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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 II, 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 pennit 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 
sorficial 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. Its 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 

1 



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 oerms 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 L31 E 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 

• to withdraw the entire defined volume of hypersaline plume leaked from the CCS 
back to east side of the SFWMD L-31 E 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) 
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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 CC$ 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 15th, 2018, and May 16th , 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 (RMSR) 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 2nd, 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 16th

, the Applicant is required to file a report analyzing the effectiveness of the 
RWS within 60 days of filing the 5th year RMSR. We reserve the right to comment on 
this document. 

Of major concern is that both the 3rd year and the 4 th year RMSR 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 th year RMSR. 

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: 
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Exhibit 1 - 41h Remedial Action Annual Status Report by FPL, filed in November 2022 
Exhibit 2 - Letter from Stan Austin, Regional Director, National Park Service to Frank 
Astulewicz , Director New Reactor Licensing , December 19th , 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, Lee Hefty, 
Assistant Director, Division of Environmental Resource Management, December 15, 
2015 

Section 51.53 {C)C3)(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 infomiation" 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 c-.ooling 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, drougtit 
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 emmgency increase from the 
NRG which was unprecedented and the highest input temperatures of any nuclear 
plant in the nation. This caused the NRG to require FLPL to temporarily ramp down the 
operating capacity of the 2 nuclear reactors. FPL obtained an emergency permit from 
SF)JVMD to withdraw millions of gallons of L31 E 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 4th 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 
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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 opemtion 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 
irrigation 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 
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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 F7oridan 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 29th, 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 c.in 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 
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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 C<itastrophic accidents w ith 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. 
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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 20th, 2023. 

Subsection ix, Aquatic Resources (35), Impingement Mortality and Entrainment of 
Aquatic 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. 

• 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 NRG. 

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 
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"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 appl icant, 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 

 
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: 

• 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. 

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. 
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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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• 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 total nitrogen over the past three plus 
years, while the total phosphorus levels remain relatively low, ranging between 0.01 to 
0.05 mg/L.  

• 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:  

• 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. 

• 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 

 

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 

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. 
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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: 

• 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 

• 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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• Data and assessment from monitoring wells in Year 4 and comparisons to baseline 
conditions and/or previous years  

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

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

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

• 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 

 

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: 

• Review of geophysical data collection 

• Review of geophysical data processing and inversion modeling 

• 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 

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

• Assessment of approach used to assess statistical significance of changes to plume 
volume and orientation 

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. 
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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: 

• 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). 

• 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). 

• 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. 

• 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. 

• 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 (GTI 2022), with the overall scope of the Year 3 
evaluation summarized by FPL into the following five categories: 

• Review of FPL’s RAASR Year 3 report 

• Review of FPL’s SEAWAT model V6 

• Verification of SEAWAT model runs (i.e., calibration, prediction, and sensitivity 
analyses) 

• Review of salt extraction data and modeling results 

• 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: 

• 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. 

• 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.  

• 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. 

• 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 I 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 

 

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: 

• 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. 

• 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. 

• 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.  

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. 
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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 I industrial wastewater disposal well 
(Permit No. 0293962-004-UO/1I) 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 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:  

• 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.  

• 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. 

The deep injection well. 
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• March 14, 2022, 9:00 to March 17, 2022, 13:00.  A permit required, five-year DIW 
integrity test. 

• 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: 

• 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. 

• 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 

 

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 2019.   

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.   

https://www.ptn-combined-monitoring.com/
https://www.ptn-combined-monitoring.com/
https://www.ptn-combined-monitoring.com/
https://www.ptn-combined-monitoring.com/
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Table 2.2-1. RWS Chloride Monitoring Results (mg/L) 

 
 

Sample ID

July Aug Sept Oct Nov Dec Jan Feb Mar Apr May June

Current 
Reporting 

Period 
(7/1/21-
6/30/22)

Previous 
Year  (7/1/20-

6/30/21)

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.

Average2021 2022



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

 
 

2-6 

 
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.  
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Table B.1-1 in Appendix B shows the weekly 
volume of groundwater pumped from each 
recovery well.  From July 1, 2021, to June 30, 
2022, approximately 5.04 billion gallons of 
water were extracted from the RWS and 
disposed of via the DIW.  This equates to 
utilizing 92% of the allowed withdrawal of 5,475 
million gallons per the Consumptive Use Permit.  
An additional 1.14 billion gallons of hypersaline 
groundwater were extracted in Year 4 from the 
UICPW wells in the middle of the CCS (Table 
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: 

Salt mass removed (lbs/day) = 
Flow �gallonsmin � x TDS �gL� x 1,000 �mg

g � x 3.7854 ( litersgallon)

453,592.37 (mg
lbs)

 𝑥𝑥 1,440 (𝑚𝑚𝑚𝑚𝑚𝑚
𝑑𝑑𝑑𝑑𝑑𝑑

) 

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.   

Time Period  
Volume 
(billion 
gallons) 

Salt 
(billion 

lbs) 

July 1, 2021 - 
June 30, 2022 6.18 2.37  

May 15, 2018 - 
June 30, 2022 23.43 9.24  

Values shown are for total water and salt mass 
extracted each reporting period and total since 
startup through June 2022. 
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2.3 RECOVERY WELL SYSTEM DRAWDOWN ASSESSMENT 

 

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.   

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.  
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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: 

• 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. 

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

• 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 

 

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-L5, 
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.  

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.   
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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 
(mg/L) 

Year 4 Chloride (mg/L) 

Date 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 
(mg/L) 

Year 4 Chloride (mg/L) 

Date 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 29.1 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. Monitoring Well Baseline and Year 4 Quarterly (Sept 2021 to June 2022) 
Tritium Concentration Data 

Date 

Baseline 
Tritium 
(pCi/L) 

Year 4 Tritium (pCi/L) 

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 15.5 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 
(pCi/L) 

Year 4 Tritium (pCi/L) 

Date 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. 

 



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

 
 

3-7 

3.2 YEAR 4 WATER QUALITY CONDITIONS AND TRENDS 

 
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 XLStat 
(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:  

• 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. 

• 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 

A multi-factored objective data assessment was used to identify meaningful changes in groundwater 
quality 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.   
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of quarterly chloride data, 5 have the lowest quarterly chloride concentration this 
reporting period. 

• 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: 

• 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. 

• 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. 

• 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 



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

 
 

3-10 

Table 3.2-1.  Summary of Monitoring Well Influences from RWS Operations in Year 4 

Period of Record 
low in Year 4?

Year 4 minimum < 
Year 1, 2, 3 & 

baseline minimum 
chloride?

Statistically 
significant 

declining linear 
regression?

Mann-Kendall 
chloride trend

Period of Record 
low in Year 4?

Year 3 minimum < 
Year 1, 2 & 

baseline minimum 
tritium?

Statistically 
significant 

declining linear 
regression?

Mann-Kendall 
tritium trend

Period of Record 
low in Year 4?

Year 4 minimum < 
Year 1, 2, 3 & 

baseline minimum 
weekly salinity?

Statistically 
significant 

declining linear 
regression?

Mann-Kendall 
average weekly 

automated salinity 
trend

Period of Review: Start1 – June 30, 
2022

July 2021 – June 
2022 vs. March 

2018 – June 2021

March 1, 2018 – 
June 30, 2022

March 1, 2018 – 
June 30, 2022

Start1 – June 30, 
2022

July 2021 – June 
2022 vs. March 

2018 – June 2021

March 1, 2018 – 
June 30, 2022

March 1, 2018 – 
June 30, 2022

Weekly Average 
Start1 to June 30, 

2022

July 2021 – June 
2022 vs. March 

2018 – June 2021

March 1, 2018 – 
June 30, 2022

March 1, 2018 – 
June 30, 2022

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:
1 Startup period varies: TPGW-1 to -12 started reporting around mid-2010; TPGW-15 started to report in 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. 

Assessment:

Automated Salinity Data2Analytical Quarterly Chloride Data Analytical Quarterly Tritium 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.  

 
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 

 
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.   

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.  

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. 
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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-1S, 
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-17S. 

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 

 
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 

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. 
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indicate some influences of RWS operations at this mid-depth well located over 3.1 miles west 
of the CCS.    

 
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-

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.  
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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/l 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).  



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

 
 

3-20 

 
Note: Area in gray indicates RWS operational period. 

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 

 
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 Volumetric 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, 

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.    
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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. 

  



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

 
 

3-22 

Table 3.3-1.  Chloride concentrations for the 2022 TPGW and CSEM monitoring points 

 

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 
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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 

 

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 

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. 
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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: 

• 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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• 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. 

• 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. 

• 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 SkyTEM, 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 
(SCIs) of the data collected.  AGF produced LCIs and SCIs of collected data with the SkyTEM 
system during daily flight operations to verify and confirm the functionality of the SkyTEM 
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 
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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 

 

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:   

• 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. 

• 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.   

• 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. 

  

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.  
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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 ID 

Well Screen (from Top of Casing) 
Cl 

(mg/L) 
Salinity 
(PSU) 

Specific 
Conductance 

(µS/cm) 
From 
(ft) 

To 
 (ft) 

From 
(m) 

To  
(m) 

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 
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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: 

𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝑅𝑅𝑊𝑊𝑅𝑅𝑅𝑅𝑅𝑅𝑊𝑊𝑅𝑅𝑅𝑅𝑅𝑅𝑊𝑊𝑅𝑅 = 0.12038 ∙ (𝐴𝐴𝐴𝐴𝐴𝐴 𝑅𝑅𝑊𝑊𝑅𝑅𝑅𝑅𝑅𝑅𝑊𝑊𝑅𝑅𝑅𝑅𝑅𝑅𝑊𝑊𝑅𝑅)1.194945  (1) 

with R2 = 0.826 (Figure 4.2-3).  R2 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 R2 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: 

𝐶𝐶ℎ𝑙𝑙𝑙𝑙𝑊𝑊𝑅𝑅𝑙𝑙𝑊𝑊 𝐶𝐶𝑙𝑙𝐶𝐶𝐶𝐶𝑊𝑊𝐶𝐶𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑅𝑅𝑙𝑙𝐶𝐶 = 2,639.6 ∙ (𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝑅𝑅𝑊𝑊𝑅𝑅𝑅𝑅𝑅𝑅𝑊𝑊𝑅𝑅𝑅𝑅𝑅𝑅𝑊𝑊𝑅𝑅)−1.19036  (2)   

with R2 = 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 
CA/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. 
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Table 4.2-3. Correspondence Between TPGW Screened Zones and the AEM 
Model Layer – 2022 Data 

 

From (m) To (m) From (ft) To (ft)
TPGW-4S 7.1 7.7 23.2 25.2 2,500 6 3,524
TPGW-15S 7.4 8.9 24.3 29.3 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 8.5 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 7.6 8.3 25.1 27.1 263 7 245
TPGW-15S 7.4 8.9 24.3 29.3 12,800 7 2,216*
TPGW-19S 8.3 9.6 27.4 31.4 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 32.0 34.0 9,650 8 9,445
TPGW-17S 9.8 11.3 32.1 37.1 20,300 8 20,331
TPGW-18S 10.7 12.3 35.3 40.2 2,230 8 10,900
TPGW-4M 11.6 13.1 38.1 43.1 14,300 9 14,801
TPGW-18S 10.7 12.3 35.3 40.2 2,230 9 10,900
TPGW-15M 13.5 15.1 44.4 49.4 25,700 9 16,304*
TPGW-15M 13.5 15.1 44.4 49.4 25,700 10 16,304*
TPGW-1M 15.9 16.5 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 15.7 17.0 51.6 55.6 7,870 10 2,949
TPGW-17M 15.2 16.8 50.0 55.0 24,400 10 31,030
TPGW-19M 14.8 16.0 48.4 52.4 19,200 10 20,126
TPGW-22M 16.5 17.4 54.0 57.0 20,900 10 14,623
TPGW-12M 18.1 19.3 59.2 63.2 19,900 11 20,331*
TPGW-4D 18.8 20.0 61.6 65.6 14,700 11 4,831

TPGW-22M 16.5 17.4 54.0 57.0 20,900 11 14,623
TPGW-4D 18.8 20.0 61.6 65.6 14,700 12 4,831
TPGW-5D 20.4 22.0 67.0 72.0 12,600 12 4,734

TPGW-18M 19.3 20.8 63.3 68.3 19,600 12 15,296
TPGW-22D 21.0 21.9 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 27.2 85.3 89.3 26,700 13 13,367

TPGW-6D 25.8 27.0 84.7 88.7 8,290 13 5,348
TPGW-18D 25.7 27.8 84.3 91.3 22,000 13 16,375
TPGW-19D 25.7 27.2 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 25.8 27.0 84.7 88.7 8,290 14 5,348
TPGW-17D 26.5 28.0 86.8 91.8 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 22,800 14 6,123
TPGW-12D 28.4 29.6 93.2 97.2 24,700 14 20,331*

Note: AEM-derived Cl produced from average resistivity within 175 m radius of borehole and converted to Cl using regression 
equation.
* TPGW-12 and TPGW-15 AEM estimated chloride data are calculated from nearest Cl voxel due to locations within EM noise.

Well ID

Depth Below Land Surface

2022 Chloride 
(mg/L)

CSEM 
Model Layer

CSEM 
Estimated 
Layer Cl 
(mg/L)
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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 

Survey Year AEM Resistivity (ohm-m) at 
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 SkyTEM 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 

 

Layer
2018 Volume > 19,000 mg/L (m3)

Based on 2016+2018 Data
2018 Volume > 19,000 mg/L (m3) Based 

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 

 

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-

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. 
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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 

 

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 

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. 
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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: 

𝐴𝐴𝐴𝐴𝐴𝐴 𝐴𝐴𝑊𝑊𝑊𝑊𝑙𝑙𝑊𝑊 = [𝐴𝐴𝐴𝐴𝐴𝐴 𝑊𝑊𝑅𝑅𝑊𝑊𝑅𝑅𝑒𝑒𝑊𝑊𝑊𝑊𝑊𝑊𝑙𝑙 𝐶𝐶ℎ𝑙𝑙𝑙𝑙𝑊𝑊𝑅𝑅𝑙𝑙𝑊𝑊]/[𝑒𝑒𝑙𝑙𝐶𝐶𝑅𝑅𝑊𝑊𝑙𝑙𝑊𝑊 𝑤𝑤𝑊𝑊𝑙𝑙𝑙𝑙 𝐶𝐶ℎ𝑙𝑙𝑙𝑙𝑊𝑊𝑅𝑅𝑙𝑙𝑊𝑊] 

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: 

𝐴𝐴𝐴𝐴𝐴𝐴 𝐴𝐴𝑊𝑊𝑊𝑊𝑙𝑙𝑊𝑊 = [𝐴𝐴𝐴𝐴𝐴𝐴 𝑊𝑊𝑅𝑅𝑊𝑊𝑅𝑅𝑒𝑒𝑊𝑊𝑊𝑊𝑊𝑊𝑙𝑙 𝐶𝐶ℎ𝑙𝑙𝑙𝑙𝑊𝑊𝑅𝑅𝑙𝑙𝑊𝑊] − [𝑒𝑒𝑙𝑙𝐶𝐶𝑅𝑅𝑊𝑊𝑙𝑙𝑊𝑊 𝑤𝑤𝑊𝑊𝑙𝑙𝑙𝑙 𝐶𝐶ℎ𝑙𝑙𝑙𝑙𝑊𝑊𝑅𝑅𝑙𝑙𝑊𝑊] 

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: 

% 𝐴𝐴𝑊𝑊𝑊𝑊𝑙𝑙𝑊𝑊 = 1 −
[𝐴𝐴𝐴𝐴𝐴𝐴 𝑊𝑊𝑅𝑅𝑊𝑊𝑅𝑅𝑒𝑒𝑊𝑊𝑊𝑊𝑊𝑊𝑙𝑙 𝐶𝐶ℎ𝑙𝑙𝑙𝑙𝑊𝑊𝑅𝑅𝑙𝑙𝑊𝑊]

[𝑒𝑒𝑙𝑙𝐶𝐶𝑅𝑅𝑊𝑊𝑙𝑙𝑊𝑊 𝑤𝑤𝑊𝑊𝑙𝑙𝑙𝑙 𝐶𝐶ℎ𝑙𝑙𝑙𝑙𝑊𝑊𝑅𝑅𝑙𝑙𝑊𝑊] ∗ 100 

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 

CI95 = (average error) * (1.96) * (s/n0.5) 

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 (t0). 

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 t0 to the permutation distribution to determine what fraction (p) of the permuted 
statistics t exhibits a group difference as or more extreme than t0.  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 (t0) 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 t0 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 (t0). 
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4. Construct a large number of bootstrap samples (B∗) 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 − α.  

7. Calculate lower and upper percentiles of the bootstrap distribution so that the range 
between the percentiles covers a proportion of 1 − α 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  

 

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 

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. 
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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   

4.2.5 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 Ion 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 

 

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 

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. 
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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 (m3) 

Layer 

2018 Volume > 
19,000 mg/L 

(m3) 

2022 Volume > 
19,000 mg/L 

(m3) 

Percent 
Volumetric 

Change by Layer 
(2018 to 2022) 

Percent Volumetric 
Change by Layer 
(2018 to 2022) 

Relative to Total 
Volume 

1* 1,930,000 0 -100 -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 
6 12,304,000 848,000 -93 -3 
7 22,572,000 72,000 -99 -5 
8 20,480,000 2,500,000 -88 -4 
9 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 

 

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. 

  

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%.   
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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 

 

Figure 4.3-7. Normalized Percent Change: 2018 to 2022 (>19,000 mg/L) from the 
Total 2018 Volume   



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

 
 

4-48 

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: 

• 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.  

• 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. 

• 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. 

• 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 

 

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: 

• 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.  

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

• 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. 

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

• 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. 

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.  
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• 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. 

• 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, 2019. 
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Table 5.1-1. Summary of Groundwater Model Versions 

 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 
RWS 

Year 1 Calibration to 
RWS 

Year 2 Calibration to 
RWS 

Year 3 Calibration to 
RWS 

Year 4 Calibration to 
RWS 

Calibration 
Method 

Manual Automated (PEST) Automated (PEST) Automated (PEST) Automated (PEST) Automated (PEST) Automated (PEST) 

Hydraulic 
Conductivity 
Representation 

Uniform within layers Heterogeneous in layers 
4,8,9,10,11 

Heterogeneous in layers 
4,8,9,10,11 

Heterogeneous in layers 
4,8,9,10,11 

Heterogeneous in layers 
4,8,9,10,11 

Heterogeneous in layers 
4,8,9,10,11.  Contrast 
between 5,6, and 7; 9,10, 
and 11 based on JLA 
Associates 

Heterogeneous in layers 
4 and 7-17. Contrast 

between 7 and 8; 10 and 
11; 12, 13, and 14; 15,16, 
and 17 based on JLA 
Associates 

Recharge 
Formulation 

Net Precipitation and 
Evapotranspiration 

Precipitation and 
Evapotranspiration 

Precipitation and 
Evapotranspiration 

Precipitation and 
Evapotranspiration 

Precipitation and 
Evapotranspiration 

Precipitation and 
Evapotranspiration 

CSEM Data 
Used? 

No Yes Yes Yes Yes Yes Yes 

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. Description of Sensitivity Evaluations and Simulations Performed with the 
V6 Model 

Evaluation No. Sensitivity Description Question to be Answered Why Important? 

1 Use geologist estimated 
hydraulic conductivities as 
initial condition subjected to 
PEST gradient search 
calibration 

Does the geologist estimated 
hydraulic conductivities 
provide a better calibration 
than produced by PEST? 

Hydraulic conductivity values 
influence containment, 
interface location, and 
retraction. 

2 Effect of adding Lower High 
Flow Zone 

Does explicit inclusion of 
lower high flow zone improve 
match to saltwater interface 
and remediation progress? 

Lower high flow zone 
provides a direct avenue for 
plume movement in the lower 
(and pumped) part of the 
aquifer. 

3 Correlation between 
horizontal and vertical 
hydraulic conductivity 

Can a better calibration be 
attained with different ratios 
of Kh to Kv? 

Relationship between 
horizontal and vertical ease of 
flow affects lateral capture 
distances. 

4 Use of CCS water and salt 
balance data to inform CCS 
connection to aquifer 

 What is the effect of a more 
informed timeseries of 
CCS/aquifer inflows and 
outflows? 

How the model simulates 
CCS hypersaline discharges to 
the aquifer prior to RWS 
operations affects the spatial 
extent of the plume. 

5 Calibration targets and 
weights 

Can different calibration 
targets be identified and 
weighted to better reflect 
plume extent and 
remediation? 

Accurate representation of 
plume extent and remediation 
supports the usefulness of the 
model for evaluating 
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 
(ETo) 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  

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, 

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. 
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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  
(1968-2010) 

Hydraulic Head ft -0.130 0.464 0.614 6.8% 

Relative Salinity R.S. 0.013 0.090 0.163 5.4% 

Monthly  
(2010-2022) 

Hydraulic Head ft -0.162 0.325 0.447 5.2% 

Relative Salinity R.S. 0.034 0.161 0.216 8.4% 

CSEM (2018 
through 2022) 

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% 

2020 CSEM Survey R.S. 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 Cl 
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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. 
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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 

 

CSEMModel

Supplemented
Hypersaline



FPL Turkey Point RAASR Year 4 
November 2022                 5. Groundwater Model 
 

5-16 

 

Figure 5.2-3. Comparison of Model and Observed Changes in Relative Salinity with Time by Well Between April 2018 and May 2022 
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Figure 5.2-3 (continued).  Comparison of Model and Observed Changes in Relative Salinity with Time by Well Between April 2018 and May 2022 
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Figure 5.2-3 (continued).  Comparison of Model and Observed Changes in Relative Salinity with Time by Well Between April 2018 and May 2022 

-1

-0.5

0

0.5

1

Apr-18 Oct-18 Apr-19 Oct-19 Apr-20 Oct-20 Apr-21 Oct-21 Apr-22

Re
la

tiv
e 

Sa
lin

ity
 C

ha
ng

e TPGW-19SMeasured
Modeled

-1

-0.5

0

0.5

1

Apr-18 Oct-18 Apr-19 Oct-19 Apr-20 Oct-20 Apr-21 Oct-21 Apr-22

Re
la

tiv
e 

Sa
lin

ity
 C

ha
ng

e TPGW-19MMeasured
Modeled

-1

-0.5

0

0.5

1

Apr-18 Oct-18 Apr-19 Oct-19 Apr-20 Oct-20 Apr-21 Oct-21 Apr-22

Re
la

tiv
e 

Sa
lin

ity
 C

ha
ng

e TPGW-19DMeasured
Modeled

-1

-0.5

0

0.5

1

Apr-18 Oct-18 Apr-19 Oct-19 Apr-20 Oct-20 Apr-21 Oct-21 Apr-22

Re
la

tiv
e 

Sa
lin

ity
 C

ha
ng

e TPGW-18SMeasured
Modeled

-1

-0.5

0

0.5

1

Apr-18 Oct-18 Apr-19 Oct-19 Apr-20 Oct-20 Apr-21 Oct-21 Apr-22

Re
la

tiv
e 

Sa
lin

ity
 C

ha
ng

e TPGW-18MMeasured
Modeled

-1

-0.5

0

0.5

1

Apr-18 Oct-18 Apr-19 Oct-19 Apr-20 Oct-20 Apr-21 Oct-21 Apr-22

Re
la

tiv
e 

Sa
lin

ity
 C

ha
ng

e TPGW-18DMeasured
Modeled

-1

-0.5

0

0.5

1

Apr-18 Oct-18 Apr-19 Oct-19 Apr-20 Oct-20 Apr-21 Oct-21 Apr-22

Re
la

tiv
e 

Sa
lin

ity
 C

ha
ng

e TPGW-22SMeasured
Modeled

-1

-0.5

0

0.5

1

Apr-18 Oct-18 Apr-19 Oct-19 Apr-20 Oct-20 Apr-21 Oct-21 Apr-22

Re
la

tiv
e 

Sa
lin

ity
 C

ha
ng

e TPGW-22MMeasured
Modeled

-1

-0.5

0

0.5

1

Apr-18 Oct-18 Apr-19 Oct-19 Apr-20 Oct-20 Apr-21 Oct-21 Apr-22

Re
la

tiv
e 

Sa
lin

ity
 C

ha
ng

e TPGW-22DMeasured
Modeled



FPL Turkey Point RAASR Year 4 
November 2022          5. Groundwater Model 
 

5-19 

 
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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Figure 5.2-5. Comparison of Model and Observed Mass Extracted by Well Between May 

2018 and May 2022  
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5.3 REMEDIATION YEARS 5 AND 10 FORECAST  

 
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. 

  

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. 
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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 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. 

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.  
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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 
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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. 

 

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: 

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

• 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. 

• 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. 

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

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

• 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 

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.  

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 Turkey Point RAASR Year 4 
November 2022 6. Cooling Canal System Management 

 
 

6-2 

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 [ºC] or 16.2 degrees Fahrenheit [ºF] 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 (4.5o 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 

 

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.   

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. 
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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 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: 

• 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. 

• 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. 

• 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 

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). 
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groundwater and 9.24 billion pounds of salt have been extracted from the Biscayne 
Aquifer. 

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

• 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 
(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.   

• 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. 

• 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. 

• 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.   

• 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. 

• 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. 

• 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. 

• 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.   

• 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.  

• 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. 

• A number 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.   

• 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.  

• 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. 

• In addition 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 mg/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  

• 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 

• 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 

• 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:  

• 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 

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

• 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. 

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

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

• 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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The National Park Service (NPS) appreciates the opportunity to he a cooperating agency with the 
Nuclear Regulatory Conunission (NRC) and the U.S. Anny 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 a~ proposed by Florida Power and Light (FPL). 
We appreciate the extensive work done by the NR C and the USA CE staff and their willingness 
to meet extensively with the NI'S. However, the NI'S continues to have serious con{,erns 
regarding the adequacy and accuracy of the FEIS. fhe NPS is also taking this opportunity to 
comment on the NRC's Final Safety Evaluation Rep<)rt (FSER) because it dcscnbes natural 
phenomena, including hurricanes and stonn surge, which may negatively affo<..'t Units 6 and 7 
and have both human and environmental consequences for Biscayne and Everglades ~ational 
Parks (NP). 

U~ACE is preparing a Least Environmentally Damaging Practicable Alternative (LEDP A) for 
Clean Water Act Section 404 wetland permits and a Public Interest Review (!'IR) in accordance 
with Clean Water Act Sections 10 and 14 oftl1c Rivers and Harbors Act. At;COrding to the FE!S, 
neither the LEDPA nor the PIR is addressed in this FEIS but wi!i be part ofUSACE's Record of 
Decision (ROD). The NI'S asserts that there is strong public interest regarding ongoing 
operational problems with the existing Turkey Point facility, which would be complicated by 
Units 6 and 7, affecting the success of the multi-biilion dollar Cornprehensivc Everglades 
Restoration Plan (l'ERPJ and its Biscayne Bay Coastal Wetlands (BBCW) project, as well a.s the 
ecological health of Biscayne and E"crglades NP fragile resources. As such, the !vPS fonnally 

l 



requests that l "SACE pro\·idc 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 
USA CE decisions are not contrary to the public interest; are m agreement with the content of the 
1-t· IS; and ensure ( '!:RP and NPS resources are unnecessarily adversely impacted. 

On June 20, 2009, FPL submitted a 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 mfrastrm.:ture includes the construction of 
additional access roads, bridges, a reclaimed water treatment facility, rcclauned and potable 
water p1peiines, Radial Collector Wells (RCW) and associated pipelines, expansion ofan 
existing barge hasin, 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. I:,vcrglades NP's boundary is located seven mi les 
west of the facility and, as will be articulated throughout this letter, its rnsources would also be 
impacted by construction and operation of the project . FPL has also proposed to construct the 
western powerhne adjacent to EYerg!ades NP and the eastern poweriine corridor within a 5mali 
portion ofBis,:a}~1e NP where FPL has an existing powerline easement. Taken together. this 
project poses serious <lire,·t and cumulative impacts to NPS resources. As such, the KI'S 
questions whether it is good public policy to further expand a nuclear power plant already 
experiencing cm 1ronmental problems in a location between two national parks. experiencing an 
elevated rate of sea level rise. and is highly vulnerable to storm surge. Moreover, the NPS does 
not have confidence that mitigation can adequately compensate for adverse impact~. 

As a cooperating agency. the '.'JPS has continually shared its concems regarding the accuracy and 
adequacy of the impacts analysis regarding NPS resources and the C'l:RP. The :,.JPS submitted 
comlll(,'Ilts on the Preliminary Draft !·US on July 8. 2016; Draft Environmental Impact 
Statement (DEIS) on July 17 and 23. 2015; preliminary<iraft hydrology and ecology section~ of 
the DFIS on October 8, 20 l 4 and NoYernber 25. 20 l 4; Draft Bioiogical Assessments and 
Fsscntial Fish Habitat Report on January 31. 2014; and scoping comments on August 16, 20i0. 
We have enclosed these documents and incorporated them hy reference imo this ietter. 

I. Alternative Site Analysis 

As the !\PS has stressed throughout this process, it does not seem to be in the publt<.: interrst to 
expand a power plant adjacent to Biscayne NP and near Everglades NP. Combined, these 
National Parks contributed approximately $135 m11lin11 in 2015 to the local ernnomy, and further 
provide a critical fonctmn nfbufferinz mland are.as that would otherwise be more \Ulncrabi<: to 
hurricanes, stonn surge, and sea level rise. Moreover. both parks contain numerous fragile 
threatened and endangered specie.~. and are under3oing major multi-billion dollar ecological 
restoration aet1vifies. Nonetheless, the NRC and USAl'E han, not fully considered altemati\e 
sites for the project aside from Turkey Point. 

1 he analysi~ of enY1ronmentai impacts for all of the energy generati ng alternatives is based on 
locating them solely at the Turkey Point location. As an example, the analysis for the natural gas 
a!temat1\·c assumed building and operntion of a natural-gas-fired plant at the Turkey Point site 
\\ ithout analynng s1tmg the plant at a different location. 



FPL applied different criteria to screening the non-Turkey Point sites than it used to screen the 
existing Turkey Point site. In the analysis of <-·1wironmental impacts for siting locations at 
Glades, Martin, Okeechobee, and St. Lucie, these sites were on! y evaluated as to the 
environmental impacts of siting a new two-unit nuclear power plant. It is unlikely that the 
Turkc.-y Point site would have ranked as high for FPL if there wa~ not an existing, operating 
nuclear power plant at that site. FPL selectively applied its own $(.,'feening criteria to the other 
candidate area~ including, 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 
prohahle that the Turkey Point site would have been screened out utilizing the above criteria. 

The siting analysis overlooks the impact of supporting infrastructure, such as the FPL's prop<JSed 
Western Transmission Corridor nearly adjacent to Everglades NP. It also negle<.--ts to consider: 

o the presence of major Federal investments including Biscayne and Everglades t>;Ps and 
numerous other protected areas; 

o the high concentration of sensitive Federal and State listed Threatened and Endangered 
species in South Florida, a biodiversity hotspot; 

o Federal, state, and nonprofit investment in the multi--billion CERP BBC'W Project; e major problems relating to the Industrial Wastewater Facility (IWF}, inc!udmg violation 
of its National Pollution Discharge Elimination System (NPDES} pennit, recent algae 

I.'.:'\ blooms, and a demonstrated hydrologic connection to Biscayne Bay and Biscayne NP; 
V the subterranean hypersaline plume undedying the Turkey Point facility and Biscayne-#:, 

NP, which was (..Teated by (and remains hydrologically connected to) the IWF; G radioacti vc tritium, a tracer for the IWF, is found well above background levels within ~ 
Bisca:ime NP and Biscayne Bay; 

@ the IWF poses an acute risk to sensit ive NPS resources from hurricane and stonn surge * 
events; , G sea level rise is occurring at an increased rate in South Florida; ;}f 

o the site of Units 6 and 7 is important mud flat and wetland habitat for shorebirds and 
nearly adjacent to the NPS boundary; 

o impa<:b to the experien<.'.C of National Park visitors and recreationists, where park 
visitations brings an estimated $135 million (2015) to the local economy; and 

o the presence of Metropolitan Miami, which is c!eady within the 50 mile radius and is the 
eighth most populous urban area in the United States. Any evacuation would require a 
route going north toward ihe City of Miami and heavily populated area~ 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 !'EIS. 

The NPS contends the FE!S does not sufikiently support the NRC's conclusion that ··from an 
cnYironmental p<,'rspective, none of the viable alternatives is environmentally preft--rablc to 
building a new baseload nuclear iX1\\'Cr generation plant at the Turkey Point site ... It appears that 
the four inland alternative locations do not pose the S?Jnc level of environmental concern. 



Additionally, a number o f 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 'I11ird District Court of 
Appeal (3rd DCA) reversing and remanding the Final Order on Certification (Siting Order) 
rendered by Florida's State Sitin~ Board; FPL's pending motions were denied on November 22, 
20 l 6. The Siting Order was reversed in its entirety (1.c. Units 6 and 7 and supporting 
infrastructure, including the Westcm Transmission Corridor), not in part, and remanded for 
further review consistent with local environmental regulations, comprehensive plans, and 
applicable environmental 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 lo proceed with an expanded nuclear facility at Turkey Point. 

The NPS continues to assert that scientific uncertainty and numerous legal and regulatory issues, 
most ofwh1ch relate to the IWF, and the uncer1ainty <>fwhen this project coLild be built should 
be considered and resolved hefore Units 6 and 7 are built because they may exacerbate current 
problems. 

J '>Av111~ ~vvvtiEivT 1\-ffLif~ 
ii. Units6and71ncreasesl\VFRisktoBiscayneNP 70 Tff Vj'/,Tr ~ ~l..f-- reJJewc.{ 

·~ basic question nc!ther th<' FEIS or FS_ER addr~sscs is how the construction and operation of_ too<'. 
Umts 6 and 7, wh1ct1 would be surroum1ed by IWF canals, would impact the surrounding area ,f '2 .3 
a hurricane and major stonn surge event were to occur. Because of its coastal location, experts 
hav<~ noted and it ha5 been well publicized that reactors at Turkey Point a.re similarly susceptible 
as those in Fukushima, Japan to natural disasters. For exampie, how would the outer walls of the 
Unit~ 6 and 7 block island atfoct the IWF, Biscayne NP and Biscayne Bay, if the eye of 
Hurricane Matthew, or a compr:rable stonn, passed over Turkey Point'? In October 20 16, 
Hurncane Matthew passed very close to the Florida coast as a Category 3 to 4 storm and created 
more than i2 fed of storm surge in Lake Worth, located 90 miles north. 

A concerning and reasonably foreseeable scenario is that a storm surge event would push 
Biscayne Bay water westward over the narrow eastern benn and across an IWF \:anal before 
contacting the outer wall of Units 6 and ? . Polluted IWF water could then be puiied back in part 
into Biscayne NP and Bisca,11e Bay either m·er the narrow eastern levee or through subsurface 
c.xmn(!(.iivity. There is also a high likelihood that such a stonn surge event upon contact with the 
outer walls of Units 6 ,l!ld 7 could be driven back toward the levee thereby causing a breach of 
the.eastern 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 ,tored !Jnits 6 and 
7 dredge spoils to enter Biscayne "IP and Bisca)'ne Bay. These risks would like!y inc.crease when 
foture sea level rise is combined with a stonns anticipated stom1 surge. fhese reasonably 
foreseeable scenarios are not analy7ed in either the FEIS or Safety Report. ·1 he enclosed map 
titled --Hurricanc/Stomi Surge Risk to Biscayne National Par!<'' depicts tins concern in detail. ...,. 

Even though much can he !earned from prior storm events, models that analyze past stonn 
forward speed, trajectory. and hutial tide le1·el show that a stonn as small as a ( 'ategory l could 



lead to over wash of the JWF under the right conditions, and larger stonns and sea lc,·el rise 
increase that likelihood. The NPS enclosed map titled "Modeled Stonn Surge from Category 3 
and Category 5 Humcanes" further illustrates this conceni. 

'l he NPS raised these conccms previously and was advised by NRC that they would be 
considered in the FSER. However, upon review, it appears that the FSER solely analy.1.es safety 
issues within the Unit 6 and 7 block island. The NPS has routinely asserted that the fWF is 
unsustainable and that its presence udjaccnt to the National Park System's preeminent marine 
park p<)Ses a serious risk to sensitive NPS resources in the event of a 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 
J 916 NPS Organic Act, as wcli as the "rare combination of terrestrial, marine, and amphibious 
life in a tropical setting" that Biscayne NP was estabiished to preserve. 

HI. Direct aod Cumulative Impacts to F'edcral lovestments 

The FEIS neglects to rccogni.1.e and accurately reflect past and existing enviromnental impacts 
from the Turkey Point facility and reasonably foreseeable future impacts that would occur 
through the constrnction and operation of Units 6 and 7 and supporting infrastructure. 

o Comprehensive Everglades Restoration Plan and Biscayne Bay Coastal ·wetlands 
Project: The NPS d isagrees with the impact levels that USA<:E has assigned to the 
cumulative impacts for surface water use, groundwater use, surface water qllality, and 
groundwater quality. While siatiag in one part of the FEIS that withdrawals of surface 
water from the L-31 F Canal would only be allowed dttring periods of excess flow, 
consumptive use of surface water from L-31E would not alter the voltu11eofwater in 
Biscayne Bay. As such, the FEIS is inaccurate becallse the important issue is maintaining 
freshwater delivery to Biscayne Bay, not the volume of saltwater in the Bay. Elsewhere 
the FEIS states that the use of surface water from the L-31 E Canal diverts it from and 
couid result in less freshwater available for CERP Bi3CW Project. The NPS considers 
this a diversion and elimination offrrshwater that will negatively impact Biscayne NP, 
Biscayne Bay, and the BBC'W Project. 

o Industrial \'Vastcwatcr Facility: The FEIS understates the negative cumulative impacts 
of past, present, and future use of rhe !\VF. Despite extensive monitoring over a period 
of years, a hypersaline plume also containing other poilutants such as phosphorus, 
nitrogen and ammonia has heen allowed to migrate west toward Miami-Dade County's 
drinking water well field and east to Biscayne NP and Biscayne Bay. The presence of the 
tracer element tritium in Bay waters ad;acent 10 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 in violation ofFPL·s str ict liab ility NPDES pennit 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. 

• Radial Collector Wells: The NPS is concerned that the analysis in the FE!S is 
inaccurate because it relies on an assumption that the RC\Vs will be llSed as a water 
source only in an ernergern.:y and on a short-tenn b?sis. lbe FEIS does not analyze 
whether extended RCW opcratwns could draw the subterrane-dn hypersa!ine plume 



o Chemicals of Emerging Concern (CECs): Given the large volume of reclaimed 
wastewater used for Units 6 and 7 (up to ! 20 Million Gallons per Day (MGD)). even a 
very low concentration of CEC's that are released and fall within the NPS boundary or the 
Bay, will provide a loading over time that is physiologically and ecologically sigmficant. 
These areas as Outstanding Florida Waters have and non-degradation standard under the 
state. 

e Roads: The 3rd DC A found that filling land and constructing structures in the East 
Everglades would negat ively impact sheet flow and the hydrologic resources of the area 
thereby adding more negative cumulative impacts to the proposed expansion project. 
111e 3rd DCA further found that the effoct (HJ 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-3 1 N Canal; in 
addition, these adverse impacts would also affect !he County's water supply. However, 
i,>iven the 3rd DCA decision. the location of roads is uncertain at present. 

If you have any questions, or need additional information regarding ()Ur comments, please 
contact Energy and Environmental Protection Specialist Bryan Faehner at (202) 513-7256 or 
bryan_ faehncr@nps.gov. 

J]pt:) 
(<I<. Stan A/,lstin •J 

Regional Director 

Enclosures (2) 
Map titled "lforricane/Storm Surge Risk to Biscayne National Park'" 
Map titled ''Modeled Stonn Surge from Category 3 and Category 5 Hurricanes'· 

cc: 
Chairman Stephen G. Bums, Commissioner, U.S. Nuclear Regulatory Commission 
Kristine L. Svinicki, Commissioner, U.S. Nuclear Regulat()ry Commission 
Jeff Baran, Commissioner, U.S. Nuclear Regulatory Commission 
Votuia Ordaz, Office Director {Acting), Office of New Reactors, U.S. Nuclear Regulatory 

Commission 
Anna Bradford, Deputy Division Director, Division of New Reactor Licensing, Office of New 

Reactors, U.S. Nuclear Regulatory Commission 
Alicia WiHiamson, Project Manager, NRL, U.S. Nuclear Regulatory Commission 
Manny Comar. Project Manager, NRL, U.S. Nuclear Regulatory Commission 
Megan Clouser, Senior Project Manager, U.S. Am1y Corps of Engineers 
Ashleigh Biackford, Supenrisory Bioiogist, U.S. Fish and Wildlife Service 
Chris Militscher, Chief of the NEPA Prograiu Office, U.S. Environmental Protection Agcm;y 
Pedro Ramos, Superintendent, National Park Service 
Margaret Goodro, Superintendent, National Park Service 
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Evidence of,salt·plume under Turkey Point 
nuclear plant goes back years 

• 

HIGHIIGHIS 
6nginecrs warned decades ago of flaws in cooling canal design 

Internal review by F'PL engineers in 2010 said fixes could worsen plume 

On Thursday, Florida environmental ,egulators approved c:ontroversial management plan 

► 
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Matt Raffenbcrg. FPL'sc,nvironmental scHvtCes director, talks iJbout how FPL is working on w.ays to better (Ontrol water 
temperature and SJlfnlty in the 39 cooling GmiJls at the Turkey Point power plant. Emily Mi<hot -
emichot@miamihera1d.com 

BY J!;NNY STA!.ETO\~Ctl 

js(alctovicb@miamihe.ro.Jd.com 

In the wake of revelations last month that its aging cooling canals at Turk(~}' Point were 

leaking into Biscayne Bay, Florida Power & I.ight rushed to do damage control: company 
leadership went on the defensive, insisting they were acting responsibly and, io a full page 

ad, blaming •'misinformatio.n" for fanning unfoW1ded fears. 

"We're not punting on this ar all," president •nd CEO Eric Silagy told the Miami Herald 

editorial board earlier this month as he laid out a list of on-going fixes. 

"If this company has given that impression, that's my fault," he said. "\Vhat is frustrating a 
little bit is we've worked really hard over the decades to do the right ching." 

Bue critics contend the powerful utility worked even harder at deJay tactics in the fucc of 

mounting evidence t.lut its compromised C3naJ system had produced :m underground plwne 

of saltwater thre.ateniJtg nearby drinking supplies and tontaminating Biscayne Bay. 

hltp://www.miamiherald.com/news/locallenvironment/art icle73233802.htm1 

1/24/17, 8 :42 
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Ho~v fong ~ave Turkey Point 's cooling canals be~n leaking? Critics say d~cades I Miami Herald 

Record.< show FPL had been war.ned for years about problems :1nd even conducted its own 
rcsean'.h in 2010 that mnduded its key fix - adding millions of gallons of brackish water to 

fxeshcn the super salty canals - would likely make the plume worse. Afte r overheated cana ls 

forced the plant's two reactors to parti:tll}' power dO\vn in 2014, the utility pushed state 

regulators and water managers repe::ucdly to add more \\Tater, solutions that wou1d 3llow it to 

<·ontinue operating under Nuclear Regufatoi:y Commission limits but potentially increase the 
extent and spe 

Every 8 minutes, we respond to a disaster. 
At the time, th 

systcm" not im'L_ +:___:::;i~d~~~;~~a::!.::__ ______ l=:•:£::~:8:•:)':•:::~I_~~~~~!'!!~~ 
The end result, say environmentalists. and others who pushed fl>L to move faster over the 

yea rs, arc patc;hwork fixes and shortsighted solutions they say have failed to dea1 with 
broader problems taused by the 44-ycor-old canals. 

"They're band~aids, » said Steve Torcise, whose family has opetated a rotk mine just west of 

the canals for 90 years and earlier this year won a Jcga1 fight demanding the state overhaul a 

management plan that :lllowed FPL to add more water without ful ly add(essing the impact 

on the plwne. An administrative judge in February fauJted the Florida Deparrmen.t of 
Envitonmental Protection for being too weak and not citing FPL. 

Despite tbe criticism, the DF.P on Thwsday approved the plan, dismissing many of the 

judge's findings. In a 28-page decision, DEP Secretary Jon Steverson wrote the judge 

''inappr~pi:-1ateiy inva.dcd the exclusive pcovincc" of t.he state1-s,,3hjJitv,to r~gulatc the utility. 

The city of Miami, which had joined the lawsuit with Torcisc, plans to appeal. 

"We will be pursuing all available appellate remedies to rhallenge this ruling," said deputy 
dty attorney Barnaby Min.. 

ln the meantime, the salt plume continues to grow. According to the Dl•:P's O\\lll 2014 
marogcment plan, it has advanced ot a rote of 525 to 660 feet per ye:u- with up to 600,000 
pounds of salt escaping daily from the canols. That's pure salt, not salty water. 

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

MiJmHXld~County Comn,jssioner ~~I~ l.~eCava 

"FPL definitely should have shored that they were working on a solution, instead of lighting 
us in court," said Miami .. Dade County Commissioner Daniella Lc,,'Vlllc Cava, who pressed for 

infom,.n.tio.n from additional monitoring wells that this year ron.firmcd the presence of 

tritium> a radioactive isotope used to trarc cooling canal water, in Biscayne Bay. 

"Their fir~t order of business has to be to do no harm to our commwtity and to our 

environment,,► she said. "'They want to be known as being good stewards, so it's especiaUy 
inc,,"Ulll~nt upon the m to set the example." 

http ://www.miamiherald.com/newstlocaUcnvirnnment/a11icle73233802.html 

1/24/1 7, 8:42 
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How long Mve Tufkoy Point's cooling can.afs been leakfng? Critl¢:$ $:ly d0¢.ldcs I Miami Her.>kt 

Turkey Point's leaky cooling canals 
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This month, County Commissioner Oeunis Mos."", whose district covers the canals) 3Skcd the 
Envirom:ncnW Protection Agtmcy to weigh in, joining Rep. Jose J.1.vicr Rodrigue-,, I>-Miami, 
who in M:arch requested ~ investigation. 1,n 3 .letter to Rodriguc-..c this wec,k, EPA regional 
administrator Ac:uhcr McTeer Toney said the agency h:1s been meeting with county, state 
a.nd PPL offkiaJs to collect information. The agency has: alre:1dy made one visit to the c:1n;;ils.. 
and plans to before the end of the m.onth, a spokeswoman said. 

Worsening conditions have also caught the 3ttention of Monroe <..X>unty, which operntes its 
only wellfietd wc~-t of the can.tis. '111e county) which this "Week passed a resolution raising 
co.nccrns, is considering buying l..,nd furt11er west to relocate its well field as well 3~ build an 
additional reverse osmosis plant in Key West, an expensive option that can make sa.h water 
fit for human <.xmsumption. 

"The cooling canals hn.ve been on our radar screen as loog as I've been here," s:.1id Florida 
Reys Aqueduct Authority deputy director Tom Walker. "We litemUy ha\'e a line we w:i.tch." 

How FPI. g◊t to this point is a complex path of regulatory decisions and company expansion, 
complicated by the singular design of the c:ooling canals. Tutkey Point is the only nudear 
po\f\ie.r plant in the counn:y that uses the radiator*likc cooling syscem spanniog 5,900 a CIC$. fr 
also 6its atop the Biscayne 3quif(\, a Qitted layer of coral rock that looks more like a 
hardened sponge than solid grou.od. 

In 1972, when the canals were crt"-3ted - a compromise FPL says ir was forced to accept 
after federal cnvirotJ,m.cnt:i.l regulator'$ sued in coun to stop the pl.ant from dumping cooling 
water directly into the b.1.y - it was understood c.anaJs in such porous geology would leak. So 

the dcs.fgn indudecl a critic;1.I feature: a straight, dt."Cp can:1.I, calJed an interceptor ditch, to 
' iimp ~ltwv.tct piling up under the canals from migrating west. 

► 
htt r,:JJwww,mi;:imihCf;)k1.com/oowsJk><:alJenvitonmentfartic le r:J233eo 2.html 



Turkey Point~s leaky cooling canals 
Using tritium. a radioactive isotope found in cooling canal water. 
Miarni-Dade County offici-als detected canal water spreading 
through groundwater between 2011 and 2013. While tritium is not at 
dangerous levels, canal water could be causing elevated amounts 
of ammonia and phosphorus dangerous to marine life. 

Tritium concentration (pCi/L) 
0 1.S9 · 419.05 0 2,088.89 · 2,S06.36 
0 419.05 · 836.S1 D 2,S06.36 · 2,923.82 
0 836.S1 · 1,253.97 CJ 2,923.82 · 3,341.28 
□ 1,253.97 • 1,671.43 111 3,341.28 • 3,758.74 
□ 1,671.43 · 2,088.89 • Tritium sample sites 
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How Jong t1ayc Turkey Point's cooling canals been leaking? Critics say der.ades I Miami Her31d 

f . I < 
Turkey Point's salt problem explained 
Engineet Ed Swakon t reated this video moclel of an expanding saltwatet plume near 1 urkey Point using data 
collected from grouodwaters.Jmpling. Sw.'.)kon, who was hired by AtLlntic Civil, a rock mining company that 
has sued FPL. depicted what the underground salt front Jook<!d like over t ime and expanded as conditfOns in 
the canals grew saltier. 

The interceptor ditch was import3nt because South Florida's drinking water supply also sits 

just below the surface in the Biscayne aquifer. C•n•ls dredged in the 1940s to droin the 

Everglades had caused the salt front to migrate inland. 8-ut over the y<>..a.rs water managers 
installed hundreds of gates and other controls to stop the migration - and in some cases, 
even reverse it. 

But by the 1980s, there already was an indication that Turkey Point's ditt.'h wasn't effective, 

with the underground saJt front moving just west of what was suppose to act as a barrier. 

Under all five management plans for Turkey Point dr•wn up by the Florida environmental 

regulators and water ma,n3gcrs over the decades, FPL has been under orders to maintain the 

quaJity of surrounding groundw:.ncr. 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 regufators 
were watching the m, they weren't doing it very closely, said oonsulting engineer Ed 

SwakonTorcisc hired him to i11vestigate the plume after plans to expand a rock mine near 

Home.~ead were nearly deraiJed when e nvironmental regulators wondered whether mining 
would pull the saltwater front inland. 

In 2007, Swakon went to the South Florida Water Man•gement District, the regulatory 

:>.gency keeping t3bs on $3.lt wate r intrusion, and ask1,,,~ for old records. To his swprisc, 

Sw• kon found salinity in groundwater spreading and spiking. By 2001 and 2002, readings 

showed , , .. · ns than in Biscayne Bay - had 
re ed. SoUthwcst 137th Avenue about three miles to the \vest. 

' ' "THEY NEVER REALLY DID A LONG TERM HISTORY OF THE DATA. THEY ONLY [COMPARED] 
QUARTER TO QUARTER AND THERE WAS VERY llTTlf DIFFERENCE." 

E:d Swakon. president EAS Ens;ineering 

"The way the reports were written, they never re..a.llt did a Jong term history of rhe data. 

They only [compared] quarter to quaitcr and there wa.~ very little difference,• he s:iid. "But 
if you really ploncd it, and somebody had taken the time, they would have seen each 

successive quarter got a little worse aod a little worse.,. 

Swakon said he •nd 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 admini~'trativc order requited by a $3 
billion uprating project of Turkey Point's two nuclear reactors that FPL s•id it needed to keep 
up with increasing demand: as mu<."h as 40 perce nt of the J>Ower the county needed was 

being imported, PPL offici• ls said in a 2007 zoning meeting. 

hn p://www.miamiher.,Jld.com/ncws/locav cnvir-onment/art icle73233-802,h tm1 
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The uprate would incre.1se power output by 15 percent but .1lso raise temperatures in the 

cooling canals, with the effect of increasing ev3.poration and salt <"Oncentrations. FPL officials 

planned to offset additional heat going into the canals by shutting down the plant's two 

oldest fossil fuel burning units. The move w:Js expeC'tcd t<> cap the heat increase to onty br 
2.5 degrees - an impac1 FPI. insisted would not effect the operation of the can•Is. 

But modeling done by the U.S. Geological Survey in 2009 found that as the canals grew 

hotter and saltier, they could potentially sho•ot "'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, \vhose approva,1 'i.\!3.S ke}' to the uprating moving forward, 'i.va.nted to know if 
the interceptor ditch was ~--ti.U an effeC'ci\fe barrier. At the time, FPL offici:lls assu,:cd 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 C'.ounty, the engineers 

worried as earl}' as 1971 that saltw.iter could migrate inland everi if the ditrh was properly 

operated. Chin also found the ditch only hloc·ks shallow saltw:iter from spreading - and the 
canal system was pushing it deeper into the Biscayne aquifer. 

Faced with increased m utiny, FPL hired its ovm engineers to look for remedies, 3.(.'tording 

rn an in-house study Tor,•ise obtained in · • 'omple1ed in August 201 1, the 

study found that canal water had oved 3.5 miles west of plont and was spreading at a 

relatively brisk pace of 50() feet • ye , question, an FPL spokesman this 

week revised that figure, saying the rate has since slowed to just over 120 feet a year. 

FPL's e ngine,ers offered five aJtemati"es, induding building massive slur · val.ls underground 
to stop water from moving at a l'().'it of U, 34.4 million. J.br the ('bca and ptefe.rahle 

altern~~rs said, was adding fresher water from the Floridan aquifer. 

"T~emative i& attr:retiVCDe<.~ause 1t cffcrticel;t ves the source of the h}rpcrsaline 
water;'' enginee rs wrote. But a ''potentially negative aspecr" of the rem .y ~a1 , was it 

did nmhing to stop the westward movement of saltwater. Nor did the othe r four. 

Despite the findings, FPL offidals in 2010 and 2011 <.'Ontinued to work with water managcts 

on an elaborate monitoring plan that also for th e first time inclu ded rhecking for tritiwn, a 
radioactive isotope found in C'anal \V:iJcr that could be used as a tracer. In 2011, as pan of 

their effort to confirm tritium as the best trace r, district hydrologists John Janzen and Ste\fcn 
Kru.pa found that ca,nal w.iter VvaS in wells at Southwest 137th A,•enue. Tritium \\'as also 

found in surface water just cast of the canals and at the mouth of the Card Sound Gan31. To 
get a better read, the hydrologists recommended lnstalling a better network of welJs. 

But in its annual post-uprate report in Octobe r 201 2, FPI. 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. 

FPI, m~nagers now say the location of the saltwater plume wasn't in dispute - just the e.xacr 
cause of it . 

'' "WE ALWAYS SAID WE WERE PART OF IT, BUT THERE"S OTHER FACTORS." 
f.'.PL senior director SteveScrogg~ 

"\Ve afo11•ays said we were pnn of it, but there's other factors," including lowering the w::uer 

table seasonally for nearby farmers, senior project director Steve Scroggs said this week. ''It's 
easy to say it's all FPL. It's .not." 

~ (.,nment/article73233802.html 
,c.~~:'t-
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Meanwhile, the bound:1.ries of the ttirium were growing dearer. A MiamiwDade County 

contour map of S3mples in 2011 and 2013 show tritium detected well beyond cooling canal 
borders. County officials had been keeping an eye on the wells, but had no authority without 

a water quality viobtion, so.id Lee Hefty, director of the Division of Environmental Resources 

Mllno~mcnt. ~ , be soil!, they pushed for the district to act. 

In April 2013, the Water Management District final!)• officially notified f'PL that the canals 

wer(' in vio'.J·.on. The utility responded by as, ing to add 14 million gallons of wate r a day 

from the Floridan aquifer, which it said would reverse the plume, a prcdkt.ion tb3.t 
contradicts the earlier 2010 report. But diStrict hydro•g<.'Ologist Jeff Giddings found f'PL used 

faulty modeling. While adding Floridan wate.r reduced saliniry in the canals, it did nothing to 

reduce the underground plume. 

District consultant \.Villi:un Nuttle also concluded more water would just increase seepage 

and warned that FPL failed to account for Joe-al conditions including a major change on tbe
horizon: sea rise. A foot rise, now predicted by the National Oceanic and Atmospheric 

Administration by 2030, would put the shoreline west of the canals. 

As the agencies tried 10 hammer out a deal, tcmp,er:mires in the c.1nal spiked in the summer 

of 20141 prompting the utility to scramble for solutions, including getting operating limits 

raised to 104 degrees, the highest in the country I and an emergency permit to pump up to 

100 million gallons of water a day from a nearby drainage canal. The utility also began 

pwnping water from unregulated marine wells. 

Over the next year, Miami-Dade County officials estimate that FPL pumped more than 12 

billion gallons of water into the.~ <.:anals. Half that c."ame from the mari.ne wells with a quarter 

coming from the nearby {. .. 3 le c-anal. Rain supplied just 37 percent, even though company 

offidals say rain remains the primary source of water to address increasing evaporation with 

higher temperatures. 

\Vhat caused the spike remains in dispute. Chin, whose final report is due next month, 

concluded that the uprating project caused it. FPL blan,es a local drought. In July 2014, FPL 
environmental services director Matt Raffenberg said rainfall over the canals amounted to 

ju.<t 5.29 inches and only 20 u1<·hes in all of 201 3 . 

"IF IT'S SUCH AN IMPORTANTFACIUTY, YOU WOULD EXPECT ITS DESIGN WOULD NOT BE 
BASED UPON THE WEATHER." 

Lee Hefty. dir~or of Mfami·•O~ County's Division of Environment~! Resources ~~ nat;emem 

"If it's suth an imponant facility, you would expc<..1. its design would not be based on the 

weather," Hefty S3id. "It sounds like "funny thing to say, but really it 's a fairly significant 
fadlity. I would have expected their design engineers would have rnntemplated how that 

facility would operate without rain." 

FPL's Scroggs also said th.3t when the canals were briefly shut down, sediment built up in the 
northwest comer, which slowed flowed, turned the water browner and hotter, and caused an 

algae bloom to spread. Sediment h3d not been removed from the canals since 1990-s. 

Snoggs said, because it is expensive. 

When the state finally issued a new administrative order late in 2015, allowing FPL to pump 

more water into rhc tanals to lower S3.linity ::tnd "'abate" the plume without fully spelling out 

how, Tordse, environmentalists, neighboring cities and the county sued . Last month, a 

Tallahassee administrative judge ordered the state to redo the plan after it failed to cite FPL 
for a specific violation. 

On Thursday, DEP chief Steverson wrote that the order in fuct <·<>ntained remedies whkh 

were not suitable for judicial review and that choosi.ng to fu, the proVlcm> tather than 

penalize PPL, was up to the depattment.. 

http:/J\vw\v.miamiher.11-d,comtncws/loc~J/cnvironment/article73233802.html 
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The state's dcdsion, South Miami Mayor Phil Stoddard said, comes as no surprise given the 
utility)s politicaJ connections. 

"I suspect there's incentive enough for DEP to dis.respect the adrninistxat.ive law judge and 
the public welfare to avoid holding FPL rcsponsibk for the environmental damage they've 
done." 

On May 15, FPL is also due to submit a de'\Jl•up plan t<> the county, which pulled out of the 

suit and h3mmcred out its own deal. The plan calJs for FPL ro install extraction welJs to 
pump the e.Xtra salty water deep into the bouldel'.' zone, which environmentalists \\'Orry \,·on)t 
do enough to address the plume. To address high levels of ammoni.1 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 environment.a] staff1 prompting another letter from Hefty to better 
spell om plans. 

FPL now says the cooling canals are back under control, rhat salinity is a third lower than 
last su.mm.er :md, now that they've cleared sediment and have permission to add water from 
the deeper brad<ish Floridan aquifer, they expect the canals to work pwpcrly. Efforts to 

address the plume w;is delayed not by them, Scroggs said, but by a complicated bureaucratic 
system. 

"For years people knew about this and everybody talked about what we would do. Well, we 

finally broke through that," he said. "I'm living everyday with the delays and the questions 

and the go back and do this and the back and forth. It's an incredibly complex process with 

multiple people and multiple interests. But at the end of the day, we've moved to a plac.-e 
where we're taking action.,. 

Fol/aw Jenn,• Stall'tot1ch ,m r ... ·ittcr @icnsta/c.t(Wic:11 
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Date: 
d M~M+AOr.0 Memoran um~ 

To: Honorable Chairman Jean Monesti:ne 
and Members. Boarp cf Coun!Y Commiss,oneis 

' 

From: Ca:los A Gi:ner-.ez 
Mayor , ·"' .. (_ .._ 

' Subject: Hi-port on Rece11: Biscayne Bay \Nate, (~uality Observations aS",,oci;i:ed with f lorida 
Power a:1d l ight 1 urkey Pomt Coohns Ca:ial System Ope:at,ons - O,rective l !>2684 

·y he following b provided to the Board of County C<>mdssioners (Bomc!J pursuant to a rec,,;es! by 
Con1mi'.l$io11c1 , cvme Cnva a! the Oc<.embe1 1!>. :>OE, Board ll'le(Jtmg !01 a report <E->gard,ng 
pre?iminary i:1fo:-rnatio~1 on wa!er qualrty impacts to Biscayne Bay associated w't.h ope:-ations c,f :he 
Florida Power and ! ig:it r urkey Point Power Plant Coori,19 Can,1! System 

If you have any questions or cone.ems. please co:1:act L~ N Hefty, Assistant Director, Div::;ion of 
Lnvi:onmental Res<.1urces Management, Oepa,trnent of Regt:latory and l conomic Reso:.irces. at 
(30:.):li? 61&4 or at ,,, .. · ::• 1· .. ,,, · : • ·• " ' 
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Office o; the Mayor Senior Staff 
l ourdes ivl (';omP.z. flf1pu!y Direct<>!, Departmen! of Reg 
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y a r!c! ( conomic R~v0urccs 
iall3(JCP.\C:l~. l.>cp3t"-'11Crll of 

Regulato1y and f- connmic Rest)urcc5 
Charrcs Andc?r son, Comm:5sion Auditor 
[ugene l ovc, Agc:1da C()o:<iinator 
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f.>ack~o:md 

Repo:t on Rc~ent Biscayne Bay Water Quality Observaho:1::; -l ~, 
as:.ociatcd with 

FPL Turkey Point Cooling Cana! System Operations 

i Pl. owns and operates a Cooling Canal {,ystem consisting of an apµroximatcly 5,900 ac1e 
net,,vori< cf un:,noo canals at the i urkey Point Power Plant The Cooli::g Canal System was 
cor:strnctec:! in ti1e early 1970s and se:ves as 1 uri<ey Point's Industrial Waste Water r reatme:1t 
Facili:Y In that funaion. the Cooling Canal Sys:em serves as the heat sin-< for the power pl:mt 
and it also receives industrial v.raste \'Vllter discharges f1om plant operations l he Cooling Canal 
~ystcm water removes excess heat !Jom power plant o;ierations and i!J then returned to the 
Cooling Canal System wnere ii cools by evsporat,on As a result of lhe evapor;:iti()n ;:,rocoss. 
chemical co:1stituents in cooling canal •:mter such as dissolved salts become more 
<"A>ncentmted Hbtoricai dnta indicate that h1itini z.ntinity (db~c>ivcd ~ni!:;) !eveln ir, the Cooling 
Canal System in 19/3 v.tere less :han 30 p~adic,.al salinity units and v.ie~c :ower th~.n levels 
typical o: n::::ri:ic wate:s such as Biscayne Bay However. long term monitoring da!a indic:ite 
th:it water q:;at.1.y Vwi:hin the Coolmg Canal 8ystcn1 ha3 dctcrio:atcd over !imc The Goo!ins 
Canal System is a "closed loop" system becm:se it :s no: directly conr:cctcd to ad;oining su:face 
waters. Hwmvcr. :he porous geology of the underlying Bi:;cnyne Aquifer ::i!?ows water flom the 
Cooling Carmi f.yste:n to mo\/f' freely throuc;h the gro:md beyond the limits of tt:e Cooling Can.:i; 
$ystem a'ld beyond the property boundaries of the 1 urkey Pomt Power Plant This crcatGt
concems vlith potential impacts of the poorer qua!i!'/ Cooling Canal System water rc3ching 
sensitive water resot;:c.es bey<,:~d the !>oundar!es of the Coo!i:19 Ca:1a! !.>y!rte::-i 

History 
In Or.toiler ?008. l PL received approval from the Sta:e of f-:or:da to modify the existin,; nuc!ea, 
power pla'1! uni:s to increase :heir power generating capacity (:e!erred to as an · l)prat!J or thn 
"Uprate project") As a corici!ion o! that appr(lval, f-PI implemented ar: cnr.anccd moni,ori:19 
plan to evaluate the potcn~ial w,0:er quality impacts az.soci3!ed vJith i~plerr.ent3!ion of the 
Uprate and the Coot::-19 Canal !;y::;tcm. r <>ltovlling commencement o~ construction on the ;:,owe: 
plant uprate work at forkcy PoL'1t in early 2012, w::iter quality in the Cooilng Ca:,al Sy::le:n 
fwther deterioroted ultimately affecting tt,e heat exchange capac:ity of the water in the Coo!bg 
CnnaJ Syc..:tc~ Hy th?. t;:.i:nmcr :rt 2014, S3hn;!y !eve!!! u~ !he t.:oormg Ca:ia! ~ystc:11 ~~ad 
roached a record high of more than 100 pr:ict,cal sa!ini:y 1:nits, which i!l ap;,roxrmatc~f three (3} 
tir.ies the sai,rnty !evclr.i typ:cal for Biscayne Bay. In 3<ldi:ion. int:ikc water tcmpcrtr.urc in the 
(',OC:,l,ng Ca:i:il Syr.tem had exce«!ed tt1e fedc:r.il operating license criterin of 100 c!eqrr.e5 
f :ih:cnheit. reaching nearly 102 degrees f-ahrenhcit and rcqrnring H 'L !o :;cc!~ ::md <)b!:im 
~pproval from the Nudear Regulatory Comi:lizsior. for a ;1ew intake oper.:1tt:lg tcmpe:nture lim:t 
ol 104 degrees F.ihrenhcit 

fn mder to addr~s erne:glng opcratior~ol concernr. \·.rith the Cc,ohng Cannr t>ys:e:n. f Pl 
proposed to improve water c;ua!ity i>y ;>umping :::dc:!ition:il water into the Coo:iog Canal Syi.:cr,: 
Untie: thlz ~pp:(>U<..:1, t'?L :;c>ught app:ovul fot t!~ of v.~ter from the l -<>1l Cn:no:! a::l ;1 

tt~mpor.1ry source of frezhwatc: to improve v.,uter quality in ttc Cooling C;:inn! Sy:.tcm in Au9ui;'. 
2014, the South Florida Wrn(:r Managemer:t District issued :m Lme:gency Orde: !o ! Pt 
o.u!t:orillng the te:':1po:.:1ry i:~~bl:atton of p4)c:fr1c--3 and a:;~iatc..'<i cqmpr:,cn~ !o tran~!c:-- v:a~c1 
from the l 31! Canal !o the Cooling Cana! System to mode-rate the ununually high 
te::1pcr:1tures :ir:d salinity in t.f1e Cooling Ca:ial System In Septembe~ ?014, :r.e Board of 
C:ounty Commissio:ierc {Board) app:oved Claes I permit application Ct I ::>014 0:11:> at:thorving 
O 24 acres of temporary imp:icts to halophytic (S."lit to!erant) wet!m:ds for the :empor:lly 
instal!at:on of ~,o, 36 inch above grou:-:d ;,ipc!:nes to facmtate the trnns!er of water fror.1 the t 
3 ( L C.anat to the Goofing Canal Syston1 in an attempt to sd{ircss the higher $a!ini!y and highor 



temperatores i:·1 the Cooling (~nal System As a condition of the approval a."1d pu:zuan! to the 
Cl<.?$S l permit. the tcrnpo:ary pum;,ing ac:::ivitics ceased October 1 :>. ?014. and the piper.:. ive:e 
removed 

ivloni!or ing d;ita im!ic:ates that the Ce>ohng Can:il System t,rlfinity and tcmpe: ,rtum h<)g;lr: to 
temporarily imp:C>Vc in late summer of 2014 Wllh salinity decreasing to nem 60 prnctiC3l uali:uty 
unit,:; by O<..-iober of that ymu Ho1r,evcr. salirnty and temperature bcg;m to increase over :he 
win:cr rnonths and cariy sp:ing of 2015. f-PL subseque:rtly sought approval to reinstall the 
pipe!l to aga,11 convey water from the L31l into the Cooling Canal System. In April 201!>, the 
~;outh Florida W;iter iV1anagc.'!1cnt District i:isued a Hnal Order to rP! . autho~fzing the 
temporary pump ir.stallation a:ic! v1a,er wi,hdrawal from the l 31E Cana! ;is 3 tempora:y 
messure to occur June 1 through November 30, 701 ~. a:1d Ju:ie ! through November 30, :?016 
The , inal Order :equired that the state mandated daily water reserva:ion for Bi::caync Hay (~:X 
acre fee!/day) be achieved p:ior to FPL's use of water from the l.31L 

ln May 2015, the Board approved a modification to the Class I permft :o authorize rcins.-allatior. 
of the pipelines in wetlands to fac.ilitatc an additional period of water transfer from the L ;31 ! to 
the Coo!inA Canar System. !lt:t the 80.::-d nppro·1;iJ ::mitcd t l'.o :::t.ii;or~d !tmc pcr,od :o one ( , ) 
r;c::eon !rom Moy 2u, 2015 throU<Jh J,:numy i, 2016. As a result, the Class 1 permit required 
that the pipelines be removed by January 1. 2016. ln addition. the pcrm:t rcqu:rcd th.it 
;;iclr!~fc.;n:if w;;tor qu:.:f[;y rmm!torinq <:::rtiom i)(l octah:iched to fmther nv;;:1otn :my pok'nt,;;: 
1:np;:icr. ;;;,:JO~cd v:,th p:Jmping ;;<:1(!1tion;rl w.:.icr mto the COQ!ing ~::nm 3ystcm, and the permit 
required that fPL develop a long term ;,Ian to address water quality issues associa:ed with the 
Gooiing C:mal System. By December 2015, sali:iity !eveis in the Cooling Cnnal ~ystem 
<!<.>creasca to 34 practical saiinity units following :he pumping of additional water trom the ! 31! 
a:-id unusually heavy rain. FPL requested a second modif:ca:,on to the C!a:is I permit i:1 
November 20~ 5 to allow the p,pes to remain in wetlands thro:.:gh Mny 2016. but not a:!ow cse of 
tho pipe'.; for pu:n;:ing water from jie L31L during that :imefra:ne. l ho reqties: would :il!ow :he 
pipeiines to remain in wetlands over the vJinter montt:s wt1i!e f-PL eva!uated emerging \vater 
quality data and considered the need for use of the p:;,efines fer pumping additional v✓ater 
during the $t.:mmcr o~ 2016. lhc Board ap?rovOO U:c modit:ca!io:1 r(..i,qt..:~t a!row1:1s the yipe~ !o 
remain until May 3i, 2016, during such time when pumping of water from tho L31, :s not 
authorized. It should be no:ed that fP! will need further ;ipproval from the Board fo; the 
p;;,e!ines to remain beyond the May 31. 2016 date a::d !or use of the pipe!inez to p::mp m:y 
additional water from the L31 t · Canal into the Cooling Canal System 

lmpast on Biscayne Say 
As noted above. long term monitoring data indicate that ~-,a:er c;uaiity within the Cooling Cana: 
System has deteriorated over time (Attachment A). Due to the porous r.at,re of the Riscayno 
Aquifrr u:iderlyinq the Coolinq Canal System. o hyper :;:::me p:tmlC' of (',00'.,nq Cam, S~".ltcm 
vi:ntcr hc:1 1n;5r .J:Cd: ou?~:dc the ?.>ound.orfc~ of the Cco!i:1!; C..!;1~i t,~~cm th~QttJh ~he 
groun<ivr.:itcr :md ho:; rnovcd bc-JOnd the bounci:inc:; o1 the I urkcy P91nt fap;:ity proJ:)(;rty 
Pursuant to Hom<.a law, th~ siting and pennitting of powe: plants are revie,:JC<i and approved by 
the Ctatc under the Power P!o.nt S:ting Act. tn it~ role at.. an aficcted agent.y. Mlami t )ade 
Coi;nty participated in the State's Power Plant Siting Act process and provided commen:s to the 
state on conditions of cei!:f:cation :or :he Uprate Project 3t Turkey Point The Power Pia:1t 
~iiting Ari r.er1ificatton for the Uprate Projec: in(.Jm!cs a cor1dition ~ha! requi:cs tPl to :ake 
r1ddition~1l rneasu:-es if the State <"'~mctude:; the project is causi:19 ha:w ,o v1aters of the St3!e or 
E?xceeding ~;:a:c or County water quality standard$ f ollov,Jiris reVIew of monjto:ing data fro:n 
the ciprate monitoring progrnm. County staff advrseo the 1;1nte of conC'Cm5 ,11lfh water q,.::i:ity 
irnpar.ts =ocmtcd with t!:e Coof::ig <:atoal System ,md of ,mpactz to watc: :csou:cC!l of :he 
County and the s:atc. On December 23. 201.:, :he S!a,e of Horida De;,mtment ot 
f nviror:me~tal Protection issued an Admm!strativc Order to f ,-Jl regarcim9 \.·ott1r qu:alit;,1 jssucs 



as=ociated t.\'rth the Cooli:x; Cana! Syzter':? However, Cm.:::t.:1 =b~f d:d niJ! ~~~c ... t~l~! the 
Administra:ive Order ade<;uatcly a<ldres:;ed corn;ems rcla:Cd to these ,m;.iact: l hercfo:e, ,x: 
f·eb:uary 9, 20i5, M:ami Da,.de Coun:y filed an objection to the Adminis!iative Orce: arid 
requested an admirnstrative heanng on the matter In addition, County stnff :idvisoo f P! o! the 
County's intention to pur5uc corrective action under Miam, Dade County's own reguiatory 
aU:hority 

On (k!ohcr 7. :,01:,. the 0rv.~o=~ o! ~ :"tv~;onrt"'.crn..1 ~c-:..o:r.c::~ li:..1::~\.,~:11 tC:..rl:\i~) ·.:.:1::u. 1:~c 
Dcp:irtmcnt of Regu!:Jtory end [conomic Rcsourfcs issued f PL a Notice of Violation and 
Notice for Corrective Action for violatio:is of the County's water quality standards for Chloride in 
groundwater outside of the Cooling C:a:ml System and beyond the il<ltn:d3ric:; of the µiopc?rty 
(A:!achmen! B) rP, expressed a willingness to address the County's r.(mcems by 
imp!ementing corrective actions, and on~M and f.Pl me: to discuss ,equired ac."tions On 
()<.iober 1. 2015, I PL entered into a Consent Aween:ent \'nth Miami Dade County (Attac!1meri: 
C) The Consent Agreement includes components o! a long term plan for ! Pl to address water 
quality issues associated with the Cooling Canal System The Consent Agreement requires rPL 
to implement actions to abate water quality \·Jithin the Cooling C-.anal S}'$tem to reduc1? the 
threat thfl system poses to aCjoinmg ~!er resource-~ Io adc!:-ess th:3 msue. f f >i propo:.c.'1 to 
u:;c w:itcr f:om we:;:; <-0n::tructcd :n!o tile F1ork4! Aquifer to wpply IA':lter to !he Coo!lng C.-::1:lJ 
~,Y,-...tcm to control salirnty that wou!d otherwise continue to inc;rea!l(? due to evapo,ation In 
additmn. the Consent A9rccmc:1t H .. 'quircs rPL to :cmediate watct quailty impacts of tho ilyµc: 
s:i!ine pJu:nc that has migrated landward outside the boundaries of the property To addrct.$ 
thjs isst!c, t P! t~ obligJ!cd under t'?C Conscat .A,<;tL"('mt-nt !o dGotc;n .J;•d c..o;::;tz~!vt ll "':f'tv."01:<. of 
g,m;~:dv~•~ttc: r-x!:.Jr-!ttm ·.·1t'-!!:.. ,1:0:!_!J tt1t• :.::::d.·::~d bc:r::d4.:.I;t rJ ~hr~ !i.:C"::.:y ta <~·;t7h::c·. t ,,:";t.!!:1 • ..;.::d 
rc!:OC the: :wr>ot ~!:.r~c p:wnc I no \1>Jer..3 vJt:i cxtr-..1ct t!Yr..ot .,;atmo ~.-.,..)!CI fr():n the 0U::1c...1'..L 
Bice .iyno Aqmfci ::zid dn:po'Je of it vb deep wcr. i:ijcotion ,mo !he bou!(.'cr i:onc of the noiidnn 
AquJcr Other components o! the Consent Agreement reql:ire f P! to. a) evaluate o:!ler 
sowccs o~ water to co:1tro: saitnity in the Coor:ng Gana! System i:1ciudinr, !he use of reuse \Yater 
from the County's Soath District Waste Water 1 matment Pl:ln:, b) cvatua:e rixb!ing opc~ations 
of the Ccoling Canal Sys:em Interceptor Ditc:1 o!iginaUy implemented to control the \/\'Cs.Yr.ml 
migration of saline \wte: from tl:e Coo,ir.g Canal System to identify :mpmvements or 
alternatives. c) modify iriatcr management operationn at :heir neighbormg r'l·'L owned 
Fve:glndcs Mitigation Bank to minimize ovcrdrainage of the basin, which ic t.:n!!er cxistir.g 
;>ret.sure of :;alt intmn:on exacerbated by the west\-.<ard m,g:a::on of the hyper cahr.c Coo!;::g 
Canal System groundwater plume; d) provide flowage easements to the Sot:th Horida Water 
Management District if required, and e) agree to work coopc:atively wi!ll agcnc,es iwolvoc; in 
regional t.:?atora:io:1 cffor:n rc:.a:cc !n t~~c Gomp,chcn~vc ( vcrgU.:Cc:; r~c=-tor=.tton P"~n 8bCJyr1Q 
&ly COU$!:il Wetlands Pro;c<."t :md other hydrologic improvement p~ojects H ' L b p~esently 
imp!eme:iting the requirements of :r.e Consent Agreement 

As preV:ousiy stated, monii:orinq da"':a indicate that ::? hyper ~::nc grountiw:-:!c; p!umo :>ug::nt1.'19 
from the Cool,ng Con:il f,ystem h~s 11JJ!Jr:it(Xl :arldw.:i:d ond ~ Ull!).ltting w:it(.'f qt;:::::ty f ar.tor:; 
:,:at nffect movcmen: of Coo!ing Canal SY!llem vr.itcr a:ld ,he groundw:lte: pit:me intJt:de w::itcr 
elevation (or stage) in !he area3 sunounding the Cooii~g <,;2nzf Systern. the st.,ge of the w~?i:er 
in the Cooling Can~! !.iyste:n. and the densify c! the various v..ra1er segme:1ts. In additu.m to the 
exlmii:g water <r-iality monitori:,g network :issociated \·Jith ;irevio::s St:itc nnd County ap;,mvnlc 
{and dee to convernt \•litt1 potential offsitc m1grat1on of Cool1ng Canal System \~.,utcr a~ a :c~t:lt 
of pu;-:iping additionnl v,ater frorr. the L31 l Canal and other cm:rcc:; into tr.c: Coo'.ins Can.ii 
Byr.:0m), the modified Clac.'J I µemut required tl!ot additional morntcring !l!nt:o:i:: be cstabll5ill-'<i 
in parbwinr. the permit fequuc::i that f PL e~tabii:;h water quolity tnorntorm<J o.tJtton:; 
immediatc!y ud;accnt !o the Cooling Cn:1al f,ystc:r. in SUiface wntc;!; fa!uUy co:mccted to 
[;!scaync Boy Add«t:o:ial $Url~cc water :.:.tatt0n3 were o5tabl:5hcd m June 20: :J 
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Monitorinq data from the<"~ st~fom; ha3 documented cha:}Scs :n watrn qunr..-:y ovct nnverai 
months since the s.:i:nplmg bega, Ir. pmticular. the data indicate that concentrations of 
nutrients such as phosphorQus and ammonia began to increa:.e in Septer.ibcr ?015 one 
continued to increa:;c over ti,c r:ex! few rno:iths : or examp:e. data rcs:.!i~$ fo:- ar:1mo:1ta at 
station fPBBSW 7H were below the Cot:nty's water quality standard of o ,, milligrams per liter 
during initial sar.ipling from eariy June through .ate Augtis! 2015. but tliese valt:es incre=a to 
as much as 3 :.>9 milligra:ns per liter by December 2015 r?evated levels ()f phospho:ous we:e 
al!:o detected in excess of the :rta:e numeric nu:nent criten:1 of Steven (I} p:irts per billion with 
results typically ranging from three (3} !o :?30 par.s per biH:on with one (1) res:i~ as high as 893 
parts ;>er bi!lion Other samp!e results induced h:gher than no mi al salinitio~ and temperatur cs. 
aG won a~ higher than expected l<!ve:s for ch{orophylt. wht< .. h <:.ai! be.: an indi~a!ion of a:9.al 
Oioorns. 1 he data indlcate that the ob~rvec tnc:eases C<>incide lfl .. ~th inc.reuses in the wa:er 
s:age within the Cooling Car.al Sys:er.i (Ai+.achr.ient D). It should be noled :h::it u:i.i:;u&:ly hc&\,Y 
!ocoEzed rain ln the f3U of ?015. combined wlth fP! ·s p:1;:ip:ng of :1<id!!ionru \nr.:?ter from tt:c l 
31E Canal, atl we!! ai; additional v..iter O!:Sociated with operation ot the <.;ool,ng Canal System 
Interceptor Ditch pumping fead to record h:!Jh water st:l!JC ir1 the Coolin<; Canal Syttcm in 
Deccrnbcr 2015 (Attachment i ) f his :e<,.ord r.:9:! 1.·:.1tc'r :.t..~c 1:1 t:t<? (;oo:J~q C,:::~: <;yr,tcrn 
wouid be ~xpc,t<id tq re:iult rn 1norcnJCd nCC!Xl(JC of w<ltcr frQln !he Coo:;r:g C::n:iJ f,y:;tcm into 
!ltltround.tns sround watcrn dnd po:- )~Pl 3Utfoce 1Ncte:s 

Ir. late December 2015;p.ariy .;anuary ?016. D! Riv'l staff condu~ted a :;p<X.r..:: :x.::np~ng ovcnt 
jointly wi:ll f-PL to further evaiua:e and con;,rm these earfier findingG Bec;1uS<? the exu;t,nq 
stations are samp!ed at the bottom of the water column. additional \~t'ct :;(;m_p:t.~ \t'Crc a:oo 
<.cl!cctcd o! r!'1ult:ptc doptbu at each stafawi to better evaluate the potcntiai influence of 
grouncwater on sur.ace water at these sites in addition to resampling the cxis!ir:s mations. 
additiona! lcx..atk)ns \:vith similar sifc char.:?deristics were aiso sarnpied in the vicinity of the 
Cooling Canal ~;ystem These st.:?tio:1!; a:e t.ha:ac:er:Zed by ~1i.~g c!c.c;1cr c!rcdsec a:eaG 
located ne-..ar the Cooling Ca:,al Sys!em Water depths at these zites arc az muc:h as 24 feet 
c:cep in sor.,e are~s ?! :S 1:i<e:y thn! the gro:.::-:dv,.ra:c: ph:me assodatcd wit~ the Coo!ir1q Car~a! 
System is mtersectin~ tiles;, deepe: areas A<; part of thr. =1;,lmg l'f:mt. nrm.r. a·,,.,, n!'..,,.t('<l 
surf.Jee w.:i.tC1 '.l.lmple5 tor tlifam1 ..:nulyi;i:; Tritium is an isotope of hydrogen that is frequently 
a5SC>Ciated \,~th the operation of nuc!car pov.rer ;,lams Water in !he Cooling Canal Sys:em h:?s 
h:<;be: levels cf titi:.im than teve!s found naturany in the e:iviionment anC t:.t.um b therefore 
bc.ng U:.if.?•J a:;~ Uaccr :o t:ock tr.c movcrncnt of Cooiing Ca·ml Syn~or:? W'Jto: :n Uu3 me"..: Over 
the po<:t f vc r.-.:.: !lCl•<x!. trrt:um tovc::i r:'l the Cooling C,mu, 8yctcmi typ:ca!ly 1.:11gC(; oo:~-~x:n 
l ,:?OO ond • <>, '>00 p:Ct>C!.ric-: (me:.:::umment of r:1d:rn::cfivc ctcrncnts} por '.;!er (pC:J'~), wh::c 

!ovc~:l: f01 11t..1•mt r: t:~ -:.m~~ce ttr.l!Ctt> of 8:xnync Uny wc:c 1y-y:-c~!ly tc:.:1 :h:.in io p(.,i/L 

Data resuits from !he spoc:ial sampling event confirmed c~Hiier results sh<Y:Jing elevated leveis 
of nutricni~ at thc,.......c statton:. as wo:i a:; at other :;imilar deeper arc.as locat ..... ~ u\ ihC: v1<..1rnty of the 
Cooling Canal System Oata resu?ts indicate tha! surfuc..e v.ta!c:- qt:aGty at these site~ if> ~t: at:f:ed 
1..vit~1 better w-.1!cr qt;c?tty ot the ~urfuco :.md dcc.rcnjfr~g WJ.tcr Qt:i!:i!y vnth t:--:c:c~:i.ng tiCpt-h 
Although most stat:ons met Cot~nty v:a!er (;t!aUty standardz for nmr.1orna at the ~u:face. ;.ea:~· 
oU of the$e stations exceeded t:'ie County's wa.:cr quaiity standard for ammonia :?: :he botto:n 
with resutts tyQi~'1lly !~19 ll!!I.\Ye->..n 1.3 tQ.ZJi. r.lilligrlll!lli ~r !re:!!° i.;:il!l ooe ,1) !iaITl;lle re::,illt ~ 
hiqh a~ 'S.O mimgrmns r,-cr liter Re~urts for tritium v,erc aiso stratified through t:1e water co:t::?'r.1 \ 
b.,-i!:cd o:i sample depth, however al! sar.ip!es were lliqhc~ than back<;round :eve!:; :v;:iic:il for \ 
B'iscayne Boy Moel no~ably. tnlrum rccul::i tot !>o:tom :,-::imp'.u:; :ll :orotlon:; 1:;-:lr~ to thr~ } 
'::<io!in9 C;n,:l ',r,tcm :::nsoo rror.: 2.6~., to 4,3 ii pCilt lhc rc:;ul:n for tr:tn:m p:ovi<:Jc :ne moc: 
O<)mtxl::mg cv,don<e th:.:t w~:ct ougtnt..:it.n9 from tt10 <.;oo:m_g Cnnr:: G%tCm ::.; rc~ch:r:g :t1511~· 
~..il :it:rhlc.c w::rtcr11 oon:icc.!od to .;:=ync O:Jy 



In ~ummary. \·1~1ter :rom the Cooling Canal !..>yztem is migrating O~!tside !he boundar:cs of :r.c 
Cooting Ca:-:a! !.)y:t:cm away from !he T u,key Point fac.:?rty ?ro;)C:-ty \.v,~h 1r.1pac.!:.: mea:;u:<.!<! i:~ 

both scrtace and gro~mt!water f-Pt is rcqi::red to i.rr:plc.··nent provision~ of the Cn:'l::cnt 
Agreement to address the-landward migratio:i of the hy,;er-saline phm1e Ho,,;ever. further 
ev .. ilu:1bor· am: ~ctmn r$ needed tc a<idrc~zs the recent C':1.scovPry of rmro<"t5 to ~rnfr:<.c> \11mter<.; 
tidally conr.cc!oo to !kicayne Bay l his includes fu:ther evalua!Jon of the retatu>:1:ih:p bcl\·.-ccn 
tho < :ooh:19 < :ar:ai ~;ystem an,~ ts asc;0<:.iated groundva.tcr plume and ,:npactf; to tid~Uy 
connected :,u:facc waters rn rcspo:-~sc to the rocent data. :•Pl. i:; pe:forming additjoaai 
modeling to further review the Cooling Canal Sy:;tem and groundwater flux undc, v:mot:'.: •.v::,tcr 
stage scenarios The outcome of this effo:t w11l be needed to inform 2.nd refine f-f)[ ·s !C>nf; ter:n 
;>la:1 fo:- managicg water quality i:1 the Coot:ng Gana! System through the <lddition of other •:.rater 
sour("£$ f >f HM 'Nil! continue to pursue retoluti()n of these issues throur;h provis!ons o1 tt!P. 
cx:ist:ng Cc)~1sent P..gree:r.cnt or !hrough a st:bseqi..:ent e:1forcement action 

Attachment:; Attad1ment A Graph His:orical Data for CCS 
At:ac;hr:1cnt B Notic..c of Violation 
Attachment C Corn;cnt Agreement 
AttacJ1mcnt D. Graph l:icreasing J\."";!mo:iia i:-1 fie!at 8rnfzcc Wa!cr 
Attachment F Cooiing Canal Sr,tern Water Level ,md W3'.er Input,; 
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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 Nationiil Geographic states, 'Florida's 

booming population is writing a water check its aquifers can't 

cash " Some of the threats to the Floridan aquifer include the 

following: 

http-;;:/fwww.nflt .o rg/2022/08/22/roc::harg ing-the-f loridan -:>Quifcr .. th1cats-t<Hhe-floridan aQuilet/ Page 1, 
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Florida's population has grown from about two million in the 
·1940s to around 21 million today, with ,1 projection of over 26 
million within the next 20 years 

At the henrt of the problem is over-extraction: there are simply 
too many people taking too much water from thf> aquifer 

(about:blank). In the early, to mid 1900s developers began to 
capitalize on Florida's natural bt>auty and warm climati', 
dmining wetlands to build homes and fueling development 

that turned Florida into onr. of tt1e fastest growing states· an 
estimated 900 people a day move here, adding another 
300,000 people a yenr 

1 he population growth also diminishes recharge as lands that 
rechar9(' thP aquifer are drained aml c;overed with concn,tf>. 

Contamination: 

Groundwater quality is also impaired not only by point 
contamination sourc('s such as industrial or municipal waste 
repositories but 11lso by nonpoint contamination events such 

as the widespread application of fertili:z:ers and a wide ranye 
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 

https://www.nflt.org/2022/08/22/recharging-the-floridan-aQultcr~threats~to~the-flnridJn-aquifcr/ 
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Recharg ing the Floridan AQuifor: fhreats to the FlmicJan AQuifer - North FIOf ida Land Trust 

(httpsJ/www.nflt.org/) 

Figure 2: Construction site drainage 
in Flagler County, photo by 
Stephanie Hezel 

Saltwater Intrusion: 

0\T~~xtraction and 
~~:::,ir~st:•:v; ~<f::~•~rge 

, rt~~ ca Jse ,:al water (h 
tc) be drawn towurd the 

freshwater zones of the 
aquifer ,ind seep into 

the aquifer at levels 
that make its water 
undrinkable. 

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 toilet:;, 20 
percent is used for 

showers nncJ nearly 
19 percent for 

running faucets for 
evt?rything from 

brushing tE.>eth to 
rinsing plates. 

• • 
... 

If water is pumped out 

at a rate faster than the 
uquifer is replenished, 
the pressure of 

freshwater over 
saltwater in the land 

rnass is df"Creased 

Figure 4: Source US Geological 
Survey (USGS.gov) 

This decrease rm1y cause the level of saltwater to rise in the 
aquifer, degrading water quality. This problem can be 
<--ontrolk.>d 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 quality of 

htt PS· /JV,ww nf lt or 9/ 2022/08/2 2/rechtJr ging-the-f lori<fon ~ aquifer-threo ts• to~ the- flor id3n .. aQu ife r / 
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Recharging the Floridan Aquifer: Threats to the ~lorid~n Aquifer - North Florida Land frost 

groundw,1ter through incre,i sed risks of drought (about"blank), 

changes in precipitation (about·blank) and tempP.rnture 

(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 m~ke the water too salty for hurnan consurnption. 

Protect and Preserve viable Recharge Areas: 

With all of the threats to the Floridan aquife,. it's important to 

protect and preserve those areas of NF Florida wlwre. 

when it rains, the woter will filter through the soil and replenish 

the aquif Pr to help f'nsure adequate and high-quality water 

resources in the~ future 

More Connections 

5/9/23, 9,5, 

(https;t. www.nflt.org/cat~fwlilail.nflt.org/cat~tff<!Jf)N)N,nflt.org/cat~~/.}1flt.org/category/news. 
reports/) 

r 

(https://www.nflt.org/catE~ r~tillt'prg/cntegc1ry/job
openings/) 
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The Floridan aquifer. Why one of oui i.:1inic:.t state:. is wonied about water 

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 
looking for ways to prevent a looming water crisis. 
NAflONAL G !' OGRA f>H IC 

BY JON HEGGIE 

PUBLISHlD JULY 29, 20:?0 • 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 

https:Jlwww.na1iomllgcographic.com/$,Cicnc;c/orticfc/p.3rtncr~contcnt~worricd~obout wotcr~floridon~oquifor 
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The Florid,;1n 3QUiter: Why one of our f3iniest st.ltC~ fo worried about water 

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. · 

htlps:/fwtv\v,n.itionalgeog,.:,phic.c:om/s.cien<:c/~rticfe/partner-c::ontont- worried-{lb<>ut water-tloridan-.iquifcr 

5/9/23, 9 -5~ 
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The Floridan aquifer; Why one of our r.liniest states is worried .)bou; water 

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
al l of which comes from the increasingly stressed aquifiers. 
PHOTOGR APH B Y SHLJTTE RSTO C K 

• 

ADV ERTI SE M ENT 

'-"!II Big discount on Temu 
lliiiiiJ Tcrnu 

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 salt»-ater 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 51 inches 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 

https,/fwww.nationalgCOQtaphic c,om/!;cionce/articlc/p~rt ne, content-worried ahovt-watcr•Ooridan- aouifc, 

5/9/23, 9:5 
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springs. 

Every decade has seen at least one severe and widespread drought. And the 

Floridan aquifer has always beeA 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 man_t 
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 sp'rings, has seen its prodigious output fall from 500 million gallons to 

around 200 million gallons per day-an alarming 60 percent decline. 

httP$'J/Www.na1ion;:atgeogr.1phic.com/t;eicncc/.,rticlc/o.;utner~contcnt¥worricd-_.bout water~florid;:an~aqulfct 
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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 devastat~ng. 

http$· f1www.n~tk>na19~09 r a ph ic .com/scicmco/orti c.lo/par tncr- <:onte nt-worried -.about w.)t er ff or idan-aqu ifer 
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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. Efforts 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. 

https://www.national9eo9,aphic.c;om/~ci,c1lCC/art ic;Je/oortncr~c::ontent~wc.,rriod--aboutffwate1~florid~nff3quitc, 

5/9/23, 9 :5! 
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Silver springs State Park is Florida's first tourist attraction, and the state's popularity as a tourist 

destinat ion 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 
PHO T OG RA PH BY !>HU T1 ERSTOC K 

-
ADVER TISE M EN T 

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. 

ITT SHARE "fl TWEET m EMAIL 
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STORIES IN FLORIDA 

Protecting Fresh Water 
We're working to ensure clean water for Florida's people and nature. 

July 14, 2020 I last updated July 28, 2022 
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Our long-tern1 vision for freshwater conservation in Florida 

is simple but ambitious: Florida must have enough clean 

water for both people and nature . 

• 

The Florida Everg!ades, 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. As a 

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 land.<; provide critical habitat for wide-ranging species, 

like the Florida P.anther and black bear, as well as other 

species such as the red-cockadcd wood Recker and sandhill 

crane. We completed restoration of the wetlands on our 

Disne:v. 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. 

httos://www.n,3ture,or9/cn-us/about .. us/whon~-wo .. work./united-statesJffOcida/s1ocies-in•florida/tlocida-fresh-waterf 
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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. 

https:f/wwv,.na1u,c.0 1g/cn-u$/about .. us/whcrc-wc--work/united- state$/florida/stories-in-florida/florida-freS>h-water/ 
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FLORIDA SPRINGS Swimmer in a deep spring at 

lchetucknee Springs State Park in Fort White, Florida. © 

Jennifer Ad ler 

MANATEES IN FRESHWATER SPRINGS Two adult 

manatees share a special moment together while 

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 fron1 Lake 

Okeechobee. We also support completion of the Herbert 

Hoover dike to protect both people and nature from the 

damaging effects of flooding. 

httr,s://www.nature.org/en-us/about-u:::/whcre we work/united- states/florido/storic.::: ir, tlo, ida/florida-fresh-water/ Page 5 o 
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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 SP.ring~ 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 cont inually increase. 

Pollution, including fertilizer and sewage runoff, invasive 

§P.ecies, excessive nutrients and erosion are also damaging 

the health of our springs. 

https:/fwww nature.org/en-us/ahout-us/where-we- work/united-states/florida/s1ories- in-florida/florida-fresh-w,:ner/ 
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MANATEES AT PLAY 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 den1onstrating 

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:Jlwww,n~turc.org/en- us/about- usfwhcrn- wc~work/united-states/ florida/stol'ics~in-florida/tlorida- fresh-water/ 

5/9/23, 11:2: 



Protecting florid~'s Fresh Water I The Nature Conscrvoncy 

HelpU 

Suppor 
• 

Despite recent declines in the quantity and quality of water, 

we believe vibrant co1nmunit ies with sustainable econon1ies 

and healthy springs systen1s 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 individual<; to ensure our 

freshwater future. 

Our World/Our Florida 

5/9/23, 11 2 
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§ea§ have dirooticailly .ri§en 
along §011Jthern Uo§o COa§t in 
past decade 
Multiple new studies highlight a rate of sea levE~I rise that is 'unprecedented in .:it least 
120 years' along the Gulf of Mexico anci southeastern U.S. coast 

By .Qhrs,. MQO...!.!£Y. and f,lr.xty Dennis 

Ap:il 10, ~•()~'' l ,1, ' , 00 .! ::1 . ! [ll 

S<"i,•1lti&'ts haw do<'amtnt<'<i an abnormal and dramatk surg<> in s<-a l<--,t>L~ alonr, th<• l i.S. gulf and southt>.istc·rn 

roastlin,•s since about 2<>H>, raising new quc·stions aboat wh<·thcr New Orlt>a11S, Miami, Hou.'iton an<l oth<'r coastal 
<'<>mmuniti<'s might h<' <",·,·11 mor<' at risk from rising St>as th:m Oll<'<' prroirtro. 

111<' m·("('kration, whik• rdatiYdy short-liwd so far, c-ould have far rt~ic-hing ronscqm•m·es in an arN of th<· Unitro 

Stat<·s that has =•n m.i.'lSiw <lE'\'t>lopmC'nt as tht> wetland.'>, mangrows and shc>n•linC'S that on<"<' protrc-t<'<I it ar<' 

shrinkinfr An alrc-ady ,-uinC'rdhlc- landsraP<' that is horn<" to millions of J)('(>plE' is r,ro"'ing more \ 'uln<•rahk, mon• quid 
IX>t<·ntially putting a brg<· swath of Am,,ri,·a at ~at<•r risk fr<)m S<' WI'<' storms and fl<x><ling. 

Tiw ll<'r(>as<' ha'> alr<•ady had major <'ff<'<·ts, r<'S("ard1<'rs found. On<• study su;.>,/>,ests that r<'<'<•nt dE'\·astating hurricanE>s, 

induding ili<•haE'l in 201S and Ian la<;t )'<';lr, Wl'r<· mad<' ('onsidrrahly worse- by a fa.<;tt'r rising <X'ean. F<·d,•ral ti<lP gau)? 

data from the National 0<'<'anic- and Atmosph<'rir Administration sur,.t;<~'t that the sea lc-,·d, as measur<'<i by ti<l<· gaug1 

Lakl' Pontchartrain in N,•w OrlE'"dlls, is ,•ight ind1<'S hight>r th:m it was in 2000,j ust afwr Hurrican<' Katrina. 

"Tht• c-ntir<' South,·ast c·oast and th,· <:ulf Coast is kdin.11, th<' impact of th<' sea !c,·<"I ri!«• a<'<'ckr.ltion," S.'lid ,Jianjun \'ir 

d imat(' s<'iE'ntist at th<' llniwrsity of .\rizona and th<· author of <>lit' of two m·ackmk ~'tudks puhlish<'<l in r('(·<•nt W<"<·ks 
that <l<'SC·rih<' th<' c-hang<'S. 



Yin's study, pub!i.sh<'d in tht• Journal of Climat<', ,·akulat<·s thE' ratE' of S<'a-fo,•<•l ri!;c- sinr<' 201() at mor<• than 10 

millimeters or one centim<'t<'r 1x·r y<'ar in th<' n•gion, or n<•arly 5 in<'h<'S in total thmur,h 2022. Tnat i.s mor<' than 

doubl<· the glohal av<'rage rate of about 4.5 millinl<'l<'rs 1><,r y<•.1r sin<·<· 2<>10, h:l!"><'<i on sat('llit<, obs,•l'\'alt<>ns of S('a kw 
from <'Xp('ltS at the Universitv of ( 'olorado at Bould<'r. , . . 

Vvbil<' the annual total5 might sound minor, <'WU small <"hang('S in S<'d lm·<'ls over time <'an hav<, destrm·tiv<> 

('Ons<.'<JU<'nr<'S. Yin's study SUf.?,<'StN that llurri<-an('S Michael and Ian, two of th<' strnng<'St storms <'Wr to hit th<" Uni 

Stat<'S, WE're made <'<>nsiderably worst' in part from additional sea len·l riS<>. 

"It turns out that th<' wakr kv<"l a.•:sociated with Hurri<-an<' Ian was the high,·st on r<"<"ord due- to th<" <"<>mhin<'<l <'ff<'<'!, 
S<>a-le\'<•l ri.<;(• and storm surg<•," Yin said. 

A s<'<'m1d study by a long li.<;t of SE>a-l<'wl <>:qx·rts, k-d by Siiukt• I>ang<•nc!orf of Tulane l!nin·rsity and publishrd in Kat 

Communirations, finds the same trend sim·e 2<>10 a<·ros.5 th!' U.S. Gulf Coast and southrost<'rn mastlin<"s, ralling th<• 
ri.S<, "unpr<'<'('(l<•nted in at l<'3.5t 120 y<'ars.ff 

"It's a window into tlw future," said I>ang!'ndorf, who <·ollal><>J:at('(! \,ith <'Xp<'rts at multipl<' U.S. institutions and 

Britain's National Ot·<·anography CE>nt('r. Tiie rat<>s arc· so hir,h in r('(.'Cnt y<,:irs, Dang<·ndorf said, that they're similar t< 

what would be <'Xl)(,'t.'ted at thti end of th<, IT-ntury in a v<'l')" high gr<'<'nhOU!;(' gas <"missions scenario. 

An additional two studi<'s on rapid SN-le\·el ri.<;e and how it is aff<'<'ting the rt'gion hm·e lx'<'ll rel!'aS<'d by S<·i,·ntists in 

preprint form but haw not y<'t pa.s.<;<>d through pt'('r re\·i,•w, sur,_~<>Stin.r; a sw<>ll of S<'i!'ntili<· att<·ntion on th<' subj('('!. 

Th<' n!'w findings are striking in part b<'<'ause thE' r.ipid riS<· apfl('ars to be rau.<;('(f by profound c·hang,-s in th<· O<'<·an. h 

parts of Texas and Iimisiana, sinking land has Ion!?, hrcn a fa<'t<>r that rontribut<'S to S<'a k·\·c>ls 7,ro\,ing rt•lativr!y high 

owr time. But in the lat<'st studic·s, S<·i<•nti.5ts show a rapid rise of sea lr,'v<>ls in phwcs su<·h as Pensamla and <'<'dar K<'.) 

I-1a., wh<·rc th<' land i.<; not sinking as rapidly as it is in pla<·<'S surh as <,rand Isll", I.a., or Galwston, T('x. 

In g<·m·ral, high<"r S<"'<lS in th<· Gulf of Mrxico and ,lround Florida m!'an that hurri<".inc risks in som<· of th(' most <'XJ)(>S 
and storm-prolole parts of th<' United Stat('S are r,rowing only morE' a<·utE'. 

In additi{m, as S<·as ris<' and people <'<>ntinuc, to mm·<· to h~r;h risk area~ along th<' <"<msts, S<'i<'ntists say that mil.lions o 

arres of U.S. land and hundrros of thousands of hmm-sand offi('('S rould slip below sw<'lling tide lines. Experts from t 

nonprofit First Sil"('<'! Foundation also projected rec·c-ntly tbat pmp!'rtit'S in many <"(>astal an·as <·ould lor.e \·aluE' as 

fl<xxling intensifi<-s, a shift that could harI'.1 hom('(>Wll('rs and t•md<" !oral tax bas,>s. 



Sc-icntists are not entin•ly on th<· s:ime pag<' about th<· mu~; driving th<.> phcnom<.>non, or whcth<·r the rc<'ent 

accelt•ration in risin_~ S<'as "ill <'Ontinuc at surh a rapid dip. R('S(>ardwrs typirally pn•fcr to rdy on d('('ad<'S of data to 

mor<.> CE•rtain of lwnds in th<.> dimat<' systt•m, and lh<·ir ,-aus<>s. In that <'<mt ext, th<' r<'<'\' llt s<'a -IE'wl rL'i(' has happ<'n<'<l 
over a r<'lath·<•ly short time P<'riod. That. ma}-es the tn•nd as ambiguous as it is " ·orryui.g. 

Still, this murh SC'<'ms d<'ar: 11w rapid sea lewl ru;c, app(•ars to st.art in th<· <:ulf of Mcxirn, whi·h has t)('('ll warming f 

fusH·r than th<· global <X<'an. Warm water naturally t>xpands, <>au.'>ing S<'a lt'\'<'ls to riS<•. ·n1:it warm wat,·r also gNs <·ari 
by curn·nts out of th<' gulf and along th,· East Coast, aff<'Cting plac·<-s such as <~,rgia and the Carolinas. 

\'Vil! this trend oontinu<'? That r<'mains lPss dear, sc-i('ntists say. 

Toe waters that haw· helP<~d drin• up x-a lt'\·ds in <iulf of M<·xic-o an· wry warm ewn at d('(•p l~·<·ls, based on a pr<'pr 

study by Jae-ob St,·inher;\ and <'<>lleagucs at the Wcxxls Hok (k<'anor,raphic- Institution, NASA's Jct Propulsion 
Lalx>ratory, the Univ<•rsity of l lawaii at Manoa and th<' National Center for Atm<~~plwric R<-seaITh. 

Stcinlx-rg and <'<>lkagucs sur.~<'St that the trc·ml impli<'ates a wann currt•nt c-alled the r~x>p ('urn•nt, which ent<·rs th<', 

from th,• Carib!x-an Sea and in turn i.<; part of a broader patt<•rn of <'ll'<"lllation in th<' Atlanlk <kc-an. 

The warm Loop Current is "bringinY, wat<'r in, not just at the surface but with depth,· St<'inbc-rr, said. Th<.> current oft<s 
c-xt<·nds hundnxls of yards ben<•ath the sea surface, Steinberg acldc-d, and will spin off warm w:itc-r h!obs, whi<'h 
S<'icnti'>ls m11 "<xkli<'S," which mnvt• at'ros.-; the- gulf. 

Yin al/;{) ti<'S the- c-hangc to tht• I~x,p Currc-nt and in hi.,; study gcx-s further, <k'S<·nliing it as an aftcr<·fft'<'t of a major 

slowdown c•w·nt in the owrnll ,·m·ulation of the Atlanti<' ()('(•an that <:x·c-urr<xl in 20<>9-2010. If tnl(', this would sur.g<~ 

that these S<'a lc·,·<·l ,·hang<".; may be ti<xl to a broad<•r pattern that refi<'<'ts how dimat,· chang<' is alt,•rin.~ the cirrnlati< 
of th<' <)('('ans. 

I>ang<•ndorf, k-ad author of th<' Nature- ( 'ommunkations study, i.-;n't romin~. Whik noting the sarnP rapid Sl-:1 k•v('] 

rise i,i n-<·<·nt y<>ars as th<' oth<'r " ·orks, his study dPtermin<-s the c-ause i.,; a <'Ombination of fa,·ton;, S<Jm<· of th<'m 11atu1 

"Wl' han• this fon'('(j a,·cdc-ration, hut th<·n on top we have that natural ,·ariability, and ovc•r th<· last ('(>Upl<· of Y<>ars w 

wen, unluc-l,·y, having that a<'<'C'kration supcrimpoS<-d on natur-.il variability/ Dangc:-ndorf said. 

N<·,·crthelcss, I>angcndorf said that the rapid sca Jew! <'hanges ar<' troubling, an- ha\'ing imm<'diat<> <'fl<'<'ts, and are 

more- lik<' what t><·icntists onee would have <'XI>e<'IE'<l only if th<• world k<-pt pumping ma-;siw amounts of plan<'t hc•atin 
gas<'S into thr atmosph<>re. 

!k's not alone. 

rmp: /Jwwwwxl'l.ingtonpo~ com/< iim=a1e cn-.•ironmcnt/.?02J/0.!.fl0/s.c.:i :c\tc: ri::;.c :;outnctn u :,/ 



Sea level ,tsc J.long ::;ourhern U 5 happening !a::::c, : f'l..:,n :>rC"liou::?y :.hough! T?i¢ •:13~hin9ton Po::: 

I>ata from NOAA show that "high ti<l<· flooding," cv<•n on sunny days, has more than doubl('(f throughout the Gulf ( 'oa 
and South<•ast <·<>a~-tal r<'gions sim·e 2000. 

"lt m<~:St>S up your daily lift>. It int<>rrupts your daily life." said Thomas \'-1ahl, a prof('S.<:<>r of <'oastal risks and 

<'nginccring at the l!niver<.;ity of C'entr.tl J,1orida, and a<'<> author of th<" pap<·r in Natur<· Comumnirations. "It c-orrod~ 

infrastru<'turt>. It <'Orrodt>S rars that arC' dri,·in_p; through saltwater on a daily basi~. You e:m't OJlt'll your busirwss or g<•t 
work." 

Then th<>n• is th<· fa<"t that in !ow•l}ing rt'gions with littJ,, C'levation, <'Wn small amounts of si-a l<'vd ri.'><' ,·:m mak<" 

~1orms that murh mor<· <'alamitous. Waws push doSt>r to shor<.>, wol'S('ning t•rosion. Surgt>S push farthrr inland. 
Wetlands can <.>rode r.ipidly. 

"Now you havr a high,·r basr water Ic\'(•l," Wahl said. "If you han, a hurrkan<.> now as opJX>:,cd to the sam<· hurri,•,mc 1 

y<>ars ago, thr impa<"ts would Ix· diff<•n·nt. • 

A fourth study in preprint form, hy si-ienti~ts \\ith the Uniwrsity of Miami, NOAA, NASA and 1nultipk institutions in 

th<.> Unit<-<l Statt'S and AIL~tralia, finds that the major ri<;(' in S<'3 k ,·<.>J in th<· Southrnst sincl' 20w a<·counts for ~:;0-50~ 

of flo<><l days in 2015-2020." 

"In low lying <·oa.<;tal rcr,ions, an in<'rease of even a fet,· rentimetpn; in th<.> background s<.>a l<.>v<.>l ran hl"('ak the r<•gional 

flcxxling thr<-sholds and lead to C'oastal inundation,• thE' study nott>S. 

Tiu• ,·ritiml qu<'~'tiou, of <'<JUrsc, is wh<'thc'r the rurr<'nt rat('S of c-hang<' dcx-um<.>ut('(f by r<'S<'ard1rrs ,,ill c·ontinm· 

IE'ading, p<>tt'ntially, to W<'ll ow-r a frx,t of additional 5('3-lewl rise in ('()ming d!'c-ad<'S • or if they will return to lev<'ls 
more in line ,,ith global averages. 

Rapid sea level rise at Pensacola, Fla. 

10 inche<.; 

abovc_ 198..'3 2001 average 

0 
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192~>- 2009 
1/12 inch per year 

-15 
1925 1'l50- 1975 2000 

Source: NOAA 

BaS<"<l on S<'a-lE>wl rffi>rd,; frmn P<•nsamla and Galveston, whi<·h datE> baC'k a rentury or lon;,.<'r, th<! Gulf Coast also s::m 

rapid rise in sea kwd in th<· 1940s, a tn•nd that had subsided by the I9S<>s. But it is not ytt <'ltar if this r,·<·nt will pro\'<' 
similar. 

On•rall, tlu· pa<'c- of S<'a-l<'wl risE> is aC'<'<'l<•rating globally, and S<"irntists hav<· hE'rn mwquivoral that S<·.is will c-ontinur 1 

ris<- wdl into tht> future, E'WD if humans manll_~<' to dr.1stirally C'U! grernhous(• gas emissions. 

In a r<.'port last y<'ar, NOAA and oth<"r fE>d<>ral ag<'nei<·s found U.S. c-oastlines on a,·1•rng<• are' proj<'<·ted to fa<·<· an 

additional foot of rising seas ovE>r the nt>xt three d<'ra<l<·s. Th<' n·p<>rt ga\'<' partieularly hir,h projtttim1s for thr Gulf 

Coa~t, in signifieant part h<'C'aUS<' ofr('('('nt tl"('nds. Earli<'r thi~ yrar, n<·w r<'S<'arrh d<x·um<'ntc•d how !h<' amount of <>X<'t 

ll(•at buri<·d in th<" planE't's or<·ans, a strong markE"r of rlimate ehange, had again r<".iC'he<l a rerord high in 2022. 

In th<· sam<' rc·1x>rt, NOAA found that if f,<>a-le\'<'l risE' along th<' <'ru.'t<"rn part of the Gulf< 'oast <"<mtinu<>S on its r<'<·rnt 

trajectory, it would rival a high-{'nd = 11.'\·el forcC'ast for th<· Y<'ar 2050. NASA re('(•nt!y rE>l<'af.e<l. a S<-<l•l<·\'<"I t<x>l that 

in<'ludcs similar fmdinr,,;, showing SE'a~ rising at a rat(• that <'X<'('<'<fa <"''<'n thE' hir,h·<•nd for(c'(·a~ts at sit,-,, su<·h as 
P<.'nsatola, :!-1a., and Dauphin Island, Ala. 

l><-spitt> th<" ongoing sdentifa· d<>hatE" rE>ganling the <'3US(' of the· c-urrcnt S('a•fo\'el surge in the Gulf of '.\frxi<'o and in th, 
U.S. Southeast, thr tangible effo<'ts it impos<>S on c•ommunitics al"C' likrly to mount. 

"It's vc•zy difficult for ID<' to say ,vhat's going to happ<·n in the· near t<>rm," said &n Hamlington, a "1ASA st•a i<-Y<"l E>XpE' 

and a<'<> author on StE"inCX'rg's study. "It's not lik<' th<"S<' rates al"C' immediat<>ly r,oing 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. 



Unified Sea Level Rise Projection: 2019 Update 5

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). 

http://www.rcap2.org
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WHAT ARE RCPS?

SCENARIO 
COMPONENT

RCP 2.6 RCP 4.5 RCP 6 RCP 8.5

Greenhouse gas 
emissions

Very low Medium-low 
mitigation

Very low baseline

Medium baseline; 
high mitigation

High baseline

Agricultural area Medium for cropland 
and pasture

Very low for both 
cropland and pasture

Medium for cropland 
but very low for 

pasture (total low)

Medium for both 
cropland and pasture

Air pollution Medium-Low Medium Medium Medium-high

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

RCP PRIMARY CHARACTERISTICS 

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 

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.

>> 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/m2 by mid-century, and returns to 2.6 

W/m2 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). 

>> 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)
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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. long term: 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

YEAR
IPCC MED 

50%

NOAA2017 NOAA2017

INT-HIGH HIGH

2000 0.00 0 0

2010 0.19 0.3 0.33

2020 0.39 0.56 0.69

2030 0.63 0.98 1.18

2040 0.84 1.38 1.74

2050 1.13 1.94 2.46

2060 1.40 2.56 3.38

2070 1.72 3.31 4.49

2080 2.03 4.17 5.74

2090 2.40 5.12 7.09

2100 2.72 6.14 8.56

2120 3.29 7.64 11.32

DATUM: FEET NAVD

YEAR
IPCC MED 

50%

NOAA2017 NOAA2017

INT-HIGH HIGH

2000 -0.80 -0.78 -0.78

2010 -0.61 -0.49 -0.45

2020 -0.42 -0.22 -0.09

2030 -0.17 0.2 0.4

2040 0.04 0.6 0.96

2050 0.33 1.15 1.68

2060 0.60 1.78 2.6

2070 0.91 2.53 3.71

2080 1.23 3.38 4.96

2090 1.59 4.34 6.3

2100 1.92 5.35 7.78

2120 2.49 6.86 10.54



Unified Sea Level Rise Projection: 2019 Update 10

FIGURE 1: Unified Sea Level Rise Projection

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.

SOUTHEAST FLORIDA

REGIONAL COMPACT

CLIMATE
CHANGE
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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 ID 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 ID 

8722956) or the Lake Worth Pier gauge (NOAA Station ID 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. 

https://tidesandcurrents.noaa.gov/datums.html?id=8724580
https://tidesandcurrents.noaa.gov/datums.html?id=8723170
https://tidesandcurrents.noaa.gov/stationhome.html?id=8722956
https://tidesandcurrents.noaa.gov/stationhome.html?id=8722956
https://tidesandcurrents.noaa.gov/datums.html?id=8722670
https://climate.sec.usace.army.mil/slr_app/
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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 Low Adaptability

2015 2019 2015 2019 2015 2019

IPCC Median 

Global 

(inches)

IPCC Median 

Regional 

(inches)

USACE High 

(inches)

NOAA 

Inermediate 

High (inches)

NOAA High 

(inches)

NOAA 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 
a range 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 (https://tidesandcurrents.noaa.gov/datums.html?id=8724580).

FIGURE 2: Unified Sea Level Rise Referenced to NAVD

TABLE 3: Unified Sea Level Rise Projection Referenced to NAVD

UNIFIED SEA LEVEL RISE PROJECTION 

(Southeast Florida Regional Climate Change Compact, 2019)

Year IPCC Median 

(Feet NAVD)

NOAA Intermediate 

High (Feet NAVD)

NOAA High 

(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 

https://tidesandcurrents.noaa.gov/datums.html?id=8724580
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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/. 

http://corpsmapu.usace.army.mil/rccinfo/slc/slcc_calc.html
https://climate.sec.usace.army.mil/slr_app/
https://climate.sec.usace.army.mil/slr_app/
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. 

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. 

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.

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 

https://www.aviso.altimetry.fr
https://science2017.globalchange.gov/chapter/12/
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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 

fjords 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 not in 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. 
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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/m-2 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.

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 

https://tidesandcurrents.noaa.gov/
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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).

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.

https://tidesandcurrents.noaa.gov/sltrends/sltrends_station.shtml?id=8724580
https://tidesandcurrents.noaa.gov/sltrends/sltrends_station.shtml?id=8724580
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FIGURE A-8: 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.
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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 l\TarIDing, U.N. 
cliIDate change report says 
A dangerous climate threshold is near, but 'it does not n1ean we are doomed' if swift 
action is taken, scientists say 

By Sarah Kaplan 

Updated March 20, 2023 at 5:33 p.rn. EDT I Ptttlli5hml 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 cata&irophic warming - unless nations drastically transfonn their <.,-Conomies and immediately transition away fro 

fossil fueb, 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 tli'reshold, scientists have found, climate disasters will become so extreme that p<.,'Ople will not be able to 

adapt. Basic components of the Earth system will be fundamentally, irrevocably altered. Heat waves, faminE~~ and 

infectious diseases could claim millions of additional live5 by century's end. 

11 warming Human activities have already transformed the planet at a pace and scale 

unmatched in recorded history, the IPCC said, causing irreversible damage t< 

co1111mmities and ecosystE•ms. Yet global emis.~ions continue lo rii;c, and curr 

carbon-cutting efforts are wildly insufficient to ward off climate catastrophe. 



current global pace of 
1 emissions, the world will 
:>ugh its remaining ·carbon 

by 2030. Doing so would put 
1g-term goal of keeping 
warming to 1.5 degrees 
, (2.7 degrees Fahrenheit) 
:ably out of reach. 

Monday's asse;~5ment synthesizes years of studies on the causes and 

consequenc('s of rising temperatures, leading U.N. Secretary General Antonie: 

Guterres to demand that developed countries such as the United States 

eliminate carbon emissions by 2040 - a decade earlier than the rest of the 

world. 

• 
With few nations on track to fulfill their climate commitments aad witl1 the 

developing world already suffering dispro1x>rtionately from climate disasters, 

said, rich countries have a responsibility to act fa5ter 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 n~ch net zero in 2060 and 2070, respectively - mu 

hasten their emissions-cutting efforts alongside developed nations, Guterrcs 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 me 

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 scientific 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-wanning activities have increased global average temperatures 

at least 1.1 degr<x~s Celsius (2 degrees Fahrenheit) since the start of the industrial cm. The amount of carbon dioxide i 

the atmosphere hasn't been this high since archaic humans carved the first s tone tools. 



'I110ugh much of the synthesis report echoes warnings scientists 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 described 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 4<) percent of cumulative carbon emissions have occurred since 1990 - when the IPC 

puhli~hed its first study on the dangerotL5 consequencc.-s of unchecked warming. Governments continue to subsidize 

fossil fuel use; banks and btL5inesses invest far more in polluting ind1L5tries 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 poon 

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 oflike everything, everywhere 

all at once." 

But few institutions are acting fast enough, the report said. November's U.N. clilllate conference in Egypt ended witho 

a resolution to phase down oil, gas and coal - a baseline requirement for curbing climate change. !~1st year, China 

approved its largest expansion of coal-fired power plants since 2015. Amid soaring profits, major oil companies arc 

dialing back their clean-energy initiatives and deepening investment.5 in fossil fneb. 

Humanity is rapidly burning through our "carbon budget" - the amount of pollution the world can afford to emit and 

~iill meet its warllling 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 S,vitzerland last week to finalize the text of the IPCC report, the U.S. 

government ap~roved a new Arctic drilling project that is expected to produce oil for the next 30 years, noted Hans-Ot 

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. ~rhere is no more room for compromises." 

Failure to act now won't only condemn humanity to a hotter planet, the IPCC says. It will aL~o make it impossible for 

future generations to cope with their changed environment. 



These changes have caused irrevocable damage to communities and ecosystenL~, evidence shows: Fish populations ar, 

d"indling, farms are Jess productive, infeetious diseases have multiplied, and weather disasters arc t'.'><:alating to 

unheard-of extremes. The risks from this relatively low level of wanning are turning out to be greater than scientists 

anticipated - not because of any flaw in their research, but because human-built infrastrncturc, social networks and 

economic systems have proved exceptionally vulncrabk 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 billk 

people yet accom1t for less than 1 percent of humanity's total planet-wanning pollution, the report says. But as climat, 

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 dey;n 

flahrcnheit) 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 de11,rees CelshL~ 

(5.8 degrees Fahrenheit) by the end of the <,>entury, the synthesis report says. In that scenario, a child born today woul 

live to see several feet of sea level rise, the extinction of hundreds of speties and the migration of millimL~ of people fr, 

places where they can no longer survive. 

"We are not doing enough, and the poor and vulnerable are bearing the bnmt 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 wrour,ht by Cyclone Freddy, the longest-lasting and most energetic tropical storm on recm 

which has killed hundreds of ~·ople and displaced thousands more after bombarding southern Africa and Madagasca 

for more than a month. The report shows that higher temperatur(,'S make stonns more powerful and sea level rise ma! 

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 nalions a~ it is in wealthi"'r 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 ~M1id. 

The price of delay 



The r<'porl re,·<'als threshold<; in how much warming people and ecosystems can adapt to. Some arc "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 levd rise. 

But beyond 1.5 degn-es of warming, the IPC'C says, humanity will nm up against "hard limits" to adaptation. 

TcmJX'ratures will get too high to grow many staple crops. Droughts will become so severe that C\'<·n the strongest wa 

<'0115ervation measures <',m't <·ompeusatc. In a world that has warmed roughly 3 d<'grees Celsius (5.4 d<-gret'S 

Fahrenheit) - whE'rc humanity appears to Ix: hE'aded - tlw harsh physical realities of dimat<' change will be deadly fe 

countless plants, animals and people. 

" It's as if we're travding on a carbon-intensive superhighway and wE''re in the fast lanet Trisos said. Unless people 

immooiately pump the hrak<'S on carbon emissions, we will zoom past the off exit for 1.5 d~(,-es of warming - and 

there will be no turning back. 

Yet just like drivers who have missed their exit, humanity must ~1rive to stay as d ose as possible to the 1.5-<l<-grec targ, 

Trisos said. "We· can still take th<' 1.6 <'Xit, which will be better than 1.7: 

"With every increment of global wa m1ing, the danger will increase,n he added. "As we k•av<' it later and tak(· hot1c'r and 

hotter exits, the fewer options we have to thrive." 

'It does not mean we are doomed' 

~pite its stark language and dire warnings, the> IPCC report sends a m(•ssage nf possibility, said Friederike Otto, a 

climate seienti5t at hnperial College London and a meinber of the ('ore writing team for the report. 

"It's not that we arc• depc•ncling on something that S1ill needs to he invented," she said. "We actnally have all the 

lmowle<lge we ntX'CI. All the tools we need. We jtL<;t nE'<'d to implement it." 

ln many regions, the report says, t•lectricity from renewable sources such as solar and wind is now cheaper than power 

'rom fossil fuels. Several countries have significantly rl'(luec<l their emissions in the past decade, even as their 

'COnomics grew. Kew analyses show how efforts to fight dimatc change <·an lwnefit society in countless other ways, 

·mm improving air quality to enhancing ecosystems to boosting public health. These "c-o-benc-fits" well ou tweigh tht> 

·osts of near-term emissions rC'Cluctious, even without accounting for the long-term a<l,·antages of avoiding dangerotL~ 

,-arming. 

"he IPCC also underscored that tackling rlimall' change can hc•lp address global in<·quities - and vice versa. Stronger 

afety rwts and policies that aid the poor can help fo.c;ter support for the nuJSSive changes needed to help curb carbon 

missions, the report says. Helping d eveloping nations build renewable energy infrastrncturc will both avert emissiotL'> 

nd alle,iate the energy pov<'rty that afflicts mor<' than 700 million J)<'Opl<' world,\ide, 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 come.~ 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 e~iablished at least year's climate talks, which would provide r.ompensation 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 economics shot 

adopt climate plans in line ·with the IPCC's findings. 

The steep p<>litical 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 cotmtries 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-ze,ro emiI'.sions, a State Department spokesperson instead directed attention tow, 

China, which is now the world's largest annual producer of greellhouse 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 World9S 
Most Potent Greenhouse Gas 
Are 56 Percent Higher Than 
EPA Estimates9 a New Study 
Shows 
Electric utilities are likely responsible for the nation's higher than 
expected ernissions of sulfur hexafluoride, a greenhouse gas 
25,000 times worse for the c limate than carbon dioxide. 

By Phil McKenna ~ 
January 31, 2023 



While ernissions 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 governrnent esti1nates, a new study 
concludes. 

Across the United States, :>90 metric tons of SF6 were ernitted 
into the atrnosphere in 2018, the 1nost recent year for which 
data are available, according to a new study resulting frorn a 
joint initiative between the National Oceanic and 
Ai n1ospheric Adrninistratron and the Environn1ental 
Protection Agency. The study, designed to better quantify 
SF6 en1issions in the U.S., was published in ·he journal 
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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 Intergoverflmental Panel on Climate Change. The gas 
is 25,200 times more effective at warming the planet than 
carbon dioxide, n1aking even sn1all releases of SF6 cause for 
concern. 
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The volun1e of SF6 released in 2018 is less than half of what it 
was a decade prior, but still equaled the annual greenhouse 
gas e1nissions of 2.1 million automobiles, according to t:1e 
E1:viror:1nt>ntai ProtP<:t ion /\gt'n<:y's gn.•enhoEse gas 

eq:1ivale:1cy caicula:or. 

The vast n1ajority of SF6 emissions come frorn the electric 
power sector and occur either during routine servicing of 
electrical equip1nent or through ongoing leaks in a3ing or 
poorly sealed storage tanks and other electrical equipment. 

"Substantial additional emission reductions can be achieved 
if 1non' efforts were put into minin1izing emissions during 
servicing or through in1proving sealing rnaterials in the 
electrical distribution systems," said Lei I !u, a researcher 
with the National Oceanic and /\tinospheric Adrninistration 
and the study's lead author. 

The ~~l<'ctric Power Sys·en1s Par n<>rsh1p, a voluntary 
program run by the EPA, has helped electric utilities reduce 
en1issions of SF6 by approxin1ately 80 percent since 1990, 

accord ing to the agency. E1nissions reductions have con1e 
through the use> of newer, le&<; leak-prone equipment and 
better servicing practices that prioritize capturing and 
reusing SF6 gas. SF6 free circu:t hr(•akers are also 
increasingly being deployed by son1e electric utilities as 
alternarive technologies becon1e avaiiahk'. 

llowever, not all electric utility companies panicipate in the 
EPA's ernission reduction progra1n. Duke Enerb'Y, 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 
ernissions to the EPA in 2021. 

Duke Energy spokesman jeff Brooks told Inside Climate 
News in Noven1ber that the co1npany was "workir..g to learn 
inon: about" the EPA-industry partnership to reduce SF6 
emissions, a program that has been operating since 1999. The 
con1pany declined to comment on Tuesday as did the Edison 
Electric Institute, a trade association that represents all U.S. 
investor-o\.vne<l 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 SF6. 

"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 
from all sources," the n'port said. 

The report suggested that the EPA may need to in1prove its 
estiinates of SF6 en1issions fron1 electric utilities that are 
b~lieved to have relatively low SF6 emissions and are 
therefore not required to report their en1issions to the 
agency. The report also flagged "end-of-life" emissions from 
old electrical equip1nent at the tin1e of disposal as a potential 
source of higher-than-expected emissions. 

Now, the agency is n1oving forward with some of the 
changes. 

"The EPA has revised its method for estimating emissions of 



SF6 from these non-reporting faciliries," Melissa Sullivan, a- . 
spokeswon1an for the agency, said. "Specifically, rather than 
assuming that the average SF6 emission rate of non

reporting facilitie~ has declined at the san1e rate as that of 
reporting facilities, the EPA is now assuming that the average 
SF6 en1ission rate of non-report ing facilities has declined 
1nuch more slowly than the average emission rate of 
reporting facilities." 
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Sullivan said the change will bring the agency's estin1ate for 
SF6 emissions into better agreen1ent with emissions inf erred 
f ro1n atn1ospheric observations, starring with the next annual 
U.S. greenhouse gas inventory, a draft of which will be 
published in February. 

I ll1 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 glohai SF6 emissions based on 
esti1nates derived froin global at1nospheric concentrations of 
the pollutant. 

"There is a huge gap in the global reponing of SF6," l lu said. 
"Maybe other countries can consider a shnilar approach so 




