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10 CFR 52.3

October 17, 2012

U.S. Nuclear Regulatory Commission
Attn: Document Control Desk
Washington, D.C. 20555-0001

Re: Florida Power & Light Company
Proposed Turkey Point Units 6 and 7
Docket Nos. 52-040 and 52-041
Response to NRC Request for Additional Information Letter 120329
(eRAI 6354 Rev. 0) Related to ESRP Section 2.3.1 - Hydrology

References:

1. NRC Letter to FPL dated April 3, 2012, Environmental Request for Additional
Information Letter 120329 Related to ESRP Section 2.3.1, Hydrology, for the
Combined License Application Review for Turkey Point Units 6 and 7

2. FPL Letter L-2012-317 to NRC dated August 20, 2012, Revised Schedule for
Response to NRC Request for Additional Information Letter 120329 (eRAl 6354
Rev. 0) Related to ESRP Section 2.3.1 — Hydrology

Florida Power & Light Company (FPL) provides, as an attachment to this letter, its
response to the Nuclear Regulatory Commission’s (NRC) Request for Additional
Information (RAI) EIS 2..3.1-1, EIS 2.3.1-3, EIS 2.3.1-4, EIS 2.3.1-5, EIS 2.3.1-7, EIS
2.3.1-9 and EIS 2.3.1-10 provided in Reference 1. The revised schedule for this
response was provided by FPL in Reference 2. The attachment identifies changes that
will be made in a future revision of the Turkey Point Units 6 and 7 Combined License
Application (if applicable).

If you have any questions, or need additional information, please contact me at 561-
691-7490.

| declare under penalty of perjury that the foregoing is true and correct.
Executed on October 17, 2012.

Sincerely,
William Maher
Senior Licensing Director — New Nuclear Projects

Florida Power & Light Company

700 Universe Boulevard, Juno Beach, FL 33408
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NRC RAI Letter No. 120329 Dated April 3, 2012
SRP Section: EIS 2.3.1 — Hydrology

Question from Environmental Project Branch 1 (RAP1)
NRC RAI Number: EIS 2.3.1-1 (eRAI 6354 Rev. 0)

Preface: The review team acknowledges the value of numerical models in hydrological
analyses; however a single model scenario does not generally address all aspects of a
hydrological impact assessment. Therefore, the review team considers all available
models and performs an independent analysis in order to understand the patterns in the
predictions that may be similar and those that might be dissimilar and to determine if
such difference would result in a change in the impact assessment. Because of the
inherent uncertainty in hydrologic models due to: measurement errors, sampling errors,
conceptual model errors, non-uniqueness and the potential misapplication of the
numerical model the review team does not make a determination based solely on
results of a numerical model. Items 1 through 3 are to ensure that the review team
understands how the applicant addressed the three classes of uncertainty mentioned
above. Iltems 4 through 10 are to ensure that the review team understands that the
three-dimensional finite-difference groundwater flow model (MODFLOW) was
appropriately applied by the applicant.

EIS 2.3.1-1

Measurement uncertainties are addressed in the applicant’s Quality Assurance
program. However, where the applicant relies on data from sources not subject to the
applicant’s QA protocol, the review team requests the applicant describe the pedigree of
the data and the applicant’s assessment of how measurement uncertainties associated
with such data effect the outcome of the analysis.

FPL RESPONSE:

The response to the question posed in ER RAI 2.3.1-1 is addressed in two parts: Data
Pedigree and Assessment of Measurement Uncertainty.

Part A: Data Pedigree

The Turkey Point Units 6 & 7 numerical groundwater flow model used a variety of input
information. Table 1 summarizes the model input components and sources and also
indicates the entity providing control of the information quality. The model input
components shown are stratigraphic data for model layers, surface water levels,
groundwater levels, evapotranspiration, recharge, hydraulic conductivity values,
Biscayne Bay bathymetry and surface topography, cooling canal water balance, and
water salinity to correct head levels for density. The data sources listed on the table can
be subdivided into three categories:
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1. COLA Data Sources: Data collected specifically to support characterization and
investigation of the Turkey Point Units 6 & 7 site; includes information collected
by MACTEC Engineering and Consulting (MACTEC) for Bechtel Power
Corporation (Bechtel) to support the Turkey Point Units 6 & 7 Combined
Operating License Application (COLA) and a preliminary feasibility study for the
Units 6 & 7 site by Enercon Services, Inc. (Enercon)/William Lettis and
Associates, Inc. (WLA) for Florida Power & Light Company (FPL). These sources
were subject to the applicant’s Quality Assurance (QA) protocol as appropriate to
the nature and scope of the work being performed.

2. Non-COLA Turkey Point Data Sources: Data collected to support Turkey Point
site activities not directly related to nuclear plant licensing, such as water supply
development and environmental monitoring; includes the Dames & Moore
studies, Golder Associates, Inc., (Golder) investigations, and the HDR
Engineering, Inc., (HDR) Turkey Point Aquifer Performance Test. These sources
were not subject to the applicant’s nuclear quality protocol for Turkey Point Units
6&7.

3. External Agency Data: Regional data collected by federal, state, and local
agencies such as the U.S. Geological Survey (USGS), National Oceanic and
Atmospheric Association (NOAA), Florida Geological Survey (FGS), Florida Fish
and Wildlife Commission (FWC), and South Florida Water Management District
(SFWMD). These sources are publicly available data, not associated with the
applicant’s nuclear quality protocol.

1) COLA Data Sources

The first category of data sources includes data collected by MACTEC under their 10
CFR 50 Appendix B-compliant QA/quality control (QC) program. The work performed at
the Turkey Point Units 6 & 7 site was specific to the COLA and was subiject to the
applicant’s nuclear quality protocol. MACTEC has extensive experience collecting data
associated with nuclear quality data objectives.

This category also includes data collected by Enercon/WLA for the Feasibility Geologic
Investigation (FGI), which at the direction of the applicant and in accordance with the
applicant’s QA protocol as appropriate to the nature and scope of this work, was
performed under a commercial QA work plan that was developed to comply with
geologic and seismic elements in NRC Regulatory Guide 1.165 and Standard Review
Plan sections 2.5.1 to 2.5.3 and geotechnical elements in Regulatory Guide 1.132 and
Standard Review Plan section 2.5.4. While these data were collected under a
commercial QA plan, Enercon/WLA also have extensive experience collecting data
associated with nuclear quality objectives, and the elements of the commercial QA
program implemented for the purposes of the FGI were in general accordance with
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those of the 10 CFR 50 Appendix B-compliant programs and procedures implemented
for their COLA-related investigations of other sites.

2) Non-COLA Turkey Point Data Sources

The second category of data includes information collected under the Dames & Moore,
HDR, or Golder QA/QC programs, as discussed below.

Dames & Moore

The Dames & Moore data used in the groundwater model are historical data collected in
the 1970s for a geohydrologic evaluation related to the construction of site cooling
ponds and a Floridan aquifer water supply investigation at the Turkey Point site. These
investigations were performed in support of construction of the original site facilities.
Dames & Moore was a geosciences and engineering company with extensive
experience supporting the design and construction of nuclear power plants. Data
collected by Dames & Moore represent historical data associated with the existing,
permitted units, including nuclear units 3 and 4, and were covered under the QA/QC
programs applicable to these units.

HDR

HDR performed aquifer performance tests at the planned location of the radial collector
well (RCW) system at the Turkey Point peninsula. The RCW system is a backup cooling
water system for the proposed Turkey Point Units 6 & 7.

The HDR investigation for the Turkey Point Exploratory Drilling and Aquifer
Performance Test Program (HDR 2009) data collection, evaluation, and report
preparation was conducted under HDR’s internal QA/QC Program. The HDR QA/QC
Program documents establish procedures to perform work. One component of the
program requires that all documents, data, and calculations be reviewed by a qualified
person prior to submitting the document or calculations to the client as a draft. The
reviewer is a qualified person other than the principal author of the document or the
principal designer. A draft document is then submitted to the client and the client’s
designated reviewers, prior to the issuance of the final document.

Prior to performing the aquifer performance test (APT), HDR prepared an APT
performance plan. The plan was reviewed internally using HDR’s subconsultant
ASRUS, LLC, per HDR’s QA/QC program and then provided to FPL and other
reviewers designated by FPL. The test plan was approved for implementation by FPL
and was carried out per the approved plan

The following methods and standards were used in the data collection process:
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Survey

The locations of monitoring wells, the pumped well, surface water measurement stand
pipes, and top-of-casing elevations for the Turkey Point Exploratory Drilling and Aquifer
Performance Test Program were provided by the well drilling contractor, performed by a
professional land surveyor licensed in the state of Florida. Elevations are referenced to
North American Vertical datum of 1988 (NAVD 88). The surveyor certified that the
survey work met the minimum technical standards in Chapter 61G17-6 of the Florida
Administrative Code, pursuant to Section 472.027 Florida Statutes, including a
horizontal accuracy of this survey work that was performed as a Commercial/High Risk
Linear: 1 foot in 10,000 feet closure, and the vertical accuracy of this survey work was
performed to closure requirement of 0.05 feet times the square root of the distance in
miles. The monitoring wells and the pumping well are between 1100 and 4300 feet from
the benchmarks used for the survey. Thus, the horizontal accuracy is between +0.11
and £0.43 feet, and the vertical accuracy is between + 0.02 and £ 0.05 feet.

Sample Collection and Handling

Sample collection and handling followed the Florida Department of Environmental
Protection (FDEP) standard operating procedures (SOPs) for field procedures, which
are included in DEP-SOP-001/01 (February 1, 2004). The FDEP SOPs comprise
minimum requirements under the FDEP Quality Assurance Rule, 62-160, F.A.C. Field
procedures for groundwater sampling are included in SOP FS2200. Sample collection,
handling, and preservation were in accordance with FDEP SOPs.

Water Level Monitoring

The water level data collected at monitor wells during the test program was collected
using In-Situ, Inc., Aqua TROLL 200 and Level TROLL 700 instruments. Each well was
equipped with both sensors. The Aqua Troll 200 and Level Troll 700 instruments are
factory-calibrated for pressure and temperature. Although the Level Troll 700
instruments were programmed to record water level data on a more frequent basis than
the 200 series instruments, the use of two instruments provided the opportunity to
compare data from two separate sources. The surface water data were collected at two
locations using only the Aqua Troll 200. The accuracy of the Aqua Troll 200 and Level
Troll 700 instruments for the pressure sensor is + 0.1 percent of full scale. For a 15 psig
transducer, this would equate to a £ 0.03 foot measurement uncertainty, and for a 30
psig transducer, the uncertainty would be + 0.07 feet.

Flow Measurement

The water flow measurements collected during the Turkey Point APT were collected
using a McCrometer, Inc., Ultra Mag flow meter. This meter has an accuracy of + 0.5
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percent over a flow range of 0 to 15,233 gallons per minute. The well drilling contractor
was required to provide a meter with a current calibration verification before the test.

Golder Associates

The Golder Quality Management Plan in force during the preparation of the Golder
reports used in model development consists of two documents: a quality assurance
manual for Florida operations and a project management implementation guide. The QA
manual provides details on how Golder collects, generates, and validates data. This
document describes the framework of directives and procedures used to assure that
work is performed by trained and qualified personnel and that all technical and client QA
requirements are met. The project management implementation guide specifies the
detailed procedures for the preparation and review of deliverables and that all
investigations, calculations, and other project inputs are documented and expressed in
terms that can be verified. All data input and reporting is checked for completeness and
accuracy by suitably qualified personnel, and evidence of such checks are documented
in the file with signatures or initials and dates. The guide also sets standards for the use
of commercially available software and Golder-developed software used to make
technical calculations and to conduct numerical modeling.

One of the Golder documents used to develop the model includes a report regarding the
existing cooling canals and is a summary of monitoring data collected in 2006 and 2007
and 1991 and 1992 as part of an agreement between FPL and the SFWMD. This
agreement contains monitoring procedures and data verification methods required for
the data that were presented and summarized in the Golder report. The groundwater
data presented in the Golder report were validated against the monitoring plan and the
raw data analyses provided by FPL to Golder. The data for 1991 and 1992 and the
monitoring procedures and data verification are presented in a Dames & Moore report
provided to Golder. These data were validated against the monitoring plan. See Table 1
for the groundwater flow model input parameters and sources.

The second report, Cooling Canal System Modeling Report (Golder 2008), in the Site
Certification Application Turkey Point Uprate Project, Appendix 10.6, is a modeling
analysis of cooling canal system before and after the extended power uprate (EPU)
project for Turkey Point Units 3 & 4. The data used in this report were generated under
monitoring procedures and data verification under reporting programs to the SFWMD
and FDEP as summarized below. In addition, a review of data inputs and outputs and
calculations was performed. The reporting program, data, and QA information are
summarized below.

The discharge monitoring data used in the model are presented in an official report to
the FDEP under its federally approved NPDES program and follows specific QA/QC
protocols conducted by FPL. The groundwater quality data used for the report included
the QC information for the groundwater data used in the modeling. Golder reviewed this
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information to validate the quality of the data. Meteorological data used in this report
(e.g., precipitation, dew point, wind speed) came from the National Climatic Center and
is publically available via NOAA. Salinity data for Biscayne Bay was obtained from the
SFWMD DBHYDRO Web site. The QA programs of the SFWMD are publicly available.

The calculations in the report were generated in a spreadsheet and reviewed according
to Golder's procedures. The calculation for the pre- and post-EPU project water use
diagram were generated in a spreadsheet and reviewed according to Golder's
procedures. See Table 1 for the use of this report within the FPL groundwater flow
model.

Relevant data from the Dames & Moore, HDR, and Golder reports were reviewed and
evaluated for use within the FPL groundwater flow model. Based on a comparison with
other data used in the model and engineering judgment, it was determined to include
the data in the model.

3) External Agency Data

The data from the third category were from publicly available sources. These regional
data were collected by federal, state, and local agencies. The locations of information
quality guidelines for NOAA (NOAA 2012b), the USGS (USGS 2012a, Brunett et al.
1997), and the SFWMD (SFWMD 2008) are presented in the references section.
Information on the accuracy of the National Elevation Dataset surface topography is
provided by the USGS (2012b). The bathymetric dataset accuracy is provided by the
NOAA (2012a). The FWRI reference (FWRI 2010) is a seagrass study in Biscayne Bay
that represents a qualitative evaluation of bay bottom conditions, consisting of areas
designated as continuous seagrass, patchy seagrass, or hard bottom with seagrass.
This information is used to interpret bay bottom conditions (sand deposits or limestone).

The data retrieved from internet websites that supports information in the FPL COLA
has been utilized to support development of site characteristics that may be used as
design inputs. As such, these activities related to data retrieval are not safety-related
design, construction, or operation activities and thus, specific QA measures are not
required by regulation. Nevertheless, FPL employed quality measures sufficient for the
use of this information in the FPL COLA. The measures utilized to authenticate data
retrieved from internet websites include formally documenting the website used, review
of the resulting application information, and independent examination of the source.
The review determines that the data and conclusions reached were accurately
represented and supported within the context of the data used.
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Part B: Assessment of Measurement Uncertainties

The assessment of measurement uncertainties and their impact on the numerical model
includes the following considerations:

Average Conditions

The numerical model is a steady-state model using input for heads, recharge,
evaporation, and density correction based on average values of data collected over
multiple years rather than discrete measurements. If a dataset was averaged with
multiple data points, the impact of a questionable value associated with an individual
measurement would be minimized. Thus, individual measurement uncertainties in the
source data for large datasets would be minimized and have a negligible influence on
model input or output.

Model Development

Hydrostratigraphic layer elevations were developed from geotechnical and geophysical
logs from Units 6 & 7, pumping test well clusters in the Turkey Point Unit 6 & 7 plant
areas and Turkey Point peninsula, pumping wells from the 1975 Turkey Point plant
property Upper Floridan aquifer study, from historical boring and well logs from the
Turkey Point plant property, and from well logs in the FGS lithologic database. The
model hydrostratigraphic layers were developed by the applicant’s hydrogeologists
based on review of site-specific hydrogeologic literature and interpretation of the
available boring logs. Spreadsheets were developed identifying distinguishable
hydrogeologic material intervals. Model layers were then developed from the boring log
information and extrapolated into those areas of the model domain with limited
subsurface information. Industry standard model QA protocol (such as ASTM 2010)
includes evaluation of the model layers to identify any significant deviations or
anomalies in layer thicknesses, which may indicate measurement uncertainties in the
stratigraphic data. Where this condition is identified, interpolation from neighboring data
points and professional judgment is used to adjust the input data accordingly.
Identification and incorporation of zones of higher hydraulic conductivity were
incorporated into a later revision of the model. These zones of higher hydraulic
conductivity are associated with secondary porosity; one zone was placed at the top of
the Key Largo Limestone and a second zone was placed within the Fort Thompson
Formation. The locations of these zones of higher hydraulic conductivity were reviewed
and confirmed with data from more recent EPU project boring logs and other associated
information. This process, coupled with the fact that grid-based, numerical flow models
are simplified approximations of a natural system to begin with, suggests that the effect
on model outcome of measurement uncertainties associated with stratigraphic data are
minimal.
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Model Calibration

The process of model calibration is one in which model parameters are varied until a
reasonable fit of observed conditions is achieved. The primary calibration parameters,
hydraulic conductivity distribution and various head-dependent conductance values,
used in the model were based on site-specific information as well as appropriate
literature values; these parameters were adjusted during model calibration. Calibration
involved the matching of modeled heads to observed heads during aquifer pumping
tests. These tests included both the Turkey Point Units 6 & 7 tests and the PW-1 area
test for the RCWs. Data from the Units 6 & 7 and the PW-1 pumping tests were
reviewed, and outliers were removed from the dataset (Final Safety Analysis Report
[FSAR] Appendix 2BB and HDR 2009). These water level response measurement
outliers were removed based on an evaluation of erroneous values or anomalous trends
and were not used in the analysis to determine APT aquifer properties and therefore
were not carried through into model development. (Inclusion of the questionable data in
the analysis or in development of the FPL groundwater flow model could yield incorrect
results or cause instability during model calibration and thus was excluded.) The model
calibration process was also used to identify and evaluate data outliers.

Parameter estimation was performed using manual optimization, whereby the
parameters were iteratively varied until a satisfactory agreement between three sets of
simulated and observed on-site pumping test drawdowns, regional flow directions, and
flow magnitudes was achieved. The hydraulic conductivity of all layers was varied within
a predefined range that was determined based on a literature evaluation and previously-
defined site hydrogeologic parameters. The regional flow direction and pattern
determined from historical potentiometric surface maps for the Biscayne aquifer were
compared with the simulated groundwater level contours from the model and were
found to be in general agreement. The interaction of groundwater with the surface water
comprising the cooling canal system was assessed by comparing model results against
estimates obtained from an independent water balance model on a steady-state basis.
Furthermore, a validation of the model was performed by simulating a fourth onsite
pumping test that indicated a good match between observed and modeled drawdown
values. Thus, the impact of uncertainty in initial hydraulic conductivities and
conductance values has been mitigated by model calibration.

Sensitivity Analyses

Sensitivity analyses were also simulated to determine bounding cases for various
parameters. Sensitivity analyses were performed to evaluate the impact of uncertainty
in the anisotropy ratio in the top three layers of the model beneath Biscayne Bay. The
results of these sensitivity cases are shown in Table 2CC-211 and Figure 2CC-253
(FSAR Appendix 2CC). For the sensitivity cases for the anisotropy ratio, Table 2CC-211
and Figure 2CC-253 show the most variation from the base case as compared to the
other sensitivity simulations (Figures 2CC-252 and -254). The variation between the
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percentage of water from Biscayne Bay for the base case and anisotropy ratio
sensitivity simulations, however, is less than 5 percent (FSAR Table 2CC-211). Based
on these results, the model appears to show little sensitivity to changes in the
anisotropy ratio.

Sensitivity analyses were performed to evaluate the impact of uncertainty in the
horizontal hydraulic conductivity of the Key Largo Limestone. The sensitivity cases for
changing the hydraulic conductivity in the Key Largo Limestone indicate that the model
is relatively insensitive to this change (Table 2CC-211 and Figure 2CC-254 [FSAR
Appendix 2CC]).

The impact of variability of surface water levels was examined by performing sensitivity
analyses on water levels in Biscayne Bay and the canals. The sensitivity cases were for
the seasonal high and low levels in Biscayne Bay. Water levels in the cooling canals, L-
31E Canal, Card Sound Canal, and Model Land Canal were adjusted based on the
water level in Biscayne Bay. The sensitivity analyses were performed to assess
changes in RCW water capture in response to higher- or lower-than-average surface
water levels. The results of the sensitivity analyses indicate that RCW capture is
relatively insensitive to changes in surface water levels.

Additional analyses were performed to evaluate uncertainties in post-construction
conditions at the Turkey Point Units 6 & 7 site. These analyses include variation of
recharge rates in the plant area, simulation of Makeup Water Reservoir north wall
failure, and simulation of the impact of long-term sea level rise (FSAR Appendix 2CC,
Section 6.0). Simulating bounding conditions for these parameters mitigates the impact
of their related uncertainties.

The results of the sensitivity analyses described above show that while there is slight
uncertainty related to anisotropy ratio, Key Largo Limestone horizontal hydraulic
conductivity, surface water levels, and post-construction conditions, the impacts of
these uncertainties on the model results are insignificant.

Transducer Uncertainty

An example of the impact of level measurement uncertainty on the model results can be
seen by comparing the calibration statistics from the PW-1 aquifer pumping test (FSAR
Appendix 2CC, Table 2CC-208) with the accuracy of the transducers used to measure
the actual head. As stated previously, the transducers have a + 0.1 percent accuracy of
full scale. For a 15 psig transducer, this would equate to a + 0.03 foot measurement
uncertainty. An additional source of measurement uncertainty associated with the
pumping test water level data is the correction for tidal influences. This component of
uncertainty is minimized by using a local tidal reference to correct the data and using
appropriate industry standard methods for correction of the data (FSAR Appendix 2BB
and HDR 2009).
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Comparison with the head residuals (Ri) shown in Table 2CC-208 indicates that the
model head residual is generally greater than or equal to the measurement uncertainty,
thus mitigating the impact of the uncertainty. The groundwater flow model is calibrated
to drawdown. Thus, if an initial head reading has an uncertainty of + 0.1 percent, all
subsequent measurements have the same uncertainty, and therefore the drawdown
measurement remains unchanged. Because the FPL groundwater flow model is
calibrated to drawdown rather than measured head, associated measurement
uncertainties are expected to have no impact on the model outcome.

Summary

All data were collected under QA/QC programs administered by the respective
controlling entity, as summarized in Table 1 and discussed in this RAl response. The
impacts of measurement uncertainties were mitigated by using average values in the
steady-state model, adjusting uncertain values during calibration, and performing
sensitivity analyses. Based on this assessment, measurement uncertainties are
expected to have minimal impact on the results of the numerical model.
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This response is PLANT SPECIFIC.
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ASSOCIATED COLA REVISIONS:

No COLA changes have been identified as a result of this response.

ASSOCIATED ENCLOSURES:
None
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NRC RAI Letter No. 120329 Dated April 3, 2012
SRP Section: EIS 2.3.1 — Hydrology

Question from Environmental Project Branch 1 (RAP1)
NRC RAI Number: EIS 2.3.1-3 (eRAI 6354 Rev. 0)

Preface: The review team acknowledges the value of numerical models in hydrological
analyses; however a single model scenario does not generally address all aspects of a
hydrological impact assessment. Therefore, the review team considers all available models
and performs an independent analysis in order to understand the patterns in the predictions
that may be similar and those that might be dissimilar and to determine if such difference
would result in a change in the impact assessment. Because of the inherent uncertainty in
hydrologic models due to: measurement errors, sampling errors, conceptual model errors, non-
uniqueness and the potential misapplication of the numerical model the review team does not
make a determination based solely on results of a numerical model. Items 1 through 3 are to
ensure that the review team understands how the applicant addressed the three classes of
uncertainty mentioned above. Items 4 through 10 are to ensure that the review team
understands that the three-dimensional finite-difference groundwater flow model (MODFLOW)
was appropriately applied by the applicant.

EIS 2.3.1-3

Conceptual model errors are associated with the assumptions of the model. Conceptual model
errors are the most difficult to address. For instance, models considering variable density fluid
flow versus homogeneous fluid flow, homogeneity of aquifer media, grid resolution, boundary
conditions, etc. The applicant has elected to provide model results for a single realization of a
single conceptual model. Therefore, the review team requests that the applicant discuss how
conceptual model errors are addressed with a single realization, and how conclusions of the
analysis might vary under alternative conceptual model conditions. The applicant may want to
discuss other models for the site developed by other agencies and how their results support
the applicant’s assessment.

FPL RESPONSE:

The model presented in FSAR Appendix 2CC represents the results of an iterative process of
conceptual and numerical model development wherein the model has evolved based on the
collection and interpretation of new data and review of the model by subject matter experts
during the Site Certification Application (SCA) process. Thus, while a single conceptual model
and a single realization are presented in the FSAR, it should be recognized that other
conceptual models have been considered during model development. Evidence that supports
the use of the current conceptual model is provided below. The evidence includes a
description of how the conceptual model has evolved over time and a comparison to existing
groundwater models that have been developed for the region.

Conceptual Model Development

The FPL groundwater model was developed based on the conceptual knowledge obtained
from site-specific tests (FSAR Appendix 2CC, Subsection 3.0) and also knowledge obtained
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from published regional and subregional groundwater modeling studies by the U.S. Geological
Survey (USGS) and the South Florida Water Management District (SFWMD). The model was
calibrated and validated to steady-state pumping drawdown tests, and subjected to sensitivity

analyses.

The FPL groundwater model underwent multiple conceptual model revisions as the model
evolved from that presented in Rev. 0 (Bechtel Power Corporation 2009) to that presented in
Rev. 1 (Bechtel Power Corporation 2011). These revisions were prompted by the SCA
completeness review as well as the applicant’s ongoing review and interpretation of site data.
A summary of the conceptual changes to the models is provided below.

Conceptual Model

Rev. 0 Groundwater Model Report

Rev. 1 Groundwater Model Report

Element

Hydrostratigraphy | Key Largo Limestone and Fort Key Largo Limestone and Fort
Thompson Formation vertically Thompson Formation vertically
homogeneous across the model heterogeneous. Incorporation of two
domain. zones of higher hydraulic conductivity

to represent secondary porosity; one
at the top of the Key Largo Formation
and one within the Fort Thompson
Formation.

Hydrostratigraphy | Muck layer continuous over inland Muck layer present over inland portion
and offshore portions of the model of the model. Offshore portion of the
and horizontally homogeneous. model revised to include sediment and

rock present on the floor of Biscayne
Bay, spatially distributed based on
presence or absence of seagrass.

Hydrostratigraphy | Key Largo Limestone horizontally Key Largo Limestone horizontally
homogeneous. heterogeneous. Incorporation of two

different zones of horizontal hydraulic
conductivity based on evaluation of
pumping tests performed at Units 6 &
7 and at Turkey Point peninsula.
Boundary Zero recharge over gross plant Recharge spatially distributed over
Conditions area. Units 6 & 7 plant area based on
detailed plant layout (post-construction
distribution based on locations of
buildings, roads, and ground cover).
Boundary Biscayne Bay represented as Biscayne Bay represented as general
Conditions constant head boundary condition. | head boundary condition to more
accurately account for interaction
between groundwater and surface
water.

Boundary Flow to radial collector well laterals | Flow to radial collector well laterals

Conditions distributed uniformly over their distributed non-uniformly over their

length.

length to account for non-uniform flow
resistance.
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The FPL groundwater flow model was recently revised (Rev. 2 groundwater model report)
(Bechtel Power Corporation 2012) as the result of minor adjustments to the model input and
output files. The Rev. 2 groundwater model report presents the same conceptual model as that
presented in the Rev. 1 groundwater model report and the updated model retains the
calibration and validation results presented in the Rev. 1 groundwater model report. Numerical
comparisons of the affected Rev. 1 and Rev. 2 groundwater model report results indicate that
the differences are minor as discussed in Section 3.1.1.2 of the Rev. 2 groundwater model
report (Bechtel Power Corporation 2012), and the Rev. 1 groundwater model report
conclusions are unchanged.

The significant differences of the conceptual models between the Rev. 0 and Rev. 2
groundwater model reports are the incorporation of the two higher flow zones, representation
of the Key Largo Limestone as two different zones of horizontal hydraulic conductivity, and
changes to the representation of the Biscayne Bay bottom sediments. In addition to the
conceptual model changes, other changes and updates were performed in both the Rev. 1 and
Rev. 2 groundwater model reports to improve the reliability of the numerical groundwater flow
model.

The comparisons of the groundwater budget between that presented in the Rev. 0 and Rev. 2
groundwater model reports did not show any appreciable differences in the origin of water
supplying the radial collector wells. The Rev. 0 groundwater model report predicts that
approximately 97 percent of the flow to be originating from Biscayne Bay and approximately 3
percent originating from inland. Comparable values for the Rev. 2 groundwater model report
are approximately 98 percent of the source water to be originating from Biscayne Bay and
approximately 2 percent of the water originating from inland for the base case model
simulation. As can be seen from these results, the differences in the underlying conceptual
models lead to very small differences in the relative amounts of water supplied from Biscayne
Bay versus that supplied from inland sources.

It should be noted that the method for calculating the origin of flow to the RCW differed
between the Rev. 0 groundwater model report and that used for both the Rev. 1 and Rev. 2
groundwater model reports. For the Rev. 0 groundwater model report, a control volume was
defined around the RCW that was bounded to the north and east by the model perimeter with
Biscayne Bay, to the west by the shoreline, and the south by a surface water divide for the
RCW. The surface water divide was determined by particle tracking and was used to identify
the location within Biscayne Bay where water would ultimately discharge to the RCW. The
water supplying the RCWs was then determined from the mass balance for the control volume.
For the Rev. 1 and Rev. 2 groundwater model reports, forward particle tracking was used in
which particles were placed in each boundary condition cell and the operation of the RCW then
simulated. The starting locations for those particles that ultimately discharge to the RCW and
their associated boundary fluxes were summed to determine the relative contributions to the
RCW. The different methods used to determine the origin of water to the RCW are considered
to have negligible impact on determining the source of water percentages.
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Sensitivity Analysis

To quantify the uncertainty associated with the origin of the source water for the RCW pumping
in the Upper Higher Flow Zone, a series of sensitivity analyses with alternative model
configurations were undertaken. The sensitivity analyses are discussed in FSAR Appendix
2CC, Subsection 5.2.3, and are as follows:

» Seasonal high water of Biscayne Bay of 0.09 feet NAVD 88
+ Seasonal low water of Biscayne Bay of —1.40 feet NAVD 88

» Offshore (i.e., in Biscayne Bay) vertical hydraulic conductivity of the first three layers of
the model doubled from the base case (the calibrated model)

» Offshore vertical hydraulic conductivity of the first three layers of the model halved from
the base case (the calibrated model)

+ Key Largo Limestone horizontal hydraulic conductivity is set at 5.9 centimeters per
second (cm/sec) across the model

« Key Largo Limestone horizontal hydraulic conductivity is set at 10 cm/sec across the
model

*  RCW pumping from the Key Largo Limestone

The results of the sensitivity analyses are presented in FSAR Appendix 2CC, Table 2CC-211,
and depict that even with alternative model configurations, the predicted source of the water
for the RCW from Biscayne Bay ranges between approximately 95 percent and 99 percent,
with the remaining source of water from inland areas. Similarly, when comparing the sensitivity
of drawdown due to RCW pumping for different model configurations, the 0.1 foot drawdown
contour (the farthest drawdown contour) in the top layer for most of the alternative model
configurations was east of the CCS as shown in Figures 2CC-246, 2CC-247, 2CC-252, 2CC-
253, and 2CC-254 of FSAR Appendix 2CC.

The RCW water percentage origins as shown in Table 11 of Bechtel Power Corporation (2012)
are slightly different than that shown in FSAR Appendix 2CC, Table 2CC-211, Revision 3 and
are based on updated groundwater modeling results to be presented in a future COLA
revision.

Comparison to Existing Groundwater Models

The FPL groundwater model was compared against existing models published by Langevin
(2001), Giddings et al. (2006), and Hughes et al. (2010), which are within the vicinity of Units 6
& 7 and Turkey Point peninsula. The purpose of the comparison of the models is to provide a
measure of confidence as to how the FPL groundwater model conceptually compares to the
other three models. Although all the models differ from one another due to the individual
models’ objectives and numerical structure, a comparison to the FPL groundwater model is
provided.

The following model attributes were considered in this comparison: 1) model objective; 2)
model domain and resolution; 3) density dependence; 4) hydrostratigraphy; 5) boundary
conditions; 6) calibration and validation; and 7) flow patterns. This comparison was performed
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based on published descriptions and not on the quantitative evaluation of the electronic files of
these models and, thus the comparisons in this response are qualitative in nature. Table 1
summarizes the results. Additional discussion is provided below.

1) Model objective

The objective of the Langevin (2001) model is to estimate subregional groundwater
discharge to the Biscayne Bay. As a result, this model does not simulate the Cooling Canal
System (CCS). The model developed by Hughes et al. (2010) simulates the CCS; however,
it does not represent the spatial heterogeneity in three dimensions, as it is a two-
dimensional cross-section model. The model developed by Giddings et al. (2006), referred
to as the LECsR model, does not simulate the CCS. The main objective of this model is to
evaluate general water management issues of the Biscayne aquifer in the subregional
scale. The objectives of the FPL groundwater model are to estimate water quantities for
excavation dewatering and to evaluate the influence of the radial collector wells; the CCS is
represented in detail.

2) Model domain and resolution

The size of the model domain and resolution of the computational grid is determined by the
modeling objectives. Because the objectives of the four models discussed here differ, the
model domains and resolution of the computational grid differ as well. The Langevin (2001)
model encompasses an area of approximately 2440 square miles and has the coarsest
grid, with horizontal grid dimensions of 3280 ft by 3280 ft. The Giddings et al. (2006) model
encompasses an area of approximately 7500 square miles with horizontal grid dimensions
of 704 ft by 704 ft. The Hughes et al. (2010) model is a two-dimensional cross-sectional
model and therefore cannot be compared directly with the other three-dimensional models.
The cross-section represented in the model is approximately 28.6 miles in length with
column widths varying from 32.8 ft in the CCS area to 656 ft in the western portion of the
cross section. The FPL groundwater model encompasses an area of approximately 63
square miles; in order to represent Unit 6 & 7 site features, the horizontal grid is highly
resolved (3 ft by 3 ft at the plant area and 25 ft by 25 ft at Turkey Point).

3) Density dependence

The Giddings et al. (2006) model and the FPL groundwater model assume constant
density, whereas the Langevin (2001) and Hughes et al. (2010) models assume variable
density.

4) Hydrostratigraphy

Each of the four models represents the hydrostratigraphic units that comprise the surficial
aquifer. The Langevin (2001), Giddings et al. (2006), and FPL groundwater models
represent the formations as identified in the literature (e.g., Miami limestone, Key Largo
limestone, Fort Thompson formation, and Tamiami formation). The Hughes et al. (2010)
model does not represent these formations explicitly, but instead generically represents the
hydrostratigraphy as an upper permeable unit, low permeable unit, and lower permeable
unit.
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5) Boundary conditions

To simulate groundwater/surface water interactions between major canals and the
Biscayne aquifer, the Langevin (2001), Giddings et al. (2006), and FPL groundwater
models assigned the cells representing canals as river boundaries, whereas the Hughes et
al. (2010) model assigned these cells as general head boundaries. Biscayne Bay was
simulated as a constant head boundary in the Langevin (2001) and Hughes et al. (2010)
models. In the Giddings et al. (2006) model, Biscayne Bay was not represented explicitly;
however, the cells representing the perimeter of the coast were assigned as general head
boundaries. In the FPL groundwater model, the cells underlying Biscayne Bay were
simulated as general head boundaries. Both recharge and evapotranspiration was
represented in the Langevin (2001), Giddings et al. (2006), and FPL groundwater models;
whereas in Hughes et al. (2010), no recharge and evapotranspiration was represented. In
general, the overall boundary conditions for the Langevin (2001), Giddings et al. (2006),
and FPL groundwater models were similar; however, the boundary conditions used in
Hughes et al. (2010) were in most cases different from the other three models.

6) Calibration and validation

The Langevin (2001) model was calibrated using head and canal baseflow data, and the
general position of the saltwater interface on a monthly average basis for the period 1989-
1998; however, no validation was conducted. The Giddings et al. (2006) model was
calibrated using daily head data for the January 1986 through September of 1999 period,
and validated against head data for the September 1999 through December 2000 period.
The Hughes et al. (2010) model was not calibrated and validated. The FPL groundwater
model was calibrated against steady-state drawdown data from three pumping tests and
validated against one pumping test.

7) Flow patterns

Because the modeling objectives and grid resolutions of each groundwater model differ,
only a qualitative comparison of groundwater flow patterns is possible. A comparison of the
results produced by the FPL, Langevin (2001), and Giddings et al. (2006) models indicates
that they are consistent in terms of the overall regional flow patterns. The local flow
patterns in the vicinity of the CCS, due to the exchange of water between the canals and
the groundwater, are represented in the FPL groundwater model, whereas the less-
resolved, regional and subregional models described by Giddings et al. (2006) and
Langevin (2001) do not represent this detail. Direct comparison of model results to the
Hughes et al. (2010) model is not possible, as it is a two-dimensional cross-section model;
however, the flow patterns inferred from the solute transport simulations indicate
consistency with the FPL groundwater model.

Agency Models Developed for the Site

As part of the coordinated state and Federal permitting and licensing process for the Units 6 &
7 project, FPL works closely with agencies to share project information. Specifically, six
agencies have participated in discussions related to groundwater models for the site. These
agencies are: National Park Service (NPS), SFWMD, USGS, Miami Dade County (MDC), US
Army Corps of Engineers (ACOE), and Florida Department of Environmental Protection
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(FDEP). FPL recently requested these agencies to identify to FPL new or emerging
groundwater and surface water models pertinent to the Units 6 & 7 site. FPL is reviewing
responses received to identify any actions FPL believes would be relevant to FPL’s
assessment of impacts to the site. A summary of the agency responses received and relevant
actions will be provided to the NRC in a supplement to this RAI response. As expressed in FPL
letter L-2012-256 dated June 25, 2012, FPL remains interested in examining the results of any
independent groundwater or surface water model(s) that the NRC or its contractors have
developed related to the Units 6 & 7 site.

Summary

The groundwater model represents FPL’s current conceptual understanding of the
groundwater system at the Turkey Point Units 6 & 7 site. This understanding has evolved over
time. Numerical results generated with different conceptual models yield very similar results in
terms of the origins of the water supplying the radial collector wells, and the conclusions of the
analysis are seen to be similar under alternative conceptual model conditions. In addition, a
comparison of the current conceptual model to existing models developed by the USGS
(Langevin 2001 and Hughes et al. 2010) and SFWMD (Giddings et al. 2006) indicates that the
models are similar in terms of hydrostratigraphy and boundary conditions, and that the flow
patterns produced by the models are generally similar. These similarities serve as additional
evidence that the conceptual model is appropriate for the site.

This response is PLANT SPECIFIC.
References:

1. Bechtel Power Corporation, 2009. Groundwater Model Development and Analysis: Units 6
& 7 Dewatering and Radial Collector Well Simulations, Rev. 0.
http://publicfiles.dep.state.fl.us/Siting/Outgoing/FPL_Turkey Point/Units_6_7/Completenes
s/Plant_Associated_Facilities/2nd_round_Completeness/FPL_Response_Part_A_Informati
on/Attached%20Reports/Bechtel%20Groundwater%20Report/Groundwater%20Modeling%
20Report.pdf (Access date: 6/12/2012)

2. Bechtel Power Corporation, 2011. Groundwater Model Development and Analysis: Units 6
& 7 Dewatering and Radial Collector Well Simulations, Rev. 1.
http://publicfiles.dep.state.fl.us/Siting/Outgoing/FPL_Turkey Point/Units_6_7/Completenes
s/Plant_Associated_Facilities/4th_Round_Completeness/FPL%20Response_4thCompleten
ess/Groundwater%20Modeling%20Report,%20Rev.%201,%202011/Groundwater_Model_
Report-Revision_1 022311_Final.pdf (Access date: 6/12/2012)

3. Bechtel Power Corporation, 2012. Groundwater Model Development and Analysis: Units 6
& 7 Dewatering and Radial Collector Well Simulations, Rev. 2.

4. Florida Power and Light Company (FPL), 2009. Turkey Point Exploratory Drilling and
Aquifer Performance Test Program. August 19, 2009.
http://publicfiles.dep.state.fl.us/Siting/Outgoing/FPL_Turkey Point/Units_6_7/Completenes
s/Plant_Associated Facilities/1st_round _Completeness/FPL_Response_1st_Incompletene
ss/Attached%20Reports/HDR/Aquifer%20Performance%20Test_August-
2009/Report_ HDR%20APT_FPL_081909.pdf (Access date: 6/20/2012)



Proposed Turkey Point Units 6 and 7

Docket Nos. 52-040 and 52-041

FPL Response to NRC RAI EIS 2.3.1-3 (eRAIl 6354 Rev. 0)
L-2012-337 Attachment 2 Page 8 of 12

5. Giddings, Jefferson, Kuebler, Laura, Restrepo, Jorge, Rodberg, Kevin, Montoya, Angela,
and Radin, Hope, 2006. Lower East Coast subRegional (LECsR) MODFLOW Model
Documentation (DRAFT), South Florida Water Management District, West Palm Beach,
Florida.
http://www.sfwmd.gov/portal/page/portal/xrepository/sfwmd_repository pdf/lec_sr_draft_do
cumentation.pdf (Access date: 6/12/2012)

6. Hughes, Joseph, Langevin, Christian, and Brakefield-Goswami, Linzy, 2010. Effect of
Hypersaline Cooling Canals on Aquifer Salinization, Hydrogeology Journal, Vol. 18:25-38.

7. Langevin, Christian, 2001. Simulation of Ground-Water Discharge to Biscayne Bay,
Southeastern Florida. U.S. Geological Survey, Water Resources Investigations Report 00-
4251. http://fl.water.usgs.gov/PDF _files/wri00_4251_langevin.pdf (Access date: 6/12/2012)



uoljew.lo4 uosdwoy| Ho4 = €D _
uleiq ay} ‘Jayinbe ayy Buluielp aie suolsswi IWelN = $O SSlSAIISP
s|eued ay} Ajuo alaym suonenyis pues odljued = GO salw alenbs . QLEM\S
u] -oBexped Jaary ay) Buisn pues pue ||os pajenuaJsyIpun fio Me_xo 1dd SpousdolpAy
paje|nwis a1am sjeued Jofew ay | ‘MBIN M4 8T = 8usd0joH 0052 Alsiew v puepom (Svs) (lopow
soA . wa)sAg Jajinby |euoisuaswip
uonepieA (QINMAES 24 Ag padojanap “a'1) LL+2l:igcioke] e = Baly ulewo( [Spo\ [eong -9a1y])
A pJepuejsuou awos pue pJepue)s LD + 20D + €O 'z 1ofeq e X ay} Jo Moy}
SOA awos ‘sabexoed pN\OT4A0N $O+GD + SUSJ0|0H :| JoheT e ¥ v0L XU v0L Ausuaq Je1empunolb NGOONV ‘le1e
uonelqiien |EI9A8S pash [dpowl YsDFT 8Y L 'siofe| ¢ Jo |ejo | = 9zZIg puo jueysuod AINM4S ajenwig | sbuippi “YsO3
‘lepowl
ay} 0} ab.ieydal Jou By} dBuIWILB}BP
0} paljdde sem MNOT14AON
Jo abeyoed uonelidsuenjodeny
pue abieyoay ay |
‘"MO14Ad0N
Jo abeyoed (gHD) Azepunog
peaH |elauac) ay) Buisn pajeinwis
919M SPUBIMO]| [B}SOD pue Mled
|euoneN sape|biang ay} ul Jajem 1 08¢¢E
9oeLINS JO S0y 2160]|0IpAH uoljewlo 40 9Z18 pub wuoyun yim
) jwejwe] 8y} Jo sauoz SuwNjod |/ pue smol
siofej |je Joj aiousyo 8|qeswuad 8y} pue ‘uoljewlo 68 UO paseq psje|nojes
UIeLop [9pow 8 Jo Jejeuiiad uosdwoy] o4 ‘auo)sawi Sem Jl ‘Jersmoy
o} uim buoje suonipuco IWwell\ ;|| 0} ¢ siske e ‘podal ay) ul papodal
Aiepunoq peay juejsuod | U0y Se Aje12.08Ip JOU SEM
Ui paje|nuiis sem Aeg oukeosig paleubisap sem ulewop [apow edJe ulewop [spow 8y |
‘Aj@181081p paje|nwis OU} 4O 358l BU} pue g sUoZ so|lw aJenbs
Jou 819M SSDD BY} ‘JoremoH | SE pajeubisap sem )i fepow suy Z'6E1Z 10 199} alenbs ‘Keg sukeosig
"epLIo|4 YINog Jo s|eueo Jofew | JO Wed [B)usd 8y} Ul ‘g 8UOZ se 01+38°9 Ajerewixoiddy 0} abieyosip (jopow
oN ay} 4o} M\O14dOIN Jo abexoed pajeubisap |opow 8y} jo sped Jayempunolb |Jeuoibaigns
uonepife JaAIY 8y) Buisn pajeinwis ulayinos pue uisjseayliou sy = Baly ulewo( |spoN aupewqns |jeuoisuswip
A alem Jajinbe auAeosig ay) pue ur Johe| pew pue jead g Jofeq e X 10 suiaped -9aly])
SOA s|eued Jolew usam}aq suooeIaUI AAIjoeUl (| Joke] e H 08¢€ X} 082¢ Aisuag pue sajel
uoneuqien 19)eM-20BLINS/I8}eMpPUNO.ID) :s19he| || Jo |ejol = 9zIS pu9 a|gelen sSOsN oy} Ayuenp | (1002) unebuen
uonepien suonipuo) Auepunog AydeibiesysoipAH ygze=w] aouapuadaqg uoneziuebip (s)annoalqo 19POIN
pue (uonoauiq |eyuozLIoH) Rjsuag 1o Aouaby J3jempunous)
uone.qijed ealy ulewoq
I9POIN pue 3zis pu9H

S|9poj\ sa1ouaby J12Y30 YIM [9POIN TTd4 0 uosuedwo) :| sjqel

21 10 6 9bed Z Juswyoeny /£€-ZL0Z- ]

(0 "A9Y ¥SE€9 IVH®) €-1°€°Z SIF IVH O¥N 0} asuodsay Tdd
L ¥0-ZS PUB 010-ZS "SON 1934000

J pue g suun julod Aeyn] pesodoid



woJ} Moy} jeuolbal Ajuo ‘peajsul
‘ob1eyosip 1o abieydal aoeuns ‘yibus) ul
aje|nwis 0} pasnh alam sabeyoed S9|lw 9°8Z 40 I} 0880S |
uoneJidsuesiodens Jo abieyoal oN Jun ajqeswiad 10 Wy 9 Ajejewixoidde
‘uonIpuod Arepunog Jamo 0 0} €2 siake e _wwnchMﬁmcszm_.wwwN 'SO0 au)
Jojemeas peay JUBISUoD e se yun Ayjgeswuad T 10} UOI99AUOD
paje|nwis sem Aeg auAeosig ay | MO :ZZ 0] 07 SiefeT o ‘uonod uleysem uaALp-AjIsuap
. . Jun ejqesw.ad S} ul ) 9G9 O} eale uo ainesadwa)
oo IO S PLE oMo 6 0 Z| S1oAe o | SOD By Ul Y 8°ZE Woy pue Anuijes (jopow
1da0.8)ul ‘|BUED 31 €7 8U) aLIBA SUIPIM UWN|O
10} pauBISSE SEM (GHD) UOHIPUOD jun pal yip! 10D 10 J08)J0 U0I109S-SS0ID
ON bm_oc:on Xn|} Emucmamv-vmoc v Aungesuuiad mo -1 0} 6 siohe ‘Allesiuan siahe| o pue pauIquIod ayy |euolsustulp
uoneplen nun >__.ScoN:oc SuwN|oo uo AJIAIONPUOD -OM])
"uwIiN|o9 }soWuJB)SoM a|qeawJad Jaddn :g 0} | Sioke] e 8L/ oE._ POZ11910SI] olnelpAy
ON ay} 0} paubisse sem Arepunoq DMOIUI Y 8Z°E T ‘ Aysueqg j0 Aynyisues (0L02)
uoneiqien peay JUejsuo9 Jayemysall si Joke| yoea ‘siafe| o¢ 4o |BJO L = 9715 puUo9 a|gelen SOSN | 8y) sulwisleg ‘le 1@ saybny
uolew.o
Joynbe Jwelwe | Iomo]/auo}sawi
ay} o} abieyoal aje|nwis 0} vmw: Aei ey sepnjoul € Joke
sem abeyoed uonelidsueljodeny ‘uoijew.oy obie Aay| ay} pue
pue sbieyoay ayL ‘eisejseuy ‘uosdwoy] 10 ay)
pare|nWIS A|9191081p sapnoul siy| “Jajinbe aukeosig
10U sem Aeg auAeosig ay ] w”w _“m_Mcmo,WN“M_ MGM@;M&%M
‘Aeg aukeosig ay} yum ay} ulypm .mEmE_com a|gqeswuad
Jajinbe puejui 8y} Jo suonoeIaUI Jamo| 8y} sepnjoul g JaheT
aulwJa)ep 0} }Seod ay} suolseWl
1e speay Jajemysalj JusjeAinba Wel pue ‘pues OO__Emn._ ‘eplo|4
o Jo orouniod o bty | 'PUES PR 105 patenuaiaypun sea om0, o0
01 pasn sem wm.mv_oma gHo wc.._. ‘Jew Jo Sa118s auad0)siv|d ¥ | ou}
pue auad0|0H 8y} sapnjoul | Jake 104 S82IN0S8I
‘s|eueo Jayowad 191EM B4} JO
oy} Joy 1daoxe hvm;m_:.E_w Jaquia suoysawl] 8adoyoQ = Z1 wswabeuew
: JaquIB\ pues jsaJosuld = Z1 |esauab pue
AiB101081P J0U BI19M S§OD 8UL auojsewi oble Aoy = LD ‘uonoelaul
‘pasn os|e sem abeyoed uoljew.o eisejseuy = zZo Jajinbe-jeued
uonepien suonipuo) Aiepunog AydeibiesysoipAH ygze=w] aouapuadaqg uoneziuebip (s)annoalqo 19POIN
‘pue (uonoauig |ejuozLIoH) Rjisuag 1o Aouaby J3jempunous)
uonelqie) ealy ulewoq
I9POIN pue 3zis pu9H

S|9poj\ sa1ouaby Jay30 YIM [9POIN TTd4 0 uosuedwo) :| sjqel

Z1 10 0l 9bed z Juswyoeny 2£€-z10z-T1

(0 "A9Y ¥SE9 IVHP) €-1°€°Z SIF IVH O¥N 0} asuodsay Tdd
L ¥0-ZS PUB 010-ZS "SON 1934000

J pue g suun julod Aeyn] pesodoid




'€0 "A8Y ‘00T XIpuaddy ¥YSH — g Hed ‘uonedlddy 700 £ %® 9 siun julod Aexiny ‘sisAjeue pue juswdojorsp [apow Jajempunol9,

'8€—GZ:8l 'IoA ‘feuinop AbojosboipAH ‘uoneziuies Jayinbe uo sjeued Buljood suljesiadAy Jo 19843 "0L0Z ‘Azul ‘lwemso9-pjaldyelg pue ‘uensuy) ‘uinabueT ‘ydesopr ,wmcm:_._,m
"BpLO| ‘Yyoeag wied 1SOAA ‘101IsIg uswabeue|y Jajep BPLIOIH UINOS ‘(1 4wy A) uonejuswnaog

18PON MO T4AON (4SDT7) Jeuoibayqns jse0) jseg jomo7] "900Z ‘©doH ‘uipey pue ‘ejabuy ‘eAojuop ‘uinay ‘Blaqpoy ‘ebior ‘odalisay ‘eineT ‘1s|jgany| ‘uosiayar ,mmc_uu_oN

"L GZ-00 Moday suonebsanu] saoinosay-I1aiep\) ‘ABAINg [B0160j089) "S N ‘Bplioj4 Uiejsesyinos ‘Aeg suleasig o} ebieyosiq 18je-punols) Jo uoneinwis “L00g ‘Uensuyd ,c_>wmcm.:
"S[apouwl Jayjo 8y} yum uosiuedwod Jusisisuod Joj Aep/i 0} 818y POUSAUOD 8J9M PUE D8S/WD Ul 81M [9poWl d4 8y} JO S8IIIAIONPUOD dlnelpAy 8y} ‘AlJejiuig Y Jo spun

|elladwi 0} palaAu02 alem sanjeA AJIAONPUOD dlNelpAy pue suoisuswip pub ayj ‘s|ppow Jaylo ay} yum aledw o 0} ‘Jenamoy ‘siajew ul yibus| painseaw sjgpow SOHSN yiog 810N

‘(Jayinbe auAeasig BuiAjiano

8y} OJul UoIlBWIOS lWejwe |
JOMOT 8Y} WO} JuswaAow
Jajempunodb [ed1aA ou jo1dap 03)
JaAe| wopoq ay) o} paubisse sem
Asepunog mojy opN °| JeAe| |apow
0} Azepunoq xnj} e se paijdde sem
uonelidsuesjoden pue abieyoay

uonewlo Iwelwe] | lokeT
uonewlo uosdwoy |
104 gL O} || siohe] e

auoz .

‘Aeg suheosig MO|4 JoybBiH Jamo Q| Jeke e JLM%%H
ay) Jo | Jake| [apow pue siahe| uonewo sa|lw asenbs €9 |
|opow ay) [je Jo Jajewnad ay) 0} ' 10 199} alenbs g0+39/°L MBU OM)

uosdwoy] U0 6 0} g SIokeT]

peubisse sem abexoed GHO BUL | suojsowi so1emysai 1 joke Ajerewixoiddy w% M%WM“M_%
‘leued Aj1D eploj4 8y pue ‘jeued sugisswr = ealy ulewoq [9poN saljiAloe
/0L-D ‘leued punog pie) ‘|eued obie Aey| 19 0} G sioke e U GZ X 1 GZ SeMm uo1oNJISU0D
31€-1 ‘SSDD 8y} 40} suonoeIBUIl auoz Buioeds pub sy UI0d -1sod pue
J1ajem aoepINS/I9)EMPUNOIB Mol JoybiH Joddn 7 1ohe e fosun | 1 -To1ouuLod UoNONIISUOD (jopow
8y} sulwlajep | dUOISBWIT Wl :g 0} Z sioke] e M o._EH<o 3«3 : ajenjens |Jeuoisuawip
oA 0} paijdde aiam suonipuod "au0)saWl X t_ owr o Mﬁw 9 w%%_.r_ 0} Jajinbe -9a1y])
Arepunoq abesoed JaAry “jopow IWel\ pue juswipas/pues : aukeosig
uonepien . Joj eale jueld ay} ulypm
ay1 0] paljdde a1am suoIpPUOD 2I0ysyo ‘(JJew pue yonuwi) 1€ X 11 € WOl POLEA By} Ul MOJ} , (s
SOA Asepunoq jo sadA) [eianss ‘|epow s|los olueblio aioysuo :| Johe] e : Aisuag Jayempunolb | uonoesgns ‘00z
uoneuqien Jayempunolb pajelqied ayj Jo4 ‘siahe| ¢\ Jo |ejol = 9zIS pu9 juBISU0) 1d4 alelnwis | xipuaddy HYvS4)
“J8)inbe ay} ur Moy} aje|nwis o}
pasnh sem Alepunoq ula}sam ay}
uonepien suonipuo) Aiepunog AydeubesysoipAH ygze=w] aouapuadaqg uoneziuebip (s)annoalqo 19POIN
‘pue (uonoauig |ejuozLIoH) Rjisuag 1o Aouaby J3jempunous)
uone.iqijed ealy ulewoq

[9POIN PUE 92IS PUD

S|9poj\ sa1ouaby Jay30 YIM [9POIN TTd4 0 uosuedwo) :| sjqel

Z1 1o || abed z Juswyoeny /£€-z10z-T

(0 "A9Y ¥SE9 IVHP) €-1°€°Z SIF IVH O¥N 0} asuodsay Tdd
L ¥0-ZS PUB 010-ZS "SON 1934000

J pue g suun julod Aeyn] pesodoid



Proposed Turkey Point Units 6 and 7

Docket Nos. 52-040 and 52-041

FPL Response to NRC RAI EIS 2.3.1-3 (eRAIl 6354 Rev. 0)
L-2012-337 Attachment 2 Page 12 of 12

ASSOCIATED COLA REVISIONS:

There are no changes to the COLA as the result of this response. Changes as the result of the
revised groundwater model will be reflected in a future COLA revision.

ASSOCIATED ENCLOSURES:

None
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NRC RAI Letter No. 120329 Dated April 3, 2012
SRP Section: EIS 2.3.1 — Hydrology

Question from Environmental Project Branch 1 (RAP1)
NRC RAI Number: EIS 2.3.1-4 (eRAI 6354 Rev. 0)

Preface: The review team acknowledges the value of numerical models in hydrological
analyses; however a single model scenario does not generally address all aspects of a
hydrological impact assessment. Therefore, the review team considers all available models
and performs an independent analysis in order to understand the patterns in the predictions
that may be similar and those that might be dissimilar and to determine if such difference
would result in a change in the impact assessment. Because of the inherent uncertainty in
hydrologic models due to: measurement errors, sampling errors, conceptual model errors, non-
uniqueness and the potential misapplication of the numerical model the review team does not
make a determination based solely on results of a numerical model. Items 1 through 3 are to
ensure that the review team understands how the applicant addressed the three classes of
uncertainty mentioned above. Items 4 through 10 are to ensure that the review team
understands that the three-dimensional finite-difference groundwater flow model (MODFLOW)
was appropriately applied by the applicant.

EIS 2.3.1-4

In performing model calibration, it was necessary to divide the Key Largo Limestone into two
different hydraulic conductivity zones in order to adequately match pumping tests performed in
two wells, one in each of the defined zones. This highlights the difficulty in developing an
accurate predictive model for a large and complex system consisting of many model
parameters using relatively little calibration data from limited areas of the model. Describe and
quantify the uncertainty in the model prediction of the relative volume of water that will be
extracted from the inland Biscayne aquifer compared to the volume extracted from the bay that
results from the potential alternative model configurations that would fit the available data due
to the limited calibration data.

FPL RESPONSE:

Extensive hydrologic, geologic, and hydrogeologic data, test results, and evaluations were
available for the areas of the model considered critical to calibrate and to perform predictive
simulations. These areas included the location of the radial collector well system (RCW) at
Turkey Point peninsula and Units 6 & 7.

The rationale for splitting the Key Largo Limestone was based on 1) obtaining two different,
independent hydraulic conductivity values when analyzing the pumping test data at Units 6 & 7
and at Turkey Point peninsula; and 2) borehole drilling programs suggest the Key Largo
Limestone exhibited heterogeneity across the modeling domain. The Key Largo Limestone
was separated into two zones to match the pumping test at PW-1, with a hydraulic conductivity
of 10 cm/sec, which is approximately 1.7 times greater than the hydraulic conductivity of the
Key Largo Limestone at the proposed Units 6 & 7 power block area (FSAR Appendix 2CC,
Subsection 4.4.1). The splitting of the Key Largo Limestone into two different hydraulic
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conductivity zones is further validated by the PW-6U pumping test, which was conducted
within the footprint of proposed Unit 6. The test was performed to evaluate the hydrogeologic
properties of the Key Largo Limestone at this location. Based on the calibration and validation
of the model to the pumping tests performed in the Key Largo Limestone, it can be inferred
that the hydraulic conductivity of the Key Largo Limestone is different at Units 6 & 7 than that
at the Turkey Point peninsula.

The model was calibrated by adjusting the hydraulic conductivity values and the conductance
for head-dependent boundary conditions (cooling canal system [CCS], regional canals,
Biscayne Bay, and model domain boundaries) through a manual approach. These parameters
were varied to achieve satisfactory agreement between simulated and observed pumping test
drawdowns, regional flow directions, and flow magnitudes for the CCS. The FPL groundwater
flow model was calibrated to steady-state drawdown values at observation wells from three
different pumping tests: PW-7U, PW-7L, and PW-1. PW-7U and PW-7L pumping tests were
undertaken within the footprint of proposed Unit 7. The target zone of the PW-7U pumping test
is in the Key Largo Limestone, and for PW-7L, it is in the Fort Thompson Formation. The PW-1
pumping test was conducted at Turkey Point peninsula, with the well open zone across the
Key Largo Limestone.

The FPL groundwater model underwent two different conceptual model calibrations, one
presented in the Rev. 0 groundwater model report (Bechtel Power Corporation 2009) and
another presented in the Rev. 1 groundwater model report (Bechtel Power Corporation 2011).
The significant differences of the conceptual models between the Rev. 0 and Rev. 1
groundwater model reports are the incorporation of the two higher flow zones (upper and lower
higher flow zones) and changes to the conceptualization of the Biscayne Bay bottom
sediments. The upper and lower higher flow zones are assumed to be a one foot thick laterally
continuous and aerially extensive zone of higher hydraulic conductivity in the model domain.
The upper higher flow zone is assumed to be present on top of the Key Largo Limestone over
the model domain, whereas the lower higher flow zone is assumed to be present
approximately 15 feet below the top of the Fort Thompson Formation over the model domain.
The model configuration presented in the Rev. 1 groundwater model report is the basis for the
model results currently presented in FSAR Appendix 2CC.

The FPL groundwater flow model was recently revised (Rev. 2) (Bechtel Power Corporation
2012) to update perimeter general-head boundary conductance values in the model input files.
The Rev. 2 groundwater model report presents the same conceptual model as that presented
in the Rev. 1 groundwater model report and the updated model retains the calibration and
validation results as those presented in the Rev. 1 groundwater model report. Numerical
comparisons of the affected Rev. 1 and Rev. 2 results indicate that the differences are minor,
and the Rev. 1 groundwater model report conclusions are unchanged.

Uncertainty in the Model Prediction

To quantify the uncertainty in the model prediction of the relative volume of water extracted by
the RCW from the inland Biscayne aquifer compared to the volume extracted from the bay
resulting from potential alternative model configurations, a series of sensitivity analyses for the
RCW was conducted. The base case run included RCW pumping from the upper higher flow
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zone. The sensitivity analyses were based on those parameters determined to be most
sensitive, as identified during model calibration (i.e., fitting the steady-state drawdown of the
PW-1 pumping test data) and for seasonal high and low water levels. During the calibration
phase it was expected that perturbing the vertical hydraulic conductivity of the sediments at the
bottom of Biscayne Bay and the horizontal hydraulic conductivity of the Key Largo Limestone
would result in the greatest difference between the observed and the simulated heads.
Because calibration included fitting the PW-1 pumping test data, which were collected in the
area of the RCW, the calibration provides more certainty of the model hydrogeologic
parameters at the RCW location, indicating that the RCW sensitivity results are reasonable.
The sensitivity analyses performed with alternative model configurations, which are discussed
in the Rev. 2 groundwater model report (Bechtel Power Corporation 2012) and summarized in
FSAR Appendix 2CC, Subsection 5.2.3, are as follows:

*  RCW pumping from the Key Largo Limestone
+ Base case run, with seasonal high water of Biscayne Bay of 0.09 feet NAVD 88
+ Base case run with seasonal low water of Biscayne Bay of -1.40 feet NAVD 88

+ Base case run with offshore (i.e., in Biscayne Bay) vertical hydraulic conductivity of the
first three layers of the model doubled from the base case (the calibrated model)

» Base case run with offshore (i.e., in Biscayne Bay) vertical hydraulic conductivity of the
first three layers of the model halved from the base case (the calibrated model)

+ Base case run with Key Largo Limestone horizontal hydraulic conductivity set at 5.9
cm/s across the model

» Base case run with Key Largo Limestone horizontal hydraulic conductivity set at 10
cm/s across the model

The results of these sensitivity analyses (i.e., origin of water collected by the RCW) are shown
in Table 11 of Bechtel Power Corporation (2012). The table depicts that even with alternative
model configurations, the predicted percentage of RCW source water that originates from
Biscayne Bay ranges between approximately 95% and 99%, and the percentage of water from
inland areas ranges from 0.9% to 4.6%. However, most of the inland water originates from the
CCS, and only 0.1% to 1.4% of the water collected by the RCW is predicted to originate from
the regional eastward flow. In seven of the eight sensitivity simulations, the percent of water
captured by the RCW from regional eastward flow is less than or equal to 0.3%. The half
vertical hydraulic conductivity sensitivity simulation results in the largest percent of regional
eastward flow captured by the RCW, with a value of 1.4%. The RCW pumping from the Key
Largo Limestone showed virtually no difference in the percentage of water origination when
compared to the base case run. The RCW origins of water percentages as shown above are
slightly different than that shown in FSAR Appendix 2CC, Table 2CC-211, Revision 3 and are
based on updated groundwater modeling results (Bechtel Power Corporation, 2012) to be
presented in a future COLA revision.
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Similarly, when comparing the sensitivity of drawdown due to RCW pumping for different
model configurations, the 0.1 foot drawdown contour (the farthest drawdown contour) in the
top layer for most of the alternative model configurations was east of the CCS as shown in
Figures 2CC-246, 2CC-247, 2CC-252, 2CC-253, and 2CC-254 of FSAR Appendix 2CC. The
maximum extent of the 0.1 foot drawdown contour was for the model configuration where the
vertical hydraulic conductivity of the first three layers in Biscayne Bay was half that of the base
case as shown in Figure 2CC-253 of FSAR Appendix 2CC.

The comparisons of the groundwater budget between the Rev. 0 and Rev. 2 groundwater
model reports (Bechtel Power Corporation, 2009 and Bechtel Power Corporation, 2012) did
not show any appreciable differences in the origin of water supplying the radial collector wells.
The Rev. 0 groundwater model report predicts that approximately 97 percent of the flow to be
originating from Biscayne Bay and approximately 3 percent originating from inland.
Comparable values from the Rev. 2 groundwater model report are approximately 98 percent of
the source water originating from Biscayne Bay and approximately 2 percent of the water
originating from inland areas for the base case model simulation. As can be seen from these
results, the differences in the underlying conceptual models lead to very small differences in
the relative amounts of water supplied from Biscayne Bay versus that supplied from inland
areas.

In addition to the changes to the conceptual model between the Rev. 0 and Rev. 1
groundwater model reports, other changes and updates were performed to improve the
reliability of the numerical groundwater flow model (Rev. 2 groundwater model report, Section
3.1.1, Bechtel Power Corporation 2012).

Summary

To quantify the uncertainty associated with the origin of the source water for RCW pumping, a
series of sensitivity analyses with alternative model configurations were undertaken. The most
sensitive parameters included the vertical hydraulic conductivity of the material beneath
Biscayne Bay and above the location of the RCW, and additionally, the horizontal hydraulic
conductivity of the Key Largo Limestone. Both the Rev. 0 and Rev. 2 groundwater model
reports, which present two distinctly different conceptual models that are calibrated to the
same set of pumping test data, showed very little difference in the percentage of water
originating from Biscayne Bay due to RCW pumping.

Thus, the uncertainty is quantified based on the results from potential alternative model
configurations and sensitivity analyses which indicate that approximately 95% to 99% of the
water supplying the RCW originates from Biscayne Bay, while 0.9% to 4.6% of the water
originates from the inland portion (includes both the CCS and regional eastward flow) of the
Biscayne aquifer.

This response is PLANT SPECIFIC.

References:
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Dewatering and Radial Collector Well Simulations, Rev. 0. Available at:
http://publicfiles.dep.state.fl.us/Siting/Outgoing/FPL_Turkey Point/Units_6_7/Completeness/PI
ant_Associated_Facilities/2nd_round_Completeness/FPL_Response Part A _Information/Atta
ched%20Reports/Bechtel%20Groundwater%20Report/Groundwater%20Modeling%20Report.
pdf, accessed on June 12, 2012.

Bechtel Power Corporation, 2011. Groundwater Model Development and Analysis: Units 6 & 7
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ASSOCIATED COLA REVISIONS:

There are no changes to the COLA as the result of this response. Changes as the result of the
revised groundwater model will be reflected in a future COLA revision.

ASSOCIATED ENCLOSURES:

None
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NRC RAI Letter No. 120329 Dated April 3, 2012
SRP Section: EIS 2.3.1 — Hydrology

Question from Environmental Project Branch 1 (RAP1)
NRC RAI Number: EIS 2.3.1-5 (eRAI 6354 Rev. 0)

Preface: The review team acknowledges the value of numerical models in hydrological
analyses; however a single model scenario does not generally address all aspects of a
hydrological impact assessment. Therefore, the review team considers all available models
and performs an independent analysis in order to understand the patterns in the predictions
that may be similar and those that might be dissimilar and to determine if such difference
would result in a change in the impact assessment. Because of the inherent uncertainty in
hydrologic models due to: measurement errors, sampling errors, conceptual model errors, non-
uniqueness and the potential misapplication of the numerical model the review team does not
make a determination based solely on results of a numerical model. Items 1 through 3 are to
ensure that the review team understands how the applicant addressed the three classes of
uncertainty mentioned above. Items 4 through 10 are to ensure that the review team
understands that the three-dimensional finite-difference groundwater flow model (MODFLOW)
was appropriately applied by the applicant.

EIS 2.3.1-5

Model simulated drawdowns compared to measured drawdowns at wells PW-7U and PW-6U
resulted in normalized root mean square error (NRMS) of 11.3% and 11.4%, respectively.
These values were outside of the specified NRMS criterion of 10%. Describe possible
implications of the relatively poor fit of the drawdown at these wells on the ability of the model
to predict the relative volume of water that will be extracted from the inland Biscayne aquifer
compared to the volume extracted from the bay.

FPL RESPONSE:

The response to Question 02.03.01-5 is addressed in two parts: (1) evaluation of the fit of the
drawdown data from PW-7U and PW-6U in the groundwater model, and (2) the model’s ability
to predict relative volume extracted from inland aquifer by radial collector wells (RCWs).

Part 1

Based on the following discussion of best practices and the full compliment of model
calibration and validation statistics, FPL believes an acceptable fit has been demonstrated.
The model calibration is considered a relatively good fit based on the following considerations:

e Model calibration and validation considers data other than NRMS for pumping tests at
wells PW-7U and PW-6U, including graphs of observed and calculated drawdown,
absolute residual mean (ARM), root mean square (RMS), cooling canal system water
balance, as well as pumping tests at wells PW-1 and PW-7L.
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e The calibration simulation for pumping test PW-7U with NRMS of 11.3% includes one
observation well that accounts for 0.33 ft? of the total squared residual of 0.60 ft* for 16
observation wells, and therefore, the one well could be considered an outlier.

e The validation simulation for pumping test PW-6U with NRMS of 11.4% is not used to
develop the calibrated model and therefore is not subject to modification of parameter
values to minimize the residual statistics.

e There are no industry or agency standards that specify numerical criteria for acceptable
groundwater model calibration.

e Selection of normalized root-mean-square (NRMS) criterion of 10% is subjective.

Determining whether a groundwater flow model is acceptably calibrated involves evaluation
and review of all calibration data. In the case of the FPL Turkey Point Units 6 & 7 groundwater
flow model (referred to as the FPL model), calibration involved matching three pumping tests
(PW-1, PW-7L, and PW-7U) and the cooling canal system water balance. Following
calibration, the model was validated using a fourth pumping test (PW-6U) and results were
evaluated using the same parameters as the calibration simulations.

The FPL model adopted the absolute residual mean (ARM) and root-mean-square (RMS) of
residuals as calibration measures, with the residual defined as the difference between the
computed and observed drawdown at a particular location. The ratio of the RMS value to the
difference in the maximum and minimum drawdown defines the NRMS value for this model. An
NRMS value of 10% based on drawdown values is an internally established calibration
criterion and is recognized as a target rather than a requirement.

Calibration of the FPL groundwater model is not based solely on minimizing the NRMS as
established from the pumping test simulations. The criteria included ARM and RMS, as noted
above. The graphs of calculated and observed drawdown in Final Safety Analysis Report
(FSAR) Appendix 2CC, Figures 2CC-220, 2CC-223, 2CC-225, and 2CC-236, along with the
ARM and RMS values, demonstrate that the model is able to accurately replicate three
pumping tests for calibration and a fourth pumping test for validation:

e PW-1 test for calibration — ARM of 0.03 ft and RMS of 0.04 ft

e PW-7L test for calibration — ARM of 0.69 ft and RMS of 0.97 ft

e PW-7U test for calibration — ARM of 0.15 ft and RMS of 0.19 ft

e PW-6U test for validation — ARM of 0.12 ft and RMS of 0.18 ft
The graph of calculated and observed drawdown for pumping test PW-7U shown in FSAR
Appendix 2CC, Figure 2CC-225, indicates one well to be a possible outlier. This one

observation well accounts for 0.33 ft? of the total squared residual of 0.60 ft* (and NRMS of
11.3%) for 16 observation wells. The squared residual for the other 15 observation wells
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ranges from 0.00 ft* to 0.07 ft>. The one observation well with a squared residual of 0.33 ft?
could be considered an outlier, although removing this well from the calibration statistics does
not improve the NRMS.

For pumping test PW-6U, which was simulated during the validation phase, the results for the
residual statistics are considered good, even with an NRMS of 11.4%. This is because these
test data were not used to guide the development of the model but rather to test the validity of
the model following its construction. This validation simulation is not part of the calibration
process and therefore was not subject to modification of parameter values to minimize the
residual statistics. FSAR Appendix 2CC, Table 2CC-210 is mistakenly titled “Model Calibration
PW-6U" and should be “Model Validation PW-6U".

There are no industry-standard criteria that quantitatively define what constitutes an
acceptable calibration of a groundwater numerical model. No such criteria are given in the
primary industry standard (ASTM International 2008), Nuclear Regulatory Commission guide
on hydrogeologic modeling studies (U.S. Nuclear Regulatory Commission 2003), or in one of
the standard textbooks on groundwater modeling (Anderson and Woessner 2002). What these
documents indicate is that model calibration is the process of estimating the true hydrogeologic
parameters without bias and as closely as possible. This typically is achieved by defining
appropriate calibration criteria in terms of the residuals and optimizing the parameters in a way
that comes closest to satisfying these criteria. With regard to matching water level
measurements, these guidance documents use the term “small” when referring to head
residuals or the NRMS but do not define “small” in a quantitative sense. Specifically, ASTM
International (2008) “Standard Guide for Calibrating a Ground-Water Flow Model Application”
(Section 6.4.1) indicates the following:

Due to the many approximations employed in modeling and errors associated
therewith (see Guide D5447), it is usually impossible to make a model reproduce
all heads measurements within the errors of measurement. Therefore, the
modeler must increase the range of acceptable computed heads beyond the
range of the error in measurement. Judgment must be employed in setting these
new acceptable residuals. In general, however, the acceptable residual should
be a small fraction of the difference between the highest and lowest heads
across the site.

The FPL model also incorporated the results of an analytical water balance performed on the
cooling canal system, but no quantitative industry criteria have been established for what is an
acceptable match between modeled and calculated/observed flows. Recognizing the greater
uncertainty associated with measuring or estimating observed flows, ASTM International
(2008) Section 6.4.2 provides the following guidance:

Errors in the estimates of groundwater flow rates will usually be larger than those
in heads. For example, baseflow estimates are generally accurate only to within
an order of magnitude. In such cases, the upper and lower bounds on the
acceptable modeled value of baseflow can be equal to the upper and lower
bounds on the estimate.
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The intent of describing these additional calibration parameters is to show that leeway exists in
the determination of what is considered an acceptably calibrated model and that multiple
criteria (different parameters for residual statistics and water balance) preclude reliance on a
single calibration parameter. With this discussion in mind, it should be recognized that
establishing a value for the NRMS is a subjective matter and that an NRMS marginally greater
than 10% can still be considered an acceptable value for a calibrated model.

Part 2

With regard to “ability of the model to predict the relative volume of water that will be extracted
from the inland Biscayne aquifer compared to the volume extracted from the bay,” this is
addressed by the following points:

e The PW-1 pumping test was conducted at the planned location of the RCWs and had
the lowest ARM (0.03 ft), lowest RMS (0.04 ft), and lowest NRMS (5.3%) of the four
pumping test simulations.

e Sensitivity analyses of the calibrated model demonstrate that the portion of well flow
from the inland area ranged from 0.9% to 4.6%, with 2.2% for the base case (calibrated
model).

For the evaluation of volume of water extracted by the RCWs from the inland areas and the
bay, the model calibration is considered a good fit for the PW-1 pumping test that was
conducted at the planned location of the RCWs, with ARM of 0.03 ft, RMS of 0.04 ft, and
NRMS of 5.3%. The graph of calculated and observed drawdown provided in FSAR Appendix
2CC, Figure 2CC-223 also supports the position that the model is able to accurately replicate
the PW-1 test. Because other pumping tests at PW-6U, PW-7U, and PW-7L were conducted
within the planned power block for FPL Units 6 & 7, the pumping test at PW-1 is the most
important pumping test of the four for evaluating the volume of water extracted from the inland
areas and the bay.

Following standard groundwater modeling practice (Anderson and Woessner 1992), a
sensitivity analysis was conducted to quantify the uncertainty in the calibrated model caused
by uncertainty in the estimates of aquifer parameters and boundary conditions. The primary
calibration parameter that affected the NRMS was the hydraulic conductivity of the Key Largo
Limestone, and because of this, hydraulic conductivity was selected as one of the parameters
to be adjusted during the sensitivity analyses. Several other parameters were also
independently adjusted during sensitivity analyses with the intention of evaluating the relative
volume of water that will be extracted from the inland Biscayne aquifer compared to the
volume extracted from the bay.

The base case for steady-state operation of the RCWs indicates that 97.8% of the
groundwater recharge originated from Biscayne Bay and 2.2% originated from inland areas.
The 2.2% from inland areas includes 2.0% from the cooling canals and 0.2% from other inland
areas west of the wells.

In the sensitivity analyses, flow from inland areas ranged from 0.9% to 4.6% for the seven
cases simulated as shown in FSAR Appendix 2CC. The vertical hydraulic conductivity is the
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most important parameter affecting the percent of flow originating from inland areas and from
Biscayne Bay, accounting for the range of 0.9% to 4.6% in the sensitivity cases. Excluding the
sensitivity simulations for vertical hydraulic conductivity, the portion of flow from inland areas
has a narrower range of just 1.5% to 2.4%. Nevertheless, with significant changes in important
model parameters, including vertical hydraulic conductivity, the contribution from inland areas
to the RCWs remains as a small percentage of RCW flow.

The RCW'’s origin of water percentages as shown above are minor changes from FSAR
Appendix 2CC, Table 2CC-211 (Revision 3) and are based on updated groundwater modeling
results to be presented in a future COLA revision.

Summary

Model calibration and validation considers data other than the NRMS for pumping tests at
wells PW-7U and PW-6U, including graphs of observed and calculated drawdown, ARM, RMS,
and cooling canal system water balance, as well as pumping tests at wells PW-1 and PW-7L.
An NRMS marginally above 10% is considered an acceptable fit, particularly given the results
for these other parameters. Therefore, based on consideration of graphs of observed and
calculated drawdown, multiple parameters for residual statistics, and the canal cooling system
water balance, the model is able to accurately replicate the four pumping tests, including PW-
7U and PW-6U pumping tests with NRMS values of 11.3% and 11.4%, respectively.

For determining the contribution of flow to the RCWs from inland areas, the model calibration
for pumping test PW-1 is far more significant than pumping tests PW-7U and PW-6U.
Furthermore, based on the good fit for the PW-1 pumping test at the RCW location and the
sensitivity analyses, the model is able to predict, within a relatively narrow range, the volume of
water that will be extracted from the inland Biscayne aquifer compared to the volume extracted
from the bay, regardless of NRMS values marginally above 10% for PW-7U and PW-6U.

This response is PLANT SPECIFIC.
References:
1. Anderson, M.P., and Woessner, W.W., 1992. Applied Groundwater Modeling.

2. ASTM International, 2008. Standard Guide for Calibrating a Groundwater Flow Model
Application, Designation D5981-96 (Reapproved 2008).

3. ASTM International, 2010. Standard Guide for Application of a Groundwater Flow Model to
a Site-Specific Problem, Designation D5447-04 (Reapproved 2010).

4. U.S. Nuclear Regulatory Commission, 2003. A Comprehensive Strategy of Hydrogeologic
Modeling and Uncertainty for Nuclear Facilities and Sites — NUREG/CR-6805.

ASSOCIATED COLA REVISIONS:

The title name for FSAR Appendix 2CC, Table 2CC-210 will be changed in a future COLA
revision as shown below:



Proposed Turkey Point Units 6 and 7

Docket Nos. 52-040 and 52-041

FPL Response to NRC RAI EIS 2.3.1-5 (eRAIl 6354 Rev. 0)
L-2012-337 Attachment 4 Page 6 of 6

Model CalibrationValidation PW-6U — Measured Versus Simulated Drawdowns (at end
of test)
This change also affects the Table of Contents:

Table 2CC-210 Model CalibrationValidation PW-6U — Measured Versus Simulated
Drawdowns (at end of test)

Changes as a result of the revised groundwater flow model will be reflected in a future COLA
revision.

ASSOCIATED ENCLOSURES:

None
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NRC RAI Letter No. 120329 Dated April 3, 2012
SRP Section: EIS 2.3.1 — Hydrology

Question from Environmental Project Branch 1 (RAP1)
NRC RAI Number: EIS 2.3.1-7 (eRAI 6354 Rev. 0)

Preface: The review team acknowledges the value of numerical models in hydrological
analyses; however a single model scenario does not generally address all aspects of a
hydrological impact assessment. Therefore, the review team considers all available models
and performs an independent analysis in order to understand the patterns in the predictions
that may be similar and those that might be dissimilar and to determine if such difference
would result in a change in the impact assessment. Because of the inherent uncertainty in
hydrologic models due to: measurement errors, sampling errors, conceptual model errors, non-
uniqueness and the potential misapplication of the numerical model the review team does not
make a determination based solely on results of a numerical model. Items 1 through 3 are to
ensure that the review team understands how the applicant addressed the three classes of
uncertainty mentioned above. Items 4 through 10 are to ensure that the review team
understands that the three-dimensional finite-difference groundwater flow model (MODFLOW)
was appropriately applied by the applicant.

EIS 2.3.1-7

Provide any available information on how measurements of the hydraulic conductivity of the
sediment found at the bottom of Biscayne Bay were determined.

FPL RESPONSE:

Hydraulic conductivity measurements of the sediment at the bottom of Biscayne Bay are not
available. However, information used to estimate Bay sediment distribution and hydraulic
conductivity values is provided in this response in two parts: (1) description of how the
hydraulic conductivity and extent of sediment on the Bay floor were developed for the Florida
Power & Light (FPL) groundwater flow numerical model, and (2) summary of additional
literature regarding Bay floor information that was not directly used in development of the FPL
groundwater model, but which further supports the FPL modeling approach.

Part 1

The hydraulic conductivity and extent of sediment on the Bay floor for the numerical model
were based on the following information:

e Literature review

e Benthic seagrass data

e Extent of sediment materials beneath the Bay

e Estimates of hydraulic conductivity values

¢ Model calibration and sensitivity simulations

e Regional flow models comparison
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Literature Review

Literature sources that were examined for evaluation of the hydraulic conductivity and extent of
Bay floor sediments include the following, which are cited in Environmental Report (ER)
Section 2.3 and/or Final Safety Analysis Report (FSAR) Subsection 2.4.12:
e Fish and Wildlife Research Institute (FWRI 2010) — benthic seagrass data and sediment
extent

e Geology and Hydrogeology Report (JLA 2010) prepared for FPL — borehole logs for
FPL monitoring well locations

e U.S. Geological Survey (USGS) reports by Ishman (1997), Langevin (2001), USGS
(2006), and Wingard et al. (2004) — borehole logs for Biscayne Bay, and groundwater
modeling study\

Benthic Seagrass Data
As stated in ER Subsection 2.3.1.2.3, regarding the uppermost layer in the numerical model:

Model Layer 1 — This layer consists of muck onshore and rock and sandy material on the
floor of Biscayne Bay. The location of these layers is based on the results of investigations
performed in 1971 (Dames & Moore 1971) and 2008 (MACTEC 2008). Specifically, muck is
known to be present on land; however, this unit does not extend into Biscayne Bay, where
exposed rock and sandy material are present in its place. The Model Layer 1
hydrostratigraphic units in Biscayne Bay were assigned using the Marine Resources
Geographic Information System (MRGIS) "Benthic Habitats — South Florida" file (FWRI
2010). Benthic zones designated as "Continuous Seagrass" were designated as sandy
material in Layer 1, as loose material is necessary to support seagrass. "Patchy
(Discontinuous) Seagrass" and "Hardbottom with Seagrass" benthic zones were
designated as rock in Model Layer 1.”

The extent of the above benthic zones within the model domain is shown on two figures
provided with this response:

e Figure 1 — Extent of “Continuous Seagrass” and “Patchy (Discontinuous) Seagrass”
(FWRI 2012)

e Figure 2 — Extent of “Hardbottom with Seagrass” and “Mangroves” (FWRI 2012)
Extent of Sediment Materials Beneath the Bay

During model development, muck initially was assumed present throughout Biscayne Bay.
However, as stated in FSAR Appendix 2CC:

“The muck layer in Biscayne Bay has been revised based on a literature review of
sediment/rock type on the floor of Biscayne Bay. This review identified sandy soils and bare
rock (Miami Limestone) that had previously been represented as muck.”
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FSAR Appendix 2CC, Figure 2CC-215 shows the distribution of materials in Biscayne Bay that
were applied to the FPL groundwater model. Figure 3 shows the material zones in Model
Layer 1, corresponding to Miami Limestone, Offshore Sediment, and Muck. Two small areas of
Muck are shown east of the coastline, which correspond to small islands comprising part of the
Florida Keys. The coastline in the FPL groundwater model, between Offshore Sediment and
inland Muck, was adjusted slightly west of the boundary between the “Continuous Seagrass”
(Figure 1) and “Mangroves” (Figure 2), so that some shoreline mangroves are included within
the general-head boundary for Biscayne Bay and within the Offshore Sediment in Model Layer
1. However, most of the mangroves are located within the inland Muck in Model Layer 1.

The materials assigned for offshore areas in Model Layer 1, based on the benthic zone
mapping previously described, are as follows:

e Offshore Sediment — “Continuous Seagrass”
e Miami Limestone — “Hardbottom with Seagrass” and “Patchy (Discontinuous) Seagrass”

Several borehole drilling investigations have been completed in Biscayne Bay, and these
studies provide additional information on the Bay floor materials, as summarized below:

e JLA (2010) — Drilling within Biscayne Bay was performed at three locations to install
groundwater monitoring wells. The well locations are shown in Figure 4, and are within
the FPL model domain. No sediment was recovered in coring. Based on visual
observations of the Bay bottom, sediment is absent at TPGW-10 (although a couple of
inches or less of sediment is visible nearby), approximately eight inches of sandy
sediment is at TPGW-11, and approximately six inches of sandy sediment is at TPGW-
14.

e Ishman (1997) — Sediment cores were collected at six locations beyond the model
domain. Figure 5 shows three core locations nearest to the FPL model domain. The
sediments primarily include mud at CB-1, shelly sandy mud at PB-1, and shelly medium
sand and peat at BP-1, with thicknesses of 85 to 146 cm (33 to 57 inches).

e USGS (2006) — Drilling was performed at three locations to install wells along a transect
from northwest to southeast across Biscayne Bay, although this transect lies north of
the FPL model domain. The results indicate that “in this part of the Bay, the limestone is
typically overlain by less than 6 in. of modern carbonate sediment (Wanless, 1967).”

e Wingard et al. (2004) — Sediment cores were also collected at three locations near the
shoreline in Biscayne Bay, but these are also beyond the FPL model domain. The
sediments include fine sand and mud, with thicknesses of 77.5 to 92 cm (31 to 36
inches).

The presence of sediment at the core locations described above is consistent with the extent
of sediment and rock based on MRGIS benthic zones, as applied in the FPL groundwater
model.
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Estimates of Hydraulic Conductivity Values

FSAR Appendix 2CC, Table 2CC-204 summarizes hydraulic conductivity values from “FPL
onsite tests” and “literature review” for hydrogeologic units in the numerical model. No values
are indicated for Offshore Sediment because measurements were not available.

During development of the FPL groundwater model, the vertical hydraulic conductivity for the
Offshore Sediment was expected to be greater than the value for Muck (K, = 0.00044 cm/s)
and less than the value for Miami Limestone (K, = 0.00588 cm/s). The final value used in the
FPL groundwater model for Offshore Sediment (K, = 0.00235 cm/s) is between the values for
these other materials and was determined by model calibration as described below.

Model Calibration and Sensitivity Simulations

The FPL groundwater model used the following values for hydraulic conductivity of Bay floor
materials (as listed in Table 1):

e Offshore Sediments — horizontal hydraulic conductivity (K) = 0.0353 cm/s (100 ft/day),
and vertical hydraulic conductivity (K,) = 0.00235 cm/s (6.7 ft/day)

e Miami Limestone — horizontal hydraulic conductivity (K;) = 0.0882 cm/s (250 ft/day), and
vertical hydraulic conductivity (K,) = 0.00588 cm/s (16.7 ft/day)

The hydraulic conductivity of the Offshore Sediment was estimated during the calibration
phase and primarily determined from simulations of the pumping test PW-1 at Turkey Point
peninsula. During calibration simulations, the vertical hydraulic conductivity was reduced, with
a change in the anisotropy ratio (Kn/K,) from an initial value of 10:1 to a final value of 15:1, and
thereby improving the model fit to the calibration criteria.

As stated in FSAR Appendix 2CC, sensitivity of the numerical model to vertical hydraulic
conductivity was evaluated as follows:

“Two additional sensitivity runs were performed to assess the impact of the anisotropy ratio
in Biscayne Bay on the radial collector well simulations. In the base model, an anisotropy
ratio of 15:1 (Kh:Kv) is used. In the sensitivity runs, the vertical hydraulic conductivity (Kv)
is either doubled or halved, producing anisotropy ratios of 7.5:1 and 30:1, respectively. This
change is only made offshore to the first three layers of the model, which represent the
Miami Limestone (and a small area of sediment in layer 1).”

As determined from FSAR Appendix 2CC, Table 2CC-211, doubling the K, slightly increases
the contribution to the radial collector wells (RCWs) from Biscayne Bay, while halving the K,
slightly decreases the contribution to the RCWs:

¢ Inflow to RCWs from Biscayne Bay for base case = 84,922 gpm (97.8% of 86,832 gpm)

¢ Inflow to RCWs from Biscayne Bay with doubled K, = 86,051 gpm (99.1% of 86,832
gpm)

¢ Inflow to RCWs from Biscayne Bay with halved K, = 82,838 gpm (95.4% of 86,832 gpm)
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The RCW origin of water percentages as shown above are minor changes from FSAR
Appendix 2CC, Table 2CC-211 (Revision 3) and are based on updated groundwater modeling
results to be presented in a future COLA revision.

Regional Flow Models Comparison

The vertical hydraulic conductivities of 6.7 ft/day (Offshore Sediments) and 16.7 ft/day (Miami
Limestone) in the FPL groundwater model, and an anisotropy ratio (Kw/K,) of 15:1, are within
the range of values applied in a USGS study (Langevin 2001) to evaluate groundwater
discharge into Biscayne Bay. The USGS study used vertical hydraulic conductivity values of
0.1 to 328 ft/day, and anisotropy ratios of 10:1 to 100:1, as described below.

The USGS modeling study included two cross-sectional models and a three-dimensional
model, with the modeling domains extending into Biscayne Bay. Within the offshore area, the
modeling study applied vertical hydraulic conductivity values of 9 m/day (30 ft/day) and 100
m/day (328 ft/day) for the cross-sectional models, and zones of 0.03, 15, and 90 m/day (0.1,
49, and 295 ft/day) in the three-dimensional model. Sediment in Biscayne Bay was not
explicitly included in the cross-sectional models. However, the three-dimensional model
included an onshore/offshore zone of sediment with a vertical hydraulic conductivity of 0.03
m/day (0.1 ft/day). The anisotropy ratio was 100:1 in the three-dimensional model, and 10:1 to
1000:1 in the cross-sectional models.

Part 2

This part of the response summarizes supplemental information that was not directly used in
development of the FPL groundwater model, but which further supports the FPL modeling
approach in determining the Biscayne Bay sediment extent and hydraulic conductivity.

Additional literature regarding Bay floor information includes the following references not cited
in ER Section 2.3 or FSAR Appendix 2CC:

e Study by EAI (2009) prepared for FPL — seagrass survey at Turkey Point

e National Parks Conservation Association report (Robles et al. 2005) — sediment
thickness and seagrass density in Biscayne Bay

e Technical journal articles by Hughes et al. (2010), Langevin et al. (2005), and Lirman et
al. (2003) — cross-sectional groundwater model extending into Biscayne Bay,
Everglades-Florida Bay coupled surface water-groundwater model, and sediment
thickness in Biscayne Bay

e USGS reports by Prager and Halley (1997), Langevin et al. (2004), Wingard et al.
(2003), and Wingard et al. (2007) — Florida Bay bottom types, Everglades-Florida Bay
coupled surface water-groundwater model, and sediment characterization in Biscayne
Bay

Benthic Seagrass
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The bottom descriptions and photographs from Biscayne Bay and Florida Bay appear to
indicate similar conditions. The locations of Florida Bay and Biscayne Bay are shown in Figure
6. In a study of Florida Bay bottom types (Prager and Halley 1997), the majority of Florida Bay
floor consists of the following:

e Hardbottom — “Little to no seagrass cover and only up to 5 cm of sediment overlying the
Pleistocene limestone bedrock.”

e Sparse seagrass — “Greater than 50% of bottom is exposed... Sediments are
predominantly slightly muddy carbonate sand, sandy mud, or sand and vary from
approximately 3 cm to over 2 m in thickness.”

e Intermediate seagrass — “Greater than 50% seagrass cover with open areas of exposed
sediment... Sediments are dominated by sandy and shelly (gravely) carbonate mud.
Sediment thickness tends to be greater than 0.33 m and may reach up to over 2 m.”

e Dense seagrass — “Considered dense where the bottom is completely obscured from
view by grass growth... Carbonate sediments, generally greater than 0.33 m... These
sediments are muddy sand.”

Photographs from Florida Bay of these examples are shown in Figure 7, and photographs of
Biscayne Bay floor are shown in Figure 8. As previously discussed for the FPL groundwater
model, areas identified in Biscayne Bay as “Hardbottom with Seagrass” and “Patchy
(Discontinuous) Seagrass” are designated as Miami Limestone, and areas identified as
“Continuous Seagrass” are designated as Offshore Sediment.

A seagrass survey was conducted in 2009 along 26 transects surrounding the Turkey Point
peninsula (EAI 2009). The transects extended to approximately 300 m from the shoreline. The
seagrass in this area includes turtle grass (Thalassia testudinum) and, to a lesser extent, shoal
grass (Halodule wrightii). Thalassia seagrass coverage ranged from 0% (not present) to >90%,
with highest coverage immediately surrounding the peninsula (Figure 2 in EAl 2009). The area
with greater than 50% seagrass coverage is consistent with the extent of the MRGIS zone
around Turkey Point of “Continuous Seagrass” shown in Figure 1 of this response.

Sediment Thickness

Additional studies show a correspondence between sediment thickness and seagrass density.
As noted in a report on Biscayne Bay National Park (Robles et al. 2005), “Christian et al.
(2004) found that as sediment depth decreased in the southern Biscayne Bay, seagrass
densities also decreased” and that “over 50% of the benthos is seagrass habitat, while coral
and hardbottom account for 35% of the Bay bottom in this region.”

A study of coral communities in Biscayne Bay (Lirman et al. 2003) determined “sediment
thickness measurements by pushing a marked metal pole into the sediments until the
carbonate platform was reached.” Figure 9 shows sediment thickness within Biscayne Bay.
The study results indicated that “wherever mean sediment depth exceeds 10-15 cm,
seagrasses are the dominant benthic organisms” and “the inverse relationship between coral
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density and sediment depth suggests a threshold value of 5 cm in sediment depth for dense
coral communities to develop.”

Additional sediment cores were collected by the USGS at three mud banks in Biscayne Bay
(Wingard et al. 2003), although the locations are beyond the FPL model domain. The
sediments were greater than one meter in thickness, and generally were mud with shells and
plant material. As noted in the report, “modern bottom sediments [in Biscayne Bay] consist of
quartz sand, carbonate sand, and mud (especially in southern Card and Barnes Sounds) with
large areas of little or no Holocene sediment accumulation.” Similarly, the FPL groundwater
model includes areas of offshore sediment and areas of little or no sediment (hardbottom).
Sediment cores from various sampling programs by the USGS in Biscayne Bay between 1996
and 2003 (Ishman 1997, Wingard et al. 2003, Wingard et al. 2004) are summarized in a study
on age dating of sediments (Wingard et al. 2007).

Hydraulic Conductivity Values for Sediment

In a modeling study by the USGS (Langevin et al. 2004, Langevin et al. 2005) to evaluate
surface water and groundwater flow for a coastal wetland (southern Florida Everglades) and
adjacent estuary (Florida Bay), a “thin, hydraulically resistive layer” was explicitly included in
the model. Within Florida Bay, “leakage coefficients were assigned based on mapped bottom
types (Prager and Halley 1997).” A vertical hydraulic conductivity of 0.75 m/day (2.5 ft/day)
was assigned to “hard-bottom areas” in Florida Bay. “All other bottom types in Florida Bay
were assumed to have 1 m thick sediment layer” with a vertical hydraulic conductivity value of
0.1 m/day (0.3 ft/day). The vertical hydraulic conductivity values of 0.3 to 2.5 ft/day for Florida
Bay floor are less than the values of 6.7 to 16.7 ft/day applied in the FPL groundwater model
for the Biscayne Bay floor.

In another modeling study by the USGS (Hughes et al. 2010) to evaluate the Cooling Canal
System (CCS) at Turkey Point, a cross-sectional model was created that extended into
Biscayne Bay. The total model length was approximately 46 km, with 1-m thick model layers.
The uppermost material in the model consisted of an “upper permeable unit” with a thickness
of 8 m. Offshore sediment was not explicitly included. Model simulations used several different
hydraulic conductivity configurations, with vertical hydraulic conductivity of 0.1, 10 or 1000
m/day (0.3, 33 or 328 ft/day) for the uppermost model material, with identical values applied
onshore and offshore, and anisotropy ratios of 10:1 to 100:1.

The values of 6.7 to 16.7 ft/day in the FPL groundwater model for the Biscayne Bay floor are
within the range used in the USGS cross-sectional model. The anisotropy ratio of 15:1 in the
FPL groundwater model is also within the range used in the USGS model.

Summary

The Model Layer 1 hydrostratigraphic units in Biscayne Bay were assigned using the Marine
Resources Geographic Information System (MRGIS) "Benthic Habitats — South Florida"
bottom mapping zones (FWRI 2010). Benthic zones designated as "Continuous Seagrass"
were assigned as Offshore Sediment. "Patchy (Discontinuous) Seagrass" and "Hardbottom
with Seagrass" benthic zones were assigned as Miami Limestone. As noted by various
studies, seagrass extent corresponds with sufficiently thick sediment to sustain plant growth,
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but large areas of Biscayne Bay, and a large portion of the offshore area of the FPL model
domain, consist of little or no sediment accumulation.

Measurements of sediment hydraulic conductivity for Biscayne Bay were not available for
model development. During calibration of the FPL groundwater model, the vertical hydraulic
conductivities for Bay floor materials were reduced to improve the model fit to the calibration
criteria. The final values for vertical hydraulic conductivity are within the range applied in other
Biscayne Bay models (Hughes et al. 2010, Langevin et al. 2001, and Langevin et al. 2004).
Table 1 provides a summary comparison of model hydraulic conductivities for Bay floor
materials. Furthermore, the hydraulic conductivity for the Offshore Sediment (K, = 6.7 ft/day)
was expected to be between the values for Muck (K, = 1.2 ft/day) and Miami Limestone (K, =
16.7 ft/day), and the FPL groundwater model does meet this expectation.

This response is PLANT SPECIFIC.
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Figure 3. FPL Groundwater Model Layer 1 Material Zones
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Notes: Blue = Muck. Green = Miami Limestone. Gray = Offshore Sediment. Area of image corresponds
with the groundwater model domain.
Source: Modified from FSAR Appendix 2CC, Figure 2CC-215.
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Figure 4. Turkey Point Groundwater Monitoring Wells
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Figure 6. Locations of Florida Bay and Biscayne Bay
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Figure 7. Florida Bay Floor Photographs
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Figure 7. Florida Bay Floor Photographs

Figure 7D. Dense Seagrass Cover (Prager and Halley 1997)



Proposed Turkey Point Units 6 and 7

Docket Nos. 52-040 and 52-041

FPL Response to NRC RAI EIS 2.3.1-7 (eRAIl 6354 Rev. 0)
L-2012-337 Attachment 5 Page 21 of 24

Figure 8. Biscayne Bay Floor Photographs
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Figure 8B. Thalassia bed (Robles et al. 2005)
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Figure 8. Biscayne Bay Floor Photographs

_ mage F-l'ﬁl'l.n'idl_i‘d by Ronald C. Phillips
Figure 8C. Halodule bed (Robles et al. 2005)
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Figure 9. Sediment Thickness

Groundwater
Model Domain

Note: “Sediment Depth” actually is sediment thickness.
Source: Image cropped from Figure 4 in Lirman et al. (2003).
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ASSOCIATED COLA REVISIONS:

The text for FSAR Appendix 2CC, Subsection 5.2.3 will be changed in a future COLA revision
as shown below:

Two additional sensitivity runs were performed to assess the impact of the anisotropy ratio
in Biscayne Bay on the radial collector well simulations. In the base model, an anisotropy
ratio of 15:1 (Kh:Kv) is used. In the sensitivity runs, the vertical hydraulic conductivity (Kv)
is either doubled or halved, producing anisotropy ratios of 7.5:1 and 30:1-and-#56:1,
respectively. This change is only made offshore to the first three layers of the model, which
represent the Miami Limestone (and a small area of sediment in layer 1).

The title name for FSAR Appendix 2CC, Table 2CC-206 will be changed in a future COLA
revision as shown below:

Model Calibration PW-£L — Herizental-Hydraulic Conductivity
This change also affects the Table of Contents:
Table 2CC-206 Model Calibration PW-7L — Herizental-Hydraulic Conductivity

Reference 8 in FSAR Appendix 2CC will be changed in a future COLA revision as shown
below:

.Reich, C., Halley, R.B., Hickey,
T., and Swarzenski, P., 2006. Groundwater Characterization and Assessment of
Contaminants in Marine Areas of Biscayne National Park, Technical
Report/NPS/NRWRD/NRTR-2006/356. Available at:
http://sofia.usgs.gov/publications/reports/bisc_gw_char/Bisc_gw_char.pdf, accessed
May 17, 2012.

Changes as a result of the revised groundwater flow model will be reflected in a future COLA
revision.

ASSOCIATED ENCLOSURES:

None
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NRC RAI Letter No. 120329 Dated April 3, 2012
SRP Section: EIS 2.3.1 — Hydrology

Question from Environmental Project Branch 1 (RAP1)
NRC RAI Number: EIS 2.3.1-9 (eRAI 6354 Rev. 0)

Preface: The review team acknowledges the value of numerical models in hydrological
analyses; however a single model scenario does not generally address all aspects of a
hydrological impact assessment. Therefore, the review team considers all available models
and performs an independent analysis in order to understand the patterns in the predictions
that may be similar and those that might be dissimilar and to determine if such difference
would result in a change in the impact assessment. Because of the inherent uncertainty in
hydrologic models due to: measurement errors, sampling errors, conceptual model errors, non-
uniqueness and the potential misapplication of the numerical model the review team does not
make a determination based solely on results of a numerical model. Items 1 through 3 are to
ensure that the review team understands how the applicant addressed the three classes of
uncertainty mentioned above. Items 4 through 10 are to ensure that the review team
understands that the three-dimensional finite-difference groundwater flow model (MODFLOW)
was appropriately applied by the applicant.

EIS 2.3.1-9

Modeling of the radial collector well (RCW) system predicts approximately 2.2% (base case) of
the 120 MGD produced by the RCW, or 2.64 MGD, will come from the Biscayne aquifer west
of the RCW location. Describe how this flow rate compares to available estimates of wet
season groundwater inflow to Biscayne Bay over the portion of the Biscayne Bay shoreline that
will be influenced by drawdown from the RCW system.

FPL RESPONSE:
The following is addressed to compare wet season groundwater inflow to Biscayne Bay over
the portion of Biscayne Bay shoreline that will be influenced by drawdown by the proposed
radial collector wells (RCW) and the percentage of water collected by the RCWs that will
originate from inland sources:

1. Shoreline influenced by the RCWs

2. Estimated groundwater discharge along shoreline influenced by the RCWs

3. Comparison of groundwater discharge to inland groundwater collected by the RCWs

4. Comparison as related to the local hydrologic conditions at Turkey Point Units 6 & 7

Shoreline Influenced by the RCWs

In this response, the length of shoreline influenced by the RCW system is defined by a
significant change in estimated groundwater discharge into Biscayne Bay between conditions
without RCW operation and with RCW operation. This distance can be estimated using the
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three-dimensional numerical groundwater flow model that was developed for the Florida Power
& Light (FPL) Units 6 & 7 as described in the FSAR Appendix 2CC (Appendix 2CC). Current
model results from the seasonal high water level simulation (which approximates wet season
water levels in the aquifer, industrial wastewater facility [[WWF] or cooling canal system,
regional canals, and bay) are available in the form of flux between layers, which represents
Darcy flux (i.e., the rate at which groundwater moves vertically from one layer to another
adjacent layer) in feet per day (ft/d). Figure 1 presents a side-by-side comparison for the flux of
groundwater between model layers 1 and 2 for a case without RCW operation and a case with
RCW pumping. Negative flux values signify an upward flux of groundwater (i.e., from model
layer 2 to 1), which indicates groundwater flow towards surface water; positive flux values
represent a downward flux.

Based on Figure 1, groundwater flux varies along the Biscayne Bay shoreline. Starting at the
northern model perimeter and moving toward the south, Figure 1 indicates the following for the
case without RCW operation:

e At the northern perimeter of the model domain, groundwater moves upward into
Biscayne Bay.

e At a point along the shoreline a small distance north of the Turkey Point peninsula, the
figure indicates a reversal in flux direction.

e South of the Turkey Point peninsula, along the shoreline adjacent to the IWF,
groundwater continues to flow inland until a point at the southern end of the IWF where
there is another reversal in flow direction. At the southern end of the IWF, near Card
Sound Canal, groundwater, although at small flux rates, begins to flow again toward
Biscayne Bay.

With the exception of an area localized around the Turkey Point peninsula, the conditions
described above are generally equivalent for the case considering RCW pumping (see Figure

1),

As mentioned, the portion of shoreline influenced by RCW operation is defined as the length of
shoreline along which there is a significant change in estimated groundwater discharge into
Biscayne Bay between conditions without RCW operation and with RCW operation. Under
conditions without the RCW system operating, the influenced shoreline north of the Turkey
Point peninsula begins where groundwater flux values turn from positive to negative (i.e.,
where there is a reversal in flux direction). Thus, this length of shoreline begins at the point
north of Turkey Point peninsula that corresponds to the intersection of the shoreline and the
line of zero flux (see Figure 1) and extends north to a point where there is no significant
change in groundwater flux to Biscayne Bay. The point at which the change in groundwater
flux becomes insignificant can be determined by comparing the flux between layers in the area
north of the Turkey Point peninsula for the case including RCW operation and the case
excluding RCW operation. Figure 2 shows a side-by-side comparison of the flux between
layers 1 and 2, both with and without RCW pumping, from the Turkey Point peninsula to the
northern model perimeter.
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For a comparison between the case with the RCWs operating and the case without the RCWs,
several transects have been overlain on Figure 2. Each transect begins at the shoreline and
runs approximately perpendicular to the flux contours. In some cases, the transects extend
from the shore and terminate at the line of —0.01 flux (ft/d), rather than the line of zero flux. In
these cases the line of zero flux is located a considerable distance from the —0.01 contour,
does not accurately represent the band of groundwater discharge adjacent to the shoreline,
and any groundwater discharge within this area is expected to be negligible. Using the flux
contours and transect distances scaled from Figure 2, groundwater flux in cubic feet per day
(ft/d) per foot of shoreline can be estimated for each transect; Table 1 presents these
estimates. Because the transects for each case were placed in approximately the same
locations, transects from the case without RCW pumping can be compared to the case with
RCW pumping (e.g., transect 1 can be compared to transect 7) to determine the portions of
shoreline along which groundwater flux significantly changes. The percent difference between
comparable transects is shown in Table 1. Based on Table 1 estimates, there is significant
change in groundwater flux to Biscayne Bay at the comparisons of transects 3 through 6
(RCWs off) with transects 9 through 12 (RCWs on), respectively. North of transect 3 (and
transect 9), there is no significant change in groundwater flux. Therefore, the northern extent of
the shoreline influenced by the RCWs is the point at which transect 3 intersects the shoreline.

Based on the above analysis, the length of RCW-influenced shoreline extends from the line of
zero flux (under conditions without RCW operation) to the intersection of transect 3 with the
shoreline. This section of shoreline is overlain on Figure 2 as dashed lines. Scaling the
distance of shoreline that runs approximately perpendicular to the transects provides an
estimate of length of influenced shoreline of approximately 4500 ft. This method of measuring
the influenced shoreline ignores the east-west running shoreline, which is assumed to be
perpendicular to groundwater flow.

Note that the area of influence in an unconfined aquifer, according to the South Florida Water
Management District (SFWMD), is defined by the 0.1-foot drawdown contour (SFWMD 2010).
For reference, the 0.1-foot drawdown contour for the Upper Higher Flow Zone layer (i.e., the
layer in which the 0.1-foot contour extends farthest from the RCWs) under seasonal high water
level conditions is shown in Figure 1.

Estimated Groundwater Discharge Along Shoreline Influenced by the RCWs

The discussion above describes the portion of shoreline influenced by the RCWs as
approximately 4500 ft. Using the transects within this section of shoreline (transects 3 through
6 and 9 through 12), the total groundwater flux to the bay along this portion of shoreline can be
determined by averaging the groundwater flux estimates and multiplying the average by the
length of influenced shoreline. For the case with the RCWs off, the average groundwater flux is
approximately 76 ft°/d per foot of shoreline. For the case with the RCWs on, the average
groundwater flux is approximately 39 ft3/d per foot of shoreline. Over the 4500 feet of
influenced shoreline, the total groundwater flux to Biscayne Bay is approximately 342,000 ft*/d
(2.6 million gallons per day [MGD]) and 174,000 ft/d (1.3 MGD) for the cases with the RCWs
not operating and operating, respectively.

Several estimates of groundwater discharge to Biscayne Bay have also been reported in
available literature. Langevin, in an initial report (Langevin 2001), uses field investigations and
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a regional-scale, variable-density, groundwater flow model to determine that the average rate
of fresh groundwater discharge to Biscayne Bay under base case conditions over a 10-year
period is approximately 2.2 x 10° cubic meters per day (using fixed initial salt concentrations)
for the coastline of Biscayne Bay (i.e., 100 kilometers). In a subsequent journal article,
Langevin (2003) reports a slightly higher base case average rate of 3.7 x 10° cubic meters per
day (using spatially and temporally varying salt concentrations). In both cases, nearly 100
percent of the fresh groundwater discharge is reported to be to the northern half of the bay
(north of control structure S-123) (Langevin 2001). Structure S-123 is approximately 13 miles
north of the Turkey Point peninsula (as estimated from ER Figure 2.3-10). Additionally, Byrne
(Langevin 2001) provides separately determined estimates of groundwater (i.e., including
fresh, brackish, and saline groundwater) discharge to Biscayne Bay that range from 10 to 20
cubic meters per day per meter of coastline. These estimates, however, are based on regional
hydrologic conditions that are not specific to those at Units 6 & 7. The use of site-specific
estimates is therefore more appropriate; the literature estimates are not discussed further. The
local hydrologic conditions are discussed later in this response.

Comparison of Groundwater Discharge to Inland Groundwater Collected by the RCWs

The question asks for a comparison of the estimated groundwater discharge over the portion
of RCW-influenced shoreline to the amount of flow from the inland Biscayne aquifer that will be
collected by the RCW system. The question also states that 2.64 MGD of the water collected
by the RCWs will come from groundwater in the Biscayne aquifer west of the RCW location.
The simulated total RCW system pumping rate is 86,832 gallons per minute (Appendix 2CC,
Section 5.2) or approximately 125 MGD. The base case simulation predicts that approximately
97.8 percent (122.29 MGD) of the water collected by the RCW system will originate from
boundaries representing Biscayne Bay. Of the remaining 2.2 percent, approximately 2.0
percent (2.5 MGD) will originate from the IWWF, and 0.2 percent (0.25 MGD) will originate
from boundaries representing groundwater derived from recharge by precipitation west of
Biscayne Bay. Percentages for the seasonal high water level case are slightly different than
those for the base case. For the seasonal high water level simulation, approximately 98.1
percent (122.66 MGD), 1.8 percent (2.25 MGD), and 0.1 percent (0.13 MGD) of the RCW
water will originate from Biscayne Bay, the IWWF, and boundaries representing groundwater
from recharge by precipitation west of Biscayne Bay, respectively. Note that the RCWs are
simulated in the FPL groundwater flow model as operating on a steady-state basis (i.e., 24
hours a day, 365 days a year). In actuality, the RCWs are only expected to be operated as a
backup water supply. The percentages of RCW source water presented above are slightly
different from Appendix 2CC, Table 2CC-211, and are based on updated modeling results.
These changes will be reflected in a future COLA revision.

The groundwater flux to Biscayne Bay along the portion of RCW-influenced shoreline has been
discussed above and volumetric estimates for cases without RCW operation and with RCW
operation are estimated at 2.6 MGD and 1.3 MGD, respectively. These values are similar to
the values presented above for the predicted contribution to the RCW system from inland
sources, which are approximately 2.8 MGD for the base case and 2.4 MGD for the seasonal
high water level simulation. In addition, the difference between the volumetric groundwater flux
between RCWs operating and not operating is approximately 1.3 MGD, which is approximately
half of the amount of water collected that will originate from inland sources and be collected by
the RCW system.
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Comparison as Related to the Local Hydrologic Conditions at Turkey Point Units 6 & 7

The comparison above indicates that the amount of groundwater flux to Biscayne Bay along
the portion of RCW-influenced shoreline will be similar to the amount of groundwater that will
originate from inland sources and be collected by the RCW system. This comparison considers
total groundwater and does not distinguish between types of groundwater (e.g., fresh, saline,
brackish). The relative importance of the above comparison is apparent when applied to local
fresh groundwater conditions. Fresh groundwater conditions are considered because fresh
groundwater is a resource constraint in the area; saline or saltwater resources are virtually
unlimited. Fresh groundwater conditions at the Units 6 & 7 site and the effects on these
conditions from the RCW system are described here based on the following items: FPL
groundwater flow model results, the location of the freshwater-saltwater interface, the influence
of the L-31E Canal and other regional canals, and the influence of the IWWF. Additional
literature details are also provided.

The FPL groundwater flow model results, as discussed above, indicate that 1.9 percent of the
water collected by the RCW system will originate from inland sources (for the seasonal high
water level simulation). However, note that a very small percentage, 0.1 percent (0.13 MGD),
will originate from freshwater sources, i.e., recharge by precipitation.

Locally, the Biscayne aquifer, which underlies Units 6 & 7, contains saline to saltwater and is
not useable as a potable water supply (Environmental Report [ER] Subsection 2.3.1.2.1.2).
The approximate location of the freshwater-saltwater interface is shown in ER Figure 2.3-23.
The figure indicates that the saltwater interface at the base of the aquifer is approximately 6 to
8 miles inland of Units 6 & 7 (ER Subsection 2.3.1.2.1.3). Because the freshwater-saltwater
interface is located several miles inland, and the aquifer at the site contains saline to saltwater,
groundwater at the Units 6 & 7 site is predominantly brackish or saltwater.

With regard to regional canals, the L-31E Canal is located approximately 4 miles east of the
salinity intrusion line and approximately 2 miles west of the Turkey Point peninsula (as
estimated from ER Figure 2.3-23). A 2011 ecological sampling study was conducted for FPL
(2011); sampling along transects located east of L-31E (i.e., F1 and F5) show little to no fresh
groundwater at the surface compared to transects immediately west of L-31E (i.e., F2, F3, F4,
and F6), which mostly show freshwater on the west side of the canal (FPL 2011, Figure 5.1-10;
transect locations are shown in Figure 1.3-1). These sampling results indicate that L-31E
intercepts a large portion of the eastward-flowing fresh groundwater, further limiting fresh
groundwater flow toward Units 6 & 7. Another study using geochemical methods to investigate
freshwater sources to Biscayne Bay indicates that a large percentage, approximately 37
percent (plus or minus 4 percent), of the regional canal water comes from groundwater
(Stalker 2008), further demonstrating that the regional canals intercept a large portion of
eastward-flowing groundwater. Consequently, lateral flow of fresh groundwater through the
aquifer underneath Units 6 & 7 is limited.

In terms of the interaction of the RCWs with the freshwater regional canals, drawdown
contours from the base case and sensitivity simulations (Appendix 2CC, Figures 2CC-246,
2CC-247, and 2CC-252 through 2CC-254) show that the RCW drawdown contours will not
extend beyond the western extent of the IWWF and will not reach the Florida City Canal to the
north (the location of the Florida City Canal is shown in ER Figure 2.3-14). The RCWs will thus
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not induce significant flow from the L-31E Canal, from any of the freshwater canals west of the
L-31E Canal, from the Florida City Canal, or from areas north of the Florida City Canal.
Freshwater transported to Biscayne Bay by the regional canals will therefore not be impacted
by the RCW system.

Furthermore, the IWWF plays a significant role in the local hydrologic conditions at the site.
Due to the circulating flow in the IWWF, water levels must be highest in the distribution canals
on the west side of the IWWF and lowest in the return canals on the east side of the IWWF.
The highest water levels are found in the plant discharge canal, and the lowest water levels
are found near the power plant intakes. Water levels in the collection canal, at the south end of
the IWWF, are approximately equal to local sea level (Golder 2008). Consequently, average
water levels in the return canals must be at or below local sea level, while average water levels
in the distribution canals must be at or above local sea level. Because the water levels in the
canals nearest to Biscayne Bay are lower than the bay water level, a westward gradient
causes seawater to flow from the bay through the surficial aquifer into the IWWF. This
westward gradient is confirmed by the simulated potentiometric contours in Appendix 2CC,
Figures 2CC-226 through 2CC-233, which show a potentiometric low in the area of the return
canals directly south of Units 6 & 7.

On a basis including all of Biscayne Bay, fresh groundwater contributes approximately 2
percent and 1 percent of the total water input during the wet and dry seasons, respectively
(Stalker 2008). Locally, at the easternmost extent of the Turkey Point peninsula, groundwater
contributes approximately 3 percent of the total water input in the wet season and less than 0.5
percent of the total water input in the dry season (Stalker 2008, Figure 2.14). This study
suggests that fresh groundwater plays a minimal freshwater role in the area at Turkey Point
peninsula.

Langevin reports that, based on field investigations and a regional-scale groundwater flow
model, nearly 100 percent of the fresh groundwater discharge occurs in the area north of
structure S-123 (Langevin 2001 and 2003), which is approximately 13 miles north of the
Turkey Point peninsula (see ER Figure 2.3-10). Based on Langevin’s analysis, there is little to
no fresh groundwater discharge to Biscayne Bay near Turkey Point peninsula.

The above discussion can be summarized as follows:

e A very small percentage, 0.1 percent, of the RCW-collected water will originate from
groundwater derived from recharge by precipitation.

e The site is located several miles to the east of the freshwater-saltwater interface,
indicating that groundwater at Units 6 & 7 is predominantly brackish to saltwater.

e Canal L-31E intercepts eastward-flowing fresh groundwater, which further limits the
amount of fresh groundwater at the site.

e The IWWF creates a potentiometric low that induces groundwater flow from Biscayne
Bay towards the IWWF.
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e Fresh groundwater contributes a small percentage, between approximately 3 percent in
the wet season and less than 0.5 percent in the dry season, of the total water input to
the bay at the Turkey Point peninsula (Stalker 2008).

e Langevin (2001 and 2003) indicates that nearly 100 percent of the fresh groundwater
discharge to Biscayne Bay occurs to the northern portion of the bay (i.e., more than
approximately 13 miles north of the Turkey Point peninsula).

Summary

The above response has addressed the question in four separate parts as summarized below.

1. The portion of influenced shoreline can be determined as the length of shoreline along
which the RCW system significantly changes the amount of groundwater discharge into
Biscayne Bay as estimated using flux between model layers 1 and 2. This portion of
shoreline is estimated at approximately 4500 ft and is shown in Figure 2.

2. The groundwater flux along this portion of RCW-influenced shoreline has been
estimated using simulated flux between model layers 1 and 2 and is estimated at 2.6
MGD and 1.3 MGD for the cases without RCW operation and with RCW operation,
respectively.

3. When the estimated groundwater flux to the Bay (both with and without RCW operation)
is compared to the predicted amount of flow collected by the RCW system that will
originate from inland sources (i.e., 2.38 MGD for the seasonal high water level case),
the values are very similar.

4. The local conditions above describe that there is little to no fresh groundwater inflow to
Biscayne Bay near the Turkey Point peninsula, suggesting that while the RCW system
does alter the amount of groundwater discharge to Biscayne Bay, the RCW system will
have negligible impact on fresh groundwater discharge to Biscayne Bay.

This response is PLANT SPECIFIC.
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Table 1. Flow per Unit Width of Shoreline

No RCW Pumping RCW Pumping
Flow per Flow per
Distance shoreline Distance shoreline Percent
Transect  (ft)" (ft3/d/ft) Transect  (ft)" (ft3/dIft) Difference?
1 1682 63 7 1667 62 1%
2 1850 86 8 1842 86 0%
3* 1873 70 9* 1693 62 11%
4* 1397 41 10* 1468 28 30%
5* 1718 63 11* 1024 29 54%
6* 2392 130 12* 767 35 73%

'"The distances for each transect were scaled from Figure 2.

*The percent difference is calculated as:

([Flow per shoreline, No RCW pumping] — [Flow per shoreline, RCW Pumping]) / [Flow per shoreline, No

RCW Pumping] * 100

*Transects within the section of shoreline influenced by RCW operation.
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ASSOCIATED COLA REVISIONS:

Changes as a result of the revised groundwater flow model will be reflected in a future COLA
revision.

ASSOCIATED ENCLOSURES:

None
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NRC RAI Letter No. 120329 Dated April 3, 2012
SRP Section: EIS 2.3.1 — Hydrology

Question from Environmental Project Branch 1 (RAP1)
NRC RAI Number: EIS 2.3.1-10 (eRAI 6354 Rev. 0)

Preface: The review team acknowledges the value of numerical models in hydrological
analyses; however a single model scenario does not generally address all aspects of a
hydrological impact assessment. Therefore, the review team considers all available models
and performs an independent analysis in order to understand the patterns in the predictions
that may be similar and those that might be dissimilar and to determine if such difference
would result in a change in the impact assessment. Because of the inherent uncertainty in
hydrologic models due to: measurement errors, sampling errors, conceptual model errors, non-
uniqueness and the potential misapplication of the numerical model the review team does not
make a determination based solely on results of a numerical model. Items 1 through 3 are to
ensure that the review team understands how the applicant addressed the three classes of
uncertainty mentioned above. Items 4 through 10 are to ensure that the review team
understands that the three-dimensional finite-difference groundwater flow model (MODFLOW)
was appropriately applied by the applicant.

EIS 2.3.1-10

Describe the impact on the existing groundwater users and reasonably foreseeable future
groundwater users (at the end of the license period) of continuously removing the model

predicted volume of water from the inland portion of the Biscayne aquifer for both the base
case (2.64 MGD) and the "half vertical hydraulic conductivity" sensitivity case (5.64 MGD).

FPL RESPONSE:

There will be no significant adverse impact on existing groundwater users or on reasonably
foreseeable future groundwater users within the licensing period from operation of the Radial
Collector Wells (RCWs). The bases for this conclusion are explained in detail below. The focus
of the explanation is on freshwater resources because availability of freshwater is a resource
constraint in the area around Biscayne Bay; saline and saltwater resources are virtually
unlimited.

1. The current and projected regional groundwater use in the vicinity of Units 6 & 7 is
discussed in FSAR Section 2.4.12.2. The primary groundwater use in the county is for public
water supply, followed by agricultural irrigation. In Miami-Dade County, fresh (chloride
concentration less than or equal to 250 mg/L) groundwater is restricted to the Biscayne
aquifer. FSAR Figure 2.4.12-213 shows the location of current fresh groundwater users in
Miami-Dade County based on water use well permits filed with the South Florida Water
Management District (SFWMD, 2011). The nearest permitted agricultural well is
approximately 4 miles northwest and the nearest permitted public supply well is
approximately 6 miles west of the Turkey Point peninsula, where the RCWs are located.
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2. As discussed in ER Section 2.3 and as shown in ER Figure 2.3-23, the salt water intrusion
line in the Biscayne Aquifer (i.e., the freshwater-saltwater interface at the base of the aquifer
based on chloride concentration of 1000 mg/L) is located about 5 to 6 miles west of the
Turkey Point peninsula. This line represents the practical eastward limit for current and
future groundwater users that require fresh to slightly saline groundwater (i.e., public or
agricultural supplies) because water treatment costs would be high. Consequently, there is
very little likelihood that future groundwater users would construct water supply wells within
4 to 5 miles of the RCWs.

3. The L-31E canal is located approximately 3 to 4 miles east of the salinity intrusion line and
approximately 2.0 miles west of the Turkey Point peninsula. Based on monitoring well data
(FPL, August 2011), the fresh water layer near the surface becomes progressively thinner
between the salinity intrusion line and the L-31E canal. West of the L-31E canal, fresh
groundwater flows naturally toward the coast in a thin surface layer. Most of this
groundwater is very likely intercepted by the L-31E canal and released to Biscayne Bay
through other canals north and south of the Turkey Point peninsula. Based on pore water
and ecological sampling data [Figure 5.1-10, transects F1 through F5, (FPL, August 2011)],
a few feet of fresh water exists near the surface west of the L-31E canal, but very little or no
fresh groundwater is observed near the surface east of the L-31E canal. This difference is
also reflected in the wetland vegetation.

4. The RCWs are located seaward of the salinity transition zone. Sherif and Kacimov (June
2008) have demonstrated through numerical simulation using a variable-density finite-
element transport model that pumping from the seaward side of the salinity transition zone
does not adversely impact salinity intrusion.

5. The calibrated and verified groundwater model (FSAR Appendix 2CC, Rev 3) was used to
calculate the drawdown in the aquifer caused by the RCWs. The results for the base case
scenario are shown in Figures 2CC-246 and 2CC-247 for the top layer and the pumped
layer, respectively. In an unconfined aquifer, the area of influence is typically defined (e.g.,
SFWMD March 18, 2010) by the 0.1 ft drawdown contour. For the base case scenario, the
area of influence in both layers extends west approximately 1.0 mile from the center of the
Turkey Point peninsula (i.e., the center of RCW pumping). To account for model uncertainty,
a sensitivity analysis was conducted. Figure 2CC-253 (FSAR Appendix 2CC, Rev 3) shows
the 0.1 ft drawdown contour in the top layer of the model for the half vertical hydraulic
conductivity (V2 Kv) scenario. For this scenario, the area of influence extends approximately
1.5 miles west from the center of pumping on the Turkey Point peninsula. In both cases, the
area of influence is at least 0.5 mile east of the L-31E canal and at least 0.2 mile south of
the Florida City canal that runs along Palm Drive. Therefore, the RCWs are not inducing
significant flow from the L-31E canal, from any of the freshwater systems west of the L-31E
canal, from the Florida City canal, or from coastal areas north of Palm Drive.

6. The amount of water that will be removed from inland areas is small. As shown in the
groundwater modeling report (FSAR Appendix 2CC, Rev 3), for the base case scenario, the
model predicted that a total of 2.2 percent of the water pumped by the RCWs would
originate from inland areas (i.e., areas west of the Biscayne Bay shoreline). As a result of a
revision to the groundwater model, the amount of water from inland sources has been
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slightly revised: Of the 2.2 percent from inland areas, 2.0 percent (versus 1.9 percent in the
current model) originates from the cooling canal system (CCS) and 0.2 percent (versus 0.3
percent in the current model) originates from inland boundaries other than the CCS (i.e.,
precipitation recharge boundaries). When the RCW pumping rate is 124.4 MGD, the flow to
the RCWs from the CCS would be 2.49 MGD and the flow from other inland boundaries
would be 0.249 MGD.

7. To account for model uncertainty, a sensitivity analysis was conducted. The half vertical

hydraulic conductivity (2 Kv) scenario produced the greatest predicted flow from inland
areas (see Table 2CC-211). Under this scenario, 3.2 percent (3.98 MGD) of the water
originates from the CCS and 1.4 percent (1.74 MGD) from other inland areas.

FPL has proposed a 90-day restriction on the use of the RCWs (FPL, July 2011). The
following paragraph describes the basis for the 90-day use restriction:

For purposes of the Application, in order to be conservative, FPL modeled and included
the results for the radial collector well system operating 24 hours per day, 365 days per
year. However, the radial collector wells are in fact proposed solely as a backup water
supply that will be used only when the MDC reclaimed water supply is not available in
sufficient quantity or quality and for operational testing and periodic maintenance. FPL
has proposed the concept of a use restriction consistent with that imposed for the FPL
West County Energy Center (up to 90 days during a calendar year). It is anticipated that
the final nature and limitations of a use restriction will be established by a condition of
certification.

Therefore, as presently proposed by FPL to the permitting authority, the annual average
flow of water from inland areas will be no more than 25 percent of the amount shown in the
groundwater modeling report (FSAR Appendix 2CC, Rev 3). Under the proposed restricted
limits and based on the updated groundwater modeling results, the annual average flow
from the CCS will be 0.62 to 1.00 MGD and the annual average flow from inland areas other
than the CCS will be 0.06 to 0.44 MGD, if operated up to the proposed permit limitation
mentioned earlier. If the reclaimed water system proves to be reliable, the amount pumped
from the RCWs and their associated predicted flows could be significantly less than the
proposed limits.

9. As shown above in Item 8, most of the water removed from inland areas originates from the

CCS that is not a freshwater resource. Water from the CCS is hypersaline (above the
salinity of sea water). CCS water is not a resource that could be used by current or future
water users for potable supply, agricultural irrigation or for environmental benefit or
restoration.
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ASSOCIATED COLA REVISIONS:

No COLA changes have been identified as a result of this response.

Changes as a result of the revised groundwater flow model will be reflected in a future COLA
revision.

ASSOCIATED ENCLOSURES:

None



