sweet et al., 2017).

The Ad Hoc Sea Level Rise Work Group consists of experts within the academic community and federal
agencies, and is supported by individuals from local government and staff support to the Compact. Most of the
2019 Work Group members contributed to the previous Compact projections.

FREQUENCY OF FUTURE UPDATES

The Southeast Florida Regional Climate Change Compact is committed to updating the Unified Sea Level Rise
Projection periodically, and at a minimum every five years, to incorporate the latest scientific understanding
of climate change and sea level rise for Southeast Florida. Scientific understanding of sea level rise is rapidly
advancing, generating new, peer-reviewed literature and modeling from a variety of key sources, including
the Intergovernmental Panel on Climate Change (IPCC), the National Oceanic and Atmospheric Administration
(NOAA), and the U.S. Army Corps of Engineers (USACE), among other recognized sources. By updating this
document and the Unified Sea Level Rise Projection at least every five years, the Compact seeks to provide
ongoing and current guidance for regionally consistent sea level rise planning and decision-making.
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Unified Sea Level Rise Projection for Southeast Florida

2019 PROJECTION AND SUMMARY

This Unified Sea Level Rise Projection for Southeast Florida updated in 2019 projects the anticipated range of
sea level rise for the region from 2000 to 2120 (Figure 1). The projection highlights three planning horizons:

1. short term: by 2040, sea level is projected to rise 10 to 17 inches above 2000 mean sea level.
2. medium term: by 2070, sea level is projected to rise 21 to 54 inches above 2000 mean sea level.

3. longterm: by 2120, sea level is projected to rise 40 to 136 inches above 2000 mean sea level.
Details of the projection development methodology appear in the next section.
The Projection is recommended to be applied in the following manner:

*  The blue shaded zone between the IPCC median curve and the NOAA Intermediate-High curve is
recommended to be generally applied to most projects within a short-term planning horizon (up to
2070). The IPCC median curve represents the most likely average sea level before 2070, but is not
representative of the realistic interannual and interdecadal variations that will occur with sea level
rise values within the blue shaded zone. The IPCC median curve can be used for non-critical, low risk
projects with short design lives (<50 years) that are adaptable, and have limited interdependencies
with other infrastructure or services. All other projects with design lives that end before 2070 should
consider values within the blue zone or along the NOAA Intermediate-High curve based on risk
tolerance.

+  For non-critical infrastructure in service during or after 2070, the NOAA Intermediate-High Curve is
recommended. Sea level rise is unlikely to exceed the NOAA Intermediate-High Curve by 2100.

+  The NOAA High curve of the projection, above the shaded zone, should be utilized for planning of
critical, high risk projects in service after 2070 or for projects which are not easily replaceable or
removable or are critically interdependent with other infrastructure or services. Examples are: major
roads and bridges, water and wastewater utilities, power plants including nuclear, major urban
developments, etc. Sea level rise is very unlikely to be higher than the NOAA High curve before 2100.

+  The NOAA Extreme curve is displayed on the Unified Sea Level Rise Projection for informational

purposes but is not recommended for design.

TABLE 1: Sea Level Rise Projection data by decadal intervals

DATUM: FEET 2000 MSL DATUM: FEET NAVD
- IPCC MED | NOAA2017 | NOAA2017 IPCC MED | NOAA2017 | NOAA2017
YEAR

50% INT-HIGH HIGH YEAR 50% INT-HIGH HIGH
2000 0.00 0 0 2000 -0.80 -0.78 -0.78
2010 0.19 03 033 2010 20.61 -0.49 -0.45
2020 0.39 0.56 0.69 2020 0.42 -0.22 -0.09
2030 0.63 0.98 118 2030 017 0.2 0.4
2040 0.84 1.38 174 2040 0.04 06 0.96
2050 113 1.94 2.46 2050 033 1.15 1.68
2060 1.40 2.56 338 2060 0.60 178 26
2070 1.72 331 4.49 2070 0.91 253 371
2080 2.03 417 574 2080 1.3 338 4.96
2090 2.40 5.12 7.0 2090 1.59 434 63
2100 272 6.14 8.56 2100 1.92 535 778
2120 3.29 7.64 11.32 2120 2.49 6.86 10.54

Unified Sea Level Rise Projection: 2019 Update 9



Unified Sea Level Rise Projection
{Southeast Florida Regional Climate Change Compact, 2013}
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These projections start from zero in year 2000 and are referenced to mean sea level at the Key West tide gauge. Based on the 5-year average of mean
sea level, approximately 3.9 inches of sea level rise has occurred from 2000 to 2017 (see historic sea level section of guidance document). The projection
includes global curves adapted for regional application: the median of the IPCC AR5 RCP 8.5 scenario (Growing Emissions Scenario) as the lowest
boundary (solid thin curve), the NOAA Intermediate High curve as the upper boundary for short-term use until 2070 (solid thick line), the NOAA High
curve as the upper boundary for medium and long-term use (dash dot curve). The shaded zone between the IPCC AR5 RCP 8.5 median curve and the
NOAA Intermediate High is recommended to be generally applied to most projects within a short-term planning horizon. Beyond 2070, the adaptability,
interdependencies, and costs of the infrastructure should be weighed to select a projection value between the IPCC Median and the NOAA High curves.
The NOAA Extreme curve (dash curve) brackets the published upper range of possible sea level rise under an accelerated ice melt scenario. Emissions
reductions could reduce the rate of sea level rise significantly.
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Projection Development Methodology

PROJECTION UPDATE

The key components of the methodology used to develop the Unified Sea Level Rise Projection are as follows:

Starting in 2000: The year 2000 has been selected as the initial year of the projection because of its use as the
reference year for the latest regional sea level projections published by NOAA (Sweet et al., 2017), which is the
primary source of the data used in this report. The previous projection started in 1992, based on the midpoint
of the tidal epoch from 1983 to 2001 which defined the previous elevation of mean sea level. Defining mean
sea level by a timeframe is necessary because sea level is constantly changing. A fixed elevation is necessary
to serve as a baseline for which to add sea level rise projections and to convert to elevations in other datums.
NOAA has determined a new mean sea level for 2000, the midpoint of the tidal epoch from 1991 to 2009. A
comparison of the 2015 and 2019 Unified Sea Level Rise Projection is presented in the next section.

Updated Planning Horizons: To align with a 20-year planning horizon for land use and a 50-year planning
horizon for infrastructure, the sea level rise values displayed were moved to 2040 and 2070, respectively.

Planning Horizon of 2120: In response to the release of climate scenarios extending beyond 2100 by federal
agencies including the US Army Corps of Engineers (USACE) and the National Oceanographic and Atmospheric
Administration (NOAA) and the need for planning for infrastructure with design lives greater than 50 years, the
Unified Sea Level Rise Projection time scale has been extended to 2120.

Tide Gauge Selection: The Key West gauge (NOAA Station |D 8724580) was maintained as the reference gauge
for calculation of the regional projection, consistent with all previous projections. In addition, appropriate

conversion calculations are provided in Section 4: Guidance for Application, in order to reference the projection
to the Miami Beach gauge (NOAA Station ID 8723170), the South Port Everglades gauge (NOAA Station |D
8722956) or the Lake Worth Pier gauge (NOAA Station |D 8722670). The Key West gauge has recorded tidal
elevations since 1913. Tidal records from Miami Beach, South Port Everglades and Lake Worth Pier are available
since 2003, 2018 and 1996, respectively.

Updated Historic Data: Observed data from the Key West tide gauge was plotted from 1992 to 2017 based
on the mean sea level, averaged over 5-year intervals. These data were obtained from the USACE Sea Level
Tracker, https://climate.sec.usace.army.mil/slr_app/.

Selection of NOAA (2017) Regional Projections and Update of IPCC Median Curve: The regional sea level
projections available from NOAA (Sweet et al., 2017) replaced two of the three previously used curves. The
selected curves are regional projections rather than previously used global projections. The NOAA Intermediate
High regional projection was selected as the upper short term boundary for typical infrastructure because of
its IPCC determination to be very likely under the RCP 8.5 emissions pathway, which aligns with current global
emissions trends. The NOAA Intermediate High regional projection also approximates the previously used
USACE High curve. The NOAA High curve was updated with its regional projection. The third curve, the IPCC
Median, was reprojected for the region (Key West) rather than global scale, using the NOAA (Sweet et al., 2017)
methodology.

Reference to NOAA Extreme Curve: The NOAA Extreme curve is displayed on the Unified Sea Level Rise
Projection for informational purposes but is not recommended for design.
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COMPARISON WITH PREVIOUS PROJECTIONS

Table 2 compares values from the 2015 and 2019 Unified Sea Level Rise Projections at the planning horizons
referenced in the 2015 projection. The numeric values have been rounded for simplicity. The difference in the
reference elevation for the two projections is less than 1 inch (1992 mean sea level compared to 2000 mean
sea level) and was considered to be included in the rounding error to allow this comparison. The lowest curve,
the IPCC median, increased by 2 to 3 inches in the 2019 projection. The upper boundary of the short term

projection increased by 2 to 5 inches (for planning horizons before 2060). The NOAA High curve used for critical

infrastructure or planning horizons after 2060 increased 7 to 22 inches, the most significant change between

projections.

TABLE 2: Comparison of Unified Projection in 2015 and 2019 at Key West

UNIFIED SEA LEVEL RISE PROJECTION COMPARISON

Year High Adaptability < P Low Adaptability

2015 2019 2015 2019 2015 2019
IPCC Median  IPCC Median  USACE High NOAA NOAA High  NOAA High

Global Regional (inches) Inermediate (inches) (inches)
(inches) (inches) High (inches)

2030 6 8 10 12 12 14

2060 14 17 26 31 34 41

2100 31 33 61 74 81 103

Note: The NOAA Extreme curve values are not included in the table because there was not a comparable curve in the

2015 projection.
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Guidance for Application
GUIDANCE IN APPLYING THE PROJECTIONS

Audiences

The Unified Sea Level Rise Projection for Southeast Florida is intended to be used for planning purposes by a
variety of audiences and disciplines when considering sea level rise in reference to both short- and long-term
planning horizons as well as infrastructure siting and design in the Southeast Florida area. Potential audiences
for the projections include, but are not limited to, elected officials, urban planners, architects, engineers,
developers, resource managers, and public works professionals.

One of the key values of the projection is the ability to associate specific sea level rise scenarios with timelines.
When used in conjunction with vulnerability assessments, these projections inform the user of the potential
magnitude and extent of sea level rise impact at a general timeframe in the future. The blue shaded portion
of the projection provides a likely range for sea level rise values at specific planning horizons. Providing
arange instead of a single value may present a challenge to users such as engineers who are looking to
provide a design with precise specifications. Public works professionals and urban planners need to work

with the engineers and with policymakers to apply the projection to each project based on the nature, value,
interconnectedness, and life cycle of the infrastructure proposed.

Finally, elected officials should use the projections to inform decision-making regarding adaptation policies,
budget impacts associated with design features that address future sea level rise, capital improvement projects
associated with drainage and shoreline protection, and land use decisions.

Applying Projection Curves to Infrastructure Siting And Design

When determining how to apply the projection curves, the user needs to consider the nature, value,
interconnectedness, and lifespan of the existing or proposed infrastructure. An understanding of the risks
that critical infrastructure will be exposed to throughout its life cycle such as sea level rise inundation, storm
surge, and nuisance flooding and a plan for adaptation must be established early in the conceptual phase.

A determination must be made on whether or not threats can be addressed mid-life cycle via incremental
adaptation measures, such as raising the height of a sluice gate on a drainage canal. If incremental adaptation
is not possible for the infrastructure proposed and inundation is likely, designing to accommodate the
projected sea level rise at conception or selection of an alternate site should be considered. Forward thinking
risk management is critical to avoiding loss of service, loss of asset value, and most importantly loss of life or
irrecoverable resources. The guidance in the following paragraphs can be considered for selection of curves
from the projection for project applications.
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>> Application of the IPCC Median Curve

The IPCC Median or lower blue shaded portion of the projection can be applied to most infrastructure projects
before 2070 or projects whose failure would result in limited consequences to others. An example low risk
projects may be a small culvert in an isolated area. The designer of a type of infrastructure that is easily
replaced, has a short lifespan, is adaptable, and has limited interdependencies with other infrastructure or
services must weigh the potential benefit of designing for higher sea level rise with the additional costs. Should
the designer opt for specifying the lower curve, she/he must consider the consequences of under-designing for
the potential likely sea level condition. Such consequences may include premature infrastructure failure.

>> Application of the NOAA Intermediate High Curve

Projects in need of a greater factor of safety related to potential inundation should consider designing for
the NOAA Intermediate High Curve. Examples of such projects may include evacuation routes planned for
reconstruction, communications and energy infrastructure, and critical government and financial facilities or
infrastructure that may stay in place beyond a design life of 50 years.

>> Application of the NOAA High Curve

Due to the community’'s fundamental reliance on major infrastructure, existing and proposed critical
infrastructure should be evaluated using the NOAA High curve. Critical projects include those projects which
are not easily replaceable or removable, have a long design life (more than 50 years), and are interdependent
with other infrastructure or services. If failure of the critical infrastructure would have catastrophic impacts,

it is considered to be high risk. Due to the community’s critical reliance on major infrastructure, existing and
proposed high risk infrastructure should be evaluated using the NOAA High curve. Examples of high risk critical
infrastructure include nuclear power plants, wastewater treatment facilities, levees or impoundments, bridges
along major evacuation routes, airports, seaports, railroads, and major highways.
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Projection Referenced to the North American Vertical Datum
The Unified Sea Level Rise Projection referenced to the North American Vertical Datum (NAVD) is shown in

Figure 2 and summarized in Table 3. Each NOAA tide gauge in the region has published datums that can be
used for conversions between elevations ( ).

Unified Sea Level Rise Referenced to NAVD

Unified 5ea Level Rise Projection

14 \SoutheastFlorida Regional Climate Change Compact, 2019) 13.8 4 NOAA Extreme
13 NOAS #
i Interrrediate  NOAA High it

— 12 Year hedian : P
S (Fet WAVD) Hish (Feek iAoy b
z 1l ' [Feet WAVD) # NOAA High
= [ l i :
g0 2040 0 06 1 i
EE g ot ¢ . & __.’r 5 2
= 4 2070 03 25 3.7 |
o 2120 25 69 10.5 A gig NOAA
é 7 . ; Intermediate High
= 6
2 .
s . |
i
g 3
T

3
3 IPCC Median
a2
Ll
oA S-Year Average of

O hWean Sea Level

N W Bz 00
-1
1920 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110 2120

Year

Unified Sea Level Rise Projection Referenced to NAVD

UNIFIED SEA LEVEL RISE PROJECTION
(Southeast Florida Regional Climate Change Compact, 2019)

Year IPCC Median ~ NOAA Intermediate NOAA High
(Feet NAVD) High (Feet NAVD) (Feet NAVD)
2040 0 0.6 1
2070 0.9 2.5 3.7
2120 2.5 6.9 10.5

Referencing to Today's Sea Levels

Based on the 5-year average of mean sea level at Key West, sea level rose approximately 3.9 inches from 2000
to 2017 (NOAA, 2020). This value of 3.9 inches can be subtracted from the rise projected in Table 1 to obtain an
estimate of how much sea level will rise from the 2017 mean sea level. Note the availability of computed values

for the 5-year average of mean sea level will always be delayed as a function of needing to have 2.5 years data
past the date in order to compute the average.

To compute the rise expected from any future date relative to the existing sea level, the linear trend should be
computed and its slope should be multiplied by the number of years that have passed since 2000. Based on a
linear trend analysis of the historic record at Key West, sea level has risen at a rate of approximately 0.1 inches
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per year. Note this linear trend will change as more data are collected by the tide gauge. Also, when the slope
of the linear trendline changes, the computed amount of rise will change. Care should be taken to consider the
computation methodology before comparing statements of relative sea level rise for a distinct time period.

TOOLS AVAILABLE TO VISUALIZE SEA LEVEL RISE

The observed data and NOAA curves included in the projection can be reproduced using the USACE Sea Level
Rise calculator http://corpsmapu.usace.army.mil/rccinfo/slc/slcc_calc.html and USACE Sea Level Tracker https://

climate.sec.usace.army.mil/slr_app/. Inundation from sea level rise can be visualized by using the Florida Sea
Level Sketch Planning Tool https://sls.geoplan.ufl.edu/beta/viewer/.
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Summary

The Work Group recommends the use of the NOAA High curve, the NOAA Intermediate High curve, and

the median of the IPCC AR5 RCP 8.5 scenario (IPCC, 2013) as the basis for a Southeast Florida sea level rise
projection for the 2040, 2070 and 2120 planning horizons. In the short term, mean sea level rise is projected to
be 10 to 17 inches by 2040, and 21 to 54 inches by 2070 (above the 2000 mean sea level).

Both mean and annual average of sea level exhibit significant variability over time and that should be
considered when using the projections. Annual average of sea level at the Key West gauge has risen
approximately 3.9 inches from 2000 to 2017 (which is much larger than the linear trend-derived rate of rise
reported by NOAA). Whether this rapid rise will be persistent into the future is unclear at this time.

In the long term, sea level rise is projected to be 40 to 136 inches by 2120. The IPCC Median or lower blue
shaded portion of the projection can be applied to most infrastructure projects before 2070 or projects
whose failure would result in limited consequences to others. Projects in need of a greater factor of safety
related to potential inundation should consider designing for the NOAA Intermediate High Curve. For critical
infrastructure projects with design lives in excess of 50 years, use of the NOAA High curve is recommended
with planning values of 54 inches in 2070 and 136 inches in 2120. Sea level will continue to rise even if global
mitigation efforts to reduce greenhouse gas emissions are successful at stabilizing or reducing atmospheric
CO2 concentrations; however, emissions mitigation is essential to moderate the severity of potential impacts
in the future. A substantial increase in sea level rise within this century is likely and may occur in rapid pulses
rather than gradually.

The recommended projection provides guidance for the Compact Counties and their partners to initiate
planning to address the potential impacts of sea level rise in the region. The shorter-term planning horizons
(through 2070) are critical to implementation of the Southeast Florida Regional Climate Change Action Plan, to
optimize the remaining economic life of existing infrastructure, and to begin to consider adaptation strategies.
As scientists develop a better understanding of the factors and reinforcing feedback mechanisms impacting
sea level rise, the Southeast Florida community will need to adjust the projections accordingly and adapt to the
changing conditions. To ensure public safety and economic viability in the long run, strategic policy decisions
will be needed to develop guidelines to direct future public and private investments to areas less vulnerable to
future sea level rise impacts.
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Appendix A: State of Science Update

REGIONAL AND GLOBAL SEA LEVEL RISE OBSERVATIONS

Historic Sea Level Rise in Southeast Florida

Based on the 5-year average of mean sea level, approximately 3.9 inches of sea level rise has occurred from
2000 to 2017. Figure A-1 shows the rise of sea level as observed in Key West for the time period from 1913 to
2020 and includes the monthly mean sea level data, the 5-year average of mean sea level and a linear trendline
through the monthly mean sea level. The linear trend does not match the monthly mean sea level data well. The
linear trend suggests sea level rose only 2 inches from 2000 to 2019, which is less than the 5-year average trend
analysis from 2000 to 2017 shown (NOAA, 2020). The 5-year average of the monthly mean sea level illustrates
the variability in sea level throughout the time period and highlights the continued increase in sea level above
the linear trend in the last decade.
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FIGURE A-1. Relative Sea Level Rise in Key West, Florida (NOAA Station ID 8724580) presented as monthly
mean sea level, 5-year average of monthly mean sea level and linear trend of monthly mean sea level.
Annotated measurements on right of figure are computed by subtracting the 5-year average mean sea levels
for the years listed. Sea level rise computed based on the linear trend will differ from the 5-year mean sea level
trend shown.

As discussed in the following sections describing the factors influencing sea level rise, the changing climate

will drive new nonlinear trends in sea level that deviate from historic trends, hence the need for the Unified
Projection. Although significant changes in sea level trends are anticipated over the coming decades, a
preliminary comparison of the Unified Projection and the available measured data is presented in Figure A-2.
The 5-year average mean sea level was observed to track between the IPCC Median and NOAA Intermediate
High curves from 2013 to 2017 (2017 was the last year of computable 5-year average at the time of publication).
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Monthly mean sea level was observed to exceed the NOAA Intermediate High curve in almost every tidal cycle
since 2000. For additional context, the linear trend based on historic data included in Figure A-1 remains below
the IPCC Median curve from 2007 onward and below the 5-year average of mean sea level from 2010 onward.

14
12

10

(inches relative to mean sea level)

-21990 2000 2010 2020

Relative Sea Level Rise near Key West, FL

-6

-8
Year

MSL  =——=MSL5-Year Average  ====NOAA Intermediate High ——IPCC Median

FIGURE A-2. Comparison of the Unified Sea Level Rise Projection from 2000 to 2020 and Relative Sea
Level Rise in Key West, Florida from 1990 to 2020. Monthly mean sea level and the 5-year average of monthly
mean sea level are based on measurements from NOAA Station ID 8724580.
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ACCELERATION OF SEA LEVEL RISE

Dangendorf et al., (2017) produced a global mean sea level reconstruction for the 21st century incorporating
up-to-date observations of vertical land motion and corrections for local gravitational changes resulting from
ice melting and terrestrial freshwater storage. Their results provided a global sea level rise rate of 1.1 £ 0.3
millimeter per year before 1990 that is below previous estimates, and a rate of 3.1 + 1.4 millimeter per year
from 1993 to 2012 that is consistent with independent estimates from satellite altimetry.
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FIGURE A-3. Global mean sea level change from 1900 to 2019 and increasing acceleration rates (modified
by Hansen et al., (2015) from Church and White (2011) and Hay et al., (2014). 1993 to 2019 data distributed by
AVISO+ (https://www.aviso.altimetry.fr) with support from CNES.

Recent analyses of tide gauge records acquired along the United States Atlantic coast indicate year-to-year
acceleration in the rate of sea level rise (Sweet et al., 2017). During 2010-2015, accelerated sea level rise at rates
five times the global average was observed between Key West and Cape Hatteras (Valle-Levinson, 2017), and

is attributed to the warming of the Florida Current (Domingues et al., 2018). Locally, Wdowinski et al. (2016)
analyzed the Virginia Key tide gauge record (near Miami) and found a significant acceleration in the rate of

sea level rise since 2006. The average rate of regional sea level rise since 2006 was 9+4 millimeters per year,
significantly higher than the global average rate, which has been estimated to be in the range of 4-5 millimeters
per year for the post-2006 period (WMO, 2019). The global and regional processes driving sea level rise and its
acceleration are discussed in the following sections.

NOAA Sea Level Rise Scenarios

For the Compact 2019 projections, the workgroup referenced the technical information provided in the NOAA
report (Sweet et al., 2017) which was also used as input to the sea level rise chapter of the National Climate
Assessment (NCA) (https://science2017.globalchange.gov/chapter/12/). The sea level projections in the NOAA
report were developed by a Federal Interagency Sea Level Rise Task Force and they included six scenarios
(Table A-1 below) using a risk-based framing approach to deal with uncertainties. The scenario approach

is similar to the regional sea level rise scenarios produced by Hall et al. (2016) and they are linked to the
greenhouse gas emission scenarios, RCP 2.6, 4.5, and 8.5 as shown in Table A-1. The NOAA 2017 report includes
the best available research since the production of the Compact 2015 report and is considered to be a reliable
source of data from the national effort on sea level rise projections. More importantly, the projections are
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available regionally and that allowed the work group to customize 2019 projections using the Key West gauge as
was done for the 2015 projections.

TABLE A-1: Interpretations of the Interagency Global Mean Sea Level (GMSL) rise scenarios (National
Climate Assessment (NCA), Chapter 12)

SCENARIO INTERPRETATION

Low Continuing current rate of GMSL rise, as calculated since 1993

Low end of very likely range under RCP 2.6

Intermediate-Low Modest increase in rate
Middle of likely range under RCP 2.6
Low end of likely range under RCP 4.5

Low end of very likely range under RCP 8.5

Intermediate High end of very likely range under RCP 4.5
High end of likely range under RCP 8.5

Middle of likely range under RCP 4.5 when accounting for possible ice cliff
instabilities

Intermediate-High Slightly above high end of very likely range under RCP 8.5

Middle of likely range under RCP 8.5 when accounting for possible ice cliff

instabilities

High High end of very likely range under RCP 8.5 when accounting for possible ice cliff
instabilities

Extreme Consistent with estimates of physically possible “worst case”

In general, the global sea level rise pathways for different emission scenarios are not very different until

about the mid-century after which they deviate significantly (e.g. Figure 4.2, IPCC 2019). The broad range of
sea level rise projection during the latter part of the century reflects the significant uncertainty in predicting
the contributions of individual sea level rise components, attributable primarily to ice cliff instability. Driven

by the desire to capture the potential for larger sea level rise resulting from rapid melting from the ice sheets
towards the latter part of the century, the work group made a decision to select higher scenarios that are also
consistent with the growing emission scenario, RCP 8.5. Recent sea level rise guidance from the Tampa Bay
Region recommended the use of RCP 8.5 “...until the private and public sectors make meaningful efforts to reduce
greenhouse gas emissions.” Consequently, the Intermediate High, and High scenarios (Table A-1) were included
in the 2019 scenarios set. Consistent with the 2015 projections, IPCC Median scenario for RCP 8.5 was added
to define the lower boundary of the range. The IPCC Median (with a Global Mean Sea Level, GMSL, rise of 0.73
meters) lies between Intermediate Low (0.5 meter of GMSL) and Intermediate (1 meter GMSL) scenarios in the
NOAA 2017 set (Table A-1). The Work Group also included the NOAA 2017 Extreme Scenario as an estimate of
the upper bound of what could happen as a result of a catastrophic ice sheet collapse and the primary intent of
this inclusion was to emphasize what could happen to GMSL if the emissions were allowed to continue without
mitigation.Inclusion of such an extreme scenario is not unprecedented. For instance, New York City (Gornitz

et al,, 2019) included a new, physically plausible, upper-end scenario dubbed ARIM (Antarctic Rapid Ice Melt)
scenario for this purpose. The California guidance also includes a similar scenario, called H++ which reflects
extreme sea level but with unknown probability.
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FACTORS INFLUENCING FUTURE SEA LEVEL RISE

Global Processes

Thermal expansion

Warming of oceans leads to a lower density and as a consequence volume per unit mass increases. The ocean
has absorbed more than 90% of the heat that is generated by heat trapping greenhouse gasses making the
thermal expansion a significant component of the observed sea level rise. Thermal expansion is expected to
increase, but its contribution to the global sea level rise may be exceeded by the increased contributions from
melting land-based ice sheets.

Acceleration of Ice Melt

Accelerated melting of glaciers and ice sheets of Greenland and Antarctica has become the predominant
factor affecting sea level rise acceleration (Oppenheimer et al., 2019). Melting is caused by anthropogenic
forcing leading to increasing temperatures and warming of the atmosphere, warm currents moving along the
coast of Greenland, and warm ocean water moving under and up into ice sheets through deep outlet glacial
fijords in Greenland and Antarctica in response to meteorologic changes. The rate of melt of the Greenland
Ice Sheet was relatively stable in the 1990s and has increased since then to a rate seven times greater than in
1992 (IMBIE, 2019; Chen et al., 2017). The rate of acceleration peaked in 2011, slowed in response to cooler
conditions until 2016, but has begun increasing again. Although all of the ice melt processes are not fully
represented in the climate projection models, studies suggest contributions from ice melt are likely to match
the estimates of melt from the IPCC AR5 RCP 8.5 scenario (Oppenheimer et al., 2019).

Based on geologic records from the last two pre-historical periods that the Greenland and Antarctica ice

sheets melted, global mean sea level likely rose 18 to 27 feet in response, but potentially as much as 75 feet.
Models and analyses cannot yet confirm if similar rates of pre-historic rise will occur in response to melt in the
future (Oppenheimer et al., 2019). The possibility of such extreme rise in response to ice melt prompted the
inclusion of the NOAA Extreme curve for reference in the Unified Sea Level Rise Projection and to highlight the
importance of greenhouse gas mitigation. Although unlikely and not appropriate for infrastructure planning,
the Work Group wanted to acknowledge the evolving science in projecting accelerating ice melt and bracket the
uncertainty in rise at the end of the century based on the most recent observations and models.

Thawing Permafrost

Frozen soils are both a major source of emissions today, and a major sink for carbon during past ice ages.
Permafrost is permanently frozen soil, which holds vast amounts of organic material in a suspended state

of decay. It is found in vast, remote and inaccessible places: under tundra’s covered active layer (seasonally
melted mud), underwater, and under sea ice and/or snow. It is the least understood, but potentially one of
the most important climate change drivers. Satellite remote sensing is less useful in its direct observation of
permafrost, compared to other phenomena important to sea level rise. But the high atmospheric methane
concentration in the atmosphere above the northern polar region stands out above other regions on earth.
Russian, Alaskan and other scientists from around the world are actively investigating the potential for
significant additional emissions of carbon dioxide and methane from thawing permafrost (Shakova et al., 2019).
Prior to the last three decades, heavy multi-year sea ice protected solid frozen permafrost, and the methane
sequestered within it as massive subaqueous methane hydrate deposits. Release of this methane could
constitute a powerful tipping point for atmospheric warming, and the glacial melting to follow. It is unknown
when such a tipping point is likely to occur, but the continued acceleration of global warming with business as
usual, RCP 8.5, puts us on a dangerous trajectory.
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Regional/ Local Processes

Distinct rates of sea level rise recorded along the U.S. East Coast are currently largely modulated by the effect
of various regional and local processes (Piecuch et al., 2018). The long-term regional sea level rise projections
employed in this report are primarily based on the recent scenarios convened by the Sea Level Rise and Coastal
Flood Hazard Interagency Task Force (Sweet et al., 2017), which explicitly consider these effects from regional
drivers. As an example, regional drivers may account for an additional 37 centimeters of sea level rise by 2100
in Key West under the assumptions linked with the NOAA Intermediate-High scenario, totaling 1.87 meters of
sea level rise compared with 1.5 meters globally. The following section describes the most important regional
drivers that can affect rates of sea level rise in Southeast Florida.

Vertical Land Movement

Vertical earth movements (subsidence or uplift), which regionally and locally modify the averaged rate of

sea level change, result in a relative rate of change that varies from one location to another. These land
movements are inferred from historical tide data and geodesic measurements. When added to projected

rates of mean sea level rise, the vertical land movement results in a perceived rates of sea level rise change
ranging from increased rise in regions of subsidence (e.g., New Orleans) to falling sea levels where the land is
being uplifted (e.g., along the northern border of the Gulf of Alaska). Sea level rise in geologically stable regions
have only small differences with respect to the global rate of rise. Some of the processes leading to vertical
land movement include the post-glacial rebound (known as Glacial Isostatic Adjustment — GIA), sediment
compaction, dam retention, and groundwater and oil withdrawal.

A robust method for estimating vertical land movements is based on continuous GPS measurements conducted
at selected locations. Over the past two decades, more than 60 continuous GPS stations were constructed

and operated in Florida by federal and state institutes, including the Continuously Operating Reference

(COR) network, US Coast Guard, Florida Department of Transportation, and others. The length of record in
these stations vary from one to fourteen years, reflecting the difficulties in maintaining smooth operation

of a continuous GPS station. The continuous GPS measurements indicate that vertical land movements in
Florida are fairly small; they vary in the range of +4 millimeters/year. In South Florida, in general, coastal land
elevations are considered relatively stable—meaning that the land is not experiencing significant uplift or
subsidence. Therefore, the processes listed above are likely not playing a major role on the current sea level
rise rates observed in Southeast Florida. It is important to note, however, that the vertical land movement that
is occurring is non-uniform across South Florida, and movement measured at specific monitoring stations sites
may not reflect vertical land movement in adjacent areas.

Ocean Dynamics, Gulfstream/ Circulation

Regional patterns of sea level change are partly due to trends in ocean currents, redistribution of temperature
and salinity, and atmospheric pressure. The reasons for changes in “Ocean Dynamics” are well known (Hall

et al., 2016). Thermal expansion changes the elevation of the sea surface non-uniformly and to balance the
resulting pressure gradient, ocean mass will flow from areas of large water depths into shallower continental
shelf areas (Hall et al. 2016; Yin et al. 2009). Long-term changes in ocean dynamics still represent one of the
largest sources of uncertainty for long-term projections of sea level rise (Kopp et al., 2014; Chen et al., 2019),
and current observations show only a modest decline in the strength of the Florida Current flow.

Ocean circulation has changed little during the current period of scientific observation, but in the future it may
considerably alter the relative rate of sea level rise in some regions, including Southeast Florida. The potential
slowing of the Florida Current and Gulf Stream could result in a more rapid sea level rise along the east coast
of North America. By 2100, these circulation changes could contribute an extra eight inches of sea level rise in
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New York and three inches in Miami according to Yin et al. (2009). Most of the global climate models used by
the IPCC (IPCC, 1913 project a 20-30% weakening of the Atlantic Meridional Overturning Circulation (AMOC), of
which the Gulf Stream and Florida Current are a part, a response to warming caused by increasing greenhouse
gases. Measurements of the AMOC have yet to conclusively detect the beginning of this change, however there
has been a report of a recent decline in AMOC strength by Smeed et al. (2014) that coincides with the mid-
Atlantic hotspot of sea level rise reported by Ezer et al. (2013) and Rahmstorf et al. (2015). Recent analysis of
the Florida Current transport has detected only a slight decrease in circulation over the last decades. Assuming
the long-term slowdown of the AMOC does occur, sea level rise along the Florida east coast could conceivably
be as much as twenty centimeters (eight inches) greater than the global value by 2100. Given that changes in
ocean dynamics, such as these changes projected for the AMOC, are still one of the main sources of uncertainty
for long-term regional sea level rise scenarios (e.g. Kopp et al., 2014; Piecuch et al., 2018), longer records of

the Florida Current and Gulf Stream transport are required to confirm if the long-term decline in the strength
of the flow persists, or if it is associated with interannual/decadal natural variations. Recent regional sea level
rise scenarios for the U.S. coasts have been made available by the Sea Level Rise and Coastal Flood Hazard
Interagency Task Force (Sweet et al., 2017), and explicitly consider regional effects of changes in ocean dynamics
and other local contributors, as described above.

Regional Ocean Heat Content Changes

Recent studies revealed accelerated rates of year-to-year changes in regional sea level variability along the U.S.
East Coast (Valle-Levinson et al., 2017). Even though these variations are not necessarily linked with long-term
sea level rise trends, these accelerated changes currently contribute to flooding conditions often observed at
Southeast Florida communities. Analysis showed that accelerated sea level rise recently observed for Southeast
Florida from 2010 to 2015 were in fact associated with thermal expansion from warming of the Florida Current
during the same time period, as reported in Domingues et al., (2018). Further analysis (Volkov et al., 2019)
revealed that such warming was linked to large-scale heat convergence within the North Atlantic subtropical
gyre caused by changes in the Atlantic Meridional Overturning Circulation (AMOC). While current findings
indicate that these effects occur mostly on year-to-year timescales, under a long-term scenario that includes the
decline in the AMOC circulation (as suggested by IPCC 2013), it is likely that amplified sea level rise rates may be
observed along Southeast Florida through similar mechanisms.

Sea level fingerprinting (Gravitational Effects)

Melting ice sheets in polar regions is one of the main processes contributing to sea level rise, but notin a
spatially uniform manner, because of gravitational forces. Melting ice sheets reduces the mass of water stored
in polar regions and, consequently, reduce the gravitational attraction of continental ice sheets. As a result,
the volume of ocean water near the melting ice sheet decreases, leading to reduction in sea level height near
the polar regions, and an increase in sea level further away. This process is termed sea level fingerprinting
(Mitrovica et al., 2011, 2009). It suggests a counterintuitive change in regional patterns of sea level changes, in
which sea level height decreases near the source of fresh water supply to the ocean.

A sea level fingerprinting study by Hay et al. (2014) suggest that melting of the Greenland Ice Sheet results

in a slightly lower rate of sea level rise along the Florida shorelines with respect to the global mean rate. The
calculated change is 20% of the total contribution of the Greenland Ice Sheet to the global mean rate, which is
currently estimated as 1-1.5 millimeters/year. According to Hay et al. (2014), melting of the West Antarctic Ice
Sheet increases the rate of sea level rise along the Florida coast by 20% with respect to the total contribution of
the West Antarctic Ice Sheet to the global mean rate, which is so far about 0.75-1 millimeters/year. Thus far, the
contribution of sea level fingerprinting in southeast Florida had been fairly small, about 0.2-0.3 millimeters/year.

Unified Sea Level Rise Projection: 2019 Update 28



However, in the future with increasing rate of polar ice melt, the effect of sea level fingerprinting can increase,
especially if the Antarctic Ice Sheet will melt significantly faster than the Greenland Ice Sheet. It should be noted
that the NOAA (2017) scenarios used for the current projections explicitly account for regional fingerprinting.

EFFECTS OF GREENHOUSE GAS EMISSIONS

The Intergovernmental Panel on Climate Change based the climate projections of their Fifth Assessment Report
on four greenhouse gas concentration scenarios, known as the Representative Concentration Pathways (RCPs)
(IPCC, 2014). These RCPs are sets of scenarios for greenhouse gas emission, greenhouse gas concentration, and
land use trajectories; their primary product is greenhouse gas concentration scenarios for use as inputs into
climate models (van Vuuren et al., 2011a). The number in the name of each RCP is the end-of-century radiative
forcing in W/m2 caused by the greenhouse gas concentrations in 2100.

The lowest concentration scenario, RCP 2.6, is viewed as the scenario necessary to keep global temperature
increases below 2°C (van Vuuren et al 2011a). This scenario would require that greenhouse gas emissions peak
around 2020 and decrease at 4% annually (van Vuuren et al. 2011a). The highest concentration scenario, RCP
8.5, assumes a greatly increased population with low economic and efficiency gains by 2100, along with a strong
dependence on fossil fuels, including a ten-fold increase in coal use by the end of the century (Riahi et al., 2011).

RCP 4.5 and RCP 6.0 are concentration scenarios sitting between these two extremes. In the RCP 4.5 scenario,
emissions valuation policies, reaching $85 per ton of carbon dioxide by 2100, drive alternatives in energy
production and land use changes to reduce emissions. It assumes use of bioenergy production coupled with
carbon capture and storage to produce energy with net-negative carbon emissions. RCP 6.0 assumes cost-
effective reduction of emissions through a global emissions permit market, and includes a shift from coal-fired
to gas-fired energy production and more than 30% non-fossil fuel energy production by 2100 (Masui et al.,
2011).

Beyond these four concentration pathways, the IPCC recently released a report outlining the emissions
scenarios required to limit global warming to 1.5°C (IPCC, 2018). In this model pathway, global net
anthropogenic carbon dioxide emissions decline by about 45% from 2010 levels by 2030, reaching net zero
around 2050. The report also contains an emissions projection to limit global warming to 2.0°C; in this scenario,
carbon dioxide emissions decline by about 25% by 2030, and reach net zero around 2070.

Prior to 2050, different emission scenarios produce minor differences in sea level rise projections, however,
they diverge significantly past mid century. After 2050, the sea level rise projections increasingly depend

on the trajectory of greenhouse gas emissions, underscoring the critical need for urgent and ambitious
decarbonization policies and efforts.
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CONSEQUENCES OF SEA LEVEL RISE

Seasonal Cycle of Sea Level and Interannual Variability

There is a strong seasonality to average sea level variation with any given year. This is primarily driven by
seasonal oceanographic and atmospheric processes such as fluctuations in coastal ocean temperature, salinity,
winds, atmospheric pressure, and ocean currents. In Southeast Florida, the sea level driven by astronomical
tides exhibits a strong seasonality with higher than average values during the months of September to
November with a peak during the month of October (Figure A-4). The seasonal high in October may be as much
as 5-6 inches above the average. The high values during September to November, superimposed on the mean
sea level curve and diurnal and semidiurnal tides further exacerbates the recurrent flooding that has been
increasing in recent years.

In addition to the seasonal fluctuations, sea level may also exhibit interannual variability due to fluctuations

in oceanographic and atmospheric processes (Figure A-4). Such fluctuations may further increase the mean
annual sea level above the average seasonal cycle shown in Figure A-4 and they may persist at a higher or
lower level for several years. For example, Figure A-5 shows that the annual fluctuation since about 2012

has been largely positive until 2019, a pattern that is not characteristic of annual variability since 1990. It is
possible that such a persistence may be due to a systematic trend in ocean currents and/or other atmospheric-
oceanographic process but it is too early to make such an attribution.
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FIGURE A-4: Tidal water elevations in the Southeast Florida area average 5 to 6 inches higher at the

end of the summer (NOAA, 2020b). This increases the risk of recurrent high tide street flooding and more
severe storm surge impacts, particularly during periods of astronomical high tides (i.e. king tides). Ongoing and
accelerating local sea level rise will just make this problem worse.
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FIGURE A-5: The plot shows the interannual variation of monthly mean sea level and the 5-month running
average. The average seasonal cycle and linear sea level trend have been removed (Retrieved from NOAA Tides
and Currents website (https://tidesandcurrents.noaa.gov/)

Increase in Recurrent Tidal Flooding

Accelerating rates of sea level rise, due to both global and regional processes, have resulted in increased
flooding frequency in several coastal communities along the US Atlantic coast, including the Southeast Florida
region (Ezer et al., 2013; Ezer and Atkinson, 2014; Kirshen et al., 2008; Kleinosky et al., 2006; Sweet et al., 2018;
Wdowinski et al., 2016; 2019; Valle-Levinson et al., 2017). These recurrent flood events, often termed “nuisance
flooding,” occur during high tide conditions, with or without heavy inland rainfall. When flooding events occur
due to high tide flooding alone, they are also termed “king tides”, or “sunny-day flooding.” Recurrent tidal
flooding results in inundation, impedes access, impairs stormwater drainage infrastructure, and damages
vulnerable systems. With sea level rise, the frequency of tidal flooding will increase, leading to chronic flooding
approaching permanent inundation.

An analysis of flooding frequency from 1998 to 2013 in Miami Beach revealed that recurrent tidal flooding
events quadrupled, from two events during the eight years from 1998-2005, to 8 to 16 total events in the
following eight years from 2006-2013 (Wdowinski et al., 2016). In 2005, 2015, 2016, and 2017, compound
flooding induced by hurricanes led to the highest observed numbers of annual flood days on record (Ezer

and Atkinson, 2017; Ezer et al., 2017; Wdowinski, 2019). From 2006 to 2012, recurrent tidal flooding occurred
approximately every other year, typically during the fall (September through November). Since 2010, higher
than normal tides have also been observed in the winter and spring seasons (Figure A-6, Wdowinski et al.,
2019). In 2019, unprecedented flooding occurred in Key Largo, where a neighborhood was flooded continuously
for more than four months.

How will flooding frequency evolve over time?

On the national scale, NOAA (2014) published an assessment of nuisance flooding finding that the duration

and frequency of these events are intensifying around the United States. Subsequently, Park and Sweet (2015)
demonstrated that coastal areas are experiencing an increased frequency of flood events (an acceleration) over
the last few decades, and that this acceleration in flood occurrence will continue regardless of the specific rate
of sea level rise. The recent assessment published by NOAA (Sweet et al., 2018) in fact shows that the number of
high-tide flooding days has been increasing at a nonlinear rate for locations along the U.S. East Coast, including
Southeast Florida. Results from this assessment indicate that under the NOAA Intermediate scenario, Miami
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will likely experience approximately 60 days of high-tide flooding per year by 2050, while under the NOAA
Intermediate-High scenario this number may exceed 150 days per year (Figure A-7, personal communication,
Sweet et al., 2018).

Jan  Feb Mar Apr May Jun Jul Aug Sep Oct MNov Dec

FIGURE A-6. Frequency of tidal flooding in Miami Beach, based on Virginia Key tide gauge. Higher than normal
tides shown as red bars in figure. Number of events in a given year listed in right margin of graphic (Wdowinski,
2019).
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FIGURE A-7: Projected annual frequencies of high tide flooding associated with the NOAA sea level rise (Sweet
et al., 2017) estimated at NOAA tide gauges in Virginia Key and Key West. High tide flooding threshold values
levels above MHHW are 0.52 meters for Virginia Key, and 0.53 meter for Key West (Courtesy of William Sweet -

NOAA National Ocean Service).

Groundwater Rise and Reduced Drainage Capacity

Sea level rise may also affect flooding by raising the water table and reducing the ability of rainfall to infiltrate
and be stored in the soil. In coastal areas of Southeast Florida, groundwater levels were observed to rise

at the same rate as sea level rise over the long term (Decker et al., 2019; Sukop et al., 2018). Flooding as a
consequence of groundwater rise and reduced soil storage is anticipated to double or triple in flood frequency
over the next 40 years (Sukop et al., 2018; Obeysekera et al., 2019). By 2070, certain coastal areas of South

Florida are projected to lose all wet season storage capacity (Obeysekera et al., 2019).

In one example, Sukop et al. (2018) examined the long-term record of water levels in a well (G-852, in the North
Miami/Arch Creek area) approximately one mile from tide water at Biscayne Bay. The water levels in the well
have been increasing at approximately 2.8 millimeters/year since at least 1974. This rate is consistent with the
rate of sea level rise at Key West of 2.42 millimeters/year over the same time period. (https://tidesandcurrents.

noaa.gov/sltrends/sltrends_station.shtml?id=8724580).

As part of an assessment for the Florida Building Commission, Obeysekera et al. (2019) used projections of sea
level rise from previous versions of this report in groundwater models to estimate the change in water table
elevation in Miami-Dade County by 2069. Between 2010 and 2069, drainage capacity is estimated to decrease
by four to ten inches of water in most of the county (Figure A-8) under the high sea level rise scenario.
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Miami-Dade County depth to water in 2069 (left) and loss of wet season soil storage capacity from
2015 through 2069 (right) (Obeysekera et al., 2019).

Increasing sea levels also have the potential to compromise the capacity of coastal water control structures
(also known as salinity barriers). As the ocean-side water levels increase, the water control gates of these
gravity structures cannot be opened due to the threat of saltwater entering into the canals they serve and
potentially contributing to saltwater intrusion (Obeysekera et al. 2011).

Storm Surge, Waves, and Sea Level Rise

Storm surge and sea level rise are independent coastal processes that, when occurring simultaneously, lead to
compounded impacts. Sea level rise has the potential to increase the inland areal extent inundated by surges,
the depth of flooding, power of the surge, and the extent and intensity of damage associated with storm
surge and waves. As a result, severe storms of the future may cause significantly more damage than storms of
equal intensity occurring at today's sea level. The frequency of extreme sea levels that cause severe flooding
will also increase as a consequence of sea level rise (Rasmussen, 2018). To avoid impacts from surge, coastal
infrastructure design elevations and reinforcement will need to consider the relationship between future sea
level rise and surge.

The effects of sea level rise on storm tides or surge is nonlinear and location specific. Analyses that
superimpose sea level rise projections on top of surge depths are likely not capturing the nonlinearity of the
processes, and may possibly underestimate depths and forces. Reduction of sea bottom stress and tidal wave
energy dissipation in waters deepened by sea level rise can result in higher surge heights in shallow nearshore
waters (Arns et al., 2015). Similarly, changes in deep water wave heights and wave periods can increase wave
setup and swash zone activity (Melet et al., 2018). Location- specific projections of future waves and the
interactions between sea level, tides and surges are not yet available (Oppenheimer et al., 2019), but site-
specific modeling of the impacts of future severe storms on infrastructure has occurred for projects across the
Compact four-county region by increasing water levels to represent future conditions.

Unified Sea Level Rise Projection: 2019 Update 34



Rare, extreme water levels that typically occured once every 100 years in the past are projected to

occur annually or more frequently by 2065 in response to sea level rise (Oppenheimer et al., 2019). The
Intergovernmental Panel on Climate Change has concluded high confidence in this projected frequency and
suggested adaptation planning occur before extreme events become regular in the latter half of the 21st
century. Moreover, the duration, precipitation, landfalls, and intensity of future hurricanes is predicted to
increase with global warming (IPCC, 2014; Knutson et al., 2015; Scoccimarro et al., 2017; Yamada et al., 2017).

Natural Resource Degradation

As sea level rise increasingly inundates coastal areas, natural resources in the ecologically diverse and
important transition zone—including mangrove forests, tidal flats, and beaches—will be degraded unless
focused effort is devoted to: 1) accommodating the inland migration of coastal habitats, and 2) implementing
coastal management practices that maintain coastal elevation at pace with sea level rise rates (Glick 2006,
Florida Oceans and Coastal Council 2010). In Southeast Florida, existing urban development in the form of
seawalls, roads, and other infrastructure currently blocks much of the ability of coastal habitats to migrate

as sea level rises. Reduced freshwater delivery and conversion of coastal areas to non-vegetated lands limit
or eliminate plant growth, diminish the capacity for coastal areas to maintain natural system functions, and
result in natural system decline. Intrusion of saltwater inland, into inland water bodies, and within the aquifer
is already negatively impacting freshwater resources. With further sea level rise, these impacts will worsen or
accelerate without adaptation that includes coastal management. Inundation of shorelines will also increase
the extent and severity of beach erosion in previously stable coastal areas. In combination, these impacts will
cascade throughout the region’s ecosystems even if they are not immediately adjacent to open water areas.

These ecosystems (natural infrastructure) and the natural resources they support, are critical to the resilience
of people and the urban environment. Natural systems provide many important benefits. These include
providing nesting, spawning, and feeding habitat for numerous species including sea turtles, shorebirds,

fish, and invertebrates; contributing to climate change mitigation via sequestration of carbon dioxide from

the atmosphere; enhancing storm protection, water and air purification; moderating urban heat effects; and
supporting livelihoods and economic activity throughout South Florida that depend on tourism and recreational
and commercial fisheries. The region can manage for natural resource benefits by providing space for habitat
transitions, implementing practices that help adapt coastlines to sea level rise, and reducing anthropogenic
pressures (e.g., nutrient and solid waste pollution, recreational activities that can damage natural resources,
development practices) that would compound the degrading effects of sea level rise.
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World is on brink of
catastrophic warming, U.N.
climate change report says

A dangerous climate threshold is near, but ‘it does not mean we are doomed’ if swift
action is taken, scientists say

By Sarah Kaplan

Updated March 20, 2023 at 5:33 p.m. EDT | Published March 20, 2023 at 9:01 a.m. EDT

The world is likely to pass a dangerous temperature threshold within the next 10 years, pushing the planet past the p
of catastrophic warming, — unless nations drastically transform their economies and immediately transition away fro

fossil fuels, according to one of the most definitive reports ever published about climate change.

The report released Monday by the U.N. Intergovernmental Panel on Climate Change (IPCC) found that the world is
likely to surpass its most ambitious climate target — limiting warming to 1.5 degrees Celsius (2.7 degrees Fahrenheit!
above preindustrial temperatures — by the early 2030s.

Beyond that threshold, scientists have found, climate disasters will become so extreme that people will not be able to
adapt. Basic components of the Earth system will be fundamentally, irrevocably altered. Heat waves, famines and

infectious diseases could claim millions of additional lives by century’s end.

il warming Human activities have already transformed the planet at a pace and scale
unmatched in recorded history, the IPCC said, causing irreversible damage tc
communities and ecosystems. Yet global emissions continue to rise, and eurr

carbon-cutting efforts are wildly insufficient to ward off climate catastrophe.




current global pace of Monday's assessment synthesizes years of studies on the causes and

1 emissions, the world will consequences of rising temperatures, leading U.N. Secretary General Antonic
sugh its remaining “carbon Guterres to demand that developed countries such as the United States

by 2030. Doing so would put eliminate carbon emissions by 2040 — a decade earlier than the rest of the
1g-term goal of keeping world.

warming to 1.5 degrees

5 (2.7 degrees Fahrenheit) With few nations on track to fulfill their climate commitments and with the
:ably out of reach. developing world already suffering disproportionately from climate disasters,

said, rich countries have a responsibility to act faster than their low-income
counterparts.

The IPCC report shows humanity has reached a “critical moment in history,” IPCC Chair Hoesung Lee said. The worl
has all the knowledge, tools and financial resources needed to achieve its climate goals, but after decades of disregard
scientific warnings and delaying climate efforts, the window for action is rapidly closing,.

Calling the report a “how-to guide to defuse the climate time-bomb,” Guterres announced on Monday an “acceleratio
agenda” that would speed up global actions on climate,

Emerging economies including China and India — which plan to reach net zero in 2060 and 2070, respectively — mu
hasten their emissions-cutting efforts alongside developed nations, Guterres said.

Both the U.N. chief and the IPCC also called for the world to phase out coal, oil and gas, which are responsible for mc
than three-quarters of global greenhouse gas emissions.

“This report offers hope, and it provides a warning,” Lee told reporters Monday. “The choices we make now and in th
next few years will reverberate around the world for hundreds, even thousands, of years.”

A stark secientific outlook

Already, the IPCC’s synthesis report shows, humanity has fundamentally and irreversibly transformed the Earth syst
Emissions from burning fossil fuels and other planet-warming activities have increased global average temperatures
at least 1.1 degrees Celsius (2 degrees Fahrenheit) since the start of the industrial era. The amount of carbon dioxide |

the atmosphere hasn’t been this high since archaic humans carved the first stone tools.



Though much of the synthesis report echoes warnings seientists have issued for decades, the assessment is notable for
the blunt certainty of its rhetoric. The phrase “high confidence” appears nearly 200 times in the 36-page summary
chapter. Humanity’s responsibility for all of the warming of the global climate system is deseribed as an unassailable
“fact.”

Yet the report also details how public officials, private investors and other powerful groups have repeatedly failed to
heed those warnings. More than 40 percent c‘:f cumulative carbon emissions have oceurred since 1990 — when the IPC
published its first study on the dangerous consequences of unchecked warming. Governments continue to subsidize
fossil fuel use; banks and businesses invest far more in polluting industries than they do in climate solutions. The
consumption habits of the wealthiest 10 percent of people generate three times as much pollution as those of the poor:
50 percent, the report said.

Decades of delay have denied the world any hope of an easy and gradual transition to a more sustainable economy, the
panel says. Now, only “deep, rapid and ... immediate” efforts across all aspects of society — combined with still-

unproven technologies to pull carbon from the atmosphere — will be able to stave off catastrophe.

“It’s not just the way we produce and use energy,” said Christopher Trisos, director of the Climate Risk Lab in the
African Climate and Development Initiative at the University of Cape Town and a member of the core writing team for
the synthesis report. “It’s the way we consume food, the way we protect nature. It's kind of like everything, everywhere
all at once.”

But few institutions are acting fast enough, the report said. November’s U.N. climate conference in Egypt ended witho
a resolution to phase down oil, gas and coal — a baseline requirement for curbing climate change. Last year, China
approved its largest expansion of coal-fired power plants since 2015. Amid soaring profits, major oil companies are
dialing back their clean-energy initiatives and deepening investments in fossil fuels.

Humanity is rapidly burning through our “carbon budget” — the amount of pollution the world ean afford to emit and
still meet its warming targets, the IPCC said, and it projected that emissions from existing fossil fuel infrastructure wil
make it impossible to avoid the 1.5-degree threshold.

Yet even as environmental ministers met in Switzerland last week to finalize the text of the IPCC report, the U.S.
government approved a new Arctic drilling project that is expected to produce oil for the next 30 years, noted Hans-Of
Portner, a climatologist at Germany’s Alfred Wegener Institute and a co-author of a dozen IPCC reports, including the
latest one.

“These decisions don’t match reality,” he said. “There is no more room for compromises.”

Failure to act now won't only condemn humanity to a hotter planet, the IPCC says. It will also make it impossible for
future generations to cope with their changed environment.




These changes have caused irrevocable damage to communities and ecosystems, evidence shows: Fish populations ar:
dwindling, farms are less productive, infectious diseases have multiplied, and weather disasters are escalating to
unheard-of extremes. The risks from this relatively low level of warming are turning out to be greater than seientists
anticipated — not because of any flaw in their research, but because human-built infrastructure, social networks and
economic systems have proved exceptionally vulnerable to even small amounts of climate change, the report said.
The suffering is worst in the world’s poorest countries and low-lying island nations, which are home to roughly 1 billic
people yet account for less than 1 percent of humanity’s total planet-warming pollution, the report says. But as climati

disruption increases with rising temperatures, not even the wealthiest and most well-protected places will be immune

In 2018, the IPCC found that a 1.5C world would be overwhelmingly safer than one that is 2 degrees Celsius (3.6 degr
Fahrenheit) warmer than the preindustrial era. At the time, scientists said humanity would have to zero out carbon

emissions by 2050 to meet the 1.5-degree target and by 2070 to avoid warming beyond 2 degrees.

Five years later, humanity isn’t anywhere close to reaching either goal. Unless nations adopt new environmental polic
— and follow through on the ones already in place — global average temperatures could warm by 3.2 degrees Celsius
(5.8 degrees Fahrenheit) by the end of the century, the synthesis report says. In that scenario, a child born today woul
live to see several feet of sea level rise, the extinetion of hundreds of species and the migration of millions of people fre
places where they can no longer survive.,

“We are not doing enough, and the poor and vulnerable are bearing the brunt of our collective failure to act,” said
Madeleine Diouf Sarr, Senegal’s top climate official and the chair for a group of least-developed countries that negotia
together at the United Nations.

She pointed to the damage wrought by Cyclone Freddy, the longest-lasting and most energetic tropical storm on recor
which has killed hundreds of people and displaced thousands more after bombarding southern Afriea and Madagasea
for more than a month. The report shows that higher temperatures make storms more powerful and sea level rise mal
flooding from these storms more intense. Meanwhile, the report says, the death toll from these kinds of disasters is 15

times as high in vulnerable nations as it is in wealthier parts of the world.

If the world stays on its current warming track, the IPCC says, global flood damage will be as much as four times as hi
as it will be if people limit temperature rise to 1.5 degrees.

“The world cannot ignore the human cost of inaction,” Sarr said.

The price of delay




The report reveals thresholds in how much warming people and ecosystems can adapt to. Some are “soft” limits -

determined by shortcomings in political and social systems. For example, a low-income community that can’t afford
build flood controls faces soft limits to dealing with sea level rise.

But bevond 1.5 degrees of warming, the IPCC says, humanity will run up against “hard limits” to adaptation.
Temperatures will get too high to grow many staple crops. Droughts will become so severe that even the strongest wa
conservation measures can’t compensate. In a world that has warmed roughly 3 degrees Celsius (5.4 degrees
Fahrenheit) — where humanity appears to be headed — the harsh physical realities of climate change will be deadly fc
countless plants, animals and people.

“It’s as if we're traveling on a carbon-intensive superhighway and we’re in the fast lane,” Trisos said. Unless people
immediately pump the brakes on carbon emissions, we will zoom past the off exit for 1.5 degrees of warming — and
there will be no turning back.

Yet just like drivers who have missed their exit, humanity must strive to stay as close as possible to the 1.5-degree targ
Trisos said. “We can still take the 1.6 exit, which will be better than 1.7.”

“With every increment of global warming, the danger will increase,” he added. “As we leave it later and take hotter and
hotter exits, the fewer options we have to thrive.”

‘It does not mean we are doomed’

Despite its stark language and dire warnings, the IPCC report sends a message of possibility, said Friederike Otto, a
climate scientist at Imperial College London and a member of the core writing team for the report.

“It’s not that we are depending on something that still needs to be invented,” she said. “We actually have all the
knowledge we need. All the tools we need. We just need to implement it.”

In many regions, the report says, electricity from renewable sources such as solar and wind is now cheaper than power
tom fossil fuels. Several countries have significantly reduced their emissions in the past decade, even as their
*conomies grew. New analyses show how efforts to fight climate change can benefit society in countless other ways,
Tom improving air guality to enhancing ecosystems to boosting public health. These “co-benefits” well outweigh the

'0sts of near-term emissions reductions, even without accounting for the long-term advantages of avoiding dangerous
varming.

‘he IPCC also underscored that tackling climate change can help address global inequities — and vice versa. Stronger
afety nets and policies that aid the poor can help foster support for the massive changes needed to help curb carbon
missions, the report says. Helping developing nations build renewable energy infrastructure will both avert emissions
nd alleviate the energy poverty that afflicts more than 700 million people worldwide, it said.




“It gives a goal to work toward, to a world that looks different,” Otto said of the report. “It does not mean we are

doomed.”

Report authors say the IPCC’s assessment comes at a pivotal moment. Beginning this year, nations are required to sta
updating the emissions-cutting pledges they made in Paris in 2015. Diplomats are also hashing out the details of a “lo
and damage” fund established at least };eur‘f:‘ climate talks, which would provide compensation to vulnerable countrie:
suffering irreversible climate harms.

By the end of the COP28 climate conference in Dubai in December, Guterres said, the world’s leading economies shot
adopt elimate plans in line with the IPCC’s findings.

The steep political stakes of the IPCC’s findings were evident during the report’s marathon approval session, with

representatives from nearly 200 countries haggling over the document’s discussion of climate justice.

The science is indisputable, Lee said Monday: The world will not avoid catastrophic warming unless rich nations spee
up their own carbon cuts and help poorer countries do the same.

What's not yet clear is whether world leaders will follow through, When asked about Guterres’s call for developed
countries to move faster toward net-zero emissions, a State Department spokesperson instead directed attention tow:

China, which is now the world’s largest annual producer of greenhouse gases.
But the planet can’t afford further delays or finger-pointing, the U.N. chief said.

“Demanding others move first only ensures humanity comes last,” he said. “We don’t have a moment to lose.”
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US Emissions of the World’s
Most Potent Greenhouse Gas
Are 56 Percent Higher Than
EPA Estimates, a New Study
Shows

Electric utilities are likely responsible for the nation’s higherthan
expected emissions of sulfur hexafluoride, a greenhouse gas
25,000 times worse for the climate than carbon dioxide.
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Electricity pyvion and power cabies. Credit: Tim Graham/Getty Images

While emissions of sulfur hexafluoride (SF6), the world’s
most potent greenhouse gas, have fallen sharply in the U.S. in
recent decades, actual emissions are significantly higher
than the official government estimates, a new study
concludes.

Across the United States, 390 metric tons of SF6 were emitted
into the atmosphere in 2018, the most recent year for which
data are available, according to a new study resulting from a
joint initiative between the National Oceanic and
Atmospheric Administration and the Environmental
Protection Agency. The study, designed to better quantify
SF6 emissions in the U.S., was published in the journal
Atmospheric Chemistry and Physics.
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SF6, a man-made gas used by electric utilities to quickly
interrupt the flow of electricity in high voltage circuit
breakers, is also the most potent greenhouse gas ever studied
by the Intergoverhmental Panel on Climate Change. The gas
is 25,200 times more effective at warming the planet than
carbon dioxide, making even small releases of SF6 cause for

concern.
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The volume of SF6 released in 2018 is less than half of what it
was a decade priof, but still equaled the annual greenhouse
gas emissions of 2.1 million automobiles, according to the
Environmental Protection Agency’s greenhouse gas

o
= 1 T .
equivalency calculator.

The vast majority of SF6 emissions come from the electric
power sector and occur either during routine servicing of
electrical equipment or through ongoing leaks in aging or

poorly sealed storage tanks and other electrical equipment.

“Substantial additional emission reductions can be achieved
if more efforts were put into minimizing emissions during
servicing or through improving sealing materials in the
electrical distribution systems,” said Lei Hu, a researcher
with the National Oceanic and Atmospheric Administration
and the study’s lead author.

The Electric Power Systems Part nership, a voluntary
program run by the EPA, has helped electric utilities reduce
emissions of SF6 by approximately 80 percent since 1990,
according to the agency. Emissions reductions have come
through the use of newer, less leak-prone equipment and
better servicing practices that prioritize capturing and
reusing SF6 gas. SF6-free circuit breakers are also
increasingly being deployed by some electric utilities as
alternative technologies become available.

However, not all electric utility companies participate in the
EPA’s emission reduction program. Duke Energy, one of the

largest electric power corporations in the U.S. based on
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revenue, does not participate and Duke Energy Carolinas, the
company’s subsidiaries in North and South Carolina, had the
highest SF6 leak rate of any electric utility that reported
emissions to the EPA in 2021

Duke Energy spokesman Jeff Brooks told Inside Climate
News in November that the company was “working to learn
more about” the EPA-industry partnership to reduce SF6
emissions, a program that has been operating since 1999. The
company declined to comment on Tuesday as did the Edison
Electric Institute, a trade association that represents all U.S.
investor-owned electric companies.

In its annual U.S. greenhouse gas inventory published in
April, the EPA mentioned preliminary data from NOAA and
EPA scientists, which suggested higher-than-expected U.S.
emissions of SFé6.

“The preliminary results of research conducted by the
National Oceanic Atmospheric Administration indicate that
U.S. emissions of SF6 are significantly higher than what is
being estimated in the current inventory for emissions of SF6

rom all sources,” the report said.

The report suggested that the EPA may need to improve its
estimates of SF6 emissions from electric utilities that are
believed to have relatively low SF6 emissions and are
therefore not required to report their emissions to the
agency. The report also flageged “end-of-life” emissions from
old electrical equipment at the time of disposal as a potential
source of higher-than-expected emissions.

Now, the agency is moving forward with some of the
changes.

“The EPA has revised its method for estimating emissions of
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SF6 from these non-reporting facilities,” Melissa Sullivan, a
spokeswoman for the agency, said. “Specifically, rather than
assuming that the average SF6 emission rate of non-
reporting facilities has declined at the same rate as that of
reporting facilities, the EPA is now assuming that the average
SF6 emission rate of non-reporting facilities has declined
much more slowly than the average emission rate of
reporting facilities.”
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Sullivan said the change will bring the agency’s estimate for
SF6 emissions into better agreement with emissions inferred
from atmospheric observations, starting with the next annual
US. greenhouse gas inventory, a draft of which will be
published in February.

Hu said the current study could serve as a guide for other
countries as they try to get a better handle on their annual
SF6 emissions. Current national inventories like that of the
U.S. only account for half of all global SF6 emissions based on
estimates derived from global atmospheric concentrations of
the pollutant.

“There is a huge gap in the global reporting of S¥6,” Hu said.
“Maybe other countries can consider a similar approach so
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