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INTRODUCTION

Boring geophysical measurements were collected in ten uncased and two cased borings located
at the Florida Power and Light (FPL) Turkey Point Combined Operating License (COL)
Application Project, located near Florida City, Florida,  Geophysical data acquisition was
performed between March 8 and Junc 26, 2008 by Robert Steller, Charles Carter, Anthony
Martin and Nathan Baldwin of GEQOQVision. Data analysis was performed by Robert Steller and
Anthony Martin, and reviewed by John Dichl of GEOVision. Report preparation was performed
by Robert Steller and reviewed by John Diehl of GEOVision. The work was performed under

subcontract with MACTLEC Engincering and Consulting, Inc., (MACTEC) with Stephen

Criscenzo serving as the point of contact tor MACTEC.,

This report describes the field measurements, data analysis, and results of this work.

SCOPE OF WORK

This report presents the results of boring geophysical measurements collected between March 8
and June 26, in twelve borings, as detailed in Table 1. The purpose of these studies was to
supplement stratigraphic information obtained during MACTEC's soil and rock sampling
program and to acquire shear wave velocities and compressional wave velocities as a function of

depth, as a component of the FPL Turkey Point COL Project. |

The OYO/Robertson Suspension PS Logging System (Suspension System) was used to obtain
in-situ horizontal shear (S3) and compressional (P) wave velocity measurements in ten borings
at 1.6 foot intervals. Measurements followed GEQVision Procedure for P-S Suspension Seismic
Velocity Logging, revision 1.31. The acquired data was analyzed and a profile of velocity

versus depth was produced for both compressional and horizontally polarized shear waves.

GEOVision Report 8083-03 FPL Turkey Point COL Boring Geophysical L()gging rev 0 Page 6 of 673
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The Robertson FLGX and 3ACS probes were used 1o collect long and short norimal resistivity,
<O o 2

single point resistance (SPR) Spontancous Potential (SP), natural gamma and 3 acm mechanical

caliper data at 0.05 foot intervals in the ten uncased borings to aid in identification of

stratagraphic transitions. Measurement procedures followed these ASTM standards:
o ASTM D5753, “Planning and Conducting Borchole Geophysical Surveys
e  ASTM D6167 “Conducting Borehole Geophysical Logging -~ Mechanical Caliper”
e ASTM D6274, “Conducting Borehole Geophysical Logging — Gamma”

The acquired data was combined and a profile of these parameters versus depth was produced.

The Robertson High Resolution Acoustic Televiewer (HIRAT) was used Lo collect deviation data
at 0.04 foot intervals and acoustic televiewer images of the rock section of cach boring at 0.008
foot intervals in the ten uncased borings. Measurcments followed the GEOVision HiRAT Field
Procedure, revision 1.0. The acquired data was analyzed and a profile of boring deviation versus
depth was produced for cach boring, and an image of the rock portions of the uncased borings,

with 4 arm caliper dimensions superimposcd, was produced.

The Downhole Scismic velocity logging system was used in the two PVC cased borings as a
alidation of the suspension velocity data collected at this site.  In this method, the source
remains stationary at the surface, while a single recciver travels down the cased boring at 5 foot
intervals. Source energy is transmitted down the soil column from the surface and velocity is
calculated from first arrival travel time and receiver depth. Measurcments followed GEGVision
Procedure for Downhole Seismic Velocity Logging, revision 1.1.  The acquired data was

analyzed and a profile of velocity versus depth was produced for both P- and Sy —waves.

A detailed reference for the suspension PS velocity measurement techniques used in this study

is:
Guidelines for Determining Design Basis Ground Motions, Report TR-102293,
Electric Power Rescarch Institute, Palo Alto, Califormia, November 1993,
Sections 7 and 8.
GEOVision Report 8083-03 FPL Turkey Point COL Boring Geophysical Logging rev 0 Page 7 of 673
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INSTRUMENTATION

Suspension Velocity Instrumentation

Suspension velocity measurcments were performed in ten uncasced nominal 3.88 - 5.0 inch
diameter borings using the suspension PS logging system, manufactured by OYO Corporation,
and their subsidiary, Robertson Geologging. Components used for these measurements are listed
in Table 2. This system directly determines the average velocity of a 3.3 (oot high scgment of
the soil column surrounding the boring of interest by measuring the clapsed time between
arrivals of a wave propagating upward through the soil column. The receivers that detect the
wave, and the source that gencrates the wave, are moved as a unit in the boring producing

relatively constant amplitude signals at all depths.

The suspension system probe consists of a combined reversible polarity solenoid horizontal
shear-wave source (Syy) and compressional-wave source (P), joined to two biaxial receivers by a
flexible isolation cylinder, as shown in Figure 2. The separation of the two receivers is 3.3 feet,
allowing average wave vclocity in the region between the receivers (o be determined by
inversion of the wave travel time between the two receivers. The total length of the probe as
used in these surveys ts 19 feet, with the center point of the receiver pair 12,1 feet above the

bottom cnd of the probe.

The probe receives control signals from, and sends the digitized receiver signals to,
instrumentation on the surface via an armored 4 conductor cable. The cable is wound onto the
drum of a winch and is used to support the probe. Cable travel is measured to provide probe

depth data, using a 3.28 foot circumference sheave fitted with a digital rotary cncoder.

The entire probe is suspended in the boring by the cable, therefore, source motion is not coupled
directly to the boring walls; rather, the source motion creates a horizontally propagating
impulsive pressure wave in the fluid filling the boring and surrounding the source. This pressure

wave is converted to P and Sy-waves in the surrounding soil and rock as it passes through the
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casing and grout annulus and impinges upon the wall of the boring. These waves propagate
through the soil and rock surrounding the boring, in turn causing a pressure wave to be gencrated
in the fluid surrounding the receivers as the soil waves pass their location. Separation of the P
and Syj-waves at the reccivers is performed using the following steps:

1. Orientation of the horizontal receivers is maintained parallel to the axis of the source,
maximizing the amplitude of the recorded Sy -wave signals.

2. At cach depth, Syp-wave signals are recorded with the source actuated in opposite
directions, producing Syj-wave signals of opposite polarity, providing a characteristic Sy
wave signature distinct from the P-wave signal.

3. The 6.3 foot separation of source and recciver | permits the P-wave signal to pass and
damp significantly before the slower Syj-wave signal arrives at the receiver.  In faster
soils or rock, the isolation cylinder is extended to allow greater separation of the P- and
Sy-wave signals.

4. In saturated soils, the received P-wave signal is typically of much higher frequency than
the received Spp-wave signal, permitting additional separation of the two signals by low
pass filtering.

5. Direct arrival of the original pressure pulse in the fluid is not detected at the receivers
because the wavelength of the pressure pulse in fluid is significantly greater than the
dimension of the fluid annulus surrounding the probe (meter versus centimeter scale),

preventing significant energy transmission through the fluid medium.

In operation, a distinct, repeatable pattern of impulses is generated at cach depth as follows:

]. The source ts fired in one direction producing dominantly horizontal shear with some
vertical compression, and the signals from the horizontal receivers situated parallel to the
axis of motion of the source are recorded.

2. The source is fired again in the opposite direction and the horizontal recciver signals are
recorded.

3. The source is fired again and the vertical receiver signals are recorded. The repeated
source pattern facilitates the picking of the P and Syj-wave arrivals; reversal of the source

changes the polarity of the Sy-wave pattern but not the P-wave pattern.
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The data from each receiver during each source activation is recorded as a different channel on
the recording system. The Suspension PS systeim has six channels (two simultancous recording
channels), cach with a 1024 sample record. The recorded data are displayed as six channels with
a common time scale.  Data are stored on disk for finther processing.  Up to 8 sampling

sequences can be summed to improve the signal to notse ratio of the signals.

Review of the displayed data on the recorder or computer screen allows the operator to set the
gains, filters, delay time, pulse length (energy), sample rate, and summing number to optimize
the quality of the data before recording.  Verification of the calibration of the Suspension PS
digital recorder is performed every twelve months using a NIST traceable frequency source and

counter, as outlined in Appendix E.
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Downhole Velocity Instrumentation

Downhole velocity measurements were performed in two 2 inch PVC cased borings using a
Geostuft BHG-3, 3-component borehole geophone, serial number B-3079. This system orients
the downhole geophones parallel to the axis of excitation at the surface, insuring that signals
recetved at the downhole geophones are of maximum amplitude, and are not subject to crrors in
travel time caused by incorrect phase of first arrival picks, as found with non-orientable
downhole probes. The downhole probe consists of horizontal and vertical geophones mounted
on a rotatable structure with a fluxgate magnetometer compass sensor. ‘The structure can be pre-
set on the surface to match the azimuth of the horizontal geophone axis with the azimuth of the
surface shear wave source whenever power is applied to the compass sensor and orientation
servo mechanism. The probe receives control signals from, and sends the geophone signals to,
instrumentation on the surface via cable. Cable travel is measured to provide probe depth data.
The probe is locked into the boring using a motor driven clamp mechanism. The BHGC-4
controller directs the voltages to control the clamping mechanism and orientation mechanism, A

meter monitors motor current to indicate the clamping action and force.

A triaxial geophone is placed on the surface adjacent to the boring collar, to record reference
waveforms to validate the function of the hammer switch, as well as to monitor shifts in timing

due to changes in source coupling to the soil.

The Sy; -wave energy source consists of an 88-pound eclastic band accelerated hammer striking
horizontally against the ends of a steel capped traction plank. The traction plank is weighted by
placing it beneath the rcar end of a truck supported on an air suspension, as shown in Figure 2.
The P-wave encrgy source utilizes the same cnergy source operating in a vertical orientation,
striking an aluminum plate, as shown in Figure 3. A hammer switch mounted on the stecl plank
caps or aluminum plate is used to provide consistent triggering from each hammer blow. During
logging operations, a repeatable pattern of impulses, similar to that produced by the suspension

source, is generated at cach measurcment depth as follows:
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[. The plank is struck with the hammer laterally in one dircction, producing dominantly
horizontal shear with some vertical compression, and the signals generated by the
horizontal receivers are recorded. The signals arce checked, and repeated (stacked) as
needed.
2. The plank is struck in the opposite direction and the horizontal signals are recorded, and
stacked as needed.
3. The plate s struck on top, and the signals generated by the vertical receivers are
recorded. The repeated source pattern facilitates the picking of the P- and Syj-wave
arrivals, since the reversal of the source direction changes the polarity of the Sj-wave

pattern but not that of the P-wave pattern.

The signals from the BHG-3 geophone were recorded on a Geometrics Geode seismograph,
controlled by a laptop computer. Geode S/N 3458 was used on both borings. The Geode is a 24-
bit exploration seismograph with 113dB dynamic range. Triggered by the hammer switch (sce
procedure, Appendix G) the seismograph recorded the responses of the borehole and surface
sensors. Data was reviewed on the computer screen, and stored internally on hard disk.
Multiple hammer blows can be summed to improve the signal-to-noise ratio of the signals.
Review of the displayed data on the screen allows the operator to sct the gains, filters, sample
rate, and summing number in order to optimize the quality of the data before recording to disk

for later processing.
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Caliper / Natural Gamma Instrumentation

Caliper and natural gamma data were collected using a Modcl 3ACS 3-leg caliper probe, serial
number 5368, manufactured by Robertson Geologging, Ltd. With the short anm configuration

used in these surveys, the probe permitied measurement of boring diameters between 1.6 and 16

inches.  With this tool, caliper measurements were collected concurrent with measurement of
natural gamma cmission from the boring walls. The probe was 6.82 feet long, and 1.5 inches in

diameter.

This probe is uscful in the following studies:

o  Measurement of boring diameter and volume

o Location of hard and soft formations

e [.ocation of fissures, caving, pinching and casing damage
o Bed boundary identification

e Strata corrclation between borings

The probe receives control signals from, and sends the digitized measurement values to, a
Robertson Micrologger 11 on the surface via an armored 4 conductor cable. The cable s wound
onto the drum of a winch and is used to support the probe. Cable travel is measured to provide
probe depth data, using a 3.28 foot circumference sheave fitted with a digital rotary encoder.
The probe and depth data are transmitted by USB link from the Micrologger unit to a laptop

o

computer where it 1s displayed and stored on hard disk.

The caliper consists of three arms, each with a toothed quadrant at their base, pivoted in the
lower probe body. A toothed rack engages with cach quadrant, thus constraining the arms to
move together. Linear movement of the rack is converted to opening and closing of the arms.
Springs hold the arms open in the operating position. A motor drive is provided to retract the
arms, allowing the probe to be lowered into the boring. The rack is coupled to a potentiometer

which converts movement into a voltage sensed by the probe's microprocessor.
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Natural gamma measurements rely upon small quantities of radioactive material contained in all
soil and rocks to emt gamma radiation as they decay. Trace amounts of Uranium and Thorium
arc present in a few mincrals, where potassium-bearing mincrals such as feldspar, mica and clays
will include traces of a radioactive isotope of Potassium. These emit gamma radiation as they
decay with an extremely long half-life.  This radiation is dctected by scintillation - the
production of a tiny flash of light when gamma rays strike a crystal of sodium iodide. The light
is converted into an electrical pulse by a photomultiplier tube. Pulsces above a threshold value of
60 thousand electron Volts (KeV) are counted by the probe's microprocessor. The measurcment
is usclul because the radioactive elements are concentrated in certain soil and rock types e.g.

clay or shale, and depleted in others c.g. sandstone or coal.

Resistivity / Spontaneous Potential / Natural Gamma Instrumentation

Resistivity, spontancous potential and natural gamma data were collected using a Model ELXG
clectric log probe, S/N 5490, manutactured by Robertson Geologging, Ltd. This probe measures
Single Point Resistance (SPR), short normal (16 inch) resistivity, long normal (64 inch)
resistivity, Spontancous Potential (SP) and natural gamma. The probe is 8.20 feet long, and 1.73

nches in diameter.

This probe is useful in the following studies:
¢ Bed boundary identification
e Strata corrclation between borings

e Strata geometry and type (shale indication)

The probe receives control signals from, and sends the digitized measurement values to, a
Robertson Micrologger 11 on the surface via an armored 4 conductor cable. The cable 1s wound
onto the drum of a winch and is used to support the probe. Cable travel is measured to provide
probe depth data, using a 3.28 foot circumference sheave fitted with a digital rotary encoder.
The probe and depth data are transmitted by USB link from the Micrologger unit to a laptop

computer where it is displayed and stored on hard disk.
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The resistivity scction of the probe operates by driving an aliernating current into the formation
from the central SPR/DRIVIL clectrode. The current returns via the logging cable armor. To
ensure adequate penetration of the formation the logging cable 1s insulated for approximaiely 30

feet from the cablehcad. Voltages are measured between the 16 inch and 64 inch electrodes and

the remote earth connection at surface, as noted below:

e Single Point Resistance (SPR): The current flowing to the cable armor is measured along

with the voltage at the SPR electrode. The voltage divided by current gives resistance.

e Spontancous Potential (SP): This is the DC bias of the 16 inch electrode with respect to

the voltage return at the surface (ground stake).

Data quality depends upon good grounding at the surface. This 1s achicved with a metal stake

driven into the mud-pit.
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Acoustic Televiewer / Boring Deviation Instrumentation

An acoustic image and boring deviation data were collected using a High Resolution Acoustic
Televiewer probe (HiRAT), serial number 5174, manufactured by Robertson Geologging, 1.id.
The probe is 7.58 feet long, and 1.9 inches in diameter, and is ftted with upper and lower four-

band centralizers.

[n this application, this probe is useful in the following studies:
e Measurement of boring inclination and deviation from vertical
e Determination of need to correct soil and geophysical log depths to true vertical depths

e Acoustic imaging of the boring wall to identify fractures, dikes, and weathered zones,

and determine dip and azimuth of these features

The probe receives control signals from, and sends the digitized measurement values to, a
Robertson Micrologger 1T on the surface via an armored 4 conductor cable. The cable is wound
onto the drum of a winch and is used to support the probe. Cable travel is measured to provide
probe depth data, using a 3.28 foot circumfercnce sheave fitted with a digital rotary encoder.
The probe and depth data are transmitted by USB link from the Micrologger unit to a laptop

computer where it 1s displayed and stored on hard disk.

This system produces umages of the boring wall based upon the amplitude and travel time of an
ultrasonic beam reflected from the formation wall. The ultrasonic encrgy is generated by a
piezoclectric transducer at a frequency of 1.4 MI17z. A periodic acoustic energy wave is emitted ;
by the transducer and travels through the acoustic head and boring tluid until it reaches the
interface between the boring fluid and the boring wall. Here a portion of the encrgy is reflected

back to the transducer, the remainder continuing on into the formation. By careful time

sequencing, the piczoclectric transducer acts as both the transmitter of the ultrasonic pulse and

recciver of the reflected wave. The travel time of the energy wave is the period between

transmission of the source energy pulse and the return of the reflected wave measured at the

point of maximum wave amplitude. The magnitude of the wave energy is measured in dB, a
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unit-less ratio of the detected echo wave amplitude divided by the amplitude of the transmitted
wave. The strength of the reflected signal depends primarily upon the impedance contrast of the
boring fluid and the boring wall formation. In the limestone sections of these borings, the
contrast between the {luid filling the boring and the rock formation provides imaging of
numerous small solution caviiics, as well as arcas where weathered limestone has been croded

by the drilling process.

The acoustic wave propagates along the axis of the probe and then is reflected perpendicular to
this axis by a reflector that focuses the beam to a 0.1-inch diameter spot about 2 inches from the
central axis of the probe. This reflector 1s mounted on the shatt of a stepper motor enabling the
position of the mcasurement to be rotated through 360°. Sampling rates of 90, 180 and 360
measured points per revolution are available. During these surveys, data were collected at 360
samples per revolution for imaging the rock sections of the borings (above 120 feet and below
450 feet), and at 90 samples per revolution for deviation data in the rest of the depth range. It
should be noted that during logging the probe is moving in the boring, so that the measured

points describe a very fine pitch spiral.

The probe contains a fluxgate magnetometer to monitor magnctic north, and all raw televicwer
data are referenced to magnctic north. Also, a three-axis accelerometer is enclosed in the probe,
and boring deviation data arc recorded during the logging runs, to permit correction of structure
dip angle from apparent dip, (referenced to boring axis), to true dip (referenced to a vertical axis)

in non-vertical borings.

The data arc presented on a computer screen for operator review during the logging run, and

stored on hard disk for later processing.
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MEASUREMENT PROCEDURES

Suspension Velocity Measurement Procedures

Measurements  followed the GEOVision Procedure for P-S Suspension Scismic Velocity
Logging, revision 131, as presented in (. These procedures were supplied and approved in
advance of the work. Ten borings were logged, filled with bentonite or polymer based drilling
mud. 4 or 6 inch diameter steel surface casing was used to maintain an open hole through loosc
soils, necessitating multiple logging runs to access different portions of the borings. Permanent
shallow surface casing was set to 16 — 25 fect in all of the borings, with 3-701 (DH) being the
only boring where it was removed and logs were collected to ground surface. Some borings had
deeper temporary surface casing placed to below the limestone layer at approximately 110 feet.
which was removed after logging the deeper section of the boring, as indicated in Table 3. Prior
to cach logging run, the probe was positioned with the top of the probe at the top of the surtace
casing, and the electronic depth counter was set to 8.2 feet, the distance between the mid-point of
the receiver and the top of the probe. minus the height of the casing stick-up, as verified with a
tape measure, and recorded on the field logs. The probe was lowered to the bottom of the
boring, and then returned to the bottom of the surface casing, stopping at 1.6 foot intervals to

collect data, as summarized in Table 3.

At cach measurement depth the measurement sequence of two opposite horizontal records and
one vertical record was performed, and the gains were adjusted as required. The data from cach

depth were viewed on the computer display, checked, and recorded on disk before moving to the

next depth. i

Upon completion of the measurcments, the probe zero depth indication at the depth reference
point was verified prior to removal from the boring, and the after survey depth crror (ASDIZ) was
calculated, as summarized in Table 4. Ficld data were backed up to CD-ROM cach day upon

completion of data acquisition.
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Downhole Velocity Measurement Procedures

Mecasurcments followed the GLEOVision Procedure for Downhole Seismic Velocity Logging,
revision 1.1, This procedurc was supplied and approved m advance of the work, and is
presented in Appendix G. B-640 (DHT) and B-740 (DHT) were logged as 2-inch PVC cased
holes.  The boring casings were pumped dry to a depth of approximately 120 feet.  Prior to
performing the downhole method surveys, the downhole probe compass azimuth was checked at
the surface, and presct to the azimuth of the traction plank Spp -wave source. The probe cable
was marked to provide depth reference. The probe was then lowered to the bottom of the boring
at 5-foot intervals. At cach desired depth, the probe was locked in place by driving the locking
spring bail outward. The compass/geophone assembly was then rotated to match the azimuth of

the surtace Syy source.

At each sampling depth the measurement sequence of two opposite horizontal records and one
vertical record was performed, and the gains adjusted as required. The waveform data from cach
depth was checked and recorded on disk before moving to the next depth.  Field data were

backed up to CD-ROM each day upon completion of data acquisition.

Caliper / Natural Gamma Measurement Procedures

Measurcments  followed ASTM  D6167 Conducting Borehole Geophysical  Logging

Mechanical Caliper. Ten borings were logged, filled with bentonite or polymer based drilling
mud. 4 or 6 inch diameter steel surface casing was used to maintain an open hole through loosc
soils, necessitating multiple logging runs to access different portions of the borings. Permanent
shallow surface casing was sct to 16 — 25 feet in all of the borings, with B-701 (DH) being the
only boring where it was removed and logs were collected to ground surtace. Some borings had
deeper temporary surface casing placed to below the limestone layer at approximately 110 fect,

which was removed after logging the deeper section of the boring, as indicated in Table 3.
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Prior to and following cach logging run, the caliper tool was verificd, using the manufacturer’s
supplied three point calibration jig, and a PVC coupling provided by MACTEC with an inside
diameter traceable to NIST. The three point jig is a circular plate with a serics of holes in the top
surface into which the tips of the caliper arms fit. "This has circles of diameters from 2 to 12
inches. The calibration jig is placed over a bucket with the probe standing upright with its nose
section passing through the jig's central hole. The caliper probe arms are opened under program
control, and a log is recorded as the tips of the arms are placed in the holes on the calibration jig,
and inside the PVC coupling. The measured dimensions, as displayed on the recording computer
screen was recorded on the field log sheet, as well as in the digital files, and compared with the
calibration jig dimensions. These files are presented in LAS 2.0 format in the boring specific
sub-directories of the data directory on the data disk (DVD-R) labeled Report 8083-04 that
accompanies this report.  If the verification records did not fall within +/- 0.05 inches of the
calibration jig values, the caliper tool was re-calibrated, using the three point calibration jig, and
the log repeated.  As with the verification, the tips of the caliper arms arc placed in the holes
marked with the required diameter. During calibration, the value of the current calibration point,
as stamped on the jig, 1s entered via the control computer. The system counts for 15 scconds to
make an average of the response. The procedure is repeated for the second and third required

openings.

The computation and gencration of the calibration cocfficient file is entircly automatic. The
calibration file is simply the set of coefficients of a quadratic curve which fits the three data

points. Figure 4 shows the response of a caliper probe using data gathered during calibration.,

Natural gamma was not calibrated in the field, as it is a qualitative mcasurement, not a
quantitative value, and is used only to assist in picking transitions between stratigraphic units, as
described in ASTM D6274, Conducting Borchole Geophysical Logging - Gamma.

In each boring, the probe was positioned with the top of the probe at the top of the surface
casing, and the clectronic depth counter was set to 6.82 feet, the specified length of the probe,
minus the stick-up of the casing, as verified with a tape measure, and recorded on the field logs.

The probe was lowered to the bottom of the boring, where the caliper legs were opened, and data
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collection begun. The probe was then returned to the bottom of the surface casing or ground
surface at 10 feet/minute, collecting data continuously at 0.05 foot spacing. as summarized in

Table 3.

Upon completion of the measurements, the probe zero depth indication at the depth reference
point was verified prior to removal {rom the boring, and the after survey depth error (ASDE) was
calculated, as summarized in Table 4. Field data were backed up to CD-ROM cach day upon

completion of data acquisition.

Resistivity / Spontaneous Potential / Natural Gamma Procedures

Ten borings were logged, filled with bentonite or polymer based drilling mud. 4 or 6 inch
diameter steel surface casing was used to maintain an open hole through loose soils,
nceessitating multiple logging runs to access different portions of the borings. Permanent
shallow surface casing was set to 16 — 25 feet in all of the borings, with B-701 (DH) being the

only boring where it was removed, though resistivity logs were not collected to ground surface in

B-701 (DH), as the yoke clectrode would be above ground level, prectuding the collection of

clectrical data.  Some borings had dceper temporary surface casing placed 1o below the
limestone layer at approximately 110 feet, which was removed after logging the deeper section
of the boring, as indicated in Table 3. The probe was connected to the logging cable using a 32.8
foot long insulating cable section or “yoke” The probe head was insulated by wrapping all
exposed metal of the cablchead and probe with sclf-amalgamating insulation tape. The 32.8 foot
insulating yoke was checked for any damage, and repaired with self-amalgamating insulation

tape as needed.

The reference ground stake was driven firmly into the mud pit, and connected to the ground

socket on the winch switch box.

GEOVision Report 8083-03 FPL Turkey Point COL Boring Geophysical Logging rev 0 Page 21 of 673

Volume 2, Rev 2 - 10/6/2008 Page 157 of 809 DCN# TUR512



MACTEC Engineering and Consulting, Inc. Project 6468-07-1350 '|
FPL Turkey Point COL. Geotechnical Data July 24, 2008 ;
This sonde was not calibrated in the ficld, as it is used to provide qualitative measurements, not
quantitative values, and is used only to assist in picking transitions between stratigraphic units,
as described in ASTM D5753, Planning and Conducting Borchole Geophysical Surveys. A
functional test is performed prior to cach logging run by applying fixed resistance values across
the probe electrodes, as well as a 100 millivolt signal across the SP electrodes, and recording the
resultant output of the system. These tunctional checks are presented in LAS 2.0 format in the

boring specific sub-dircctories of the data directory on the data disk (DVD-R) labeled Report

8083-04 that accompanies this report.

Natural gamma was not calibrated in the ficld, as it is a qualitative measurement, not a
quantitative value, and is usced only to assist in picking transitions between stratigraphic units, as

described in ASTM D6274, Conducting Borehole Geophysical Logging - Gamma.

In each boring, the probe was positioned with the top of the probe at the top of the casing or mud
box, and the clectronic depth counter was sct to 8.2 feet, the specified length of the probe, minus
the height of the casing stick-up or mud box, as verified with a tape measurc. When logging on
smaller drill rigs, the depth was zeroed to the top of the yoke, and 32.8 feet was added to the 7zero
depth, as recorded in the tield logs. The probe was lowered to the bottom of the boring, where
data collection was begun.  The probe was then returned to the surface at 10 feet/minute.
collecting data continuously at 0.05 foot spacing. as summarized in Table 3. The natural gamma
data collected in these logs is redundant with the data collected in the caliper / natural gamma
logs, and the caliper / natural data may be used to verify the natural gamma data collected in

these logs.

Upon completion of the measurements, the probe zero depth indication at the depth reference
point was verified prior to removal from the boring, and the after survey depth error (ASDL) was
calculated, as summarized in Table 4. Ficld data were backed up to CD-ROM cach day upon

completion of data acquisition.
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Acoustic Televiewer / Boring Deviation Measurement Procedures

All ten uncased borings were logged while filled with bentonite or polymer based drilling mud.
4 or 6 inch diameter steel surface casing was used to maintain an open hole through loose soils,
neeessitating multiple logging runs to access different portions of the borings.  Permanent
shallow surface casing was sct to 16 - 25 feet in all of the borings, with B-701 (DH) being the
only boring where it was removed and logs were collected to ground surface. Some borings had
deeper temporary surface casing placed to below the limestone layer at approximately 110 feet,
which was removed after logging the deeper section of the boring, as indicated in Table 3.

Measurements followed the GEOVision standard ficld procedures, as presented in Appendix G.

Prior to use, the HiRAT probe tiltimeter and compass functions were checked by comparison

with a Brunton surveyors’ compass.

In cach boring, the HiRAT probe was positioned with the top of the probe at the top of the
casing, and the electronic depth counter was set to 4.71 feet, the specified length of the probe,
minus the height of the casing stick-up, as verified with a tape measure, and recorded on the field
logs. The probe was lowered to the bottom of the boring, and data collection begun. The probe
was then returned to the surface at 3.0 feet/minute, collecting data continuously at 0.008 foot

intervals, as summarized in Table 3.

Upon completion of the measurements, the probe zero depth indication at grade was verified
prior to removal from the boring. The log was reviewed in the field, and all data were backed up

to CD-ROM each day upon completion of data acquisition.
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DATA ANALYSIS

Suspension Velocity Analysis

Using the proprietary OYO program PSLOG. XL version 1.0, included in the data disk (DVI-
R) labeled Report 8083-04 that accompanies this report, the recorded digital waveforms were
analyzed to locate the most prominent first minima, first maxima, or first break on the vertical

axis records, indicating the arrival of P-wave energy.

The difference in travel time between receiver 1 and receiver 2 (R1-R2) arrivals was used to
calculate the P-wave velocity for that 3.3 foot segment of the soil column. When observable, P-
wave arrivals on the horizontal axis records were used to verify the velocitics determined from
the vertical axis data. The time picks were then transferred into an EXCEL template (EXCEL
version 2003 SP2) to complete the velocity calculations based upon the arrival time picks made
in PSLOG. The PSLOG pick files and the EXCLL analysis files arc included in the boring
specific directories on the data disk (DVD-R) labeled Report 8083-04 that accompanies this

report.

The P-wave velocity over the 6.3 foot interval from source to receiver 1 (5-R1) was also picked
using PSLOG, and caleulated and plotted in EXCEL, for quality assurance of the velocity
derived from the travel time between receivers. In this analysis, the depth values as recorded
were increased by 4.8 feet to correspond to the mid-point of the 6.3 foot 5-R1 interval. Travel
times were obtained by picking the first break of the P-wave signal at receiver [ and subtracting
0.3 milliscconds, the calculated and experimentally verified delay from source trigger pulse
(beginning of record) to source impact. This delay corresponds to the duration of acccleration of

the solenoid before impact.

As with the P-wave records, the recorded digital wavetorms were analyzed to locate clear Spy-
wave pulses, as indicated by the presence of opposite polarity pulses on cach pair of horizontal

records. ldeally, the Sp-wave signals from the 'normal” and reverse' source pulses are very
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nearly inverted images of each other. Digital Fast Fourier Transform - Inverse [ast Fourier
Transform (FI'F - IFET) lowpass filtering was used to remove the higher frequency P-wave

signal from the Spj-wave signal. Different filter cutoffs were used to scparate P- and Sp-waves

at different depths, ranging from 600 Hz in the slowest zones to 2000 11z in the vegions of

hghest velocity. At cach depth, the filter frequency was selected to be at least twice the

fundamental frequency of the Syj-wave signal being (iltered.

Generally, the first maxima were picked for the 'normal' signals and the first minima for the
reverse' signals, although other points on the waveform were used if the first pulse was distorted.
The absolute arrival time of the 'normal’ and 'reverse' signals may vary by /- 0.2 milliseconds,
duc to differences in the actuation time of the solenoid source caused by constant mechanical
bias in the source or by boring inclination. This variation does not affect the R1-R2 velocity
determinations, as the differential time s measured between arrivals of waves created by the
same source actuation, The final velocity value is the average of the values obtained from the

normal' and reverse' source actuations.

As with the P-wave data, Sjj-wave velocity calculated from the travel time over the 6.3 foot
interval from source to receiver | was calculated and plotted for verification of the velocity
derived from the travel time between receivers. In this analysis, the depth values were increased
by 4.8 foot to correspond to the mid-point of the 6.3 foot S-R1I intcrval. Travel times were
obtained by picking the first break of the Syj-wave signal at the near receiver and subtracting 0.3
milliseconds, the calculated and experimentally verified delay from the beginning of the record

at the source trigger pulse to source impact.

These data and analysis were reviewed by John Diehl as a component of GEQVision’s in-house

QA-QC program.

Figure 5 shows an example of R1 - R2 mecasurements on a sample filtered suspension record. In
Figure 5, the time difference over the 3.3 foot interval of 1.88 milliscconds for the horizontal
signals is equivalent to an Syj-wave velocity of 1745 fect/second.  Whenever possible, time

differences were determined from several phase points on the Sy-wavetorm records to verify the
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data obtained from the first arrival of the Sy-wave pulse. Figure 6 displays the same record
before filtering of the Sy-waveform record with a 1400 Hz FFT - IFFT digital lowpass filter,
illustrating the presence of higher frequency P-wave energy at the beginning of the record, and

distortion of the lower frequency Sy-wave by residual P-wave signal.

Downhole Velocity Analysis

The recorded digital records were studied using PICKWIN9S, developed by OYO Corporation,
to establish the arrival of clear Sy-wave pulses, as indicated by the presence of opposite polarity
pulses on each pair of horizontal records. Ideally, the Sy-wave signals from the 'normal' and
'reverse' hammer blows are very nearly inverted images of each other. The first arrival of the
Sy-wave pulses was picked, as shown for B-640 (DHT), in Figure 7. Digital FFT-IFFT lowpass
filtering was used to remove the higher frequency P-wave signal from the Sy-wave signal, as

well as high frequency noise from the P-wave records.

The recorded digital records were also analyzed to locate the first arrival of P-wave energy. P-
wave arrivals on the horizontal axis records were used to verify the velocities determined from

the vertical axis data.

Once the first arrival of P- and Sy-wave pulses was picked, the raw travel time picks were
transferred into an EXCEL template (EXCEL version 2003 SP2) to complete the velocity
calculations based upon the arrival time picks made in PICKWIN9S. The EXCEL analysis files
are included in the boring specific directories of the data DVD-R (Report 8083-04) that
accompanies this report. The EXCEL template corrected for the actual travel distance using the
measured separation between the surface source and the boring. These corrected travel times
were plotted, and the slope of each interactively picked segment of the travel time curve was
calculated, using the EXCEL “slope” function, providing the average velocity for that segment

of the soil column.
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These data and analysis were reviewed by John Diehl as a component of GEQVision’s in-house

QA-QC program.

Caliper / Natural Gamma Analysis

No analysis is required with the caliper or natural gamma data; however depths to identifiable
boring features were compared to verify compatible depth readings on all logs. Using Robertson
Geologging Winlogger software version 1.5, build 401J, these data were combined with the
resistivity, ELOG based natural gamma and spontaneous potential (SP) logs, and converted to

LAS 2.0 and PDF formats for transmittal to the client.

Resistivity / Spontaneous Potential / Natural Gamma Analysis

No analysis is required with the resistivity, natural gamma or spontaneous potential data;
however depths to identifiable boring features were compared to verify compatible depth
readings on all logs. Using Robertson Geologging Winlogger software version 1.5, build 4017,
these data were combined with the caliper and caliper-based natural gamma logs, and converted

to LAS 2.0 and PDF formats for transmittal to the client.
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Acoustic Televiewer / Boring Deviation Analysis

The collected Acoustic Televiewer data was processed with Robertson Geologging’s RGLDIP
program, version 6.2, to identify boring features and to extract the deviation data and produce an

ASCII file and plots of deviation data.

No significant planar structures are apparent in the televiewer images from this site, so no feature
picking was performed. Instead, the televiewer amplitude images were processed to create an
un-wrapped tmage of the wall of the borings. It should be considered that the un-wrapped image
represents a core that would have the full 3.88 to 5.0 inch diameter of the boring, not the 2.5-inch
diameter of the cores removed during drilling, so that direct comparison is not possible. Also,
the unwrapped image is viewed from the perspective of an observer in the center of the boring
looking outward. The cores are viewed from the “outside” of the boring looking inward, so there
is a reversal of the position of east and west relative to north between the two. In addition, the
acoustic travel time data was processed to produce a 4-arm caliper log of the boring. This

caliper data is not NIST traceable, but is useful in conjunction with the image to evaluate the size

of solution cavities and eroded zones of the boring.
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RESULTS

Suspension Velocity Results

Suspension R1-R2 P- and Sy-wave velocities are plotted in Figures 8, 13, 17, 21, 25, 29, 35, 39,
43 and 47. The suspension velocity data presented in these figures are presented in Tables 6 —
15. The PSLOG and EXCEL analysis files for each boring are included in the boring specific
directories on the data disk (DVD-R) labeled Report 8083-04 that accompanies this report, along

with the raw and filtered waveforms.

P- and Sy-wave velocity data from R1-R2 analysis and quality assurance analysis of S-R1 data
are plotted together in Figures A-1 through A-10 to aid in visual comparison. It should be noted
that R1-R2 data are an average velocity over a 3.3 foot segment of the soil column; S-R1 data are
an average over 6.3 feet, creating a significant smoothing relative to the R1-R2 plots. S-R1 data
are presented in Tables A-1 through A-10, and included in the EXCEL analysis files for each
boring on the data disk (DVD-R) labeled Report 8083-04 that accompanies this report. The
EXCEL analysis files include Poisson’s Ratio calculations, tabulated data and plots. The data
presented in these reports is marked as rev 1 or above, with rev 0 being the unprocessed data, as

collected 1in the field.

Calibration procedures and records for the suspension PS measurement system are presented in
Appendix E, and GEOVision standard field log sheets for all borings are reproduced in
Appendix F.

The approved GEOVision standard field procedures, as included in the MACTEC Geotechnical

Work Plan for Subsurface Investigation, are reproduced in Appendix G.
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Downhole Velocity Resulis

P- and Sy -wave velocity measurements using the downhole method were collected in B-640
(DHT) and --B-740 (DHT) to a maximum depth of 148 fcet below grade, and are presented in
Appendix B, These data were collected to provide validation of the higher resolution

Suspension velocity data collected in these borings during these and previous surveys,

Downhole waveforms and arrival picks for B-640 (DHT) are presented m Figures B-1 and B-2.
B-740 (DHT) waveforms arc presented in Figures B-6 through 13-9. The downhole travel time
curves are presented with suspension derived travel time curves in Figures B-3 and B-10
respectively.  Comparisons of the downhole layered models with suspension R1-R2 data are
presented in Figures B-4 and B-11.  Comparisons of the downhole laycred models with
suspension layered models are presented in Figures B-5 and B-12. Tables B-1 and B-2 present
the downhole fayer depths and velocities, as well as Poisson’s Ratio for each layer. All tables
and figures are included in the EXCLL analysis files for cach boring in the boring specific
directories of the data DVD-R (Report 8083-04) that accompanics this report. The data
presented in these reports is marked as rev 1 or above, with rev 0 being the unprocessed data, as

collected in the field.

Calibration procedures and records for the downhole measurement system are presented in

Appendix E.

The GEOVision standard field log sheets for all borings are reproduced in Appendix F.

The approved GEQVision standard field procedures, as included in the MACTEC Down-hole

Scismic Velocity (Shear Wave) Testing Work Plan, are reproduced in Appendix G.
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Caliper/ Natural Gamma Results

Caliper and natural gamma data are presented in combined log plots with resistivity and
spontancous potential as single page logs in Figures 9, 10, 11, 14, 15, 18, 19, 22,23, 26,27, 30,
31,32, 33, 36, 37, 40, 41, 44, 45, 48 and 49, as well as multi-page logs in Appendix €', On these
plots, the following acronyims are used:

e  NGAM: Natural gamma data collected with the ELLOG probe.

e SP: Spontaneous (sclf) potential.

e  CGAM: Natural gamma data collected with the caliper probe.

e CALP: Caliper (borchole diameter)

e SHN: Short normal resistivity (16 inch resistivity)

e LON: Long normal resistivity (64 inch resistivity)

¢ SPR: Single point resistance

LAS 2.0 data and Acrobat files of the plots for cach boring are included in the boring specific
sub-directories in the data directory on the data disk (DVD-R) labeled Report 8083-04 that
accompanies this report. The data presented in these reports 1s marked as rev | or above, with

rev 0 being the unprocessed data, as collected in the ficld.

Resistivity / Spontaneous Potential / Natural Gamma Results

Resistivity and spontancous potential data are presented in combined log plots with caliper and
natural gamma data as single page logs in Figures 9, 10, 11, 14, 15, 18, 19, 22, 23, 26, 27, 30, 31,
32, 33, 36, 37, 40, 41, 44, 45, 48 and 49, as well as multi-page logs in Appendix C. LAS 2.0
data and Acrobat tiles for cach boring are included in the boring specific sub-directories in the
data directory on the data disk (DVD-R) labeled Report 8083-04 that accompanices this report.
The data presented in these reports 1s marked as rev | or above, with rev (0 being the unprocessed

data, as collected in the field.
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Acoustic Televiewer / Boring Deviation Resulis

Acoustic televiewer amplitude images and acoustic travel-time derived boring radii are presented
in Appendix C. The same logs are presented in .pdf format in the boring specific sub-directories
of the data disk (DVD-R) labeled Report 8083-04 that accompanics this report.  No planar

features were identificd in these data scts, so no depth, dip angle or azimuth data are provided.

Boring deviation data is presented graphically in Figures 12, 16, 20, 24, 28, 34, 38, 42, 46 and
50, and summanized in Table 5. Deviation data plots in Acrobat format and deviation data at 1.0
foot stations are presented in text format in the boring specific sub-directories of the data disk
(DVD-R) labeled Report 8083-04 that accompanies this report. The data presented in these
reports 1s marked as rev 1 or above, with rev 0 being the unprocessed data, as collected in the

ficld.
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SUMMARY

Discussion of Suspension Velocity Results

Suspension PS velocity data are ideally collected i an uncased {luid filled boring, dritled with
rotary mud (rotary wash) methods. The borings at this sitc were well suited for collection of
suspension PS velocity data, though there were some regions prone to squeezing and washouts,

particularly just below the upper limestone layer, between 115 and 120 feet.

Suspension PS velocity data quality is judged based upon 5 criteria:
1. Consistent data between receiver to receiver (R1 - R2) and source to receiver (S R1)
data.
2. Consistent relationship between P-wave and Sy -wave (excluding transition to saturated
soils)
3. Consistency between data from adjacent depth intervals.

Clarity of P-wave and Sjj-wave onset, as well as damping of later oscillations.

bl

Consistency of profile between adjacent borings, if available.

All of these data show excellent correlation between R1 - R2 and § — R data, as well as
excellent corrclation between P-wave and Sy-wave velocities. P-wave and Sp-wave onsets are
very clear, and later oscillations are well damped. There is variation between the profiles from
all these borings above 115 feet, due to different degrees of degradation of the limestone, but the

general velocity trends arce similar. Below [15 feet, the profiles are very similar, with slight

variation of the harder layers between 120 - 150 feet and 210 - 260 fect.
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Discussion of Downhole Velocity Resulis

P~ and Spj-wave velocity measurements using the Downhole method were collected in 13-640
(DHT) and B-740 (DEFT). Both borings were cased with 2 inch PVC to 150 fect below grade,
but bends in the casing of 13-640 (DHT) prevented the downhole probe from passing below 125
feet. The P-wave data are excellent, and the S-wave data are generally of medium quality, as

discussed below.

Downhole velocity data quality is judged based upon 5 criteria:
I. Good signal to noisc ratio.
2. Clarity of P-wave and Sy-wave onsct, as well as damping of later oscillations
3. Consistent waveforms between adjacent depth stations,
4. Consistent relationship between P-wave and Sy -wave (excluding transition to
saturated soils)

5. Consistency of profile between adjacent borings, if available.

P- and Spj-wave velocity measurements using the Downhole method measure average velocities
based on changes in travel time over a 5.0 foot interval of depth. If data quality is good,
individual Syj-wave measurements (combining picking errors of adjacent measurements) in soft
soil can have a precision of +/- 5%. However, poor data quality can quickly decrease reliability
to as much as +/-20%. Also, as P- and Sy-wave velocities increase, changes in travel time are
difficult to pick over small intervals duc to the low frequencies of source energy, hence the

decrease in measurement resolution at higher velocities.

It should be noted that the original analyst’s arrival picks were used in most cases for this
analysis.  Since these picks were made blind, without reference to the Suspension velocity
results, we can conclude that the validation provided here is acceptable. Additional comments

for cach borehole follow:
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B-640(DHT).  P-wave data in this borehole are excellent, and arrivals were picked without
filtering. The Spj=wave velocity data for this boring arc acceptable, but adversely affected by 30
Iz noise at the site.  First arrivals arc in-phase making it difficult to pick, likely duc to a
combination of the 30 Hz noisc and path cffects.  Shear waves measured with the Downhole

method are most often and best recognized by “buttertly”™ polarity reversals, but these were not

observed at this site in cither borchole. Therclore these S-wave data fail the first two criteria of

the quality standard above. On the other hand, we do find consistent waveforms between
adjacent depth stations, good consistency in the relationship between P- and S-waves, and good

consistency between profiles of adjacent borings.

The first-arrival picks were confirmed by subtracting the waveforms, and picking a later arrival

where we do have good polarity reversals, partially removing the concern about the clarity of

onsct, criteria 2. However, these later arrival picks were not used here because the documented
and validated analysis spreadsheet we use for Downhole analysis does not correctly adjust for
non-first arrival picks, giving lower velocities in the upper 40ft.  Furthermore, laier arrival
waveforms have already lost high frequency content, and therefore do not capture well the high

velocities in the layer from 25 to 551t below ground surface.

Comparison with Suspension velocities 1s within 10% for the fast layer from 25 to 5511, and
within 20% for the remaining layers, except where there is insufficient data for comparison.
There is a slow layer between 55 and 60ft that is not well modeled by the Downhole Method, so

it has been isolated.

P-wave velocities in the fast layer are still slower than measured by the Suspension method. In
order to properly tmage this fast layer we need higher frequency waves from the source, and
unfortunately these are getting filtered out by the slow fill layer at the top of the borchole,

despitc our efforts to remove it.
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It should be noted that these results were compared to the Suspension results from B-610, which
is 1201t away. There is cnough variability at ihis site to account for some of the differences

obscrved here.

13-740 (DIIT). P-wave data in this borchole arc excellent, and arrivals were picked with minimal
filtering. The Sy-wave velocity data for this boring are acceptable, but adversely affected by
noise at the site, even more so than {or 13-640. In fact, in this borchole, first arrivals could not
reliably be picked, as illustrated in Appendix B, Figures B3-6 and 13-7. Instead, S-wave picks

were made on a later part of the waveform. Picks were made using only one polarity of the data.

However, the documented and validated analysis spreadshect we use for Downhole analysis docs
not correctly adjust for non-first arrival picks. giving lower velocities in the upper 40ft.
Furthermore, later arrival waveforms have alrcady lost high frequency content, and thercfore do
not capture well the high velocitics in the layer from 30 to 65ft below ground surface. As a
result, the measured velocities in this fast layer are significantly lower than the PS Suspension.
Further analysis, using the simple artifice of subtracting 25ms from all picks thereby creating an
artificial “first arrival pick”, increases the velocity of this fast layer from 4770fps to 5410fps,
within 15% of the PS Suspension results.  The 25ms is approximately correct based on

comparison of first arrival and late arrival picks for B-640.

Despite the data quality issues, Figure B-& illustrates that we do find consistent waveforms
between adjacent depth stations, and good consistency in the relationship between P- and S-

waves. Also we have good consistency between profiles of adjacent borings.
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As with B-640, P-wavce velocitics in the fast layer are slower than mecasured by the PS
Suspension method. In order to properly image this fast layer we need higher frequency waves
from the source, and unfortunately these are getting filtered out by the stow fill layer at the top of

the borehole, despite our cfforts to remove i,

Except for the layers near the surface, comparison with Suspension velocitics is within 10% for

the remaining layers.

Discussion of Caliper / Natural Gamma Results

Caliper and natural gamma data were collected for the entire depth of cach boring. The caliper
logs for these borings generally show diameter of less than 6 inches below 30 fect, with the
exception of a soft layer between 10 and 120 feet, which was often eroded out to more than 12
inches. Natural gamma data were collected with this tool in all the borings, as well as with the
ELOG probe, and the comparison between the two data sets provides an almost exact match,
verifying the performance of the natural gamma measuring systems. There may be differences
in the boring diamecters at the same depth from different logging runs due to reaming of the

boring, or erosion by the drilling fluid between logging runs.

Discussion of Resistivity / Spontaneous Potential / Natural Gamma Results f

These clectrical methods provide poor demarcation of ditferent lithologic units at this site, duc to
the mfluence of salt water intrusion.  Several of the borings cxhibited artestan tlow, and the
composition of the boring fluid changed significantly during the collection of ficld data, with the
drilling mud being displaced by clear water. The clectrical data arc not valid above 40 fecet
below grade, as the upper yoke clectrode moves out of the boring fluid at this depth. There may

also be differences in the clectrical data at the same depth trom different logging runs due to

felel
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changes in the salinity of the boring fluid.  In addition, the upper 40 feet ot many of the deeper

fogs are affected by the movement of the yoke electrode into the steel surface casing,.

This natural gamma data agrees well with the natural gamma data collected with the caliper
probe. The comparison between the two data sets provides an almost cxact mateh. verifying the

performance of the natural gamma measuring systems.

Discussion of Acoustic Televiewer / Boring Deviation Results

The acoustic televiewer data quality in all ten borings is very good, providing clear images of
number of small solution cavities and croded zones. Many of the borings exhibit diagonal
banding (zebra striping) caused by rapid reaming down the boring with new core bits that are
slightly larger than the gauge of the original boring. This creates a spiral wear pattern in the
boring that alters the characteristic smooth surface of diamond cored borings. This wear pattern
can have a significant impact on acoustic televiewer image quality, and in these borings may

conceal smaller dikes. It will not conceal fracturcs, however.

location of cavitics and weathered zones on the televiewer logs correspond preciscly with

increases in caliper log diameter and suspension PS velocity drops.
All ten uncased borings were inclined at 3.0 degrees, or less, from vertical, and the maximum

crror in depth value was 0.3 feet in 160 ft, or less than 0.2 percent, as presented in Table 5. This

error is less than depth errors from other causes, and no adjustment of log depths is indicated.
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Quality Assurance

These boring geophysical mcasurements were pecformed using industry-standard or better
methods for measurements and analyses. Al work was performed under GEOVision quality

assurance procedures, which include:

e Usec of NIST-traccable calibrations, where applicable, for ficld and laboratory
instrumentation

e Usc of standard field data logs

e Usc of independent verification of velocity data by comparison of receiver-to-receiver and
source-to-receiver velocities
o Independent review of calculations and results by a registered professional enginecr,

geologist, or geophysicist.

Suspension Velocity Data Reliability

P- and Sy-wave velocity measurement using the Suspension Mcthod gives average velocities
over a 3.3 foot interval of depth. This high resolution results in the scatter of values shown in
the graphs.  Individual mecasurements arc very rcliable with estimated precision of -+~ 5%.
Standardized field procedures and quality assurance checks contribute to the rehiability of these

data.
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BORING DATES COORDINATES (FEET)" | ELEVATION "
DESIGNATION LOGGED NORTHING EASTING (FEET)
B-601 (DH) 3/10, 26/2008 396967.9 876642.9 -1.4
B-604 (DH) 3/21, 22, 24/2008 396915.9 876591.6 -1.5
B-608 (DH) 4/3/2008 396829.5 8767369 | 15
B-610 (DH) 4/2/2008 397084.2 876644.4 4 B
B-620 (DH) 3/21, 23/2008 397394 .9 876648.3 -1.5
B-640 (DHT) 6/5, 6/2008
6/26/2008 397116.6 876528.3 -0.3
B-701 (DH) 3/17, 18, 20, 21/2008
5/3, 5, 6, 7/2008 396976.1 875792.3 -1.1
B-704 G (DH) 3/8, 9/2008 396938.6 875749.0 -1.3
B-708 (DH) 3/9, 10, 13/2008 396829.7 875885.7 -1.4
B-710 G (DH) 3/11, 18/2008 3970751 875792.2 -1.4
B-720 G (DH) 3/20/2008 397385.2 875794.0 -1.1
B-740 (DHT) 6/24, 25/2008 397137.2 875841.7 -0.8

8 Survey data and elevation provided by MACTEC dated 7/1/08

State Plane Coordinates, NAD 1983/ Adjustment of 1990, Florida East, Zone 0901; Elevations NADV 1988

Table 1. Boring locations and logging dates

Winch GEOVision 4-conductor

Sheave - Measuring wheel GEQOVision S/N 102

Robertson Suspension PS telemetry unit M/N 3403 S/N 160023, 160024

Robertson Micrologger Il S/IN 5772

OYO Suspension PS Logger Borehole Probe, includes:

Receiver/Sensor S/N 30086, S/N 12008, S/N 20042

Isolation tube, Tm M/N 3387B S/N 24053, S/N 28072, S/N 28068, S/N 300083

Source M/N 3304 S/N 19043, S/N 21050

Driver M/N 3386A S/N 27073, S/N 490157

Weight M/N 3302W S/N 12007, S/N 470150
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Sperppos
BORING TOOL AND RUN e oPen Df'_ajcfj':"lrgl\;) NGl TN TS
NUMBER NUMBER (FEET) (FEE:'Ij) OF([?E{-\ESTI!)\IG (FEET) LOGGED
B-601 ({DH) ELOG/GAMMA 1 137.7 - 379 137.7 25 0.05 3/10/08
B-601 (DH) SUSPENSION PS 1 27.9--123.0 25 1.6 3/10/08
B-601 (DH) ACOUSTIC TV 1 27.9-123.0 - 25 .008 3/10/08
B-601 (DH) CALIPER/IGAMMA 1 131.9-149 25 0.05 3/10/08
B-601 (DH) ELOG/GAMMA 2 416.3 ~ 1404 416.3 1563 0.05 3/26/08
B-601 (DH) SUSPENSIONPS 2| 150.9-~400.3 - 163 1.6 3/26/08
B-601 (DH) ACQUSTIC TV 2 40141174 1563 .008 3/26/08
B8-601 (DH) CALIPER/GAMMA 2| 411.2-148.0 - 153 0.05 3/26/08
B-601 (DH) ELOG/GAMMA 3 1694 - 110.8 - 117 0.05 3/26/08
B-601 (DH) SUSPENSIONPS 3| 118.1-1575 - 117 1.6 3/26/08
B-601 (DH) CALIPER/IGAMMA 3| 157.2-1105 - 117 0.05 3/26/08
B8-604 (DH) ELOG/GAMMA 1 112.7 - 66.5 112.7 24 0.05 3/21/08
8-604 (DH) ELOG/GAMMA 2 112.7 - 39.3 - 24 0.05 3/21/08
B-604 (DH) SUSPENSION PS 1 26.2-98.4 - 24 1.6 3/21/108
B-604 (DH) ACOUSTIC TV 1 91.8-30.0 - 24 .008 3/22/08
B-604 (DH) ACOUSTIC TV 2 352-229 - 24 .008 3/22/08
B-604 (DH) CALIPER/IGAMMA 1 103.7-19.8 - 24 0.05 3/22108
B-604 (DH) ELOG/GAMMA 3 163.3 - 39.1 163.3 30 0.05 3/24/08
B-604 (DH) SUSPENSION PS 2 91.9-150.9 - 30 1.6 3/24/08
B-604 (DH) CALIPER/GAMMA 2 160.6 ~ 36.9 - 30 0.05 3/24/08
B-604 (DH} ACQUSTIC TV 3 160.4 -4.0 - 30 .04 3/24/08
B-604 (DH) ACQUSTIC TV 4 1211 -77.5 - 30 .008 3/24/08
B-608 (DH} ELOG/GAMMA 1 2624 -112.8 262.4 117 0.05 4/3/08
B-608 (DH) SUSPENSION PS t 119.8 - 2494 - 117 1.6 4/3/08
B-608 (DH) ACOUSTIC TV 1 253.3-1057 - 117 0.04 4/3/08
B-608 (DH) CALIPER/GAMMA 1| 254.4 - 109.7 - 117 0.05 4/3/08
B-608 (DH) ELOG/GAMMA 2 139.0-374 - 20 0.05 4/3/08
B-608 (DH) SUSPENSION PS 2 23.0-128.0 - 20 1.6 4/3/08
B-608 (DH) ACOUSTIC TV 2 120.3 -19.8 - 20 0.008 4/3/08
B-608 (DH) CALIPER/GAMMA 2 123.0 - 151 - 20 0.05 4/3/08
B-610 (DH) ELOG/GAMMA 1 266.5-102.7 266.5 105 0.05 4/3/08
B-610 (DH) SUSPENSION PS 1 106.6 - 251.0 - 105 10 4/3/08
B-610 (DH) ACQUSTIC TV 1 252.2-102.3 - 105 0.04 4/3/08
B-610 (DH) CALIPER/GAMMA 1 256.2 -98.7 - 105 0.05 4/3/08
B-610 (DH} ELOG/GAMMA 2 124.2 394 - 20 0.05 4/3/08
B-610 (DH) SUSPENSION PS 2 23.0-113.2 - 20 1.6 4/3/08
B-610 (DH) ACOQUSTIC TV 2 120.9-19.0 - 20 0.008 4/3/08
B-610 (DH) CALIPER/GAMMA 2 111.5-14.7 - 20 0.05 4/3/08
- PROBE DID NOT TOUCH BOTTOM OF BORING
Table 3. Logging dates and depth ranges
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BORING TOOL AND RUN S/E\SSL{ ﬂg‘f’;‘ D[?&I‘Irt)lr\?‘ H\SJ?L"“_AP?\[/M/I;I DATE
NUMBER NUMBER s FEE) OF(IE'JEAES'# ;\Jb FERT) | LOGBED

B-620 (DH) ELOG/GAMMA 1 | 1221-383 | 1221 255 005 | 3/21/08
B-620 (DH) SUSPENSION PS 1| 263 1099 255 16 | 3/21/08
B-620 (DH) ACOUSTICTV 1 | 119.1- 240 255 0.008 | 3/21/08
B-620 (DH) CALIPER/GAMMA 1| 1202136 255 005 | 3/21/08
B-620 (DH) ELOG/GAMMA 2 | 2147-1016 | 2147 105 005 | 3/23/08
B-620 (DH) SUSPENSION PS 2| 106.6 - 129.6 105 16 | 3/23/08
B-620 (DH) SUSPENSION PS 3| 1214 — 200 1 - 105 16 | 3/23/08
B-620 (DH) ACOUSTICTV2 | 2015-1020 105 004 | 3/23/08
B-620 (DH) CALIPER/IGAMMA 2| 2060 - 975 105 005 | 3/23008
B-640 (DHT) DOWNHOLE PS 1 | 50-1247 | 1247 150 50 | 6/5-6/08
B-640 (DHT) DOWNHOLE PS2 | 50 -122.0 150 50 | 6/26/08
B-701 (DH) ELOG/GAMMA 1 | 4195-1147 | 4195 116 005 | 4117108
B-701 (DH) SUSPENSION PS 1| 118.1-4035 116 16 | 417/08
B-701 (DH) CALIPERIGAMMA 1] 4071 —110.7 - 116 005 | 4/18/08
B-701 (DH) ACOUSTICTV 1 | 411.7-1107 . 116 0.04 | 4/18/08
B-701 (DH) ELOG/GAMMA 2 | 45693692 | 4569 116 005 | 4/20/08
B-701 (DH) CALIPER/GAMMA 2| 4559 - 389.7 - 116 005 | 4/21/08
B-701 (DH) SUSPENSION PS 2| 397.0 - 434.7 - 116 16 | 4/21/08
B-701 (DH) ELOG/GAMMA 3 | 5550-457.0 | 5550 457 005 | 53008
B-701 (DH) CALIPER/GAMMA 3| 553.0 - 451.0 - 457 005 | 50308
B-701 (DH) SUSPENSION PS 3 | 4593 — 493 8 - 457 16 5/3/08
B-701 (DH) SUSPENSION PS 4 | 4577 — 5413 - 457 16 5/3/08
B-701 (DH) ELOG/GAMMA 4 | 6153-4500 | 6153 457 005 | 5/5/08
8-701 (DH) CALIPER/GAMMA 4 | 612.0 - 450.0 457 005 | 5/5/08
B-701 (DH) SUSPENSION PS 5| 4593 — 602.0 - 457 16 5/5/08
B-701 (DH) ACOUSTICTV 2 | 610.0-400.0 - 457 0008 | 5/5/08
B-701 (DH) ELOG/GAMMA 5 | 485.0 - 425.0 - 427 005 | 56008
B-701 (DH) ELOG/GAMMA 6 | 1550 20.0 - 16 005 | 57/08
B-701 (DH) CALIPER/IGAMMA 5| 1550 - 0.0 - 16 005 | 57108
B-701 (DH) SUSPENSION PS 7| 164 - 1345 - 16 16 5/7/08
B-701 (DH) ACOUSTICTV3 | 1250-150 - 16 0008 | 5/7/08
B-701 (DH) ACOUSTIC TV 4 250-00 - NONE 0008 | 5/7/08
B-701 (DH) SUSPENSION PS8 | 16- 230 NONE 16 5/7/08
B-701 (DH) CALIPER/GAMMA 6] 1550 — 0.0 - NONE 005 | 57/08

GEOQVision Report 8083-03 FPL. Turkey Point COL Boring Geaophysical Logging rev 0
Volume 2, Rev 2 - 10/6/2008
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BORING TOOL AND RUN gm (')'l' (l)lg”\' D[Eg'?"?ofl\gl) H\SI/F\SAFI;\'//I\L DATE
NUMBER NUMBER FEET) FEED) or(rcEf\sIlgle (FEET) | LOGGED

B-704 G (DH) ELOGIGAMMA 1 129.0 - 39.5 24 0.05 3/8/08
B-704 G (DH) ELOGIGAMMA 2 | 129.5-37.5 | 1295 24 0.05 3/8/08
"~ B-704G(DH) | SUSPENSIONPS 1] 26.3-116.5 ; 24 16 3/8/08
B-704 G (DH) ACOUSTIC TV 1 1194 -55 24 0008 | 3/8/08
B-704 G (DH) | CALIPER/GAMMA 1| 121.0-86 - 24 0.05 3/8/08
B-704 G (DH) ELOG/IGAMMA 3 | 163.1-103.8 | 163.1 114 0.05 3/9/08
B-704 G (DH) | SUSPENSION PS 2| 116.5- 149.3 ) 114 16 3/9/08
B-704 G (DH) ACOUSTICTV2 | 157.2-108.5 . 114 0.04 3/9/08
B-704 G (DH) | CALIPER/GAMMA 2| 155.4 - 105.1 - 114 0.05 3/9/08
B-708 (DH) ELOG/GAMMA 1 1254 -36.0 | 1254 25 0.05 3/9/08
B-708 (DH) SUSPENSIONPS 1| 27.9-722 . 25 16 3/9/08
B-708 (DH) SUSPENSIONPS 2 | 689~ 105.0 - 25 16 3/10/08
B-708 (DH) ACOUSTIC TV 1 100.9 - 19.9 - 25 0.008 | 3/10/08
B-708 (DH) CALIPERIGAMMA 1| 116.7 - 15.4 - 25 0.05 | 3/10/08
B-708 (DH) ELOG/GAMMA 2 | 260.7-1023 | 2607 106 005 | 3/13/08
B-708 (DH) SUSPENSION PS 3| 108.3 247.7 ] 106 16 3/13/08
B-708 (DH) CALIPERIGAMMA 2| 252.3-94.4 } 106 005 | 3/13/08
B-708 (DH) ACOUSTICTV2 | 2513-949 106 004 | 3/13/08
B-708 (DH) ACOUSTICTV3 | 1184-974 106 0008 | 3/13/08
B-710 G (DH) ELOG/GAMMA 1 1406385 | 1406 19.5 0.05 | 3/11/08
B-710 G (DH) | SUSPENSIONPS 1| 21.3 - 128.0 } 195 16 3/11/08
B-710 G (DH) ACOUSTIC TV 1 120.5 - 17.1 — 19.5 0008 | 3/11/08
B-710 G (DH) | CALIPERIGAMMA 1| 132.4 - 13.4 } 19.5 005 | 3/11/08
B-710 G (DH) ELOGIGAMMA 2 | 2706-948 | 270.6 115 005 | 3/18/08
B-710 G (DH) | SUSPENSION PS 2| 1214 - 2526 - 115 16 3/18/08
B-710 G (DH) ACOUSTICTV2 | 253.7-102.2 - 115 004 | 3/18/08
B-710 G (DH) | CALIPER/IGAMMA 2| 258.0 - 108.6 ; 115 005 | 3/18/08
B-720 G (DH) ELOG/GAMMA 1 2194-697 | 2194 73 005 | 3/20/08
B-720 G (DH) | SUSPENSIONPS 1|  75.5 - 200.1 73 16 3/20/08
B-720 G (DH) ACOUSTIC TV 1 200.4 - 0.0 73 004 | 3/20/08
B-720 G (DH) | CALIPER/IGAMMA 1] 202.5 - 59.6 73 005 | 3/20/08
B-720 G (DH) ELOG/GAMMA 2 | 1312-31.0 205 005 | 3/20/08
B-720 G (DH) | SUSPENSIONPS 2| 26.2-121.4 205 16 3/20/08
B-720 G (DH) ACOUSTIC TV 2 120.4 -~ 19.7 205 0008 | 3/20/08
B-720 G (DH) | CALIPER/IGAMMA 2| 82.1-16.3 205 005 | 3/20/08
B-740 (DHT) DOWNHOLE PS 1 | 5.0- 1480 150.0 150 50  |6/24-25/08

GEQVision Report 8083-03 FPL. Turkey Point COL. Boring Geophysical Lo
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BORING TOOL AND RUN | o B'['E'P,],} s 0 ID/EI?rIH(J LDNEEIiJjI?II-(IJ ASDE

NUMBER NUMBER R (e | REF REF. | (FEET)
(FEET) | (FEET)

B-601 (DH) ELOG/GAMMA 1 137.7 139 39.4 39.4 0
B-601 (DH) SUSPENSION PS 1 - . 6.6 6.6 0
B-601 (DH) ACOUSTIC TV 1 i i 3.1 3.1 0
B-601 (DH) | CALIPER/GAMMA 1 i i 52 5.2 0
B-601 (DH) ELOG/GAMMA 2 4163 420 39.1 39.1 0
B-601 (DH) SUSPENSION PS 2 - i 6.3 6.2 0.1

B-601 (DH) ACOUSTIC TV 2 - . 28 28 0
B-601 (DH) | CALIPER/GAMMA 2 : i 4.9 49 0
B-601 (DH) ELOG/GAMMA 3 ) } 38.3 38.3 0
B-601 (DH) SUSPENSION PS 3 } - 54 5.4 0
B-601 (DH) | CALIPER/GAMMA 3 ; } 41 4.0 0.1
B-604 (DH) ELOG/GAMMA 1 112.7 118 40.0 401 0.1
B-604 (DH) ELOG/GAMMA 2 } - 40.0 401 0.1
B-604 (DH) SUSPENSION PS 1 - ; 72 72 0
B-604 (DH) ACOUSTIC TV 1 - : 3.7 33 0.4
B-604 (DH) ACOUSTIC TV 2 : } 3.7 33 0.4
B-604 (DH) CALIPER/GAMMA 1 : - 58 58 0
B-604 (DH) ELOG/GAMMA 3 163.3 165 40.0 40.0 0
B-604 (DH) SUSPENSION PS 2 - - 6.8 6.7 0.1
B-604 (DH) | CALIPER/GAMMA 2 i i 54 55 0.1
B-604 (DH) ACOUSTIC TV 3 - i 3.3 33 0
B-604 (DH) ACOUSTIC TV 4 i i 33 33 0
B-608 (DH) ELOG/GAMMA 1 262.4 263 39.3 39.3 0
B-608 (DH) SUSPENSION PS 1 } } 6.5 6.5 0
B-608 (DH) ACOUSTIC TV 1 } ) 3.1 3.0 0.1
B-608 (DH) CALIPER/GAMMA 1 - ; 52 5.1 01
B-608 (DH) ELOG/GAMMA 2 ) : 39.3 39.3 0
B-608 (DH) SUSPENSIONPS2| - - : 6.5 6.6 0.1
B-608 (DH) ACOUSTIC TV 2 - : 3.1 3.0 01
B-608 (DH) | CALIPER/GAMMA 2 : : 52 52 0
B-610 (DH) ELOG/GAMMA 1 266.5 269 39.9 40.0 0.1
B-610 (DH) SUSPENSION PS 1 . : 7.1 7 0
B-610 (DH) ACOUSTIC TV 1 i - 36 36 0
B-610 (DH) CALIPER/GAMMA 1 } i 5.7 5.7 0
B-610 (DH) ELOG/GAMMA 2 - i 395 39.6 0.1
B-610 (DH) SUSPENSION PS 2 ; : 6.7 6.7 0
B-610 (DH) ACOUSTIC TV 2 } : 32 3.2 0
B-610 (DH) CALIPER/GAMMA 2 : } 53 5.3 0

- PROBE DID NOT TOUCH BOTTOM OF BORING

Table 4. Boring Bottom Depths and After Survey Depth Error (ASDE)

GEOVision Report 8083-03 FPL Turkey Point COL Boring Geophysical Logging rev 0 Page 44 of 673
Volume 2, Rev 2 - 10/6/2008 Page 180 of 809 DCN# TUR512




MACTEC Engineering and Consulting, Inc.

Project 6468-07-1950

FPL. Turkey Point COL. Geotechnical Data July 24, 2008
BORIN_G oot AND, RUN BO*IITOOOI\;A Iglfli];jﬂfi D[;?F”PLTT:Q Slr)/:‘[yrl:\ilc %\[{[F)”[\ll fl; /\SD[
NUMBER NUMBER (FEET) (FEET) I}I:ii‘ l_{[?f‘ (FEET)

(FEET) (FEET)
B-620 (DH) ELOG/IGAMMA 1 1221 130 39.7 39.7 0
B-620 (DH) SUSPENSION PS 1 - 6.9 6.9 0
B-620 (DH) ACOUSTIC TV 1 - - 3.4 3.3 -0.1
B-620 (DH) CALIPER/GAMMA 1 - - 5.5 5.5 0
B-620 (DH) ELOG/IGAMMA 2 2147 215 395 39.5 0
B-620 (DH) SUSPENSION PS 2 - - 6.7 6.7 0
B-620 (DH) SUSPENSION PS 3 - - 6.0 6.0 0
B-620 (DH) ACOUSTIC TV 2 - - 3.2 3.1 -0.1
B-620 (DH) CALIPER/GAMMA 2 - - 5.3 5.3 0
B-640 (DHT) DOWNHOLE PS 1 124.7 150.0 NA NA NA
B-640 (DHT) DOWNHOLE PS 2 - 150.0 NA NA NA
B-701 (DH) ELOG/IGAMMA 1 419.5 420 38.8 38.8 0
B-701 (DH) SUSPENSION PS 1 - - 5.9 59 0
B-701 (DH) CALIPER/GAMMA 1 - - 4.6 4.3 -0.3
B-701 (DH) ACOUSTIC TV 1 - - 2.5 2.4 -0.1
B-701 (DH) ELOG/GAMMA 2 456.9 457.5 38.8 38.6 -0.2
B-701 (DH) CALIPER/GAMMA 2 - - 4.3 41 -0.2
B-701 (DH) SUSPENSION PS 2 - - 5.7 5.6 -0.1
B-701 (DH) ELOG/IGAMMA 3 555.0 555.5 37.7 376 -0.1
B-701 (DH) CALIPER/GAMMA 3 - - 3.5 3.5 0
B-701 (DH) SUSPENSION PS 3 - - 49 4.9 0
B-701 (DH) SUSPENSION PS 4 - - 4.9 4.9 0
B-701 (DH) ELOG/GAMMA 4 615.3 615.5 37.7 37.6 -0.1
B-701 (DH) CALIPER/GAMMA 4 - - 3.5 3.5 0
B-701 (DH) SUSPENSION PS 5 - 49 4.9 0
B-701 (DH) ACOUSTIC TV 2 - - 2.3 2.2 -0.1
B-701 (DH) ELOG/GAMMA 5 - - 37.7 37.8 0.1
B-701 (DH) ELOG/GAMMA 6 - - 40.0 40.0 0
B-701 (DH) CALIPER/GAMMA 5 - - 5.8 5.8 0
B-701 (DH) SUSPENSION PS 7 - - 7.2 7.2 0
B-701 (DH) ACQUSTIC TV 3 - - 3.7 3.7 0
B-701 (DH) ACOUSTIC TV 4 - - 4.2 4.2 0
B-701 (DH) SUSPENSION PS 8 - - 7.9 NA NA
B-701 (DH) CALIPER/GAMMA 6 - 6.3 6.3 o

- PROBE DID NOT TOUCH BOTTOM OF BORING

Table 4, continued. Boring Bottom Depths and After Survey Depth Error (ASDE)
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BORING TOOL AND RUN | LOSL T DI qg&?ﬁ © e ASDE
NUMBER NUMBER (FEET) (FEET) REF. REF. | (FEET)

(FEET) | (FEET)
B-704 G (DH) ELOGIGAMMA 1 - 40.0 40.0 0
B-704 G (DH) ELOG/GAMMA 2 1295 133 40.0 40.0 0
B-704 G (DH) | SUSPENSION PS 1 - 7217 01|
B-704 G (DH) ACOUSTIC TV 1 - 3.7 3.7 0
B-704 G (DH) | CALIPER/GAMMA 1 - 58 5.7 0.1
B-704 G (DH) ELOG/IGAMMA 3 163.1 163 39.0 38.9 0.1
B-704 G (DH) | SUSPENSION PS 2 ; ; 6.2 6.2 0
B-704 G (DH) ACOUSTIC TV 2 ; 48 4.7 0.1
B-704 G (DH) | CALIPER/GAMMA 2 2.7 2.7 0
B-708 (DH) ELOG/GAMMA 1 125.4 130 39.7 39.4 03
B-708 (DH) SUSPENSION PS 1 6.9 6.8 0.1
B-708 (DH) SUSPENSION PS 2 } 6.9 6.9 0
B-708 (DH) ACOUSTIC TV 1 34 3.1 0.3
B-708 (DH) CALIPER/GAMMA 1 - - 55 5.3 0.2
B-708 (DH) ELOG/GAMMA 2 260.7 265 39.8 39.6 0.2
B-708 (DH) SUSPENSION PS 3 - 7.0 6.9 0.1
B-708 (DH) CALIPER/GAMMA 2 56 5.7 0.1
B-708 (DH) ACOUSTIC TV 2 35 3.4 0.1
B-708 (DH) ACOUSTIC TV 3 1.2 1.1 0.1
B-710 G (DH) ELOG/GAMMA 1 140.6 143 40.1 40.0 0.1
B-710 G (DH) | SUSPENSION PS 1 - 7.3 7.3 0
B-710 G (DH) ACOUSTIC TV 1 38 3.7 -0.1
B-710 G(DH) | CALIPER/GAMMA 1 ) 5.9 5.9 0
B-710 G (DH) ELOG/GAMMA 2 270.6 273 3.9 3.9 0
B-710G (DH) | SUSPENSION PS 2 7.1 7.0 -0.1
B-710 G (DH) ACOUSTIC TV 2 36 3.6 0
B-710 G (DH) | CALIPER/GAMMA 2 5.7 56 -0.1
B-720 G (DH) ELOG/GAMMA 1 219.4 220 32.9 32.6 03
B-720 G (DH) | SUSPENSION PS 1 0.1 0.9 0.8
B-720 G (DH) ACOUSTIC TV 1 34 3.4 0
B-720 G (DH) | CALIPER/GAMMA 1 1.2 1.2 0
B-720 G (DH) ELOG/GAMMA 2 30.9 30.9 0
B-720 G (DH) | SUSPENSION PS 2 1.9 1.9 0
B-720 G (DH) ACOUSTIC TV 2 54 53 0.1
B-720 G (DH) | CALIPER/GAMMA 2 33 3.2 0.1
B-740 (DHT) DOWNHOLE PS 1 150.0 150.0 NA NA NA

- PROBE DID NOT TOUCH BOTTOM OF BORING

Table 4, continued. Boring Bottom Depths and After Survey Depth Error (ASDE)

GEOVision Report 8083-03 IFPL. Turkey Point COL Boring Geophysical L

Volume 2, Rev 2 - 10/6/2008

Page 182 of 8

oyging rev 0
09

Page 46 of 673

DCN# TUR512



MACTEC Engineering and Consuiting, Inc. Project 6468-07-1950

FRL Turkey Point COL Geotechnical Data July 24,2008
ORING | MEANDEVIATION | SURVEY | VERTICAL DEPTH  [HORIZONTAI
UMBER AND AZIMUTH DEPTH DEPTH ERROR OFFSET

(DEGREES TN) (FEET) (FEET) (FEET) (FEET)
B-601 (DH) 0.0 - N296.6 4014 4013 0.1 0.2
B-604 (DH) 3.0 N104.6 160.2 159.9 0.3 8.4
B-608 (DH) 06-N63 2534 o534 | 00 26
B-610 (DH) 5 .- N288 252.2 2522 0.0 24
B-620 (DH) 1.1 - N39.1 2015 2015 | 00 37
B-701 (DH) 0.1-N06 610.0 609.9 0.1 13
B-704 G (DH) 02-N71.0 1572 1571 0.1 0.6
B-708 (DH) 1.1 - N37.9 2513 2512 0.1 50
B710 G (DH)|  2.3-N104.7 253.6 253.4 0.2 102 |
B-720 G (DH) 2.0 - N65.2 200 4 200.2 0.2 6.8

Table 5. Boring Deviation Data Summary
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Figure 1: Concept illustration of P-S logging system
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Figure 2: Downhole P— and Sy-wave energy source (Triple Whammy)
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Figure 3: Downhole P-wave striking plate with hammer switch

GEOVision Report 8083-03 FPL Turkey Point COL Boring Geophysical Logging rev 0

Volume 2, Rev 2 - 10/6/2008 Page 186 of 809

Page 50 of 673

DCN# TUR512



MACTEC Engineering and Consulting, Inc.
FPL Turkey Point COL Geotechnical Data

30
25
&
g 20 _
X
°
S _
]
® 15 |
N
@
Q. .
]
S 10
o)
O
5
TTTTTTTTT i | T [ | T ]
2 4 6 8 10 12

Diameter (inches)

Figure 4. Example Calibration Curve for Caliper Probe

GEOVision Report 8083-03 FPL Turkey Potnt COL Boring Geophf/swal l.,o%ging rev 0
Volume 2, Rev 2 - 10/6/2008 Page 187 of 80

Project 6468-07-1950
July 24,2008

Page 51 of 6,
CN

673
# TUR512



MACTEC Engineering and Consulting, Inc.
FPL. Turkey Point COL Geotechnical Data

6.00

§.00

Project 6468-07-1950
July 24, 2008

1083.3ft
" <BRaw>

Far HN
9.910

Far HR
10.140

Far U
5.555

Near HN
8.030

Near HR

Near U

8.260 " T~

5.095 M

R \_ﬂ_dgw__%.f* 4
"‘ﬁ |"r|‘| N
n PRI I GRS
| ’ 1
” ] |1' al \;%1-’ .
I || H f_..“!.m:\l"é‘

16.00 §

f’v ™,
LS
13
)
k!
|
|
PR :
o e e SR
AT
- SN D R,
O ", "
! L
e A,
1S
St

Figure 5

GEQVision Report 8083-03 FPL Turkey Point COL Boring (Joopt

Volume 2, Rev 2 - 10/6/2008

Page

1vsucal L o%qmg rev 0

Example of filtered (1400 Hz lowpass) record

Page 52 of 673
CN# TUR512



MACTEC Engineering and Consulting, Inc. Project 6468-07-1950
FIPL Turkey Point COL. Geotechnical Data July 24, 2008

103.3ft ,
'; ] 6.0 1 : 8.0 5 18.00

Far HN : e [
9.910 I '
Far HR . : i
10.140 ¥ YAy LI}\,u.-'L.-_—%....___."_V,__."'. , LN ¥ ﬂ,f
Far U Al
5.555 - f iYivs iy
Heag ggﬂ -—«_,.;.\__4 N \f"‘ﬂﬂ J Iﬁ' : I ﬂ' é A . 1 A \, . , ~ )
S 1180 (AT SV Bt WO g BRES
T I L |
Hear HR -l | i
8.260 " | ’ )“ "Illl ;ll / N['f ]I | |ﬂ”. ! i ;{J P A P
’ '|,) \ ) U y | | | ||”r 1,.!’1 : B
Near U " 'ﬂ ;J\ . U..’L i ;}D e~
5.095 —‘ﬁ_d‘_h_“""l dll llJ r ' ’ ”N]U ; \.‘ILIIL(-"J. =
OV :
L
Figure 6. Example of unfiltered record
GEOVision Report 8083-03 FIPL Turkey Point COL Boring (‘(,ophysm 1I I oéqmg rev O Pac Bo 53 of 673
Volume 2, Rev 2 - 10/6/2008 Page 189 of # TUR512




MACTEC Engineering and Consulting, Inc.
FPL Turkegdaoint CBL Geotechnical Data

20

25

30

35

4

45

50

55

60

65

70

Distancef(ft)

7%

80

85

90

95

100

105

110

15

120

0

Time (msec)
5 10 15 20 2% 30 3% 0 r 50 55 50 3] () % 80 85
.~ e —< —
N b‘—< e —
P —— — e
e m o
1 \_‘ el F’, —
N g —
| - il —— ]
+ o Y —
T ~— | —] . "=
- \ T
— T
P I oy
~ ~—"
s — 7<
= e
4 )
(i ! ==t

bb40sla dat

Figure 7. Boring B-640 (DHT), Downhole Vs 100 Hz filtered waveforms and first arrival picks

NOTE: Shear wave arrivals are in-phase — see report for discussion
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Figure 8: Boring B-601 (DH), Suspension R1-R2 P- and Sy-wave velocities
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Depth \'A v, Depth V. V, Depth v, Vy
(feet) (feet/sec) (feet/sec) (feet) (feet/sec) {feet/sec) {feet) (feet/sec) (feet/sec)
27.9 6170 10420 109.9 2620 7490 1919 1530 5650
29.5 6410 12350 111.9 3830 8230 1936 1640 5460
31.2 5850 10260 113.2 1930 7170 196.9 1760 5750
32.8 5650 11110 114.8 1190 6730 198.5 1710 5700
34.5 6230 11900 116.5 1190 6800 200.1 1710 5700
36.1 6540 10750 118.1 1540 5670 201.8 1760 5750
37.7 6870 13610 119.8 1680 5850 203.4 1750 5750
39.4 7940 13890 121.4 1520 5900 205.1 1780 5750 |
41.0 8230 14180 123.0 1390 5460 206.7 1880 5800
42.7 7940 14810 1247 1230 5560 208.3 1810 5750
44.3 7490 14810 126.3 1320 5330 210.0 1790 5700
45.9 7410 12820 128.0 1230 5420 211.6 1890 5850
47.6 6870 12120 129.6 1220 5250 213.3 1960 6120
49.2 6410 11700 1312 2040 5330 214.9 2240 6410

50.9 7250 11900 1329 1590 5800 216.5 2400 6670
52.5 6290 9950 134.5 1880 5230 218.2 2370 6600
54.5 5050 9390 136.2 2540 6350 219.8 2500 6730
55.8 3990 9010 137.8 1680 7490 2215 2750 8870
57.4 4390 8330 139 4 1680 5900 2231 2400 6470
59.1 5170 9800 1411 1130 4940 224.7 1850 5010
60.7 4570 9660 142.7 850 5130 226.4 2120 6600
62.3 5250 10580 144 4 1360 5420 228.0 2920 7090
64.0 4500 9950 146.0 1830 5750 229.7 2860 6670
65.6 6290 10750 147 6 1230 5510 2313 2010 5800
67.3 4800 8130 149.3 920 5130 232.9 1890 5750
68.9 3120 7840 150.9 780 4940 234 6 1950 5950
70.5 3700 6800 152.6 1560 5330 236.2 2060 6010
72.2 2570 8330 154.2 1460 5420 237.9 1750 5000
73.8 3020 7330 155.8 1400 5420 239.5 1780 6170
75.5 2000 5600 157.5 1510 5460 2411 2590 6540
771 2600 7020 159.5 1610 5650 242.8 3400 6470
78.7 2780 7750 160.8 1740 5800 244.4 2160 5400
80.4 4980 8890 1624 1740 5800 246.1 1560 5600
82.0 4250 8890 164.0 1680 5750 247.7 1460 5560
83.7 4440 8030 165.7 1660 5800 2493 1530 5750
85.3 3790 8030 167.3 1540 5700 251.0 2220 6010
87.3 4800 8130 169.0 1560 5560 2526 2100 6120
88.6 4630 9520 170.9 1600 5650 254.3 1970 5060
90.2 4540 8440 1722 1630 5750 255.9 1930 6010
91.9 4630 9950 173.9 1650 5750 257.6 1970 5950
93.5 4540 8230 175.5 1630 5750 259.2 1790 5750
95.1 5700 10750 177.2 1600 5750 260.8 1700 5800
96.8 4830 9260 178.8 1590 5700 262.5 1640 5700
98.4 4500 9660 1805 1590 5650 264.1 1430 5650
100.1 4630 8440 182 1 1570 5650 265.8 1400 5750
101.7 4900 9010 183.7 1590 5750 267.4 1740 5900
103.4 4730 8890 185.4 1600 5800 269.0 1770 5800
105.0 4420 8660 187.0 1530 5700 270.7 1670 5700
106.6 4120 8230 188.7 1450 5600 272.3 1660 5700
108.3 3970 7750 190.3 1470 5600 274.0 1680 5750

Table 6. Boring B-601 (DH), Suspension R1-R2 depths and P- and Sy-wave velocities
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Depth Vs v, Depth Vs V,
(feet) (feet/sec) (feet/sec) (feet) (feet/sec) (feet/sec)
275.6 1730 5750 357.6 1450 5700
277.2 1680 5750 369.3 1420 5760
278.9 1630 5700 360.9 1520 5800
280.5 1650 5750 362.5 1630 5750
282.2 1800 5900 364.2 16520 5700
2838 1810 5850 365.8 1580 5800
285.4 1800 5900 367.5 1530 5800
2871 1800 5900 369.1 1460 5800
288.7 1800 5900 370.7 1620 5750
290 .4 1850 6010 3724 16520 5800
292.0 1940 6010 374.0 1520 5750
293.6 1960 5950 375.7 1490 5700
295.3 1800 5850 377.3 1520 5700
296.9 1610 53800 378.9 1520 5750
298.6 1550 5950 380 6 1520 5750
300.2 1620 5950 382.2 1550 5850
301.8 1750 5900 383.9 1620 5850
303.5 1630 5850 385.5 1620 5650
305.1 1700 5850 387.1 1600 5750
306.8 1710 5850 388.8 1570 5700
308.4 1670 5750 390.4 1600 5800
310.0 1680 5850 392.1 1620 5750
3117 1790 5800 393.7 1580 5700
313.3 1790 5700 395.3 1470 5750
315.0 1780 5700 397.0 1570 5700
316.6 1680 5700 398.6 1460 5700
318.2 1550 5800 400.3 1570 5750
318.9 1550 5700
321.5 1660 5700
323.2 1570 5700
324.8 1440 5700
326.4 1380 5750
3281 1380 5750
329.7 1360 5700
331.4 1700 5700
333.0 1610 5700
334.7 1270 5650
336.3 1360 5650
337.9 1370 5650 ;
339.6 1330 5600 :
341.2 1450 5650
342.9 1430 5700 |
344.5 1500 5650 ;
346.1 1540 5800
347.8 1510 5750 :
3494 1480 5750
3511 1520 5750
352.7 1540 5750
354.3 1590 5800
356.0 1580 5750

Table 6, continued. Boring B-601 (DH), Suspension R1-R2 depths and P- and Si-wave

velocities
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NGAM API Cs. SPR Ohm SP Millivolt
0.00 150.00 1.00 100.00 -500.00 0.00
CGAM API Cs. LON Ohm M. CALP Inch
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Figure 9. Boring B-601 (DH) upper section, Caliper, Natural gamma, Resistivity and SP
logs
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NGAM API Cs. SPR Ohm SP Millivolt
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Figure 10. Boring B-601 (DH) middle section, Caliper, Natural gamma, Resistivity and
SP logs
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Figure 11. Boring B-601 (DH) lower section, Caliper, Natural gamma, Resistivity and
SP logs
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Figure 12. Boring B-601 (DH), Deviation Projection (dimensions in feet)
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FPL Turkey Point COL Boring B-604 (DH)
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Figure 13: Boring B-604 (DH), Suspension R1-R2 P- and Sy-wave velocities
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Depth V. Vp Depth Ve Vp
{feet) (feet/sec) (feet/sec) (feet) (feet/sec) {feet/sec)
26.3 5290 10420 108.3 3790 8330
27.9 5560 9800 109.9 4330 8440
29.5 5750 10100 111.6 3830 8130
31.2 5950 10930 113.2 3330 7940
32.8 6290 10750 114.8 2420 7250
34.5 6800 12120 116.5 1120 5950
36.1 6600 12580 118.1 1080 5650
377 6730 12120 119.8 1030 5650
39.4 7020 13070 121.4 1410 5700
41.0 7250 12120 123.0 1360 5700
42.7 6290 11700 124.7 1490 5560
44.3 6010 11300 126.3 1420 5650
45.9 6730 11700 128.0 1460 5750
47.6 6540 12580 128.6 1330 5600
49.2 5900 11900 131.2 1390 5750
50.9 5850 10930 132.9 1630 5850
52.8 4330 10930 134.5 1660 6010
54.1 3280 9260 136.2 2250 6350
55.8 3040 9010 137.8 2450 6290
57.4 4190 9520 139.4 1430 5850
59.1 4980 9660 1411 1180 5560
60.7 3300 9520 142.7 1100 5420
62.3 4020 10420 144.4 1300 5600
64.0 4330 8330 146.0 1580 5700
65.6 5170 9660 147.5 1560 5700
67.3 5560 8800 149.6 1420 5510
68.9 3020 8130 150.9 1430 5560
70.5 3570 7660

72.2 3450 6870

73.8 3120 7940

75.5 2720 7080

77.1 3400 9800

78.7 5130 9660

80.4 3920 8660

82.0 3350 8440

83.7 3250 8130

85.3 4390 8890

86.9 4500 9130

88.6 4250 7480

90.2 4140 6730

91.9 5210 8550

93.8 5130 8660

95.1 5210 8550

96.8 5250 8660

98.4 4300 8770

100.1 4170 7940

101.7 4630 9260

103.4 4570 8550

105.0 4500 8550

106.6 4570 8230

Project 6468-07-1950
July 24, 2008

Table 7. Boring B-604 (DH), Suspension R1-R2 depths and P- and Sp-wave velocities
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