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1.0 INTRODUCTION

This report was prepared to document the drilling, installation, development, and testing of a
water supply well, herein referred to as Production Well Charlie, at the Palo Verde Nuclear
Generating Station in Wintersburg, Arizona (Figure 1). This report was prepared by Clear Creek

Associates for Arizona Public Service Company (APS).

The legal location of Production Well Charlie is the NW Y4 (10-acre) of the NE 4 (40-acre) of the
NE Y (160-acre) of Section 34, in Township 1 North, Range 6 West of the Gila and Salt River
Baseline and Meridian [also designated as B(1-6)34aab]. The latitude and longitude coordinates
for the location of Production Well Charlie was measured on October 1, 2007 using a handheld
Garming eTrex™ Global Positioning System, which has a 12-channel receiver and a variable
accuracy that averages between 15 and 25 feet. Based on these measurements, the coordinates

for Production well Charlie are approximately N 33° 23* 29.3” W 112° 51" 16.8".

Hydrologic testing permit no. 59-214658 was obtained from the Arizona Department of Water
Resources (ADWR) for the authority to drill for the well for testing purposes. The ADWR well
registration number for Production Well Charlie is 55-214659. The permitting documentation

and the Well Driller Report for Production Well Charlie is presented in Appendix A.

Drilling, installation, development, and testing operations for Production Well Charlie were
conducted between October 1, 2007 and January 3, 2008. The well video and gyroscopic surveys
were conducted on January 3, 2008. Photographs of these operations are presented in Appendix
B. The details of the work performed during the drilling, installation, and testing of Production
Well Charlie are presented in the following sections. The details of drilling and installation of the
production well are described in Section 2.0. Results of the post-construction well testing are
presented in Section 3.0, and a summary of this information is presented in Section 4.0. Our

pumping recommendations for Production Well Charlie are presented in Section 5.0.
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2.0 DRILLING AND INSTALLATION

Drilling, installation, development, and testing operations at Production Well Charlie were
conducted from October 1, 2007 through January 3, 2008. A general discussion of borehole
drilling and well installation techniques and methods is included in Appendix C. Copies of the
daily driller reports are included in Appendix D. Specific drilling and well installation details are

included below.

2.1 SURFACE CASING INSTALLATION

Zim Industries Inc. subcontracted Gil’s Drilling to drill the surface borehole for the installation of
the surface casing for Production Well Charlie. The surface casing installation was conducted
between October 1, 2007 and October 2, 2007. A solid stem auger drill rig was used to drill the
surface borehole to a depth of approximately 39 feet below land surface (bls) with a 54-inch
diameter auger (Figure 2). The surface casing, consisting of 38-inch outside diameter (O.D.) low-
carbon steel (0.375-inch wall thickness), was installed to the bottom of the borehole and sealed in
place with approximately 10.5 cubic yards of 15-sack sand slurry cement. The borehole annulus

was filled to approximately 3 feet bls.

2.2 INTERMEDIATE CASING

Drilling and installation of the intermediate casing at the Production Well Charlie began on
October 13, 2007 and was completed on October 17, 2007. The purpose of the intermediate
casing is to prevent any hydrologic communication between the upper perched aquifer and the
lower regional aquifer of the area. Details of the drilling and installation of the intermediate

casing are included below.

2.2.1 Intermediate Borehole Drilling

Between October 13 and October 14, 2007, Zim Industries Inc. drilled the pilot hole for the
intermediate casing of Production Well Charlie using the reverse-rotary drilling technique. A

Challenger 360 rotary drilling rig was used to perform all work associated with the drilling and
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installation of the well. Drilling and well installation operations were performed on a 24-hour per
day, 7-day per week basis. Clear Creek Associates personnel performed field observations and

documentation of the key field operations.

The pilot hole for the intermediate casing was drilled using a 17'2-inch button bit to a total depth
of 240 feet bls. The average penetration rate from 40 feet to 240 feet was approximately 25.8
feet per hour, with the slowest rates occurring at the depths of 40 to 70 feet bls. Based on
inclinometer measurements, the measured vertical drift of the Production Well Charlie pilot hole
did not exceed 0.06 degrees. The penetration rate chart (geolograph) and lithologic log for

Production Well Charlie pilot hole are presented in Appendix E.

2.2.2 Intermediate Borehole Geophysical Logging

Upon completion of the pilot hole drilling for the intermediate casing on October 14, 2007,
Southwest Exploration Services, LLC conducted a down-hole geophysical logging suite including
the following logs: caliper, natural gamma ray, electric (resistivity and spontaneous potential),
guard and sonic. Clear Creek Associates considered information presented in the lithologic log
and the geophysical logs to verify penetration into the Palo Verde Clay so that the intermediate
casing could be set approximately 30 feet into this unit. For reference, a general description of
geophysical log interpretation methods is presented in Appendix F. The logs for the intermediate
casing pilot borehole were appended to the geophysical logs for the remaining pilot borehole to a
total depth of 1,360 feet bls and are presented in Plate 1. The results of the composite log (for
the entire combined pilot hole) are presented in Section 2.5. The complete geophysical logs for

the entire borehole are summarized on Figure 3.

2.2.3 Intermediate Borehole Reaming

A stacked assembly (36-inch reamer bit above a 172-inch lead bit) tri-cone button bit was used to
ream the borehole to a depth of 240 feet bls (Figure 2). The Production Well Charlie pilot

borehole for the intermediate casing was reamed to its final diameter of 36 inches from October
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14 to October 15, 2007. Upon completion of reaming, Zim Industries Inc. began to install the

intermediate casing.

2.2.4 Intermediate Casing Installation

The installation of the intermediate casing consists of 28-inch outside diameter ASTM Standard
A139 Grade B low-carbon steel (LCS) casing with a 0.375-inch wall thickness. Before landing
the intermediate casing, eight 4-inch diameter holes were cut into the casing in a staggering
pattern just below ground surface in order to allow water to circulate from the flow line and into
the well, to facilitate drilling of the lower borehole.. After the intermediate casing installation,
sand slurry cement and a bentonite-clay seal was installed into the well annulus between the

borehole and the casing through a tremie pipe.

The intermediate casing was installed from October 15 to October 16, 2007. The casing was set
to a total depth of 240 feet bls. From October 16 to October 17, 2007, the sand slurry cement
seals and the bentonite seal were placed into the borehole and casing annulus. Approximately 9
cubic yards of sand slurry cement, weighing about 17.3 Ibs/gal, were installed from 203 to 240
feet bls. A 110-foot bentonite seal was installed above the sand slurry cement from 93 to 203 feet
bls, and another 8 cubic yards of sand slurry cement, weighing about 17.2 lbs/gal, were installed
from 30 to 93 feet (Figure 2). The remaining 30 feet to surface was filled on November 20, 2007

with extra cement used to fill the annulus between the well casing and the intermediate casing.
2.3 PILOT HOLE DRILLING

Between October 17 and October 25, 2007, Zim Industries Inc. drilled the pilot hole beneath the
intermediate casing for Production Well Charlie using the reverse-rotary drilling technique with
the same Challenger 360 rotary drilling rig. Drilling and well installation operations were
performed on a 24-hour per day, 7-day per week basis. Clear Creek Associates personnel

performed field observations and documentation of the key field operations.

CLEAR ﬁ Well Completion Report June 4, 2008
CREEK =0 Arizona Public Service Company 4 040070
ASSOCIATES  Production Well Charlie

N:AAPS Energy Services\APS'\Palo Verde Production Well'Report\Charlie Well PVNGS - FINAL.doc



The pilot hole was drilled using a 17'2-inch diameter button bit from 240 to 1,102 feet bls and a
17-inch diameter button bit from 1,102 to 1,360 feet bls. The average penetration rate was 22.6
feet per hour from 240 feet to 446 feet bls and 8.2 feet per hour from 446 feet to 1,360 feet bls.
Based on inclinometer measurements, the measured vertical drift of Production Well Charlie pilot
hole did not exceed 0.3 degrees. The penetration rate chart and lithologic log for Production

Well Charlie pilot hole are presented in Appendix E.

2.4 LITHOLOGIC LOGGING

Drilled cuttings from the Production Well Charlie pilot hole were collected from an above-ground
sample collection device, which uses a baffle system to separate the drilled cuttings from drilling
fluid. Cutting samples were collected at 10-foot intervals, with a representative sample from each
interval preserved in specially designed plastic chip tray containers. Clear Creek Associates
personnel prepared a lithologic log of the cuttings from the Production Well Charlie pilot hole.
The cuttings were described based on grain size (using the Wentworth grade scale), sorting,
degree of roundness, and composition. The lithologic log also includes the penetration rate for
drilling intervals and field remarks relating to the drilling program. The lithologic log for

Production Well Charlie is presented in Appendix E.

The sediment penetrated by the borehole for Production Well Charlie can be grouped into three
general lithologic units. The general lithologic units reflect site-specific geologic materials
observed in drilled cuttings from this location. A generalized stratigraphic column is presented on
Figure 3. The geophysical logs were used to adjust unit boundaries, as the depths recorded on the
lithologic log are not adjusted for bottoms-up time (the amount of time required for cuttings to
travel from the bottom of the borehole to the surface where they are collected), which increases

with borehole depth.

The following lithologic unit descriptions are referenced from the Lower Hassayampa Sub-Basin
Hydrologic Study and Computer Model (Brown and Caldwell, 2006). No specific unit depths
were available in the vicinity of Production Well Charlie. The Upper Alluvial Unit (UAU)
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sediments were deposited in environments typical of channels, floodplains and alluvial fans in an
open basin with a through-flowing stream system. The Middle Alluvial Unit (MAU) sediments
were deposited in low energy environments in closed basins such as a playa lake or alluvial fan.
The Lower Alluvial Unit (LAU) sediments were deposited in alluvial fan and fluvial environments
from the surrounding up-lifted mountain blocks. Sediments were deposited in a closed, subsiding
basin environment coincident with the normal faulting activity of the Basin and Range Disturbance
(Corell and Corkhill, 1994). The following unit information is based on cuttings from Production

Well Charlie and derived from the above descriptions.

Upper Alluvial Unit (0 to 60 feet): This lithologic unit is generally characterized as sand,
gravel, cobbles and boulders with deposits of silt and clay. Nearly 100% sand was encountered

from ground level to 60 feet bls followed by varying amounts of clay, silt and sand.

Middle Alluvial Unit (60 to 450 feet bls): This lithologic unit is characterized by clay and silt

dominated material with some interbedded coarse-grained material.

Lower Alluvial Unit (450 to 1,360 feet bls): This lithologic unit is dominated by gravels and

sands with varying amounts of fine-grained material throughout.

Six samples of soils within the proposed screen interval were retained for sieve analysis to aid in
the sizing of filter pack material and screen slot size. The sieve analyses were conducted by Ninyo
and Moore of Phoenix, Arizona. Results of the sieve analyses and grain size distribution curves

are presented in Table 1 and material laboratory reports are included as Appendix G.

2.5 GEOPHYSICAL LOGGING

Upon completion of the pilot hole drilling, Southwest Exploration conducted a down-hole
geophysical logging suite including the following logs: caliper, natural gamma ray, electric
(resistivity and spontaneous potential), guard and sonic. Clear Creek Associates considered
information presented in the lithologic log, the geophysical logs, and the water quality concerns to

finalize the well design. For reference, a general description of geophysical log interpretation is
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presented in Appendix F. The geophysical logging was conducted in the Production Well Charlie
pilot hole on October 26, 2007. The logs for the Production Well Charlie borehole are presented

in Plate 1 and summarized on Figure 3.
2.5.1 Caliper Log

Prior to installing the intermediate casing, a caliper log was conducted which showed a substantial
“washing out” (enlargement) of the 17'/,-inch diameter pilot borehole below the surface casing.
The borehole diameter was 37.25 inches from the base of the surface casing down to about 68
feet. The pilot hole diameter for the intermediate casing remained consistent at about 18 inches
between 68 feet and 240 feet. Following completion of the pilot borehole for the well, a second
caliper log was completed from 240 feet to 1,360 feet bls. The pilot hole diameter beneath the
intermediate casing was about 25 inches, and gradually decreased to 20 inches at 400 feet bls.
From 400 feet to 1,100 feet bls, the diameter remained fairly constant at about 20 inches to about

18 inches between 1,100 feet and 1,360 feet bls.
2.5.2 Natural Gamma Ray Log

In general, the gamma counts increased with depth throughout the borehole. Gamma counts
remained less than 30 API units from surface to 70 feet bls and in a range of of 45 to 75 API units
from 70 feet to 470 feet bls. The API counts remained generally less than 30 from 470 feet to
700 feet bls, then between 30 and 45 API units between 700 and 940 feet bls. The API units were
generally less than 30 from 940 feet to 1,115 feet bls and below 45 units from 1,115 to 1,190 feet
bls. From 1,190 feet bls, the API counts gradually increased to 60 units at 1,300 feet and then

increased to about 105 units in the interval from 1,300 to 1,360 feet.
2.5.3 Electric Log

The electric logs for the Production Well Charlie pilot borehole indicate predominantly fine
grained clay and silt deposits from the bottom of the surface casing to about 390 feet. The long

normal generally increased from 10 Ohms per meter (Ohms/m) at 390 feet bls to about 17 Ohm/m
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at 470 feet bls. The long normal log fluctuated between 25 and 35 Ohm/m between 470 feet and
780 feet and then decreased to about 11 Ohms/m for the interval between 780 feet and 890 feet.

The long normal fluctuated between 8 and 38 Ohms/m between 890 feet and 1,360 feet bls.

2.5.4 Guard Log

The guard log generally correlates with the trends in the normal electric logs throughout the
borehole. The log indicates predominantly fine grained clay and silt deposits from the bottom of
the surface casing to 450 feet. The logs indicate fine grained material with sparsely inter-bedded
coarse materials from 450 feet to 780 feet bls, predominantly fine grained material from 780 feet
to 890 feet bls, and fine grained material with more frequent inter-bedded coarse material from

890 feet to 1,360 feet bls.

2.5.5 Sonic Log

The sonic log was conducted only after the intermediate casing was installed. The results of the
sonic log for the Production Well Charlie pilot hole generally correlate with the results of the
electric logs and lithologic logs. The sonic log reflects predominantly fine grained material from
the bottom of the intermediate casing to 450 feet and predominantly coarse-grained material from

450 feet to 1,360 feet bls.

2.6 PILOT HOLE REAMING

A stacked assembly (26-inch diameter reamer bit above a 17-inch diameter lead bit) of tri-cone
button bits was used to ream the borehole from 240 to 570 feet bls (Figure 2). From 572 to
1,324 feet bls, a stacked assembly (24-inch diameter reamer bit above a 17-inch diameter lead bit)
of tri-cone button bits was used. Upon completion of reaming, Southwest Exploration Services,
LLC conducted a final caliper log in the reamed borehole prior to well installation. The final
caliper log enabled Clear Creek Associates to identify washout zones and calculate specific

borehole volumes and annular material placement requirements.
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The Production Well Charlie pilot borehole was reamed in two diameters (26-inch and 24-inch)
between October 29 and November 7, 2007. The final caliper log was conducted on November
8, 2007 after completing the entire borehole ream. The final caliper log for the reamed 26-inch
diameter section of borehole between 240 and 570 feet bls indicates washed out areas as great as
39 inches between 240 feet to 320 feet and a reamed diameter of 27 to 30 inches between 320 and
570 feet bls. The final caliper log for the reamed 24-inch diameter section of borehole indicates it
is also relatively within gauge from 570 feet to the bottom of the borehole with minor washouts
greater than 28 inches in diameter from 650 to 655 feet bls, 960 to 965 feet bls, and 1,165 to
1,170 feet bls (Plate 1).

2.7 WELL INSTALLATION

The blank well casing for Production Well Charlie consists of 20-inch outside diameter ASTM
Standard A139 Grade B LCS pipe with a 0.375-inch wall thickness from surface to 480 feet bls.
From 480 to 485 feet bls, a LCS 0.375-inch walled reducer was installed to join the 20-inch upper
blank casing with a 16-inch outside diameter ASTM Standard A139 Grade B L.CS casing with a
0.312-inch wall thickness, which extends to a depth of 528 feet bls. A dissimilar metals connector
joins the 16-inch LCS blank casing to 16-inch outside diameter stainless steel blank casing with a
0.312-inch wall thickness (Figure 2). The 16-inch stainless steel blank casing extends from a
depth of 530 feet to 610 feet. The well screen consists of 16-inch (nominal) diameter stainless
steel wire-wrap screen with a 0.050-inch size slot, 0.25-inch thick wire rods, and altitude of
0.300-inch from 610 feet to 1,290 feet. The casing included a stainless steel bottom end cap
attached to a 20 foot section of blank 16-inch stainless steel casing. The well casing between the
two intervals of well screen and above the bottom end plate consists of 16-inch outside diameter
stainless steel blank pipe with a 0.312-inch wall thickness. The casing material test reports are

included in Appendix H.

After well casing and screen installation, sand filter pack (6-12 mesh Tacna) was installed into the
well annulus through a tremie pipe. A liquid sodium hypochlorite disinfectant was also introduced

during installation of the filter pack material through the tremie pipe. The filter pack was installed
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with intermittent swabbing to improve settling and compaction. A bentonite clay seal was
installed above the filter pack, and a cement seal was installed above the bentonite seal. A well
completion diagram for Production Well Charlie is presented on Figure 2. Well installation field
forms including pipe tallies (documenting the lengths of the tubular equipment installed) and
annular material records (documenting all materials installed) for the intermediate casing and well

casing are presented in Appendix 1.

The well casing and screen for the Production Well Charlie were installed from November 8 to
November 9, 2007. The well casing was set to a total depth of 1,310 feet bls. The screened
interval extends from 610 to 790 feet bls and from 870 to 1,290 feet bls. From November 9 to
November 20, 2007, the filter pack, bentonite seal, and cement seal were placed into the well
annulus. Approximately 58 cubic yards of filter pack sand were installed from 570 to 1,324 feet
bls. A 455-foot bentonite seal was installed above the filter pack from 115 to 570 feet bls. Four
cubic yards of sand slurry cement, weighing about 17.1 Ibs/gal, were installed from 52 to 115 feet
bls, and 6.5 cubic yards of neat cement, weighing about 14.4 Ibs/gal, were installed from ground

surface to 52 feet bls.

2.8 WELL DEVELOPMENT

Simultaneous swabbing and airlifting with a 20-foot long perforated double-flanged swabbing tool
was used for the initial well development of Production Well Charlie. Further development was

accomplished by pumping and surging with a Weber pump rig and test pump.

The screened interval in Production Well Charlie (600 feet total length) was developed from
November 13 to November 16, 2007. The initial development period continued for about 81
hours of total swab and airlift time, for an average rate of approximately 8.1 minutes of
development per linear foot of well screen. The discharge water near the end of swab and airlift
development for each section of screen was essentially clear, with periods of brief turbidity after

each swabbing event. Swabbing occurred from the top of the screen to the bottom of the screen
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and again from the bottom to the top of the screen. By the end of development, the water was

slightly cloudy and mostly free of sand or fines.

On December 10, 2007, a test pump installed by the Weber Group was used to further develop
the well. Production Well Charlie was pumped for approximately 10.5 hours at progressively
increasing pumping rates from about 500 to 1,500 gallons per minute (gpm) with intermittent
surging (shutdown and restarted) at approximately 30-minute intervals. The discharge water was
predominantly clear, with slight turbidity and some sand intermittently observed during the initial

hour of development (Appendix J).
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3.0 PUMPING TESTS

3.1 STEP-RATE PUMPING TEST

Clear Creek Associates conducted a 10-hour step-rate pumping test at Production Well Charlie
on December 11, 2007, to evaluate the well’s production capability and efficiency (specific
capacity). The step-rate test was evaluated using the methodology outlined by Lewis Clark (7he
Analysis and Planning of Step Drawdown Tests, Quarterly Journal of Engineering Geology,
1977. Volume 10. pp 125-143). A regression analysis of the groundwater production rate versus
the specific drawdown was used to obtain well-specific coefficients that provide prediction of
water level drawdown. The water level drawdown values were then used to calculate the
percentage of the total head loss that is attributable to laminar flow and the specific capacities at

various pumping rates.

Production Well Charlie was pumped for five 2-hour intervals, at rates averaging approximately
591 gpm, 783 gpm, 1,008 gpm, 1,183 gpm, and 1,400 gpm (Figure 4). Flow rates were
monitored using a totalizing flowmeter installed in the discharge pipe. The static water level was
measured at 201.7 feet bls prior to starting the pump. The water-level drawdown values in the
well at the end of pumping steps one through five were 53.5, 81.0, 114.1, 149.6, and 191.4 feet,
respectively (Figure 5). Using the average pumping rates and observed drawdowns, the resultant
specific capacity values ranged from approximately 7.3 to 11.2 gallons per minute per foot of
drawdown (gpm/ft) at the end of each step. The step-rate pumping test field data are presented in

Appendix K.

The following results were obtained for a flow rate of 1,500 gpm (Figure 5):

e The predicted total drawdown is approximately 215 feet.

e The head loss due to laminar flow is predicted to be 40.2 percent.

e The specific capacity is predicted to be approximately 7 gpm/ft.
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3.2 CONSTANT RATE AQUIFER TEST

From December 15 to 17, 2007 Clear Creek Associates conducted a 48-hour constant rate aquifer
test at Production Well Charlie to facilitate a determination of the local aquifer characteristics.
The constant rate aquifer test for Production Well Charlie was conducted while the nearby Bravo
Well was cyclically pumped to meet water supply demands for the plant. The Bravo Well is
located approximately 330 feet to the north of Production Well Charlie. Based on operation
records provided by the plant for the period of November 30, 2007 to December 29, 2007, the
Bravo Well pump operated intermittently during November 30, December 13, December 15-18,
December 20, December 22, and December 26-29. During the 48-hour aquifer test at Production
Well Charlie, a total of 2,749,000 gallons were pumped from Well Bravo. Well Bravo actually
operated for 1,816 of the 2,880 minutes during the 48-hour pumping test, or 63% of the time.
The resulting average flow rate from Bravo Well during the test period was 954 gpm while the

instantaneous pump rate for the Bravo Well was 1,514 gpm.

Pumping at Production Well Charlie began at 7:00 AM on December 15th at an average rate of
1,068 gpm throughout 48 hours of testing with the pump intake set 440 bls. Flow was measured
in the same manner as with the step-discharge test. The static water level in the well was
measured at 203.7 feet bls just prior to starting the pump. The pumping water level at the end of
the constant-rate pumping test was 334.9 feet bls, corresponding to a drawdown of 131.2 feet and
a specific capacity of about 8.1 gpm/foot of drawdown. After the pump was turned off, water-
level recovery was monitored for approximately 100 minutes, until the water level had recovered
to a depth of 208.7 feet bls, or approximately 96% of the initial static water level. The water level

datasheets for Production Well Charlie are presented in Appendix K.

A Cooper-Jacob Plot is a semi-logarithmic plot of water-level drawdown versus time, and a Theis
Recovery Plot is a semi-logarithmic plot showing residual water-level drawdown versus the ratio
between total test time (t), and the time since the pump was turned off (t"). A Cooper-Jacob Plot
of the constant-rate aquifer test data for the well is presented on Figure 6, and a Theis Recovery

Plot of the water-level recovery data is provided on Figure 7.

e
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The pumping of Well Bravo during the aquifer test interfered with the measured drawdown at
Production Well Charlie as indicated by the fluctuations in drawdown observed on the Cooper-
Jacob plot (Figure 6). Analysis of the Cooper-Jacob Plot indicates an aquifer transmissivity of
approximately 122,588 gpd/ft for the screened interval of the aquifer penetrated by the well. The
Theis Recovery Plot (Figure 7) suggests an aquifer transmissivity of approximately 93,984 gpd/ft.
The Theis recovery plot also shows the pumping cycles for the Bravo Well during water level
recovery measurements. The ‘best fit” line for the Theis recovery plot was weighted towards the
drawdown values recorded when Bravo Well was not pumping.  Since the water-level recovery
data are not affected by any perturbations from the pump equipment in the test well, the Theis
Recovery Plot is generally considered more representative of the aquifer characteristics than the
Cooper-Jacob Plot. However, since the pumping at Well Bravo influenced measured water levels
during the pumping and non-pumping periods of the aquifer testing, the estimated transmissivity
value may not be accurate, but could be used as a general estimate. Based on assumed
equivalent water production across the entire screened interval, the effective hydraulic
conductivity value (K) of the aquifer surrounding the well is approximately 156.6 gpd/ft® (20.9
ft/d) based on the Theis Recovery Plot, or 204.3 gpd/ft® (27.3 ft/d) based on the Cooper-Jacob
Plot.

At the request of APS, Clear Creek Associates installed a pressure transducer in a monitoring well
(ADWR Reg. No. 55-613122) to monitor water levels during aquifer testing at Production Well
Charlie. The perforated interval for Well 55-613122 reportedly includes the aquifer that is
screened at Production Well Charlie. The transducer was installed on December 7, 2007 and
removed on January 15, 2008 and recorded water levels on a frequency of 30 minute intervals.
Well 55-613122 is located approximately 4,450 feet to west-northwest of Production Well
Charlie and 4,300 feet west-northwest of Well Bravo. A decline of about 0.6 feet was observed
in the daily maximum water level at Well 55-613122 during the 48-hour aquifer test at Production
Well Charlie. However, diurnal fluctuations were observed in water levels at Well 55-613122
during the monitoring period between about 0.5 and 2 feet (Figure 8). Furthermore, barometric

pressure data plotted with the observation well data does not appear to influence water levels.

CLEAR ﬁ Well Completion Report June 4, 2008
CREEK =0 Arizona Public Service Company 14 040070
ASSOCIATES  Production Well Charlie

N:AAPS Energy Services\APS'\Palo Verde Production Well'Report\Charlie Well PVNGS - FINAL.doc



Therefore, Clear Creek Associates does not consider the data collected to be adequate for a

reliable storativity estimate.

3.3 WATER QUALITY

The collection of water quality samples during the installation of Production Well Charlie was not
included in our scope of work. APS personnel conducted new source sampling of the discharge
water at the conclusion of the constant rate aquifer test on December 17, 2007, but those results

are not included in this report.

3.4 WELL VIDEO

Welenco conducted a post-construction well video survey of Production Well Charlie on
January 3, 2008. A well video survey log is presented in Appendix L. The video survey indicates

that Production Well Charlie was constructed in good condition.

3.5 PLUMBNESS AND ALIGNMENT TEST

Welenco conducted a gyroscopic survey of Production Well Charlie on January 3, 2008 to
document its plumbness and alignment. The survey results are provided in Appendix L. The
results for Production Well Charlie show a maximum deviation of 4.18 horizontal feet with a true
vertical depth from land surface to the bottom of casing at 1,307.37 feet. This equates to an
average deviation of 0.32 horizontal feet per 100 feet of depth (4.18/1,307.37 = 0.0032 feet per
foot or 0.32 feet per 100 feet). According to the AWWA Standard A100, an allowable deviation
for a 16-inch well is 0.89 feet per 100 feet of depth, or a total deviation of 11.7 feet for

Production Well Charlie. The results indicate compliance with that standard.
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4.0 SUMMARY

Production Well Charlie was completed as telescoping 16-inch and 20-inch outside diameter
production well within reamed borehole ranging from 28-inches to 25-inches as shown on Figure
2. The upper well casing for Production Well Charlie consists of 20-inch outside diameter A139
Grade B LCS pipe with a 0.375-inch wall thickness from surface to 480 feet bls. The well screen
consists of 16-inch (nominal) diameter stainless steel wire-wrap screen with 0.050-inch horizontal
slots with 0.25-inch thick wire rods from 610 feet to 790 feet and from 870 feet to 1,290 feet.
The completed depth of the well is 1,310 feet bls. The well is equipped with a 20-foot bottom
sump from 1,290 to 1,310 feet. The filter pack consists of 6-12 mesh Tacna and was selected to
accommodate the well screen slot size and the formation characteristics. For the screened
interval, filter pack sand was placed from the bottom of the reamed borehole to 570 feet bls, (40
feet above the top of the screen). A bentonite seal was then installed above the filter pack sand

from 570 to 115 feet bls. Above the bentonite seal, a cement seal was placed up to surface.

After completing the well construction, Production Well Charlie was developed using the swab
and airlift method for about 81 hours, followed by pumping and surging for an additional 10.5

hours with pumping rates up to 1,500 gpm.

Both step-discharge and constant rate aquifer tests were then performed after completing the well

development. The results of the step-discharge test indicate:

e Fora 1,500 gpm pumping rate, the specific capacity of the well is estimated to be 7 gpm/ft

and the predicted pumping water level would be about 425 feet bls.

The constant rate aquifer test was performed at an average pumping rate of 1,068 gpm. The data
were analyzed using the Cooper-Jacob and Theis Recovery methods. Based on the data,

Production Well Charlie has a maximum transmissivity of about 122,588 gpd/ft.

At the conclusion of the constant rate aquifer test, the production discharge water was sampled by

APS personnel and analyzed for New Source Drinking Water constituents.
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A final video survey of the well performed on January 3, 2008 indicates that the well was
constructed in good condition with no notable flaws or deficiencies. The plumbness and alignment
test was also performed on January 3, 2008. The results of this test indicate that Production Well
Charlie has a maximum deviation of about 4.2 horizontal feet with a true vertical depth of 1,307

feet bls, which meets established standards.
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5.0 RECOMMENDATIONS

Based on the data and analyses presented herein, Clear Creek Associates recommends that
Production Well Charlie be equipped with a pump capable of producing maximum of 1,500 gpm if
the intake is set within the 20-inch outside diameter blank well casing. Based on the step test
results, the predicted total drawdown at a 1,500 gpm pumping rate is approximately 215 feet,
resulting in a pumping water level of approximately 425 feet bls (based on a static water level
depth of 210 feet). To provide an adequate net positive suction head to avoid damage to the
pump impellers, the pumping water level should not be allowed to drop below approximately 40
feet above the pump intake. Therefore, the recommended pump equipment should be set at a
minimum depth of 465 feet bls. If, in the future, the pump is set within the 16-inch well casing,
the pumping water level should not be allowed to draw down below the annular seal at

approximately 570 feet bls (Figure 2).
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GEOPHYSICAL LOGS

Location: B(1-6)34aab

Well Name: Production Well Charlie / Palo Verde Nuclear Generating Station
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FIGURE 5
ANALYSIS OF STEP-DISCHARGE PUMPING TEST
Production Well Charlie
Palo Verde Nuclear Generating Station
December 11, 2007
Step Average Flow Rate (Q) Drawdown (s) Specific Drawdown (s/Q)
gpm feet feet/gpm
1 591 535 0.0906
2 783 81.0 0.1034
2 1008 114.1 0.1132
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Predictions 1700 262.4 0.1544
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"Predicted Well Efficiency."

B = 0.057480
C = 0.000057

For a flow rate of 1000 gpm

For a flow rate of 1500 gpm
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Predicted Aquifer Drawdown = 86.2 feet
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OBSERVATION WELL DATA
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Wintersburg, Arizona
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TABLE 1
SIEVE ANALYSIS
Production Well Charlie
Palo Verde Nuclear Generating Station
Wintersburg, Arizona

Sieve Size Depth: 550-560 Feet Depth: 660-670 Feet Depth: 780-790 Feet
(inches) Cum. Percent Retained | Cum. Percent Retained Cum. Percent Retained
Pan 0.001 100 100 100
200 0.0029 88.6 86.6 90.8
100 0.0058 80 71.0 85.0
50 0.0116 68 67.0 73.0
40 0.0164 63 62.0 66.0
3 0.0232 59 57.0 58.0
16 0.039 50 48.0 43.0
10 0.078 42 39.0 32.0
8 0.093 40.0 36.0 29.0
4 0.185 25.0 25.0 16.0
1/4" 0.250 21.0 20.0 12.0
3/8" 0.371 11.0 14.0 5.0
12" 0.50 2.0 10.0 3.0
3/4" 0.75 0.0 3.0 1.0

Pulte Well WTF-PW3

Sieve Analysis of Depth Interval 550-560 Feet
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TABLE 1

SIEVE
Productio

ANALYSIS
n Well Charlie

Palo Verde Nuclear Generating Station
Wintersburg, Arizona

Sieve Size Depth: 910-920 Feet Depth: 1070-1080 Feet Depth: 1260-1270 Feet
(inches) Cum. Percent Retained Cum. Percent Retained Cum. Percent Retained
Pan 0.001 100 100 100
200 0.0029 958 93.5 96.7
100 0.0058 93.0 90.0 94.0
50 0.0116 86.0 79.0 89.0
40 0.0164 82.0 72.0 86.0
30 0.0232 77.0 65.0 82.0
16 0.039 65.0 49.0 72.0
10 0.078 55.0 35.0 61.0
8 0.093 52.0 320 57.0
4 0.185 37.0 17.0 37.0
1/4" 0.250 30.0 11.0 29.0
3/8" 0.371 19.0 5.0 16.0
12" 0.50 10.0 2.0 7.0
3/4" 0.75 0.0 0.0 0.0
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APPENDIX A

PERMITTING DOCUMENTATION
AND
WELL DRILLER REPORT
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ARIZONA DEPARTMENT OF WATER RESOURCES
WATER MANAGEMENT DIVISION
3550 North Central Avenue, Phoenix, Arizona 85012
Telephone 602 771-8585
Fax 602 771-8688

Janet Napolitano
Governor

March 21, 2007 Herbert R. Guenther

Director

Arizona Public Service Company
Attn: John Bover

MS 8376, PO Box 53999
Phoenix AZ 85072-3999

RE:  Permit to Withdraw Groundwater for Hydrologic Testing No. 59-214658.0000
Well Registration No. 55-214659; File No. B{1-6)34ACC

Dear Permittee:

Your permit as referenced above is enclosed for your records. Please be aware that the approval of this
hydrologic testing permit does not constitute a commitment by the Department for the granting of a right
to withdraw groundwater or converting the test well into a water production well. A site inspection is not
required at this time; however, if you apply in the future to convert the hydrologic testing well into a

water production well, a site inspection will be required at that time. During that site inspection, the
Department will verify the location of the well.

Pursuant to the provisions of AR.S. § 45-604, any person withdrawing groundwater from a well is

" required to use a water measuring device to record rates of withdrawal in order to provide or allow
the computation of an annual volume of pumpage from the well. The total volume of pumpage shall
be reported on an annual report. The first annual reporting period shall be from the date of issuance
of this permit until the end of the year 2007, or the expiration date of the permit, whichever comes
first. Additionally, within sixty (60) days upon completion of the hydrologic testing, the permittee
shall provide the results of the test data to the Arizona Department of Water Resources, to Sharon
Ward, Water Management Division office for evaluation.

In the event the location of the proposed well changes, you must notify the Department of Water ‘
Resources of the change in writing. A drill card with the correct proposed well location must be in
the possession of the driller before drilling may commence.

Under A.R.S. § 45-593, the person to whom a well is registered must notify the Department of a change
in ownership, physical characteristics or any other data about the well in order to keep the well

registration records current and accurate. For future changes, a Request to Change Well Information form
is enclosed,

The Department has issued this hydrologic testing permit pursuant to A.R.S. § 45-519.01 of the
Groundwater Code. The legal nature of the water withdrawn from your well may be the subject of
court action in the future as part of a determination of surface water rights in your area. If there are

court proceedings that could affect your well, you will be notified and be given the opportunity to
participate.



Arizona Public Service Company
Page 2
March 21, 2007

The permit has been issued by this Department without a hearing. As such, it is an appealable agency
action. You are entitled to appeal and your rights are described in the enclosed notice of right to appeal.

If you have any questions about the permit, please call me at 602-771-8614.

il

- Sharon Ward
Water Resource Specialist

Sincerely,

Enclosure

ce: Don Hanson, Clear Creek Associates
File



ARIZONA DEPARTMENT OF WATER RESOURCES
PERMIT TO WITHDRAW GROUNDWATER FOR
HYDROLOGIC TESTING

PURSUANT TO A.R.S. § 45-519.01

PERMIT NO. 59-214658.0000

STATE OF ARIZONA )
) ss.
COUNTY OF MARICOPA )

This is to certify that Application No. 59-214658.0000 meets the requirements of Title 45, Chapter 2,
Article 7 for a Permit to Withdraw Groundwater for Hydrologic Testing. The Director hereby grants
authority to the Permittee to construct and operate a well for hydrolo gic testing pursuant to A.R.S. §
45-519.01, subject to the following limitations and conditions:

Permit Limitations
Permittee: Arizona Public Service Company
Mail Station 8376
P.O. Box 53999
Phoenix Arizona 85072-3999

Active Management Area: Phoenix

Sub-basin: Hassayampa



PERMIT NO. 59-214658.0000

Authorized purpose of
hydrologic testing: Determine Aquifer Properties for Water
Supply Well Siting and Design

Maximum Amount of Groundwater
to be Withdrawn; 25 Acre-Feet Per Annum

Authorized Disposition of Groundwater: ~ Water Will Be Stored In Adjacent Reservoir And
Used As Process Water For Plant Operation, Or
Used For Dust Control During Construction Of An
Additional Evaporation Pond.

Authorized Points of Withdrawal:

Authorized Well File Numbers: Depth of Casing Diameter | Casing
Registration Numbers: Well Material
55-214659 B(1-6)34ACC 1,300 Feet 16 Inches Steel
Effective Date of Permit: March 21, 2007

Expiration Date of Permit: March 20, 2008

Permit Conditions

1. Within sixty (60) days upon completion of the hydrologic testing, the permittee shall
provide the results of the test data to the Arizona Department of Water Resources for
evaluation. Results shall be mailed to Sharon Ward, Water Management Support,
Arizona Department of Water Resources, 3550 North Central, Phoenix, Arizona 85012.

2. This approval for test wells and pump test does not constitute a commitment by the

Department for the granting of a right to withdraw groundwater or converting the test
well into a production well.

3. The well drilled for this project shall be drilled in compliance with the Arizona

Department of Water Resources minimum well construction standards, A.A.C. R12-15-
811.

4. The permittee shall monitor withdrawals of groundwater and shall report the total amount
of groundwater withdrawn on an Annual Water Wit ‘rawal and Use Report. The first
annual reporting period shall be from the date of issuance of this permit through
December 31, 2007, or the expiration date of this permit, whichever comes first,

2




PERMIT NO. 59-214658.0000

5.  The issuance of the permit does not waive any federal, state, county or local government
ordinances, regulations or permits for which the facility may have to comply.

WI

SS my hand and seal of office this 21st day

-/

itney, Adsistant Director),
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Arizona Department of Water Resources
information Managamsnt Unit

P.O. Box 458 » Phoenix, Arizona 85001-0458
(802) 771-8627 + (B00) 352-8488
www.azwater.gov

Well Driller Report
and
Well Log

THIS REPORT MUST BE FILED WITHIN 30 DAYS OF COMPLETING THE WELL.
PLEASE PRINT CLEARLY USING BLACK OR BLUE INK.

WELL REGISTRATION NUMEER

55 - 214659

PERMIT NUMBER (IF
59.214658

UED)

SECTION 1.’ DRILLING AUTHORIZATION

Drilling Firm

NAME

DWR LICENSE NUMBER

Zim Industries Inc. 185

ADDREGS TELEPHONE NUMBER
4545 E. Lincoln (559) 834-1551
“CrY TSTATE 2P FAX,

Fresno, Californla 93725 (559) B34-5156

"SECTION 2. REGISTRY INFORMATION -

T i g L ,.

Well Owner

Location of Wall

FULL NAME QF COMPANY, ORGANIZATION, OR INDIVIDUAL
Arizona Public Service Company

WELL LOCATION ADDRESS {IF ANY)

Rich Bannett Senlor Englnear

MAILING ADDRESS TOWNS)HIP RANGE SECTION | 1680ACRE | 40 ACRE 10 ACRE
(N/S (EMW)

Mall Statlon 8376 P.O. Box 53999 1N BW 14 NE v | NE v | NW v«

CITY [ GTATE/ ZIP CODE LATITUDE LONGITUDE

Phoenlix, Arizona 85072 33: 231 295N | 112° 51| 16.9'w
Deprass Minuian Seconda Dagrees Minutes Seronds

CONTACT PERSON NAME AND TITLE METHOD OF LATI TUDEILONGITUDE (GHEGK ONBY |,a “5PS Hand-Hsld

[] uses Quad Map [] Cenventional Survey [] *GPS: Survey-Grade

TELEPHONE NUMBER

FAX
(623) 393-3487 (623) 393-1688

LAND SUREACE ELEVATION AT WELL
949 Fast Atove Sum Lavel

WELL NAME (.., MW-1, P23, Lot 25 Well, Smith Well, etc.)
B(1-6)34AAB  Charlie Well

METHGD OF ELEVATION (CHECK ONE) 7| *GPS: Hand-Held

[ usas Quad Map ] Cenventlonal Survey [ *GPS: Survey-Grade
*IF GPS WAS USED, GEOGRAPHIC COORDINATE DATLM (CHECK ONE)

[ NAD-83 Other (plaase spaciyy, WGES 84

GOUNTY AGBESSOR'S PARCEL ID NUMBER
BOOK MAP PARCEL
Marlcopa [
SECTION 3. WELL CONSTRUCTION DETAILS . Pt i U R
Drlil Method Meathod of Weli Dovalopmont Mathod of Sealing at Reduction Psints
CHECK ALL THAT APPLY CHECK ALL THAT APPLY CHEGK DNE
[ Air Rotary Alrlift [} None
[] Bored or Augered L] Bail ] Packed
[] Gable Tool Surge Block [] Swedged
[} Dusl Ratary [7] Surge Pump Weided
[] Mud Rotary [0 Other (please specify): [] Other (please specify).
Reverse Clrculation
] Driven
{3 Jetted Conditlen of Wall Construction Dates
3 Air Percussion / Odex Tubing CHECK ONE DATEWELL CONSTRUCTION STARTED |
[ Other (please spacify): [/l Capped Mmﬁ_.
A&
Mod!fication dld not require drilling. [] Pump Installed 11-18-07
! state that this notice is Flad in compliance with A.R.S. § 45-896 and Is complete and correct to the best of my knowledge and beliaf.
SIGNATURE OF QUALIFYING PARTY DATE
@a‘zﬁ? Z st [247-07
DWR 5558 (REVIEED E) Page 1 of 4
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il 0037010

Wall Driller Report and Wall Log WELL REGISTRATION NUMBER
55- 214659
SECTION 4. WELL CONSTRUCTION DESIGN (AS BUILT) (attach additicnal page if needed) “
De
"DEPTH OF DORING DEPTH OF GOMPLETED WELL
1360 Fant Below Land Surface 1310 Faat Below Land Buace
Water Level Information 2
| BTATIC WATER LEVEL DATE MEASURED TIME MEASURED | IF FLOWING WELL, METHOD OF FLOW REGULATION
202 Peot Batow Lond Supfaes | 11-18-07 5:00 PM []veive []Other:
Borehole Installed Caslng
DEPTH FROM DEFTH FROM MATERIAL TYPE (T) PERFORATION TYPE (1
SURFACE SURFACE
w |
g gy
BOREHOLE OUTER olw| FOTHER |2 E al= E (FOTHER | SLOTaizE
FROM 7O DIAMETER [ FROM TO DIAMETER a z | TYPE, S & w|5|  TYPE IF ANY
{fest) (foef) (inchen) {Twet) (fant) {inahaw) W DESCRIRE :_gg ng: E I DESCRIBE (Incheg)
o % =
0 39 46 +1 39 38 * cond,
39 249 36 +1 240 48 + Inter.
240 1360 17 1/2 w4 480 20 *
240 572 26 480 | 485 2016 Reducer
572 1324 24 435 528 16 LCS +
528 530 18 DMC
530 610 16 S.S. *
610 790 16 S.5. * 0.050
790 870 18 8.8, +
Installed Annular Material
DEPTH FROM ANNULAR MATERIAL TYPE { T} FILTER PAGK
SURFACE i BENTONITE
gs|5
= == o
w| W &S a 5 w| @ IF OTHER TYPE OF ANNULAR MATERIAL =
FROM L) g|e § Sk % 4 5 DESCRIBE ' Zlz HeR
{fael) (Tmat) I 1) E=RLR B B &
(K]
2 115 +
145 570 *+
570 1324 Tacna + 6x12

DWR 85-55 (REVISED C2ME/QE) Page 2of 4
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Woell Dritler Report and Wall Log

ZIM IHDUSTRIES

WELL REGISTRATION NUMBER

Bo0ds010

55 - 214659
SECTION 4. WELL CONSTRUCTION DESIGN {AS BUILT) (attach additional pags if needed)
Dapth
DEPTH OF BORING DEPTH OF COMPLETED WELL
Fast Salow Land Surfaga Fo#t Below Lina Surface
{ Water Lavel Information
STATIC WATER LEVEL DATE MEASURED TIME MEASURED IF FLOWING WELL, METHOD OF FLOW REGLUILATION
Feel Below Land Surface [[1 valve [ Other:
Borehole Installed Casing
DEPTH FROM DEPTH FROM MATERIAL TYPE ( T) FPERFORATION TYFE (T )
SURFACE SURFACE
w &
212|2|k
BOREHOLE QUTER | wotier |Z(E|3|2|3| worer | sioTsze
FROM e RIAMETER FROM TO DIAMETER E E § TYRE, o E TYPE, IF ANY
{foet) (faet) (Inches) {foet) {faet) (Inahes) DESCRIBE § g E Q = DESCRIBE (Inchas)
=
o &
870 | 1290 16 S.8. + 0.050
1290 | 1310 16 3.5, +
installed Annular Materjal
DEPTH FROM ANNULAR MATERIAL TYPE (T FILTER PACK
SURFACE N BENTONITE
555
E g8 E B a E’
W ) 2] IF OTHER TYPE OF ANNULAR MATERIAL,
FROM 1O g2 % E(HB{ 3|24 DESCRIBE Zlz SI1ZE
{[mef) {feet) SRR ol & E o x
L% ] ﬁ § % [0} E
= Q

DWR 85-55 (REVISED 02/06/06) Page 2 072
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ZIM IMDUSTRIES A 0057010
TRATION NUMEER
Well Prilter Report and Well Log WELLREGIS
a §6. 214659
SECTION b. ‘GEQLOGIC LOG OF WELL . cm;k(ﬂ.o‘.m-
BEFTH FROM
sla-l}—-\tpAEg Description ,nm :;::' 3';:"
FROM To . . P ,
(feat) (faat) Dascribe material, grain size, color, etc. efﬁoﬁg

Attached

DWR 56-55 (REVISED Q2DS/06) Page 2 of 4
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1 006/010

55-214659

Formation Log

0-30 Brown clay and fine sand and some gravel
50-80 Brown clay and fine sand
80-100 Brown clay with less fine sand
100-420 Brown clay
420-450 Brown clay some gravel and fine sand
450-470 Brown clay volcanic sand
470+560 Volcanic rocks and some brown clay
560-740 Volcenic rock and volcanic black sand
740-780 Volcanic rock and volcanic red sand
780-880 Volcanic rock with gray sand
880-920 Volcanic rock sand some gray clay
920-940 volcanic rock and gray sand
240-1040 Velcanic rack and red sand
1040-1300 Voleanic sand and grey rocks with some red clay
1300-1360 Volcenic sand and rocks all white
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Well Driller Report and Well Log : WELL REGISTRATION NUMBER |
55 - 214659

SECTION 6. WELL SITE PLAN - .

NAME OF WELL OWNER COUNTY ABSEGEOR'S PARCEL |D NUMBER

Arizona Public Service Company BOOK MAP PARCEL

e

Please draw the following: (1) the boundaries of property on which tha well was located; (2) the well location; (3) the
locations of all septic tank systems and sewer systems on the property or within 100 feet of the wall location, even if
on nelghboring properties; and (4) any permaneant structuras on the proparty that may aid in locating the well,

< [Please indicate the distancs between the wel! location and any septic tank system or sewer system.

W E

"= ft

DWR 55-5 (REVISED 02/06/08) Pags 4 of 4
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FIGURE 1
‘Well Location Map
Wintersburg, Arizoaa

Propesed Production Well

\Productiond\APS\Palo Varde Production Well\l.ecation mep.ppi
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559 834 5158 ZIM IMDUSTRIES

HAoios010
4-Faot Stickup %-nch Walerlight Accass Port
1-Faot Stickup ~———
38-Inch LC2 Surface Casing
(0.375-Inch wall thicknass)
40-inch Barehole
30 Fest Cement Grout Seal
et .
Casing Centraiizers (40-foot spacing)
YO0 Eeet T Fok e = 20-nch LCS Blank Casing
~ = 28 DR (0.275Inch walf thickraza)
i =
il iy gt = 28+hch LGS Intsrmadiate Casing
T At ol iy {0.378-Inch wall thicknass)
| Approx. Stalic Water il i Zgf LR
2O Leval 200 Feet v g Z-~Ss ®——— 34-Inch Borehcle
210 Fest” = Gy s 7
230 Faot e e _el—smar—— Benfonlle Seel
/ x = Caslng Centrallzers (40-foot apacing)
240 Faat = x
y--—— 28-Inch Borehale
480 Feot —————— [ ).
( =T "...:.h:. Disslmilar metal connecior
530 Feet __,f,_'_.
570 Feef —————— e
610 Feat > té-Inch SS Blank Casing
=] 1 {0.8412-Inch wall Lhickneas)
790 Feet ~tf——————— Z24-inch Rorahale
870 Faat __\..
Sand Filler Pack (Tachs 6-12 mesh)
MARVIN 16-Inch S8 Wire Wrap Well Screen
o GLOTFELYY ¢ (0.060-inch mista)
(SN
16-Inch 5% Blank Casing (0.312-Inch
wall \hleknasg)
55 Boitom Plate
[0.312:Inch wall tickneax)
1,290 Fest
1,310 Faet
1,320 Feet FIGURE 2 A
1,360 Feet Not To Scale FINAL WELL DESIGN
Notag: LCS « low carbon slesl Arizona Public Service Company
CLEAR ﬁ $5 = stalntass stugn T Palo Verde Nuclear Generating Station
a L) L] i
CREEK =D WhiGh T namingl - ©EF B(1-6)34AAB
ASSOCIATES * Approximate iop of Palo Verds Clay y;

N:AAPSiPala Vorde Praduction Wall \ Tech Spec\Weli Basign \ Fig 2 - Wall design 10:26-07,ppt

Octoher 26, 2007



APPENDIX B

PHOTOGRAPHIC DOCUMENTATION

CLEAR === Well Completion Report June 4, 2008
CREEK //\5\) Arizona Public Service Company 040070
ASSOCIATES: Production Well Charlie

N:\APS Energy Services\APS\Palo Verde Production Well\Report\Charlie Well PVNGS - FINAL.doc



Appendix B — Photographic Documentation

Drilling pilot hole for surface casing installation.

Installing surface casing.

CLEAR ==
CREEK =0V
ASSOCIATES

N:\APS\Palo Verde Production Well\Report\Appendicies\App B.ppt

Page 1 of 8 Production Well Charlie Installation 2007

Palo Verde Nuclear Generating Station




Appendix B — Photographic Documentation

CLEAR ==
CREEK =0V
ASSOCIATES

Connecting second 20-foot section of surface casing.

ey e
ks S e ¥ 3

o T L AR s S S e
Welding second 20-foot section of surface casing.

e

Cementing surface casing in place.

N:\APS\Palo Verd

e Production Well\Report\Appendicies\App B.ppt

Page 2 of 8

Production Well Charlie Installation 2007
Palo Verde Nuclear Generating Station




Appendix B — Photographic Documentation

eophysical logging pilt hole for intermediate casing.

Drilling pilot hole for intermediate casing.

Lithologic sample collection area.

N:\APS\Palo Verde Production Well\Report\Appendicies\App B.ppt Page 3 of 8 Production Well Charlie Installation 2007
Palo Verde Nuclear Generating Station




Appendix B — Photographic Documentation

Installing intermediate casing.

Installing intermediate casing.

i ;
CLEAR - Ny 3 ¥ g - . . R -
CREEK =DV Installing intermediate casing.
ASSOCIATES
N:\APS\Palo Verde Production Well\Report\Appendicies\App B.ppt Page 4 of 8 Production Well Charlie Installation 2007

Palo Verde Nuclear Generating Station




Appendix B — Photographic Documentation

2505

o = ~ S . e Ay ¥t gty
¢ - S Yo % ’ - - [ R ﬁ}.p“.,
Aem > £ e b RO

Well screen. Reducer.

CLEAR —/ =
CREEK =0V
ASSOCIATES
N:\APS\Palo Verde Production Well\Report\Appendicies\App B.ppt Page 5 of 8 Production Well Charlie Installation 2007

Palo Verde Nuclear Generating Station




Appendix B — Photographic Documentation

CLEAR ——~ Super sacks of filter pack.

CREEK =0V
ASSOCIATES

Welding well casing sections.

Install

b
Al
W

A7
ation of cement seal.

N:\APS\Palo Verde Production Well\Report\Appendicies\App B.ppt

Page 6 of 8

Production Well Charlie Installation 2007
Palo Verde Nuclear Generating Station




Discharge water during air-lift development.

Test pump setup. Discharge water during step-testing.

N:\APS\Palo Verde Production Well\Report\Appendicies\App B.ppt Page 7 of 8 Production Well Charlie Installation 2007
Palo Verde Nuclear Generating Station




Appendix B — Photographic Documentation

Downhole video camera.

CLEAR ==
CREEK =0V
ASSOCIATES

N:\APS\Palo Verde Production Well\Report\Appendicies\App B.ppt

Page 8 of 8 Production Well Charlie Installation 2007

Palo Verde Nuclear Generating Station




APPENDIX C

WELL DRILLING
AND INSTALLATION METHODS

CLEAR === Well Completion Report June 4, 2008
CREEK //\5\) Arizona Public Service Company 040070
ASSOCIATES: Production Well Charlie

N:\APS Energy Services\APS\Palo Verde Production Well\Report\Charlie Well PVNGS - FINAL.doc



APPENDIX C

WELL DRILLING AND INSTALLATION METHODS

SURFACE CASING INSTALLATION

A bucket auger is typically used for the installation of surface casing for water production wells
due to the large borehole diameter and relatively shallow depth. The surface casing is sealed in
place with cement grout to stabilize the borehole and casing and to comply with the requirements

of Arizona Administrative Code (A.A.C.) R12-15-811(B).

PILOT HOLE DRILLING AND LITHOLOGIC LOG

After installation of the surface casing, a pilot hole is drilled to the anticipated total depth of the
well in order to accommodate geophysical well logging and the collection of depth-specific
(zonal) groundwater samples before reaming the well to the final diameter. A detailed lithologic
log of the drilled cuttings is prepared to document the subsurface geologic conditions.
Representative samples from each interval are preserved in chip trays for archival purposes. If
an exploratory boring analysis has already been performed at the well site, the well may be
drilled to its final diameter in one pass and geophysical well logging and zonal groundwater

sampling will not be performed.

GEOPHYSICAL WELL LOGGING

After completion of the pilot hole drilling, geophysical logging is conducted in the borehole.
The geophysical logging suite typically includes: caliper, natural gamma-ray, electric (resistivity
and spontaneous potential), laterolog 3 (guard), and sonic logs. Geophysical logs provide useful
information relating to the subsurface that cannot be readily determined from drilled cuttings.
After the geophysical logging of the borehole, depth-specific (zonal) groundwater samples can

be collected, if groundwater quality at certain depths is unknown and/or of concern.

CLEAR ﬁ Well Drilling and Installation March 2008
CREEK =QV 1 ondix C 040070
ASSOCIATES . : 2
Arizona Public Service Company C-1

Production Well Charlie

N:\APS\Palo Verde Production Well'\Report' Appendicies\Appendix C - Well Drlg and Intall Methods.doc



ZONAL SAMPLING METHOD

After the drilling and geophysical logging of the borehole, zonal (depth-specific) groundwater
samples are collected at selected depths. The purpose of zonal groundwater sampling is to
evaluate selected horizons of the aquifer that may contain elevated contaminant concentrations.
The zonal groundwater samples are collected in such a manner as to be representative of a
discrete interval of the borehole. This enables Clear Creek Associates to develop a final well
design that will reduce the potential for poor quality groundwater being pumped from the
completed well. The general method for collection of the zonal groundwater samples in pilot
holes is:

1. The pilot borehole is filled with pea gravel to within 5 feet of the bottom of the interval to
be sampled.

2. The portion of the borehole immediately beneath the interval to be sampled is sealed with
approximately 5 feet of bentonite.

3. A minimum 5%-inch inside diameter steel eductor pipe is installed to the sample depth.
The eductor pipe is capped at its base, and is perforated in the bottom 20 feet.

4. An envelope of clean pea gravel is then installed around the perforated portion of the
eductor pipe, and the gravel envelope is capped with another 5-foot layer of bentonite.
The bentonite annular seals and pea gravel filter pack surrounding the eductor pipe
effectively constitute a temporary “well,” which will receive groundwater only from a
discrete interval of the borehole.

5. Groundwater is purged from the sample interval of the borehole by airlifting for
approximately 12 hours to evacuate introduced water and drilling fluid from the borehole,
so that a representative groundwater sample can be obtained.

After the sample collection, the eductor pipe is pulled up to the next sampling interval, and steps

1 through 5 are repeated.

PILOT HOLE REAMING

Larger-diameter wells are often drilled in two passes in order to maintain plumbness and

alignment of the boring, and to accommodate pilot hole analyses. After the completion of

CLEAR ﬁ Well Drilling and Installation March 2008
CREEK =OV 4 hhendix C 040070
ASSOCIATES / PPendixt :

Arizona Public Service Company C-2

Production Well Charlie

N:\APS\Palo Verde Production Well'\Report' Appendicies\Appendix C - Well Drlg and Intall Methods.doc



drilling and testing of the pilot hole, the pilot hole is reamed (hole diameter enlarged) prior to the
installation of the well screen and casing. A caliper log, which provides a measurement of the
borehole diameter, is typically conducted in the drilled borehole and enables Clear Creek
Associates to calculate specific volumes of the annulus to be filled with filter pack and annular
seal materials. Changes in the borehole diameter commonly occur due to formation washouts

(enlarged hole diameter) or swelling of natural clays in the formation (decreased hole diameter).

WELL INSTALLATION METHOD

During the installation of the well casing, the drilling fluid level within the borehole is
maintained full to the ground surface. The well casing is centered in the hole to the extent
possible during installation, and casing centralizers are secured to the casing and screen at
intervals of approximately 40 feet. The well casing and well screen are hung in suspension until

the filter pack and cement grout seal are installed.

WELL DEVELOPMENT METHOD

After the installation of the well is complete, the well is developed to repair borehole damage, to
remove drilling fluids, and to settle the filter pack in the well. Damage to the formation adjacent
to the well typically occurs during drilling, as the sediment is pulverized and smeared across the
face of the borehole. Well development is the process of removing fine-grained sediment from
the borehole wall and filter pack to increase the porosity and permeability of the material
surrounding the screened interval of the well. The well is developed by airlifting groundwater
from the well, while simultaneously swabbing the screened interval with a 20-foot double-
flanged perforated tool between two swab disks. The swabbing tool is reciprocated in the well
screen, which breaks down the fine-grained smear on the borehole wall and surrounding
formation. The fine-grained sediment is then pulled through the perforations between the swab

disks and removed from the well by airlifting.

The screened interval of the well is developed from the bottom of the screen to the top, in
approximately 20-foot intervals. During well development operations, Clear Creek Associates

personnel periodically monitor the discharge water produced by airlifting for sand content, pH,

CLEAR ﬁ Well Drilling and Installation March 2008
SScociares AppendixC L
Arizona Public Service Company C-3

Production Well Charlie

N:\APS\Palo Verde Production Well'\Report' Appendicies\Appendix C - Well Drlg and Intall Methods.doc



temperature, and electrical conductivity. Once the groundwater parameters have stabilized in the
interval undergoing development and the discharged water is relatively free of sand, the
swabbing tool is raised to the next 20-foot interval and the process is repeated. Any sand that
accumulates at the bottom of the well during development is removed by airlifting after the

initial swabbing and airlifting operations are completed.

After swabbing and airlifting operations are complete, well development is resumed using a
temporary pump. The pump is initially operated at a low rate, as sand content is monitored.
Once the sand content drops below approximately 5 milliliters per liter (ml/l), the pump is surged
(briefly turned off to allow the backflow of water into the well) two or three times in succession
in order to pull fines loose from the filter pack and formation surrounding the well borehole. The
pumping rate is increased and the procedure is repeated until the pumping rate exceeds the
maximum rate anticipated during well testing activities. Pumping and surging is performed for a
total of approximately 12 hours. The pump is then shut down and the water level in the well is
allowed to recover to its static level. Well testing and evaluation activities can then begin and
normally consist of a step-rate pumping test, a constant rate aquifer test, and a water level

recovery test.

CLEAR ﬁ Well Drilling and Installation March 2008
CREEK =DV \ endix C 040070
ASSOCIATES / PPendixt :

Arizona Public Service Company C-4

Production Well Charlie
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APPENDIX D

DAILY DRILLER REPORTS

CLEAR === Well Completion Report June 4, 2008
CREEK /4-\) Arizona Public Service Company 040070
ASSOCIATES: Production Well Charlie
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United Metro Materials, Ine. _ -
Dbz Rinker Materials

701 N. 44th Street

PO Box 52140

Phoenix, AZ 85072-2140

60724618

(602) 220-5000 « (800) 535-2753 MATERIALS™
www.rinker.com
- TO PLACE AN ORDER PLEASE CALL:
Aggregate and
North Dispatch South Dispatch East Dispatch West Dispatch Central Dispatch Asphalt Dispatch
(623) 582-1503 © {800} 579-2044 (480) 362-1411 (623) 536-0174 (602) 262-1400 (602) 220-5530

"Return Planit

R e

Custorner Code Customer Name: Customer Jok Number: Order Code / Date:

SR £iw LMD

Prject Code: "+ 0 . Project Name;: 7.0

Ticket Date: Map Page:

DA S s

atche

Slump: Tru!ck.Number Driver Name End Use:
1 i o & % - ».'.” : i
L ) 08

LOAD CUMULATIVE ORDERED
QUANTITY QUANTITY oM UNIT PRICE AMCUNT
L.
Cash Check # / Auth Code: Signature of Driver Receiving Cash: . ) 3 Cash Received: - Totat COD Order Amount to Collect
— T - : : Without Standby Charges:
Check
[ ] Charge
Comments:
WATERADDED:_____ GAL  YARDSIN DRUM:
WHEN ADDED.
' SIGNATURE

CURB LINE CROSSED AT OWNER'S/AGENT'S REQUEST:

SIGNATURE
O10AD WASTESTED  BY:

Notice: Qur dfivers will make every effort fo place materials where the cusfomer designates, but the | SPECIAL TERMS: Any water added is at customers own risk. If water is added on job, concrete strength
Compsny assumes no responsibility for damages inside curb or property line. Customer agrees to the | i no fonger guaranteed. WARNING: Product may cause skin and/or eye irritation. CAUTION: Material
terms of sale and delivery and accepts concrete as is. Due to important factors which are out of our | may be hazardous to your safety and health. Please refer 1o the backside of this ficket for important
controf after delivery, this Company will not accept any responsibifity for the finished results. No credit for | safety handling information, and fo the material safety data sheets for additional information,

retumet concrete. Buyers exceplions and claims shall be deemed waived unless made 1o us in writing | RECEIVED BY: ..

within one business day after the receipt of materials. ) X / ,./ o ﬂ]

/ ,,-p

INVO!CE/ 7

=




United Metro Materials, Inc.
Dba Rinker Materials

701 N. 44th Street

PO Box 52140

Phoenix, AZ 85072-2140

(602) 220-5000 + (800) 535-2753
www.rinker.com "~

TO PLACE AN ORDER PLEASE CALL:

North Dispatch
(623) 582-1503

South Dispatch
{800) 579-2044

East Dispatch
(480) 362-1411

MATERIALS™

60754982
Aggregate and

West Dispatch Central Dispatch Asphalt Dispatch

(623) 536-0174 (602) 262-1400 (602) 220-5530

'ﬁcket Date:

s

Customer Job Number: Order Code { Date:

; Map.'Ruwaqumn

\J‘ L]

K *\}'i"

Due On Job: Slurmp: Truck Number Driver Number: Driver Name: End Use:
SBE Pk T G 1T
LOAD CUMULATIVE ORDERED
QUANTITY QUANTITY QUANTITY UNIT.ERICE AMOUNT

Cash Check # / Auth Code: Signalure of Driver Receiving Cash: Cash Received: Total GOD Order Amount to Collect
L] : e ; . 57 E ~. | Without Standby Charges:

Check s B

Charge
Comments:

o~

1

A
WATER ADDED: 7 (>

GAL  YARDS INDRUM: 7"~ = 9
WHEN ADDED.
SIGNATURE
CURB LINE CROSSED AT OWNER'S/AGENT'S REQUEST:
BIGNATURE

3 LOAD WAS TESTED  BY:

Notice: "Our drivers will make every effort to place materials where the customer designates, but the
Company assumes no respongibility for damages inside curb or proparty lina. Customer agrees to the
. terms of sale and delivery and- accepts concrete as is. Due to important factors which are out of our

control after delivery, this Company will not accept any responsibifity for the finished results. No credit for
refumed concreie. Buyers exceplions and claims shali be deemed waived unless made 1o us in writing
within one business day after the receipt of materials.

SPECIAL TERMS: ' Any water added is at customers own risk. If water is added on job, concrete strength
is no longer guaranteed. WARNING: Product may causa skin and/or eye irtitation. CAUTION: Material
may be hazardous to your safety and health. Please refer to the backside of this ticket for important
safety handling information, and to the material safety data sheets for additional infammation.

RECE{VED BY:

%

VA Al B e N
e rd L2 A
vl o R 4P

)

INVOICE

e

Fe



United Metro Materials, Inc.

Dba Rinker Materials
701 N. 44th Street -
PO Box 52140
Phoenix, AZ 85072-2140 : -
© {602) 220-5000%(800) 535-2753 . .MATERIALS™
www.rinker.com
TO PLACE AN ORDER PLEASE CALL:
] Aggregate and
North Dispatch South Dispatch East Dispatch West Dispatch Central Dispatch Asphalt Dispatch
{623) 582-1503 (800) 579-2044 (480) 362-1411 {623) 536-0174 (602) 262-1400 {602) 220-5530

R

Finish Un

Customer Name:

_ " Delivery Address: ..
VEAGT R B

Deifivery Instructions: * : .

o,

Order Code { Date:

Truck Number:
LI
LOAD "CUMULATIVE ORDERED
QUANTITY QUANTITY QUANTITY MATERIAL CODE

uom - UNIT PRICE AMCUNT

2

Cash Check # / Auth Code: Signature of Driver Receiving _Cash:. Cash Recelved: | Total cob QOrder Amount to Collect
— | Without Standby Charges:
| | Check "
[ ] Charge w5
Comments: {" X
WATER ADDED: LGAL YARDS IN DRUM:
/ WHEN ADDED.
SIGNATURE
CURB LINE CROSSED AT OWNER'S/AGENT'S REQUEST:
SIGNATURE

QO LOAD WAS TESTED  BY:

Netice: Qur drivers will make every effort 1o place materials where the customer designates, but the
Company assumes no responsibility for damages inside curb or praperty line. Cusiomer agrees fo the
‘texms of sale and delivery and accepls concrete as is.. Due to imporiant factors which are out of our
control after delivery, this Company will not accept any responsibility for the finished results. No credit for

SPECIAL TERMS: Any water added is at customers own risk. If water is added on job, concrete strength
is na longer guaranteed. WARNING: Product may cause skin and/or eye imtation. CAUTION: Material
may be hazardous to your safety and health. Please refer o the backside of this ticket for important
safety handling informaiiorr,}and to the material safety data sheets for additional information,

retumed soncrefe. Buyers exceptions and claims shall be deemed waived uniess made io us in writing RECEWEPQBY: e Al
within one business day after the receipt of materials. x -/ ";/ / S
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United Metro Materials, Inc.

Dba Rinker Materials

701 N. 44th Street

PO Box 52140 '

Phoenix, AZ 85072-2140

(602) 220-5000 « (800) 535-2753
www.rinker.com

MATERIALS™

TO PLACE AN ORDER PLEASE CALL:

Aggregate and
North Dispatch : South Dispatch East Dispatch West Dispatch Central Dispatch Asphalt Dispatch
(623) 582-1503 ' {800) 579-2044 (480) 362-1411 {623) 536-0174 (602) 262-1400 (602) 220-5530
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BEBBAe g ZaED IR

W
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(= by

 Delive

ket Date:
B

LOAD CUMULATIVE ORDERED
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Cash Check #/ Auth Code: Signature of Driver Receiving Cash: . : 2 Cash Received: . " | Total COD Order Amount to Collect
= - . W : : ’ . - Without Standby Charges:

Check -
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Comments: .

WATERADDED:____ GAL YARDS IN DRUM:
WHEN ADDED.
SIGNATURE

CURB LINE CROSSED AT OWNER'S/AGENT'S REQUEST:

SIGNATURE
O 1LOAD WAS TESTED  BY:

Notice: Our drivers wit make every effort to place materials where the customer designates, but the | SPECIAL TERMS: Any water added Is at customers own risk, If water is added on jeb, concrete strength -
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control after delivery, this Company will nat accept any responsibility for the finished resulis. No credit for | safety handling information, and to the material safety data sheets for additional information.
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United Metro Materials, Inc,
Dba Rinker Materials

701 N. 44th Street

PO Box 52140

Phoenix, AZ §5072-2140

MATERIALS™

60796867

{602) 220-5000 + (800) 535-2753
www._rinker.com '
C g TO PLACE AN ORDER PLEASE CALL: :
: . & ¢ — i Aggregate and
North Dispatch South Dispatch East Dispatch West Dispatch Central Dispatch Asphait Dispatch
(623) 582-1503 - (800) 579-2044 {480) 362-1411 (623) 536-0174 (602) 262-1400 (602) 220-553{1
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APPENDIX E

PENETRATION RATE GRAPH
AND LITHOLOGIC LOG

CLEAR === Well Completion Report June 4, 2008
CREEK /4-\) Arizona Public Service Company 040070
ASSOCIATES: Production Well Charlie

N:\APS Energy Services\APS\Palo Verde Production Well\Report\Charlie Well PVNGS - FINAL.doc



Penetration Rate
Production Well Charlie
Palo Verde Nuclear Generating Station
Wintersburg, Arizona

Penetration Rate (feet/hour)
10 20 30 40

50

50

100

150 4

200 A

250

450 4

500

550 4

600

650

700

Depth (feet)

750

800

850 A

900

950

1000 4

1050 4

1100 4

1150

1350

Average rate:
12.9 feet/hour
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APPENDIX F

GEOPHYSICAL LOG INTERPRETATION
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APPENDIX F
GEOPHYSICAL LOG INTERPRETATION

Geophysical logs are helpful to characterize subsurface hydrogeologic conditions that cannot be
readily determined from drilled cuttings. Geophysical logs can be correlated with the lithologic
log of a boring to provide a confirmation of the local stratigraphy. They also provide greater
resolution of subtle geologic conditions (such as thin stratigraphic units, or gradational changes
in grain size) that may not be discernable in the lithologic log. Some of the more common

geophysical logs are briefly described below.
ELECTRIC LOG

The electric log consists of a spontaneous potential (SP) log, a short-normal (16-inch) resistivity
log, and a long-normal (64-inch) resistivity log, which are recorded simultaneously. The SP log
measures naturally occurring electrical signals and is used mainly for lithologic correlations or
for differentiating non-permeable strata in a clay-sand sequence. The short-normal and long-
normal resistivity logs are measured as the reciprocal of a formation’s electrical conductivity.
The increase or decrease of a formation’s resistivity is partially controlled by its porosity.
Because groundwater is an electrical conductor, its presence in the interconnected pores reduces
the overall formation resistivity. Typically, silt and clay units will have lower resistivity values
in comparison to sand and gravel units. The short-normal resistivity log measures the resistivity
of the formation near the borehole, while the long-normal resistivity log measures the resistivity
at a greater distance from the borechole. In more permeable sand or gravel zones, the long-
normal and short-normal logs will exhibit a horizontal separation, as the resistivity of the
borehole wall (wall cake) differs from the resistivity of the undisturbed formation. The long-
normal and short-normal logs will measure similar resistivities in non-permeable clay zones,
although the two logs may also be similar in extremely permeable zones where drilling fluid

invasion into the formation has been extensive.
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CALIPER LOG

The caliper log provides a measurement of the borehole diameter. Changes in the borehole
diameter commonly occur from formation washouts (enlarged hole diameter), buildup of the
drilling mud-wall cake across permeable strata (decreased hole diameter), or swelling of natural
clays in the formation (decreased hole diameter). The caliper log is used in conjunction with

other logs to differentiate hole diameter effects from actual lithologic changes.

SONIC LOG

The sonic log (also called the “acoustic log™) measures the average velocity of a sound wave
passing through the formation. The velocity of the sound wave changes as it passes through
water and through varying formation materials. The sonic log is useful for estimating relative
formation density, evaluating fracture patterns in bedrock aquifers, and estimating the location of
the regional static water level and any perched water tables. This log is also useful for
characterizing the integrity and quality of cement grout annular seals outside the casings of

existing wells.

The sonic wave travel time (At) is measured in microseconds per foot (usec/ft); therefore, an
increase in At equates to a decrease in travel speed. In unconsolidated alluvial sediment, lower
At values (increased travel speeds) indicate a somewhat rigid or compacted condition that may
correlate with coarse-grained or cemented sediments. The At values in crystalline rock
formations are of a much lower magnitude (increased travel speed) than in unconsolidated
sediments. The porous or fractured intervals within a crystalline rock aquifer are generally
reflected as higher At values (decreased travel speeds) on the sonic log, where the lack of rigid

crystalline rock retards the speed of the sound wave.

GAMMA-RAY LOG

The gamma-ray log measures the naturally occurring gamma emissions from the decay of

unstable elements in the formation surrounding the borehole. One of the most significant and the
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most abundant radioactive elements is potassium 40. As potassium 40 decays, it emits
electromagnetic radiation, which the gamma-ray probe detects and records. The greater the
counting rate, the higher the amount of potassium 40 in the formation. All potassium-bearing
minerals such as feldspar, biotite, and several clay minerals contain potassium 40.
Consequently, an increase in clay content in the strata typically results in a high response of the
gamma-ray probe and inversely, a decrease in clay content results in a low response. However,
in many portions of Arizona, arkosic (feldspar-rich, poorly weathered) sand formations are
present, which also have high gamma-ray emissions. Therefore the gamma-ray log must be used

in conjunction with the other logs.

LATERAL (GUARD) LOG

The lateral log (also called ‘guard log’) operates in a similar manner as the long-normal and
short-normal resistivity logs to detect the formation’s electrical resistance. However, the normal
logs are more limited in their ability to assess more than a few inches into the strata adjacent to
the borehole. The lateral logging tool is capable of detecting formation properties at much
greater distances from the borehole, and it is also able to resolve thin sedimentary units that are
not detected by conventional electric logs. Therefore, the lateral log provides a more detailed
resolution of thin sedimentary strata (in unconsolidated alluvium) or fractures (in crystalline

bedrock) than its electric log counterpart.
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APPENDIX G

SIEVE ANALYSIS LABORATORY REPORTS
(including filter pack material)
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MECHANICAL SIEVE ANALYSIS

SIEVE SIZE PERCENT PASSING| SPECIFICATION
Us STD METRIC
4 100
3.5 89
3 75
2.5 63.5
2 50
1.5 37.5
1.25 31.26
1 25
3/4 19 100
1/2 12.5 98
38 9.5 89
1/4 6.4 79
#4 4.75 75
#8 2.36 60
#10 2.00 58
#16 1.18 50
#30 6 41
#40 425 37
#50 3 32
#100 45 20
#200 075 11.4
PERFORMED IN ACCORDANCE WITH ASTM C 136
ATTERBERG LIMITS
LL PL Pl (%)

PERFORMED IN GENERAL ACCORDANCE WITH ASTM C 4318-05

SAMPLE LOCATION

DEPTH {ft} SOIL DESCRIPTION

PALO VERDE

550-560 SAND WITH GRAVEL

/Vinya&Mnn\'e

MECHANICAL SIEVE ANALYSIS

LAB NO.

PROJECT NO.

DATE TESTED

129999

10/26/07

PALO VERDE
CLEAR CREEK ASSOCIATES




MECHANICAL SIEVE ANALYSIS

RIEVESIZE PERCENT PASSING{ SPECIFICATION
US 8TD METRIC

4 100

3.5 89

3 75

2.5 63.5

2 50

1.5 375
1.25 31.25

1 25 100
3/4 19 97
12 12.5 920
38 9.5 86
114 5.4 80
#4 4.75 75
#8 2.36 64
#10 2.00 61
#16 1.18 52
#30 & 43
#40 425 38
#50 3 33
#100 15 23
#200 075 13.4

PERFORMED IN ACCORDANCE WITH ASTM C 136

ATTERBERG LIMITS

LL

PL P (%)

PERFORMED iN GENERAL ACCORDANCE WITH ASTM C 4318-0%

SAMPLE LOCATION

DEPTH (ft) SOIL DESCRIPTION

PALO VERDE

660-670 SAND WITH GRAVEL

/Vinga& Moore

MECHANICAL SIEVE ANALYSIS

LAB NO.

PROJECT NO.

DATE TESTED

128999

10/26/07

PALO VERDE
CLEAR CREEK ASSOCIATES




MECHANICAL SIEVE ANALYSIS

SIEVE Sl PERCENT PASSING| SPECIFICATION
Us STD METRIC
4 100
3.5 89
3 75
25 63.5
2 50
1.5 37.5
1.25 31.25
1 25 100
3/4 19 29
1/2 12.5 g7
3/8 9.5 95
1/4 6.4 88
#4 4.75 84
#8 2.36 71
#10 2.00 68
#16 1.18 57
#30 B 42
#40 425 34
#50 3 27
#100 A5 15
#200 075 0.2

PERFORMED IN ACCORDANCE WITH ASTM C 136

ATTERBERG LIMITS

LL

PL

Pl (%)

PERFORMED IN GENERAL ACCORDANCE WITH ASTM C 4318-08

SAMPLE LOCATION

DEPTH (ft)

SOIL DESCRIPTION

PALO VERDE

780-790

SAND WITH GRAVEL

Ninyo-Moore MECHANICAL SIEVE ANALYSIS LAB NO.
FALG VERDE
PROJECT NO. DETE TEATED CLEAR CREEK ASSOCIATES 3
129929 10726107




MECHANICAL SIEVE ANALYSIS

SIEVERIZE PERGENT PASSING| SPECIFICATION
Us STD METRIC
4 100
3.5 89
3 75
25 63.5
2 50
1.5 37.5
1.25 31.25
1 25
3/4 19 100
112 12.5 50
3/8 9.5 81
174 6.4 70
#4 4,75 63
#8 2.36 48
#10 2.00 45
#16 1.18 35
#30 6 23
#40 425 18
#50 3 s
#100 A5 7
#200 075 4.2

PERFORMED IN ACCORDANCE WITH ASTM C 138

ATTERBERG LIMITS

LL

PL

Pl (%)

PERFORMED !N GENERAL ACCORDANCE WITH ASTM C 4318-05

SAMPLE LOCATION

DEPTH (ft)

SOIL DESCRIPTION

PALC VERDE

910-920

SAND WITH GRAVEL

/VInga& Mvoore

MECHANICAL SIEVE ANALYSIS

LAB NO.

PROJECT NO.

DATE TESTED

129999

10/26/07

PALQ VERDE

CLEAR CREEK ASSOCIATES




MECHANICAL SIEVE ANALYSIS

SIEVE SIzE PERCENT PASSING| SPECIFICATION
us 8TD METRIC
4 100
35 89
3 75
25 83.5
2 50
1.5 37.5
1.25 31.25
1 25
3/4 19 100
112 12.5 98
3/8 9.5 95
14 6.4 89
#4 4.75 83
#8 2.36 68
#10 2.00 65
#16 1.18 51
#30 .6 35
#40 425 28
#50 3 21
#100 A5 10
#200 075 6.5

PERFORMED IN ACCORDANCE WITH ASTM C 136

ATTERBERG LIMITS

LL

PL

Pl (%)

PERFORMED IN GENERAIL. ACCORDANCE WITH ASTM C 4318-05

SAMPLE LOCATION

DEPTH (ft)

SOIL DESCRIPTION

PALO VERDE

t070-1080

SAND WITH GRAVEL

/VIn.ya& Mvoore

MECHANICAL SIEVE ANALYSIS

LAB NO.

PROJECT NC.

DATE TESTED

129999

10/28/07

PALO VERDE

CLEAR CREEK ASSQOCIATES




MECHANICAL SIEVE ANALYSIS

SIEVESIZE PERCENT PASSING| SPECIFICATION
US STD METRIC

4 100

35 89

3 75

2.5 63.5

2 50

1.5 37.5
1.25 31.25

1 25

3/4 19 100
172 12.56 23
3/8 9.5 84
174 6.4 71
#4 4.75 63
#3 2,36 43
#10 2.00 39
#16 1.18 28
#30 .6 18
#40 425 14
#50 3 11
#100 ] 6
#200 075 3.3

PERFORMED IN ACCORDANCE WITH ASTM C 136

ATTERBERG LIMITS

LL

PL

Pl (%)

PERFORMED IN GENERAL ACCORDANCE WITH ASTM C 4318-05

SAMPLE LOCATION

DEPTH (ft)

S0IL DESCRIPTION

PALO VERDE

1280-1270

SAND WITH GRAVEL

)Vin.ya & Mnnre

MECHANICAL SIEVE ANALYSIS

LAB NO.

PROJECT NO.

DATE TESTED

129909

10/26/07

PALO VERDE
CLEAR CREEK ASSOCIATES




Oct 239 2007 11:57AM TACNA SAND AND GRAVEL 828 785 97213

R
QW‘”,%&‘
A
TACNA SAND & GRAVEL
SIEVE ANALYSIS TEST RESULTS

PROJECT: ZIM INDUSTRIES DATE: 10/29,/07
LOCATION: SAMPLE NO -
MATERIAL: X172 SAMPLED FROM: STOCK
SAMPIEDBY:  DAVE BURAU
TESTED BY: DAVE BURAU
FRACTION OPENING { PERCENT PERCEINT PERCENT
EQUIVALENTS US STANDARD}  INCHES WEIGHT RETAINED PASSED SPECS
3/4" 3/4° 0.750
1/2" 1/2° 0.500
3/8" 3/8" 0.375
5/16" 5/16" 0.312
1/4° 1/4 0.250!
3/16 #a | oas7]  Teace
1/8" #6 0.132 41.3 41.3 58.7
3/32" #8 | 00937 44.3 85.6 14.4
#10 0.0787 6.5 92.1 79
#12 0.0661 3.3 95.4 4.6
#14 | 0.0555
#6 0.0469 % 98.1 1.9
#18 0.0394]
#20 0.0331
#30 0.00234
#40 0.0165
#50 0.0117
#60 0.0098
#70 0.0083
#100 0.0059
#200 | 0.0029
FAN 19l 1000
TOTAL

SUBMITTED BY:




APPENDIX H

CASING MATERIAL TEST REPORTS
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1824 _ROSCOE_MOSS ooy
7 ROSCOE MOS5 COMPANY » BAKERSFTELD idlaoz/002

CESmmy cioviermess % CERTIFIED TeST REPORT

Fantana, California 92335 52‘;‘;&;,;”
CUSTOMER ORDER MO NIRBER . SHIFPING DATE CAR NUMBER TALLY NUM-BEK ;
11250-00 01-8416-03 09/27/07 9d28030 m HS 250692245 1/
§ | ROSCOE MOSS MANUFACTURING CO. | 4| ROSCOE MOSS MANUFACTURING CO.
L | SUBS OF ROSCOE MOSS COMPANY ¢ | SUBS OF ROSCOE MOSS COMPANY
. BOX 31064/LINCOLN HEIGHTS STA 7| 4360 WORTHST, '
2 | LOS ANGILES CA 9003 °| LOSANGELES CA 90062
TEST REFORTS TO SHOW WEIGHTS, FRT COLLECT, £/B TO CHARGE TO. MARK ALL DOCUMENTS PART
#01-33-365-1.
‘B | SPIRALWELDPPE = = 3Q°OD x  ROIC

P00 | R, SHEET PROCESSED COIL (SE) - PRIME

oz | PQ-50 KSTMIN YIELD

1 . ! INSPECTION MILL

TR
DESGRIFTION . COILS, PIESES | year mnsmer -
OR BUNELER [ CERTIFY THE FOLLOWING
.3650 x 33.5000 x COIL 1 |Msz8ES TEST INFORMATION TO BE |
MIN SE CORRECT AS CONTAINED
: ) : IN THE RECORDS OF THE
COMPANY,
TOTAL WEIGHT: 15,390 LRS
Sy. Chemist - Laborafory Sarvices
MECHANICAL PROPERTIES ; CHEMICAL ANALYSIS 11:04:02  09/27/07 CC
S IHEALOR am | L[| vmo | JENSLE ELDM?,M‘ION BEND ) . '
wpeze  |NoeeR | G ke | TR S S e (i | p | s Si{-cu | M |er fMo a1 | Vv ]|cb|rifas} x| sa
MEzBBS B {88.5: 71.5 i al Cotar 1.14 011: 003 Pza3] o2 La1 lor (oo | oapf oo2! 021} oo oco; ooz ool
i8] 8851 73.0 | 30} i i ;
H Matérisliis RGHS compliant IE




1

323 263 4497

10/15/07 MON 11:37 FAX 661 393 1824
0/15/2007 11:54 FAX

ROSCOE

MOSS

ROSCOE MOSS CUMPANY

- BARERSFIELD

ooz

dioo1/oa2

California Steel Industries 23 - 1 - -
= -l 14000 San Bemardino Ave. - ~ormcdik.  CERTIFIED TEST REPORT
Fontana, Califernia 92335 C,asir\g.
CUSTOMER DRPER Ma. ‘NU“'HER SHIPPING DATE CAR NUMBER TALLY NUMEER i ]
11250-00 01-8416-03 09/27/07 9428080 m HS 250692245 1/
2 | ROSCOE MOSS MANUFACTURING CO. i | ROSCOE MOSS MANUFACTURING CO.
t { SUBS OF ROSCOE MOSS COMPANY » | SUBS OF ROSCOE MOSS COMPANY
BOX 31064/LINCOLN HEIGHTS STA +{ 4360 WORTH 5T.
5 | LOS ANGELES CA 50031 ¢| LOSANGELES CA 90063

# 01-33- 365 1.

TEST REPORTS TO SHOW WEIGHTS. FRT COLLECT, ¥/B TO CHARGE TO. MARK ALL DOCUMENTS PART

b

we | SPIRAL WELD PIPE

J8°0D » .Q§'~

FROF | HLR. SIIEET PROCESSED COIL (SE) - PRIME
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APPENDIX 1

WELL INSTALLATION FIELD FORMS

CLEAR === Well Completion Report June 4, 2008
CREEK /4-\) Arizona Public Service Company 040070
ASSOCIATES: Production Well Charlie

N:\APS Energy Services\APS\Palo Verde Production Well\Report\Charlie Well PVNGS - FINAL.doc



CLEAR

3%

CREEK -0

ASSOCIATES

PIPE TALLY

Page 1 of

[Project Name.: Chaclis tdet PYNES

Project No.: &4 0070

IWell No.: 55- 314 659

Date: /O0-/5-07

[lLocation: B(I-&)344a8 %

Pipe Talley for: 4comie. Yoo wntermediate casy g

[Total Depth: FHO S4ls

Type of Connections: O Welded O T+C E’ Flush Thread O Other

Geologist: ()

R

Pipe Length Length X Pipe Type Pipe Length | LengthX Pipe Type
i (ft) (ft) v 1 ® (it
| |V 1 RT] 2570 | Tceme
Al vV lagenl 5u.7C
31 v laseol 86.30
4 1 v [ 3a30] ji8.60
5 |V 1999 14850
b | v, 1304D] 178,60
T 1/ | 3loo] 309D
g1/ [alay] a4loy N
SUMMARY OF TALLY
Total length of casing/screen tallied (ft.):
)Length of casing cut off after landing (ft.): 4 St
EBottom of Casing (feet below land surface}: a3 R. 04
Screened Interval(s) {ft.bls)
Total feet of blank casing in hole {ft.):
Notes:

WWClearcreek01\PraductiomCCA FORMS ANALYSIS\Forms\CCA WELL DOGCs TALLY




CLEAR ==

=0

CREEK =)

ASSOCIATES

PIPE TALLY

Page ’ of

[Project Name.: Chac)ie Lok PINGSS

Project No.: p4 00 F0

(el No.:

G5 -4 659

Date: /O~ = -7

[Location: B8 (L-&" 3 aal

[Total Depth: 2 4.0 & wis

Pipe Talley for; J&" _In'\'e‘(ﬂed\qfl‘& u}a{\ fa= NG
Geologist: G &L =

Type of Connections: o Welded O T+C O FlushThread O Other

f oF S-H(:\LUP-

Pipe Length | LengthX Pipe Type Pipe Length | Length X Pipe Type
c .4 () () v | @ {#)
dt [V T Ho.oa[™ Ho.0> [i8s Toreamedinte
A&/ [ o3[ 380.0%
A—3 1 1490.08 | 13016
A4 1/ 140,031 160.i7
q 5 v | Ho.p4| 20023
6 v | yoo| 240.29
R INAEYSEEL N
SUMMARY OF TALLY
Total length of casing/screen taliied (ft.): /S 0034
|t.ength of casing cut off after landing (ft.): 35, - 4,
[Bottom of Casing (feet below land surface): 240,29
Screened Interval(s) (ftbls):  p e
Total feet of blank casing in hole (ft): 240,29
Notes:

WClearcreekd1\ProductiomCCA FORMS ANALYSIS\Forms\CGA WELL [0Cs TALLY



Page ‘
CLEAR —=
CREEK 2OV Wl O
ASSOCIATES PIPE TALLY
lProject Name.: Chaclie wWaoil $NNGES Project No.: D4 oo7 ©
[WellNo.: 55- 214659 Date: |\- &-O7

[Location: 2 (1-e) 24 aab Pipe Talleyfor: /6" 35 / 20" LCS casiag
Total Depth: 1 3 X 4 Geologist: {1 (% Ma<- QQ
Type of Connections: & Welded O T+C [ Flush Thread QO Other
Pipe Length Length X Pipe Type Pipe Length | Length X Pipe Type
( v | @ () v i ()
{ v 1425 | {9. 74 |55 C«jl-,mlv“"f[&un IV RN R >!Sﬁm1|4~w%aJ:oma¢LVD
{ 2 v [ .97] 39,25 |55 wive ww&" 31 v 40,02 |3y 03 [ics @an!r.cufm. 2
3 v 112951 59,23 i 35 vV, |30l 524 04 y
dy v 114.56]79.71 i 39 | & |rioy |%99./2  |Rieibam
& 1V 997199, 6% & Lo | o/ [42.03[$105 [cs Bunkcugn Tol |y
(e 1/ lassling,63 I |/ [Ha 02 13T a
D | V1996 [139.59 " 92 [V Mol |s5.0% z
< & \/ 1992 [159:56 H 43 W Hi.2z2 |G lle 1" P
¢ I 139 2H79.53 f yu | o/ [Ha0z ok 2 X 2
(He L Tasyjiasse | 7 4S |/ Baof [iosezs R %
n v Egg lma.4az ] 4b | R0z 123 H
A liggqe (339,431 @ B9 | o7 [0z |ins.2q m 3
R |V lisg7lases.v0| ¢ by | [H2.92 iz, ¥
< iY \/ P‘fa‘q7 #17,37 i 49 ‘/qQ‘QL{' 1249, 33 L g
o 11387 294,34 u 60 | v/ [H303 [j2% 30 G
( o [+ | ﬁ‘f"} 3i9, 3} Y 51 | ) |92 .93 1333, 39 B
M i1 [« 19.971339.28 T o
(& | v 1/996 [35%.24 n
( i v lla.s7 (379,21 H
( 3o | v 4.4 [399./% "
&) | vwlla.a 119005 u
A3 =" Uiy 1439./3 4
M3 o [Hooyq 401,10 [55 Blande. casiney
dr24 1 15003 519,20 1SS Blawie, casirdy
M ac [vT9.9%8 53913 [Sevewmep (6"
36 | v~ 119,99 [559. M ¥
oy R4 B .
( 28 | 19,95 |599.99 o
29 | 1947 [bi9.96 b SUMMARY OF TALLY
( 30 | v i1 9 |13%.04 i Total length of casing/screen fallied (ft }333 JC] -
i v 1998 659,02 @ Length of casing cut off after Eandrng(ft [g.60°
( 2y | v e Ak 'if;"-t?- 4y 0 Bottom of Casing (feet below fand surface): 13j0  (#7a% ckup>
33 | v .S |bAas.ay C Screened Interval(s) (fibis) 610 -790 370 -i290
0 39 | 396 [135.90 1SS Bland con-sr | Total feet of blank casing in hole (fit):  io&per e
35 | o [#9.01 [TN% A1 (S5 Bleok cosiey 140, 00 > R 3D
Notes

WClearcreek01\Productior\CCA FORMS ANALYSIS\WForms\CCA GENERAL FIELD DQCs TALLY
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Page l of !
CLEAR —/ =
CREEK =0V “Tremie
(Project Name.: Chaclip Loeil PYNCS Project No: OH oo 7O
lwell No.: SS-214 ¢ 59 Date: [|-%-0"
[Location: B{1- L)3Haal Pipe Talley for: “Tcome ¢\ pe.
[Total Depth: ; 3 224 Geologist: 3.0 s
Type of Connections: O Welded O T+C & Fiush Thread O Other
Pipe Length | LengthX Pipe Type Pipe Length | LengthX Pipe Type
" () (ft) v {ft) ()
b | X | 200 200 | Mole shwee |22 | WX [32.20] 11i/.2H T emio
1 | x 3.7 82,07 —come | 26| X | 2940 i/40.52
a | X | »os| g272 27 | ¥ | 98.00| 116832
X | 32.49(] 95-13 28 | X | 3100 /199.832
4 | X | 3074] 125.87 29 | X |2i.50]1231.32
B | X [29.89] 15576 40 | W 129.90| 1264.33 NE
b | X 13254 188.30 :
3 | X 134,05 282.35
% | X {3i.45]| 253.50
« | X | 3,23 284.73
0 | X |25.59%| 313.62
14 | X | 25.9p] 395,52
U IESEEERELIR
B | X | 32.723] 41081
/4 [ x | 31497] 442,78
16 L X [ 3,22 475,00
i VX | 32,341 508.34
17 | X | 2L.3¢ | 539.¢4
18 | X | 3257] 572,23
1q | K 32025 | &02.98
20 | K [34.80] ¢£35.78
a2t 1Y 130971 é66.75
22 | K 53218 ] 98.93
23 | R 3039 | 92932
a4 | ¥ 3399 | 763.06
25 | X 12176 794,87
26 | X 240 FAS5. 2
27 | X [ 2040 | a55.32
a5 | X 123.90| $89.2% SUMMARY OF TALLY
29 X 12710 | 931,3& Total length of casing/screen tallied (ft.):
2 | X [31.6 95347 {Length of casing cut off after landing (ft.):
%\ \X 941 D | 98387 Bottom of Casing (feet below land surfacs):
23 | X [2.40] 101421 Screened Interval(s) (ftbls):
23 | X | .55 JoH B Total feet of blank casing in hole (ft.)
24 1 X | 2240 079,00 %

Notes:

WClearcreak01\WProduction\CCA FORMS ANALYSIS\WForms\CCA WELL DOCs TALLY




CLEAR — =
CREEK 20N
ASSOCIATES

Page 1 of f

ﬁmb fool
PIPE TALLY

[Project Name.: (\yache Well PYANGS

Project No.: o+ o070

wellNo.: 55 ~ %14 {59

Date: j|-1o-07

[Location: @ (1-)3H a4k

(Total Depth:  t & 8~}

Pipe Talley for: Suso fooi_ Yur dry sgebln ag
Geologist: &, MAC GO '

Type of Connections: [0 Welded O T+C ] Flush Thread [l Other

Pipe Length Length X Pipe Type Pipe Length | Length ¥ Pipe Type
v (ft) (f) : v (ft) {ft)

P o o623 | 2632 | Sied tosl

& S 1=24.15 | (547 5" gipe@

v | 3347 ] 10464 !

4 L | 3935 14399

5 S 1aa.09 | 1 B33

¢ |/ 14146 | 224,73

7 S| 2990 | 29,3

g | ./ [490.75 | 305.358

4 S | 2% 345,08

) S 13905 234,23

i |~ 13970 423.52 i

1A 4045 | 469,08

\2 :/ 32.90 | S503.9%

(H s | 4i.85 545.83

5 | S 1328400 | 58393

1o WX | 40.75 | fad. b

7 MX | 3%9¢ | L0912

& WX 1 HR35 | Qo 97

9 W XK 4160 | 748.07
20 | X¥| 29.20 1 787.47

ar | R3990 $27.57
aa | XKi 4391 | $70.98

A3 4 XK 4004 | dij.02

a4 | xX¥| 42.05 | 993.70

as | X¥X| 49219 ] 595.80

26 | xX| 3982 ,035.63

27 | XX | 4135 | j07,.598

A% XX | 4070 | 1ii17.68

a4 )(0( H3 00 i/ 56}‘ &5 SUMMARY OF TALLY
2D x’,}{ 4 75 | ;A 04. 43 Total length of casing/screen tallied (ft.):
2y X X 40, 70| 12495453 Length of casing cut off after landing {ft.):
270, | XA 29,90 12 79,53 nd Bottom of Casing {feet below land surface):

,)(D( Ynoad | 13 .53 bo Vi \,4 Screened Interval(s) (ft.bls):

Total feet of blank casing in hole (ft.):

Notes:

WClearcreek01\ProductiomCCA FORMS ANALYSIS\Forms\CCA GENERAL FIELD DOCs TALLY



Page ! of f

CLEAR = ) al

CREEK =0\ Y A

[Project Name.: T hecVie Weil PANGS Project No.: ©hpo 7D

Well No: 55 -214 65 9 Date: | -13-07

lLocation: & (1-6D34 aab Pipe Talley for: Seoele 00l £ swcp §avcli$+
“Total Depth: /210 ' bls Geologist: (.

Type of Connections: (1 Welded O T+C Flush Thread Bl Other

Pipe Length Length X Pipe Type Pipe Length | Length ¥ Pipe Type
d (ft} () v (ft) ()
v | 40.00] Ho.oo Keily
] 2633 66.3%] Swew Yool
L 17 13%5] j05.47 | 5" 00
2 | 7 13947 i94.04
3 s | 36.35] 183.99
of v 29.649 | 3R3.63
= L L4100 964,73
b i 39.90 | 304.63
7 v 1 40.75 | 345.38
8 S 13970 | 28508
9 s 13945 494,23
10 A 3%9.70 | 463,93
i V4 0.5 | Soyq.08
1 1./ 29.% 543,98
13 411.85| ©$%85.83
i1 1/ 35,00 | 633.93
5|V 4075 | &6H.L&
|V 29,94 | ToH.i2
71X 14235 994,47
i (X | 41.t0 ] 988,07
4 1 X 29,80 | %37.87
20 | X | 39.70 | §67.57
21X 43| ¢,0,9%
22 | X 40.07 | 955.02
23 X 43.68 993.70
Y | X Ha./jo ) 1035.8D
as | X 39.83 | 1075.63
W | ¥ 41,35 111 6.9%
a1 | X g5 | 119765 SUMMARY OF TALLY
28 X 43.00 | 199.68 Total length of casing/screen tallied (f.):
29 X 44.75 | i244.43 |Length of casing cut off after landing (ft.):
30 | X 40. 1D 1 13 35,13 JBottom of Casing {feet below land surface):
2 {X 29.40 1 1314.83 / Screened Interval{s} {ft.bls):

Total feet of blank casing in hole {ft.):

Notes:

WClearcreek01\ProductiontCCA FORMS ANALYSISWForms\CCA GENERAL FIELD DOCs TALLY
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ESTIMATED ANNULAR MATERIAL RECORD

Project Name: Caclhie el N NC‘-;'/:‘D

Project No.: 0SS OM Date: ||
WellNo: 55 - 214656

Geologist: ()

fo7 - 10drife7

ANNULAR VOLUME CALCULATIONS

Total Depth of Borehole (f) [Tk SL4 0

Lenath of Interval to be filled (ft) [L}: 240

Borehole Diameter (in.) [D]; 3é&

Total Cased Depth {it): AHO

Casing Diameter {in)[d: 2%

Rat Hole Volume (') [R: __p /A

Annular Volume [A]: (Dd%) 0.005454=_ &, 7%

Expected Calculated Volume = (AxL+R= 6 69.6

Ft¥Lin. Ft
Fe

NOTES:

A(\nu\qr malemials yoleme ealculations Sor
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ESTIMATED ANNULAR MATERIAL RECORD 3 J)LQM"%

Project Name: Q\'\a:\‘ie,. wle W ?\H\J Gj’g

ProjectNo.: D4 O0OTD Date: H-10-07

WellNo:. 55 - 21496959 Geologist: GQH’{QS}M AC,

ANNULAR VOLUME CALCULATIONS

Tota! Depth of Borehote () [T | R&H
Length of Interval to be fitled (f)[L], /, 24
Borehole Diameter (in.) [0} XD" qa.a 28 o
Total Cased Depth (ft): 1,310
1" and &o"
Rat Hole Volume (it) [R: &/ 7. 7 &
Foclbh Cﬁs\“j/ For Ao eqming
Annular Volume [AL {D?-d7) 0.005454 =

2.01 A0
<
Expected Calculated Volume = (AxL+R=

o A5 bocehole. dicantter
i - 1‘535oa’3-d _—
7" = for %" borenole didmi
Total V=2T33.42 p* > T 1

Casing Diameter (in.) [d]:

Ft/Lin.

Fi
Ft*

NOTES:
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APPENDIX J

WELL DEVELOPMENT FIELD FORMS

CLEAR === Well Completion Report June 4, 2008
CREEK /4-\) Arizona Public Service Company 040070
ASSOCIATES: Production Well Charlie

N:\APS Energy Services\APS\Palo Verde Production Well\Report\Charlie Well PVNGS - FINAL.doc



Page __ /7 of 2’

SWAB AND AIR-LIFT DEVELOPMENT D-I-z,—-’q[ n/r}/o? @

FIELD DATA LOG
|Pro ectName: Chaclie w2y RUNGS Project No.: 04p0 770
Well No.: 6 -1y 659 [Date: ;j—3-07

{location: B (1 - &34 aals

Geologist: {Z(2

Tolal Depth of Well (ft bls): | 210

Measuring Point (M. P.);: dwoclerce. ima$Sle.
)

Screen Interval (ftbls): £ (O - '790r 810~ {390 Distance from ground level to M. P.n'7 S0
Time Depth Color Odor Sand pH Sp. Cond.| Temp. Comments
Interval Content (afom) R
(ft) {mit) TS (oot
S | 66d-T08 | Bopwa | gone | 8.5 {906 | 9.07 | 580.9 lowg | lially doren
155 | by~ 0k _| Boowa | pove | ©.3 [90% | Lag 30.9 | 0.4 Wil doian
Q140 | 1335~ 1390 Cloydy aend oo 1846 #0830, | 77.0 1 0,93 ‘fa e\,
0835 | 199-12949 ] Buyen | vore | 0.2 |83 | 192 | 843 | €92 rar. doon
0840 | 11991294 | lesdy | nong | 4eace] 867 | L34 | 9.1 | ©.08 Wolly bouon
OF9% | 11997244 | elody | veng | nope| 305 | 137 1 32.5 | 0.6% ) Keliy
Han | 199-1299 ] cloh, | aone | acoe | S | 1,30 | 4.4 lo.cs s 1<e).lu Suwnls
Oy | 1199-1244 130" | nope | none |95 | L35 | 39.3 |o.0% Kaly op .
0% 199 -39y dovde | nore | daee B4 | .37 | sya | o.6% h\\uufo Suab
2940 1199 - {24« %lcﬁl"otliuf aone. | drace 8-4(9‘4 1.3y D42 0.7 k&\l.u dcmn
2947 B9 - ideff | o, none. | beaoe [ Bop (| 1036 § 841 | 0.68 \{L“Mdﬂd’l Swah
©939 199 - 133y ﬂ(‘ac«)f\l O sAl 3.9 3-8 [-3& | 349-0 | 0.6% I;L\da.\\u
145 | 1499 - 1249 clowdy | nove | Ot | 884 | 137 | 45.6 | .65 11kl Buro
O958 | 1i99-1a49 | S, | none [+reee | 864 | 135 | 94.6 | 0,65 I Kelly
(008 | 119G~ 1844 | 58, t.: nord | gy | Fola ! (.30 %97 | 0.6 Sfes \49\1u Bl
1614 39 -1 | Browon Norg. | Jublo L3635, 1 |0.68 t@\u{ Aswn
10821 {199-)3449 | Cioody | acre | beato|3.64 | 1.3, [ 85.6 |0.08 quom Swab
030 1139 - 1244 'clo«.,\i&qf aene. | teacp 18649 136 |1 849 0668 Ya \‘-@“‘1
O3] 11991244 | Ggudy P tomeg [ R.66 | 1.35 | 854 057 akely 2 wb
legoes] 993-/035 |vesclowy | anse | teate | Bubty | 175 | 83.9 | 0-86  atoll,
OSSID 982 -ip’5 NEry ‘C_\cw(‘![_u none | kTace. 806‘? 149 ga_,‘? 0.7¢ YSL '\*{D.“u!
k17 993-/035 c:'\ooéu T oene [ A | 366 143 83.1 | w7 - ‘Ia\éollq
o5 943-/035 Clog Q.u nonl | _none | .65 .41 83.; O 5f" Ha V-e,\'tu 50.:%\3
0335 3- /035 e hant none | D.f | B3] /1.4 F8.5 | 0.7/ Yelly, doron
0843 993~ 1035 Q,\O\)é.k. aone | desep ?ﬁ bR} 4.4 8.9 | 0.70 KQ\(L, dowy Seurb
1959 993-1035 \,louc\&q | _acot [ dmee |B.63] suHo | 5.8 | 0.70 llwu ap
1 6%k 93 <oz *haT Y o | fesd dmee | G651 1,40 | 32,0 | 010 'M\L, uP
03 1 993-4035 [Ség oong | Ysee | 8.84 | .40 | 3.2 | 0.70 ileltq up

Addtional Comments:

WClearcreek0 1\Productiom\CCA FORMS :ANALYSIS\FOHns\CCA WELL DOCs SWABSAIRLIFT




SWAB AND AIR-LIFT DEVELOPMENT

Page = of 5

As s CCJ ATE$ FIELD DATA LOG
{lProject Name: Chaclie Weh PYNGS IProject No.: O e 7O
WellNo.: 55-2.(H 65§ Date: - (5-0"7
fllocation: B (i- (LY 2H sqb Geologist G
| Fotal Depth of Well (ftbls): 1 20O Measuring Point (M. P.): c\,"\asd\,ﬁ e bt fle
Screen Interval (ftbls): {10~ 7709 , 810-13290 Distance from ground level to M. P+ ] £4
Time Depth Color Odor Sand pH Sp.Cond.| Temp. Comments
interval Content {nsfem) {°F)
() {mitt) [0S (et
Heqas 993-1035 "4 voute ¥ nerg | nene g.e4 {.39 2.2 {1 0-69 kkl"lu‘ vQ Suiah
0940 922-/e3% “‘f‘x'mé nonet Ol 1865 | /.40 | 82.7]6.70  Keily, down
0748 1 493-r0252Sle, | ouee | devce [ 62| 1-40 | 83.3 | 070 Kely douiq
09571 9321035 ™% 33‘3“"“" nene | nepe B CAL 135 | 82.1 | 0.69  Keib. dewa
0490 | 951-993 1"9elh §ovew | O [ 263 (391529 [ 0469 ol dewsy
1048 29 =993 | dovde, | nong: | o .63 142 | 84.8 | 0.7 Kaily down
10571 951-993 clowly | nore | tmee [ el 191 | 85.0 | 0.70  w. doen Buce
o | 95)-992 |"LRES | voee [ o0 |84z | 1491 | 89.01 670 Yn toi ly
17 95i1-993 | clovdy | noge ltmep | Q62| 140 | 25. 0 0.70 mtu
Ao | G51-993 | cloudy | nene |demee | 8-64] 1.4] | g5.0 1020 ety
OT4Q | Tou-Pufy HEAYY | noce [ none | 3.99 | 164 | 58.5 | 0.83 Kolly daid Seosla
HISF o414 b Ctoua'u neat |-dgep g 67 .41 8l.% G- 11 I/Q..kd\w
oYCE, ToH- 74 (o c;lmiq dopg toaone | .0 1 1 | Sas | 0.l Vakdy' Sl
%14 T04 - 74k | clouiy aoce | O] | 2.59] (4g | g7 | 0.73 Yy kelly  Sovi
0326 | T -4 {, cloully | nore | draep | 862 | 1.36 8.7 | 0.6% *y kp_m.
K57 | €6H-704 | Brown | occne | 84 859 193] 83.0 0.7 Keily doliy Sunb
bGog bodf ~ 704 | Reown none | H.5 g0l .42 33.% 0,71 ¥y lQUu =
- 091 644 - 704 oy, nene Ycace | .54 /-‘46 24.€ o732 744 V;Hu Swich
0924 664 - Tod el cu&! aone | dcace] ¥5F .42 | 4.9 {1 0.7 "/2. 14(,'&'4
DBO| fo4 -ToH a\mrw nong | Yeaco | Bl | (.42 | S48 {071 +ja Keily Swslp
O53% b4 - 704 Vgt prow | peng_ | 0.3 B-63 | 1o43 | 8b.H [ 0.7) ‘LL ke\'lv
0445 bbq -Tod rxieacbu none. | deaoo | 8,59 | t.dd | 95.2 | 0.7 Ya K&\lv Draiy
098 | 664~ ToY H'Q\rl_hwn pcoe Qol |B6d | 1.36 | 85.1 | 0.68 %y keiiy
1002 b4 -T04 | Soudy | neng | dreca. 8:5% | 143 | %S.4 {091 3y }éeh.if
010 | 661~ Tod Prdey | none |deaco [ Skt | £45 | 85.4 |07 2ia KeWy Bal,
1019 C64~704 | cioud,, o oore | Acace | BST | (M8 | 8Lt | &7 Nid kaile
(07| 6eq4-704 | aloody | nore | rrace §.63 | {44 | 35.% 0.7 kely Loob
1029 Loy -Toy c\cnlé(‘}: narg | Amep | 8601 7,93 g5.4 | 0.71 2 k’dl«; ?
Additional Comments:
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Page N\_.?g of 3

SWAB AND AIR-LIFT DEVELOPMENT
FIELD DATA LOG

Project No.: % op 70

Well No.:  55-&i1Y 59

Date:  ti-ip 07

fLocation: B (1-Ly34 aab

Geologist: (o

Tolal Depth of Well {ftbls): 20

Measuring Point (M. P.): d,mc\nqrﬁ ¢ La¥¥ie

Screen Interval {ftbls): &io - 7 90,, BT70-12590

Distance from ground level fo M. P« /7 (4~

Time

Depth Color Odor Sand pH Sp.Cond.| Temp, Comments
Interval Content (B?’cm) P
{ft) (it TS (pot)
Jeds | eod-od [*M9ia, | none | none ]| 8:60] 4z | 85.4 |6.72 Yo Yol Dosh
052 | o470 | cody | gon |dvice [ 86| 14t | 850 [070  Haleepe
o0 | o4 -704 2% | nose | nose | a g1 | 1.4l As. - 090 Yakele,  Seoalb
WO | LeH=ToM | degby” | wene! Yoo | 8.6A] .91 | 4.9 1070 Vel
UL e -Tod "L, | none | qose |l $ubl | 1243 | $5.4 |0.72 */g,ml’,

Additional Comments:
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APPENDIX K

PUMPING TEST DATA

CLEAR === Well Completion Report June 4, 2008
CREEK :,Q-\) Arizona Public Service Company 040070
ASSOCIATES: Production Well Charlie

N:\APS Energy Services\APS\Palo Verde Production Well\Report\Charlie Well PVNGS - FINAL.doc
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APPENDIX L

WELL VIDEO SURVEY LOG
AND
PLUMBNESS AND ALIGNMENT SURVEY

CLEAR === Well Completion Report June 4, 2008
CREEK /4-\) Arizona Public Service Company 040070
ASSOCIATES: Production Well Charlie

N:\APS Energy Services\APS\Palo Verde Production Well\Report\Charlie Well PVNGS - FINAL.doc



VIDEQO SURVEY LOG

Well Name:  Charlie Well Video Survey Co.  Welenco
Well Owner: PVNGS Video Date 1/3/08
Well Location:  B(1-6)34aab Color
Video Reviewed By: MAC Side Scan Available? Yes
Original Depth | Current Depth C;E{'}_gonti:';‘;"(;"g) Perforation Type(s) Static Water Level
1,310 feet 1,309 feet | 1@ 430 10 1310 & Stainless Steel Wire Wrap 206.7 feet bls
Depth Description/Comment Generalized Well Graphic
0 Ground Level. —
0 —
206.7 | SWL, Film on top. Water is cloudy, large amount of floating debris
271 Side View, water clear encugh to see casing wall.
481 Transition from 20” to 16” casing. Not easy to see. 206.7 {‘_
439 Side View, weld looks good.
530 Dissimilar Metals Connector, welds look good.
571 | Side View, weld looks good. 481
611 Top of upper screened portion (SS_Wire W.rap). Water is clearer in 530
screen, still a large amount of floating debris.
675 Side View, screen has a small amount of rust-colored build-up. 611
750 Side View, small amount of build-up.
791 Bottom of upper screened portion.
791
872 Top of lower screened portion.
951 Side View, small amount of rust-colored build-up on screen. Weld 872
looks good.
1050 Side View, small amount of build-up. Weld looks good.
1200 ] Side View, small amount of build-up, water still clear.
1280 | Piece of debris caught in screen.
1291 Bottom of lower screened portion.
1291
1309 | Bottom fill, Side View of bottom fill debris. 1309
1310
NOT TO SCALE
General Comments:
Camera zeroed at ground level.
O:\APS\Palo Verde Production Well\Report\Appendiciest VIDEO.DOC ~ page 1 of 1
CLEAR —/ =
CREEK =0V

ASSOCIATES




Drift-Pac

Wellbore DRIFT Interpretation Package

PREPARED ESPECIALLY FOR
Zim Industries and Palo Verde Nuclear Power Station

Palo Verde NPS Well #55-214659
January 3, 2008

Drift-Pac AWWA Plumbness Allowable View - Palo Verde NPS Well #55-214659
Zim Industries

Pala Verds Nuckar Power Statian

This Wellbore DRIFT Interpretation Package represents our
I i Gl 1 A8 best efforts to provide a correct interpretation. Nevertheless, since

Dnft Oistance =4.18 Feet  Orift Bearing = 240.6 Degrees  True Vertical Depth= 1,307.37 Faet % a 7 5 X 5

Colculse DU s Wi AR Bwatle DAt all interpretations are opinions based on inferences from electrical or
P TRALCYn iimed f g e Sy T endat o Dont other types of measurements, we cannot and do not guarantee the accuracy
C ar wgor or correctness of any interpretation, and we shall not be liable or
responsible for any loss, costs, damages, or expenses incurred or
sustained by Customer resulting from any interpretation made by this

\ \\ document. Welenco does not warrant or guarantee the accuracy of the

548" 135

data, specifically including (but without limitations) the accuracy
= of data transmitted by electronic process, and Welenco will not be
\ \ responsible for accidental or intentional interception of such data by
iar third parties. Welenco employees are not empowered to change or
fagiany P Lia \ otherwise modify the aftached interpretation. By accepting this
" 2 DRIFT Interpretation Package, the Customer agrees to the
B Srr———— ~ tﬁ““‘? AT AT S foregoing, and to the General Terms and Conditions of Welenco.

Drift Fram Plumb - Inches

Borehole Depth {ft}

'Drift-Pac' and 'The Plane of Effective Diameters' are registered trademarks of Welenco, Inc. 2005 We Ien ‘ o




DTEUSICCII Weiore Driftinterpretation [l

New Solutions in Borehole Geophysics

Company: Zim Industries County: Maricopa State: Arizona
Well Number: Palo Verde NPS Well #55-2 M@B90wner: Palo Verde Nuclear Power StationSurvey Date: January 3, 2008 Magnetic Declination: __ Not Used
Field: Palo Verde Operator: Mitch Tullis Casing Size: 19.25"
Van No.: L-18 Job Ticket: 8619 Welenco Office: SVG Witness:
Location: Panama Ln.
Remarks: Reduction at481'to 15.5" ID Tool Type: Gyroscopic Tool No.: 1
Methodology: Balanced Tangential Lat.: 33°23'29.3" Long.: 112°51'14.3" Sec: 34 Twp: 1IN Rge: 6W Meridian: Gila and Salt River
Measured Data Drift Computations Rectangular Computations
Depth, Feet Inclination, Azimuth, Course True Vertical Drift Drift Latitude, Departure, Total Total
Degrees Degrees, Deviation, Depth, Feet Distance, Bearing, Feet Feet Latitude, Departure,
From True Feet Feet Degrees, Feet Feet
Vertical True
0 0.30° 219° 0.00' 00.00' 0.00" (.00™) 00.00° .00’ 0.00 .00’ 0.00'
20 0.18° 172° 0.08' 19.99 0.08' (.96") 201.70° -.07 -0.03 -07 -0.03'
40 0.15° 181° 0.06' 39.98' 0.13' (1.56™ 191.00° -.06' 0.00" -13' -0.03'
60" 0.22° 196° 0.06' 59.97' 0.20" (2.40™) 190.60° -.06' -0.01" -19' -0.04'
80" 0.23° 201° 0.08' 79.96" 0.27" (3.24") 192.90° -.07 -0.03" -27 -0.06'
100' 0.31° 238° 0.09' 99.96" 0.35' (4.20™ 200.10° -07" -0.06" -33' -0.12'
120' 0.23° 262° 0.09' 119.95 0.42" (5.04") 209.40° -.03' -0.09" -37 -0.21'
140 0.20° 122° 0.03" 139.94' 0.45' (5.40™ 209.10° -.02' -0.01 -39' -0.22'
160" 0.17° 068° 0.06' 159.93' 0.43' (5.16") 201.90° -01 0.06' -40' -0.16'
180' 0.19° 213° 0.02' 179.92' 0.44" (5.28") 200.00° -.02' 0.01' -41 -0.15'
200" 0.19° 257° 0.06' 199.91" 0.49' (5.88") 204.10° -.04" -0.05" -45' -0.20"
220' 0.28° 288° 0.08' 219.90° 0.52' (6.24") 212.40° 01" -0.08" -44' -0.28'
240 0.32° 289° 0.10' 239.89' 0.56" (6.72") 222.90° .03’ -0.10" -41' -0.38'
260" 0.34° 265° 011" 259.88" 0.63" (7.56") 231.20° .01' 011" -40' -0.49'
280" 0.25° 267° 0.10' 279.87" 0.72' (8.64") 235.90° -.01' -0.10" -40' -0.59'
300' 0.27° 277° 0.09' 299.86' 0.79' (9.48") 239.80° .00’ -0.09' -40' -0.68'
320' 0.30° 262° 0.10' 319.85' 0.88' (10.56") 242.90° .00’ -0.10" -40' -0.78'
340 0.28° 258° 0.10' 339.84' 0.98' (11.76") 244.60° -.02' -0.10" -42' -0.88"
360' 0.32° 250° 0.10' 359.83' 1.08' (12.96") 245.50° -03' -0.10" -45' -0.98'
380 0.29° 258° 0.11' 379.82" 1.19' (14.28") 246.30° -.03' -0.10" -.48' -1.09'
400’ 0.34° 243° 011" 399.81" 1.29' (15.48") 246.60° -.04" -0.10° -51' -1.19"
420' 0.25° 246° 0.10' 419.80' 1.40' (16.80") 246.40° -.05' -0.09' -56' -1.28'
440 0.36° 225° 0.10' 439.79' 1.50" (18.00") 245.50° -.06' -0.08" -.62' -1.36'
460" 0.25° 246° 0.10' 459.78" 1.60' (19.20") 244.70° -.06' -0.08" -.68' -1.45'
480" 0.34° 219° 0.10' 479.77' 1.70' (20.40") 243.90° -.06' -0.08' -75' -1.53"
500" 0.30° 222° 0.11 499.76' 1.80' (21.60") 242.50° -.09' -0.07 -83' -1.60"
520' 0.41° 205° 012" 519.75' 1.91" (22.92") 240.60° -10 -0.07" -94' -1.66"
Page No. 1 TVD: 1,307.37' Final Drift Distance: 4.18' (50.16") Final Drift Bearing: 240.60°

Note: Magnetic Declination is not used because it is not a factor in the calculation of well drift or alignment. Magnetic Declination is only important if attempting to hit a target or miss another well and then it is included in the calculations.




DTEUSICCII Weiore Driftinterpretation [l

New Solutions in Borehole Geophysics

Company: Zim Industries County: Maricopa State: Arizona
Well Number: Palo Verde NPS Well #55-2 M@B90wner: Palo Verde Nuclear Power StationSurvey Date: January 3, 2008 Magnetic Declination: __ Not Used
Field: Palo Verde Operator: Mitch Tullis Casing Size: 19.25"
Van No.: L-18 Job Ticket: 8619 Welenco Office: SVG Witness:
Location: Panama Ln.
Remarks: Reduction at481'to 15.5" ID Tool Type: Gyroscopic Tool No.: 1
Methodology: Balanced Tangential Lat.: 33°23'29.3" Long.: 112°51'14.3" Sec: 34 Twp: 1IN Rge: 6W Meridian: Gila and Salt River
Measured Data Drift Computations Rectangular Computations
Depth, Feet Inclination, Azimuth, Course True Vertical Drift Drift Latitude, Departure, Total Total
Degrees Degrees, Deviation, Depth, Feet Distance, Bearing, Feet Feet Latitude, Departure,
From True Feet Feet Degrees, Feet Feet
Vertical True
540' 0.47° 195° 0.15' 539.74' 2.03' (24.36") 237.80° -14' -0.05" -1.08" .71
560 0.32° 147° 0.13' 559.73" 2.09' (25.08") 234.70° -13 0.01' -1.21' -1.70"
580" 0.20° 159° 0.09' 579.72' 2.10' (25.20") 232.30° -.08' 0.04' -1.29' -1.66'
600" 0.24° 203° 0.07' 599.71" 2.15" (25.80") 230.80° -07 0.00 -1.36" -1.67'
620 0.17° 205° 0.07' 619.70" 2.21' (26.52") 230.00° -.07 -0.03" -1.42' -1.69"
640 0.03° 179° 0.03' 639.69' 2.24' (26.88") 229.60° -.03' -0.01' -1.45' .71
660" 0.08° 189° 0.02' 659.68" 2.25' (27.00") 229.20° -.02' 0.00' -1.47 .71
680" 0.21° 240° 0.05' 679.67" 2.30" (27.60") 229.20° -.03' -0.03" -1.50° 1.74"
700' 0.39° 218° 0.10' 699.66' 2.40' (28.80") 229.00° -07" -0.07" -1.58" -1.82'
720 0.31° 193° 0.12' 719.65' 2.52' (30.24") 228.00° -1 -0.05' -1.68" -1.87"
740' 0.27° 182° 0.10 739.64" 2.59' (31.08") 226.60° -10" -0.01 -1.78" -1.88"
760" 0.27° 189° 0.09' 759.63' 2.66' (31.92") 225.30° -.09' -0.01" -1.88" -1.89'
780 0.32° 213° 0.10' 779.62' 2.76' (33.12") 224.40° -.09' -0.04' -1.97' -1.93'
800" 0.29° 147° 0.09' 799.61" 2.82" (33.84") 223.20° -.09' 0.00 -2.06" -1.93'
820" 0.13° 212° 0.06' 819.60" 2.86" (34.32") 222.10° -.06' 0.02' 2.12' -1.92'
840 0.12° 205° 0.04' 839.59' 2.90' (34.80™) 221.90° -.04' -0.02' -2.16" -1.94'
860" 0.13° 225° 0.04' 859.58" 2.94' (35.28") 221.80° -.04' -0.03" -2.19" -1.96"
880" 0.13° 226° 0.05' 879.57" 2.99' (35.88") 221.90° -.03' -0.03" -2.23' -2.00'
900' 0.33° 206° 0.08' 899.56' 3.07" (36.84") 221.60° =07 -0.04' -2.29' -2.04'
920" 0.71° 241° 017 919.55' 3.24' (38.88") 222.10° -1 0.13" 2.41 217"
940’ 0.20° 233° 0.16' 939.54' 3.39' (40.68") 222.90° -.08' -0.14' -2.49" 2.31"
960' 0.57° 258° 0.13' 959.53' 3.51" (42.12") 223.90° - 04 -0.13" -2.53' -2.43'
980" 0.41° 290° 0.16' 979.52' 3.62' (43.44") 225.80° 01 017 -2.52' -2.60'
1,000 0.47° 289° 0.15' 999.52' 3.69' (44.28") 228.00° .05' -0.15' 247 -2.74"
1,020 0.68° 328° 0.19' 1,019.51" 3.72' (44.64") 230.90° A3 -0.14' -2.34' -2.88'
1,040 0.75° 309° 0.25' 1,039.50" 3.74' (44.88") 234.70° .18’ 017 -2.16" -3.05'
1,060° 0.61° 296° 0.24' 1,059.49' 3.83" (45.96") 238.00° A3 -0.20" -2.03" -3.25'
Page No. 2 TVD: 1,307.37' Final Drift Distance: 4.18' (50.16") Final Drift Bearing: 240.60°

Note: Magnetic Declination is not used because it is not a factor in the calculation of well drift or alignment. Magnetic Declination is only important if attempting to hit a target or miss another well and then it is included in the calculations.




Drift-Pac

New Solutions in Borehole Geophysics

Wellbore Drift Interpretation ‘

welenco

(800) 445-9914

Company: Zim Industries County: Maricopa State: Arizona
Well Number: Palo Verde NPS Well #55-2 M@B90wner: Palo Verde Nuclear Power StationSurvey Date: January 3, 2008 Magnetic Declination: __ Not Used
Field: Palo Verde Operator: Mitch Tullis Casing Size: 19.25"
Van No.: L-18 Job Ticket: 8619 Welenco Office: SVG Witness:
Location: Panama Ln.
Remarks: Reduction at481'to 15.5" ID Tool Type: Gyroscopic Tool No.: 1
Methodology: Balanced Tangential Lat.: 33°23'29.3" Long.: 112°51'14.3" Sec: 34 Twp: 1IN Rge: 6W Meridian: Gila and Salt River
Measured Data Drift Computations Rectangular Computations
Depth, Feet Inclination, Azimuth, Course True Vertical Drift Drift Latitude, Departure, Total Total
Degrees Degrees, Deviation, Depth, Feet Distance, Bearing, Feet Feet Latitude, Departure,
From True Feet Feet Degrees, Feet Feet
Vertical True
1,080' 0.21° 186° 0.10' 1,079.48' 3.91' (46.92") 238.90° .01’ -0.10° -2.02' -3.35"
1,100 0.14° 043° 0.02' 1,099.47" 3.91' (46.92") 238.50° -.02' 0.01' -2.04' -3.33"
1,120' 0.55° 339° 0.11 1,119.46' 3.87" (46.44") 240.00° A1 -0.02' -1.93' -3.35"
1,140° 0.66° 290° 0.19' 1,139.45' 3.93' (47.16") 242.70° A3 -0.14' -1.80" -3.49'
1,160 0.18° 129° 0.09' 1,159.44" 4.00" (48.00") 243.50° 02' -0.08" -1.78' -3.58'
1,180 0.06° 112° 0.04' 1,179.43' 3.98' (47.76") 243.00° -02' 0.03' -1.81' -3.54"
1,200 0.35° 116° 0.07' 1,199.42" 3.93' (47.16") 242.20° -.03' 0.06"' -1.84" -3.48'
1,220' 0.39° 270° 0.03" 1,219.41" 3.96' (47.52") 241.90° -.03' -0.01 -1.87" -3.49"
1,240' 0.21° 119° 0.04' 1,239.40° 4.00' (48.00") 241.90° -02' -0.04' -1.88" -3.53'
1,260 0.23° 194° 0.06' 1,259.39" 4.01' (48.12") 241.00° -.06' 0.02' -1.94" -3.51"
1,280" 0.16° 240° 0.06' 1,279.38" 4.06' (48.72") 240.60° -.05' -0.03" -1.99 -3.54"
1,308’ 0.33° 238° 012" 1,307.37" 4.18' (50.16") 240.60° -.06' -0.10" -2.06" -3.64'
Page No. 3 TVD: 1,307.37' Final Drift Distance: 4.18' (50.16") Final Drift Bearing: 240.60°

Note: Magnetic Declination is not used because it is not a factor in the calculation of well drift or alignment. Magnetic Declination is only important if attempting to hit a target or miss another well and then it is included in the calculations.
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Drift-Pac Plan View - Palo Verde NPS Well #55-214659

Drift Distance = 4.18 Feet

Zim Industries
Palo Verde Nuclear Power Station

Drift Bearing = 240.6 Degrees True Vertical Depth = 1,307.37 Feet
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Date of Survey: January 3, 2008
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Balanced Tangential Calculation Method

Copyright by Welenco, Inc. (800) 445-9914




Measured Depth (ft)

250

Drift-Pac Plane of Drift View - Palo Verde NPS Well #55-214659

Drift Distance = 4.18 Feet

Zim Industries
Palo Verde Nuclear Power Station

Drift Bearing = 240.6 Degrees True Vertical Depth = 1,307.37 Feet
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Date of Survey: January 3, 2008

-2.5 0.0 25 5.0 T 10.
Drift Distance (ft)
Balanced Tangential Calculation Method
Copyright by Welenco, Inc. (800) 445-9914




Borehole Depth (ft)

Drift-Pac AWWA Plumbness Allowable View - Palo Verde NPS Well #55-214659

Zim Industries
Palo Verde Nuclear Power Station
Maximum AWWA Allowable Drift = Inches for 19.25 Inch Casing
Maximum Calculated Drift = 50.16 Inches

Drift Distance = 4.18 Feet
I

Drift Bearing = 240.6 Degrees

Calculated Drift - Inches

True Vertical Depth = 1,307.37 Feet
——

Maximum AWWA Allowable Drift

RB;ift Values (Calculated & Allowable) Shown Every 200' and at Total Depth.

250
500
B 62"
750
B 82.67"
1000 44.28" 103.33"
i Imaginary Plumb Line
| 16" 124"
1250 Drift-B 46
L =/ 50.16 135.16'
- T T T R R I T T T O R R T R
0 25 50 75 100 125

Drift From Plumb - Inches
Date of Survey: January 3, 2008 Balanced Tangential Calculation Method
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Drift-Pac 3-D Projection View - Palo Verde NPS Well #55-214659

Zim Industries
Palo Verde Nuclear Power Station

Drift Distance = 4.18 Feet  Drift Bearing = 240.6 Degrees True Vertical Depth = 1,307.37 Feet
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Date of Survey: January 3, 2008 Balanced Tangential Calculation Method
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Zim Industries

Date of Survey: January 3, 2008 Balanced Tangential Calculation Method



Depth (ft)

Drift-Pac Easting Rectangular View - Palo Verde NPS Well #55-214659

Zim Industries
Palo Verde Nuclear Power Station

Drift Distance = 4.18 Feet  Drift Bearing = 240.6 Degrees True Vertical Depth = 1,307.37 Feet

250

500

750

1000
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Easting (ft)
Date of Survey: January 3, 2008 Balanced Tangential Calculation Method
Copyright by Welenco, Inc. (800) 445-9914




Depth (ft)

Drift-Pac Northing Rectangular View - Palo Verde NPS Well #55-214659

Zim Industries
Palo Verde Nuclear Power Station

Drift Distance = 4.18 Feet  Drift Bearing = 240.6 Degrees True Vertical Depth = 1,307.37 Feet

: 9991'
250
: 99f81’
500
750
1000
1250
I—IIIIIIIIIIIIIIIIIIIIIIIIIIIIII
-10.0 -7.5 -5.0 2.5 0.0 2.5 5.0 F
Northing (ft)
Date of Survey: January 3, 2008 Balanced Tangential Calculation Method
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DRIFT-PAC METHODOLOGY

Balanced Tangential Method

The Balanced Tangential Method uses the inclination
and direction angles at the upper and lower ends of the
course length in a manner so as to balance the two sets
of measured angles over a course length. From a
theoretical standpoint, this method combines the
trigonometric functions to provide the average balanced
inclination and direction angles, which are used in
standard computational procedures. Other common
names for this method are Vector Averaging,
Acceleration, and Trapezoidal.

2\ Vertical

A North = [ AMD/2) x [sin(l,) x cos(A,) + sin(l,) x cos(A,)]
A East =[ AMD/2) x [sin(l,) x sin(A,) + sin(l,) x sin(A,)]
A Vertical =[ /AMD/2] x [cos(l) + cos(l,)]

Calculated Wellbore Path

Actual Wellbore Path

> E
A East




PLATE 1

GEOPHYSICAL LOGS

CLEAR === Well Completion Report June 4, 2008
CREEK :,Q-\) Arizona Public Service Company 040070
ASSOCIATES: Production Well Charlie

N:\APS Energy Services\APS\Palo Verde Production Well\Report\Charlie Well PVNGS - FINAL.doc
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Southwest Exploration 3 2
- c o o
Services, LLC z = B 5 2
’ A | = 1 5 =
77 : : . @ B ! & =
aix’/ borehole geophysics & video services x| g o | & eleg 2|k
5|0 I c|ox|ls
—
Sl sl st 8| i of 2| B
COMPANY CLEAR CREEK ASSOCIATES S B £ o E N 2
€ 2 2 S s =
WELLID  PALO VERDE DEEP WELL CHARLIE % ® @ 1 212 s
(2] w B -
] ]
FIELD PVNGS o 2|lE 21 E 01 Eo|E Q
LY T leflg L]l gE|: 0 e
COUNTY  MARICOPA STATE ARIZONA cG|E wlE i B Ned| | -
—— © E|lC Ejc i® gio g|o
TYPE OF LOGS: E-LOGS-GAMMA OTHER SERVICES 5] G i Bl E
CALIPER - b Z1 o O o
MORE: GUARD RESISTIVITY  [sonic £ gl %l &2 =21 F
LOCATION = 7S © 2 = o
B(1-6)34aab "o n
0iE ogig
SEC [n'd M m 1 % H m H
SEC 34 TWP IN RGE o6W © H m = m
PERMANENT DATUM ELEVATION K.B. m £
lo] ]
= 1 o: ]
LOG MEAS. FROM GROUND LEVEL ABOVE PERM. DATUM D.F. - " Z: “
[ce] = G
e8]
DRILLING MEAS. FROM G.L.
DATE 10-14-07, 10-26-07 TYPE FLUID IN HOLE FRESH MUD o o k o =] I o o
RUN No 1,2 SALINITY
TYPE LOG E-LOGS-GAMMA-GUARD DENSITY £ 5
DEPTH-DRILLER 240 FT, 1360 FT LEVEL FULL w nM
DEPTH-LOGGER 240 FT, 1360 FT MAX. REC. TEMP. O -
BTM LOGGED INTERVAL 240 FT, 1360 FT IMAGE ORIENTED TO: N/A - = - =
TOP LOGGED INTERVAL 10FT, 240 FT SAMPLE INTERVAL 2FT RnUu m w m
- —
DRILLER / RIG# ZIM LOGGING TRUCK TRUCK # 400 ol ! _ 1
1
RECORDED BY / Logging Eng. | K. MITCHELL, E. TURNER TOOL STRING/SN POLYPROBE/2GDA © “ o~ .m “
WITNESSED BY GINA - CLR CREEK LOG TIME:ON SITE/OFF SITE m.. c ! U_J nnuu .
o| o Z| &
RUN BOREHOLE RECORD CASING RECORD el — o B m — ols
NO. BIT FROM TO SIZE WGT. FROM TO m W * i B £ M 3 i =
1 40" SURFACE 40 FT 36" SURFACE 40 FT U] % : 1] nnu H
2 17.5" 40 FT 240 FT 28" SURFACE 240 FT = s G L]
3 17.5" 240 FT D b c W 5
1 1
COMMENTS: m. 1 = 1
ni @y
@ @
o i o ~
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1340 —
—_—] <
~ ——
/ 1 —
1
t e %
Guard Resistivity-2
0 ohm-m 50
Single Point Resistance-2
30 Ohms 60
16" Normal Resistivity-2
0 Ohm-m 100
64" Normal Resistivity-2
= S g - Pa— paa— i - J
0 Ohm-m 100
Spontaneous Potential ) 8" Normal Resistivity-2 Guard Resistivity
750 mV 600 0 Ohm-m 50 0 ohm-m 50
Nat. Gamma Ray-2 64" Normal Resistivity
| - - -—— -—— - - —— -
0 API 150 0 Ohm-m 100
Spontaneous Potential-2 16" Normal Resistivity
750 mV 600 0 Ohm-m 100
Nat. Gamma Ray Depth 8" Normal Resistivity Single Point Resistance
0 API 15(}I 1in:20ft .0 Ohm-m 50‘30 Ohms 60




Southwest Exploration
Services, LLC

s,

& \ borehole geophysics & video services

1000
1000

uSec

RX1-Sonic VDL
RX1-Travel Time

200

Depth
240

1in:20ft 200

260

280

40
40

COMPANY CLEAR CREEK ASSOCIATES
WELL ID PALO VERDE DEEP WELL CHARLIE
FIELD PVNGS
COUNTY MARICOPA STATE ARIZONA
TYPE OF LOGS: 60mm SONIC OTHER SERVICES
ELOGS
MORE: 3-ARM CALIPER GUARD RES.
LOCATION
B(1-6)34aab
SEC 34 TWP IN RGE 6W
PERMANENT DATUM ELEVATION K.B.
LOG MEAS. FROM GROUND LEVEL ABOVE PERM. DATUM D.F.
DRILLING MEAS. FROM G.L.
DATE 10-26-07 TYPE FLUID IN HOLE FRESH MUD
RUN No 2 SALINITY
TYPE LOG SONIC-CALIPER DENSITY
DEPTH-DRILLER 1360 FT LEVEL FULL
DEPTH-LOGGER 1360 FT MAX. REC. TEMP.
BTM LOGGED INTERVAL 1360 FT IMAGE ORIENTED TO: N/A
TOP LOGGED INTERVAL 240 FT SAMPLE INTERVAL 2FT
DRILLER / RIG# ZIM LOGGING TRUCK TRUCK # 400
RECORDED BY / Logging Eng. | E. TURNER TOOL STRING/SN MSI FWSG60/2PCA
WITNESSED BY GINA - CLR CREEK LOG TIME:ON SITE/OFF SITE

Delta T
uSec/ft
Inches

3-Arm Caliper

RUN BOREHOLE RECORD CASING RECORD

NO. BIT FROM TO SIZE WGT. FROM TO

1 40" SURFACE 40 FT 36" SURFACE 40 FT
2 L7 40 FT 240 FT 28" SURFACE 240 FT
3 175" 240 FT D

COMMENTS:

240

300
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Southwest Exploration gl & 3| %
Services, LLC 5 5 E
bl oz ==
ervices, °l 5 £ 5 _ _
\\\4\ . - - .f.I[.\ m ”.\ m 6 4
\ borehole geophysics & video services S 2 9 2 © ™
= o _ © 2 0
E 8 & = @ !
ol ol
COMPANY CLEAR CREEK ASSOCIATES 2
WELLID  PALO VERDE DEEP WELL CHARLIE
FIELD PVNGS
COUNTY  MARICOPA STATE ARIZONA
TYPE OF LOGS: CALIPER W/ VOLUME  |OTHER SERVICES 5
NONE
. o
MORE: BASED ON 2 CASINGS =1 w
()]
LOCATION & <
B(1-6)34aab £ c
El=
SEC 34 TWP IN RGE 6W (g} Efta o
PERMANENT DATUM ELEVATION K.B.
LOG MEAS. FROM GROUND LEVEL ABOVE PERM. DATUM D.F.
DRILLING MEAS. FROM G.L.
o
DATE 11-8-07 TYPE FLUID IN HOLE FRESH MUD (o]
RUN No 1 SALINITY
-—
TYPE LOG CALIPER DENSITY £ 5
DEPTH-DRILLER 1325 FT LEVEL FULL w nM - m Mw
DEPTH-LOGGER 1324 FT MAX. REC. TEMP. N/A O -
BTM LOGGED INTERVAL 1324 FT IMAGE ORIENTED TO: N/A - - =
TOP LOGGED INTERVAL SURFACE SAMPLE INTERVAL 02FT = =
DRILLER / RIG# ZIM LOGGING TRUCK TRUCK #107 - ©
RECORDED BY / Logging Eng. | D. JACOVITCH TOOL STRING/SN COMPROBE 2 1/8" \m —_ “
WITNESSED BY ZIM-BRAD LOG TIME:ON SITE/OFF SITE | 0600 0915 o ..m .
Bl £ ¢
RUN BOREHOLE RECORD CASING RECORD nmv .m.\ux omu ! .m.\u-. m_tv
NO. BIT FROM TO SIZE WGT. FROM TO = = =21 - > mU
,. o]l © 0! 0N
1 ? SURFACE 240 FT 28 SURFACE 240 FT = = )
2 26 240 FT 572 FT ..-@ m
3 24" 572 FT TOTAL DEPTH O o
COMMENTS: TWO STAGE COMPLETION WITH 20 INCH AND 16 INCH CASING SIZES. - F “
1
o o
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28.75
2717
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= 1160 S
= i? —12.01
- 1180 é
& % 10.35
i %
- 1200 -
- { 8.83
i g
= 1220
— K 7.33
-
- 1240 ? —
= { 5.75
B D
— 1260
= b 4.25
= _
—
i i
= 1280 ? L
= i 2.84
= b
= 2
B L
=4 b
= ]
= 1300
= ‘§ 1.41
-
— >
I 1320
] e 0
16 5/8 Inch Casing
3D View ICl..“"n\/OI(Btl‘n)(cuyd
OD
Total Volume (Btm) 20 5/8 Inch Casing
cu.yd 67.6
Total Volume (Top) Depth 3 Arm Caliper Cum.Vol.(Top) (cu.yd)
cu.yd 409 1in20ft ‘pg Inches 40




