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Background

On July 25, 2000, the Arizona Corporation Commission issued Decision No. 62740
amended in Decision No. 62995, November 3, 2000 granting a Certificate of
Environmental Compatibility to Duke Energy Maricopa, LLC ("Duke Energy"). This
Certificate was granted with 14 specific conditions. Condition 13 was added to
address concerns raised by the Power Plant and Transmission Line Siting Committee
regarding the manner in which Duke Energy was to manage the property it had
acquired for water rights.

Specifically, Condition 13 states:

(ii)

(iii)

Applicant shall implement a Land Management Plan that includes:
(i) Installation of a professionally designed landscape plan for the

entrance of the facility and along Elliot Road.
A comprehensive revegetation program that will restore a large
portion of the property with plant communities similar to the adj cent
desert lands. .
A partnership with The Arizona Game and Fish Department to provide
enhanced wildlife habitat on lands that border Centennial Wash.
An annual report (for six years) submitted to the Arizona Corporation
Commission setting forth the status of the Land Management Plan.

(iv)

In April 2000, Duke Energy prepared a document entitled Land Management Plan for
the Arlington Valley Energy Proj act. This document was entered into the record, as
Exhibit A-6, during Duke Energy's CEC hearing before the Power Plant and
Transmission Line Siting Committee. The Land Management Plan divides the
property into five distinct zones. Duke Energy and its partners in the Land
Management Plan set forth unique management plans for each of the five zones. The
five zones and management objectives were set forth in the Land Management Plan
as follows:

Zone 1: Landscape Plan
Duke Energy will retain a professional landscaping firm to design and
implement a landscape plan for the southern edge of Elliot Road in
front of the facility and both sides of the entrance road to the facility to
help screen the facility from view.

Zone 2: Agricultural Lands Reclamation ... actively farmed
This zone will remain in active agricultural production as long as
reasonable to maintain the irrigation ditches in good working order
and prevent potential dust and weed problems. When it is no longer
reasonable to keep the land in agriculture, the land will be folded into
the active reclamation activities described under Zone 3.
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Zone 3: Agricultural Lands Reclamation - fallow agricultural land
This zone includes fallow agricultural lands. In order to better
understand how to effectively implement a long-term revegetation
strategy, Duke Energy has contracted with the University of Arizona.
Pursuant to this contract, the University will undertake a study that
would investigate revegetation on arid lands. The preliminary plan for
the investigation was set forth in the April 2000 Land Management
Plan. A revised plan is included in the detailed discussion below.

Zone 4: Wildlife Habitat Management Area
This zone was set aside for cooperative efforts to utilize the land for a
wildlife habitat area. To that end, Duke Energy has partnered with the
Arizona Game and Fish Department to rind appropriate uses of this
property.

Zone 5: Centennial Wash
The Land Management Plan proposes to leave this area intact.
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Management Plan Report

Zone 1: Elliot Road and Facility Entrance Road.
Goal: Develop a visual buffer between the facility and Elliot Road.

DENA has contracted with Todd and Associates, Inc., a landscape
architectural/planning firm, to complete the landscape design and prepare
landscape/irrigation construction documents for the Zone l area to meet the criteria as
so stated.

The proposed landscape palette has been refined slightly, still utilizing arid-adapted
plant species to provide a naturalistic setting along Elliot Road. The proposed plant
palette is as indicated on the attached landscape plans (Tab 1).

The initial conceptual landscape plan indicated an approximate l00' wide planting
area to receive trees, shrubs, and accent plants along the southern edge of Elliot Road
and at the entrance road, with the goal of creating a landscape that replicates a
naturally occurring environment. Also, beaming was to be provided to create
additional visual buffering. As indicated on the attached current plans, the subj et
area has increased substantially in terms of distance from Elliot Road. The area is
much less linear in shape, and extends to the south as far as 350' to 800° from the
roadway, thus allowing the opportunity to provide a more naturalistic appearing
landscape environment as opposed to a lineal 'streetscape' appearance. This
increased area allows for much larger scaled, more naturally contoured beaming to be
created, and provides more opportunity to plant trees and shrubs along the side slopes
and at higher elevations to endiance the visual buffering objective.

The intent of the current landscape plan is to create a landscape of natural
appearance. Given the location of the project, and the fact that it is not a goal to
create an 'entry statement', all of the plant materials will be arranged in a freeform,
random pattern. The initial concept of transitioning from a naturalized landscape to
one of a more 'structured appearance' is no longer the intent. The prob et entry road
will vary from the Elliot Road frontage only in the fact that the plant materials at the
entry will be of a slightly more lush nature, with more vegetative groundcover and
accent plantings to distinguish the entry roadway. Flowering shrubs for seasonal
color will be utilized over the entire landscaped area.

Per instructions from the County, all landscape plantings and irrigation will be kept
out of the Elliot Road right-of-way. The increase in depth of landscapable area
outside of the right-of-way will help to balance the proportion of the landscaped to
non-landscaped area. All landscaped areas, as well as the right-of-way area along the
south side of Elliot Road will receive a decomposed granite topdressing, of a color
and size to replicate the native condition, for dust and weed control
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The proposed landscape palette consists of arid-adapted plant species, which are
selected for their tolerance to salt and alkalinity. The water source for the irrigation
will be from a replacement near the northwest corner of the project site at the Elliot
Road frontage. Water from this source, as well as the existing soil conditions, are
high in salinity, thus making the plant palette selection critical to the success of the
landscape, as well as insuring that the materials must be of an indigenous nature.

Duke Energy has begun implementation of the landscape plan. To date, the
landscaping berms have been installed along the Elliot Road corridor.

Zone 2 and 3 : Agricultural Lands.
Goal: Reestablish arid adapted vegetation that is self-sustaining and
representative of adjacent plant communities.

As set forth in the April 2000 Land Management Plan, Duke Energy will revegetate a
large portion of the fallow agricultural lands. In order to understand how to
effectively implement a long-term revegetation strategy, Duke Energy has contracted
with the University of Arizona, Office of Arid Lands Studies. Pursuant to this
contract, the University will undertake a study that would investigate the best
methods for large-scale revegetation on arid lands. The preliminary plan for the
investigation was set forth in the April 2000 Land Management Plan. An updated
report was prepared by the University of Arizona for inclusion in this document.

ARLINGTON VALLEY RETIRED FARMLAND
DESERT REVEGETATION REPORT

Prepared By Travis Bean, Martin M. Karpiscak and Steve Smith
The University of Arizona, Tucson, Arizona

May 2001

INTRODUCTION

As part of the Land Management Plan for the Arlington Valley Energy Project,
the University of Arizona has begun to study the implementation of a comprehensive
revegetation program to restore a large portion of the property with self-sustaining
plant communities similar to the adjacent desert lands. The primary purpose of this
revegetation program is to return these former agricultural lands to beneficial use as
open space that will attract wildlife and enhance the surrounding environment. The
scope of this prob et is large: approximately 1810 acres of retired agricultural land
exists on the site, having lain fallow for a period of 5 to 15 years, as well as an
additional 910 acres of currently farmed agricultural lands.

An estimated 850 square miles (2,200 square kilometers) of abandoned farmland
exists in the Gila and Santa Cruz River Valleys of Arizona (Jackson et al., 1991).
Much of this barren land is dominated by exotic annuals such as tumbleweed (Salsola
Kali) and London rocket (Sisymbrium trio) (Karpiscak, 1980), existing in stark
contrast to native desert lands dominated by creosote bush (Larry tridentate) and
saltbush (Atrzplex app.). This land is often associated with environmental problems

1.
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such as dust pollution, a loss of wildlife habitat, soil erosion and downstream
flooding caused by rapid runoff from barren surfaces, tumbleweeds blowing onto
roadways and adjacent properties, and auto accidents caused by dust storms. Until
recently, there has been little interest in restoring the lowland scrub that is native to
this part of the Sonoran desert, most likely due to its uncharismatic nature and a
general lack of knowledge about its ecology.

Few studies have been done on the lowland desert vegetation that would have
dominated the areas that were developed for agricultural production in the twentieth
century. One such study by Shanty and Piemeisel (1924) evaluated the potential of
the soils and vegetation for their agronomic potential and encouraged the agricultural
development of these areas and another by Karpiscak (1980) evaluating secondary
succession on abandoned farmland.

The revegetation of former agricultural lands in Arizona is a complex process
involving many challenges and often has little success. This is, in part, due to the fact
that establishing arid adapted vegetation on reclaimed agricultural lands is an
evolving science and there is a general lack of an established methodology. Few
examples exist of attempting revegetation on retired farmland (Jackson et al. 1991 ,
Munda 1986) and even fewer on a site as large as the project area (Thacker & Cox
1992). Other concerns include dust management and the management of invasive
weeds. Undisturbed or long fallowed agricultural soils develop a physical crust that
limits the amount of dust capable of becoming airborne. Any soil disturbing event
breaks this crust, which leads to an increased potential for dust problems and provides
an establishment site for invasive plant species such as salt cedar and tumbleweed.
Any irrigation used to establish native species can further aid in the establishment of
such undesirable plants if not managed carefully. Furthermore, new transplants or
seedlings are particularly attractive to wildlife, which will already be attracted to any
irrigation systems especially during the drier periods of the year;

II. METHODS AND MATERIALS

Inventory Of Adj agent Undisturbed Areas

A recent inventory of undisturbed desert lands to the east and west of the site was
conducted by the University of Arizona to provide an estimate of local native
vegetation parameters. Vegetative density on these areas was estimated at 102 plants
per acre (252 plants per hectare) and vegetative cover was estimated at 4 percent
using line transects and the nearest individual distance method as described by
Barbour et al. (1998). Average plant spacings were estimated at 21 feet (6 meters)
from any random point to the nearest individual plant. The most abundant species on
the adjacent undisturbed lands is creosote bush, which comprises about 60 percent of
all plants on the inventoried areas. White bursae (Ambrosia dumosa) is the second
most abundant species, comprising 25 percent of all plants on the inventoried areas.
Other important species occurring on the adj cent lands include velvet mesquite
(Prosopis velutina), wolfberry (Lyceum exsertum), desert saltbush (Atriplex
polycarpa), diamond cholera (Opuntia mmossissima), caltclaw acacia (Acacia gregg),
white ratany (Krameria grayii), big galleta'(I-Iillaria rigid), and Huffgrass

a.
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(Erioneuron pulchellum), among others. Plant species were identified according to
Kearny and Peebles (1960).

Plant Material Sources

Unfortunately, many of the native species found in the inventory are not
commercially available. Of those that are, most are not available in sufficient
quantities for a project of this scale. None of the available plant materials are source-
identified. The most desirable plant materials for use in most restoration projects are
those from the primary restoration gene pools (Booth & Jones 2001) of the local
native plant species. These would be plants grown from locally collected seed,
representing plants that are genetically identical to the populations of interest as a
result of proximity and genetic connectivity. A compromise was made in the
selection of the plant materials, for the spring 2001, so that the appropriate locally
adapted native species could be used, even though the exact origins of the materials
were unknown. These materials are representative of the secondary restoration gene
pool, as they come from sites geographically isolated from the target population but
are theoretically still adapted to the target site.

Location of Test Plot

The location of the first experimental plot which was planted during the last
week of March 2001 was moved several times. The original location was not used
because the last crop (alfalfa) continued relatively strong growth. This location was
therefore not representative of the remainder of the recently farmed lands to be
revegetated. However, the original location is tentatively scheduled to be planted in
the second phase of the experimental plan in the fall of 2001, after the alfalfa has had
sufficient time to die. The second and third locations were not utilized for the initial
experimental planting either because these locations could not be readily served with
irrigation water or they were needed as areas directly tied to the construction of the
power generating facility.

The chosen area for the first experimental plantings permitted easy access to
irrigation water because of a pre-existing well and intact irrigation canals, and is
representative of much of the retired farmland in its state of vegetation and in its
developed soil crust. This means that we have begun phase l of the revegetation
plan on fallow lands representative of zone 3. In the fall of 2001 we will expand the
revegetation effort to include currently irrigated lands from zone 2 as well.

Design of Test Plot

The test plot was designed to evaluate the effectiveness of different techniques in
establishing native vegetation. The test plot measures approximately 1,200 ft by 720

c.
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ft (400 m by 240 m) (E-W by N-S), or 20 acres (8 ha). A concrete lined irrigation
carry ditch runs along the west side of the plot. Rows representing different
treatments were spaced 10 ft (3 m) apart and run in an east to west direction. Each
row is 1100 ft long, (370 In) leaving 50 ft (16 in) at each end for equipment to
maneuver. Rows are randomly arranged in four blocks of 13 rows each. Each block
contains the same 13 randomly arranged treatments, which allows us to evaluate the
effects of environmental variations within the field. A fence was constructed around
the perimeter of the four blocks, and 15 additional rows were placed outside the fence
to evaluate the effects of herbivore.

Techniques Implemented

The techniques attempted in the test plot are represented in the row treatments.
Treatments include different combinations of watering regime, plant materials, and
field preparations. The different watering regimes tested include no water, furrow
irrigation, and drip irrigation. These watering regimes were tested in conjunction
with mechanically transplanted liners, manually transplanted liners, manually
transplanted l-gallon plants, a native seed mix applied with a no-till grain drill at high
density, a native seed mix applied with a no-till grain drill at low density, and no
plant materials at all. Deep ripping and the fertigation application of a pre-emergent
herbicide were then applied to certain treatment combinations. We were hoping to
pre-irrigate select rows before planting, but the pump became operational only a few
days before the planting and so there was not enough time to permit it.

Techniques of Future Interest

In the future, we will arrange for seed to be locally collected from adjacent native
populations. Transplants grown with this seed to be used to produce seed for future
plantings. It may also be seeded alone or in conjunction with transplants. Seed is
relatively inexpensive, but establishment is slow and unreliable in an area with such a
low precipitation (5-7 in/yr. (122 mm -l71mm/yr)). Supplemental irrigation might
be used, but then invasive weeds may become a problem. Therefore maryland seeding
is an option that will probably be considered for only some of the long-retired areas
where an irrigation infrastructure is no longer operational. Elsewhere, transplants
may be emphasized. A drip system with pumps and filtering equipment mounted on
a movable trailer may be the irrigation method of choice. This might help to offset
some of the high costs associated with drip as most of the system will be relocated
after irrigation is phased out in each area. Drip will cut down on water usage and
help to prevent the establishment of weeds. Pre-irrigation will be a must for all
transplants.

Currently, the plan is to expand phase l of the revegetation to an additional 60
acres of fallow farmland directly adj cent to the south and west of the test plot.
Another 40 acres of recently irrigated land located directly across the Winter's wash

f.
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to the east will also be included. This planting will take place sometime between
November 2001 and January 2002. The techniques to be implemented on these lands
will include the use of transplants and drip irrigation. The transplants will be hand
planted using farm labor. A pre-emergent herbicide will be used. Fencing will not be
used. Ripping will not be used.

111. PRELIMINARY OBSERVATIONS*

The most obvious problems were those associated with the mechanical
transplanter. The transplanter was designed to transplant tobacco, and so was not
designed to plant into ground that had not been tilled and prepared as in conventional
agriculture. The randomization of treatments was also a problem for the transplanter,
as it was designed to plant in paired rows. The net result is that the majority of the
transplants were not placed firmly into the ground by the transplanter, but rather just
placed onto the soil surface, where they had to be handled a second time by Tann
laborers to actually plant them in the ground. Mechanically planted liners into dry
soil have approximately 30% initial establishment. Mechanically planted liners did
not withstand deep furrow flood irrigation and did poorly under drip as well. In
contrast, hand-planting of small liners was >90% successful when soil was pre-
irrigated and then plants were individually irrigated immediately after.

In general, the inability to pre-irrigate was very detrimental to the survival of the
transplants. However, this did not seem to have as great of an effect on the l-gallon
plants as on the liners. This may be due in part to the fact that the pre-dug 1-gallon
holes were filled with water just prior to planting. They were also individually
watered immediately after planting. Other factors that might be involved are the
older age and more developed root structure of the l-gallon plants. Another benefit
of the 1-gallon plants is that they handled the deep furrow flood irrigation extremely
well. Greater than 90% success was achieved using l-gallon plants placed into a dry
field with a watered hole.

The drip system experienced many problems as well. The initial setup was
delayed, preventing the timely application of the initial irrigation. Also, the east end
of the drip lines do not appear to receive as much water as the west end of the lines.
The drip system continues to drip for many days after being turned off, resulting in
standing water. This is detrimental to both transplants and seeds due to oxygen
deprivation and salt buildup. In addition, the continuously moist surface is likely to
facilitate the re-establishment of salt cedar.

Seed germination is occurring in both drip and flooded plots, but seems to be less
abundant and diverse in flooded plots. The aerial application of Roundup appears to
have been very effective in killing off the developing tumbleweed population. The
irrigation application of Prowl has been reasonably effective in inhibiting the initial
development of weeds. Thus far, no significant herbivore has been observed outside
the fence.

*These are preliminary observations subject to change based on additional
observation and data collection

9 \176691.1



IV. LITERATURE CITED

Booth, D.T., and T.A. Jones. 2001. Plants for ecological restoration: a foundation
and a philosophy for the future. Native Plants Journal 2: 12-20.

Barbour, M.G., J.H. Burk, W.D. Pitts, F.S. Gilliam, and M.W. Schwartz. 1998.
Terrestrial Plant Ecology, 3rd ed. Benjamin/Cummings, Menlo Park, California.

Jackson, L.L., J.R. McAuliffe, and B.A. Roundy. 1991. Desert restoration:
revegetation trials on abandoned farmlands. Restoration & Management Notes
9:71 -80.

Karpiscak, M.M. 1980. Secondary succession of abandoned field vegetation in
southern Arizona. Ph. D. dissertation, University of Arizona, 219 pp.

Kearney, T.H., and R.H. Peebles.
Press, Berkeley, California.

1960. Arizona Flora. University of California

Munda, B. 1985. USDA-NRCS Tucson Plant Materials Center. Vegetative
treatment of abandoned cropland in the Sonoran Desert to reduce soil erosion.
Plant Materials Technical NoteNo. 4.

Thacker, G.W., and J.R. Cox. How to establish a permanent vegetation cover on
farmland. Pima County Cooperative Extension, University of Arizona, Tucson,
Arizona.

Zone 4: Wildlife Habitat Management Area
Goal: Provide enhanced wildlife habitat in the project area.

Representatives of Duke Energy and the Arizona Game and Fish Department have
had excellent discussions over recent months to determine how best to accomplish
improvements to existing habitat. These discussions have frequently included both
the Arizona Game and Fish Department and University of Arizona to gain as much
synergy from the two efforts, the goal is to encourage both game and non-game
species. Most recently, site visits have been made with the Arizona Game and Fish
Department and with a regional representative of Ducks Unlimited. The next step is
to develop a habitat plan. That plan will include recommendations on the various
options that might be considered in the development of a wildlife habitat program.

Zone 5: Centennial Wash
Goal: Protect existing riparian vegetation

The project contains only a small portion of land that has not been extensively
managed for agricultural production. This area located in the southeastern portion of

n
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the site is in Centennial Wash and contains a functioning riparian ecosystem. Duke
Energy continues to maintain the area in its current state.

Conclusion

The Land Management Plan for the Arlington Valley Energy Project is progressing
well. Duke Energy continues to work with its outside contractors including a
professional landscaping firm, the University of Arizona, and the Arizona Game and
Fish Department. These efforts have resulted in the implementation of the landscape
plan, a comprehensive test plot by the University of Arizona to study the best
methods for large-scale revegetation and conceptual meetings with the Arizona Game
and Fish Department regarding enhanced wildlife habitats.

11 l 176691.1
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BUCkEYE VAllEy NEws
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Lr'
Duke

I Energy(

Arlington Valley Energy
We would like to thank all those in Buckeye and the Westside

communities that have made us feel so' welcome

Our experience here has been very positive and we now have plans

to expand the capacity of the Ar1ingtonTVa1ley facility

We would like to invite any interested residents to a

community meeting to hear about our plans and answer any

questions that you may have

September 5 - Ruth Fisher School

September 6 - Arlington Elementary School

6 to 8 p.m
We would also like you to know that the Arizona Corporation

Commission has scheduled hearings before the Arizona Power Plant and

Transmission Line Siting Committee on Duke Energy Maricopa's

Application for a Certificate of Environmental Compatibility to build

Arlington Valley energy Facility II

Case No. III

Those hearings will be held September 18, 19 at the Quality Hotel

3600 North 2nd Avenue; Phoenix, Arizona

Hearings begin at 9:00 a.m

Interested parties are invited to attend

Amzwx
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May, 2001
Arlington Valley Energy

Dear Neighbor,

First of all, we would like to thank the many area residents who participated in our
groundbrealdng events earlier this spring. It was a great opportunity for us at Duke Energy to see
a lot of friends and to meet many more. On a personal note, my wife Kathy and I have been made
to feel very welcome as we settle M to the community and the wonderful "Arizona Lifestyle." We
would like to thank those of you that we have met arid made us feel so welcome. Over time, we
look forward to getting to know many more you who live in the area.

As you know, there has been a lot of activity on and around the plant site the last several
weeks and I thought this would be a good opportunity to up-date everyone on our progress
towards our planned completion next summer.

First, we have moved the project office from Buckeye out to the plant site. Our phone
numbers and mailing address however remain the same. We now have nearly 100 workers on-site
and we are in the process of continuing with our underground piping, earth moving work, and
pouring the first foundations for the turbine generators and the heat recovery boilers. It is our
ability to capture the waste heat firm the gas turbines and use it to drive the steam generator that
makes this type of plant 40% more efficient than other existing technologies.

With the good progress we are experiencing, we expect to have 600 workers employed
on site by early fall.

Additionally, please know that we are working hard to mitigate the traffic impacts on
Elliot Road. This includes working with the other construction in the area and Maricopa County
to accomplish needed road repairs.

We are very proud to say that in a much smaller groundbreaking ceremony in late March,
we also put the first plantings and water in the field for the Phase 1 test plot of our joint re-
vegetation project wide the University of Arizona. Over the next few years we will be able to
return over 2000 acres to a state of natural desert vegetation. Duke regards its reputation as an
"Environmental Steward" to be one of the most important attributes of the company. Our
commitmentto that goal is unwavering.

Similarly, our joint eHlort with the Arizona Dept of Game and Fish will begin later this
year on the south end of our property near Centennial Wash. The establishment of bird and game
habitat On the site will continue over the next few years.

We should also finalize our schedule for the transmission and gas lines over the next few
weeks. I'll keep you informed as we go along.

As always, I am available for any questions or comments regarding our facility, so please
call me at 623-327-1314. Otherwise, it is also likely that we will see one another at various
community events. '
Sincerely,

Rufus Kellam
Director, Arlington Valley Energy Project.
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June, 2001 Arlington Valley Energy

Dear Neighbor,

Let me begin with saying that with each passing month Duke Energy North
America and the Kellam family in particular, are reminded how pleased we are that we
chose to locate in Arizona. The community has been very supportive and we hope that
you feel we have responded in kind.

Since the last letter to the community, we have had several positive developments
regarding the progress of our Arlington Valley Energy project.

First of all, construction continues on schedule and activity has increased recently.
We now have approximately 150 workers on site, and the number will continue to grow
to a peak of 600 this fall. Two construction milestones are coming up shortly. In the next
few weeks you will be able to see vertical construction as the plant begins to go up from
the foundation work we have been doing. Also, specialized transport will begin to deliver
the heavy components for the plant, These include the gas and steam turbines and the
steam boiler.

Secondly, our very positive experience in Arizona has prompted us to commit to
an expansion of the capacity of the Arlington facility. The critical power needs of
metropolitan Phoenix, and the west in general will remain for some time. Duke has the
ability to construct and deliver additional power quickly. For those reasons and others,
expanding the capacity of Arlington Energy seems to be the right thing to do. Our current
construction will be able to provide 570 MW of power in the summer of 2002. The
expansion will double the overall output and we intend to have it all on-line by the
summer of 2003. This additional construction, we believe, will further enhance the
economy in Arizona with additional jobs and investment and at the same time, insure that
there is sufficient power produced in Arizona for future needs.

Finally, we are pleased to announce that Arlington Valley Energy now has its own
website dedicated to providing the community with up-to-date news and information
about Duke Energy and Arlington in particular. We invite you to visit the site and check
it in the future for progress reports and photos of construction and our re-vegetation
project with the University of Arizona.

The address is; http;//dena.duke-energy.com/arlington/

In closing, let me just restate that my wife Kathy and I are proud to be your
neighbors and I hope that you will contact me with any questions or comments you may
have regarding the Arlington Energy project. Positive comments are especially welcome,
by the way.

Sincerely,

Rufus Kellam
Project Director
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Arllngton Valley Energy

August, 2001

Duke Energy AVEF II

Dear Neighbor,

As you may recall 80111 my last letter in June, Duke Energy North America has decided
to proceed with an expansion of the Arlington Valley Energy facility. Last week an application
was filed with the Maricopa County Planning and Development Department requesting a Special
Use Permit to expand the facility. With the first 570 mw due to go online the summer of 2002,
our expansion will double our capacity and is scheduled for completion the summer of 2003. We
are pleased to report that process is moving forward. with the necessary applications for permits
to the Arizona Corporation Commission and Maricopa County.

At this time we would like to invite you to attend meetings that havebeen scheduled and
to ask for your feedback on how we have been doing with the planned expansion. First of all, we
M11 have two community meetings in early September. Both meetings start at 6:00pm and will be
held at:

• September 5th - Ruth Fisher School
• September 6th .- Arlington Elementary School

We hope you M11 plan to attend one or both of them and we look forward to visiting with you
about our project and answer whatever questions you may have concerning the expansion or the
current construction.

Secondly, the Corporation Commission has also scheduled a hearing for the l 8'*' and 19"'
of September regarding our application there. The official notice is as follows :

» Hearing before the Arzkona Power Plant and Transmission Line Siting Committee on
Duke Energy Maricopa 's Application for a Certy'icate of Environmental Compatibility
to build Arlington Valley Energy Facility II Case No. II 7

The hearings are scheduled to begin at 9:00am both days and will be held at the Quality Hotel
3600 N. 2nd Avenue Phoenix, Arizona.

In the way of construction updates, we are very proud that we now have had 200,000
work hours without a lost time accident. The permanent administration building is well under
way and both of the large boilers are under construction. One of the gas turbines is now on site,
as well.

Finally, much has been learned this summer with the University of Arizona re-vegetation
test plots and we plan to expand the plantings this fall.

In closing, let me once again thank everyone in the Community for the cooperation and
support we have seen since our arrival in Arizona. It is a pleasure for us to be living and worldng
here. Please plan to attend any and all of the above scheduled meetings that may be of interest. If
you have any questions in the meantime, please do not hesitate to contact me at 623-327-1314.

Sincerely,

Rufus Kellam
Director

Re:



[This plan was extracted from the addendum to the Special Use Permit submitted to Maricopa County
Planning and Development, August 16, 2001. The exhibits A-D referred to herein are contained
elsewhere in this exhibit book.]

ARLINGTON VALLEY ENERGY FACILITY II
SWC of 387"' Avenue and Elliot Road

Arlington Valley, Arizona

PUBLIC INVOLVEMENT
And

CITIZEN PARTICIPATION PLAN



CITIZEN PARTICIPATION PLAN

Introduction:

This application for addendum to the Special Use Permit for Arlington Valley Energy

Facility ("AVEF") deals with the expansion (the expansion referred to here as AVEF II) of a

natural gas-fired electrical generating plant that is currently under construction (the current

plant referred to herein as AVEF I). As such, the Public Involvement and Citizen

Participation Plan for this addendum are actually already mature and ongoing components of

a regular communication and feedback process that was begun prior to the initial permitting

of AVEF I and extends back to 1999.

•

•

This exhibit outlines the process up to this application and stipulates the activities that

will be done to fully comply with:

Requirement to Notice

Requirement to Po st

Requirement to Complete a Citizen Participation Plan Results Report•

As part of the AVEF I permitting process, multiple community meetings were held both

at Arlington (Arlington Elementary School) and Tonopah (Ruth Fisher School) and also

included meetings with the Tonopah Community Council.

, At those meetings, information was provided regarding Duke Energy and the plant in

particular. That information included maps, photos, renderings, and information regarding air

quality, water, noise, economic impacts and the company, The public was afforded the

opportunity to ask questions and to answer surveys related to the plant and its construction.

All residents (approximately 1300) of Arlington and Tonopah were notified of the

meetings by mail and flyers distributed at the schools. Spanish language translation was done

in writing and provided in verbal form at the earlier community meetings.

1



Additionally, ads were taken out in the newspapers EI Sol and Buckeye Valley News and

flyers were distributed by the Buckeye Chamber of Commerce to their members.

A11 of this was part of the initial AVEF I submittal for the Special Use Permit and Area

Plan Amendment.

Since the granting of the permits for AVEF I, Duke Energy has sent letters to all

residents of Arlington and Tonopah providing information on the construction status and the

re-vegetation program on an ongoing basis. Specifically, all residents of Arlington and

Tonopah were notified by letter in June 2001 of Duke Energy's decision to move ahead with

an expansion of the plant. Those letters and related press releases are all included in this

Exhibit at Tab A,

•

•

•

•

•

•

Furthermore, Duke Energy / Arlington Valley Energy has established an AVEF specific

website that includes information on:

Plant size and description

Environmental Protection

Economic benefits

Outreach activities

Press Releases

Arizona Contacts

Updated photos on construction progress posted every 30 days .

At this web address: http://www.dena.duke-energy.com/arlington

Printed material as well as the letters to the community include the information about the

website.

•

Duke Energy also hosted a Groundbreaking Ceremony in February of 2001 on the

construction site and invited all community members, schools and various elected officials.

The event was attended by over 200 guests and included school children from Ruth Fisher

SchooL local elected officials, residents and community leaders.

2



As a result of the notifications regarding AVEF II expansion, various letters from the

community have been written and copies of those we have seen are included here at Tab B .

Additionally, at the time that Duke Energy first engaged with the community and made

applications for AVEF I, the company expressed its commitment to partner and participate

with the area residents in worthwhile projects and activities. To date, Arlington Valley Energy

has expended $300,000 in that effort. Local schools and civic organizations have been the

primary beneficiaries and include the donation and construction of a computer lab for

Arlington School, providing van transportation for Ruth Fisher School and funding the

construction of a new track and field facility for Buckeye Union High School. A listing of

recipient organizations is included with this Exhibit Tab C .

Finally, as part of Duke Energy's commitments under AVEF I, a partnership has been

formed with the University of Pdizona to undertake (with funding tram Duke Energy) a re-

vegetation program for all the land designated as "open space" as part of the AVEF I penni

process. That program is well under way, with test plots currently planted and under

irrigation.

Parties Affected by the Application:

The location of AVEF I and AVEF H is 'm a very rural area of western Maricopa

County. The plant is specifically located in the area known as Arlington Valley. The

community of Tonopah and the incorporated Town of Buckeye, while over 10 miles from the

site, are other communities that could be affected by this application and the construction of

the plant.

3



Notification and Information Procedures:

•

Notice to the community regarding this application and its substance has or will

consist of the following:

Letter to all residents (approximately 1300) of Arlington and Tonopah that

Arlington Valley Energy has decided and plans to expand the capacity of the

plant currently under construction on Elliot Road. Completed - June 2001

Personal contact with commMty leaders and elected officials including

Arlington, Tonopah, Buckeye, Goodyear, Avondale, Tolleson and Maricopa

County informing them that Duke Energy desires to expand the capacity of

AVEF I, Completed - June-July, 2001

• Letter to the residents (approximately 1300) of Arlington and Tonopah

informing them that application has been made to the Arizona Corporation

Commission and to Maricopa County for the necessary permits to expand

AVEF I. Specifically regarding the ACC, the letter will notice hearing dates of

September 18-19, 2001 including time and place. This letter will also invite

area residents to two community meetings scheduled for September 5th at Ruth

Fisher School and September 6m at Arlington Elementary School to present

and discussth scope of AVEF, ll including all relevant environmental,

transportation and economic components of the planned expansion. A copy of

the letter is included at Tab To be mailed the week of August 20, 2001D.

• Quarter-page advertisement in the Buckeye Valley News informing readers of

the ACC and Maricopa County applications, noticing the ACC hearings of

Sept. 18-19 and inviting readers to the two community meetings Sept. 5 and 6

mentioned above. To run Aug 30, 2001

• The letter at Tab D also will go to all real property owners within 300' of the

proposed SUP request within 30 days of submitting the Special Use Permit

4



application. There are no homeowners associations within the 300' boundary.

A copy of the 300' property owners list is included at Tab E. To be mailed

the week of August 20, 2001

Required postings on the Elliot Road property will be erected within 30 days

of submitting the Special Use Permit application.

Response Procedures:

Issues and concerns expressed by residents and interested parties with be noted at the

planned community meetings and each person attending will additionally be provided with a

survey questionnaire to complete regarding Duke Energy and AVEF II. Duke Energy /

Arlington Valley Energy will attempt to address issues that are raised. Outcomes of all of the

above will be part of the Citizens Participation Results Report.

Schedule for Completion:

Communication to and with area residents and community leaders will continue on a

regular basis from the time the Special Use Permit application is tiled throughout the

construction phase in particular and beyond. The AVEF website will be maintained and

updated continually throughout the S.U.P. application, construction, and operational phases.

Status Procedure:

Dunce Energy/Arlington Valley Energy will keep the Planning and Zoning Department

informed of the status of our citizen participation efforts through written and verbal

communication and timely submittals of required affidavits and Results Reports.

Issues brought to the County and not directly to Arlington Valley Energy will be addressed

with the Planning and Zoning Department and where it is appropriate, with the originator of

the question or issue as well.
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CLASSIFIED ADVERTISING
Ill I ll l l I I lllll I I I

Notice of Hearing
l II Hull I IH I II I II I I III

NOTICE OF HEARING/THE ARUNGTON VALLEY ENERGY
PROJECT

Depending on ihejssues raised and the number of interveners ap-
pearing during the hearing, the Commiuee may deem it appropri-
ate at some point to recess the hearing to a time and place to be
announced during the hearing. At the discretion of the Committee,
such resumed hearing may be held at a date, time and place de-
signed by the Committee or its Chairman.

BEFQRE THE ARIZONA POWER PLANT AND TRANSMIS-
SION LINE SITING COMMITTEE

NOTE; Notice of such resumed hearing will be given Published no-
tice of such resumed hearing is not required.

IN THE MATrER OF THE APPLICATION OF DUKE ENERGY
MARICOPA, L.L.C.. IN CONFORMANCE WITH THE REQUIRE-
MENTS OF ARIZONA REVISED STATUTES § 40-360.03 AND §
40-360.06 FOR A CERTIFICATE OF ENVIRONMENTAL COM-
PATIBILITY AUTHORIZING THE CONSTRUCTION OF A NATU-
RAL GAS-FIRED, COMBINED CYCLE GENERATING FACILITY
(ARLINGTON VALLEY ENERGY FACILITY II) NEAR ARLINGTON
IN MARICOPA cQunT\£ ARIZONA.

Each county and municipal government and state agency inter-
ested in the proposed facilities and desiring to become a party to
the certificate proceeding shall, not less than ten (10) days before
the date set tor hearing, file with the Director of Utilities,'Arizona
Corporation Commission, 1.200 West Washington, Phoenix, Ari-
zona 85007, a notice of its intent to be a party.

Dad<et No. L-00000P-01 -0117

CASE no. 117

NOTICE OF HEARING

Any domestic, non-profit corporation or association, formed in
whole or in part to promote conservation of natural beauty, to pro-
ted the environment, personal health or other biological values, or
to promote the orderly development of the area in which the facif-
ities are to be located and desiring to become party to the certifica-
tion proceeding, shall, not less than ten (1 O) days before the date
set for hearing, file with the Director of Utilities, Arizona Corpora-
tion Commission, 1200 West Washington, Phoenix, Arizona85007,
a notice of its intent to be a party.

The Committee or hearing officer, at any time deemed appropriated
may make other persons parties to the proceedings.

Any person may make a limited appearance at the hearing by firing
a statement in writing with the Director of Utilities, Arizona Corpo-
ration Commission, 1200 West Washington, Phoenix, Arizona
85007, not less than five (5) days before the date set for hearing. A
person making a limited appearance shalt not be a party or have
the right to present testimony or cross-examine witnesses.

This proceeding is governed by A.R.S. § 40-360.08 to 40-360,18
and Arizona Administrative Code, Rules R14-3~201 to R14-3-219.
The written decision of the Committee shall be submitted to the Ar-
izona Corporation Commission pursuant to Arizona Revised Stat-
utes Section 40-36007. Any person intending to be a party before
the Arizona Corporation Commission must be a party to the certifi-
cation proceedings.

A public hearing will be held before the Power Plant and Transmis-
sion Line Swing Committee ("Committee") at the Quality Hotel &
Resort, 3600 North 2nd Avenue, Phoenix, Arizona 85013, on
September 18 @ 9:00 a.m., and continuing September 19 @
9:00 a.m. (hotel phone number: [602] 248-0222) or .as soon as
the matter can be heard; regarding the application of Duke Energy
Maricopa, L.L.C. or their assignee(s) ("Duke") for a Certificate of
Environmental Compatibility authorizing the Arlington Valiey Ener-
gy Facility ll in Maricopa County, Arizona. The Arlington Valley En-
ergy Facility ll includes a 600-megawatt (MW) (nominal) gas tur-
bine/steam turbine combined-cycle merchant power plant. This is
an expansion of Duke's approved Arlington Valley Energy Facility l,
The proposed site of the protect is a 65 acre site approximately 50
miles west-southwest of Phoenix, in Maricopa County, Arizona. The
project site is situated approximately 1 .5 miles southwest of the Palo
Verde Nuclear Generating Station property and 5 miles west of the
town al Arlington.The site is located on the south side of Elliott Road
between 387th Avenue and 391st Avenue, 112°  53' 34" longitude
and 33°  20' 54" latitude, Section 17, Township 1 South, Range 6
West, Gila and Salt River Base and Meridian.

including detailed maps of the proposed Arlin?ton
Control Center o the

Arizona Corporation Commission, 1200 West Washington Street

ORDERED this z5zh day of July, 2001 .
The Application,
Valley Energy Facility ll, is on file with Docket

Suite 108. Phoenix, Arizona, 85007, and the Commission's Tucson
Office at 400 West Congress, Suite 218, Tucson, Arizona 85701 .

/s/ Laurie A. Woodall, Chairman
Arizona Power Fila rt & Transmission Line Siting Committee
Published 7/27 and 8/3/01 editions ARIZONA CAPITOL TIMES.
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ROBERT BLENDU
1700 WEST WASHINGTON STREET
PHOENIX. ARIZONA 85007-2B44
CAPITOL PHONE; (602) 542-5894
cArroL FAX: leal 542-4030
TOLL FREE: 1-800-352-8404
rblendu@azleg.state.az.us

COMMITTEES;
APPROPRIATIONS,

VICE CHAIRMAN
RULES

/912
APPROPRIATIONS SUBCOMMITTEE

ONHEALTH AND WELFARE

DISTRICT 15
JOINT LEGISLATIVE AUDIT

commrrrEEcgrizuna ;8uLtze of epresentaiiues
§[Hl1uenix, Qwizuna 85807

July 5, 2001

Ms. Laurie Woodall, Chairman
Arizona Power Plant & Transmission Line Siting Committee
1200 W. Washington Street
Phoenix, AZ 85007

Dear Ms. Woodall:

I am writing in support of the application for a Certificate of Environmental Compatibility
submitted by Duke Energy North America for an energy facility planned in Arlington Valley,
Arizona. I urge the Arizona Power Plant & Transmission Line Siting Committee to approve the
application.

The application is based on a planned expansion of a clean-burning 570-megawatt combined-
cycle natural gas plant located in Arlington Valley that has already completed the required
permitting process and is currently under construction.

The expansion of the Arlington Valley facility will help to providecritically needed electrical
generation capacity, add to our local economy by employing hundreds of sldlled workers during
construction and pay millions of dollars in taxes that will go to support local schools.

Thank you for you consideration of my support.

Sincerely

representative Robert Blendu



EDWARD J. CIRILLO
DISTRICT 15

COMMITTEES:

STATE SENATOR
FORTY-FIFTH LEGISLATURE

APPROPRIATIONS
BANKING 8L lNSURANCE, Chair
FINANCE
HEALTH

CAPITOL COMPLEX, SENATE BUILDING
PHOENIX.ARIZONA 85007-2890
PHONE (602) 542-4173
TOLL FREE l-800-352~8404, X4173
FAX (602) 542-3429
E-MAIL ecirillo@lzlcg.suu.u.us

ETHICS COMMITTEE
JOINT commrrrss ON CAPITAL REVlEW
JOINT LEGISLATIVE BUDGET commrrrEE

fwizuna §taie §ena1e

July 5, 2001

J

Ms. Laurie Woodall
Chairman
Arizona Power Plant & Transmission Line Siting Committee
1200 W. Washington Street
Phoenix, AZ 85007

Dear Ms. Woodallz

I am writing in support  of the application for  a  Certificate of Environmental
Compatibility submitted by Duke Energy North America for an energy facility
planned in Arlington Valley,  Arizona. I  urge the Ar izona  Power  P lant  BL
Transmission Line Siting Committee to approve the application.

The application is based on a planned expansion of a clean-burning 570-megawatt
cOmbined-cycle natural gas plant located in Arlington Valley that has already
completed the required permitting process and is currently under construction.

The expansion of the Arlington Valley facility will help to provide cr it ically
needed electrical generation capacity,  add to our local economy by employing
hundreds of skilled workers during construction and pay millions- of dollars in
taxes that will go to support local schools. -

Thank you for your consideration of my support.

l
Edward J. Cirillo



MIKE GLEASON
1100 WEST WASHINGTON STREET
PHOENIX,ARIZONA 85007-2844
CAPITOL PHONE: (502) M2-5409
CAPITOL FA)C (602) 542-3689
TOLL FREE! 1480044524404
fgleason@azleg.state.az.us

COMMITTEES:
NATURAL RESOURCES AND

AGRICULTURE, CHAIRMAN
RULES
TRANSPORTATION

blsTRlcT is Qwiznxta 88111152 Rf 3Repre8entatiues

3Hl}nznix, rizuna 85887

July 6, 2001
/

Ms Laurie Woodall, Chairman
AZ Power Plant & Transmission Line

Siting Committee
1200 West Washington Street
Phoenix, AZ 85007

Dear Ms WoodaII:

I support the application for a Certificate of Environmental Compatibility
submitted by Duke Energy North America for an energy facility planned in
Arlington Valley, Arizona. l urge the Arizona Power Plant & Transmission Line
Siting Committee to approve the application.

The expansion of the Arlington Valley facility will help to provide critically needed
electrical generation capacity, add to our local economy by employing hundreds
of skilled workers during construction and pay millions of dollars in taxes that
will go to support local schools.

In view of the current electrical problems, this expansion is a must for the West
Valley. .

Thank you for your consideration of my support.

Sincerely,

MIKE GLEASON
State Representative

MGlga



Ruth Fisher school nisrric: #90
38201 West Indian School Road

. Tonopah, AZ 85354

Phone 623-386-5688
Fax 623-386-3364

June 20, 2001

Honorable, Mary Rose Wilcox
301 W. Jefferson 10th floor
Phoenix, Arizona 85003

Dear Supervisor Wilcox:

Let me begin by thanking you for the representation and support you have given the Tonopah
Community as a member of the Board of Supervisors. Your commitment to the entire district is
greatly appreciated.

It is my understanding that Duke Energy of the Arlington Valley is applying for expansion of
their electrical generating plant. To that end, I feel that Duke's track record in support of Ruth
Fisher School and the Tonopah Community should be noted. I find it very refreshing to work
with a company who is committed to the formation of a lasting partnership. As you are aware,
rural Western Maricopa County has not had the luxury of many opportunities to establish
worldng partnerships with industry. Duke has "Stepped up to the plate". Our school has, in a
short time , reaped the benefits of a good neighbor.

Duke has contributed in excess of $15,000 over two years in funding a teacher vanpool, which
has made the recruitment and retention of teachers much easier. They have also provided several
pieces of equipment to assist us in exposing our students to new technology.

Sincerely,

|

l1D31
Superintendent

Cc;Rip Wilson, SRW Consulting

r



Buckeye Union High School District No. 201
902 Eason Avenue

Buckeye, Arizona 85326
Phone 623-386-4423 Fax 623-386-9705

Mr. Marty Arambcl
Governing Board Member

Mr. Phillip Echevcnia
Governing Board Member

Mrs. Jeanine Guy
Governing Board Member

Mr. Jerry Kerr
Govcming Board Member

Mr. Gary May field
Governing Board Member

June 21, 2001

Mary Rose Wilcox
Maricopa County Board of Supervisors
301 W. Jefferson
Phoenix, AZ 85003

Dear Supervisor Wilcox, 9

It is my understanding that Dulce Energy is seeking approval Hom Maricopa County to
expand their generating facility in Western Maricopa County, i.e., Arlington, Arizona.

Buckeye Union High School District receives students from the three Elementary
School Districts surrounding the Duke plant. Serving a composite community as we do,
have a partnership interest in a good neighbor policy for the whole of Buckeye Valley.

WC

When Duke Energy first arrived, they confidently announced that they would be good
neighbors, keep us informed, and try to respond to our concerns and conununity needs.
Even before they had even filed a permit application, company personnel made a genuine
and credible effort to communicate with and support our communities. They also said they
would be "straight" with us. Well, not all of us believed them.

It is my pleasure to report that this company has been true to its word. In particular,
Rufus Kellam, the Project Director for Duke, has been very active in the communities.

While their first phase is still under construction, based on their record so far, I would
like to voice support for their expansion. I believe the power plant and its employees are,
and will continue to be, an asset to the Buckeye Valley.

Sincerely,

4 . E -  S M- . L i ,

Dr. Henry EQ schmo
Superintendent

HEs/ph

Dr. Henry Schmidt
Superintendent

Dr. Danny Hcmandcz
Principal

Ms Mary Ann Sphnr
Assistant Principal

Mrs. Marque! L. Wheeler
Business Manager



205 ROOSEVELT AVENUE
P.O. BOX 1728
BUCKEYE. ARIZONA 85328-0180
PH: (523) 386-2196
FAX (823) 386-7789

July 10, 2001

House of Representatives
Honorable Mike Gleason
District 15
1700 West Washington
Phoenix, Arizona 8500772844

Re' Duke Energy-Arlington Facility
Arlington, Arizona_

Dear Honorable Mike G1eas6

We have been notified that Duke Energy is planning on expanding their Arlington Plant.
This letter is in complete support of Duke's planned expansion. Since Duke has arrived
in this community, they have joined in community affairs both as individuals and as
financial Corporate sponsors. They have made every effort to keep our communities
informed as to their plans and have bent over backwards in order to be a "good
neighbor."

They are very conscience of the environment and their technology is state of the art.
They arc in the process of planting the 2000 acres of prior farmland back into its original
desert landscape.

Again we are in complete support of Duke Energy, Max Shilstone and Rufus Kellam. I
stand ready to stand up and speak on behalf of my community.

Sincerely,

I  Lt ' \¢~  .#<  '
Jafrlde A. Meek, General Manager

4- <



Dawna
20s ROOSEVELT AVENUE
P.O. BOX 1726
BUCKEYE. ARIZONA 85328-0180
PH: (823) a86.2196
FAX (823) 388-7789

July 10, 2001

Arizona Corporation Commission
Commissioner Jim Irvin
1200 West Washington
Phoenix, Arizona 85007

Re' Duke Ever Arlington Facility
Arlingtgn'/Ayizona

Dear Con miss ET Irvin:

We have beery notified that Duke Energy is planting on expanding their Arlington Plant.
This letter is in complete support of Duuke's planned expansion. Since Duke has arrived
in this community, they have joined in community affairs both as individuals and as
financial Corporate sponsors. They have made every effort to keep our communities
informed as to their plans and have bent over backwards in order to be a "good
neighbor."

I

They are very conscience of the environment and their technology is state of the art.
They are in the process of planting the 2000 acres of prior farmland back into its original
desert landscape.

Again we are in complete support of Duke Energy, Max Shilstone and Rufus Kellam. I
stand ready to stand up and speak on behalf of my community.
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4) How would you like to receive information about the modernization project in the future?
(please rank 1-4)

In group presentations

In letters to the community

5) What groups do you think we should keep well informed about Arlington Valley Energy?

3) What is your opinion of the Arlington Valley Energy project?

2) Were your interests about Arlington Valley Energy satisfactorily addressed?

Thank you for visiting with us this evening. Please take a few minutes to give us your feedback.

1) How useful was the information we shared with you about Duke Energy and our project Arlington
Valley Energy in terms of

We Want Your Feedback...

M Very desirable

On the Internet

In the newspaper

(0 - somewhat useful, 10 ._ very useful)

a. Learning more about Duke Energy.

b. Learning more about Arlington Valley Energy..

c. Having your interests and concerns addressed.

d. Hearing the interests and concerns of others.

Yes

not useful, 5 -

q

lj No (If no, please specify and indicate what Duke Energy could do to address
them.)

U
(please describe why)

OK 0 Undesirable [I Undecided

9~
3

/0

/o

I

®
Arlington Valley Energy
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Would you like to be in our mailing list? If so, please let us know your name and address.

Name:

Address:

Phone:

9 L R\Q,<L'1 UV M 47

Email: s
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Would you like to be in our mailing list? If so, please let us know your name and address.

Name:

Address:

Phone:

4) How would you like tb receive information about the modernization project in the future?
(please rank l-4)

In group presentations

In letters to the community

5) What groups do you think we should keep well informed about Arlington Valley Energy?

3) What is your opinion of the Arlington Valley Energy project? (please describe why)

2) Were your interests about Arlington Valley Energy satisfactorily addressed?

Thank you for visiting with us this evening. Please take a few minutes to give us your feedback.

1) How useful was the information we shared with you about Duke Energy and our project Arlington
Valley Energy in terms of

We Want Your Feedback...

O Very desirable [1  OK [1 Undesirable ET Undecided

On the Internet

In the newspaper

(0 - somewhat useful, lO _ very useful)

a. Learning more about Duke Energy.

b. Learning more about Arlington Valley Energy.

c. Having your interests and concerns addressed.

d. Hearing the interests and concerns of others.

YA Yes

not useful, 5 -

Q

D No (If no, please specify and indicate what Duke Energy could do to address
them.)

4
b.

l .
2

0
Arlington Valley Energy

D k
Enuelzy

9.0.9§84 844
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Name:

Address:

5) What groups do 'you think we should keep well informed about Arlington Valley Energy?

l\ @,\<(8[\,\>:>4` 8 Q € \ \ m % . w

Would you like to be in our mailing list? If so, please let us know your name and address.

8  A h m  M  Q

L+ are 3 r
Phone: C 9 7 / 3 3 8  o ' 8  S

4) How would you like to receive information about the modernization project in the future?
(please rank 1-4)

In group presentations

In letters to the community

3) What is your opinion of the Arlington Valley Energy project?

2) Were your interests about Arlington Valley Energy satisfactorily addressed?

Thank you for visiting with us this evening. Please take a few minutes to give us your feedback.

1) How useful was the information we shared with you about Duke Energy and our project Arlington
Valley Energy in terms of

We Want Your Feedback...

On the Internet

In the newspaper

(0 - somewhat useful, 10 _ very useful)

a. Learning more about Duke Energy.

b. Learning more about Arlington Valley Energy.

c. Having your interests and concerns addressed.

d. Hearing the interests and concerns of others.

(please describe why)

Very desirable [ I  OK Q Undesirable lj Undecided

Yes

not useful, 5 -

\

8@_r

[I No (If no, please specify and indicate what Duke Energy could do to address
them.)

C
8® \\ \(\R1\3t\>t-\ Ty?

t

Email:

461410
/a
O

1

-

I
8

88822,

0
Arlington Valley Energy

Duke
Energy



We Want Your Feedback... Duke
EII€l'gY®

Arlington Valley Energy

Thank you for visiting with us this evening. Please take a few minutes to give us your feedback.

1) How useful was the information we shared with you about Duke Energy and our project Arlington
Valley Energy in terms of

/0

(o - not useful, 5 - somewhat useful, 10 - very useful)

a. Learning more about Duke Energy.

b. Learning more about Arlington Valley Energy.

c. Having your interests and concerns addressed.

d. Hearing the interests and concerns of others.

/ Q

/ 0

2) Were your interests about Arlington Valley Energy satisfactorily addressed?

Yes CI No (If no, please specify and indicate what Duke Energy could do to address
them.)

3) What is your opinion of the Arlington Valley Energy project? (please describe why)

M-lvlerydesirable E  O K  ` Q Undesirable U Undecided

W e -.to/4Y / ' / w £ 0 / 8¢5  .4 / /e Q 4 £ a q A / /  é M 4 '€ % ~  m 4 4 7

444/lf418e 64/#440 49

4) How would you like to receive information about the modernization project in the future?
(please rank l~4)

In group presentations

In letters to the community

On the Internet

In the newspaper

5) What groups do you think we should keep well informed about Arlington Valley Energy?

A L L

Address:

Phone:

Would you like to be in our mailing list? If so, please let us know your name and address.

Name: Jcoé E4>A

(Q. o.
)vlA/@Rf°7̀

B /,9 9

i

4
I

4 c/o/~>0ALE /4 2

\7¢;f8AcrA @4458 7//. /of 7'Email:



8

Would you like to be in our mailing list? If so, please let us know your name and address.

Name:

Address:

Phone: Email:

4) How would you like to receive information about the modernization project in the future?
(please rank l-4)

In group presentations

In letters to the community

5) What groups do you think we should keep well informed about Arlington Valley Energy?

3) What is your opinion of the Arlington Valley Energy project?

2) Were your interests about Arlington Valley Energy satisfactorily addressed?

Thank you for visiting with us this evening. Please take a few minutes to give us your feedback.

1) How useful was the information we shared with you about Duke Energy and our project Arlington
Valley Energy in terms of

We Want Your Feedback...

I31%//"p 6//646 Vo OW] pwlw/y 4// 075 As

(please describe why)

[21/ery desirable [1 OK ` [1 Undesirable U Undecided

On the Internet

in the newspaper

Yes

(0 - not useful, 5 - somewhat useful, 10 _ very useful)

a. Learning more about Duke Energy.

b. Learning more about Arlington Valley Energy.

c. Having your interests and concerns addressed.

d. Hearing the interests and concerns of others.

€ 1€ H18( / oWe F

PO L30x 1 8 8  / 4 ? f l ~ / » 9  Q n  / 9 2  8 55 2 2

(o22~9x§~l/§/>l/

D No (If no, please specify and indicate what Duke Energy could do to address
them.)

M

| _ /

/0

/0

/n

/O

518/9 €/9v)g4/04d¢if /840 »

Pi

\

Duke
El'l€l'gY®

U0/7

I



4) How would you like to receive information about the modernization project in the future?
(please rank 1-4)

In group presentations

In letters to the community

3) What is your opinion of the Arlington Valley Energy project?

2) Were your interests about Arlington Valley Energy satisfactorily addressed?

Thank you for visiting with us this evening. Please take a few minutes to give us your feedback.

1) How useful was the information we shared with you about Duke Energy and our project Arlington
Valley Energy in terms of

We Want Your Feedback...

(please describe why)

8 Very desirable 0  O K [1 Undesirable [I Undecided

On the Internet

In the newspaper

c. Having your interests and concerns addressed.

d. Hearing the interests and concerns of others.

.. not useful, 5 - somewhat useful, 10 - very useful)

a. Learning more about Duke Energy.

b. Learning more about Arlington Valley Energy.

(0

Yes Q No (If no, please specify and indicate what Duke Energy could do to address
them.)

1

/8
/6
/0

1/-

®
Arllngton Valley Energy

Duke
Energy

Name:

Address:

Phone:

355322
A

'Jo.8
:~
*i
isSr;1
asH'L

;

5) What groups do you think we should keep well informed about Arlington Valley Energy?

/ U w v  5 4 1 1  t o /  6 > r  I 4 / 4 2 1 @ * ° ' *  C w w m / ? 9 ? €

Would you like to be in our mailing list? If so, please let us know your name and address.

5%/vi A4/80/>
QO, /8496 /94

483 -~ 88744 'l¢EQ'5>'I'°w Email:

4 8 4  /  , 4 /

SNc>~.zvv1a`k12@a0>, /7m4
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4) How would you like to receive information about the modernization project in the future?
(please rank 1-4)

In group presentations

In letters to the community

5) What soup

3) What is your opinion of the Arlington Valley Energy project?

2) Were your interests about Arlington Valley Energy satisfactorily addressed?

Q Yes

.) 43

Thank you for visiting with us this evening. Please take a few minutes to give us your feedback.

1) How useful was the information we shared with you about Duke Energy and our project Arlington
Valley Energy in terms of

We Want Your Feedback...

On the Internet

In the newspaper

(0 - not useful, 5 - somewhat useful, lO .. very useful)

a. Learning more about Duke Energy.

b. Learning more about Arlington Valley Energy.

c. Having your interests and concerns addressed.

d. Hearing the interests and concerns of others.

Very desirable

n
444 ,

do'you think we should keep well informed about Ar LI Z Valley E ray?

G Q FA u Q W 4  -  L m

D No (If no, please specify and indicate what Duke Energy could do to address
the

N

OK

(please describe why)

[1 Undesirable lj Undecided
4 ) .

K

4

@
IvW/944{

Y~
1

/6"

@@.wM==4;4 4

@"~w

0 1 4 4

D u k e
El'l€l'gY®

Arlington Valley Energy

¢|-»-

/J 4.

8
r

Would you like to be in our mailing list? If so, please let us know your name and address.

Name: W W z W W / V '

Address: LPQ  3 § ¢ t 2 ¢ % ¢ /  ? 4 ?  4 4 / 3 -

Phone: 423K 386 4 / 4 ?
//M /49 935444/44
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E



We Want Your Feedback... ®
Arlington Valley Energy

Duke
Energy

Thank you for visiting with us this evening. Please take a few minutes to give us your feedback.

1) How useful was the information we shared with you about Duke Energy and our project Arlington
Valley Energy in terms of

( 0 somewhat useful, 10 - very useful)

a. Learning more about Duke Energy.

b. Learning more about Arlington Valley Energy.

c. Having your interests and concerns addressed.

d. Hearing the interests and concerns of others.

- not useful, 5 -

8
8
9

2) Were your interests about Arlington Valley Energy satisfactorily addressed?

VA Yes D No (If no, please specify and indicate what Duke Energy could do to address
them.)

3) What is your opinion of the Arlington Valley Energy project? (please describe why)

[/al Very desirable [ I  OK lj Undesirable [1 Undecided

4) How Would you like to receive information about the modernization project in the future?
(please rank l-4) z

1
s

In group presentations

In letters to the community

On the Internet

In the newspaper

;

Ir*5) what groups do°you think we should keep well informed about Arlington Valley Energy?

/ I/cc
*
.
. *
u

Would you like to be in our mailing list? If so, please let us know your name and address.
I 11.

Name:

in
1 .

g
5*

81

R

/4;f c:n/¢/ . M I/29444

Address: ¢>'.4¢§"AS"7 5.446 .
Phone: 62.3 .373 9/6 7

8i

£g.

2:

3

'E*
re
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Email:
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We Want Your Feedback... Duke
Energy

Thank you for visiting with us this evening. Please take a few minutes to give us your feedback.

1) How useful was the information we shared with you about Duke Energy and our project Arlington
Valley Energy in terms of

(0 - not useful, 5 - somewhat useful, 10 - very useful)

a. Learning more about Duke Energy.

b. Learning more about Arlington Valley Energy.

c. Having your interests and concerns addressed.

d. Hearing the interests and concerns of others. 0
2) Were your interests about Arlington Valley Energy satisfactorily addressed?

Yes [Z] No (If no, please specify and indicate what Duke Energy could do to address
them.)

3) What is your opinion of the Arlington Valley Energy project?

Q Very desirable

(please describe why)

OK [3 Undesirable Cl Undecided

4) How would you like to receive information about the modernization project in the future?
(please rank 1-4)

In group presentations

In letters to the community

*4
*1

r

On the Internet

In the newspaper

5) What groups do'you think we should keep well informed about Arlington Valley Energy?

/
M v 1,

2//LM/<»»~1

Would you like to be in our mailing list? If so, please let us know your name and address.

Name:

Address:

Phone: Email:
M 95389/QQ

I

Q/r4,



We Want Your Feedback... Duke
EII&l'gY®

Arlington Valley Energy

Thank you for visiting with us this evening. Please take a few minutes to give us your feedback.

1) How useful was the information we shared with you about Duke Energy and our project Arlington
Valley Energy in terms of

not useful, 5( 0  - _ somewhat useful, 10 _ very useful)

a. Learning more about Duke Energy.

b. Learning more about Arlington Valley Energy.

c. Having your interests and concerns addressed.

d. Hearing the interests and concerns of others.

2) Were your interests about Arlington Valley Energy satisfactorily addressed?

[I Yes [I No (If no, please specify and indicate what Duke Energy could do to address
them.)

3) What is your opinion of the Arlington Valley Energy project?

X Very desirable []of D Undesirable

(please describe why)

II Undecided

4) How would you like to receive information about the modernization project in the future?

6

4/

(please rank 1-4)

In group presentations

In letters to the community

On the Internet

In the newspaper 3

5) What groups do you think we should keep well informed about Arlington Valley Energy?

Would you like to be in our mailing list? If so, please let us know your name and address.

Name:

Address:

Phone:

4 / 4 4 3 8

Email: 'Ur



We Want Your Feedback... Duke
El18l'gY®

Arlington Valley Energy

Thank you for vii 'ng with us this evening Please take a few min t s to give us your feedback.

1) How set a the information we share
Valley Energy in terms of

d with auy a out Duke Energy and our project Arlington

(0 - not useful, 5 - somewhat useful, lO _ very useful)

a. Learning more about Duke Energy.

b. Learning more about Arlington Valley Energy.

c. Having your interests and concerns addressed.

d. Hearing the interests and concerns of others.

5
5
4

2) Were your interests about Arlington Valley Energy satisfactorily addressed?

9  Y e s Q No (If no, please specify and indicate what Duke Energy could do to address

them.)

3) What is your opinion of the Arlington Valley Energy project? (please describe why)

UndecidedCI Very desirable [3 OK [I Undesirable

4) How would you like to receive information about the modernization project in the future?
(please rank 1-4)

In group presentations

In letters to the community

On the Internet

In the newspaper

5) What groups do' you th8; uld keep well informed about Arlington Valley Energy?

Q

QT 809

Would you like to be in r mailing list? so, p Ase let us know your name and address.

Name:

Address:

Phone: Email:

f3*9l@1l> \Q£26 .

\mn&Q 1
(9Q33S<C<>9(Q§3

883/
W J0;;78®0/ .e

I

C8/'1.



We Want Your Feedback... Duke
Elléfgyn

Arlington Valley Energy

Thank you for visiting with us this evening. Piease take a few minutes to give us your feedback.

1) How useful was the information we shared with you about Duke Energy and our project Arlington
Valley Energy in terms of

(O - not useful, 5 .- somewhat useful, 10 _ very useful)

a. Learning more about Duke Energy.

b. Learning more about Arlington Valley Energy.

c. Having your interests and concerns addressed.

d. Hearing the interests and concerns of others.

q

Cl

q

q

2) Were your interests about Arlington Valley Energy satisfactorily addressed?

Yes Cl No (If no, please specify and indicate what Duke Energy could do to address
them.)

5

3) What is your opinion of the Arlington Valley Energy project? (please describe why)

81 Very desirable QOK 0 Undesirable 0 Undecided

4) How would you like to receive information about the modernization project in the future?
(please rank l-4)

In group presentations

In letters to the community

On the Internet

In the newspaper

x
><

5) What groups do you think we should keep well informed about Arlington Valley Energy?

,_§(\'\tf*y\

Would you like to be in our mailing list? If so, please let us know your name and address.

Name:

Address: ? ( 1 u . r r }

Phone: Email:

\<e\>1wY>lvA '9<@r~<>.vc\aQn
v ~ \ -  \ \ Q 5 e , r ' ~ \ -  8 9 4 € \

3$?Q»"IT3%uib
9  r \ h 8 * f w 9 ?  . 8 8 3 4 3

r .



We Want Your Feedback... Duke
Ellél'g.y®

Arlington Valley Energy

Thank you for visiting with us this evening. Please take a few minutes to give us your feedback.

1) How useful was the information we shared with you about Duke Energy and our project Arlington
Valley Energy in terms of

( 0  - - somewhat useful, 10 - very useful)

a. Learning more about Duke Energy.

b. Learning more about Arlington Valley Energy.

c. Having your interests and concerns addressed .

d. Hearing the interests and concerns of others.

not useful, 5

/D
/O
5
4>

2) Were your interests about Arlington Valley Energy satisfactorily addressed?

Yes C] No (If no, please specify and indicate what Duke Energy could do to address
them.)

3) W hat is your opinion of the Arlington Valley Energy project?

U Very desirable 99 OK .. [I Undesirable

(please describe why)

[ Undecided

4) How would you like to receive information about the modernization project in the future?
(please rank l-4)

In group presentations

in letters to the community

On the Internet

In the newspaper

I
Q.
4
.3

5) What groups do you think we should keep well informed about Arlington Valley Energy?

Would you like to be in our mailing list? If so, please let us know your name and address.

Name: - » , a m  3 9 7 3

Address: 9 .

Phone: (4483 * 3 8 é ~  / 8 8 9

,4Mn5 /v 4 884
Email:F44/m (88

J



We Want Your Feedback... ®
Arllnuton Vallev Enemv

Duke
Energy

Thank you for visiting with us this evening. Please take a few minutes to give us your feedback.

1) How useful was the information we shared with you about Duke Energy and our project Arlington
Valley Energy in terms of

(0 - somewhat useful, lO _ very useful)

a. Learning more about Duke Energy.

b. Learning more about Arlington Valley Energy.

c. Having your interests and concerns addressed .

d. Hearing the interests and concerns of others.

not useful, 5  -

IO
10
10
10

2) Were your interests about Arlington Valley Energy satisfactorily addressed?

S lj No (If no, please specify and indicate what Duke Energy could do to address
them.)

3) What is your opinion of the Arlington Valley Energy project? (please describe why)

12/ery desirable Ci OK .. C] Undesirable Ci Undecided

4) How would you like to receive information about the modernization project in the future?
(please rank l-4)

In group presentations

In letters to the community

On the Internet

In the newspaper

4
,Z
\

5) What groups do you think we should keep well informed about Arlington Valley Energy?

Would you like to be in our mailing list? If so, please let us know your name and address.

Name:

Address:

Phone: Email:

ll(l4urzn.L»  (A)0r~Kmg_//L

HDIQQI U

(U»a2.39.4f4~857<6
>. rum 141 940 /, /'l 6ql¢71_/ A l

dfu)mKmm@MQo.
/

£982 1;
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Buckeye Union High School District No. 201
902 Eason Avenue

Buckeye, Arizona 85326
Phone 623-386-4423 Fax 623-385-9705

Mr. Marry Arvamhcl
Governing Board Member

Mr. Phillip R. Echcvcrria
Ggvcmiug 8nnrd Member

Mrs. leaning Guy
Governing Beam Member

Mr. 1:n'y Kerr
Gumming Board member

Mr. Gary Maydcld
Governing Board member

July 2. 2001

Ruiixs D. Kellum. Director
Duke Eulogy
Arlington Valley Project
Duke Energy Mauricopa, LLD
P.O.Box 26
Arlington, AZ 85322

ow Mr. Kcllaxuz

With :Tm collection of $89,000.00 from various prior donors, the additional $170,000.00 will nxsuxc a

Your call to conform Duke Energy's gcnctous donation of $170,000.00 for the all~weather track ax Buckeye Union High
Sc hoo l  r epm eur s  a  ha l l m ar k c on t r i bu t i on  i n  the  s to r i ed  h i s to r y o f  the  D i s t r i c t .  Indeed ,  :D i c e  Ener gy i s  a  go l d  m en!

Corporate Neighbor!

This bountiful conuibutiou will make it possible for The District no immediately commence on the consnucNon of the all-
weather track.
state-of-dmc-an :rack for our high school scholar/athlcta coupicd with use by our feeder schools, public agencies and our
community. R is eatttciociy timely as the Disk-ict is rebuilding 75 percent ofBuck:yc Union High School with an
anticipated completion date oflunc 2003 .

Consistent with our earlier conversation, this Ma will sexvc as an invoice for receipt of the $170,00100 Which will be
made 'm two payments ofS85,000.00, The Et installment will he received by the District: on July 15, 2001.

High School District No. 201 with a memo (i.e., notation) for the BUHS A11-Weather Track. Upon receipt of the Sis!
installment the District will commence immediately on the arciiinecnntal, civil cngineetiinig and invitation to bid for the
ttnck; Our critical path way is to have the track completed for the 2001- 02 scasoo. This is a any aggressive lin1C1i1'1¢-

Under your leadership Rufus, Duke Enttazf, has esmbiishcd aboxxafide school/corporate pannmhip that will impact the
Buckeye Valley for generations to come. You have been use to your word. You are the shining star'

and the

second. installment will be received by the District on December 15, 2001 . Please issu: the decks to: Buckeye UI1i0D

&2_ '"L°'f §.,J...r1'c
Dr. I-luuy E. SchmM
Supcrinxcndczu of Educadou

Q E C E I V E D

JUL U z 20m

Buckeye Union High School Governing Board \O¢4'9

5/7€r9y é' .)
Mafxco¢8- \ '

cc:

Dr. Henry Schmo
SupmMcndenr

Mr. Danny Hernandez
Principia

Ms Mary Ann Spear
Assistant Principal

Mrs. Mzrqucl L Wheaten
Business Manager



Duke
EII€l'gy®

Arlington Valley Energy August, 2000

Dear Neighbor,

As you may know, Duke Energy is seeking to develop and build a new combined cycle gas-fired electric
generating plant called Arlington Valley Energy Project. I was recently appointed as director of the project
and therefore, as we move forward I will be responsible for overseeing the construction of the facility.

Over the past year or so I know many of you have met and talked with Max Shilstone, Duke's project
developer for Arlington. Max has led the team to get the project off the ground and ready for construction.
Now that we are nearing completion of the permitting process, it will be my responsibility to work with
you, our neighbors, as we undertake the actual constriction of the plant. Most recently, I worked with a
great team of people in Veazie, Maine completing the construction and commissioning of a similar plant,
the Maine Independence Station.

My wife, Kathy, and I are excited about moving to Arizona and have recently purchased a home in western
Maricopa County not far tim our plant site. Over the next few months, it is my intention to get to low as
many of the area residents as possible.

Additionally, we plan to provide as much information as possible about the construction status and what
you, as a resident, can expect regarding our activities. Letters like this will be one way we will try to keep
you informed. You can expect community meetings and we will occasionally publish an Arlington Energy
newsletter that should help you get to know the company and the project people even better.

111 the way of an update, Duke Energy hopes to complete all of the permitting for the Arlington project by
September and plans for a groundbrealdng early in 2001. An aggressive construction timetable calls for
Arlington Valley Energy to go online in the summer of 2002. Combined cycle gas-tired facilities are
among the cleanest thermal electric generation technologies at work today. Furthermore, the energy 'from
the facility will help meet the rapidly growing demand for electric energy in the Southwest and help hold
down costs for everyone.

We are confident that you, as an area resident, will be pleased with our plans for the actual plant site, our
re-vegetation program for much of the surrounding land; and the positive results of the water studies for our
planned groundwater use. For those of you who have not yet seen them, details about these issues and more
will be part of our ongoing communication process.

I look forward to working with you through this next phase and please note that I can be reached through
the above address. Please call me at 602-258-0822 with any comments or concerns. When we can relocate
to offices closer to the job site, I'll send out another letter with the new phone numbers.

Sincerely,

Rufus D Kellam
Director, Arlington Valley Energy Project



January 17, 2001

®

Arlington Valley Energy

Duke
Energy

Dear Neighbor,

Thanks in large part to the input and support of area residents, I'm happy to report that we have
our permits and have started dust suppression and earth work at our site on Elliot Road. We are
proud to be coming to Arlington Valley and to commemorate the beginning of construction, we're
inviting you to join us for a Groundbreaking Celebration on February 22nd at 11:00 am at our
plant site. The site is south of Palo Verde Nuclear Station and west of Wintersburg Road. We'll
have signs that will direct you to the precise location. If you plan to attend, please take the time
to return the enclosed RSVP cardno later than Februarv 16"'.

My wife, Kathy, and I have completed our move to the west valley. We have been getting out in
the community meeting people and look forward to meeting more of you at the groundbreaking
ceremony and in the coming months.

To keep you up to date, here's our status and our expectations over the next several weeks: Site
preparation has begun with watering for dust suppression. Ames Construction will begin
significant earth moving the week of January 22"d. Klondike Construction has begun temporary
electric and telephone installation. We expect that construction trailers will move to the site
immediately

Duke-Fluor Daniel (D-FD) is the General Contractor for the power plant construction. Their
plans are to have the new access road in service by March. This will lessen traffic impact as we
begin receiving equipment deliveries on site.

Since D-FD will be using sub contractors, we expect most of the workers to come from the
metropolitan area. We expect to have 50 people on site by the end of Jan; 100 by April; 300 by
June and 500 by mid-summer.

In addition, we are working with the Game and Fish Department and with the University of
Arizona to accomplish our re-vegetation plan for over 2,000 acres. I'll provide more detail after
the test plot is begun.

Duke Energy has an excellent safety record on our projects and we are totally committed to our
safety program here in Arizona.

If you have any questions or comments about our event, or construction, please call me at our
temporary offices in Buckeye at 623-327-1314. I look forward to seeing you February 22"° '.

Sincerely,

Rufus Kellam
Director, Arlington Valley Energy Project



ié'#;'f9,v.
Arlington valley Energy

Groundbreaking

Ceremony

11:00am - 1:00 pm
39027 w. Elliot Rd.

(West of Wintersburg Rd. - Follow the Signs)

We Invite All Members of the
Buckeye Chamber of Commerce

To
Join Us As We Celebrate
The Start of Construction
Of The Arlington Gas-Fired

Generating Facility

Food and Refreshments Will Be Served

Duke Energy and the Communities of the West Valley
A Powerful Partnership



_ Duke
¢Energy®

Arlington Valley Energy

February 22, 2001 CONTACT:
Officel
Mobile:
24-hour:

Richard A. Fernandez
713/627-5984
713/516-8592
888/487-5557

DUKE ENERGY NORTH AMERICA BREAKS GROUND ON NEW MERCHANT
POWER GENERATION FACILITY IN MARICOPA COUNTY

Arlington Valley, AZ -- Today, Duke Energy North America (DENA) celebrates the ground

breaking of their new $250 million electric power generating facility in Arlington Valley. Known

as the Arlington Valley Energy Facility, this 570-megawatt merchant power plant will supply

clean power to the wholesale market by summer of 2002. This state-of-the-art facility will supply

enough power to light and heat about 570,000 households, which will significantly add to the

availability of reliable power in Arizona and the Southwest.

The Arlington Valley Energy Facility has successfully completed the required permitting process

and has the approval of Maricopa County and the Arizona Corporation Commission. It also

received broad community support throughout the permitting process.

This facility's combined-cycle natural gas technology is environmentally superior to the

technology used in older plants. About two-thirds of its electricity is generated by two

combustion turbine generators that are fueled exclusively by natural gas. The exhaust heat from

these turbines is captured and recycled to create high-pressure steam, which drives an additional

steam turbine generator, producing the balance of the plant's electric output. This recycling

process will allow the plant to be 40 percent more eilicient than older technology and will help

to conserve valuable resources. The Arlington Valley Energy Facility's production is the type of

safe, clean and efficient energy elected oiiicials, community leaders, and citizens want.

-more-



"It is with great pleasure thats congratulate Duke Energy North America on the occasion of the

groundbreaking of the Arlington Valley Energy Facility, and welcome you [Duke Energy North

America] to our great state of Arizona," said Governor Hull. "As Governor it is critically

important to me that Arizona's electricity consumers have confidence in our electric generation

system, and knowledge that the energy they desire will be available as needed. That is whys am

grateful for the investment Duke Energy North America is making here in Western Maricopa

County.

"The Arlington Valley Energy Facility will provide critically needed electrical generation

capacity, add to our local economy by employing hundreds of skilled workers during

construction, and pay millions of dollars in taxes that will go to support local schools," added

Governor Hull.

County supervisors support Duke Energy's Arlington Valley Energy Facility. This project has

met and exceeded environmental and community requirements.

"Part of our task as County supervisors is not simply to deal with current issues, but to plan for

the future of the citizens in Maricopa County. Duke Energy's Arlington Valley Energy Facility

will help us provide the electricity generation we need to ensure an excellent future for our

citizens," said Supervisor Mary Rose Wilcox. "While we address the need for new power

generation, we must never forget the impact that development has on our community. We must

make sure that air quality, groundwater, and every environmental concern is satisfied by the

companies that locate in our community. Duke Energy Arlington Valley Energy has met and

exceeded our standard on every level. This facility will be a great addition to our community."

-more-



"As Supervisors, we must balance citizen and business objectives. In order to encourage

economic development in our county, we must encourage the production of reliable, affordable

electricity without compromising the needs of our citizens," said Supervisor Jan Brewer. "Dice

Energy Arlington Valley is exactly what we need. Duke Energy has been open and responsive to

citizen concerns and input. We look forward to a great relationship throughout the next phase of

this project."

"The construction of this technologically advanced power plant represents a significant

investment by our company in the West Valley's economic future," said Jim Donnell, president

and chief executive officer of DENA. "We are proud to be a part of this community and look

forward to providing reliable energy for all Arizonans.

"I cannot overemphasize the importance of the excellent support we received from the

community and state and local officials to make this day a reality," added Donnell. "The process

that got us here today was an excellent example of private industry, government and community

leaders worldng together to bring a valuable economic asset to Maricopa County."

The Arlington Valley Energy Facility also offers a unique opportunity for the West Valley's

ecology. A joint project between Duke Energy and a team of University of Arizona students and

faculty will return 2,000 acres of currently fallow farmland to its former natural state. This land

will be set aside and will not be developed.

"Duke Energy bas given us an incredible research opportunity and donated land, plants, and all

the materials necessary to begin a massive re-vegetation project at the site," said Dr. Martin

Karpiscak, professor of plant ecology at the University of Arizona. "We will design, implement

and monitor this large-scale desert re-vegetation program. And by summer 200 l , we will make

significant progress toward returning this land to a desert ecology. For the next several years, we

will continue to monitor this project and learn from our research. Without Duke Energy's

generous contribution, a project of this scale would not be possible."

-more-



The general contractor for this project is Duke/Fluor Daniel, a joint venture company of Duke

Energy and Fluor Daniel. During the 18-month construction period, the project will generate

approximately 500 construction~related jobs. Upon commercial operation a permanent staff of

approximately 25 employees will operate and maintain the plant.

DENA is Duke Energy's Houston-based merchant energy company. Currently, DENA's

merchant portfolio includes 6,200 megawatts of generation located in the western, Midwestern

and eastern regions of the United States. By summer 2001, DENA will deliver six new merchant

facilities totaling 3,400 megawatts. DENA also has more than 13,500 megawatts in advanced

development and expand its merchant portfolio to more than 23,000 megawatts by 2003 .

Duke Energy, a diversified multinational energy company, creates value for customers and

shareholders through an integrated network of energy assets and expertise. Duke Energy

manages a dynamic portfolio of natural gas and electric supply, delivery and trading businesses

- generating revenues of more than $49 billion in 2000. Duke Energy, headquartered in

Charlotte, N.C., is a Fortune 100 company traded on the New York Stock Exchange under the

symbol DUK. ,

More information about the company is available on the Internet at: wwwduke-energy.com.

###



FOR IMMEDIATE RELEASE

April 6, 2001

CONTACT:
Megan Ross, (703)438-6068

DUKE ENERGY HONORED FOR NATIONAL CONSERVATION ACHIEVEMENT

Washington, D.C. -- The nation's largest conservation organization honored Duke

Energy with its prestigious National Conservation Achievement Award at its 65th Annual

Meeting today in Washington, D.C. The National Wildlife Federation (NWF) recognized Duke

Energy's outstanding contributions to the Jocassee Gorges project, which led to the protection of

tens of thousands of wilderness acres in the states of North and South Carolina.

"Duke Energy is demonstrating that large, multi-national companies can give back to the

community and its wildlife in a meaningful way," said NWF President Mark Van Putten. "The

company's efforts to conserve these spectacular lands reflect a commitment to the environment

and to sound resource management. Their example proves that successful business and land

stewardship can -- and must -- go hand in hand."

Through the recent Jocassee Gorges project, which local leaders have called "the most

significant conservation project in the Southern Appalachians in the past 50 years," Duke Energy

transferred 50,000 acres of land to the people of the_ Carolinas and to the USDA Forest Service,

land that offers outstanding wildlife habitat, tremendous natural beauty and valuable recreational

opportunities. The land was sold to the states, while Duke Energy made a contribution to

facilitate the sale.

This spectacular mountain landscape is a precious resource for people and wildlife alike.

with its rugged gorges, spectacular waterfalls, and rivers fed by plentiful rains, the area is home

to eagles, peregrine falcons, black bears, trout and rare plant species, and offers a welcome

escape for hikers, anglers and other outdoor enthusiasts. A nationally significant natural

resource in its own right, this parcel also ties together other existing conservation lands to create

a major preserve along the Southeastern Blue Ridge Escarpment.

Even while Duke Energy owned this property, the company proved an excellent land

steward, keeping the area undeveloped and carefully managed. By turning over this land to the



states of North and South Carolina and the Forest Service, Duke Energy has ensured that it will

be protected in the long term. As a result of the company's efforts, South Carolina now has a

new state-owned 33,000 acre tract of gamelans and heritage preserves, while its northern

neighbor has its newest and westernmost state park. The company is also maintaining an

adjacent 10,000 acres of its own land as a conservation easement.

Since i965, NWF's National Conservation Achievement Awards have been presented

each year to individuals and organizations who provide leadership in spreading the conservation

message and protecting natural resources. For 2000, awards were presented in the following

categories: NWF Affiliate of the Year, Communications, Corporate Leadership, Education,

Government, International, Legal/Legislative, Organization, Philanthropy, Science, Youth, and

Special Achievement. Duke Energy was honored in the Corporate Leadership category.

The nation's largest member-supported conservation advocacy and education group, the

National Wildlife Federation unites people from all walks of life to protect nature, wildlife, and

the world we all share. The Federation has educated and inspired families to uphold America's

conservation tradition since 1936. Its common-sense approach to enviromnental protection

brings individuals, organizations, and governments together to ensure a brighter future for people

and wildlife.

###



Merchant Power Plant
FACT SHEET

duke

~2?t'€§meff¢a-
A Dul-zEnax7carnp4ny

Who»is Duke Energy? Who is Duke Energy North
America?

How can Duke Energy do
this in another utility's
territory?Du/ee Energy North America

fs a wholly owned affiliate of
Duke .Energy DEMA develops,
owns and operates eleczrrc
generation across :be Umrea
States, Canada and Mexico.

What is a merchant plant?

A/ederal law, [he Energy Pr»lzc_V
Act of I992. opened the Izazzo»zal

wholesale elecmcztv ma ret to

co rnpetrrion. T79i5 LL'/7ule5c11'e

market- which mvolues the
buying and selling of elecmczry

oz high voltage on oz hulk hcl5i5 -

ZS the market Duke Energy had

entered Or_DrODO5€S ro enter in
several grazes.

Dulce Energy Co/poration
I_\YSE.DL'K/ iS oz global energy
company ult/J more than 526
billion in assets. Headquartered
in Charlotte, .V.C.. :be company
reaches into more than 50
countries,producing energy,
transportitzg energy, marketing
energy and providing energy
services. fn the United States
Duke Energy companies provide
electric sen'ice to approximately
two million customers in JVOVI/9
Carolina and Sour/2 Carolina;
operate interstate pipelines
float deliver natural gas to
various regions of the country,-
and are leading marketers of
electricity, natural gasand
naturalgas liquids.

Are other companies
operating merchant
plants?

Thecompany business units
base long been recognized for
building and operating plants tn
ice mos: emcieni, cos:-effective
manner while maintaining safety
and reliability_v. Additional
company information iS available

on be World wide web as

brrp.-//www.duke-energy.corn.

DENY develops, ownsand
operates what are referred ro as
"'merchant"plants. A merchant
overplant ts an electric generat-

ingfacility that produces power
for the expresspurpose of selling
electricity into the wholesale
electricity market. ThiS wholesale
electricity market composes
municipalities cooperatives,
investor-ownedutilities and
power marketers that need
low-cost power to meet the needs
of their retail customers. DENA
makes the capital investment
and takes the economic nslesfor
theseprojects. In order for a
merchantplant to be successful,
it must produce electricity at or
below the market price for
wholesale electricity. ,

Merchant plants are prolzjeranng
throughout the US. Many
companies are bzlilding new
state-of-the-anpowerplants or
are buying existing power plants
_formerly owned by utility compa-
nies. 77Jese activities underscore
tbefacr that a number of players
in the power industry are
routines' moving outside oft/:cr
historical operating areas into
the open wholesalepower market
across Non/2 America .

Duke Energy IS an Equal Ooportumry Emoloyer.
Pvoduced by Duke Energy Creative Services



DUKE ENERGY

A "Good Neighbor" Tradition

Operational Excellence

1999: Most admired Gas and Electric Utility Company - Fortune
Magazine

1998: Utility of the Year- Electric Power and Light Magazine

1998: World's Most Respected Utility - England's Financial Times
Newspaper

1998 and 1997: Leading the Electrical Utility industry in Customer
Satisfaction - National Quality Research Center Survey

1995: Edison Award for operating the nation's best utility - Edison
Electric Institute
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Dec. 6, 1999 CONTACT: Danny Gibbs
O83ce : 704/373-6680
24-Hour: 704/382-8333

DUKE ENERGY NAMED CORPORATE LEADERSHIP WINNER
BY TOP INDUSTRY PUBLICATION

CHARLOTTE, N.C. -- Citing the company's overall excellence, Duke Energy was honored with

the Corporate Leadership Award from industry publication Energy Daily in ceremonies last

Thursday night in Williamsburg, Va.

Duke Energy Chairman Richard B. Priory accepted the award on behalf on the company. The

award waspart ofEnergy Daily 's27"" Annual Conference and Awards banquet. Also honored by

the publication were former Energy Secretary Dr. James Schlesinger, Senator Pete Domenico and

Sempra Energy Chairman Richard Farmer.

"Duke Energy's stellar reputation has been earned over the years by tens of thousands of

dedicated employees," said Priory. "Ì rn pleased that the efforts of my teammates worldwide have

again been recognized."

In acknowledging Duke Energy as an award recipient,Energy Daily Publisher Llewellyn King

said, "This reflects and recognizes that for many years Duke has been outstanding in its

organization, leadership and especially the depth and excellence of its engineering."

- more-
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Duke Energy has garnered a number of awards in 1999. Among the more prominent, the

company was named "Most Admired Electric and Ga Utility" in Fortune magazine's "Most

Admired Compares" roster. It was named "Best Electricity Company" at the Financial Times

Energy Awards last month.

Washington, D.C.-based King Publishing produces Energy Daily. Since 1973, it has been the

leading publication reporting on the energy industry.

Duke Energy (NYSEDUK) is a global energy company with more than $29 billion in assets.

Headquartered in Charlotte, N.C., the company reaches into more than 50 countries, producing

energy, transporting energy, marketing energy and providing energy services. In the United

States, Dice Energy companies provide electric service to approximately two million customers

in North Carolina and South Carolina, operate interstate pipelines that deliver natural gas to

various regions of the country, and are leading marketers of electricity, natural gas and natural

gas liquids. Additional information about the company is available on the Internet at:

vvv~w.duke-energv.com

###



DUKE ENERGY

A "Good Neighbor" Tradition

Leader in Environmental Stewardship

1999, 1994: Land Stewardship Award - National Vvild
Turkey Federation

1998: Conservationist of the Year- South Carolina Wildlife
Federation

1997: Conservation Leadership Award - Nature Conservancy of
Texas

1996: Sign i17ca n t Contribution to Improving Small Game Population
and Habitat- North Carolina Wildlife Resource Commission

1995: Environmental Achievement Award - International Erosion
Control Association

1995: Governor's Award for Po/lution Prevention and Waste
Reduction Programs - South Carolina
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Duke Energy: A Leader In Environmental Stewardship

In January 1998, the South Carolina Wildlife Federation recognized Duke Energy's commitment
to the environment by presenting the company with its annual Conservationist Of The Year
Award. Duke was honored for its key role in making possible the public acquisition of4l,000
acres of land in the Jocassee Gorges. South Carolina governor David Beasley said the effort to
protect the a.rea was "the most significant conservation project in the Souther Appalachian
mountains in the later half of the twentieth century."

in November 1997, the Nature Conservancy of Texas named Duke Energy the winner of its 1997
Conservation Leadership Award. The award was given for four special programs that
illustrate the company's commitment to environmental awareness. The company's historical
commitment to conservation is also reflected by Duke Power's 1990 Corporate Conservation
Award presented by the North Carolina Nature Conservancy.

In 1996, Duke Power's 2,200 megawatt Beiews Creek Steam Station was recognized by the
North Carol Ina Wildlife Resources Commission as the winner of its Dr. William H. Mccall
Small Game Award. The award was given in recognition of significant contributions to
improve small game populations and habitats.

In 1995, Duke Electric Transmission received the Environmental Achievement Award from
the lntemational Erosion Control Association - the group's highest award .- for the
environmentally-sensitive practices used during the construction of a 27-mile 161 kilovolt
transmission line through the North Carolina mountains.

In 1995, Duke Power received the South Carolina Governor's Large Category Pollution
Prevention Award, which recognized the company's pollution prevention and waste reduction
efforts.

In 1994, Duke Power was the first utility ever to win die prestigious Land Stewardship Award
from the National Wild Turkey Federation. The federation recognized the company for
overall excellence in natural resource protection around power plants, transmission lines and
support of conservation education programs.

In December 1998, Duke Energy was named as the Utility Of The Year by Electric Power &
Light magazine. The magazine said that Duke Energy is one of the global energy industry's most
diversified companies. It also noted investment analysts' comments about the company, which
refer to Duke Energy as an "energy-services giant," "powerhouse," "strong and tough
competitor," and "bellwether."

Ki a Fortune magazine survey published in February 1998, Duke Power, the largest subsidiary of
Duke Energy, led the electric utility industry in customer satisfaction. The survey was
conducted by the National Quality Research Center and involved more than 50,000 consumers.
Duke Power also led the electric utility industry in the same survey published by Fortune in
1997.

in 1995, Duke Power received the coveted Edison Award Nom the Edison Electric Institute for
operating the nation's best utility. Duke is the only utility in the nation ro have received the
award three times.
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Utility of the Year: Duke Energy
Michael T. Burr. Managing Editor billion. and 18th for its 13.7 percent return on

common equity. So far in 1998. the company-"s

performance is even better. with famines per

share up by 33.8 percent. to $2.81. for the first

three quarters of the year.

Ike Energ"s June 1997 merger with

midstream gas major PanEner9' cre-

ated one of the global energy' indus-

try`s most broadly diversified companies.

Analysts raved about the combination. using

.terms like '°energy-servic-

es giant." "powerhouse."

"strong and tough com-

petitor." and "bellwether."

Duke is wasting no

time putting its new capa-

bilities to use. After merg-

ing with PanEnergy. the

company has set sights on

an ambitious goal:add $2

billion a year to its rev-

Unregulated muscle

elated business. the company expected to grow

from 2 percent to 4 percent a year.

The company's sights are set on downstream

merchant electric capacity and international

energy markets. To achieve its goals. DukeS

unregulated development groups have been

adding staff quickly. bringing in people from

electric. pipeline and development businesses.

"We're pulling people up internally and hiring

venues.

Dukels strategy depends on an integrated

approach to developing fuel and electricity

infrastructure around the world. a strong ener-

gy trading organization to support merchant

plants in the United States. and a regulated util-

ity focused on system efficiency and world-das

customer care.

This forward-thinking approach promises to

put Duke in a good position to compete in the

deregulated electricity marketplace. This is the

main reasonElectric Light & Potter magazine

selected Duke for the 1998 Utility at' the Year

award. The company industry-leading plant

eriiciencies and customer satisfaction ratings. as

well as its consistently strong stock perform-

ance. affirmed the selection. -

In terms of heat rates. Duke's Belows Creek

and Marshall coal-fired plants have consistent-

ly led EL&Pl9 ranking of U.S. steam-electric

plants. with 1997 figures of 8.962 Btu/kWh and

9.009 Btu/kWh. respectively. its Catawba

nuclear facility also leads the pack with a 10.069

Btu/kWh performance.

aL&-PS most recent report on the top 99 U.S.

ties' 1997 financial performance ranked

Uuke second to Enron Corp. in total revenue

generated. with $16.3 billion. The company

came in 1181 in electric revenue. with about $6

In the unregulated energy project develop-
ment business. Duke Energy-"s $"4 billion
asset base gives the company a distinct advan-
tage over smaller com-
panies. With these
deep resources. Duke
can issue corporate
bonds to finance new
projects. at a signifi-
cant cost savings com-
pared to project
Finance loans. Further.
its engineering and
construction expert-
ise. through subsidiary
Duke/Fluor Daniel.
minimizes construc-
tion costs. And per-
haps most important-
ly. Duke is leveraging
commercial trading
expertise gained from
PanEnergy to maxi-
mize its profits in
wholesale energy mai'-
kets.

These unregulated
businesses provide
the muscle for Dukels
aggressive growth
strategy. "We are tar-
geting 8 percent to 10
percent growth per
year for the next five
years." said David
Hauser, Duke's senior
vice president and
treasurer. To put
that in perspective. in
Duke's historically reg-

Playing the margins: Duke Energy Trading 8 Marketing, with trading
tlo0rs in H.ouston and several other cities, provides the foundation for
Duke's integrated merchant energy strategy. The company leverages the
former PanEnergy's gas resources and Duke's electric resources for com-
modities risk management. Ranked third in 1997 U.S. sales. the group
sold nearly 92 MWh during the year, according to the Edison Electric
Institute.

Reprinted from the December 1998 edition ofELECTRIC LIGHT 8;POWER
Copyriehi 1998 by PennWell
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It also has been the root of a number of other
businesses.

Then came the cogeneration years. We
selected some people from the engineering
group and formed our asset development
group. which is now Duke Energy Global

"We can't perfectly

see the horizon, but

we have a sense of

what it will look like

when it's done. This

gives us an opportu-

pity to grab the right

Asset Development. In the late `8i1s. the
world started breaking loose in the energy
area. B.v then we were very well equipped.
with a lot of talent that had been developed
in the non-regulated area, so it was very
commercially sensitive talent. This gave us
a great deal of tiexibility that many utilities
never had. because they were pretty much
fixed on their regulated mode.

When the Energy Policy Act of 1992 passed
we realized the wholesale market would open
up in a way it never had before. So we formed a
trading and marketing company.

in 1996. we felt one of the major gaps in
our strategy. given the way the energy
future was going. was that we didn't have a
lot of experience with gas. We started look-
ing at midstream gas players--not E&P
[exploration and production) of' local dis-positions and get

J

some margins."

-Richard Priory
Duke Energy

In 1989. we took the coal portion of our
engineering business. which represented
about half of it. and spun it oN' into a joint
venture with Fluor Daniel.

tribution. but everything in-between. \\`e
were interested in gathering and process-
ing, storage. transportation. and trading
and marketing.

We decided the best fit for us was
PanEnergy. We closed that deal on June 18.
1997. and the rest is history. We worked hard
to integrate the teams together: We were very
focused on making sure we created the value
we expected.

Since then. it's been a blur of projects and
opportunities. The synergy of putting together

J

1

Secure largest LoU $16.3 miNion (1997 total revenues)
S23 billion markel capitalization

SO m1n<>n
13.7 percent

$2.51 (1997)2 $2.81/share for 0. 1-3, 1998
76.2 TWh (1997 generation), 17.857 MW capacity owned

9,338 8TU/kwh
91 .g million Mph

37.000 miles
200.000 DI/d

nth largest electric revenue
18th best return on equity
23rd best eamlngs per share
Forth largest generator
industry-leading heat rate
Third largest power marketer
Second largest interstate pipeline
Largest natural gas liquids producer'
Third largest gas gatherer
Fourth largest EPC' ' firm

'After acquisrlion 01 UPFuels, announced Nov 1998
"Engineering, procurement and construction

from outside." Hauser said. "Weave doubled our
development staff since June 1997."

While working to establish a global pres-
ence. Duke is Hiking a selective approach. The
company is staying out of China and India. and
instead is focusing its efforts elsewhere in Asia,
Latin America and Europe. Although last year
Duke sold $87 million worth of trading and
marketing operations and other investments in
the United Kingdom. the company plans
include expanding its trading presence into
Europe. In each case. Duke is taking an inte-
grated approach, seeking a larger share of the
energy stream than just a power plant or a
pipeline.

In the United States. Duke is developing
merchant power plants. relying on Duke
Emerg- Trading & Marketing for support at the
fuel and energy marketing ends of the business.
So far, Duke has acquired 2.600 MW of capaci-
ty from Southern Caiifomia Edison, and is
developing new capacity in a number of areas.
including Connecticut. Maine. Florida.
. =souriand Terms.

the helm of the new Duke Energy is
1. .aid Priory. president. chairman and
CEO.EL&P interviewed Priory in his office in
mid-November.

EL&P: We selected Duke Power as our
Utility of the Year in 1977. This is the first time
in 29 years that a company has won the award
twice. Much has changed since then. for the
industry and for Duke. What do you think have
been the key changes for Duke'

Priory: I came to the company in 1976.
Thinking back to 1977, we had almost no
non-regulated activities. We still needed addi-
tional capacity in the Carolinas. so we were
building like crazy. All of our company was
focused on building.

.-\fter the late .41)s. when we got our nuclear
generation into place. it was a matter al' reshap-
ing our company into one which focuses on the
efficient operation of facilities and sewing our
customers the best.

We built a series of non-regulated business-
es starting in 1981. We started with an engi-
neering company. because we had thousands of
engineers for the nuclear program. l was the

chairman of that company. and at the same

I was running the project management
division.

Our engineering business today is 3.000
people strong. with $500 million in revenue.

Sources: EL&P, EEl and Duke Energy
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the gas skills and knowing the infrastructure.

along with power skills. was remarkable.

How has P:.1nEnergy helped DukeEL&P:

SO far?

Marketing manages the fuel and takes the
output to market. Clobal Asset Developmentls
domestic side, Duke Energy Power Services.
is the asset developer. and will be the owner.
Duke Fluor/Daniel. one of our O&M opera-
tors as well as the turnkey construction com-
pany. will operate the plant. it will be fueled
by a pipeline we're building from Sable island
to the Northeast.

in the end they won't be able to exercise the

fundamentals of the business as solid as we can.

because of our core competency.

EL&P: Youlre clearly focused on the

unregulated wholesale business. What about

retail. including your core regulated utility.

Duke Power*

Priory: Things have aceelerafed in the

Pnlot8n If was astonishing what it opened
up. The first thing the gas people would say.
for trample, is that if you have this plant in
Bridgeport. you need four or five different
transportation paths to rife/ it. You need to last few years. It took a couple of years

after EPAct in 1992 for everyone to shake
the cobwebs out of their heads and realize
we were moving into a competitive whole-
sale marketplace. Then all the talk regard-
ing customer choice has energized the cus-
tomers.-the regulators. the legislators and
the energy companies. Now. there is so
much disruption taking place in the ener-
gy industry. you can't stand still. If you do.
you'll be eroded away.

Legislators want to deregulate the industry

and create an open marketplace. Youlre the

monopoly supplier now..but retail choice will

introduce a free market with a low threshold of

entry for people to come in and take away your

Integrated development:
chain and create a real business. we're nM interested.

-Richard Pr/ow President, Chairman 8 CEO. Duke Energy Corp.

"Unless we can get some chunk at the energy value

All integrated

together-to us.

that's what conver-

gence looks like in

this business. Any-

one who competes

with us must have

the same kinds of

people in the game.

But if they don't

have those capabili-

ties in-house. they

will hire separate

companies. all with

various interests.

They all have to

maintain their mar-

gin. Having our

companies all

under one umbrel-

la. and having con-

trol over all the

margins. gives us

flexibility in terms

of pricing.

EL&-P: Is the

market forcing this

Integra-ed approach' Can other. non-integrat-

ed companies compete*

Priory: The winners left standing will be

those who execute the /imdamentals well,

notthosewith the greatestpress releases, or

who spend themostmoney and get the most

attention. It will be those who make plants

more efficient.

Obviously it takes a good strategy. You have

to pick the right lotion. with a confluence of

gas supply and optionality to be successful.

Other people will pick the right places. and

when all is said and done. you will have to beat

them on the fundamentals. That gets back to

core competencies.

A bank can compete with us in a New York

minute. An investment banker could hire peo-

ple to do everything we're doing, but we believe

customers. Regulators are taking actions to

deliberately ensure there's a competitive mar-

ket that will take away a significant portion of

your business-purposely and for the better-

ment of all of us.

There's nothing wrong with the free
enterprise system. We think it's the right
way and the most efficient. But if you're
a regulated electric utility and you sit still as
they tie your arms behind your back. your
business will erode. You have to position
yourself to be a winner in this changing
marketplace.

Thatls exactly what we'ye done. We don't
know when restructuring will happen. so
theres a huge timing issue. You have to
restructure yourself in a way to create value
without depending on a specific timing for
restructuring. Welve stayed away from things
like the big retail play. because at' the huge
timing issue.

We may be spoiled because fortunately we

have excellent relationships with our cus-

tomers. and therefore we might not have a

good view of the [rest ~of the retail] world.

Fortune magazine listed us number one last

year in customer satisfaction..-\ number of'

research organizations have talked to our cus-

tomers about supply and reliability. and in all

cases we rank in the top three. This makes us

come out of a series of supply basins. so if

theres a hurricane in one. you can supply it

from another. Y<.1ul\'e Qut to be able to take

advantage Of the price arbitrage to be success-

ful in this business on the fuel side.
We also believe riff the plant output side.

you must likewise be able to do similar

things. We took our trading and marketing

company. and put it with Pan Energy trading

and marketing. and it became a very signifi-

cant part of our efforts going forward. The

integration and synergies we hoped to get by

putting them together began to flourish in all

-fttions. We are really pleased with that.

ok at our Maine Independence project.

for example. Duke Engineering & Services

went after the permits and was the engineer-

ing consultant. Duke Energy Trading &
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where the pn'me play
is distribution. If there
are substantial generat-

ing assets we can use to

create value. and distri-

bution happens to be

wrapped  wi th  i t .  we

might bid on the whole

thing and later  t ry to

spin off distribution.

W hen the big fad of

buying in to Br i t ish

RECs [regional elec-

Duke Energy bought the Morro Bay power plant as pan of a three-plant,
2.633 MW acquisition from PG&E Corp. Duke installed selective catalytic
reduction systems at the plant to reduce nitrogen oxide emissions.

trinity companies]
came along. we ran
the numbers. Using
American metrics to
analyze a British firm.
they looked very
strong. But it didn't

show the whole picture. Distribution is polit-
ical. -

We decided not to participate in the U.K.
because of a decision we made in Argentina.
on the Buenos Aires distribution system.
There was a tremendous amount of power
stealing taking place. Many teams saw that as
the value-creation opportunity. But we said
you can't possibly do that unless you have a
set of laws on the books to support you. a
police force to support you. and most impor-
tantly. a political system that will support you
in stopping the stealing. Stopping stealing
creates its own social dynamic.

Globally, if you try to evaluate everything
with your U.S. eyeglasses on, you may miss
some of that stuff. You have to be careful
about the political and social issues.

We have stayed out of that game. and we
have been rewarded. A lot of people decided
to play. and while some have done just fine.
others have tried to get out. In the Ll.K..
they've all had a windfall profits tax imposed
on them. and there's another wave of this
coming. British RECs owned by U.S. compa-
nies now can be beat up pretty badly without
any negative political fallout. In some cases
the more they get beat up- the better it is for
the politicians. We don't want to be in that
situation. and we see some others don't want

believe we have tremendous holding power

with our customers.

We expect legal attempts to break that
*golding power--to get the regulators to pro-

' us from taking advantage of the long-
...n relationships weave established. We. of
course. will light that. because our sharehold-
ers have invested in those relationships and
they're important to us.

But we do think we' l l  have cons iderable

incumbent power as a result of our good per-

formance. We intend to take advantage of that.

As you go around the country, electric utilities

in general will have strong incumbent power.

Our belief is that if  you're going to be a retail

player and go into markets where they don't

know you. customers will likely stay with their

incumbent.

l\'e decided to stay out of that We have a great

lubipruton. in the Carolinas. where we wil l

attempt to hold our customers and capture

other customers where we have brand equity. If

we can rind products and services that prove to

give us a competitive advantage here. then we

might take the investment r isk of  going to

Wyoming or Oklahoma to see if we can succeed

If we can't rind that competitive advantage,

and commodity pricing drives everything. then

there won't be any real margin. W e won't be

*wested in that retail business.

L&P: Many players are buying into electric

distributors overseas. What about Duke'

remain seq/ much on that strategy. Thatls

become very well recognized on W all Street

and els ewhere.  Duke has n ' t  los t  a lot  or '

momentum by doing other things that didn't

work. Now we see all these companies reshap-

ing their strategies to t it  exactly what Duke

has done.

The problem that creates for us is that it

refocuses all the energies of some other com-

panies  r ight  down the same s t rategy that

we're following. So we're busy now. re-think-

ing our strategy. W elve got to find some com-

petitive advantage. One way is in the funda-

mentals. as I mentioned earlier-do it better

than everyone else-but  there's  more to i t

than that. Strategically. we have to be very

sharp about what we're doing. W elre going as

fast as our feet can carry us.

The shareholders seem to have a great deal

of confidence in our strategy. as witnessed by

the share price and how well it 's  done, and

earnings continue to f low ef fectively. \Verve

been happy so far. but we know it won't be

without ups and downs.

EL&-P: Duke seems to be becoming more

active as an investor in independent power

producers around the world.

Priory: Our approach internationally has
changeddramatically. Our initial ventures I
would charaetierzlaie as porhblio participation,
although we were active developers.

We had criteria about the kinds of partners
we needed. We needed local partners to keep
our risk within the profile we thought was
rational for starting out. We crafted our deals
so that we had control of the project even
though we were minority owners. We had a
good enough names and a lot of investors
didn't mind having Duke run the thing.

Thatls how we cut our teeth. got our
understanding of how to operate in interna-
tional markets. and proved to ourselves we
could do it effectively.

As with any other investment. there's a
business rule that says your economic inter-
ests should line up with your control. We
found in these portfolios the other partners
would begin to want more control. We knew
that would happen. and we said all along weld
do good business. not bad business. Bad busi-
ness is when one party has a big advantage
over the other.

So we restructured the deals. because that

was the r ight thing to do to get our control

Priory; We're not going fv bid on distribu-

tion in Argentina, Hze UK or anywhere else

to be beat up any more either.
EL&P: How is your strategy evolving'
Priory: We put together a strategy for our

company several years ago, and so far we
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for delivering gas.Those are our core compe-

tencies.

We have a lot of trading and marketing

skill. Our marketing operation in Charlotte

trades out of our regulated assets. and trading

and marketing operations in Houston. Salt

Lake City and Calgan' trade in the market-

place. We have about 450 people in that busi-

ness. They're quite good. and as other compa-

nies are closing up shop after the downturns

in the business during the summer. wave

done very well. Our guys are reporting the

margins are improving because there are

fewer players. Also. the tightness in people

supply has been eased because everyone is

looking for .lobs.

"The synergy of put-
Watching the skies: Duke Power's customer service center includes a meteorology center to watch-
developing climate and weather patterns. This information as used to anticipate customer service
needs. plus to inform the operations at Duke's trading and marketing unit.

ting together the gas

skills and knowing

the infrastructure

along with power

skills, was remark-

able. All integrated

together-to us, that's

what convergence

looks like

in this business."

-Richard Priory,
Duke Energy, on Duke's merg-

er with PanEnerg_y
L I

tar lined up with our percentage Of inter-

...L in these plants. On the other hand. we

Tlo\A' have become very comfortable with our

abilities in this re9,ard..-\nd thus weave moved

to the point where we want our control lined

up with our economic interests as before. but

we want control of the project because that

appears to be where we can be most success-

ful. That means we'll take a big position in

these projects. if not 11.111 percent. we'll take

sufficient economic interest to ensure we'll

have control. r11. the project.

\\'e`re in Latin America. _-\Australia. Asia.

Were lookil'lQ very'hurd at Europe. because at

the European c1 immumtx. and its new agree-

ments to trade energy acru55 murders. It is cre-

ating lm opportunity for greater efficiency. and

we're looking for a way to effectively get in and

use our skills to create value for those cus-

tomers.

The other switch weave done is that
although we used to invest in a power plant
asset. internationally we never looked at the
fuel infrastructure because it wasn't our forte.
Now. after our merger. were interested in the
*tire energy value chain. it can include
charing and processing of gas out of the

wellhead. production and sale of natural gas
liquids. providing dry gas into the pipeline.
transportation. storage. delivery of thego to

the electric generation facility. building the
facility, transmission out of the facility. and
even building distribution if we have to-
although we don't really want to own it.

We have a plant in Peru that is like that. We
take gas out of the south Amazon. gather it.
process it with a plant weave built in the
Amazon. and take gas liquids to make jet fuels
and things of that sort. We built a pipeline to
deliver the gas liquids to the market. a
pipeline to deliver dry gas to a power plant we
built on the edge of the Amazon. and a trans-
mission line across the Andes to connect to
the Peruvian national grid.

Going forward. we'll never have a stand-

alone power plant investment. Unless we can

get some chunk of the ener,'8' value chain and

create a real business. we're not interested.

We've had examples where weave bought

stand-alone power plants because we know

there's a gas field next door. and we're working

with the owner of the gas field.

We bought a pipeline in Queensland.

Australia. and you'll probably see us building

some pipeline in Queensland because it is

critically needed get a good trading and

marketing system going. Then. when we get

the infrastructure in place. you'll see us with

an interest in building selected electric gen-

erators to convert molecules to electrons. and

We think we can transfer that trading and
marketing capability to Europe. which is .lust
starting to open up. To be able to take those
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Priory: We think, given experiences in
Telecom and gas, that choice and opening
the markets will continue on the electric

Eventually

About 12 percent at the natural gas consumed in

the United States travels through Duke intra-

structure. Duke's Texas Eastern pipeline moves

gas from Texas and the Gulf at Mexico to the

populous northeastern United States. where gas

metering facilities such as the Staten island

installation shown here regulate and measure

gas tor delivery to wholesale customers.

side. It will speed up and slow down depend-

ing on events that occur. But it will never

abate. and it will eventually be completed

with a deregulated industry.

An image will begin to emerge from a
series of actions taken by the states and by
FERC that will allow states to deregulate
more easily. everyone will
become confident it will work well. Weill
arrive at a sensible code of conduct for the
industry, so regulated and non-regulated
elements can work together., Incumbent
suppliers will not be precluded from partici-
pating, Some people want this. but it is
annoying to the customer.

The new entrants will have an opportunity to

griaw away at the incumbent at every angle. ltls

not unlike the situation with AT&T. where they

had the lion's share of the business. and the

MCIs and Sprints and others have clearly

gnawed away at their position. This has forced

AT&T to do things they never damed they

could do. but it's all for the betterment of the

customer in the end.

When the final chapter is written [on tele-

com deregulation] it will be painfully clear that

there have been dramatic improvements in

quality and availability or' innovative products:

that prices have gone down dramatically: that

competition has stimulated all the right things

for the customer. The same will be true when

the final chapter is written in electric industry

deregulation.

it will be painful. confusing and chaotic to
get from here to that point. The free market
in California is the most regulated system
weave ever been involved in. Ii makes the reg-
ulated utility industry look like childrenls`
sport by comparisoN. My feeling is that will
sort out. to the benefit of' the customers.
Right now the transition is very difficult.
California is courageous in taking it on.
Theylre the laboratory for the United States.
With a lot of people's help. California will get
a system that» works. It will provide a good
example for other states. .

Here in the Carolinas. deregulation will
continue down a very deliberate path. These
folks are pretty smart, and they know prices
are pretty low here. North Carolina was
ranked number one last year in terms of
attracting economic development. Although
deregulation is like Mom and apple pie in
terms of using the free enterprise system in
our country. we'll head down that path delib-
erately. watching what works and what does-
n`t in states like California. Massachusetts
and New York. This will probably create the
greatest value for the customer.

experiences and skills to a brand new market

1 an exciting proposition. We can't perfectly

the horizon. but we have a sense of what

:ill look like when it's done. This gives us

an opportunity to grab the right positions and

get some margins.

EL&P: \\here do you think deregulation is
headed' \\'ill retail choice happen nationally
in the United States'
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Economic and Rea/ Estate Consulting

June 25, 2001

Mr. H. Max Shilstone
Duke Energy
5400 Westheimer
Houston, TX 77056

Re: Economic Impact of Arlington Valley Generating Facility Expansion

Dear Mr. Shilstone:

This firm prepared an economic and fiscal impact report for Duke Energy in December 1999
concerning the proposed construction of an electrical generating facility in the Arlington Valley
area of Maricopa County. We understand Duke Energy intends to expand that generating facility
by doubling its size, i.e. constructing a second plant that is similar to the first. The purpose of
this letter is to outline the expected additional economic and fiscal impacts that may result due to
the expansion. Our original report has been used as the basis for estimating the expected impact
of a second generating facility.

If the assumptions of our original report still apply, the second generating facility would be
expected to create approximately the same impact as the original generating plant. The
economic impact of a particular facility or land use is typically proportional to the spending and
employment associated with that facility or use. In other words, if Duke Energy's investment in
a generating facility doubles, the economic impact would be expected to double as well.

In our December 1999 report, we assumed that the initial investment by Duke Energy would be
$250 million, with local construction spending estimated at $67 million. The operation of the
facility was expected to generate 25 full-time jobs.

We understand that the expansion of the site will require a similar investment by Duke Energy of
$250 million and that the local construction cost occurring in Maricopa County will be similar to
the original $67 million. The total investment in the generating plant is important since it
establishes the market value for the site for property tax purposes. The plant is then depreciated
over 30 years, straight-line. The only difference between the impact of the original plant and the
second, additional facility is that number of full-time jobs required to operate second plant is 10,
making a total of 35 jobs for the entire expanded generating site. The economic impact of the
second facility's operations is, therefore, only 40% as large as the operation of the original
generating plant.

Elliott D. Pollack & company
75()5 [Fast 6111 Avenue. Suite 100 Sc0llsd8l¢. Arizona 85251 : PH 480.423.9200 (9 FAX 480.423.5942

www.ariznna¢:conomy.com
Pol lack(c1,:ednco.com



Average Annual Economic Impact
Duke Energy Electric Generating Facility Addiiiszn

(inInflated Dollars)

OoerationszConstruction 1
Local Economic Output

Direct output
Indirect output

so ,551 ,000
$598.000

$33,500,000
$28,225,000

52,149,000Total output $61 ,725,000

10

17

Employment
Direct jobs
Indirect jobs

298
345

Total jobs 643

$22,718,000 $739,800

27

63
24

Population
Population supported by project
Households supported by project

1,512
577

Wages

'Annual total for each year of two year construction period.

Average annual impact from 2003 - 2010.

Sources: IMPLAN, Duke Energy, Elliott D. Pollack 8- Co.

Average Annual Operations Economic Impact
Duke Energy Expanded Electric Generating Site

(in inflatedDollars)

Operations
Local Economic Output

Direct output
Indirect output

$5,428.000
$2.094 000

Total output $7,522,000

Employment
Direct jobs
Indirect jobs

35
59

Total jobs 94

Wages $2,589,300

Population
Population supported by project
Households supported by project

222
85

'Average annual impact over first eight years of operation.

Sources: IMPLAN Duke Energy; Eiliort D. Pollack & Co.

Given the above assumptions, the additional generating facility would yield approximately $62
million annually in economic activity in Maricopa County over its two-year construction
schedule and an average of $2.1 million annually in economic activity over the first eight years
of its operation. The following table summarizes those impacts.

The impact of the combined operations of the original and second generating facility is shown on
the following table. The site will create an average of $7.5 million in economic activity annually
in Maricopa County over the first eight years of combined operations. A total of 94 jobs (35
direct and 59 indirect jobs) will be created by the generating site with wages of nearly $2.6
million. The construction of both generating facilities results in the injection of $134 million in
direct spending in the Maricopa County economy over the four years required to construct the
two plants, resulting in $247 million in total direct and indirect economic activity.
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The fiscal impact of the second generating facility on city, county and state taxing authorities
will only be slightly smaller than the original. Most of the fiscal impact of the generating facility
is associated with property taxes levied on the capital investment in the facility and sales taxes
levied on fuel consumption. The fiscal impact of the additional facility will be essentially the
same as the original, if it has the same value and consumes similar amounts of natural gas. The
annual operating impact of the second facility is projected to be about 2% lower than the original
plant due to the lower employment level at the second facility.

As noted in the earlier impact report, Duke Energy's investment will have a significant impact on
the assessed value and property tax rates of local school districts. The expanded site with the
two generating facilities will have an assessed value greater than the current value of the entire
Buckeye Union High School District. This should lead to significant reductions in property tax
rates for local property owners once the facilities are added to the tax rolls.

If you should have any questions or comments about the information contained in the letter,
please do not hesitate to contact us. We appreciate the opportunity to consult with you on your
expansion plans.

Sincerely,

4 42mW/4O
Richard C. Merritt, AICP
Senior Vice President

cc: Tom Campbell
Ed Bull

r
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Economic and Fiscal Impact
of

Duke Emery's Electric Generating Station
Arlington, Arizona

1.0 Executive Summary

Elliott D. Pollack and Company has been retained by Duke Energy to analyze the
economic and fiscal impact of a proposed $250 million electric generating station to be
located in a rural area southwest of the Town of Buckeye known as Arlington Valley.
The plant will use natural gas as its primary fuel and will require a substantial quantity of
water to generate steam. Approximately 2,800 acres of land will be purchased to provide
a site for the plant and the water rights necessary to operate the facility. Construction is
expected to start in February 2001, with completion slated for July 2002. The operation
of the plant will generate 25 jobs.

While the investment by Duke Energy is estimated at $250 million, the local construction
cost is estimated at about $67 million. Most of the cost of the generating station is
associated with the purchase of gas and steam turbines that will be manufactured out of
state.

The proposed Duke Energy electric generating station will be located in the Arlington
Elementary and Buckeye Union High School Districts. Arlington Elementary
(ldndergaiten through eighth grade) is a small district of approximately 155 students
who are fed to the Buckeye Union District for secondary education. Buckeye Union
has slightly over 1,000 students and serves a wide rural area of southwest Maricopa
County.

This report will evaluate both the economic and fiscal effects of the proposed generating
station. Economic impact analysis examines the regional implications of an activity in
terms of Wee basic measures: sales or output, earnings and job creation. Fiscal impact
analysis, on the other hand, evaluates the public revenues and costs created by a
particular activity. In fiscal impact analysis, the primary revenue sources of a city,
county or state are analyzed to determine how the activity may financially affect them. In
addition, this report will evaluate the impact of the generating station on the Arlington
Elementary arid Buckeye Union High School Districts.

1.1 Economic Impact Summary

The economic impact of the Duke Energy generating station is substantial, resulting in
the creation of nearly 643 total direct and indirect jobs annually during the two year
construction period and 67 total direct and indirect jobs yearly during its operation.
Local economic output during construction is $61 .7 million annually and about $5

1



Table 1
A v e r a g e  A n n u a l  E c o n o m i c  I m p a c t

D u k e  E n e r g y  E l e c t r i c  G e n e r a t i n g  S t a t i o n
(in Inflated Dollars)

Construction' Operationsz

Local Economic Output
Direct output
Indirect output

$3,877,000
$1 ,496,000

$33,500,000
$28,225,000

$5,373,000Total output $61 ,725,000

25
42

298
345

Employment
Direct jobs
Indirect lobs
Total jobs 643 67

$1,849,500Wages $22,718,000

I •

1,512
577

Population
Population supposed by project
Households sup red by project

158
60

'Annual total for each year of two year construction period.
Average annual impact from 2003 - 2010.

Sou s: lMpL° » n. Duke Energy, Elliott o. Pollack & Co.

million per year thereafter. The prob act supports 577 households during construction and
60 households while in operation.

1.2 Fisca l Impact  Summary

O n e  o f  t h e  m a jo r  b e n e f i t s  o f  t h e  g e n e r a t i n g  s t a t i o n  i s  t h e  i n c r e a s e  i n  t h e  a s s e s s e d  v a l u e  o f
t h e  C o u n t y  a n d  o t h e r  t a x i n g  d i s t r i c t s  w i t h i n  w h i c h  t h e  p l a n t  i s  l o c a t e d .  T h e  p r o j e c t e d
a s s e s s e d  v a l u e  o f  t h e  g e n e r a t i n g  s t a t i o n  a n d  l a n d ,  w h e n  f i r s t  p l a c e d  i n  o p e r a t i o n  a n d
b e f o r e  d e d u c t i n g  d e p r e c i a t i o n ,  i s  $ 6 2  m i l l i o n .  T h i s  r e p r e s e n t s  a p p r o x i m a t e l y  0 . 3 %  o f  t h e
t o t a l  $ 1 8  b i l l i o n 1 9 9 9 a s s e s s e d  v a lu e  o f  th e C o u n t y ,  a f a i r l y  s i g n i f i c a n t  f i g u r e  g i v e n  t h e
s i z e  o f t h e  m e t r o  a r e a . A  p r o j e c t  o f  t h i s  m a g n i t u d e  i s  e q u i v a l e n t  t o  a  n e w  r e g i o n a l
s h o p p i n g  m a l l  o r l a r g e  m a n u f a c t u r i n g  p l a n t  f r o m  t h e  s t a n d p o i n t  o f  p r o p e r t y  t a x  r e v e n u e ,
e v e n  t h o u g h  t h e  p l a n t ' s  v a l u e  w i l l  s l o w l y  d e c l i n e  o v e r  t h e  y e a r s  a s  i t  i s  d e p r e c i a t e d .

The electric generating station produces significant positive effects for the State of
Arizona and Maricopa County totaling nearly $45 million dollars between 2001 and
2010. The majority of the revenue, 62%, accrues to the State, but Maricopa County and
its taxing districts also receive $16.7 million. The taxation of real property, construction
contracts and natural gas consumption accounts for about 90% of the revenue. Impacts
resulting from the spending of workers supported by the plant contribute another $4.5
million over the 10 years. During construction of the plant, approximately $5.8 million
accrues to governmental entities. After completion of the generating station, total
revenues reach $5 million annually.

2
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Distribution of Revenues
From Duke Energy Electric Generating Station

2001 - 2010
Sources: DukeEnergy, IMPLAN, AZ Dept. al Revenue,
Maricopa County Assessor, Elliott o. Pollack aCo.
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1.3 Impact on School Districts

A large capital investment such as that proposed by Duke Energy will have a significant
impact on the assessed value and tax rates of a school district. With the high assessment
ratio of 25% for utility companies, the financing of schools is transferred in many
respects from local residents to private business. When the plant is completed and added
to the tax rolls in 2004, its estimated assessed value will be $62 million. Comparatively,
this represents 125% of Arlington Elementary's 1999 primary assessed value and 57% of
Buckeye Union's 1999 value.

clown

Comparison of Primary Assessed Values
Arlington Elementary District, Buckeye Union H. S. District, Duke

Generating Station
Sources. AZ DopL d Revenue, Maricopa County Assessor, Elllott o. Pollack 4 Co.
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E Adington Elementary Buckeye Union

Duke Energy's investment in the generating station produces a loge boost in the assessed
valuation of both the Arlington Elementary and Buckeye Union Districts. The projected
primary assessed value begins to climb in 2003 with the construction of the plant (there's
a two year time lag between construction and the recording of the generating station on
the tax rolls). By 2004, the Mll effect of the plant On assessed values is realized.

CAR 1

Projected Primary Assessed Values
Arlington Elementary and Buckeye Union School Districts

Sources: AZ Dept. of Revenue, Maricopa County Assessor, Elliott D. Pollack & Co.
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As a result, the primary and secondary tax rate for both Arlington Elementary and
Buckeye Union should experience significant decreases. For instance, Arlington
Elementary's primary rate should drop by about 63% between1999 and 2004 when the
plant is completed. The rate is projected to decline from the current $22040 to $0.8187,
assuming that the school district's revenues needs increase at 3% per year from their
current level.

Likewise, Buckeye Union's primary rate is projected to decline by 30% between 1999
and 2004 if revenue needs grow by 3% per year. The primary tax rate falls from $21337
in1999 to a prob ected $l.4880 in 2004. Similar decreases in the secondary tax rate will
also occur.

Individual property owners should see a 46% decline in school district property taxes
between 1999 and 2004 as a result of the construction of the electric generating station.
The typical annual savings range from $95 for a 40 acre vacant parcel to $421 for a 160
acre agricultural parcel. While these savings seem small for each property owner, the
effect across both the Arlington Elementary and Buckeye Union Districts is substantial.
Based on the projected future assessed values for the plant and expected property tax
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Table 2

Estimated Annual School District Property Tax Savings
Resulting From Duke Energy Electric Generating Station

Properly type
Residence on

1 acre lot

40 acre
vacant parcel

160 acre parcel
in agriculture

Market value
Assessed value

$70,000
$7,000

$23,280
$3,725

$103,200
$16,512

1999 combined school property tax'
Projected 2004 combined school property taxi

$282

$153

$206
$111

$914

$493
Tax savings
Percentage tax decrease

$129
45.7%

$95
46,0%

$421
46.0%

'combined Arlington Elementary and Buckeye Union tax rate of $5.5364, reduced homeowner rate of $4.0341.

Projected combined rate of $2.9887, reduced homeowner rate of $2.1899.

Note: Tax calculations do not include County or special district property taxes.

Sources: AZ Dept of Revenue, Maricopa County Assessor: Elliott D. Pollack 8- Co.

rates, Duke Energy will be absorbing over S1 .8 million in school district property taxes
each year, once the plant is in service. These are expenses that previously accrued to all
other property owners located within the school districts.
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2.0 Methodology and Sources

This report will describe the projected economic and fiscal impact of the construction and
operation of a privately-owned electric generating station on metro Phoenix. Economic
impact analysis examines the regional implications of an activity in terms of three basic
measures: sales or output, earnings and job creation. Fiscal impact analysis, on the other
hand, evaluates the public revenues and costs created by a particular activity. In fiscal
impact analysis, the primary revenue sources of a city, county or state are analyzed to
determine how the activity may financially affect them.

This study will focus on the benefits that would accrue to the State of Arizona, Maricopa
County, and the Arlington Elementary and Buckeye Union High School Districts from
the construction of the Duke Energy electrical generating station. The site of the plant is
not located within an incorporated area, so the effect on local municipalities will be
negligible. The analysis assumes that the current tax structure of the State and County
would continue at current rates into the future. The impact on the school districts will be
evaluated from the standpoint of increased assessed valuation and potential effect on
property tax rates .

The fiscal impact figures cited in this report have been generated from information
provided by a variety of sources including:

•

•

•

•

•

Arizona Department of Education,
Arizona Department of Economic Security,
Arizona Department of Revenue,
Duke Energy,
Maricopa County Assessor's office,
U.S. Consumer Expenditure Survey.

On of the most important effects of the power plant is the impact on assessed values and
property taxes. The Arizona Department of Revenue controls the valuation of electric
utility company property for property tax purposes. Utility companies, mines, and
railroads are laiown as "centrally assessed" property arid are subj act to different standards
than other types of real property. The plant is placed on the tax rolls at the book cost of
investment and then depreciated over the life of the investment. In this case, depreciation
is calculated based on a 30 year straight-line plant life. Pollution control equipment
receives a 50% market value exemption under state law. Electric utility company
property is assessed at 25% of its full cash value.

During construction of the plant, property taxes are calculated based on 50% of the
actual cost expended for the year ending December 31st. A two-year time lag occurs
between actual construction of the plant and placing it on the tax rolls. For instance, if
the plant were started in 2001 as anticipated, the value of the first year's construction
activity would not reach the tax rolls until the 2003 tax year. The full value of the
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plant will not be recorded for tax purposes until 2004, based on the projected
completion in 2002.

Elliott D. Pollack and Company has relied upon Duke Energy for construction cost
estimates, employment projections and operating expenditures. This firm has not
provided any estimate of the projected governmental costs to provide services to the
generating station. Such analysis is beyond the scope of this study. Unless otherwise
stated, all dollar values are expressed in current, inflated dollars using a 3% annual
inflation rate.

This report is organized to provide an overview of economic and fiscal impact analysis
and the results attributed to this particular prob et. The following section describes the
proposed generating station and the primary assumptions that will drive the impact
analysis. Section 4.0 summarizes the economic impact of the generating station on the
metro Phoenix area. The fiscal impact of the plant is outlined in Section 5.0. Lastly, the
impact of the generating station on the local school districts is described in the final part
of the study.
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3.0 Description of Project

Duke Energy is proposing to construct a $250 million electric generating plant in a rural
area southwest of the Town of Buckeye known as Arlington Valley. Approximately
2,800 acres valued at $5 million will be purchased to provide a site for the plant and the
water rights necessary to operate the facility. The plant will use natural gas as its primary
fuel, but will also require a substantial quantity of water to generate steam. Duke Energy
expects to purchase approximately $50 million of natural gas per year to operate the
plant. Construction is expected to start in February 2001, with completion slated for July
2002. .

For property tax analysis, it is necessary to differentiate between various parts of the
plant and the company's investment. Of the $250 million cost, approximately $10
million will be spent on pollution control equipment, which is the subject of a 50%
property tax exemption.

The land parcels that are subj act to purchase are all contiguous and located within the
Arlington Elementary and Buckeye Union High School Districts. The property is located
within Township Six West, Range l South, which will provide rail access to the site.

While the investment by Duke Energy is estimated at $250 million, the local construction
cost is estimated at about $67 million. Most of the cost of the generating station is
associated with the purchase of gas and steam turbines that will be manufactured out of
state. The operation of the plant will generate 25 jobs.
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4.0 Economic Impact of Generating Station

This portion of the report will outline the economic impacts of both the construction of
the generating station as well as its operations. Analysis of the fiscal impacts of the
project is provided in the Section 5.0. All dollar figures, unless otherwise stated, are
expressed in current, inflated dollars.

An extensive spreadsheet model was developed to evaluate and calculate the fiscal and
economic impacts of the Duke Energy generating station ham 2001 to 2010. The first
subsection describes the economic impact methodology while subsection 4.2 summarizes
the total benefits .

4.1 Economic Impact Analysis Methodology

Economic impact analysis examines the economic implications of an activity in terms of
sales or output, earnings, and employment. For this study, the following two economic
activities associated with the generating station were evaluated:

the construction of the plant and
the operations of the plant once completed.

•

•

Construction phase economic impacts are generally short-term effects related to onsite
and offsite construction employment and other industries that support the constriction.
The long-term consequences of a project are the operational phase impacts. These
include employment, earnings and expenditures that recur over the long-tenn.

The different types of economic impacts are known as direct, indirect, and induced,
according to the manner in which the impacts are generated. For instance, direct
employment consists of permanent jobs held by die project employees. Indirect
employment is those jobs created by businesses that provide goods and services essential
to the operation or construction of the project. These businesses range from
manufacturers (who make goods) to wholesalers (who deliver goods) to janitorial firms
who clean the buildings. Finally, the spending of the wages and salaries of the direct and
indirect employees on items such as food, housing, transportation and medical services
creates induced employment in all sectors of the economy.

Economists have developed multipliers that are used to estimate the indirect and induced
impacts of various economic activities. These indirect and induced ripple effects occur as
the wages of direct employees are respect in local businesses on retail goods and
services. In response to this spending, local businesses hire more staff and expand their
operations, creating additional jobs in retailing, wholesaling, manufacturing,
transportation and other service sectors. These secondary effects are captured in the
analysis conducted in this study.

Multipliers have been developed by both public and private organizations for each state
and county in the country. The Minnesota IIWPLAN Group developed the multipliers
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used in this study. The IMPLAN multipliers are used to estimate the impacts of project
expenditures on a region (gross receipt or sales), earnings (the sum of wages and salaries,
proprietors income, and other labor income), and employment (number of jobs).

4.2 Economic Impact of Duke Energy Electric Generating Station

As noted previously, the local economic impact of the construction of the generating
station is significantly less than its full cost since most of the major components are
manufactured out-of-state. The local construction contract is estimated at approximately
$67 million, spent during 2001 and 2002. Duke Energy projects that 25 direct jobs will
be permanently created for the operation of the plant. Plant operators are expected to
am the typical wage for public utility employees in Maricopa County of about $39,000

annually. From this data, the IMPLAN economic multipliers are used to calculate the
total impact of the project.

The economic impact of the Duke Energy generating station is substantial, resulting in
the creation of nearly 643 total direct and indirect jobs annually during the two yea
construction period and 67 total direct and indirect jobs yearly during its operation (see
Table 3). Local economic output during construction is $61.7 million annually and about
$5 million per year thereafter. The project supports 577 households during construction
and 60 households while in operation.

The impacts described above are regional in nature and will affect cities throughout the
metro Phoenix area. For instance, construction materials will be purchased from local
vendors and construction employees might commute long distances to work on the plant.
Most likely, these workers and their families will purchase their daily needs at stores
close to their place of residence, helping to disperse the Duke Energy generating station's
impact throughout many local cities. Full-time workers who operate the plant after
construction will most likely live on the west side of Maricopa County, once again
distributing the impact among a number of communities.

10
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5.0 Fiscal Impact of Generating Station

5.1 Background

Fiscal impact analysis studies the public revenues associated with a particular economic
activity. The primary revenue sources of local, county, and state governments (i.e. taxes)
are analyzed to determine how an activity may affect the various jurisdictions. This
section will only evaluate the impact on the governmental entities. The impact on local
school districts will be analyzed in Section 6.0.

Fiscal impacts are categorized by type in this study, similar to economic impact analysis.
Construction impacts relate to the revenues generated from construction of the power
plant. The primary sources of revenue are the state, county, and local sales taxes levied
on the value of construction activity. In this particular case, the project is not located in a
municipality, so local sales taxes will not be applicable. Operation phase fiscal impacts
result from payment of employee wages and expenditures related to operating the
generating station. One of the most important on-going revenues are the property taxes
that will be paid by Duke Energy.

In addition to the direct revenues described above, secondary fiscal effects also occur as a
result of spending by construction and operations employees. For instance, employees of
the plant will live in all parts of Maricopa County, benefiting those communities i'om
their spending on housing, retail goods and services. Indirect and induced employment
supported by the plant will also create fiscal impacts resulting from the spending of dieir
wages. Examples of the types of secondary fiscal impacts that will be generated include
State income taxes paid on wages and sales taxes paid on retail sales.

5.2 Revenue Sources

This section outlines the applicable tax rates of the various jurisdictions and the types of
taxes that will be collected from construction and operation of the Duke Energy electric
generating station.

Tax On Construction Materials
The State and County levies a sales tax on materials used in the construction of
land or building improvements. That tax is calculated by State law under the
assumption that 65% of the construction cost of the facility and its land
improvements are related to construction matedals with the remaining 35%
devoted to labor. The sales tax rate is then applied to the 65% materials figure.
The sales tax on construction materials is a one-time collection by the
governmental entity.

The State currently levies a 5.0% sales tax on construction activity. Maricopa
County levies two sales taxes totaling 0.7%. The freeway tax, which is used to
fund the County's freeway program, is levied at a 0.5% rate until 2006 when it
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expires. In November 1998, the electorate approved a 0.2% levy for the
construction of prison facilities that is schedule to expire at the end of 2007.

Property Taxes
Real estate taxes are typically based on the assessed value of real property as
determined by County Assessor. In the case of an electrical generating station,
however, the Arizona Department of Revenue conducts the valuation in
accordance with State Statute. The market value of the power plant is
established as the original cost less accumulated depreciation. For this report,
the plant was depreciated over 30 years, straight-line. Pollution control
equipment is provided a 50% exemption from taxation.

The assessed value of the plant is calculated by multiplying the assessment
ratio, determined by the property's use, by its full cash value. The assessment
ratio for an electric utility plant is 25%,"vacant land is assessed at 16%.
Assessed value is expressed by the following equation:

market value X assessment ratio = assessed value

The property tax rate, expressed in dollars per $100 of assessed value, is then
applied to the assessed value to determine the amount of property tax. There
are two types of property taxes -- primary taxes used to finance general
government operations, and secondary taxes used to finance general obligation
bonded debt, budget overrides and special districts. The primary tax is based
on what is known as the limited property value, calculated under a formula
spelled out in State law. Secondary taxes are based on hill cash value of
property. The limited value cannot exceed full cash value. For an electrical
utility, the limited and full cash values are the same.

The combined Maricopa County property tax rate (primary and secondary) for
1999 is 33.4250 per $100 of assessed value comprised of the following taxing
entities or districts :

general County tax,
Community College tax,
Flood Control District tax,
Fire District Assistance tax,
County Free Library tax,
Central Arizona Water Conservation tax.

In addition, direct and indirect employees supported by the construction and
operation of the plant will also pay city property taxes on homes they occupy.
The tax rate used for this analysis is the weighted average rate of the eight
largest cities in the metro area or 531.4380 per $100 of assessed value. The
value of a typical Maricopa County housing unit has been calculated at
approximately $105,000. This value assumes that employees will occupy units
in a pattern similar to the current inventory of housing in the Valley. Today,
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single family homes account for 66.1% of the housing stock, townhouses 8. l%,
and apartments 25.8%. The current average sale price of these units is
$13 1,000, $85,000, and $43,800 respectively, with the weighted average of all
units at $104,776.

Sales/Use Tax.
The electric generating station will consume a large quantity of natural gas,
estimated at $50 million per year. The State and County will charge a use or sales
tax on this consumption at the 5.0% rate for the State and 0.7% rate for the
County.

Fiscal impacts also result from the spending by direct and indirect employees
supported by the construction and operation of generating station. Most of the
employees supported by the project will reside widiin one of Maricopa County's
cities or, at the very least, purchase goods &om retailers located within a local
municipality. Based on data Nom the U. S. Consumer Expenditure Survey, the
prob ected extent of retail spending and resulting sales tax receipts was calculated.

State and County sales tax rates for employee spending are the same as cited
previously (5.0% for State and 0.7% for County). The retail sales tax receipts for
local cities are based on the weighted average tax rate for all cities in Maricopa
County or l.38%.

State Income Tax
The State of Arizona collects taxes on personal income. The tax rate used in the
analysis averages about 1.7% of gross income for construction-related wages and
1.3% for operations-related earnings. These percentages are based on the most
recently available income tax data from the State and the projected wage levels of
jobs created by the project. This tax will apply to the wages and earnings of
direct and indirect employment resulting ham construction and operation of the
generating station. Portions of this tax are redistributed through revenue sharing
to cities throughout Arizona based on population.

State Unemployment Tax
Unemployment insurance tax for employees is 2.7% on the first $7,000 of earned
income. This factor is applied to the projected wages and earnings of direct and
indirect employees involved in construction and operation of the project.

• Gas Tax
The State of Arizona collects a motor vehicle fuel tax of$0.l8 per gallon. The
tax revenue is calculated based on a vehicle traveling 12,000 miles per year at 20
miles per gallon. Portions of this tax are distributed to cities and counties
throughout Arizona based on a formula that includes population and the origin of
gasoline sales.
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Table 4

Projected Market and Assessed Values
Duke Energy Electric Generating Station

(in inflated Dollars)

Projected Market Value
Assessed ValueTotal ValueLandP.C.E.'Plant Value

2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

$1 ,680,000
$1 ,680,000

$79,861 ,111
$250,150,000
5242,137,833
$234,130,302
$225,127,544
$218,129,704
$210,136,928
$202,149,369

$1 ,680,000
$1 ,680,000
$5,000,000
$5,150,000
$5,304,500
$5,463,635
$5,627,544
$5,796,370
$5,970,261
$6,149,369

$0
$0

573,333,333
$240,000,000
$232,000,000
$224,000,000
$216,000,000
$208,000,000
$200,000,000
$192,000,000

$0
$0

$1 ,527,778
$5,000,000
$4,833.333
$4,666,667
$4,500,000
$4,333,333
$4,166,667
$4,000,000

$268,800
$268,800

$19,515,278
$62.074,000
$60,057,053
$58,040,848
$56,025,407
554,010.753
$51 ,996,909
$49.983.899

'Pollution Control Equipment

Sources: AZ Dept. of Revenue, Maricopa County Assessor: Elliott D, Pollack & Co.

• Vehicle License Tax
The vehicle license tax is a personal property tax placed on vehicles at the time of
annual registration. The average tax in Maricopa County is $148 and funds are
shared between the cities, county and state in accordance with population based
formulas.

The above tax categories represent the largest sources of revenues that will be generated
to city, county and state governments.

5.3 Fiscal Impact of Duke Energy Electric Generating Station

One of the major benefits of the generating station is the increase in the assessed value of
the County and other taxing districts within which the plant is located. The projected
assessed value of the generating station and land, when first placed in operation and
before deducting depreciation, is $62 million (see Table 4). This represents
approximately 0.3% of the total $18 billion 1999 assessed value of the County, a fairly
significant figure given the size of the metro area. A project of this magnitude is
equivalent to a new regional shopping mall or manufacturing plant firm the standpoint of
property tax revenue, even though the generating station's value will slowly decline over
the years as it is depreciated.

Table 4 shows the projected depreciated value of the plant over time. The analysis
assumes there will be no additional capital improvements to the site in the future. The
value of the land to be acquired by Duke Energy has been inflated at a 3.0% rate given
historical land appreciation trends in the area.

r

As shown on Table5 on page 17, the electric generating station will produce significant
positive effects for the State of Arizona and Maricopa County totaling nearly $45 million
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dollars between 2001 and 2010. About 90% of the revenue is derived from taxation of
real property, construction contracts and natural gas consumption. Impacts resulting
from employment spending and wages contribute another $4.5 million over the 10 years.
During constriction of the plant, approximately $5.8 million per year accrues to
governmental entities. After completion of the generating station, total revenues reach $5
million annually.

The State of Arizona reaps most of the rewards of the plant, accounting for $27.4 million
in revenue or 62% of the total. Maricopa County also gains about $16.7 million in tax
revenue, primarily from property taxes. It should be noted that most of these revenues do
not flow directly to the County's general fund, but rather to county-wide taxing
jurisdictions such as the Community College District and Flood Control District. Cities
in the county gain the least because the plant is located in a rural area. Any impact on
local cities is the result of spending of wages by persons supported by the generating
station.

It needs to be emphasized that the above revenue figures are based on the current tax
structure of the State and County. Any increase in sales or income tax rates would
produce even greater benefits. The high tax valuation of the plant also provides a
significant boost to the assessed valuation of the County, helping to stabilize or even
reduce County property tax rates. In addition, the figures do not include corporate
income taxes that may be paid to the State by Duke Energy.
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Table 6
A s s e s s e d  V a l u a t i o n  H i s t o r y

A r l i n gt o n  E l e m e n t a r y  a n d  B u c k e y e  Un i o n  H i gh  S c h o o l  D i s t r i c t s

I I ¢Eli t PEle enter #47
Prima Property Tax Seconds Property Tax Property Tax Revenue

Tax rateValuation Valuation Tax rate SeoondaPrima

1991
1992
1993
1994
1995
1996
1997
1998
1999

$34,673,905
833.854,336
$32.074.642
$31,496,043
$32,562,122
530,589,918
830,271,539
$29.622,791
$27,601,070

$2.2854
$2.4430
$2.3907
$22549
$1 .9804
$2.3780
$22309
52.3097
522040

50.0000
s0.0000
50.0000
s0.1973
$0.3933
50.2090
s0.4229
50.4192
$04816

$37,110,165
$35,455,605
$32,670,713
$32,099,408
$33,388,798
$31,139,091
531,006,780
530,632,190
528,536,546

5792,437
$827,061
$766,808
$710,204
$644,860
5727,428
$675,328
$684,198
$608,328

$0
$0
$0

$63,332
$131,318
$65,081

$131,128
5128,410
$137,432

Compound annual
change 1996-99 -3.37% -2.87%

•u ck e Union High School #201
TaxPrima ProDe Secondary Property Tax Property Tax Revenue

Valuation Tax rate Valuation Tax rate SecondaPrimary

1991
1992
1993
1994
1995
1996
1997
1998
1999

$115,410,114
$119,897,053
$109,944,995
$107,249,347
$105,322,499
$101,996,864
$102,860,395
$104,992.419
$109,037,307

52.5579
$2.1808
52.5032
$2.6897
52.0479
$2.3267
52.5973
$2.5043
$2.1337

$129.471,406
5127,640,825
$113,431,370
5109,847,874
$109,517,107
$104,597,699
$106,842,353
$109,689,634
S114,684,129

$0.7654
$0.5166
50.5817
50.6343
$0.5521
$0.7058
$0.6617
$0.7414
s0.7171

$2,952,075
52,614,715
$2,752,143
52,884,686
$2,156,899
$2,373,161
$2,671 ,593
$2,629,325
$2,326,529

$990,974
$659,393
$659,830
$696,765
$604,644
$738,251
$706,976
$813,239
5822.400

Compound annual
change 1996-99 2.25% 3.12%

•u . Assessor: Elliott D. Pdlad & Co.9 re S` a

6.0 Impact of Generating Station on School Districts

6.1 Background

The Dd<e Energy electric generating station is located in the Arlington Elementary
and Buckeye Union High School Districts. Arlington Elementary (ldndergarten
through eighth grade) is a small district of approximately 155 students who are fed to
the Buckeye Union District for secondary equation. Buckeye Union has slightly over
1,000 students and serves a wide meal area of southwest Maricopa County.

The history of assessed values of the two districts is shown on Table 6. Arlington's
assessed value has been declining since 1991 as a result of the large percentage of
utility company investments within the District. For 1999, over 50% of the District's
assessed value is attributable to utility and pipeline company improvements. Since
these properties depreciate over time, the assessed value declines as well. Buckeye
Union's assessed value has been growing since the end of the local real estate
depression in 1995. Utilities account for about 31% of Buckeye Union's assessed
value.

The financing of public education in Arizona is a complex matter. Funding comes from a
variety of local, state, and federal sources based on complicated formulas. For fiscal year
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1997-98, local property taxes provided 47% of total public school funding within
Maricopa County while the State contributed 45%. Federal and County sources
contributed the remaining revenue. Two types of property taxes accomplish funding at
the local level:

Primary taxes used to finance school operations, and
Secondary taxes used to finance general obligation bonded debt and budget
oven*ides.

According to the Arizona Department of Education, local property taxes provided about
86% and 62%, respectively, of the Arlington and Buckeye Union Districts' total budgets
during fiscal year 1997-98. The proposed Duke Energy electric generating station will
increase the assessed value of the school districts and provide two primary benefits:

Funding for schools can be increased without raising tax rates or, alternatively,
current funding levels can be maintained while reducing the tax rate, and
The districts' bonding capacities will be increased to support new capital
improvements.

Both of the above benefits are subj et to spending and debt limitations provided in State
law. In addition, the financing of public school capital facilities and the future of the
secondary property tax is currently in a state of flux due to the passing of the Students
FIRST bill by the State Legislature in July 1998. A discussion of the implications of
Students FIRST is included in the last part of this section.

6.2 Impact of Duke Energy Generating Station on School Districts

A large capital investment such as that proposed by Duke Energy will have a significant
impact on the assessed value and tax rates of a school district. With the high assessment
ratio of 25% for utility companies, the financing of schools is transferred in many
respects from local residents to private business. The analysis contain in this section will
illustrate the potential impact of the power plant on local school property taxes.

When the plant is completed and added to the tax rolls in 2004, its estimated assessed
value will be $62 million. Comparatively, this represents 125% of Arlington
Elementary's 1999 primary assessed value and 57% of Buckeye Union's 1999 value.
Clearly, the generating station should have an immediate positive effect, resulting in
lower school tax rates.

19
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Comparison of Assessed Values
Arlington Elementary District, Buckeye Union H. S. District, Duke

Generating Station
Sources: AZ Dept. of Revenue, Maricopa County Assessor, Elliott D. Pollack 8. Co.

$120.00

$1oo.oo

ss0.oo

g an
'a 3
> o
8 :;
8 E

s60.00

s40.00

s2o.oo

$0.00
Arlington Elem. (1999) Buckeye Union (1999) Duke GeneratingStation (2004)

Table 7 has been developed as an example of the effect of the plant on primary tax rates.
The primary rate has been used because of the Lmcertainty on the future of the secondary
rate due to Students FIRST. The assumptions are the following:

• The existing primary property tax base for Arlington Elementary continues to
decline in the future at the rate of 3.37% per year, similar to the rate experienced
between 1996 and 1999. Buckeye Union's primary tax base is assumed to grow
at a 2.25% annual rate.

The Duke Energy generating station is added to the tax rolls in 2003 as partially
completed. In 2004, the full value of the completed plant takes effect.

The "desired revenue" column represents the 1999 primary tax revenue generated
to each school district, increased by 3% per year thereaNer.

• The "projected tax rate" column is the primary rate that would need to be levied
to achieve the desired revenue.

As noted on Table 7, the projected tax rate for both Arlington Elementary and Buckeye
Union should experience significant decreases. For instance, Arlington Elementary's rate
should drop by about 63% between 1999 and 2004 when the plant is completed. The rate
declines from the current $2.2040 to 30.8187. However, if the need for revenues
increases at 3% per year, the tax rate would rise to $2.6692 by 2002 before the effects of

20



Table 7

Impact of Duke Energy Electric Generating Station
On Local School Districts' Primary Tax Rate

(In inflated Dollars)

Arlinqton Elements District
Desired

Revenue
Projected
Tax Rate'

Projected
Assessed Value

$27,601,070
$25,571,153
825,772,566
$24,904,253
$44,419,531
$86,139,195
$83,8111,460
$80,511,783
$77,739,265
$74,993,042
$72,272,276
369,576,152

1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

$608,328
$626,577
$645,375
$664,736
$684,678
$705,218
$726,375
$748,166
$770,611
$793,730
$817,541
$842,068

$2.2040
$23493
$2.5041
$2.6692
$1 .5414
$0.8187
$0.8719
$0.9293
$0.9913
$1 .0584
$1 .1312
$1 .2103

Buckeve Union High School District
Projected

Tax Rate'
Desired

Revenue
Projected

Assessed Value
$2.1337
$2.1494
$2.1651
$2_1810
$1.9243
$1 .4880
$1 .5270
$1 .5666
$1 .6066
$1 .6472
$1.6882
$1 .7296

1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

82,326,529
$2,396,325
$2,468,215
$2,542,261
$2,618,529
$2,697,085
$2,777,997
$2,861,337
$2,947,177
$3,035,593
$3,126,660
53,220,460

$109,037,307
$111 ,490,505
$113,998,897
$116,563,724
$136,079,002
$181,260,257
$181 ,924,846
$182.650.509
$183,438,623
$184,290,601
$185,207,884
5186,191,949

'Expressed in dollars per $100 or assessed value.

Sources: AZ Dept. of Revenue, Maricopa County Assessor: Elliott D. Pollack & Co.

the generating station are noticed, then drop to 30.8187 by 2004. This represents a
decline of about 69%.

Likewise, Buckeye Union's rate declines by 30% between 1999 and 2004 and then
continues to grow slowly as the desired revenue figure grows by 3% per year. The tax
rate falls from 32.1337 in 1999 to a projected $l.4880 in 2004.

Residents of the area will, therefore, see a large decline in their property tax bills for the
school districts over the next five years as the burden shits to the power plant. The
impact on County property taxes will not be noticeable because of the large size of the
County's tax base. However, as noted previously, the power plant will help to stabilize
County tax rates and relieve some of the burden on local residents.

l
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Table B

Estimated Annual School District Property Tax Savings
Resulting From Duke Energy Electric Generating Station

| -fvProve
Residence on

1 acre lot
40 acre

vacant parcel
160 acre parcel

in agriculture

Market valUe
Assessed value

$70,000
$7,000

$23,280
$3,725

5103,200
$16,512

1999 combined school property tax
Projected 2004 combined school property taxi

$282
$153

$206
$111

$914

$493

Tax savings
Percentage tax decrease

$129
45.7%

$95
46.0%

$421
46.0%

'Combined Arlington Elementary and Buckeye Union tax rate of 55.5364, reduced homeowner rate of $4.0341 .

projected combined rate of $2.9887, reduced homeowner rate of $2.1899.

Note: Tax calculations do not include County or special district property taxes.

Sources: AZ Dept. of Revenue; Maricopa County Assessor: Elliott D. Polladt & CO.

To illustrate the fiscal impact of the power plant on individual property owners, Table 8
outlines the projected school district tax savings for three property types in the Arlington
Valley area. The properties include a residence on a one acre lot, a 40 acre vacant, desert
parcel and a 160 acre site currently in cultivation. The residence is assessed at a l0%
assessment ratio while the larger, unimproved properties have a 16% ratio. Homeowners
also receive a 35% discount on the primary school tax under current State law. The
projected market values of the properties have been confirmed with the County
Assessor's office and through sampling of property tax records. The calculations do not
include County property taxes or any special district taxes that may apply to certain
parcels.

The table shows that property owners should see a 46% decline in school district property
taxes between 1999 and 2004 as a result of the construction of the electric generating
station. The annual savings range from $95 for the 40 acre vacant parcel to $421 for the
agricultural parcel. While these savings seem small for each property owner, the effect
across both the Arlington Elementary and Buckeye Union Districts is substantial. Based
on the projected future assessed values for the plant and expected property tax rates,
Duke Energy will be absorbing over $1.8 million in school district property taxes each
year, once the plant is in service. These are expenses that previously accrued to all other
property owners located within the school districts.

6.3 Students FIRST Legislation

In July 1998, the State Legislature passed the Students FIRST bill that dramatically
reformed the way public schools are constructed. Passage of the bill was in response to
the State Supreme Court's finding that Arizona's capital school finance system was
unconstitutional. The basis for school construction financing until 1998 had been bonded
indebtedness, Le. the local secondary property tax. The system was found by the courts,
however, to be unconstitutional since it failed to treat all school children equally.
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Students FIRST establishes that the State must provide the finding for building adequate
schools. The use of bonding is still permitted, but only to go above and beyond the
minimum standards provided by the State. Capital overrides must be approved in an
election.

Students FIRST will eventually have an impact on the revenues that are generated locally
for school construction. Previously approved capital improvement bonds will continue to
be paid by school districts, but will be phased out as bonds are retired. The extent of
override bonds that will be issued in the future to augment the State capital funding is,
obviously, unlaiown.

There are misconceptions by the public that Students FIRST will eventually do away
with school property taxes. Nothing could be further from the truth. Students FIRST
only affects the secondary school property tax that is used to constrict capital facilities.
The primary tax levy, representing the majority of the property tax, will continue to
provide support for school operations as in the past.

In addition, existing outstanding debt carried by a school district will continue to be paid
by the secondary levy in the future. According to the 1997-1998 Annual Report of the
Arizona Superintendent of Public Instruction, Arlington Elementary has no outstanding
debt while Buckeye Union has $3.25 million. Therefore, even with Students FIRST,
Buckeye Union will need to levy a secondary property tax in the future. Students FIRST
also permits the issuance of local school district debt to enhance the State's capital
improvement funding. Bonding is limited to a maximum of 10% of the district's
assessed value compared to a 30% limit prior to Students FIRST.

The financing of public education is an extremely complex and emotional issue. It is too
early to tell whether Students FIRST will be able to address all the needs of districts
throughout the State, Changes in the system will undoubtedly occur in the future as
experience is gained. In the meantime, the local school district property tax will continue
to be a primary source of funding.

u- s
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EXHIBIT

Ecotrotnrt rum* Rvrtl E5 trtt(' L`ntr5ulfing

I

October 11, 2001

Mr. H. Max Shilstone
Duke Energy
5400 Westheimer
Houston, TX 77056

Re: Economic Impact of Arlington Valley Generating Facility Expansion

Dear Mr. Shilstone:

This firm prepared an economic and fiscal impact report for Duke Energy in December 1999
concerning the proposed construction of an electrical generating facility in the Arlington Valley
area of Maricopa County. We understand Duke Energy intends to expand that generating facility
by doubling its size, i.e. constructing a second plant that is similar to the first. The purpose of
this letter is to outline the expected additional economic and fiscal impacts that may result due to
the expansion. Our original report has been used as the basis for estimating die expected impact
of a second generating facility.

In our December 1999 report, we assumed that the initial investment by Duke Energy would be
$250 million, with local construction spending estimated at $67 million. The operation of the
facility was expected to generate 25 full-time jobs. The economic impact of a particular facility
or land use is typically proportional to the spending and employment associated with that facility
or use. In other words, if Duke Energy's investment in a generating facility doubles, the
economic impact would be expected to double as well.

We now understand that the expansion of the site will require an investment by Duke Energy of
$400 million or approximately 60% higher than the cost of the original generating facility. The
local construction expenditure occurring in Maricopa County, the spending that drives the local
economic impact, is estimated at $40 million more than the original $67 million or a total of
$107 million according to representatives of Duke Energy. The total investment in the
generating plant is important since it establishes the market value of the site for property tax
purposes.

From an operations perspective, the only difference between the impact of the original plant and
the second, additional facility is that number of full-time jobs required to operate second plant is
10, making a total of 35 jobs for the entire expanded generating site. The economic impact of
the second facility's operations is, therefore, only 40% as large as the operation of the original
generating plant.

Elliott D. Pollack & company

7505 East 6th Avenue, Suite 100 Scottsdale, Arizona 85251 .

9.

480.423.9200 P 480.423.5942 F pollack@edpco.com www.arizonaeconomy.com



Average Annual Economic Impact
Duke Energy Electric Generating Facility Addition

(in Inflated Dollars)

Construcdonl I I . . st i so

$53,500,000
$45,076.0

Local  Economic Output
Di rer! output
Indirect output

$1,551,000
$598I I | I  I

$2,149,000$98,576,000

10
17

Total ouwut

Emp l o ymen t
Direct  jobs
Ind irect  lobs

476
551

$139,800

Total jobs 1 ,027 2 7

$22,718,000W a g e s

P o p u la t i o n
Populat ion supported  by project
Households supported  by project

2 , 415
921

6 3
2 4

'Annual total for each year of two year construction period.

Average annual impact over first tight years of operation..

Sources: lMPtAN, Duke Energy: Elliot D. Pollad< & CO.

Average Annual Operations Economic Impact
Duke Energy Fvnandefl Electric Generating Site

(in inflated Dollars)

O actions'

$5,428,000
$2.094.

Local Economic Output
Direct output
lrldired output I I I

$7,522,000Total output

Employment
Direct abs
Indirect jobs

35
59

Total jobs 94

Wages $2,589,300

Population
Populationsupported by project
Households supported by project

222
85

'Average annual impact over first eight years of operation.

Sources: IMPtAN. Duke Ere , Eubtt D. Pollack & Co.4

s

Given the above assumptions, the additional generating facility would yield approximately $99
million annually in economic activity in Maricopa County over its two-year construction
schedule and an average of $2.1 million annually in economic activity over the first eight years
of its operation. The construction of the facility would create over 1,000 jobs each year over the
two-year construction period. The following table summarizes those impacts.

The impact of the combined operations of die original and second generating facility is shown on
the following table. The site will create an average of $7.5 million in economic activity annually
in Maricopa County over the first eight years of combined operations. A total of 94 jobs (35
direct and 59 indirect jobs) will be created by the generating site wide wages of nearly $2.6
million. The construction of both generating facilities results in the injection of $174 million in
direct spending in the Maricopa County economy over the four years required to construct the
two plants, resulting in $320 million in total direct arid indirect economic activity.

2
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The fiscal impact of the second generating facility on city, county and state taxing authorities
will be 22% larger than the original. Most of the fiscal impact of the generating facility is
associated with property taxes levied on the capital investment in the facility and sales taxes
levied on construction and fuel consumption. While the second facility will consume similar
amounts of natural gas as the original plant, the construction cost and property taxes associated
with the second facility will be 60% larger. This results in higher tax collections to
governmental entities.

As noted in the earlier impact report, Duke Energy's investment will have a significant impact on
the assessed value and property tax rates of local school districts. The expanded site with the
two generating facilities will have an assessed value greater than the current value of the entire
Buckeye Union High School District. This should lead to significant reductions in property tax
rates for local property owners once the facilities are added to the tax rolls.

This analysis does not take into account the impact on property tax collections of House Bill
2324 passed by the State legislature in 2000. We understand this bill would modify the manner
in which personal property associated with electric generating facilities is valued and
depreciated. An interview with the Arizona Department of Revenue indicates that there are
numerous concerns with the bill and, in conjunction with utility companies, legislation is being
drafted to rectify some of the problems. The valuation methodology outlined in the bill has not
been implemented. It is this flnn's understanding that the bill will not have a material change in
the property tax collections outlined in either this letter report or the original economic impact
analysis for the Arlington Valley facility.

If you should have any questions or comments about the information contained in the letter,
please do not hesitate to contact us. We appreciate the opportunity to consult with you on your
expansion plans.

Sincerely,

Richard c. Merritt, AICP
Senior Vice President

cc: Tom Campbell
Ed Bull

3
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APPLICATION FOR A CERTIFICATE OF
ENVIRONMENTAL CCMPATIBILITY

ARLINGTON VALLEY ENERGY
FACILITY II PRCJECT

Prepared for

STATE OF ARIZONA POWER PLANT AND TRANSMISSION LINE
SITING COMMITTEE

Prepared by

DUKE ENERGY MARICOPA, LLC

Date: July 2001
Case No.



Duke
'Ener1y® I
Nert America

Duke Energy
North America, LLC

A Duke Energy Company RECEIVED
5400 Westheimer Court
Houston, TX 77056-5310

RO. Box 1642
Houston, TX 77251 - 1642
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INTRODUCTION

Duke Energy Maricopa, LLC (Duke) is requesting a Certificate of Environmental Compatibility (CEC)

from the Arizona Power Plant and Transmission Line Siting Committee (Siting Committee) for

construction of the Arlington Valley Energy Facility ll (AVEF it), which is an expansion of Duke's
approved Arl ington Val ley Energy Faci l i ty l  (AVEF l). The proposed project wi l l  include the
construction and operation of a 600-megawatt (MW) (nominal) gas turbine/steam turbine combined-

cycle merchant power plant in Maricopa County, Arizona. The key elements of the proposed project

include:

• Two combustion turbine generators (CTGs) with inlet chilling fueled by pipeline-quality natural

gas,
Two natural gas supplementary-fired Heat Recovery Steam Generators (HRSG),

One steam turbine generator (STG) set,

One gas-fired (intermittent) auxiliary boiler,

One surface condenser, and

Two mechanical draft cooling systems.

Construction will begin in February 2002, with commercial operation scheduled to begin in June
2003. The plant will generate 600 MW, enough electricity to serve approximately 480,000 homes

during peak summer demand. The project is designed to use the latest combined cycle generating

technology to produce reliable and low-cost electrical power and minimize environmental impacts.

The project will be located approximately 50 miles west of Phoenix, in unincorporated Maricopa
County near Arlington, Arizona, which is about 8 miles south of Interstate 10 (Figure 1). This facility

will be located immediately south and adjacent to AVEF I that is currently under construction. The

project site was selected for the following reasons:

• A natural gas pipeline, water sources, roads, and railroad access needed for construction and
operation of  the project are already in place at or near the proposed plant site. Electrical

transmission lines are available near the project site to provide interconnections with the existing
power grid through the Hassayampa switchyard, currently under construction east of  the
proposed AVEF ll plant site.

• The area presently supports energy production and transmission facilities. The PVNGS, which
has been in operation for 15 years, is located 2 miles from the project site. The Redhawk
Generating Station, the Mesquite Generating Station, and AVEF l plants which were recently
approved by the ACC are within a 5 mile radius of the project site. The Hassayampa switchyard
that will connect the plant to the existing distribution system is located approximately 1.5 miles
east of the project site. The new generation units will be compatible with existing land uses in the
vicinity of the project site and will not conflict with any future development plans.

1
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Local community services are available to support the additional workforce required for this

project. The project location is within commuting distance of the Phoenix metropolitan area,
which would be expected to supply the majority of the facility's work force and thereby cause no

changes in the area population.

This application includes the environmental evaluation and documentation relevant to the proposed
project as specified by Arizona Administrative Code Rule R14-3-219. Environmental controls will be
provided to ensure that the project complies with all applicable environmental regulations. In

summary, impacts will be avoided and minimized as follows:

• All groundwater pumped at the facility will be withdrawn and used in accordance with the
Groundwater code and the associated Phoenix Active Management Area Management Plan.

• Prior to building AVEF I, Duke acquired 6,800 acre-feet of water rights through the purchase of
former agricultural land. In preparation for AVEF ll, Duke purchased an additional 1,000 acre-

feet of water on adjacent lands. Therefore, the total water available to Duke is approximately
7,800 acre~feet/year. Duke will operate both AVEF l and AVEF H, along with its land

management plan water obligations, on 7,800 acre-feet/year. This result is achieved through the
use of a High Efficiency Reverse Osmosis ("HERO") water treatment system.

In anticipation of the CEC application, Duke performed an impact study on the withdrawal of an

additional 1,000 acre-feet/ year from the aquifer. The results of that study, which is set forth in
full at Exhibit B-2, establishes that the withdrawal of 7,800 acre-feet/year (the sum of the original

6,800 acre-feet/year and the additional 1,000 acre-feet/year) will have minimal impact on the
aquifer. The study at Exhibit B-2 also addresses the cumulative impact the additional pumping
will have on groundwater in the Arlington Valley area, and found those impacts to be relatively
unchanged from the original study by Dr. Peter Mock.

• ah an effort to offset the additional groundwater pumping that will occur as a result of AVEF II,
Duke intends to participate in the Central Arizona Water Conservation District's Agua Fria
Recharge Project, in cooperation with the Arizona Water Banking Authority. Duke anticipates

recharging 1,000 acre-feeVyear of water through the recharge project for the life of the AVEF ll
facility, subject to reasonable limitations on costs and availability of water supplies. Although the
Agua Fria project will not directly replenish groundwater withdrawn from beneath the facility, it
will add recharge water to the Phoenix Active Management Area in a Critical Area of concern for

the Department of Water Resources under the Third Management Plan.

The plant site is located on land previously used for agriculture.

• Based on discussions with agencies, database review, and field evaluations, impacts to sensitive

plants or wildlife populations/habitat are not anticipated.

3
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• No documented archaeological or historic resources are located at the proposed plant site.

• Noise from the new generating facilities is expected to have minimal impacts on residents in the

vicinity of the plant (see Exhibit I for results of noise surveys conducted in May 2001 ).

• The proposed natural gas-fired combustion turbines operating in combined cycle mode use the

lowest emitting fossil fuel fired technology available, on a per-unit generating capacity basis, and
produce the least amount of waste per unit of electricity.

The total project cost is estimated to be about $250 million. The new generating units will provide

social and economic benefits to the community in the following ways:

• Annual properly tax revenues from AVEF II will increase funds available to any one of a number

of public services (see Exhibit J-4, Economic and Fiscal Impact Report and Update).

• Approximately 300 jobs, including many technical and skilled craft positions, will be created

during the 12- to 14-month construction period. Up to 10 moderate- to high~wage permanent

jobs also will be generated for commercial operations. In addition, a comparable number of
secondary employment opportunities (services, vendors, and suppliers) will likely be generated

during the construction and operational phases of  the proposed project (see Exhibit J-4,

Economic and Fiscal impact Report and Update).

• The project will increase electrical energy supply capacity and help moderate large swings in
wholesale electricity prices during periods of high consumer demand, such as during the hottest

summer months.

• As evidenced in Exhibit J, AVEF ll is supported by the community. Duke has been an active
contributor and participant in the Arlington community and the expansion of the AVEF I will
strengthen the relationship between Duke and the community.

Af ter evaluat ingthe factors to be considered by the Si t ing Committee (as def ined in ARS
§40-360.06),  Duke has concluded that the project is env i ronmental ly compat ible wi th the

surrounding area.

4
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APPLICATION

Name and address of the applicant:

Duke Energy Maricopa, LLC

5400 Westheimer Court
Houston, Texas 77056-5310

Name, address, and telephone number of a representative of the application who has access
to technical knowledge and background information concerning this application, and who will
be available to answer questions or furnish additional information:

Mr. Max Shilstone, Manager
Duke Energy North America

5400 Westheimer Court
Houston, Texas 77056-5310

(713)627-6572

State each date on which applicant has t iled a 10-year plan in compliance with ARS

§40-360.02,and designate each such tiling in which the facilities for which this application is
made were described. If they have not been previously described in a 10-year plan, state the
reasons therefore.

Not applicable because new transmission lines are not the subject of this application. Duke

has f iled a 10-year plan for its transmission line that was approved in Acc Decision No.
62995. t

Description of the proposed facilities, including:

4.a. With respect to an electric generating plant:

4.a.i Type of Generating Facilities.

The proposed AVEF II will utilize two, 170-MW GE UFA natural gas-fired
combustion turbines operating in combined-cycle mode with two supplementary
tired, three-pressure HRS Gs and a common, reheat condense~ng steam turbine.
Steam generation in the HRS Gs will be augmented with supplementary natural
gas-f ired duct burners. Each HRSG will produce high-pressure steam at
approximately 1,800 pounds per square inch gauge (psig) for introduction into the
steam turbine. The steam turbine will drive an additional generator to increase the

3.

4.

2.

1.
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total plant output to about 500 MW without duct firing or 600 MW with duct firing
and inlet air chilling.

The production of electricity using a combustion turbine engine coupled with a
shaft driven generator is referred to as the Bratton Cycle. This also is referred to
as a "simple-cycle" and has been traditionally utilized for electricity peaking
generation since the unit and its output can be brought on line very quickly. The
Rankine Cycle represents the traditional method of generating power from utility
steam electric power plants. In this cycle, boilers are used to produce
high-pressure steam, which expands in a steam turbine to drive an electric
generator. Each AVEF ll generator connects through the 500 kV switches and
connects to a strain bus connected as a continuation of the existing strain bus of
AVEF l, which is connected to a single tie line to the Hassayampa switchyard.

The proposed project will combine the Brayton and Rankine cycles to maximize
thermal efficiency. Natural gas will be combusted in two Brayton Cycle turbines
that will generate most of the electrical output. instead of being discarded to the
environment, the exhaust heat will be recovered in a Rankine Cycle HRSG/steam
turbine, and the heat will be extracted until the exhaust temperature is about 200° F
before being discharged through the stacks. This will result in an overall thermal
efficiency for the proposed project of over 55 percent. The project, therefore, will
consume only about two thirds of the fuel that would be consumed in a
conventional utility power plant to produce the same amount of electricity. This
state-of-the-art, high-efficiency technology combined with the exclusive use of the
cleanest fossil fuel (natural gas) and the application of Best Available Control
Technology, will yield a small fraction of the air emissions of a similarly sized
conventional power plant.

4.a.ii Number and size of proposed units.

The proposed
components:

600-MW merchant power plant will include the following

• Two CTGs with inlet chilling fueled by pipeline-quality natural gas,

• Two natural gas supplementary-fired HRS Gs,

One STG set,

One gas-fired (intermittent) auxiliary boiler,

8
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• One surface condenser,

• Two mechanical draft cooling systems (one for the condenser and one for the
chiller),

• Cooling tower water treatment system,

• Plant sumps, sump pumps, and oily water separator,

• Feed water treatment systems including deminerai izer regenerat ion and

neutralization tanks,

• Plant and instrument air compressors and auxiliary equipment,

• Sanitary lift station,

• Steam and water sampling systems,

• Deaerator vent, and

Several buildings for warehouse/maintenance administration and operational

activities.

4.a.iii The source and type of fuel to be utilized, including a proximate analysis of fossil
fuels.

The combustion turbines will be fueled entirely by natural gas supplied by El Paso
Natural Gas Company. A proximate analysis of the natural gas is provided in
Table 1. Pipeline quality natural gas will be delivered to the facility at a pressure
sufficient for use in the CTGs without additional fuel compression. The gas will be
heated to approximately 365° F using steam from the HRS Gs. AVEF ll service
connection within the plant will require the installation of  a tee on the
20-inch-diameter natural gas fuel lines to be constructed for AVEF l. Natural gas
usage and pressure for AVEF ll will be measured at the same regulator stations
developed for AVEF l.

Natural gas will first be sent through a knockout drum for removal of any liquid
which may have been carried through from the pipeline. The gas will then pass
through a filter/separator to remove particulate matter and entrained liquid. The

9
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Component Normalized Percent

Carbon Dioxide 0.78

Nitrogen 1.33

Methane 96.08

Ethane 1 .49

Propane 0.21

Isa. Butane 0.03

Normal Butane 0.03

Isa. Pentane 0.01

Normal Pentane 0.01

Hexane and Heavier 0.03

Gallons Per Minute 0.776

BTU (standard cubic feet) 1 ,020
Specific Gravity 0.587

gas will flow through the filter/separator's first chamber, the filtration section, where
entrained liquid will coalesce on the filter cartridges, drop to the bottom of the
chamber and either vaporize and return to the main gas stream or drain to the
sump below. The gas will then flow through the coalescing filters that will remove
particulate matter. The gas will then pass to the second chamber, the separation
section, where any entrained liquid remaining in the stream will be returned to the
gas stream. The gas will be preheated and split into two streams, one for each
CTG. Finally, the gas will be delivered to the CTGs and combusted as part of the
power generation operation.

Table 1

Natural Gas Analysis

Source: Casa Grande Gravitometer 01 April, 2001, El Paso Natural Gas, June 1999 to June 2000

(annual average).

One emergency diesel engine, nominally 400 horsepower (hp), will be located
on-site and operated as an emergency fire-water pump driver. The facility
operations plan calls for this unit to be operated less than 500 hours per year. The
engine will be equipped with a 150-gallon fuel storage tank.

4.a.iv. Amount of fuel to be utilized daily, monthly, and yearly.

Maximum natural gas usage for the proposed project will be approximately
100 million standard cubic feet (100 MMscf) per day, 3,000 MMscf per month, and

10
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37,000 MMscf per year. This projected gas usage is based on lower heating value
(LHV). The fuel use will vary based on the actual number of hours of operation of
the combustion turbines, duct burner, and auxiliary boiler, and start-up/shut-down
conditions. in the unlikely event of a fire, diesel will be used to fuel fire-water pump
operations.

4.a.v Type of cooling to be utilized and the source of any water to be utilized.

4.a.v. 1 Type of cooling:

A ten-cell cooling tower will be integral to operation of the facility. The
majority of the cooling water will be Used in the surface condenser to
absorb the heat rejected from the steam turbine. Water from the cooling
tower is commonly referred to as "main" cooling water. A dedicated set of
cooling water pumps will be provided for this service. Additional cooling
water will be required for auxiliary plant cooling. Cooling tower water will not
be used for direct cooling of plant auxiliaries, a closed loop auxiliary cooling
system consisting of pumps, expansion tank, and heat exchangers will be
provided for this purpose. Cooling tower water circulated through a set of
plate and frame heat exchangers will cool a closed loop coolant, usually a
glycol/water mixture, this is commonly referred to as "auxiliary" cooling
water. The cooling tower itself is a device designed to evaporate clean
water, which provides cooling. Some small water droplets (referred to as
drift) will escape from the top of the tower, and may liberate dissolved
solids as they evaporate in the atmosphere.

The turbines will employ inlet chillers during hot ambient conditions to
recover power output that would normally be lost due to lower air density at
higher ambient temperatures. The process of cooling takes place at the
cooling coils where inlet air is cooled before entering the CTG compressor.
At lower temperature, the air becomes more dense and therefore more
mass flows through the CTGs. The net increase in mass flow will result in
higher output for each of the CTGs by up to 22 MW. In addition to the
output enhancement from the CTGs, the additional mass flow also will
increase output of the STG by approximately 12 MW.

The inlet chilling system is a mechanical system using refrigerant for
cooling. A second, smaller (7 celled) cooling tower will reject heat for the
chillers. This tower will be similar to the process cooling tower, except that it
will only operate when the chillers are on (high ambient temperatures).

11
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4am2 Water Source:

Sufficient water exists for Duke to operate both facilities (AVEF I and ii) efficiently
and to complete its obligations set forth in the Land Management Plan.

AVEF I and AVEF ll will use approximately 7,800 acre-feet/year of water. This water

will be used mainly for the purpose of steam generation and system cooling. Small
quantities of water will be required for on-site drinking water, landscaping and other

less demanding uses. Water will be pumped from existing or new wells located on
Duke's property. All groundwater pumped at the facility will be withdrawn and used in
accordance wi l l  the Groundwater Code and the associated Phoenix  Act iv e
Management Area Management Plan.

Groundwater forboth projects will be supplied by Grandfathered Right 58-101121 .

This right is the result of consolidation of six distinct rights located on the lands Duke

acquired in preparation for building AVEF I. In anticipation of AVEF ll, Duke has

acquired additional irrigation Grandfathered Rights Nos. 58-105005 and 58-100105.
Duke anticipates consolidating these rights into Right No. 58-101121. Combined, it is
est imated that Duke wi l l  have approx imately 7,800 acre-feet/year of  Type l

groundwater av ai lable f or  use at  i ts si tes.  Duke wi l l  conv ert  the I r r igat ion
Grandfathered Rights into Type I rights as they become necessary to meet the needs
of the two facilities.

An evaluation of the physical availability of water over the lifetime of the two projects
has been conducted and is attached as Exhibit B-2. This study took into account the

impact to the aquifer of the additional pumping associated with AVEF ii. This study

also renders an opinion regarding cumulative impacts of this additional pumping on
the aqui fer.  Duke's water impact  analysis concludes that  the wi thdrawal  of
7,800 acre-feet per year will have minimal impact to the aquifer.

The evaluation of the potential impact of groundwater pumping on groundwater

levels was conducted using two approaches. The first approach compared projected
stumpage (7,800 acre-feet per year) for this proposed project to historic stumpage to
provide insight into potential future impacts. The proposed water use is less than half

of the historic withdrawals for irrigation on the parcels being acquired by Duke, and
about a quarter of the historic stumpage in the project area. The potential impacts of

the proposed are therefore expected to be considerably less than what was
experienced historically when the area was under irrigation.

12
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The second approach simulated the potential effects of the proposed groundwater
pumping (7,800 acre-feet per year) on the aquifer. Groundwater modeling over the

expected life of the expanded power plant was conducted to simulate water level

changes from the proposed pumping alone. After 30 years of pumping, minimal
water level changes (up to 10 feet) are projected within 3 miles of the plant

production wells, and smaller level changes at greater distances. These projections
are considered conservative as they do not consider the retirement of current

irrigation stumpage or the natural recovery of water levels that has occurred in recent

years.

The same model also was used to simulate water level changes from the addition of

the proposed pumping for AVEF ll. After 30 years of pumping, minimal water level
changes (up to 3 feet) are projected within about 0.5 mile of the plant production
wells, and smaller level changes at greater distances. Again, these projections are
considered conservative as they do not consider the retirement of current irrigation

stumpage or the natural recovery of water levels that has occurred in recent years.

An assessment of the cumulative impact to groundwater levels in the Arlington area,
from the withdrawals from three separate power generating facilities (AVEF I,
Sempra Mesquite, and Pinnacle West Redhawk) was conducted in 2000 by Dr. Peter

Mock. Duke has asked Dr. Mock to update his study to take into consideration the
additional groundwater use (1,000 acre-feet per year) proposed by AVEF ii. Duke

has asked that Dr. Mock undertake the update under the same elements of
impartiality that he used to conduct his original study. We anticipate that Dr. Mock's
update will be completed in time for the hearing on this CEC.

Duke anticipates utilizing lined evaporative ponds with leak detection monitors, to be

permitted by ADEQ, for disposal of its wastewater.

4.a.vi Proposed height of stacks and number of stacks, if any:

A total of 5 stacks will be constructed at the plant site. Both CTG and HRSG units will
include stacks 185 feet above ground surface. The auxiliary boiler will require a
37-foot-high stack. The diesel engine fire pump and the diesel engine backup

systems will require approximately 14-foot-high stacks.

4.a.vii Dates for scheduled start-up and term operation of each unit and date construction
must commence in order tomeet schedules:

A primary contractor (Duke-Fluor Daniel) will design and construct the facility. Duke

has firm contracts for the delivery of essential turbine equipment to meet the

I
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construction schedule. Construction activities will be initiated by February 2002 and

are expected to extend over a period of 12 to 14 months into 2003. During this
period, the construction work force will include up to 300 people. An area atthe site

will be used temporarily for construction parking, work trailers, storage, and laydown

areas. Water and electrical power facilities will be made available at the site for use

during construction. The primary access during construction to the project site will be
from theexisting access road that enters the site from the north off of Elliot Road.
Commercial operations are scheduled to begin in June 2003.

4.a.viii To the extent available, the estimated costs of the proposed facilities and site, stated
separately.

Estimated construction costs for the power plant associated natural gas and water
pipelines, and related facilities are $250 million.

4.a.ix Legal description of the proposed site.

The AVEF ll site, which will include approximately 65 acres associated with the
plant facility and evaporation ponds, is located approximately 50 miles
west-southwest of Phoenix, in Maricopa County, Arizona. It's anticipated that
additional acreage of previously disturbed agricultural land will be disturbed
temporarily during construction activities. The project site is situated approximately
1.5 miles southwest of the PVNGS property and 5 miles west of the town of
Arlington. The site is located on the south side of Elliot Road between 387'*'
Avenue and 39151 Avenue. The site is located at 112°  53' 34" longitude and 33°  20'
54" latitude. The plant site will be located in Section 17, Township 1 South, Range
6 West, Gila and Salt River Base and Meridian.

4.b With respect to a proposed transmission line:

4.b.i Nominal voltage for which the line is designed; description of the proposed structures
and switchyards or substations associated therewith, and purpose for constructing
said transmission line.

NO new transmission lines, switchyards, or substations will be required. AVEF ii will
use the al ready approv ed intert ie l ine f rom the AVEF l  to the Hassayampa
switchyard.

4.b.ii Description of geographical points between which the transmission line will run, the

straight-line distance between such points, and the length of the transmission line for
each alternative route for which application is made.

14
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No transmission line will be required (see 4.b.i)

4.b.iii Nominal width of right-of-way required, nominal length of spans, maximum height of
supporting structures, and minimum height of conductor above ground.

No transmission line will be required (see 4.b.i)

4.b.iv To the extent available, the estimated costs of proposed transmission line and route,

stated separately.

No transmission line will be required (see 4.b.i)

4.b.v Description of proposed route and switchyard locations.

No transmission line will be required (see 4.b.i)

4.b.vi For each alternat ive route for which applicat ion is made, l ist  the ownership

percentages of land traversed by the entire route (Federal, State, Indian, private,
etc.).

No transmission line will be required (see 4.b.i)

List the areas ofjurisdiction (as defined in ARS §40-360) affected by each alternative site or
route and designate those proposed sites or routes, if any, which are contrary to the zoning
ordinances or master plans of any of such areas ofjurisdiction.

All components of the project will be located entirely within an unincorporated area of
Maricopa County. The plant site, access road, and natural gas and water pipelines will be
located on private lands currently owned or controlled by Duke.

The proposed project is located within the Rural-190 Zoning District as designated by
Maricopa County and shown on the Maricopa County Zoning Maps. For the AVEF I, Duke
obtained from Maricopa County (a) a Special Use Permit for an electrical generating
facility and (b) a Comprehensive Plan Amendment to an Industrial land use designation.
AVEF ll will require an Amendment of AVEF I's Special Use Permit, which will be in
conformance with the site's industrial designation on Maricopa County's
Tonopah/Arlington Area Plan.

5.
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Describe any environmental studies applicant has performed or caused to be performed in
connection with this application or intends to perform or cause to be performed in such
connection, including the contemplated date of completion.

Duke has engaged several experienced consultants who have conducted studies and
impact evaluations of the project. The results of these studies are included in Exhibits B
through I. For the proposed plant site, evaluations of the existing environment were
completed for land use, air quality, water resources, visual resources, biological resources,
cultural resources, and noise effects.

Environmental studies of the project area began with the collection of existing
environmental data, including literature, maps, and other agency data. Background
information and data collected and utilized for AVEF I were reviewed, updated, and
incorporated into this application, where applicable to AVEF ll. interviews were conducted
with appropriate agencies and organizations. Resource specialists conducted field studies
of the project area.

Potential environmental effects of the proposed project were assessed for the disciplines
addressed above. Where appropriate, mitigation measures were identified to minimize or
eliminate impacts. Duke will implement identified mitigation measures as integral elements
of the project. These include state-of-the-art combustion technology and continuous air
emissions monitoring.

Duke therefore affirms, upon thorough, expert scientific environmental investigation and
analyses, that the proposed project is environmentally compatible, and respectfully
requests the Committee to issue its Certificate of Environmental Compatibility for the
proposed AVEF ll project.

5.
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EXHIBIT A

LOCATION AND LAND USE MAPS

As stated in Arizona Corporation Commission Rules of Practice R-14-3-219:

"Where commercially available, a topographic map, 1:250,000 scale, showing the proposed plant
site and the acyacent area within twenty (20) miles tnereoi If application is made for alternative
plant sites, all sites may be shown on the same map, if practicable, designated by applicant's
order of preference. "

'Where commercially available, a topographic map, 1:62,500 scale, of each proposed plant site,
showing the area within two (2) miles thereof The general land use plan within this area shall be
shown on the map, which shall also show the areas of jurisdiction affected and any boundan'es
between such areas of jurisdiction. If the general land use plan is uniform throughout the area
depicted, it may be described in the legend in lieu of an overlay. "

The following maps are included as exhibits:

Exhibit A-1 - Proposed Project and Adjacent Area within 20-mile Radius
Exhibit A-2 - Proposed Project and Adjacent Area within 2-miie Radius

More detailed discussion regarding land ownership and existing and future land use conditions

and potential impacts on such resources within the vicinity of the proposed project are provided in

Exhibit B-3.

A-1
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EXHIBIT A-1

PROPOSED AVEF ll PROJECT - 20-MILE RADIUS
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Exhibit A-1 :

Proposed AVEF ll Project
and Adjacent Area

within 20-mile Radius

Arlington Valley Energy Facility

Duke Properties

Palo Verde Nuclear
Generating Station

Elevation Contours

Rivers and Washes

Cities and Towns[°l
o 20-mile Radius

Streets

BLM Wilderness Areas

Parks and Recreation

Game and Fish

Painted Rock Wildlife Area
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EXHIBIT A-2

PROPOSED AVEF II PROJECT 2-MILE RADIUS
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Exhibit A-2:

Proposed AVEF II Project
and Adjacent Area

within 2 Miles of Project

Arlington Valley Energy Facility

Hassayampa Switchyard
(Under Construction)

Redhawk Generating Station
(Under Construction)

Mesquite Generating Station
(Approved)

Duke Properties

AVEF Transmission Line
(Under Construction)

Existing Transmission Lines

AVEF Natural Gas Line
(Approved)

M Existing Natural Gas Line

Streets

Area within 2 Miles of Project

_ Large Lot Residential Land Use

Land use for the remainder of the area is Rural.

0 0.5

Miles

1
I

Duke
Energy

Aerial photograph base from Landiscor, 1986
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EXHIBIT B
ENVIRONMENTAL REPORTS

As stated in Arizona Corporation Commission Rules of Practice R-14-3-219:

"Attached any environmental studies which applicant has made or obtained in connection with the
proposed site(s) or route(s). If an environmental report has been prepared for any federal agency
or if a federal agency has prepared an environmental statement pursuant to Section 102 of the
National Environmental Policy Act, a copy shall be included as part of this exhibit. "

Duke retained the services of consultants to complete the environmental studies for the proposed
project. The environmental studies completed for this project are described in this exhibit and
include the following:

Exhibit B-1 .-
Exhibit B-2 .-
Exhibit B-3 .-

Air Quality Permit Application (Summary)

Groundwater Assessment
Land Use Study

Descriptions of other resource studies including biology, cultural, visual, and noise are discussed
in Exhibits c, D, E, G, and I.

B-1 July, 2001



EXHIBIT B-1

AIR QUALITY PERMIT APPLICATION (SUMMARY)



Air Quality Permit Application (Summary)

Introduction

Duke Energy Maricopa, LLC (Duke) is in the process of constructing the Arlington Valley Energy
Facility I (AVEF I), a 580-megawatt (MW) (nominal) gas turbine/steam turbine combined-cycle
merchant power plant in Maricopa County, Arizona. Duke received a Title V and Prevention of
Significant Deterioration (pap) air quality permit from Maricopa County in 2000 allowing
AVEF l's construction and operation. Duke now proposes to add an additional 600 MW of
generating capacity at the AVEF site through a significant revision to its existing Title V/PSD air
quality permit. The new project will be known as AVEF ii.

AVEF ll will employ best available control technology (BACT) for oxides of nitrogen (NOX),
carbon monoxide (CO), sulfur dioxide (SO2), volatile organic compounds (VOC), and particulate
matter with a nominal aerodynamic diameter of 10 microns or less (PM10) to minimize air
emissions. Consistent with Duke's objectives and the stated desires of the Corporation
Commission, the project will be operated so as to meet a 2.5 parts per million NOt emissions
level, within the parameters established in its Title V/PSD air quality permit to be issued by
Maricopa County.

Duke has already started the process to apply to the Maricopa County Environmental Services
Department (MCESD) for an air quality pre-construction permit as required by Maricopa County
Air Pollution Control Regulation (MCAPCR) II, "Permits and Fees." Duke has submitted a
request for expedited permit processing to MCESD. In the expedited review process, MCESD
selects an outside consultant, at the applicant's expense, to assist the MCESD staff in reviewing
and processing the permit application. MCESD has not yet selected its outside consultant for
the AVEF ll application. Duke has been informed by MCESD in a pre-application meeting that
the results of an air quality modeling analysis must be part of the air quality permit application
for AVEF ll. Before the modeling can be conducted, MCESD~and its outside consultant must
approve the protocol for the modeling.

As soon as MCESD assigns an outside consultant to the AVEF II project, Duke intends to
submit its protocol for the required air quality modeling analyses. Once the modeling analysis is
completed, Duke will incorporate the modeling results and submit its application for a significant
revision to the existing AVEF I air quality permit. Duke anticipates that it will have the necessary
approvals from MCESD to file its air quality permit application by mid-August 2001 .

Project Description

The key elements of the new AVEF ll project include:

1



•

•

•

•

•

•

Two combustion turbine generators with inlet chilling fueled by pipeline-quality natural gas,
Two natural gas supplementary-fired Heat Recovery Steam Generators (HRSG),

One steam turbine generator set,
One gas-fired (intermittent) auxiliary boiler,
One surface condenser, and
Two mechanical draft cooling systems.

These are the same elements that were permitted for AVEF I, except that the steam turbine is
slightly larger in AVEF ll, so that the proposed equipment will have the capacity to produce
more electricity than the AVEF I equipment.

AVEF II will be constructed on approximately 65 acres of undeveloped property immediately
adjacent to and south of AVEF I. The approximate project property boundary and local road
network is shown on Figure 1. Figure 1 also shows the land use within the region surrounding
the proposed site. within this area are:

The Palo Verde Nuclear Generating Station,
The residential communities of Arlington and Palo Verde to the east and Wintersburg to the
north, and
Roadways including Interstate 10 and U.S. Route 85.

Beside AVEF I and ll, two other power plants are planned in this area. They are the Pinnacle
West (Red hawk) and Sempra (Mesquite) power generating stations.

The proposed AVEF II project will be a natural gas-fired combined-cycle power plant. The plant
will operate commercially as a merchant power plant. A merchant power plant is a power
generation facility designed to produce electricity for the emerging deregulated electricity market
without pre-arranged long-term utility power purchase agreements. As a merchant plant in a
deregulated electricity market, AVEF ll is being designed to convert clean natural gas to useful
power at high efficiency and low cost. Commercial operation is scheduled to commence in the
year 2003.

AVEF II will include two 170-MW General Electric UFA natural gas-fired combustion turbines
operating in combined-cycle mode with two supplementary fired, three-pressure HRS Gs and a
common, reheat condensing steam turbine. Steam generation in the HRS Gs is augmented with
supplementary natural gas-firing using duct burners. Each HRSG will produce high pressure
steam at approximately 1,800 pounds per square inch gauge for introduction into the steam
turbine. The steam turbine will drive an additional generator tO increase the total plant output to
about 500 MW without duct firing or 600 MW with duct firing and inlet air chilling.

2
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Other potential sources of criteria pollutants associated with this facility include a gas-fired
auxiliary boiler, a cooling tower, an emergency generator, and a small diesel fire-water pump.
There will be a minor amount of emissions associated with ancillary facilities, including a small
diesel storage tank for the fire-water pump, small acid storage tank(s) used in the treatment of
process water, and an ammonia tank used to store the aqueous ammonia solution that will be
used with the Selective Catalytic Reduction system used to control NOt emissions.

Air Emissions

Criteria pollutants are those for which the U.S. Environmental Protection Agency (USEPA) has
established National Ambient Air Quality Standards (NAAQS) and consist of PM10, CO, Not, SO2,
lead, and ozone, which is formed through the photochemical reaction of VOC and NOt in the
atmosphere. These pollutants also are known as "conventional air pollutants" under State law.

As indicated earlier, AVEF II will employ BACT to minimize its criteria pollutant emissions of NOt,
CO, VOC, PM10, and SO2. Consistent with Duke's objectives and the stated desires of the
Corporation Commission the project will be designed and operated to meet a 2.5 NOt emissions
level, within the parameters that will be established in its Title V/PSD air quality permit from
MCESD. The project will not produce significant emissions of lead.

AVEF II also will emit federally listed hazardous air pollutants as a result of the combustion
turbines, duct burner and auxiliary boiler. AVEF ll also will emit other substances that are not
regulated, but which MCESD has a practice of comparing to informal guidelines that have not
been adopted as rules. These informal comparative guidelines are known as the Ambient Air
Quality Guidelines.

Regulatory Requirements

1. Air Quality Permitting Requirements

New and existing stationary sources are classified as either major or minor based on their
potential-to-emit regulated air contaminants. This classification also is affected in part by whether
the area in which the source is located has attained the NAAQS. An area is classified as
attainment if the ambient air quality concentration for a specific pollutant as measured by a
monitor is below the standard concentration level for a set averaging period. The area in which
AVEF ll will be located is designated as attainment for all the NAAQS.

This project will be subject to the requirements of two permit programs applicable to major
sources under the federal Clean Air Act (CAA): PSD and Title v. MCESD is authorized by the
USEPA to issue PSD permits and permit revisions in Maricopa County under MCAPCR 240.
MCESD's Title V program, set forth in MCAPCR 220, has been approved by USEPA. As an

i 4



electrical energy producer, AVEF II will also subject to the Title IV Acid Rain provisions of the CAA
Amendments of 1990, set fortin MCAPCR 371. New Source Performance Standards also will
apply to the gas turbines and duct burners.

The PSD program applies to the construction or major modification of a major source in an
attainment area. If a source is 1 of 28 "categorical sources," the major source threshold is
100 tons per year (try) of a regulated air pollutant, otherwise the threshold is 250 try. AVEF I is
1 of the 28 categorical sources (fossil-fuel-fired steam electric plants of more than 250 million
British thermal unit per hour heat input) with a PTE of more than 100 try for three regulated
pollutants: Not, P1V110, and CO. AVEF I, therefore, is a major source. Major modifications to major
sources also are required to go through PSD review. Major modifications are those changes at a
major stationary source that increase potential emissions of criteria pollutants by more than a
specified threshold. AVEF ll will have potential emissions above the major modification thresholds
and therefore will have to undergo PSD review.

Major modifications must also be included in the major source's operating permit under Title V of
the CAA. Duke's existing Title v permit will be revised to include AVEF it.

2. Air Quality Modeling Requirements

Duke Maricopa will be required to perform certain air quality modeling analyses in connection with
its application for a revision to its air quality permit for the proposed AVEF ll project.

PSD regulations require an ambient air quality impact analysis for sources located within
50 kilometers (km) of non-attainment areas. As described earlier, AVEF II will be located in an
area designated as attainment for all criteria air pollutants. The nearest ozone, CO, and PM1o non-
attainment areas in Maricopa County are the metropolitan Phoenix area located east of the
facility. The non-attainment areas are within 50 km of the proposed facility.

A cumulative air quality impact analysis is required for pollutants that are modeled to be greater
than the Significant Impact Levels (SILs) established by USEPA. Based on preliminary modeling
of both AVEF I and ii, only pM10 is expected to be greater than the SlLs. Therefore, an ambient
impact analysis with other sources in the area is only required for PM10. The area of influence for
PM10 is expected to be 5 km. This is the maximum distance to which the maximum modeled
concentration for any averaging time drops to below the SIL. For the NAAQS analysis, all sources
within the area of influence, or that are within 50 km of the area of influence and have the potential
to contribute a significant impact within the area, must be modeled. If the background air quality
data are available, however, only nearby sources, i.e., within the area of influence, need to be
modeled. An inventory of other PM10 emissions sources within 55 km of AVEF I has been
obtained from MCESD.

5



PSD regulations require also that facilities within 100 km of a Federal Class I areas perform a
modeling evaluation of ambient air quality in terms of Class l PSD increments and Air Quality
Refated Values (AQRVs). PSD increments are numerical values of ambient concentration of
criteria pollutants that cannot be exceeded. For this project, the AQRVs relate to changes in
visibility as it could affect the experience of visitors to the Class l area and deposition of acidic
species.

In addition, large projects between 100 and 200 km or more from a Class I area may be
requested by the Federal Land Managers to conduct an evaluation of air quality impacts. The
designated FLM in this case is the U.S. Forest Service. Due to technical limitations in the
applicable dispersion model (CALPUFF), modeling of sources much more than 200 km from a
PSD Class I area is not recommended.

The project is located in a PSD Class ll area. There are no Class I areas within 100 km. The
nearest Class I area to the facility is the Superstition Wilderness Area located 120 km west of the
project site. Other Class l areas within 200 km are Mazatzal, Pine Mountain, Sierra Ancha, and
Sycamore Canyon Wilderness Areas. As a courtesy, the analysis of impacts from this project also
will be determined on the following Class ll areas:

•

•

•

•

•

•

•

•

Signal Hill Wilderness Area,

Woolsey Peak Wilderness Area,
Gila Bend Indian Reservation,

North Maricopa Mountain Wilderness Area,

Sierra Estrella Wilderness Area,
Hummingbird Springs Wilderness Area,
Big Horn Wilderness Area, and

Eagletail Mountain Wilderness Area.

6
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REVISED WATER RESOURCE IMPACT ASSESSMENT
ARLINGTON VALLEY ENERGY FACILITY

ARLINGTON VALLEY, ARIZONA

Submitted to

Duke Energy Maricopa, LLC

Submitted by

Philip C; Briggs
Water Resources Consulting Southwest, LLC

6631 s. 38"' Street
Phoenix, Arizona 85040
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1 INTRODUCTION

Duke Energy Maricopa, LLC (Duke) retained Water Resources Consulting Southwest to
conduct a hydrologic analysis for a proposed expansion of a combined-cycle natural gas
power plant in Arlington Valley, in western Maricopa County, Arizona. This report
summarizes the results of the hydrologic analysis conducted by Water Resources
Consulting Southwest, and provides conclusions as to the physical availability of a water
supply over the lifetime Of the proposed project and the expected impact of groundwater
pumping on groundwater levels in the area. The proposed project (known as the
Arlington Valley Energy FaCility) will occupy a portion of the east half of Section 17,
Township l South (TIS), Range 6 West (R6W), approximately 1.5 miles south of the
Palo Verde Nuclear Generating Station (PVNGS). The location of the proposed project
is shown on Figures l and 2. This property is located within the Lower Hassayampa sub-
basin of the Phoenix Active Management Area (Phoenix AMA).

2 PURPOSE AND SCOPE OF ANALYSIS

This hydrologic assessment has been conducted to support an Application for a
Certificate of Environmental Compatibility to be submitted to the Power Plant and
Transmission Line Siting Committee of the Arizona Corporation Commission (ACC).
The specific purpose of this report is to demonstrate the physical availability of a water
supply over the expected lifetime of the proposed prob et, and to assess the impact of
groundwater extraction on groundwater levels in the Arlington Valley area.
Specific statutory or regulatory guidelines for this hydrologic analysis do not exist.
However, the scope of this analysis was modeled after guidelines developed by the
Arizona Department of Water Resources (ADWR) for hydrologic studies for assured and
adequate water supplies (ADWR, 1995).

3 METHOD OF ANALYSIS

3.1 Elements of Demand Methodology

Preliminary estimates of expected water demand were obtained from~Duke, and vary
based on the expected operational parameters of the proposed project, including methods
of pre-treatment, use of duct-firing for greater efficiency, expected cycles of
concentration of cooling water, and disposal options for slowdown water. For the
purposes of this hydrologic analysis, the water demand is assumed to be the maximum
amount of water available to Duke through the conversion of Irrigation Grandfathered
Rights (IRs) that have been obtained by Duke, as discussed in the next section.

3.2 Elements of Supply Methodology

Water demand for the proposed prob act will be supplied fully through groundwater
stumpage. Duke has obtained eight IRs from approximately 2,750 acres of contiguous,
irrigated land located in the vicinity of the proposed project. The 1999 irrigation
allotment of these rights is approximately 13,000 acre-feet per year, which is based on the
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application of varying water duties to approximately 2,600 water duty acres. Duke will
convert the existing lGRs to Type l Non-Irrigation Grandfathered Rights (Type l
Rights). For the purposes of this study, it is estimated that the conversion will occur
using a water duty of approximately 3 acre-feet per acre, resulting in a total estimated
Type l Right of approximately 7,800 acre-feet per year. Details of the water rights
obtained by Duke and the Type l Right conversion are summarized in Table 1.
For the purposes of this study, all water is expected to be withdrawn from five production
wells located at the site (four of these are new wells, one is a replacement well for
existing production well 8-1). -

3.3 Elements of Adequacy Methodology

Several methods were used to determine the adequacy of water supply for the proposed
project and to determine the impacts to groundwater levels expected from groundwater
extraction to meet the prob et water supply. These methods include the development of
an analytical model based on historical response of groundwater levels to agricultural
stumpage, and the use of a two-dimensional analytical groundwater flow modeling
software package. In addition, a regional three-dimensional groundwater flow model
was prepared by Dr. Peter Mock to describe the cumulative impacts from pumping from
all power plants in the Arlington Valley (Mock, 2000).

Historically, water use in the study area has been largely related to agricultural initiation,
beginning approximately in the early 1940's and continuing to present. As a result, water
levels in the area have decreased significantly since the l940's, although they began to
rebound beginning in the early l980's as agricultural stumpage decreased. Based on
annual groundwater stumpage as reported to ADWR since 1986 and available aerial
photographs for the area, an estimated amount of groundwater extracted over the last 40
years has been developed. By comparing this estimate to known declines in water levels
over this time period, a simple analytical model of regional groundwater level response to
stumpage has been developed. This model has been used to estimate the expected impact
regionally due to stumpage by Duke over the lifetime of the proposed project.

In addition to the analytical modelbased on historic data, the expected impact from the
five production wells was modeled using THWELLS, an analytical two-dimensional
groundwater flow modeling software. The transient modeling analysis used by
THWELLS solves for the Thais equation. The model assumes a uniform, isotropic,
homogeneous aquifer with an infinite lateral extent. No recharge or leakage was applied
to the model for this analysis. The groundwater flow model was used to calculate the
amount of drawdown over the 30-year expected lifetime of the proposed project that can
be attributed to withdrawals from the Duke supply wells.

The regional three-dimensional flow model developed by Dr. Mock included several
projected future demand scenarios for the area. One of these assumed the operation of
the three approved power plants in the area, supplied by groundwater withdrawals equal
to the sum of the individual facilities Type I Rights. The total use was approximately
22,000 acre-feet per year. For the purposes of Dr. Mock's study, 6,800 acre-feet per year
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was used as the demand for the Arlington Valley Energy Facility. Our assessment will
add only 1,000 acre-feet to this model. An additional two-dimensional modeling run was
conducted using THWELLS to estimate the amount of drawdown expected above and
beyond Dr. Mock's results due to the increase of water use at the Arlington Valley
Energy Facility.

4 ELEMENTS OF DEMAND

A review of aerial photos and the stumpage data reported to ADWR indicate that the
withdrawals from the wells associated with the IRs for the subject parcels has decreased
since the l980's as noted for the area in general. Based on quantity of groundwater
available under the IRs, initiation stumpage for the Duke parcels could be as high as
approximately 13,000 acre-feet/year. Conversion of the IRs to Type I Rights will
reduce the allowable stumpage from the subject parcels to approximately 7,800 acre-
feet/year, as shown in Table l. Since approximately 1988, irrigation has continued on
three of the Duke parcels (Shepard, Hardison, and Popoffproperties) under the associated
IRs, averaging approximately 3,500 acre-feet/year over the past three years, as shown
in Table 2.

The proposed stumpage for the project is expected to increase over the current initiation
withdrawal, but to no more than the amount allowed under the converted Type I Rights.
For the purpose of this modeling it is presumed that the pumping will be equivalent to the
full groundwater rights, or approximately 7,800 acre-feet/year. The combined stumpage
for both facilities represents a 4,300 acre-feet/year increase over the current irrigation
stumpage of 3,500 acre-feet/year, but a 5,200 acre-feet/year decrease over the potential
agricultural groundwater stumpage.

5 ELEMENTS OF SUPPLY

5.1 Hydrogeologic Setting

5.1.1 Geology

The Lower Hassayampa sub-basin of the Phoenix AMA is an alluvial plain bounded by
the White Tank Mountains on the east, on the south by the Buckeye Hills and the Gila
Bend Mountains, and on the west by the Palo Verde Hills.

k

Bedrock in the Lower Hassayampa area consists of granitic and metamorphic rocks
(basement complex), and locally of interbedded volcanic and sedimentary deposits that
overlie the basement complex. The main water-bearing unit in the area consists of the
basin-fill sediments, comprised of gravel, sand, silt and clay (Sanger and Appel, l980),
however, the interbedded volcanic and sedimentary deposits are also comprise the
regional aquifer (Mock, 2000a). These sediments range from a few tens of feet thick near
the mountains to more than 1,000 feet thick near the center of the plain.
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Basin-fill sediments in the area are divided into three major units and include the upper,
middle and lower alluvium (U.S. Bureau of Reclamation, 1976). The upper alluvium
ranges from 30 to 60 feet thick and consists of silty-sands and gravelly-sands with
discontinuous lenses of clay and silty clay (Long, 1983). Caliche may be present in the
upper 50 feet of the upper alluvium. The middle alluvium ranges from 230 to 300 feet
thick and is comprised of clay and silty clay interbedded with discontinuous lenses of
clayey silt, clayey sand, and silty sand. It includes the Palo Verde clay that varies north
of the project site from 80 to 130 feet thick. The middle alluvium is intermittent within
the bounds of the project site, disappearing entirely in the northwest comer. However,
further southeast, the middle alluvium appears in driller's logs to be over 200 feet thick.
The lower alluvium consists of less than 100 to greater than 1,000 feet of unconsolidated
silty sand, sand, and gravelly sand (Long, 1983).

5.1.2 Hydrology

5. 1 .2. 1 Groundwater Resources

Groundwater occurs predominantly in the basin-fill sediments of the three alluvial layers
and the interbedded volcanic and sedimentary deposits. The upper alluvium is
unsaturated in most of the Lower Hassayampa area. The middle alluvium consists of two
line-grained layers. Agricultural irrigation water has percolated through the permeable
upper alluvium over time and now forms a local perched water table on top of the
relatively impenneable upper layer of the middle alluvium (Long, 1983). Studies of the
perched aquifer indicate that it probably formed between 1950 and 1975, and contained
very little water prior to that time-interval (APS, 1997). Groundwater in this perched
zone flows radially outward from the center of the groundwater mound. The areal size of
the mound has stabilized at a size which allows downward percolation to equal or exceed
recharge rates. The approximate location of the perched groundwater is shown on Figure
3 (APS, 1997).

The lower alluvium is typically saturated throughout the region. Most productive wells
in the area are completed in the lower alluvium.

5.1.2.2 Water Levels

Regionally, groundwater flows from northeast to southwest. In the general vicinity of the
proposed project, groundwater converges around a cone of depression that formed due to
the long-term pumping for agricultural activity in the basin (APS, 1997). The cone of
depression appears centered near the western-most edge of the Duke property, with a
radius O'f about 5 miles in 1992 (APS, 1997). Since approximately 1980 agricultural
pumping has decreased substantially and water levels are rebounding. Regional water
level contours are shown in Figure 3, and primarily represent water levels in the lower
alluvium. Representative hydrographs of the area are included as Figures 4 and 5 (the
locations of these hydrographs are shown on Figure 3). Available data indicate that water
levels decreased as much as 100 feet in response to agricultural purnpage in the area, and
have recovered approximately 50 feet as stumpage began to decease in the early l980's.
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5 . 12.3 Hydraulic Parameters

Hydraulic parameters for the area were derived from aquifer test conducted on production
wells in the area, including tests conducted on Duke production wells. Estimates of
transmissivity range from approximately 27,000 to 437,000 gallons per day per foot
(gpd/8), which corresponds to a hydraulic conductivity range of approximately 4 to 59
feet/day. A complete summary of estimates of aquifer parameters obtained from various
sources is included in Table 3. A complete description of the aquifer tests conducted on
Duke production wells is included as Appendix A.

A Well Spacing Analysis was submitted to ADWR in April 2001 for the permitting of
two new production wells at the site. The Well Spacing Analysis utilized an identical
modeling technique (THWELLS) as that used for this impact assessment. After review
by ADWR, a transmissivity value of 156,346 god/ft was agreed on as appropriate for the
site (SWCA, 2001). The ADWR approved the Well Spacing Analysis using the agreed
value.

5.2 Well Inventory and Water Supply Wells

A well inventory for the immediate vicinity of the proposed project (Township 1 South,
Range 6 West) is included as Table 4. The well inventory was derived from several
databases maintained by ADWR, including the Well Registry database (also known as
the "55-files") and the Groundwater Site Inventory (GWSI) database. Based on these
sources there are approximately 158 wells located within the above township. Due to
overlap and uncertainty between the two databases, there are likely to be less than 158
wells in actuality. Duplicates have been removed from Table 4 where possible.
with the acquisition of the property needed for the IRs, Duke acquired nine wells that
have been used in the past to supply irrigation demands for the subj et properties. These
wells are indicated on Table 4. Of the remaining wells, approximately 100 are
monitoring wells associated with PVNGS. All wells in the immediate vicinity of the
proposed project are shown on Figure 6.

5.3 Water Quality

Detailed site-specitic groundwater samples were obtained from four of the Duke
production wells in September and October 2000. Laboratory analytical results for these
samples are summarized in Table 5. Groundwater quality is adequate to meet the needs
of the prob et water supply.

6 ELEMENTS OF ADEQUACY

6.1 Historical Analytical Model of Regional Groundwater Usage

A11 known water rights in Arlington Valley and the approximate irrigated acreage for
each are summarized in Table 6. Adequate information exists from aerial photographs
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and records of groundwater use as reported to ADWR to determine the approximate
water use per acre for the area. Details of these calculations are shown in Table 6.

Based on this information, an estimate of the approximate annual groundwater use prior
to 1980 was calculated as approximately 25,700 acre-feet/year for the period from the
early l940's to 1980, as shown in Table 6. From existing hydrographs, this magnitude of
stumpage caused a long-temi groundwater decline in the area of approximately 80 feet, or
approximately 3.1 feet per 1,000 acre-feet/year of groundwater stumpage. This value was
used to extrapolate the expected regional groundwater response to Duke stumpage over
the 30-year lifetime of the proposed project.

To the extent that the past can be used to predict the future, the estimated stumpage for
the proposed project would have contributed approximately a 24-foot decline in the area
of the facility over a similar period. This is about a quarter of the observed water level
declines over a historic period about the same length as the projected lifetime of the plant.
This estimated impact is a worst-case estimate, as water levels have increased since the
l980's and are continuing to rise in the Arlington Valley area under the current reduced
rate of agricultural stumpage. Impacts of the rebound from the current reduced stumpage
and the future projected stumpage can be expected to be offset to an extent.

Application of the historical analytical model is meant only as an informal examination
of proposed project impacts relative to previous impacts to Arlington Valley and
expected nature recovery of water levels. More reliable specific impacts due to project
production wells were developed using a numerical groundwater flow model, as
discussed in the next section.

6.2 Theis Hydrologic Impact Analysis

/

The transient numerical model employed by Water Resources Consulting Southwest
utilizes values of hydraulic conductivity, stumpage, and storativity to produce expected
groundwater levels at a specific time in the future resulting from the projected stumpage.
The model illustrates the impacts of the prob ected stumpage only, and no attempt was
made to model groundwater recharge or inflows that are the cause of the ongoing
increases in groundwater levels. The model results therefore predict the changes in water
levels due to the projected stumpage, and should be combined with ongoing water level
trends to prob et future depths to groundwater and water levels. A complete description
of the modeling effort employed is included as Appendix B.

Conservative estimates of all parameters were used in the model. The stumpage amount
used was also conservative, as the maximum possible water demand of 7,800 acre-
feet/year was used, rather than the increase over current stumpage on the parcels.
Stumpage by well was determined by dividing this demand between live modeled
production wells.
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The transmissivity/hydraulic conductivity value used in the model was that already
agreed upon by ADWR, and represents a spatially-weighted average of aquifer tests
conducted for on-site production wells and other local wells.

In order to assess the likely expected groundwater conditions at the end of the project's
expected lifetime, impacts to water levels were modeled for a 30-year period. Results of
the modeling are summarized in Table 7.

At the end of 30 years, the maximum drawdown projected in the immediate vicinity of
the site is approximately 32 feet within the well field, and over 25 feet for a distance of
0.4 miles. Drawdowns from projected annual withdrawals of 7,800 acre-feet of up to 10
feet extend a distance of approximately 3.4 miles radially from the site. Water level
declines are shown on Figure 7.

To estimate the drawdown expected for the additional 1,000 acre-feet/year now projected
ro be used by the facility (7,800 acre-feet minus 6,800 acre-feet), an additional two-
dimensional model run was conducted. The results of this model are shown in Figure 8.
This represents an approximate 3 foot increase in drawdown over that originally modeled
for the area.

6.3 Cumulative Impacts Using Three-Dimensional Model

Dr. Mock's modeling for the power plant scenario projected the estimated regional
cumulative impact from pumping from all major water users in the Arlington Valley,
including remaining agriculture uses and proposed power plants (Mock, 2000b). Dr.
Mock estimated that approximately 70 feet of drawdown would occur over 30 years,
taking into account the observed increase in water levels observed over the last few
decades.

The results of Dr. Mock's model are shown on Figure 9. The combination of the results
from Dr. Mock's model and the impact of an additional 1,000 acre-feet/year used at the
Arlington Valley Energy Facility is shown on Figure 10. The expected maximum
increase over Dr. Mock's result is approximately 3 feet of drawdown over 30 years
(Figure 8).

7 CONCLUSIONS

Based on the information presented in this report, the following conclusions are
warranted:

1. Water supply for the proposed project will be met completely through the use of
groundwater. Approximately 13,000 acre-feet/year of Irrigation Grandfathered
Rights will be converted to Type 1 Non-Inigation Grandfathered Rights to provide a
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water supply of approximately 7,800 acre-feet/year. Current stumpage under the
irrigation rights is about 3,500 acre-feet/year.

Historically, the Arlington Valley area experienced approximately 80 feet of
groundwater decline due to agricultural stumpage prior to 1980. Water levels have
recovered approximately 50 feet in the area since approximately 1980 and are
continuing to recover. Impacts of future stumpage can be expected to be offset by this
recovery.

Adequate information is available for the vicinity of the proposed project to obtain a
reliable estimate of changes in groundwater levels due to the groundwater stumpage
for the proposed project and to support the conclusions set forth in this report. This
includes the analysis of site-specific pumping and recovery tests.

4. Groundwater quality is adequate to provide a water supply for the proposed project.

Modeling of impacts to the groundwater system over the 30 year expected lifetime of
the proposed prob et indicate that sufficient water is physically available to supply the
project water demands. Projected impacts of groundwater purnpage were estimated.
Based on groundwater flow modeling, projected maximum water level changes due to
withdrawals of the full 7,800 acre-foot Type I Right are approximately 32 feet in the
immediate vicinity of the site, and minimal water level changes (up to 10 feet of
decline) are prob ected within about 3 miles of the project production wells. Based on
an analytical model of historical response to groundwater stumpage, water levels are
estimated to change no more than 24 feet over the lifetime of the proposed project.
Actual future water level changes will be less than projected as these projections do
not include retirement of current agricultural stumpage and the ongoing recovery of
water levels in the area.

The same model was also used to simulate water level changes from the addition of
the proposed pumping for AVEF II. After 30 years of pumping 1,000 acre-feet/year,
minimal water level changes (up to 3 feet) are projected within about a half mile of
the plant production wells, and smaller level changes at greater distances. Again,
these projections are considered conservative as they do not consider the retirement of
current initiation stumpage or the natural recovery of water levels that has occurred in
recent years.

Estimates of the cumulative impact of the three power plants approved and proposed
were made using previous modeling (Mock, 2000b) and modeling of a proposed
increase in pumping from the previous modeling of 1,000 acre-feet per year. The
projected increase in drawdown is less than 3 feet for the area beyond 0.5 miles from
the Arlington Valley Energy Facility.

6.

2.

7 .

5.

3.

8. Sufficient water is available to supply the proposed project needs. The proposed
withdrawal of this water will have minimal impact on the aquifer.
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Table 6. Historical Analytical Model of Regional Response to Groundwater Extraction
Arlington Valley Energy Facility, Arlington Valley, Arizona

Right No.
Year Earliest Well

Drilled

Approximate
Irrigated

Acreage*

Approximate
Annual Water Use

(acre-feet)**

1000370001
100105.0002
100229.0002
100291 .0001
100608.0000
100902.0003
101121 .0001
102369.0000
103054.0001
104995.0000
105005.0000
105414.0000
106422.0001
106422.0002
1064220003
106422.0004
106422.0005
106422.0006
106422.0007
106422.0008
106981 .0001
107182.0000
107183 .0000
107804.0001
107805.0001
108354.0003
109909.0001
1113480002
112193 .0000
1156490001
116602.0001
117240.0002
1301960000
130197.0000

130493.0000
1307540000
1307550000

1974

Unknown

Unknown

Unknown

Unknown

1980

1960

1958

Unknown

1947

1977

Iinknovvn

Ilnknovvn

Unknown

Unknown

Unknown

Unknown

Unknown

Unknown

Ijnknovvn

1954

1947

Ilnknovvn

Ilnknovvn

1978

1974

1953

1954

1975

Ilnknovvn

1942

1973

Unknown

Ijnknovvn

Unknown

Ijnknovvn

Unknown

20
60
25
20

40
260
320
380
160
650
280
650
40
40
40
40
40
40
40
40

60
110
200

1,750
400
360
320
880
640
20
80
80
30
50

80
40
10

62
186
78

62
124
806
992

1,178
496

2,015
868

2,015
124
124
124
124
124
124
124
124
186
341
620

5,425
1,240
1,116
992

2,728
1,984

62
248
248
93
155
248
124
31

Approximate Annual Stumpage Prior to 1980 =

Amount of Regional Drawdown to 1980 =

Long-Term Regional Response to Groundwater Pun page =

(Feet of Drawdown per 1,000 Acre-feet/year of Groundwater Extracted)

25,715
80
3.1

Acre-Feet
Feet
Feet

Expected Long-Term Regional Response to Plant Stumpage (7,800 Acre-feet/year) = 24 Feet

expansion-table6.xls Page 1 of 2



Table 6. Historical Analytical Model of Regional Response to Groundwater Extraction.
Arlington Valley Energy Facility, Arlington Valley, Arizona

aker from 1986 and 1992 aerial photographs and ADWR maps of extent of groundwater rights

** Average water use per acre calculated as follows

Parcel No.
Irrigation

Right

1986 Reported
Groundwater

Usage (acre-feet)

1986 Irrigated
Acreage (from

aerial photograph)

1992 Reported
Groundwater

Usage (acre-feet)

1992 Irrigated
Acreage (from

aerial photograph)

Calculated
Water Use

(acre-
feet/acre)

1137 5041

2

4

8-105414.000
8~104995.000
8-102369.000

1702 471
973 288

2.3
3.6
3.4

Average Water Use Per Acre = 3.1

expansion-table6.xls Page 2 off
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Site Location
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Figure 2:

Site Plan

1'-I
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(Under Construction)
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Duke Properties
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Figure 3:

Regional Water Level
Contours and Extent

of Perched Aquifer

:ll

Q. 1
4

Arlington Valley Energy Facility

Hassayampa Switchyard
(Under Construction)

Redhawk Generating Station
(Under Construction)
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(Approved)
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APPENDIX A

METHODOLOGY AND CALCULATIONS FOR AQUIFER TESTS



Method of Analvsis - Pumping Tests

Data collected during the pumping tests were analyzed using the Cooper-Jacob method for

drawdown data (Driscoll, 1986). For this method, pumping test data are plotted in a semi-

logarithmic manner, with drawdown (in feet) plotted along the scalar y-axis, and elapsed time (in

minutes) plotted along the logarithmic x-axis. Transmissivity is calculated using the following

fionnula:

T=264 * Q / As

Where:

T 1

Q:

As:

coefficient of transmissivity of the well, in gallons per day per foot (god/ft) .

pumping rate, in rpm

slope of the time-drawdown graph expressed as the change in drawdown between

any two times on the log scale whose ratio is 10 (one log cycle).

The Cooper-Jacob method is derived from the Thees nonequilibriurn well equation, and relies on

the same assumptions: '

1. The water-bearing formation is uniform in character and the hydraulic conductivity is

the same in all directions.

2. The formation is uniform in thiclmess and infinite in areal extent.

3. The connation receives no recharge Hom any source.

4. The pumped well penetrates, and receives water from, the full thickness of the water-

bearing formation.

5. The water removed from storage is discharged instantaneously when the head is

lowered.

6. The pumping well is 100-percent efficient.

7. A11 water removed from the well comes from aquifer storage.

8. Laminar flow exists throughout the well and the aquifer.

9. The water table or potentiometric surface has no slope.



The effector partial penetration of the aquifer is accounted for when calculating hydraulic

conductivity firm transmissivity:

K = 0 . l 3 4 * T / b '

Where :

K = hydraulic conductivity of the aquifer, in feet/day

T coefficient of transmissivity of the well, in god/ft

b' = saturated thickness of perforated interval of well, in feet

r

Method of Analysis - Recoverv Tests

Data collected during the recovery tests were analyzed using the Theis method for analyzing

recovery data (Driscoll, 1986). For this method, recovery test data is plotted in a semi-

logarithmic manner. Residual drawdown (in feet) is plotted along the scalar y-axis, and the ratio

T/T' is plotted along the logarithmic x-axis, where T/T' is the ratio of time since the pump was

started to time since the pump was stopped. Transmissivity is calculated using the following

formula:

T = 264*Q/As'

Where:

T = coefficient of transmissivity of the well, in god/ft

Q = pumping rate, in rpm

As' = slope of the time-residual drawdown graph expressed as the change in residual

drawdown between any two times on the log scale whose ratio is 10 (one log cycle)

The Thais recovery method relies on similar assumptions as the Cooper-Jacob method for

analysis of pumping tests.



Method of Analvsis - Specific Capacitv

Additional estimates of hydraulic conductivity can be obtained from an empirical relationship

between specific capacity and transmissivity (Driscoll, 1986). For unconfined aquifers, this

relationship is:

T = Q/5*1,500

Where:

T = coefficient of transmissivity of the well, in god/fc

Q = pumping rate, in rpm

s = drawdown in well, in feet

I



Calculations for Duke Energy Well 8-1

Estimate of Saturated Thickness of Perforated Interval of Well (b')

Static water level = 164 8.

Dynamic water level = 373 ft.

Perforated Interval = 508 to 1,085 ft.

Saturated Thickness (b') = 577 ft.

Critical Time for Casing Storage

to = 0.6 * (of _ <1,,2)/(Q/s>

do = 20 inches

do =

Q = 2,200 rpm

s = 209 feet

4 = 0.6 * (202 - 122)/(2,200/209) = 14.6 minutes

12 inches

Estimate of Transmissivitv and Hvdraulic Conductivitv from PumDin2 Test

T = 264 * Q /As

K=0.134*T/b'
Q=2,200 rpm

As = 10 feet

b' =577 feet

T = 264 * 2,200 / 10 = 58,080 god/ft

K= 0.134 * 58,080 /577 = 13.5 H/day



Calculations for Duke Energv Well 8-1 (continued)

Estimate of TransmissiviW and Hvdraulic Conductivitv from Recoverv Test

T = 264 * Q / As'

K=0.134 *T/b'
Q = 2,200 rpm

As' =2.3 feet

b' = 577 feet

T = 264 * 2,200 / 2.3 = 252,522 god/it

K= 0.134 * 252,522 / 577 = 58.6 ft/day

Estimate of Hvdraulic Conductivitv from Specific CapaciW

T = Q/s * 1,500

K=0.134 *T/b'
Q == 2,200 rpm

s = 209 feet

b' = 577 feet

T = 2,200 / 209 * 1,500 = 15,789 god/ft

K = 0.134 * 15,789 / 577 = 3.7 8/day



Calculations for Duke Energy Well 4-1

Estimate of Saturated Thiclmess of Perforated Interval of Well (b')

Static water level = 164 ft.

Dynamic water level = 213.5 ft.

Perforated Interval = 229 to 1,012 ft.

Saturated Thickness (b') = 783 ft.

Estimate of TransmissiviW and Hvdraulic Conductivitv from Recover Test

T =: 264 * Q / As'

K=0.134*T/b'
Q = 2,000 rpm

As' = 6.3 feet

b' =783 feet

T = 264 * 2,000 / 6.3 = 83,810 god/ii

K= 0.134 * 83,810 / 783 = 14.3 ft/day

Estimate of Hvdraulic Conductivitv from Specific Capacitv

T = Q/s * 1,500

K=0.134*T/b'
Q = 2,000 rpm

s = 49.5 feet

b' = 783 feet

T = 2,000 I49.5 * 1,500 = 60,606 god/ft

K = 0.134 * 60,606 / 783 .= 10.4 ft/day



Calculations for Duke Energv Well 7-1

Estimate of Saturated Thickness of Perforated Interval of Well (b')

Static water level = 190 ft.

Dynamic water level = 304 ft.

Perforated Interval = 260 to 1,181 ft.

Saturated Thickness (b') = 877 ft.

Critical Time for Casing Storage

re = 0.6 * (of -. <1,,'>/(Q/s>
do = 20 inches

av =

Q = 2,300 rpm

s = 114 feet

to = 0.6 * (202 - 122)/(2,300/114) = 7.6 minutes

12 inches

Estimate of Transmissivitv and Hvdraulic Conductivity from Pumping Test

T = 264 * Q / As

K=0.134*T/b'
Q = 2,300 rpm

As =4.7 feet

b' = 877 feet

T = 264 * 2,300 / 4.7 = 129,191 gpd/8

K= 0.134 * 129,191 /877 = 19.7 Ft/day



Calculations for Duke Energv Well 7-1 (continued)

Estimate of Transmissiviw and Hvdraulic Conductivitv from Recoverv Test

T =264 * Q/As'

K=0.134 *T/b'
Q = 2,300 rpm

As' = 3.2 feet

b' =877 feet

T = 264 * 2,300 / 3.2 = 189,750 god/ft

K= 0.134 * 189,750 /877 = 29.0 ft/day

Estimate of Hvdraulic Conductivitv from Specific Capacitv

T = Q/s * 1,500

K=0.134 *T/b'
Q = 2,300 rpm

s = 114 feet

b' = 877 feet

T = 2,300/ 114 * 1,500 = 30,263 god/ft

K = 0.134 * 30,263 / 877 = 4.6 iVday



APPENDIX B

APPLICATION OF A NUMERICAL GROUNDWATER MODEL (THWELLS)
TO THE REGION SURROUNDING THE PROPOSED ARLINGTON

VALLEY ENERGY FACILITY



AVEF II Well Impacts

CALCULATIQN OF DRAWDOWN IN A HOMOGENEOUS, ISOTROPIC, CONFINED, LEAKY
CONFINI-:D OR UNCONFINED AQUIFER WITH MULTIPLE PRODUCTION AND INJECTION
WELLS AND UNIFORM REGIONAL FLOW

********************************** ***************************or******

*********************** THWELLS

REGIONAL FLOW GRADIENT
( p o s i t i v e - - d o wn wa r d s - - i n  f l o w d i r e c t i o n )

REGIONAL FLOW DIRECTION
( h o r i z o n t a l  a n g l e  i n degrees

c o u n t e r - c l o c k wi se  f r o m  p o s i t i v e  x - a x i s )

UNCONFINED AQUIFER - THEIS EQUATION WITH JACOB'S CORRECTION

REGIQNAL FLOW OFFSET AT ORIGIN
(pos i t ive  in  downwards  d i rec t ion)

WATER TABLE CORRECTION APPLIED

STORAGE COEFFICIENT

AQUIFER THICKNESS

AQUIFER THICKNESS
TRANSMISSIVITY

WATER TABLE CORRECTION APPLIED

v e r s i o n ***********************

0

0[f t]

0

1000 [f'2]

1 0 0 0  [ f t ]
156346  lgpd/ f t ]

PAGE 1



*********************************************************** THWELLS ... PAGE 2

PUMPING/INJECTION WELL DATA

WELL NO. 1

X-COORDINATE
Y-COORDINATE

PUMPING/INJECTION RATE
TIME SINCE START PUMPING/INJECTION

813 [ft]
1950 [ft]
1397055 [cpd]
10950 [day]

WELL NO. 2

X-COORDINATE
Y-COORDINATE

PUMPING/INJECTION RATE
TIME SINCE START PUMPING/INJECTION

1827 let]
1950 [ft]
1397055 [cPd]
10950 [day]

WELL no. 3

X-COORDINATE
Y-COORDINATE

PUMPING/INJECTION RATE
TIME SINCE START PUMPING/INJECTION

813 [ft]
3250 [ft]
1397055 lqpdl
10950 [day]

WELL no. 4

X-COQRDINATE
Y-COORDINATE

PUMPING/INJECTION RATE
TIME SINCE START PUMPING/INJECTION

1827 [ft]
3250 [ft]
1397055 [god]
10950 [day]

WELL no. 5

X-COORDINATE
Y-COORDINATE

PUMPING/INJECTION RATE
TIME SINCE START PUMPING/INJECTION

965 [ft]
4620 [ft]
1397055 [god]
10950 [day]



********************************* ******************* -

Drawdown in [ft] Time in [days]

X-coordinate observation well
Y-coordinate observation well

0
0
(ft]
let]

time drawdown time drawdown time drawdown time drawdown-

0.000
15.105
17.593
19.056
20.096
20.904
21.565

365.000
1825.000
3285.000
4745.000
6205.000
7665.000
9125.000

10.216
15.904
18.017
19.345
20.316
21.081
21.713

730.000
2190.000
3650.000
5110.000
6570.000
8030.000
9490.000

12.641 1095.000
16.558 2555.000
18.397 4015.000
19.613 5475.000
20.523 6935.000
21.250 8395.000
21.856 9855.000
000 22.375

14.079
17.112
18.741
19.862
20.718
21.411
21.993

0.000
1460.000
2920.000
4380.000
5840.000
7300.000
8760.000
%10220.000 22 »125 %10585.000 22 l252 %10950.



EXHIBIT B-3

LAND USE STUDY



LAND USE

INTRODUCTION

The land use study identifies potential impacts of the proposed AVEF II Project on existing and
future land uses. Where necessary, mitigation measures were developed to reduce potential
impacts. The land use study addresses components inventory, impact assessment, and mitigation.

Study Components

The land use analysis was divided into components to facilitate the inventory and impact analysis
for the proposed Project, as described below. Seven study maps detailing the land use components
have been included as follows:

Land Ownership - Figure 1
Existing Land Use - Figure 2
KnOwn Residential Structures - Figure 3
Large Lot Subdivisions - Figure 4
Existing Facilities and Utilities - Figure 5
Existing Zoning - Figure 6
Land Use Map - Figure 7

Owr1ershiD

The Project site is located on privately owned land within an unincorporated area of Maricopa
County. Private land, State Trust Lands administered by the Arizona State Land Department and
Bureau of Land Management land are present within the study area. See Figure 1 for land
ownership information within the study area.

Existing Land Use

The study area is rural in nature and consists primarily of agricultural, vacant, scattered residential
areas, the PVNGS, and the Pinnacle West (Red hawk) and Sempra (Mesquite) power plants
currently under construction (see Figure 2). Descriptions of the specific types of land uses and their
respective locations within the study area is provided below.

Residential -- There are approximately nine (9) occupied single-family dwelling units and a few
abandoned homes within the study area (see Figure 3). There are two recorded Records of Survey
for Unsubdivided Lands (Horseshoe Trails Phase I and Horseshoe Trails Phase ll) within the 2-mile
study area (see Figure 4).

Agriculture--Agricultural uses in the study area predominantly include irrigated farmland with alfalfa
the primary crop. The majority of agricultural land being cropped within the study area is located
southeast of the Project site, along Centennial Wash and the Southern Pacific Railroad. Several
properties in the area that vere previously used for agriculture are now out of production and are
returning to vacant desert.

Industrial-lndustrial uses within the study area includes portions of the PVNGS property located in
the northern portion of the study area. Phase I of Duke Energy's Arlington Valley Energy Project
(AVEF I) is under construction within the study area. Phase l and ll of Pinnacle West's Red hawk

1
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facility is under construction just east of the study area. Sempra's Mesquite facility, east of AVEF
I and within the study area, is scheduled to begin construction in early fall 2001. Construction has
also begun on the Hassayampa Switchyard that is located east and adjacent to Sempra's Mesquite
facility. This facility will be located approximately 1.5 miles east of the project site and south of Elliot
Road at approximately 375'*' Avenue (between the existing Kyrene and North Gila 500kV
transmission lines). This switchyard will serve as a satellite facility for new and existing power lines
and an alternative to connecting directly into the existing PVNGS switchyard.

Utilities- A network of electrical transmission lines are present in the study area (see Figure 5).
Several agricultural irrigation wells and canals/ditches were identified throughout the study area.
Several of these facilities were found at the Project site, but none appear to be in operation.

Transportation-The majority of the roads within the study area are unpaved, two-track roads used
by local property owners. Major arterial roads within the study area that are paved include Elliot
Road and Wintersburg Road (383"' Avenue).

The Southern Pacific Railroad operates one main railroad line that generally parallels the southern
boundary of the Project site. One spur of this 'railroad serves the PVNGS site and is located
approximately 1.5 miles east of the project site.

Vacant Land-A large portion of the study area is undeveloped or vacant land. These tracts of land
currently have no visible structures or buildings.

Zoninq

Zoning is a method of land use control that specifies the types of land uses allowed, the intensity
or density of the use, and standards for development. The zoning classification for the project area
was .obtained from Maricopa County's Planning and Development Department. The zoning
classification for the project area is shown in Figure 6.

According to the Maricopa Countys Zoning Ordinance (1999), the project area includes the Rural-
190 zoning district. The principal purpose of this zoning district is to conserve and protect farms and
other open land uses, foster orderly growth in rural areas, and prevent urban and agricultural land
use conflicts. Uses permitted in this zoning district typically include farm and non-farm residential
uses, farms, and recreational and institutional uses. The Rural-190 zoning district requires a
minimum lot size of 190,000 square feet per dwelling unit. However, more specifically, in Maricopa
County a Special Use Permit ("S.U.P.") is required for a generating facility. The site (as a part of
Duke's AVEF I approvals) has an approved S.U.P. To allow the construction of AVEF ll, Duke
Energy is in the process of applying for a Major Amendment to AVEF l's S.U.P., which will be issued
by the Maricopa County Board of Supervisors upon recommendation of the County's Planning and
Zoning Commission. The PVNGS is currently operated under a Special Use Permit granted by
Maricopa County.

Future Land Use

The purpose of the future land use inventory was to document all planned or proposed land uses.
Sources of future land use information include projected uses embodied in officially adopted general
and area-wide plans. Planned land uses within the vicinity of the proposed project are described by
Maricopa County's recently updated Tonopah/Arlington Area Plan (2000). The Existing Zoning and
Land Use maps from the Tonopah/Arlington Area P/an inflow as Figures 6 and 7.
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Changes in existing, developed land uses within the study area are unlikely to occur. However, the
development of vacant and agricultural lands is more likely to occur as rural-type development (e.g.,
residential) continues throughout the study area.

The majority of lands within the study area are currently planned for Rural Residential, High Density
use. According to Maricopa County's Tonopah/Arlington Area Plan, the Rural Residential, High
Density category denotes areas where single-family residential development is desirable but urban
services (e.g., water, sewer, schools, parks, law enforcement, Hre protection) are limited. Uses in
this category include agricultural and single-family residential.

Several locations within the study area are designated by the County's Plan as open space. The
majority of land designated as open space is located south of the project site and adjacent to the
Pinnacle West and Sempra power plant sites. According to the Tonopah/Arlington Area Plan, this
designation is prescribed for areas that would be best precluded from development except for
recreational purposes.

The Tonopah/An'ington Area Plan designates the AVEF property as Industrial. Uses permitted in this
category include general warehousing, storage, distribution activities, and general manufacturing.
The PVNGS is identified as a major industrial employment center.

Inventory

The purpose of the land use inventory was to compile baseline data in an effort to assess potential
land use impacts that may result from the construction, operation, and maintenance of the proposed
Project. The inventory included current land jurisdiction, existing and future land uses, and zoning
information within a 2-mile radius (study area) of the project site.

Base maps were generated using the Tonopah/Arlington Area Plan and aerial photography.
Subsequently, land use information was inventoried within a 2-mile radius of the project site.
Information compiled for the land use study was based on a review of existing maps, aerial
photographs, planning agency contacts and publications, and field reconnaissance.

The Project site is located approximately 1.5 miles southwest of the Palo Verde Nuclear Generating
Station ("PVNGS"), on the south side of Elliot Road between the 387"' Avenue and 3915* Avenue
alignments. The Southern Pacific Railroad is approximately 1.5 miles to the south. The Project site
is located on vacant land, and there is no indication that the property has been farmed or used for
any discernable use in the past decade.

Impact Assessment

The proposed project site is located on land under private ownership. Lands adjacent to the project
are primarily undeveloped. The project will not have any direct adverse impacts to existing
residential or other uses.

Based on a records search at the County's Planning and Development Department, no residential
developments have been proposed or approved for the area immediately surrounding the project
site. Recent approvals (i.e., Duke's AVEF l, Pinnacle West, Sempra, and the Hassayampa
Switchyard) indicate that other land use plans within the vicinity will be consistent with the proposed
Project. Therefore, the Project would have no adverse impacts to future land use plans.

Mitiqation
3



No site-specific mitigation measures have been identified at this time because no substantial
impacts to existing or future land use are expected as a result of constructing and operating the
proposed Project.

REFERENCES

Maricopa County. November 1999. Zoning Ordinance. Phoenix, Arizona.

Maricopa County. 2000. Tonopah/Arlington Area Plan. Phoenix Arizona.

U.S. Geological Survey. 1984. 1:24,000 scale map - Arlington, Arizona.
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EXHIBIT C
AREAS OF BIOLOGICAL WEALTH

As stated in Arizona Corporation Commission Rules of Practice and Procedure R14-3-219:

"Describe any areas in the vicinity of the proposed site or route which are unique because of
biological wealth or because they are habitats for rare and endangered species. Describe the
biological wealth or species involved, and state the effects, if any, the proposed facilities wit/ have
thereon."

The proposed power plant site is located on agricultural land that has been out of production for
several years. The sparsely vegetated sites dominated by Russian thistle, Johnsongrass,
canarygrass, Bermuda grass, annual sunflower, globemallow, and nightshade, with scattered
mesquite and tamarisk. Winters Wash and Centennial Wash are located east and south of the
plant site, respectively. Dominant plant species in these riparian areas include mesquite, blue Palo
Verde, ironwood, and catclaw acacia. Other species present include fourwing saltbush, panicum,
pigweed, and ragweed.

Special status wildlife and plant species documented for Maricopa County are listed in Table C-1 .
These include species listed as endangered or threatened by the U.S. Fish and wildlife Service
(USFWS), Wildlife of Special Concern identified by the Arizona Game and Fish Department
(AGFD), and Highly Safeguarded Plants protected by the Arizona Native Plant Law per Arizona
Department of Agriculture (ADA). Letters from the USFWS and AGFD that provide information on
special status species that may occur in the site vicinity are presented in Attachment 1.

Only a few species (peregrine falcon, ferruginous hawk, southwestern willow flycatcher, California
leaf-nosed bat, lesser long-nosed bat, and southern yellow bat) potentially could occur at or near
the project site.

Neither peregrine falcons nor ferruginous hawks are expected to breed in the vicinity of the
proposed project, however, they may forage in the area during spring or fall migration. Such
occurrences would be very rare, as the project area does not support large numbers of prey
species required by either raptor. Impacts to these species from construction and operation of the
project are expected to be negligible.

Southwestern willow flycatchers breed in dense riparian areas of cottonwood, willow, and/or salt
cedar in the lowlands of southern Arizona and willow thickets in montage areas, and are

C-1
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Common Name Scientific Name
Federal
Statusl

State
Status'

Habitat
Present
on Site'

MAMMALS

California leaf-nosed bat Macrotus californicus WC Yes,
forage

Lesser long-nosed bat Leptonycteris curasoae
yerbabuenae

E WC Yes,
forage

Wester red bat Lasiurus blossevillii WC No
Southern yellow bat Lasiurus ego S C Yes,

forage

Sonoran pronghorn Antilocapra Americana sonoriensis E WC No
BIRDS

American bitter Botaurus lentiginosus WC No

Least bittern lxobrychus exiles hesperis WC No
Great egret Ardea alba WC No

Snowy egret Egretta hula WC No
Black-bellied whistling duck Dendrocygna autumnalis WC No
Mississippi kite Actinia mississippiensis WC No

Bald eagle Ha/iaeetus /eucocephalus T WC No
Common black-hawk Buteogallus anthracinus WC No
Ferruginous hawk Buteo regalia WC Yes,

migration
American peregrine falcon Falco peregrines anatum WC Yes,

migration

Yuma clapper rail Rallus longirostris yuan enosis E WC No
Snowy plover Charadrius a/exandrinus WC No

Western yellow-billed cuckoo Coccyzus americans WC No

Cactus ferruginous pygmy-owl Glaucidium brasilianum cactorum E WC No
Mexican spotted owl Strix occidentals Lucida T WC No
Southwestern willow flycatcher Empidonax milli extimus E WC Yes,

migration
REPTILES AND AMPHIBIANS

Lowland leopard frog Rana yavapaiensis WC No
Desert tortoise Gopherus agassizii WC No
Arizona skink Eumeces gilberts arizonensis WC No

FISHES
Razorback sucker Xyrauchen tetanus E WC No

Desert pupfish Cyprinodont ma cularius macularius E WC No

Gila topminnow Poeciliopsis occidentals
occidentals

E WC No

Table C-1

Special Status Species of Maricopa County, Arizona
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Common Name Scientific Name
Federal
Status'

State

Status2

Habitat
Present
on Site'

PLANTS
Arizona agave Agave arizonica E HS No
Hohokam agave Agave murpheyi HS No
Arizona cliffrose Purshia subintegra E HS No
Crested or Fan-top saguaro Camegiea gigantean E HS No
Arizona hedgehog cactus Echinocereus triglochidiatus

arizonicus
E HS No

Acuna cactus Echinomastus erectocentrus
acunensis

HS No

Opuntia echinomrpa Straw-top cholera SR No
Lemmon fleabane Erigeron lemmon HS No

Key:

Federal Status: E = Endangered T = Threatened
WC = Wildlife of Special Concern HS = Highly Safeguarded SR = Salvage Restricted

Sources:
*USFWS 2001
2AGFD 1996, AGFD 2001, and ADA 1999
Habitat assessments based on discussions with USFWS and AGFD staff specialists and field evaluations conducted in

November 1999 for the AVEF I project, field evaluations conducted in June 2001, and the following sources: Kearney
and Peebles 1960, Stebbins 1985, and Hoffmeister 1986.
'Habitat requirements for the spotted bat are not well known, but appear to include cliffs and rocks (Hoffmeister 1986).

C-3 July, 2001

J

:ram



associated with water or saturated soil conditions (Sogge et al. 1997). These habitats are not
present within or adjacent to the proposed site. As a result, impacts to southwestern willow
flycatchers associated with construction and operation of the project are not expected to occur.

California leaf-nosed bat, lesser long-nosed bat, and southern yellow bat could potentially forage
over or near the project (AGFD 1993). No known bat roosts have been documented in or near the
project area. As a result, impact to these species is expected to be negligible.

Based on the results of field evaluations conducted in 2001, AGFD Heritage Data Management
System and USFWS records, a field project review meeting with AGFD staff specialists conducted
in November 1999 for the approved AVEF I project, and the proposed project design, construction
and operation of the power plant is not expected to impact threatened, endangered, or otherwise
sensitive species of plants and animals identified by USFWS, AGFD, or ADA. Loss of habitat
associated with the project is expected to be negligible for any of these species.

REFERENCES

Arizona Department of Agriculture. 1999. Protected Native Plants by Categories web site:
http://agriculture.state.az,us/PSD/protplantlst.htm. Arizona Department of Agriculture.
Accessed June 2001 .

Arizona Game and Fish Department. 1993. Arizona Wildlife View: Bats of Arizona, August 1993.
Vol. 36, No. 8.

Arizona Game and Fish Department. 1996. Vwldlife of Special Concern in Arizona (Public Review
Draft). Arizona Game and Fish Department, Phoenix, Arizona.

Arizona Game and Fish Department. 2001. Correspondence with p. Hackney, ENSR. [July 2001 ,
AGFD #6-4-01 (07) .

Hoffmeister, D. F. 1986. Mammals of Arizona. University of Arizona Press, Tucson, Arizona.

Kearney, T. H. and R. H. Peebles. 1960. Arizona flora. University of California Press.

Stebbins, R. c. 1985. A Field Guide to Western Reptiles and Amphibians. Petersen Field Guides.
Houghton Mifflin Co., Boston.
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Sogge, et al. 1997. A Southwestern willow Flycatcher Natural History Summary and Survey
Protocol. National Park Service and Colorado Plateau Research Station at Northern Arizona
University. Technical Report NPS/NAUCPRS/NRTR-97/12.

U.S. Fish and Wildlife Service. 2001. Correspondence with P. Hackney, ENSR, June 7, 2001 ,

AESO/SE 2-21-00-1-036.
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United States Department of the Interior
U.S. Fish and Wildlife Service

2321 West Royal Palm Road, Suite 103
Phoenix, Arizona 85021-4951

Telephone: (602)242-0210 FAX: (602) 242-2513

FISH do WILDLIFE

In Reply Refer To:

AESO/SE
2-21-00-I~036 June 7, 2001

Mr. Phil Hackney
Project Manager
ENSR International
1601 Prospect Parkway
Fort Collins, Colorado 8052549769

RE: Arlington Valley Energy Facility II (AVEF II), Project, Maricopa County, Arizona

Dear Mr. Hackney:

This letter responds to your June 1, 2001 , request for an inventory of threatened or endangered
species, or those that are proposed to be listed as such und e r the Endangered Species Act of
1973, as amended (Act), which may potentially occur in your project area (Maricopa County).
The enclosed list may include candidate species as well. We hope the enclosed county list of
species will be helpful. In future communications regarding this project, please refer to
consultation ntunber 2-21 -00-1-036.

The enclosed list of the endangered, threatened, proposed, and candidate species includes all
those potentially occurring anywhere in the county, or counties, where your project occurs.
Please note that your project area may not necessarily include all or any of these species. The
information provided includes general descriptions, habitat requirements, and other information
for each species on the list. Also on the enclosed list is the Code of Federal Regulations (CFR)
citation for each list and is available at most public libraries. This information should assist you
in determining which species may or may not occur within your project area. Site-specific
surveys could also be helpful and may be needed to verify the presence or absence of a species or
its habitat as required for the evaluation of proposed prob et-related impacts.

Endangered and threatened species are protected by Federal law and must be considered prior to
project development. If the action agency determines that listed species or critical habitat may be
adversely affected by a federally funded, permitted, or authorized activity, the action agency must
request formal consultation with the Service. If the action agency determines that the planned
action may jeopardize a proposed species or destroy or adversely modify proposed critical
habitat, the action agency must enter into a section 7 conference with the Service. Candidate
species are those which are being considered for addition to the list of threatened or endangered
species. Candidate species are those for which there is sufficient information to support a
proposal for listing. Although candidate species have no legal protection under the Act, we
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recommend that they be considered in the planning process in the event that they become listed
or proposed for listing prior to project completion.

If any proposed action occurs in or near areas with trees and shrubs growing along watercourses,
known as riparian habitat, the Service recommends the protection of these areas. Riparian areas
are critical to biological community diversity and provide linear corridors important to migratory
species. In addition, if the project will result in the deposition of dredged or fill materials into
waterways or excavation in waterways, we recommend you contact the Army Corps of Engineers
which regulates these activities under Section 404 of the Clean Water Act.

The State of Arizona protects some plant and animal species not protected by Federal law. We
recommend you contact the Arizona Game and Fish Department and the Arizona Department of
Agriculture for State-listed or sensitive species in your project area.

The Service appreciates your efforts to identify and avoid impacts to listed and sensitive species
in your project area. If we may be of further assistance, please feel free to contact Tom Gatz
(x240).

Sincerely,

David L. Harlow
Field Supervisor

Enclosure

cc: John Kennedy, Habitat Branch, Arizona Game and Fish Department, Phoenix, AZ



LISTED, PROPOSED. AND CANDIDATE SPECIES FOR THE FOLLQWING COUNTY:

02/26/2001

MARICOPA

1) LISTED TOTAL= 13

NAME: ARIZONA AGAVE AGAVE ARIZONICA

STATUS: ENDANGERED CRITICAL HAG No RECOVERY PLAN: No

DESCRIPTIONs HAS ATTRACTIVE ROSETTES OF BRIGHT GREEN LEAVES WITH DARK
MAHOGANY MARGINS. FLOWER; BORNE ON SUB-UMBELLATE
INFLORESCENCES.

CFR: 49 FR 21055, 05-18-1984

ELEVATION
RANGE: 3000-6000 FT.

COUNTIES: GILA. YAVAPAI, MARICOPA

HABITAT: TRANSITION ZONE BETWEEN OAK-JUNIPER WOODLAND a MOUNTAIN MAHOGANY~OAK SCRUB

SCATTERED CLONES IN NEW RIVER MOUNTAINS AND SIERRA ANCHA. USUALLY FOUND ON STEEP, ROCKY
SLOPES. POSSIBLY MAZATAL MOUNTAINS. SHOULD BE LOOKED FOR WHEREVER THE RANGES OF Agave
toumeyana vat. Bella AND Agave chrystantha OVERLAP.

NAME: ARIZONA CLIFFROSE PURSHIA SUBINTEGRA

sTATus; ENDANGERED CRITICAL HAH No RECOVERY PLAN; Yes CFR: 49 FR 22326 5-29-84

DESCRIPTION: EVERGREEN SHRUB OF THE ROSE FAMILY (ROSEACEAE). BARK PALE
SHREDDY. YOUNG TWIGS WITH DENSE HAIRS. LEAVES 1~5 LOBES AND
EDGES CURL DOWNWARD (REVOLUTE). FLOWERS: 5 WHITE OR YELLOW ELEVATION
PETALS <0.5 INCH LONG. RANGE; <4000 FT.

COUNTIES:GRAHAM YAVAPAIMARICOPA MOHAVE

HABITAT: CHARACTERISTIC WHITE SOILS OF TERTIARY LIMESTONE LAKEBED DEPOSITS.

WHITE SOILS OF TERITIARY LIMESTONE LAKEBED DEPOSITS CAN BE SEEN FROM A DISTANCE.

NAME: ARIZONA HEDGEHOG CACTUS ECHINOCEREUS TRIGLOCHIDIATUS AR/ZONICUS

STATUS: ENDANGERED CRITICAL HAB No RECOVERY PLAN: No

DESCRIPTION: DARK GREEN CYLINDROID 2.5-12 INCHES TALL, 2-10 INCHES IN
DIAMETER, SINGLE OR IN CLUSTERS. 1-3 GRAY OR PINKISH CENTRAL
SPINES LARGEST DEFLEXED AND 5~11 SHORTER RADIAL SPINES.
FLOWER; BRILLIANT RED, SIDE OF STEM IN APRIL- MAY

CFR: 44 FR 61556,10-15-1979

ELEVATION
RANGE.- 3700-5200 FT.

COUNTIES: MARICOPA, GILA, PINAL
u- I

HABITAT: ECOTONE BETWEEN INTERIOR CHAPPARAL AND MADREAN EVERGREEN WOODLAND

OPEN SLOPES, IN NARROW CRACKS BETWEEN BOULDERS, AND IN UNDERSTORY OF SHRUBS. THIS VARIETY IS
BELIEVED TO INTERGRADE AT THE EDGES OF (TS DISTRIBUTION WITH VARIETIES MELANCANTHUS AND
NEOMEXICANUS CAUSING SOME CONFUSION IN IDENTIFICATION.

1



LISTED, PROPOSED, AND CANDIDATE SPECIES FOR THE FOLLOWING COUNTY:

02/26/2001
MARICOPA

NAME: LESSER LONG-NOSED BAT LEPTONYCTERIS CURASOAE YERBABUENAE

sTATus; ENDANGERED CRITICAL HAD No RECOVERY PLAN: Yes CFR: 53 FR 38456. 09-30-88

DESCRIPTIONs ELONGATED muzzLE, SMALL LEAF nosE, AND LONG TONGUE.
YELLOWISH BROWN OR GRAY ABOVE AND CINNAMON BROWN BELOW.
TAIL MINUTE AND APPEARS TO BE LACKING. EASILY DISTURBED.

ELEVATION
RANGE; <6000 FT.

COUNTIES: COCHISE, PIMA, SANTA CRUZ, GRAHAM, PINAL, MARICOPA

HABITAT: DESERT SCRUB HABITAT WITH AGAVE AND COLUNMNAR CACTI PRESENT AS FOOD PLANTS

DAY ROOSTS IN CAVES AND ABANDONED TUNNELS. FORAGES AT NIGHT ON NECTAR, POLLEN, AND FRUIT OF
PANICULATE AGAVES AND COLUMNAR CACTI. THIS SPECIES IS MIGRATORY AND IS PRESENT IN ARIZONA V
USUALLY FROM APRIL TO SEPTMBER AND SOUTH OF THE BORDER THE REMAINDER OF THE YEAR.

NAME: SONORAN PRONGHORN ANTIL OCAPRA AMER/CANA SONOR/ENS/S

sTATus: ENDANGERED CRITICAL HAD No RECOVERY PLAN: Yes CFR: 32 FR 4001, 03-11-67

DESCRIPTION: BUFF ON BACK AND WHITE BELOW, HOOFED WITH SLIGHTLY CURVED
BLACK HORNS HAVING A SINGLE PRONG. SMALLESTAND PALEST OF
THE PRONGHORN SUBSPECIES. ELEVATION

RANGE: 2000-4000 FT.
COUNTIES: PIMA, YUMA, MARICOPA

HABITAT: BROAD, INTERMOUNTAIN ALLUVlAL VALLEYS WITH CREOSOTE-BURSAGE & PALO VERDE-MIXED CACTI
ASSOCIATIONS

TYP.ICALLY, BAJADAS ARE USED AS FAWNING AREAS AND SANDY DUNE AREAS PROVIDE FOOD SEASONALLY.
HISTORIC RANGE WAS PROBABLY LARGER THAN EXISTS TODAY. THIS SUBSPECIES ALSO OCCURS IN MEXICO.

NAME: DESERT PUPFISH CYPRINODONT MACULARIUS

STATUS; ENDANGERED CRITICAL HAD Yes RECOVERY PLAN: Yes CFR: 51 FR 10842, 03-31-1986

DESCRIPTION: SMALL (2 IncHEs) SMOOTHLY ROUNOED BODY SHAPE wiTH NARROW
VERTICAL BARS ON THE SIDES. BREEDING MALES BLUE ON HEAD AND
SIDES WITH YELLOW ON TAIL. FEMALES & JUVENILES TAN TO OLIVE
COLORED BACK AND SILVERY sIDEs. <5oo0

COUNTIES: LA PAZ, PIMA, GRAHAM, MARICOPA, PINAL, YAVAPAI, SANTA CRUZ

ELEVATION
RANGE:

HABITAT: SHALLOW SPRINGS, SMALL STREAMS, AND MARSHES, TOLERATES SALINE a WARM WATER

CRITICAL HABITAT INCLUDES QUITOBAQUITO SPRING, PIMA COUNTY, PORTIONS OF SAN FELIPE CREEK, CARRIZO
WASH, AND FISH CREEK WASH, IMPERIAL COUNTY, CALIFORNIA. TWO SUBSPECIES ARE RECOGNIZEID: DESERT
PUPFISH (C. m. macularis) AND QUITOBAQUITO PUPFISH (C. m. remus).

2
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\

LISTED, PROPOSED, AND CANDIDATE SPECIES FOR THE FOLLOWING COUNTY:

02/26/2001

NAME; GILA TOPMINNOW POECILIOPSIS OCCIDENTALISM OCCIDENTALISM

sTATus; ENDANGERED CRITICAL HAB No RECOVERY PLAN; Yes CFR: so FR 4001, 03-11-1967

DESCRIPTION: SMALL (2 incHEs), GUPPY-LIKE, L1vE BEAR1NG,LACKS DARK spoTs on
ITS FINS. BREEDING MALES ARE JET BLACK WITH YELLOW FINS.

ELEVATION
RANGEs <4500 FT.

COUNTIESz GILA, PINAL, GRAHAM, YAVAPAI, SANTA CRUZ, PIMA, MARICOPA, LA PAZ

HABITAT; SMALL STREAMS, SPRINGS, AND CIENEGAS VEGETATED SHALLOWS

SPECIES HISTORICALLY OCCURRED IN BACKWATERS OF LARGE RlvERé  BUT IS CURRENTLY ISOLATEDT
STREAMS AND SPRINGS O SMALL

NAME: RAZORBACK SUCKER XYRAUCHEN TEXANUS
K

STATUS: ENDANGERED CRITICAL HAB Yes RECOVERY PLAN: Yes CFR: 55 FR 21154, 05-22-1990,

DESCRIPTION: LARGE (UP TO 3 FEET AND UP TO 16 POUNDS) LONG,HIGH SHARP- 59 FR 13374, 03-21,.1gg4
EDGED KEEL-LIKE HUMP BEHIND THE HEAD. HEAD FLATTENED ON TOP.
OLIVE-BROWN ABOVE TO YELLOWISH BELOW. ELEVATION

RANGE: <6000 FT.

COUNTIESzGREENLEE, MOHAVE, PINAL, YAVAPAI, YUMA, LA PAZ, MARICOPA (REFUGIA), GILA, COCONINO, GRAHAM

HABITAT: RIVERINE a LACUSTRlNE AREAS, GENERALLY NOT IN FAST MOVING WATER AND MAY USE BACK\NATERS

SPECIES IS ALSO FOUND IN HORSESHOE RESERVOIR (MARICOPA COUNTY).CRITICAL HABITAT INCLUDES THE 100-
YEAR FLOODPLAIN OF THE RIVER THROUGH GRAND CANYON FROM CONFLUENCE WITH PARIA RIVER TO HOOVER
DAM, HOOVER DAM TO DAVIS DAM; PARKER DAM TO IMPERIAL DAM. ALSO GILA RIVER FROM AZ/NM BORDER TO
COOLIDGE DAM: AND SALT RIVER FROM Hvvy 60/SR 77 BRIDGE TO ROOSEVELT DAM, VERDE RIVER FROM FS
BOUNDARY TO HORSESHOE LAKE.

NAME: BALD EAGLE HALIAEETUS LEUCOCEPHALUS

sTATus: THREATENED CRITICAL HAB No RECOVERY PLAN: Yes CFR: e0 FR 35999, 07-12-95

DESCRIPTION: LARGE, ADULTS HAVE WHITE HEAD AND TAIL. HEIGHT 28 - 38", »
WINGSPAN 66 . 96". 1~4 YRS DARK WITH VARYING DEGREES OF
MOTTLED BROWN PLUMAGE. FEET BARE OF FEATHERS. ELEVATION

RANGE: VARIES FT.

COUNTIES: YUMA, LA PAZ, MOHAVE, YAVAPAl, MARICOPA, PINAL, COCONINO, NAVAJO, APACHE, SANTA CRUZ, PIMA,
GILA, GRAHAM, COCHISE

HABITAT: LARGE TREES OR CLIFFS NEAR WATER (RESERVOIRS, RIVERS AND STREAMS) WITH ABUNDANT PREY

SOME BIRDS ARE NESTING RESIDENTS WHILE A LARGER NUMBER WINTERS ALONG RIVERS AND RESERVOIRS.
AN ESTIMATED 200 TO 300 BIRDS WINTER IN ARIZONA. ONCE ENDANGERED (32 FR 4001, 03-11-1967, 43 FR 6233, 02-
14-78) BECAUSE OF REPRODUCTIVE FAILURES FROM PESTICIDE POISONING AND LOSS OF HABITAT, THIS
SPECIES WAS DOWN LISTED TO THREATENED ON AUGUST 11, 1995. ILLEGAL SHOOTING, DISTURBANCE, LOSS OF
HABITAT CONTINUES TO BE A PROBLEM. SPECIES HAS BEEN PROPOSED FOR DELISTING' (64 FR 36454) BUT STILL
RECEIVES FULL PROTECTION UNDER ESA.

3
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MARICOPALISTED, PROPOSED, AND CANDIDATE SPECIES FOR THE FOLLOWING COUNW:

02/26/2001 J

NAME: CACTUS FERRUGINOUS PYGMY-OWL GLAUCIDIUM BRASILIANUM cAcToRu1w

STATUS: ENDANGERED CRITICAL HAD Yes RECOVERY PLAN: No

DESCRIPTIONs SMALL (APPROX..7"), DIURNAL OWL REDDISH BROWN OVERALL WITH
CREAM-COLORED BELLY STREAKED WITH REDDISH BROWN. SOME
INDIVIDUALS ARE GRAYISH BROWN

CFR: 62 FR 10730, 3-10-97

ELEVATION
RANGE: <4000 FT.

COUNTIES: MARICOPA, YUMA, SANTA CRUZ. GRAHAM, GREENLEE, PIMA, PINAL, GILA, COCHISE

HABITAT; MATURE COTTONWOOD/\NlLLOW, MESQUITE BOSQUES, AND SONORAN DESERTSCRUB

RANGE LIMIT IN ARIZONA IS FROM NEIN RIVER (NORTH) TO GILA BOX (EAST) TO CABEZA PRIETA MOUNTAINS
WVEST)~ ONLY A FEW DOCUMENTED SITES WHERE THIS SPECIES PERSISTS ARE KNOWN, ADDITIONAL SURVEYS
ARE NEEDED. CRITICAL HABITAT IN PIMA, COCHISE, PINAL, AND MARICOPA COUNTIES (64 FR37419).

NAME: MEXICAN SPOTTED OWL STR/X OCCIDENTALISM LUCIDA

STATUS: THREATENED CRITICAL HAB Yes RECOVERY PLAN: Yes CFR: 55 FR 14678, 04-11-91, 66

DESCRIPTION: MEDIUM sizED wITH DARK EYES AND no EAR TUFts, BROWNISH AND FR 8530, 2/1/01
HEAVILY SPOTFED WITH WHITE OR BEIGE.

ELEVATION
RANGE: 4100-9000 FT.

COUNTIES: MOHAVE, COCONINO, NAVAJO, APACHE, YAVAPAI, GRAHAM, GREENLEE, COCHISE, SANTA CRUZ, PIMA,
PINAL, GILA, MARICOPA

HABITAT: NESTS IN CANYONS AND DENSE FORESTS WITH MULTI-LAYERED FOLIAGE STRUCTURE

GENERALLY NESTS IN OLDER FORESTS.OF MIXED CONIFER OR PONDERSA PINE/GAMBEL OAK TYPE, IN
CANYONS, AND USE VARIETY OF HABITATS FOR FORAGING. SITES WITH COOL MICROCLIMATES APPEAR TO BE
OF IMPORTANCE OR ARE PREFERED. CRITICAL HABITAT WAS REMOVED IN 1998 BUT RE-PROPOSED IN JULY 2000
AND FINALIZED IN FEB 2001 FOR APACHE, COCHISE, COCONINO, GRAHAM, MOHAVE, PIMA COUNTIES, ALSO IN
NEW MEXICO. UTAH, AND COLORADO.

NAME; SOUTHWESTERN WILLOW FLYCATCHER EMPIDONAX TRAILLII EXT/MUS

STATUS: ENDANGERED CRITICAL HAD Yes RECOVERY PLAN: No

DESCRIPTION: SMALL PASSERINE (ABOUT 6") GRAYlSH-GREEN BACK AND WINGS,
WHITISH THROAT, LIGHT OLIVE-GRAY BREAST AND PALE YELLOWISH
BELLY. TWO WINGBARS VISIBLE. EYE-RING FAINT OR ABSENT.

CFR: 60 FR 10694, 02-27-95

ELEVATION
RANGE: <8500 FT.

COUNTIESzYAVAPAI, GILA, MARICOPA, MOHAVE, COCONINO, NAVAJO, APACHE, PINAL, LA PAZ, GREENLEE, GRAHAM,
YUMA, PIMA, COCHISE, SANTA CRUZ

HABITAT: COTTONWOODANILLOW & TAMARISK VEGETATION COMMUNITIES ALONG RIVERS & STREAMS

MIGRATORY RIPARIAN OBLIGATE SPECIES THAT OCCUPIES BREEDING HABITAT FROM LATE APRIL TO
SEPTEMBER. DISTRIBUTION WITHIN ITS RANGE IS RESTRICTED TO RIPARIAN CORRIDORS. DIFFICULT TO
DISTINGUISH FROM OTHER MEMBERS OF THE EMPIDONAX COMPLEX BY SIGHT ALONE. TRAINING SEMINAR
REQUIRED FOR THOSE CONDUCTING FLYCATCHER SURVEYS. CRITICAL HABITAT ON PORTIONS OF THE 100-yEAR
FLOODPLAIN ON SAN PEDRO AND VERDE RIVERS; WET BEAVER AND WEST CLEAR CREEKS, INCLUDING TAVASCI
MARSH AND ISTER FLAT, THE COLORADO RIVER, THE LITTLE COLORADO RIVER, AND THE WEST, EAST, AND
SOUTH FORKS OF THE LITTLE COLORADO RIVER, REFERENCE 60 CFR362 FR 39129, 7/22/97.

4
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MARICOPALISTED, PROPOSED, AND CANDIDATE SPECIES FOR THE FOLLOWING COUNTY:

02/25/2001

NAME: YUMA CLAPPER RAIL RALLUS LONGIROSTRIS YUMANENSIS

sTATus; ENDANGERED CRITICAL HAB No RECOVERY PLAN: Yes CFR: 32 FR 4001, 03-11-67; 48

DESCRIPTION: WATER BIRD wITH LONG LEGS AND SHORT TAIL. LONG SLENDER FR 34182. 07-27-83
DECURVED BILL. MOTTLED BROWN ON GRAY ON ITS RUMP. FLANKS
ANO UNDERSIDES ARE DARK GRAY WITH NARROW VERTICAL STRIPES
PRODUCING A BARRING EFFECT. <4500

COUNTIESzYUMA, LA PAZ, MARICOPA, PINAL, MOHAVE

ELEVATION
RANGE:

HABITAT: FRESH WATER AND BRACKISH MARSHES

SPECIES IS ASSOCIATED WITH DENSE EMERGENT RIPARIAN VEGETATION. REQUIRES WET SUBSTRATE
(MUDFLAT, SANDBAR) WITH DENSE HERBACEOUS OR WOODY VEGETATION FOR NESTING AND FORAGING.
CHANNELIZATION AND MARSH DEVELOPMENT ARE PRIMARY SOURCES OF HABITAT Loss.

5
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1\/lr. Phil Hackney
ENSR International
1601 Prospect Parkway
Fort Collins, CO 80525-9769

Re: Special  Status Species Information for Township 1 South,  Range 6  West,
Section 17;  Arl ington Valley  Energy Facil i ty  II (AVEF l l) Project,  Maricopa
County. -

Dear Mr. Hackney:

The Arizona Game and Fish Department (Department) has reviewed your request, dated
June 1, 2001, regarding special status species information associated with the above-
referenced project area. The Department's Heritage Data Management System
(HDMS) has been.accessed and current records show that the special status species
listed on the attachment have been documented as occurring in the project area. In
addition, this project does not occur in the vicinity of any proposed or designated
Critical Habitats.

The Depart"tment's HDMS data are not intended to include potential distribution of
special status species. Arizona is large and diverse with plants, animals, and
environmental conditions that are ever changing. Consequently, many areas may
contain species that biologists do not know about or species previously noted in a
particular area may no longer occur there. Not all of Arizona has been surveyed for
special status species, and surveys that have been conducted have varied greatly in
scope and intensity.

Making available this information does not substitute for the Department's review of
project proposals, and should not decrease our opportunities to review and evaluate new
project proposals and si tes. The Department is also concerned about other resource
values, such as other Mldlife, including game species, and wildlife-related recreation.
The Department would appreciate the opportunity to provide an evaluation of impacts
to wildlife or wildlife habitats associated with project activities occurring in the subject
area, when specific details become available.

\

An EQUAL OPPORTUNITY REASONABLE ACCOMMODATIONS AGENCY



Mr. Phil Hackney
June 19, 2001
2

If you have any questions regarding the attached species list, please contact me at (602)
789-3618. General status information and county distribution lists for special status
species are also available on our web site at
http://www.az2fd.com/frames/fishwild/hdms site/Homehtm.

Sincerely,

/44 /M )
Sabra S. Schwartz , 2 /
Heritage Data Management System, Coordinator

SSS:ss

Attachment

cc: Bob Broscheid, Project Evaluation Program Supervisor
Russ Haughty, Habitat Program Manager, Region VI

AGFD #6-4-01 (07)



Special Status Species within 5 Miles of T1S,R6W Sec 17
Arizona Game and Fish Department, Heritage Data Management System

June 19, 2001

Scientific Name Common Name ESA USFS BLM WSCA NPL

OPUNTIA EACH/NOCARPA STRAW-TOP CHOLLA SR

No Critical Habitats in project area, AGFD # 6-4-01(07); Arlington Valley Energy Facility ll (AVEF ll) Project, Maricopa
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STATUS DEFINITIONS
f ARIZONA GAME AND FISH DEPARTer;ENr (AGFD)

HERITAGE DATA MANAGEMENT SYSTEM (HDMS)

FEDERAL US STATUS
r

ESA Endangered Species Act (1973 as amended)
US Department of Interior, Fish and Wildlife Service (http://arizonaes.fws.,qov)

I

Listed
LE
LT
XN

Listed Endangered: imminent jeopardy of extinction.
Listed Threatened: imminent jeopardy of becoming Endangered.
Experimental Nonessential population.

Proposed for Listing
PE Proposed Endangered .
PT Proposed Threatened,

Candidate (Notice of Review: 1999) '
C Candidate. Species for which USFWS has sufficient information on biological vulnerability and

threats to support proposals to list as Endangered or Threatened under ESA. However,
proposed rules have not yet been issued because such actions are precluded at present by odder
listing activity .
Species of Concern, The terms "Species of Concern" or "Species at Risk" should be
considered as terms-of-art that describe the entire realm of taxer whose conservation status may
be of concern to the US Fish and Wildlife Service, but neither term has official status
(currently all former CO species).

SC

Critical Habitat (check with state or regional USFWS office for location details)
Y Yes: Critical Habitat has been designated.
P Proposed: Critical Habitat has been proposed.

[  \N No Status: certain populations of this Saxon do not have designated status (check with state or
regional USFWS office for details about which populations have designated status)] .

USFS US Forest Service (1999 Animals, 1999 Plants)
US Department of Agriculture, Forest Service, Region 3 (http://www.fs.fed.us/r3/)

J

s Sensitive: those taxer occurring on National Forests in Arizona which are considered sensitive
by the Regional Forester.

BLM
Arizona State Office

US Bureau of Land Management (2000 Animals, 2000 Plants)
US Department of Interior, Bureau of Land Management,
(http://azwww.az.b1m.gov * 4

S

I

f

P

Sensitive: those taxer occurring on BLM Field Office Lands in Arizona which are considered
sensitive by the Arizona State Office.
Population: only those populations of Banded Giia monster (Heloderma suspecnmz cincture)
Mat occur north and west of the Colorado River, are considered sensitive by the Arizona State
Office .



Status Definitions 2 AGFD, HDMS

TRIBAL STATUS

NESL Navajo Endangered Species List (1997)
Navajo Nation, Navajo Fish and Wildlife Department
(http://www.heritage.tnc.or,<;/nhp/us/navajo/es1.html

The Navajo Endangered Species List contains taxer with status from the entire Navajo Nation which includes
parts of Arizona, Utah, and New Mexico. In this notebook we provide NESL status for only those taxer whose
distribution includes part or all of the Arizona portion of the Navajo Nation.

G1"0ups

1

2

3

4

Those species or subspecies that no longer occur on the Navajo Nation.
Any species or subspecies which is in danger of being eliminated from all or a significant
portion of its range on the Navajo Nation.
Any species or subspecies which is likely to become an endangered species, within the
foreseeable future, throughout all or a significant portion of its range on the Navajo Nation.
Any species or subspecies for which the Navajo Fish and Wildlife Department (NF&WD) does
not currently have sufficient information to support their being listed in Group 2 or Group 3
but has reason to consider them. The NF&WD will actively seek information on these species
to determine if they warrant inclusion in a different group or removal from the list.

MEXICAN STATUS

MEX Mexican Federal Endangered Species List (May 16, 1994)
Secretary a dh Desarollo Social, NORMA Oficial Mexican NOM-059-ECOL-19-4

The Mexican Federal Endangered Species List contains taxer with status from the entire Mexican Republic and
waters under its jurisdiction. In this notebook we provide MEX designations for only those taxer occurring in
Arizona and also in Mexico.

A

R

Pr

En Peligro dh ExtinctiOn(Determined Endangered in Mexico): in danger of extinction.
Amenazada (Determined Threatened in Mexico): could become endangered if factors causing
habitat deterioration or population decline continue .
Rara (Determined Rare in Mexico): populations viable but naturally scarce or restricted to an
area of reduced distribution or very specific habitats.
Sujeta a Protecci6nEspecial (Determined Subject to Special Protection in Mexico): utilization
limited due to reduced populations, restricted distribution, or to favor recovery and
conservation of the Saxon or associated taxer.

P

[ | = One or more subspecies of this species has status in Mexico, but the HDMS does not track it at
the subspecies level (most of these subspecies are endemic ro Mexico). Please consult the NORMA
Official Mexicans NOM-059-ECOL-1994 for details.]



Status Definitions 3 AGFD, HDMS

STATE STATUS

NPL Arizona Native Plant Law (1993)
Arizona Department of Agriculture (http://agriculture.state.az.us/PSD/nativep1ants.htm)

HS
SR
ER
SA
HR

Highly Safeguarded:
Salvage Restricted :
Export Restricted :
Salvage Assessed:
Harvest Restricted:

no collection allowed.
collection only with permit.

transport out of State prohibited.
permits required to remove live trees.
permits required to remove plant by-products.

WSCA Wildlife of Special Concern in Arizona(1996 in prep)
Arizona Game and Fish Department (http://www.azgfd.com)

WC Wildlife of Special ConcerN in Arizona. Species whose occurrence in Arizona is or may be in
jeopardy or with known or perceived threats or population declines, as described by the
Arizona Game and Fish Department's listing of Wildlife of Special COncern in Arizona
(WSCA, in prep). Species indicated on printouts as WC are currently the same as those in
Threatened Native Wildlife in Arizona (1988) .

Revised 7/24/00, AGFD HDMS
1 :\HDMS\DOCUMENT\NBOOKS\TEMPLATE\EORDEFS\S5PATDEF
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EXHIBIT D

As stated in Arizona Corporation Commission Rules of Practice and Procedure R14-3-219:

"List the fish, wildlife, plant life, and associated forms of life in the vicinity of the proposed site or
route and describe the effects, if any, other proposed facilities will have thereon. "

BIOLOGICAL RESOURCES

Tables D-1, D-2, D-3, and D-4 list the mammal, bird, reptiles and amphibians, and plant species,
potentially occurring within the viciniwof the project. Because no flowing streams are present
within the project area, fish species have not been listed.

Construction of the project is expected to have negligible impacts to native vegetation since the
plant site is characterized by sparse, primarily non-native plant species. Agricultural lands and
creosotebush flats are common in the region.

Impacts to wildlife populations in the vicinity of the project are expected to be minimal due to the
low quality habitat of the agricultural lands affected. Additionally, construction will not impact
unique vegetation or wildlife species, habitat, or movement corridors for wildlife.

REFERENCES

American Ornithologists' Union. 1998. Check-list of North American birds. 7"' edition. American
Ornithologists' Union, Washington, D.C.

Hoffmeister, D. F. 1986. Mammals of Arizona. University of Arizona Press, Tucson, Arizona.

Kearney, T. H. and R. H. Peebles. 1960. Arizona flora. University of California Press.

Lehr, J. H. 1978. A catalogue of the Flora of Arizona. Northland Press, Flaggstaff, Arizona.

Monsoon G. and A. R. Phillips. 1981. Annotated checklist of the birds of Arizona. Second edition.

University of Arizona Press.

National Geographic Society. 1999. Field guide to the birds of North America. Third edition.
National Geographic Society, Washington, D.C.
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Stebbins, R. C. 1985. A Held guide to western reptiles and amphibians. Petersen Field Guides.

Houghton Mifflin Co., Boston.

Witzeman, J., S. Demaree and E. Radke. 1997. Birds of Phoenix and Maricopa County, Arizona.
Maricopa Audubon Society, Phoenix, Arizona.
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Common Name Scientific Name Habitat Typ8T
Desert shrew Notiosorex crawford Desert with adequate hiding/nest cover
Western pipistrelle Pipistre//us Hesperus Desert with nearby cliffs or rock outcrops, summer only
Big brown bat Eptesicus cuscus Pine forests to desert with caves, mine shafts, or

saguaro cavities for roosting, summer only
Pallid bat Antrozous pa/lidus Desert with buildings, bridges, mine shafts, or cliffs for

roosting
Brazilian free-tailed bat Tadarida brasiliensis Desert with caves or mine shafts
Desert cottontail Sylvilagus audubonii Desert to juniper woodlands in areas with dense shrub

cover
Black-tailed jackrabbit Lepus califomicus Desert to juniper woodlands
Harris' antelope squirrel Ammospermophilus harrisii Saltbush-creosote bush-bursage desert
Round-tailed ground squirrel Spermophilus tereticaudus Creosote-bush-saltbush desert

Botta's pocket gopher Thomomysbottle All environments with adequate plant cover
Arizona pocket mouse Perognathus ample Sonoran, and Mojave deserts
Little pocket mouse Perognathus longimembris Sandy creosote bush desert
Desert pocket mouse Perognathus penicillatus Sonoran desert
Rock pocket mouse Chaetodipus infermedius Rocky areas of Sonoran desert

Desert kangaroo rat Dipodomys deserts Sandy areas of Sonoran desert
Merriam's kangaroo rat Dipodomys merriam Creosote bush-mesquite desert

Western harvest mouse Reithrodontomys megalofis Wide variety of environments with grassy or weedy
areas

Cactus mouse Peromyscus eremicus Variety of desert environments
Souther grasshopper mouse Onychomys torridus Desert with mesquite and cacti
Arizona cotton rat Sigmodon arizona Desert with mesquite

White-throated wood rat Neotoma albigula Wide variety of desert environments
desert wood rat Neofoma lepidus Variety of environments from creosote bush to pine

Coyote Canis /frans All environments
(  f ox Vulpes macrotis Desert with sandy or diggable clay soils

ray fox Urocyon cinereoargenteus Wide variety of environments including open desert
Collared peccary Tayassu tajacu Sonoran desert with shrub and tree thickets and cactus

patches
Mule deer Odocoileus hemionus Variety of environments from desert to pine forests

Table D-1

Mammals Potentially Present in the Project Area

Source:
'Hoffmeister 1986
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Common Name Scientific Name' Habitat Type"
Red-tailed hawk Buteo jamaicensis Habitat Variable
American kestrel Falco spawerius Opencountry
GambeI's quail Callipepla gambelii Desert scrublands and thickets
Whitewinged dove Zenaida asiatic Dense mesquite, mature citrus groves, riparian

woodlands, saguaro-paloverde desert
Mouming dove Zenaida macroura Wide variety of habitats, often near drainages
Greater roadrunner Geococcyx califomianus Scrub desert, mesquite groves

Great homed owl Bubo virginians Habitat variable

Burrowing owl Athene cunicularia Open country
Lesser nighthawk Chordeiles acutipennis Dry open country, scrubland, desert
Common poorwill Phalaenoptilus nuttali Sagebrush and chaparral slopes
Costa's hummingbird Calypte costae Desert washes, dry chaparral
Gila woodpecker Melanerpes uropygialis Scrub desert, cactus country, streamside woods
Gilded flicker Co/aptes chrysoides Low desert woodlands, saguaros
Ash-throated flycatcher Myiarchus cinerascens Wide variety of habitats
Western kingbird Tyrannus verticals Dry open country

Loggerhead shrike Lanius ludovicianus Open or brushy areas

Common raven Corvus coral Variety of habitats

Verdin Au/ilparus flaviceps Mesquite and other dense thorny shrubs or
southwestern desert

Cactus wren Campy/orhynchus
brunneicapillus

Cactus country and arid hillsides and valleys

Black-tailed gnatcatcher Polioptila melanura Desert resident, partial to washes
Norther mockingbird Minus polyp/ottos Variety of habitats
European starling Sturnis vulgars Wide variety of habitats
Curve-billed thrasher ToxoStoma cuwirostre Canyons, semiarid bushland
Phainopepla Phainopepla niters Mesquite bushland
Lucy's warbler Vermivora lucie Mesquite and cottonwoods along watercourses
Black-throated sparrow Amphispiza bi/ineata Desert, especially rock slopes
Northern cardinal Cardinality cardinals Taller and denser Lower Sonoran brush

Brown-headed cowbird Molothrus amer Woodlands, farmlands, suburbs
House finch Carpodacus mexicans Habitat variable
Turkey vulture Catharses aura Habitat variable
Norther harrier Circus cyaneus Habitat variable

Table D-2

Common Bird Species Potentially Present in the Project Area'

Sources:
'Potential for occurrence based on Monsoon and Phillips 1981 and Wireman et al. 1997
American Ornithological Union 1998

° Nalional Geographic Society 1999
'Monsoon and Phillips 1981

\
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Common Name Scientific Name Habitat Type'
TOADS

Couch spadefoot Scaphiopus couch Shortgrass plains, mesquite savannah, creosote bush
desert, and other areas of low rainfall

Western spadefoot Scaphiopus hammondii Washes, floodplains, alluvial fans, playas, alkali flats
Red-spotted toad Bubo punctatus Desert streams, open grassland and scrubland, oak

woodland, rocky canyons
LIZARDS

Wester banded gecko Coleonyx variegates Variety of habitats, from creosote bush flats to pinon-
juniper belt

Desert iguana Dipsosaurus dorsals Creosote bush desert
Zebratail lizard Cal/isaurus draconoides Washes, desert pavement, hardpan
Desert spiny lizard Sceloporus magister Arid/semiarid plains and lower mountain slopes

Side-blotched lizard Uta stansburiana Sand; rock, hardpan or loam with grass, shrubs, and
scattered trees

Desert homed lizard Phrynosoma platyrhinos Sandy flats, alluvial fans, washes, dune edges
Wester whiptail Cnemidophorus Tigris Desert and semiarid areas with sparse vegetation

SNAKES

Spotted leaf-nosed snake Phyllorhynchus decurtatus Open desert plains

Coachwhip Masticophis flagellum Variety of habitats

Wester patch-nosed snake Salvadora hexalepis Grasslands, chaparral, sagebrush plains, pion-juniper
woodland, desert scrub

Glossy snake Arizona elegant Variety of open desert and grassland areas

Gopher snake Pituophis melanoleucus Variety of habitats

Common kingsnake Lampropeltis getulus Variety of habitats
Long-nosed snake Rhinocheilus lecontei Desert, prairies, scrubland
Ground snake Sonora semiannulata Arid and semiarid regions, river bottoms, desert flats,

sand hummocks, rocky hillsides
Western shovel-nosed snake Chionactus occipitalis Washes, dunes, sandy flats, loose soils, rocky hillsides
Night snake Hypsiglena torquata Variety of habitats

Arizona coral snake Micruroides euryxanthus Arid and semiarid thornscrub, bushland, woodland,
grassland, farmland

Wester diamondback
rattlesnake

Crotalus atrox Variety of habitats in arid and semiarid regions

Sidewinder Crotalus cerates Sand hummocks topped with creosote bushes,
mesquite, or other desert plants, also windswept flats,
barren dunes, hardpan, rocky hillsides

ram

Table D-3

Reptile and Amphibian Species Potentially Present in the Project Area'

Sources:
'Potential for occurrence based on Stebbins 1985
2slebbins 1985
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Common Name Scientific Name Habitat Type"

Red brome Bromus rubens Roadside and waste places
Arabian grass Schismus arabicus Sandy soil

Mediterranean grass Schismus barbarous Open desert

Wingscale Afriplex canescens Sandy, sometimes saline soil

Quail brush Atrip/ex lentiformes Moist or dry saline soil

All scale Atriplex polycarpa Moderately saline to rosaline soil

Russian thistle° Sa/so/a iberia Roadsides, overgrazed ranges

Yellow tansy mustard Descurainia pinnate Open ground

London rocket Sisymbrium trio Abundant in irrigated areas

Catclaw acacia Acacia gregg Along streams and washes

Velvet mesquite' Prosopis verina Along watercourses, on grasslands and lower mountain slopes

Blue paloverde Cercidium floridum Along washes, on floodplains

Filaree Erodium cicufarium Common on plains and mesas

Creosote bush Larry tridenfata Dry plains and mesas

Corona de Cristo Castela emory Desert plains

Graythorn Ziziphus obtusifolia Dry mesa, plains, slopes

Alkali pink, globemallow' Sphaeralcea pawiflora Roadsides, fields, edges of sandy washes, well-drained slopes
, JTamarlsk, salt cedar Tamarix pentandra Along streams and disturbed sites

Wolfberry Lyceumapp, Washes and dry slopes in desert or semidesert areas

Desert willow Chi/opsis /inearis Along washes in deserts and foothills

Triangle-leaf bursae Ambrosia deltoidea Plains and mesas

White bursae Ambrosia dumosa Dry plains and mesas

Desert broom Baccharis sarothroides Hillsides and bottomlands, sometimes in saline soil
Alkali goldenbush lsocoma acradenius Various habitats, often in saline soils

Jimmy weed lsocoma heterophyllus Mesas and plains, often in saline soil and on overgrazed
rangeland

Prickly lettuce Lactuca serriola Waste land and roadsides

Bermuda gr3ss`* Cynodon dactylon Fields, washes, disturbed sites

Pigweed Amaranthus Sp, Disturbed sites

Cholla cactus Opvutia sp- Creosote bush flats, washes

Brittle bush Encelia farinose Creosote bush flats, washes

nightshade* Solarium Sp, Disturbed sites, fields

Purslane Portulaca sp. Disturbed sites, fields
JAnnual sunflower Helianthus annuls Disturbed sites, fields, roadsides

Canarygrass" Phalaris canariensis Disturbed sites, fields, roadsides
JOhNSOf1QI8SS Sorghum halepense Disturbed sites, fields, roadsides
Ragweed Ambrosia sp. Disturbed sites, fields, washes

Table D-4

Plant Species Potentially Present in the Project Area

Sources:
Lehr 1978
2Keamey and Peebles 1960
°Obsened during June 2001 site visit K
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EXHIBIT E
SCENIC AREAS, HISTORIC SITES ANDSTRUQTURES ARCHAEOLOGICAL SITES

As stated in Arizona Corporation Commission Rules of Practice and Procedure R14-3-219:

"Describe any existing scenic areas, historic sites and structures or archaeological sites in the
vicinity of the proposed facilities and state the effects, if any, the proposed facilities will have
thereon."

SCENIC AREAS AND VISUAL RESOURCES

The visual resource study addressed the inherent aesthetics of the landscape, public value of
viewing the landscape, and sensitivity to visual effects from the proposed AVEF ll project. The
visual analysis was conducted by Duke Energy-Flour Daniel in June 2001 and included an
evaluation of the existing visual conditions, scenic quality, and visual sensitivity.

The project area is located within the Basin and Range physiographic province in southwest
Arizona (USDA 1989). More specifically it is within the Sonoran Desertscrub - Lower Colorado
Subdivision (Lowe 1964). The topographic features within and surrounding the project area can
be characterized as flat, with isolated hills occurring within t to 2 miles of the proposed project.
The Palo Verde Hills and Yellow Medicine Hills are located 5 to 7 miles northwest and southwest
of the project, respectively. The White Tank Mountains and Gila Bend Mountains are 12 to
15 miles northeast and south of the project, respectively. The average elevation above' mean sea
level is approximately 875 feet in the project area.

The vegetation in the project vicinity is dominated by agricultural land. Along Winters Wash and
Centennial~ Wash, located east and south of the plant site, respectively, mesquite, salt cedar,
ironwood, and acacia dominate the landscape. The proposed project site is located on vacant
agricultural land.

At present, the most dominant man-made features within the project area include the PVNGS, the
AVEF I and Redhawk power plants, and Hassayampa switchyard currently under construction,
high-voltage transmission line corridors, numerous aboveground electrical subtransmission and
distribution lines, a distribution substation, the Union Pacific Railroad, a few occupied residences
and unoccupied structures, concrete irrigation canals, abandoned structures, paved and unpaved
road surfaces, range gates, signs, as well as other man-made elements (e.g., abandoned water
tanks) that have significantly altered the natural setting.

E-1
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Visual Quality

The scenic value or visual quality of the landscape is a function of the attributes or amenities that
naturally occur within that setting (land forms, rock formations, topography, presence of water,
vegetation patterns) whichadd to or diminish its value. Within the project area, the landscape is
lacking in natural amenities and could be described as common or non-distinctive. Exhibit E-1
provides a photosimulation of the proposed AVEF ll site looking south from Elliot Road. This
photosimulation includes the approved AVEF l as it is expected to appear during operation in
2002.

Sensitive Viewpoints

The sensitivity of a viewpoint reflects the degree of public concern for change in the scenic quality
of the landscape visible from that location. Sensitivity is measured by evaluating the type of
viewpoint and viewer concern for change in the landscape, volume of use, viewing duration, public
concerns, and influence of adjacent land use. Sensitive viewpoints that were identified within the
project area include residences and the old U.S. 80. Exhibit E-2 presents a photosimulation of the
proposed AVEF ll (with the approved AVEF l in the foreground) looking south from Elliot Road.
Exhibit E-3 presents a photosimulation of the proposed AVEF ll (with the approved AVEF I)
looking southeast, approximately 1.5 miles down Elliot Road.

Residences - Residences are considered high sensitivity viewpoints since their occupants have a
high concern for change in the landscape and have long-term viewing conditions. There are two
ranch residents located approximately 0.7 to 0.8 mile northwest of the proposed project site. It is
anticipated that residential views of the proposed project would be unobstructed due to insufficient
topographic variances to effectively screen the site. However, the presence of existing
high-voltage transmission lines between these viewers and the proposed project site has already
altered the landscape setting.

Another 2 ranch residences are located approximately 1.0 to 1.5 miles west and northwest of the
proposed project site. A residential area is located approximately 1.8 miles west-northwest of the
project site. Variation in topography between the proposed project and these residences will
partially screen the majority of the power plant. It is anticipated that portions of the stacks will be
visible from these residences.

Large~scale residential and supporting infrastructure (schools, regional parks, churches, retail
services) developments are not expected to occur in the reasonable foreseeable future within the
project area. The majority of lands within the immediate vicinity of the proposed project are
currently planned for Rural Residential High-Density use. According to Maricopa County's
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Tonopah Area Land Use Plan, this residential category denotes areas where single-family
residential development is desirable but urban services (e.g., water, sewer, schools, parks, law
enforcement, fire protection) are limited. The County recently updated its Tonopah/Arlington Area
Plan(2000) (see Exhibit B-3, Land Use Study).

Travel Routes - The old U.S. 80 alignment has not been designated by the State Historic
Preservation Office as being eligible as a listed historic property. Further, the distance from this
road to the proposed project site is in excess of 2 miles. It is not anticipated that the proposed
project will significantly affect this road.

Mitigation

In an effort to blend with the background landscape setting, dark hues of browns, greens, and
grays will be utilized to the extent feasible in the painting of the proposed project facility.

REFERENCES

Lowe, C. H. 1964. Arizona's Natural Environment. The University of Arizona Press: Tucson,
Arizona.

U.S. Department of Agriculture.
Arizona and New Mexico.

1989. Landscape Character Types of the National Forests in

U.S. Geological Survey. 1981. 1:100,000 Scale Metric Topographic Map of Phoenix South,
Arizona.

HISTORIC SITES AND STRUCTURES AND ARCHAEOLOGICAL SITES

Methods

In November 1999, a comprehensive literature search and records review was conducted by the
Arizona State Museum and through the Arizona State Historic Preservation Office. The file
search identified previously completed cultural resources surveys, all previously recorded
archaeological sites and historic properties listed on the National Register of Historic Places
(NRHP), and previously recorded standing structures situated within a 2-mile radius of the
proposed project site. The goal of the review was to determine whether the construction and
operation of the proposed project might affect archaeological or historic cultural resources.
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Findings

The review of agency and museum files documented 8 cultural resource surveys previously
conducted within a 2-mile radius of the project site (Table E-1). The earliest of these surveys was
conducted in 1972 and 1973 at Geotechnical boring locations associated with thepVNGS. The
plant site and buffer zone were intensively surveyed and the results were summarized in a report
(Trott 1974). This report does not document the full extent and methods of this survey work, but a
large block encompassing approximately 8,360 acres apparently was surveyed intensively (Stein
1981). At least 31 archaeological and historical sites were identified and recorded within this
block, and 22 additional site.s were recorded in adjacent areas. These sites include aboriginal
archaeological sites containing approximately 20 lithic scatters, 10 trails, 2 petroglyphs, 5 rock
enclosures, and 16 historic sites consisting primarily of 1920's-1930's homestead remnants. Five
of these sites, designated AZ T:9:25, 27, 29, 37, and 49 (MNA), are located within a 2-mile radius
of the proposed project site, but not within the project site.

In 1975, studies were conducted at 13 sites to mitigate the impacts of construction of the PVNGS
(Stein 1981). Two of these sites, AZ T:9:25 (MNA) and AZ T:9:29 (MNA), are aboriginal
archaeological sites recorded by Trott (1974) and are located within a 2-mile radius of the
proposed project site, but not within the project site. Site AZ T:9:25 (MNA) consists of seven rock
enclosures ranging from circular to rectangular in form, no artifacts or other cultural remains were
found in association with these rock enclosures. Site AZ T:9:29 (MNA) consists of a trail leading
up the southwestern side of a basalt hill, one plainware shard was located at the base of the trail.
The function of the trail is interpreted as an intaglio art-form rather than a transportation route.

In 1976, the Museum of Northern Arizona surveyed two alternate transmission line corridors that
extend from the PVNGS to the ColoradO River (Berry 1978). Of the 73 recorded sites, only two
(Az T:9:21 and 22[ASM]) are located within a 2-mile radius of the proposed project site, neither of
these lie within the project site. Both sites are identified as temporary camps of Patayan cultural
affiliation. The sites contain numerous basalt lithics, millingstone fragments, flakes, and ceramics.
Neither of the sites is recommended as eligible to the NRHP due to off-road vehicle and cattle
grazing disturbance.

Several studies were conducted for the transmission lines that were constructed to connect the
PVNGS to the regional power grid. Surveys for the Palo Verde-Kyrene line (Powers et at. 1978)
covered a 200-foot=wide corridor that falls within a 2-mile radius of the proposed project site, but
not within the project site. The survey documented a single site, AZ T:9:5 (ASM), located on the
south side of Centennial Wash. The site is a scatter of fewer than 50 artifacts including a few
pieces of flaked stone and six types of ceramic sheds, including both Hohokam and Patayan
varieties. f
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Project Name and
Number Slope Sites Reference

All American pipeline
survey

145 miles x 200 feet

(3,515 acres)
No sites within 2-miie
radius of project site

Batch 1985

Palo Verde-Devers
transmission line survey

190 miles x 400 feet
(9,212 acres)

AZ T:9:21 and 22 (ASM)
within 2-mile radius but

not within project site

Berry 1978

Yuma 500kV transmission

line

119.8 miles x 200 feet

(2,904 acres)

Az T:9:1, 2, and 3 (ASM)

within 2-mile radius but
not within project site

Effland and
Green 1982

All American pipeline

survey

95 miles x 200 feet

(2,303 acres)

NO sites within 2-mile

radius of the project site
Higgins and

Brunson 1985

Palo Verde to Kyrene

transmission line

73.3 miles x 100-330
feet (~1,777 acres)

AZ T:925 (ASM) _ within 2-
mile radius but not within

the project site

Powers et al
1978

PacifiCorp turbine pipeline
survey

6.8 miles x 200 feet
(165 acres)

No sites within 2-mile

radius of the project site
Rogge and

Darrington 1994

Devers-Palo Verde
transmission line No. 2
survey

385 acres AZ R:8:61 (ASM), Az

S:6:20 and 21 (ASM) - not
within 2-mile radius of
project site

Swartz and

Dongoske 1987

Palo Verde plant survey 9,300 acres AZ T:9:25, 27, 29, 37, and
49 (MNA) within 2-mile
radius but not within
project site

Trout 1974

Arlington Valley Energy
Project survey

94 acres No sites within the project

site
Ellis and
Copeland 2000

Arlington Valley Energy
Project survey

285 acres No sites within the project
site

Copeland and
Bretgrni'[z 2000

Table E-1

Previous Cultural Resource Surveys

, I

In 1981, twenty-three cultural resources were inventoried during the intensive 100 percent survey
of the Yuma500 kV transmission line (Effland and Green 1982). Three sites (AZ T:9:1, 2, and 3)
are located within a 2-mile radius of the proposed project site, none of these sites lie within the
project site. Site AZ T:9:1 (ACS) is an historic homestead circa 1920's - 1930's and includes
structures in various stages of disrepair, irrigation canals, and domestic debris. AZ T:9:2 (ACS) is
the site of the Crag railroad station building complex (dismantled) and associated debris. The
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remaining site, AZ T:9:3 (ACS) is an aboriginal Ethic scatter consisting of cores, flakes, and
angular waste occurring in low densities. None of the sites is recommended as eligible to the
NRHP.

Two pedestrian surveys were conducted by New Mexico State University for the All American
Pipeline right-of-way. The first survey was conducted in the spring of 1985 between Oracle,
Arizona and a point 145 miles to the west (Batch 1985). The survey resulted in the
documentation of 13 sites, 9 low-density artifact scatters, and 49 isolated occurrences. None of
the recorded sites is located within a 2-mile radius of the proposed project site. Between March
and August 1985, the second cultural resources survey was conducted between Ward Road and
a point 95 miles to the west (Higgins and Brunson 1985). The inventory identified 20 sites and
25 isolated occurrences. Aboriginal lithic debris, rock rings, and trails without artifacts characterize
nineteen of the 20 sites. The remaining site is the La Paz Pumping Station in which 3 small
modern rock cairns were discovered. None of the sites is situated within a 2-mile radius of the
project site.

The Institute for American Research conducted a non-collection survey for the Devers-Palo Verde
No. 2 Transmission Line in May to June of 1987 (Swartz and Dongoske 1987). Thirty-four
previously recorded sites were located and three additional sites were recorded. The 3 newly
recorded sites (AZ R:8:61 ,AZ S:6:20 and 21[ASM]) are characterized by prehistoric Ethic scatter
of unknown cultural affiliation and a single trail segment with no artifacts or additional features.
None of the 37 sites lies within a 2-mile radius of the project site.

In 1994, a Class III cultural resource survey was conducted for the Pacificorp Turbine Pipeline
Project Wintersburg Alternatives (Rogge and Darrington 1994). No archaeological sites, isolated
finds, or other types of cultural resources were encountered during the survey.

A Class Ill cultural resources survey of approximately 94 acres of state and private land
scheduled for development as part of AVEF I was conducted in January 2000 (Ellis and Copeland
2000). Six isolated occurrences of prehistoric artifacts were found. No archaeological sites were
located. An additional 285 acres of private land surrounding the project area was surveyed in
August 2000 (Copeland and Breternitz 2000). A single isolated occurrence consisting of a basalt
slab metate was found. No archaeological sites Were located. The area surveyed in 2000 for the
AVEF I project included the proposed AVEF ll project site.

Conclusion

A total of 11 archaeological and historic sties have been discovered within a 2-miie radius of the
proposed project site, but not within the project site. Nine of these are aboriginal sites, consisting
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of lithic scatters, or features such as trails, intaglios, rock enclosures, and hearths. One site
appears to be the remnants of a homestead dating to the first half of the twentieth century, and
the remaining site is the historic Crag railroad station. No traditional cultural properties were
identified.

Today, the significance of archaeological, historical, and traditional cultural properties commonly is
evaluated by using the criteria (36 CFR 60.4 [a-d]) for inclusion on the National Register of
Historic Places and the counterpart Arizona Register of Historic Places. Criteria for both of these
registers are essentially the same. When the PVNGS studies were conducted in the late 70s, the
use of register criteria to evaluate significance was not standard procedure. However, field
recommendations for further study in order to mitigate project impacts or protect resources in
place are a good indication of resource significance.

Of the 11 sites located within a2-mile radius of the project, mitigation studies were conducted on
5 of them, 5 sites were recommended as not eligible for inclusion to the NRHP, and the remaining
site was not recommended for further study.

Many of the aboriginal archaeological sites were found along major washes or clustered around
the volcanic hills scattered throughout the area. The. proposed project site lacks both of these
topographic features. In addition, no aboriginal sites were found within those portions of the
proposed project area that had been farmed. l

In summary, little potential exists for the proposed project to affect archaeological or historical
sites. No additional Class Ill surveys are required.

REFERENCES:

Batch, D. G. 1985. A Preliminary Report of Archaeological Sites found along the All American
Pipeline Right-of-Way between Oracle, Arizona and a Point 145 Miles to the west. Cultural
Resources Management Division, Sociology and Anthropology Department, New Mexico
State University, Las Cruces, New Mexico.

Berry, c. 1978. Archaeological Investigations Southern California Edison Palo Verde-Devers
500 kV Transmission Line, Palo Verde Nuclear Generating Station to the Colorado River.
Museum of Northern Arizona, Department of Anthropology.

Copeland, s. R. and C. D. Breternitz. 2000. A Cultural Resources Survey of Approximately
285 Acres of Private Land Scheduled for Development as Part of the Arlington Valley Energy
Project in Maricopa County, Arizona. August 2000.

E-10

Evan

July, 2001



Effland, R. W. and M. Green. 1982. Cultural Resource Investigations for the Yuma 500kV
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EXHIBIT F
RECREATIONAL PURPOSES AND ASPECTS

As stipulated in Arizona Corporation Commission Rules of Practice and Procedure R14-3-219:

"State the extent, if any, the proposed site or route will be available to the public for recreational
purposes, consistent with safety considerations and regulations and attach any plans the
applicant may have concerning the development of the recreational aspects of the proposed site
or route."

RECREATIONAL PURPOSES AND ASPECTS

Duke is unaware of any officially approved plans for the development of recreational facilities
within the vicinity of the proposed project. The construction, operation, and maintenance of
proposed project facilities will be consistent with safety considerations, and will not be open to
public access.

\
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EXHIBIT G
CONCEPT oF PROJECT FACILITIES

As stated in Arizona Corporation Commission Rules of Practice and Procedure R14-3-219:

"Attach any artist's or architect's conception of the proposed plant or transmission line structures
and swltchyards which applicant believes may be informative to the committee. "
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EXHIBIT H
EXISTING PLANS

As stated in Arizona Corporation Commission Rules of Practice R-14-3-2192

"To the extent applicant is able to determine, state the existing plans of the state, local
government and private entities for other developments at or in the vicinity of the proposed site or
route."

Existing and future land uses are described in Exhibits A and B-3. A record search conducted at
Maricopa County's Planning and Development Department revealed that no residential
subdivisions have been approved for the area immediately surrounding the proposed project.
Only two residential subdivisions (Horseshoe Trails and Horseshoe Trails Phase ll) have been
approved within a two-mile radius of the project site.

A satellite switchyard (Hassayampa) is currently under construction and is located approximately
1 .5 miles east of the proposed AVEF II, immediately south of Elliot Road (near the intersection of
Elliot Road and 375th Avenue). This switchyard will be flanked by the existing Kyrene and North
Gila 500kV transmission lines. The Hassayampa switchyard will provide interconnections for new
and existing transmission lines as an alternative to direct connections with the existing PVNGS
switchyard. In addition, the Pinnacle West (Red hawk) facility (under construction) and the
approved Sempra (Mesquite) power plant are located within the 2-mile radius of the proposed
project.

Based on information received to date, Duke is unaware of any other planned developments
within the vicinity of the proposed project.
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EXHIBIT I
ANTICIPATED NOISE/INTERFERENCE WITH

COMMUNICATION FACILITIES



Potential SensitiveNoise Receptor
Location

Expected Plant Noise Level During Full

Load Operation in Decibels (ElBA)

1 Single residence approximately 5,200 feet
northwest from center of the facility

43

2 Single residence approximately 6,000 feet
north-northwest from center of the facility

41

3 Single residence approximately 6,500 feet
north from center of the facility

40

EXHIBIT I

ANTICIPATED NOISE/INTERFERENCE WITH COMMUNICATION FACILITIES

As stated in Arizona Corporation Commission Rules of Practice and Procedures R14-3-219:

"Describe the anticipated noise emission levels and any interference with communication signals
which will emanate from the proposed facilities. "

ANTICIPATED NOISE

The .expected noise levels generated during full load operation of AVEFll and AVEF ll at the
nearest residences have been evaluated by means of a detailed analytical noise model. The
model results indicate that plant noise will be insignificant at all of the residential locations within
2 miles of the project site (see attached Sound Impact Assessment report).

There are 3 private residences located outside the project site and within a 2-mile radius of the
s̀ite. Plant noise emissions were modeled for each of these locations. The locations of the
nearest occupied residences and the expected noise levels from the facility operating at base load
are provided below.

Table 1-1
Anticipated FacilityNoise Emissions

at the Nearest Residences

The low noise levels are basically attributable to the large distances between the project facilities
and the receptor points. Despite the remote location of the site and the strong likelihood that
current background sound levels are quite low, the probability of disturbance from facility sound
levels is minimal. Under normal circumstances plant noise should be negligible regardless of the
existing ambient sound level and no adverse impact is expected at any of the residences
evaluated.
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INTERFERENCE WITH COMMUNICATION SIGNALS

No interference with communication signals will be caused by the project.
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Maricopa County, AZ

I & ll

Sound Impact Assessment

May 31, 2001

CAVANAUGH TOCCI ASSOCIATES, INC.
C o N S U

Architectural
L T A N T S

Structural
I N A C o U S T I C S
Mechanical I Environmental



INTRODUCTION

Duke Energy Maricopa, LLC is proposing to construct and operate a caseload,
combined~cycle power plant adjacent to the Arlington Valley Energy Facility l
power plant, in Maricopa County, Arizona. The proposed facility, the Arlington
Valley Energy Facility ll (the Project) is located approximately 5 miles south of
Wintersburg, Arizona. The proposed power plant will consist of two combustion
turbine generators (CTGs) in series with dedicated heat recovery steam generators
(HRS Gs). Steam from the HRS Gs will drive a steam turbine generator (STG).
The facility will use air inlet chilling and duct firing to augment power output.
Natural gas will serve as the primary Source of fuel for the Project. The facility
will have a nominal electrical capacity of 620 megawatts (MW). The Arlington
Valley Energy Facility l is a similar sized power plant using the same
combined-cycle technology.

The Project area is bordered on the north by Elliot Road and on the south by
Narramore Road. The east and west sides of the site are bounded by 387'*'
Avenue and 39i 5' Avenue respectively. The site is located in a desert region on
clear flat ground with minor topographic relief. The base elevation of the power
plant will be approximately 880 feet above mean sea level.

Land use near the Project site is primarily agricultural with some residential
properties. The nearest residence is located approximately 1 mile from the center
of the power plants. There are two other residential properties located within
8000 feet of the Project site. The Palo Verde Nuclear Generating Station is
approximately 2 miles northeast of the project site.

This sound impact assessment evaluates the acoustic impact of the combined
operation of the Arlington Valley Energy l & II facilities. This report includes
basic sound measurement terminology and a brief discussion of noise regulatory
criteria. This report also identifies significant project related sound sources and
describes computer modeling techniques used to estimate facility sound levels in
the surrounding community.
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SOUND MEASUR]8MENT-TERMINOLOGY

In order to quantify the amplitude, frequency, and temporal characteristics of
sound, various acoustical descriptors are used. The following is an introduction to
acoustic terminology that is used in this report.

Sound Level

Sound levels are typically quantified using a logarithmic decibel (dB) scale.
Generally, the sensitivity of human hearing is restricted to the frequency range of
20 Hz to 20,000 Hz. However, the human ear is most sensitive to sound in the
500 Hz to 5,000 Hz frequency range. Above and below this range, the ear
becomes progressively less sensitive. To account for this feature of human
hearing, sound level meters incorporate filtering of acoustic signals that
corresponds to the varying sensitivity of the human ear to sound at different
frequencies. This filtering is called A-weighting. Sound level measurements that
are obtained using this filtering are referred to as A-weighted sound levels and are
signified by the identifier, ElBA. A-weighted sound levels are widely used for
evaluating human exposure to environmental sounds. To help place A-weighted
sound levels in perspective, Figure l contains a scale showing typical sound
levels for common interior and environmental sound sources.

Octave Band Sound Levels

To characterize a sound, it is often necessary to evaluate the frequency
distribution of the sound energy. As mentioned before, the frequencies of most
interest where human exposure is concerned range between 20 Hz and 20,000 Hz.
This frequency range is commonly divided into octave bands, where an octave
band is a range of frequencies. Each octave band is referred to by its center
frequency and has a bandwidth of one octave Ka doubling of frequency). For
example, the 125 Hz octave band encompasses the range of frequencies from
89 Hz to 178 Hz. Note that the upper limit of an octave band is twice the value of
the lower limit. To cover the full range of human hearing, it is necessary to
measure sound in 10 separate octave bands. Typically, the lowest frequency band
measured has a center frequency of 31.5 Hz. The next frequency band has a
center frequency of 63 Hz. This geometric series continues to the highest
frequency band that has a center frequency of 16,000 Hz. A set of octave band
sound levels to describe a particular sound is called an octave band spectrum.
Covering the full range of hearing, an octave band spectrum would have
10 values, one for each band.

2



Environmental Noise Descriptors

Sound levels in the environment are continuously fluctuating and it is difficult to
quantify these time-varying levels with single number descriptors. Statistical
approaches, which use percentile sound levels and equivalent sound levels, are
often used to quantify the temporal characteristics of environmental sound.

Percentile sound levels (Lm) are the A-weighted sound levels that are exceeded for
specific percentages of time within a noise measurement interval. For example if
a measurement interval is one hour long, the 50th percentile sound level (L50) is
the A-weighted sound level that is exceeded for 30 minutes of that interval.
Similarly, the 90th percentile sound level (L90) is the A-weighted sound level that
is exceeded for 54 minutes of the same one-hour long interval. The 90th
percentile sound level represents the nominally lowest level reached during the
monitoring interval and is typically influenced by sound of relatively low level,
but nearly constant duration, such as distant traffic or continuously operating
industrial equipment. The L90 is often used in standards to quantify the existing
background or residual sound level. Conversely, the L10 represents the nominally
highest sound levels reached during a monitoring interval. The L10 is typically
influenced by sound of high level, but short duration, such as that produced by
vehicles passing on a nearby road. The L10 is sometimes called the intrusive
sound level. By using percentile sound levels, it is possible to characterize the
sound environment in terms of the steady-state background sound (L90) and
occasional transient sound (L10).

The equivalent sound level (Leo) is the energy average of the A-weighted sound
level for the measurement interval. Sounds of low level and long duration, as
well as sounds of high level and short duration influence this sound level
descriptor.

The day-night average sound level (Lam) is a 24-hour average A-weighted sound
level where a l0-dB "penalty" is applied to sound occurring between the hours of
10:00 p.m. and 7:00 a.m. The l0-dB penalty accounts for the heightened
sensitivity of a community to noise occurring at night.

Because of their sensitivity to the temporal characteristics of sound, the Leo and
Ldn descriptors have become widely accepted for use in environmental noise
regulations and criteria. Among the federal agencies using energy average sound
levels are the U.S Environmental Protection Agency, the Federal Highway
Administration, the U.S Department of Housing and Urban Development, the
Federal Aviation Administration and the Department of Defense.
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NOISE REGULATIONS AND GUIDELINES

County 8z~State

There are no County or State noise regulations that define limits for
environmental sound produced by an electric power plant at the proposed Project
site.

Federal

There are no federal regulations that define limits for environmental sound
produced by an electric power plant. However, the U.S. Environmental
Protection Agency (EPA) has taken the lead among federal agencies in studying
the general impact of environmental noise, and has issued guidelines that identify
yearly Lin sound levels sufficient to protect public health and welfare from the
effects of environmental noise. The EPA carefully guards against the misuse of
these guidelines by stating:

O n  t h e  b a s i s  o f  a v a i l a b l e  s c i e n t i f i c  i n f o r m a t i o n ,  E P A  h a s  i d e n t i e a '  a
range  o f  year l y  day-n i gh t  sound  l eve l s  5uJ§ ' i c i en t  t o  p ro t ec t  pub l i c  hea l t h
and  w e l f a re  f rom  t he  e f f ec t s  o f  env i ronm en t a l  no i se .  I t  i s  ve ry  i m po r t an t
t h a t  t h e s e  n o i s e  l e v e l s  s u m m a r i z e d  i n  T a b l e  V I I ]  n o t  b e  m i s c o n s t r u e d .
S i n c e  p r o t e c t i v e  l e v e l s  w e r e  d e r i v e d  w i t h o u t  c o n c e r n  f o r  t e c h n i c a l  o r
e c o n o m i c  f e a s i b i l i t y  a n d  c o n t a i n  a  m a r g i n  o f  s a f e t y  t o  e n s u r e  t h e
p r o t e c t i v e  v a l u e ,  t h e y  m u s t  n o t  b e  v i e w e d  a s  s t a n d a r d s , c r i t e r i a ,
regu la t i ons  o r  goa l s .  Ra t her ,  t hey  shou ld  be  v i ewed as  l eve l s  be l ow  wh i ch
t he re i s  n o  r e a s o n  t o  s u s p e c t  t h a t  t h e  g e n e r a l  p o p u l a t i o n  w i l l  b e  a t  r i s k

f rom any of  t he ident i f i ed e f fects  o f  no ise.

Table 1 presents EPA's suggested levels to protect public health and welfare. Of
these levels, the most widely cited is the day-night average sound level (Lin) of
55 dB for outdoors in residential areas. Based on extensive review of available
data, EPA has concluded that a Ldn of 55 dB (outdoors) will not interfere with
speech intelligibility (outdoors or indoors) and should in most cases protect
against sleep interference. Because the plant is expected to operate continuously
over any 24-hour period, a continuous average sound level (Leo) of 49 ElBA is
required to produce a day-night average (Lam) of55 dB .
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Effect Ldn L,q(24hrs) Area

All areas (at the ear)Hearing S 70 ElBA

Outdoor activity S55 dB

S 55 ElBA

Outdoors in residential areas and fame and other outdoor
areas where people spend widely varying amounts of time
.and other places where quiet is a basis for use

Outdoor areas where people spend a limited amounts of time
such as schoolyards, playgrounds, etc.

Indoor activity _<45 dB

S 45 ElBA

Indoor residential areas

Other indoor areas with human activities suchas schools, etc.

Condensed Version of EPA Levels Document, EPA 500/9-79-100Source: Table VIII,Protective Noise Levels
November 1978

TABLE ]
Yearly Ldn Values That Protect Public Health and Welfare with a Margin of Safety
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PROJECT OPERATIONAL SOUND LEVELS

Operational noise impacts will be associated with sound from several individual
noise sources. The total noise impact is the result of the combined impact of each
individual noise source located on-site. Environmental sound modeling was
conducted for each significant noise source at the plant assuming full operation
(l00% load). These individual impacts were then combined to determine overall
sound levels as a result of the Project. The modeling requires information on
equipment noise emission levels, the location of the source relative to the
receiver, and information on how the noise may propagate from the source to the
receiver.

The primary Project noise sources used to model facility sound impact include:

Arlington Valley I

1 Combustion turbine exhaust sound transmitted out HRSG stack (2 stacks),

• Heat recovery steam generator (2 HRS Gs),

• Combustion turbine air inlets (2 inlets),

• Mechanical draft cooling tower (6 cells),

• Transformers (2 CTG,1 STG),

• Turbine inlet air chillers (3 units),

• Combustion Turbine Package (2 units),

Generator compartment,

Load compartment,

Air inlet plenum,

Combustion turbine compartment,

Exhaust diffuser,

Accessory CoTI°1p8IluT1€I]l,

• Steam Turbine Package (1 unit).

u
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Arlington Valley I]

• Combustion turbine exhaust sound transmitted out HRSG stack (2 stacks),

• Heat recovery steam generators (2 HRS Gs),

• Combustion turbine air inlets (2 inlets),

• Mechanical draft cooling tower (8 cells),

• Transformers (2 CTG,1 STG),

• Turbine inlet air chillers (3 units),

• Combustion Turbine Package (2 units),
1

Generator component,

1
Load compartment,

Air inlet plenum,

Combustion turbine compartment,

1
W

Exhaust diffuser,
f

Accessory compartment,

• Steam Turbine Package (1 unit).

Operational sound levels produced by the power plant have been calculated using
SoundPlan®  Wins Version 5.0 environmental sound modeling software. For this
project, the CONCAWE method was used to calculate facility A-weighted sound
levels in an area of 20-square-miles surrounding the Project site. in addition,
specific calculations of facility sound levels were performed for the three nearest
residential receptor locations that surround the Project. As a worst case noise
impact scenario, all facility equipment was assumed to be operating
simultaneously at full load. Receptor sound levels for each of the sources listed
above were calculated using the following data and corrections:

I
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• Source sound power level (in octavebands),

• Source directivity,

• Distance between source and receptor,

• Air absorption ( l5°C and 70% relative humidity),

• Ground effect,

• Reflections from building and tank structures,

• Barrier attenuation (from earth contours and or man-made structures).

The equipment sound levels are based on noise data provided by the equipment
vendor or the design engineer when available. For equipment where vendor data
were not available, the noise levels were either calculated from the procedures
described in the Electric Power Plant Environmental Noise Guide (Edison Electric
Institute (EEl) 1984) using site-specific ratings and specifications, or from
consultants' data collected on other similar projects. The noise methodology
contained in the EEl Guide is derived from extensive measurement programs at a
variety of electric generation facilities.

The acoustic modeling of the facility was performed with standard acoustic
treatment. Inherent in the standard facility design are several noise control
features. These include enclosing significant sources of sound (the combustion
turbines, steam turbine and generators) in sound attenuating enclosures. These
enclosures are designed to reduce emitted sound levels to less than 90 ElBA
immediately adjacent to the enclosure. The gas turbine exhaust sound will be
reduced by the sound absorptive properties of the HRSG, and gas turbine inlets
will include sound absorptive parallel baffle silencers. In addition, facility
orientation and plant layout have been optimized to minimize sound impact at
residential properties.

Table 2 provides a summary of the A-weighted sound levels generated by each
individual piece of equipment used to model facility sound impact.

Figure 2 graphically presents estimated isopleths of facility operational sound
levels in the area surrounding the Project. Table 3 presents estimates of facility
sound levels at the three nearest residential receptors. Appendix A contains
listings of the sound modeling results.
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Sound Source Description

Sound Level
(ElBA)

Cooling Tower (AV II) 8 cell tower 62

Cooling Tower (AV I) 6 cell tower 61

Combustion Turbine Package per CT package 62

Steam Turbine Package per ST package 61

HRSG Stack per stack 59

HRSG Walls per HRSG unit 58

Inlet Air Chillers per chiller unit 55

Transformers NEMA SoundRating'/7 51

Combustion Turbine Inlet per CT air inlet 4]

Location

Approximate Distance and Direction
from Center of Facilit}

Sound Level
(ElBA)

Location R- 1 5,200 feet Northwest 43

Location R-2 6,000 feet West Northwest 41

Location R~3 6,500 feet North 40

TABLE 2
Source Sound Level (ElBA) Ar 400 feet with an Unobstructed View

TABLE 3
Estimates of Facility Sound Levels (ElBA) at Nearest

Residential/Recreational Receptors

The maximum sound level from worst-case operation of the plant is estimated to
be 43 ElBA at the nearest residential receptor that is located northwest of the
facility. This sound level corresponds to a day-night average sound level (Lam) for
a continuously operating facility of 49 dB. Facility sound levels at all other
residential receptors surrounding the Project are expected to be lower. As such,
facility sound impact will be well below the EPA's guidelines for outdoors sound
exposure at all surrounding residences. The low noise levels are attributable to
the large distances between the Project and the receptor points. Despite the
remote location of the site and the strong likelihood that current background
sound levels are quite low, the probability of disturbance from facility sound is
minimal.
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Figure 1

Typical Sound Levels for Common interior and Environmental Sources
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Figure 2

Calculated Estimates of Facility Sound Levels (ElBA)
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Arlington Valley Energy Facility
Mean propagation - SPS AV1 + AVG
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Arlington Valley Energy Facility
Mean propagation - SPS AVI + AVG
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Arlington Valley Energy Facility
Mean propagation - SPS AVI + AVG
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Arlington Valley Energy Facility
Mean propagation - SPS AV1 + AV2
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Arlington Valley Energy Facility
Mean propagation - SPS AVI + AV2
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Arlington Valley Energy Facility
Contribution Spectra - SPS AVI + AVG

§250H2

1dB<A)

l500Hz i1000Hz l2000Hz \4000Hz

idB(A) idB<A) 'dB(A)dB(A)

\8000Hz
i

1dB(A)

l

l

8

1

1

i
4

i

i

E
i

E

E
l

s

I
I

i
I
I

I

I

-55.05
-48.97

17.13 g
-46.00

§
I
I

l 18.91

11.61
11.32 E
20.31 !
20.11 !
28.06 I
27,64 I

8.70 |
26.44
16.76 i
20.76 I
20.49 i

I
I
I

1

l

8
I

i

r

4

F

-54.33
-55.97

-5816
-59.59

I

I

13.79
20.60 r
20.46 Z
6.72 1

x

E
!
fI 3

¥

18.11

-60.40
-57.10
-58.75

i
I

g
iE
E

1
1

F

I

I

i i

l
4

E

1

i

-59.86

11,54
11.23
11.10

26.16 1

25.91

26.80 1

26,55 1

27.78

25.28 E

23.62 ;
24.98 E
23.92 E
22.31
22.08 3

21.07

22.38 1

22.26 I

20.29

22.14 E
18.34 1

19.99 3
19.29 1
1.9.23
18.44
18.21
20.38 3

4.85 '
18.52
18.66
18.27
15.98
17.91

!
3

!
I

E
L

i
|

E

5
1

J

!
I
I I

i 1
l

6.41

I
1
1

!.1
F

-10.39

i

[

l

i
1
1
1

IE
I

\
r

t

I

33.36

33.11

32.60 1

32.35 1

31.63

31.57

30.89

30.87

29.49

27.05 ;

26.85 3

26.78 1

26.78

26.65 1

26.64

26.52

24.48

24.34

23.77 1

23.52

23.46

23.29 1

23.07 1

23.07 1

21.75 1

21.46 !

21.33 1

21.20 1

21.03 1
20.61 1

20.35 i

20.26 1
20.13 E

19.95 1

19.86 1

19.68 3

17.88 1

16.92 1

16.47 1

16.39 2

16.32

16.28 1

16.24 1

16.17

16.09 1

4.25
4.04

13.95
13.73 l
-1.77 g
0.99 f
2.17 E

-0.35
8.12
1.75 i
1,53
6.50 1

-4.56
-4.68 1
0.19 E

-4.79 g
-5.22 1
-5.44 1
-4.56 l
-7.42 1

-10.42 8
-11.12
-11.34 1
-15.10 I
-14.64 8
-15.95 1
_8.34 1

~16.19 !
-11.57 i

-20.55 I

-10.11
-10,34 I
-18.00
-17.71 i
-10.17 1

-23.36

-17.04 1

-8.49 1
~8.56 1

-8.63 1

-16.99

-8.69 1

-8.76

-8.83

I

19.22 E
19.02
23.00 :
22.77 I
11.27 I
15.01 1

13.69 1

14.80 1

14.57 3

16.75

11.48

11.37 6

15.15 E

11.25

9.83 1

9.60 Q

8.63

8.59

8.53
1.93 I

1.70 1

3.93 i

-3.43 1

3.10

4.45 i

2.86 i

3.63 1

-0.61 1

5.94 E

5.70 1

-4.61

-3.56

4.88

4.55 i

-3.91

-0.52

4.48

4.41 .
4.34

-1.37 ;

4.27 1

4.21 1

4.14

27.96 I
27,74 a
26.32 1
26,08 I
15.25 g
21.75 t
25.69 1

20.41 1
23.42 l
17.77
17.54 E
20,80 I
15.90 !
15.78 I
21.78 1
15.67 1
10.80
10.57 1
12.32 I
12.97 E
12.92
7.90
7.67 9

12.81 I
0.54 |

11.95 3
6.07 1

11.71 ,
5.34 1

10.99 :
5.90 .
5.67 I
2.26
5.24 3

11.85 I
11.62 5

6.05 1
-0.07 8
10.85 i
10,78
10.71 i

6.37 1
10.64
10.57 I
10.50 .

30.12
29.86
27.47 4
27.21 E
18.11 g
21.37 3
27.53 ;
21.06 I
24.54 i
18.67 8
18,43 1
21.72 I
21.14 !
21.01 !
22.20 I
20.88 I
14.70 8
14.46 E
15.14 I
17.92
17.86 !

9.81
9.56 I

12.57 i
0.92 8

11.79 i
10.09

l
s.a1 i
8.56 1

5.94 Q
11.75 !
11.51 §

8.62 .
3.92 l

10.00 !
9.92 Q
9.84
8.41
9.75 I
9.69 I
9.51 a

I

14.45 l
14.21 I
15.92 !
15.66 l

13.39 1
13.16 a
15.44 l
12.00 1
11.28
11.20 2
11.13
10.95 i
11.05
10.98
10.91 1

20.33 1

18.80 1

18.52 1

17.96 1

16.96 1

16.89 1

19.92 1

19.64 1

16.94 1

20.15

15.11

16.01

14.83

15.95 1

13.96

15.92 1

15.64 1

16.87 1
16.56 1
13.86 1
13.59 1
11.38 1
12.97 1

7.55 |

7.46 1
7.37

10.91

7.28 1
7.19 1
7.10

-15.52 i
-15.92 8
13.37
13.06 .
20.16 =
22.94 :

-19.71
23.06

8.48
17.22 I
17.35 I

5.32
6.87
6.67 |

-21 .52 3
6.47 1

19.26 I
19.38 I
12.62

1.40
1.29 y

14.42
14.49

6.49
16.01

5.61
4.64
5.06

14.60 I
2.96

14.14
14.51 4

9.49 i
9.00

12.34
12.44 iI
-0.22 i
9.64

-7.79 1
-7.93 l
-8.06
7.53

-8.20 1
-8.33 I
-8.46 l

-43.29 i
-44.06 i
-16.42
~17.16 1

-3.66
3.18 I

-51 .40 3
4.16 i

-24.91 i
-3.45 .
-3.98 F

-28.53 i
-9.06
-9.45

-52.86
-9.84
-4.34
-4.89 I

-12.00 »
-19.83 I
-20.06 !
-10.01 |
_10.59
-19.56

-5.03 4
-18.22 I
-24.15 1
-19.08 !
-13.06
-25.58
-11 .05 1
-11 .58 4
-19.26
-20.26
-10.171
-10.73
-29.59
-19.97 I
-33.46
-33.73
-33.97 1
-19.18 i
-34.23 1
-34.48 l
-34.74 1

AVI West Stack
AVI East Stack
Avt West HRSG W
AVI East HRSG W
AVt ST Generator Comp
AV2 Cooling Tower filet N
AV2 South Stack
AVI Cooling Tower Inlet N
AV2 North HRSG N
AVI West Exhaust Diffuser
AVI East Exhaust Diffuser

lAva South HRSG N
IAvl North Inlet Chiller

AVI Center Inlet Chiller
AV2 North Stack
AVI South Inlet Chiller
AVI West Turbine Comp
AV1 East Turbine Comp

lAva North Exhaust Diffuser
l AV2 West inlet Chiller
'AVG Center Inlet Chiller
[Avi West CT Generator
lAvl East CT Generator
AVI ST Transformer

f AVI Cooling Tower Inlet S
:AVI West CT Transformer
fAvor ST Generator Comp
.Avi East CT Transformer
Avg North Turbine Comp

; AVG ST Transformer
AVI West CT Acc Comp
AVI East CT Acc Comp

;AV2 North CT Generator
: AVG South CT Generator
iAvt West Load Comp
Avi East Load Comp

~Av2 South CT Transformer
;Avg North CT Acc Comp
;AVI Cooling Tower
%AVI Cooling Tower
%Avi Cooling Tower
Avg North Load Comp
Avt Cooling Tower
AVI Cooling Tower
AVI Cooling Tower 3

1
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ldB1000Hz*SumName \63Hzl31Hz

3dBuw

1
i

l

ideAl

125Hz }250Hz l 500Hz
I
J E
d e w \div»p A)

2000Hz 4000HZ

dB(A) idB(A)

i

i

4.02 9

3.97 i

3.92 |
3.86 9

3.79 I

3.74 :
3.68 8

2.44 F

)
I

I
I

I
I
I

I

r i

1
1

10.78 i

10.72
10.67

10.60

10.53

10.47
10.41 4

10.33 3

5.37
5.14 f

6.71 '

6.50
4.67 I

4.43 I
5.37

2.97 9

8.22 i

4.53 l
4.27 '

1.69
1.95 1

1.45 II

15.96

15.91

15.85

15.78

15.71 i
15.65

15.58
15,43 g

15.28 3
15.25 1

13.00 1
12.66

12.09

11.85 1

11.75 i
11.33 !

11.12 Q

10.66 i

10.55

8.60 i
8.14 E

7.55
5.71
1.95 S

i!

-35.17 a

-35.36 1

-35.57

~35.80

-36.04

-36.26 l

-36.49
-36.74 i
-16.24
-16.79 I

-36.75 I

-37.51
-20.54 i

-21 .36 I
-17.09

-25.11 I

-42.05
~44.45

-45.43 I

-31.39 1
-30.41 I

-40.24 I
~33.02 I
-34.05

~40.16 I
-40.92

-46.13

-0.28
-4.29 i
_9.32 4
-8.25 _

_17.31 g

9.48
9.42 .

9.36 '

9.29 '

9.22

9.15

9.09
9.01

-0.27

-0.51

7.36
7.14

6.09 .

5.83

1.43

-3.82

2.55

5.10

4.84

3.01 5
3.27 |

2.87 !

-3.22
_7.32 3

-10.20
-13.73 i

_22.19

-8.69 5
-8.79 i

-8.89
-9.01 .

-9.14 I
-9.25 I
-9.37 1

-9.50 4

13.31
13,42

-7.06

-7.45 l
-9.46 i

-9.75 T

2.92

8.57 .
-10.54 .

-10.96

-11 .45

-15.04

-14.56

-18.80
-7.89
-5.90

-12.95 I

-10.84 l
-11 .94 |

-11 .14

-11.37 1

5.09 '

4.64
6.11 1

5.87

-1.97

-17.38
-4.94 .

2.71 i

2.78 I

0.89

_0.15

-1.55 .
-1.42 1

-6.51 i

-11 .40

-10.88

-27.39 i

-1.86
-2.30
-8.88

6.95 I

6.88 '

6.81 Q
6.73 I

6.64

6.56

6.49 1
6.40 i

8.83 l

8.56
-0.08 8

-0.33 I

-0.87

-1.16

7.69

5.93 9

2.57 I

-2.66 I
-2.98

-4.45
-4.14

-3.17

-2.37
-4.38

-9,41 1

-7.34 |
-14.40 l

-8.94
-8.99
-9.04
_9_10
-9.16
-9.22
-9.28

-12.70
-27.19 I

_-27.41 i
-1.17
-1.54

-10.94
-11.18 1
-13.17 i

-33.98 I

-23.73 9
-3.44 g

-3,45 9
-17.54 i
-17.80 1
-15.64 I
-11 .89 t
_18.97 I
-23.88 l
-24.30
-40.87

10.38 i

10.32 i

10.27

10.21

10.14

10.08

10.02

9.95
-7.17 !

-7.40 I

6.66
6.09

6.13

5.89 I

2.03

-12.68
3.61 .
4.18 e

4.32 '

3.29 i

1.51

0.54
-1.07 I
_8.15 }
-7.04 l

-13.56 1
-26.03 l

AVG Cooling Tower

AV2 Cooling Tower
AVG Cooling Tower

AVG Cooling Tower

AVG Cooling Tower

AV2 Cooling Tower

AVG Cooling Tower

AVG Cooling Tower
AVI West Inlet Plenum

AVI East inlet Plenum

AVI West HRSG E
AVI East HRSG E

AVI West CT Inlet

AVI East CT inlet
AVG Cooling Tower Inlet S

AVG North Inlet Plenum

AVG North CT Transformer

AVG North HRSG S

AVG South HRSG s
Avg South CT Inlet

AV2 North CT Inlet
AVG East Inlet Chiller
AVG South Exhaust Diffuser
AVG South Turbine Comp

AV2 South Load Comp
AV2 South CT Acc Comp

AV2 South inlet Plenum

R2 dB(A)Leq 41.4

5/24/2001
11:22 AM Page 2

Arlington Valley Energy Facility
Contribution Spectra - SPS AVI +AVG

8000Hz

dB(A)

3

I
I

E

!
i

:
1
I

8
x

-59.34

i
I

3
1

5.23 I
-60.78

i
1
!

+

l

-52.32 I
-53.50 l
-1 .53 1

-25.72
-54.81

-28.36 4

-28.87 i

-14.20 1

-2.69

-12.80

-56:69 4

-17.68 E
-13.02 9

-18.08 I
t

|

AVI West Stack

AVI East Stack

AVG Cooling Tower Inlet N
AVI West HRSG W

AV2 South Stack

AVG North HRSG N

AVG South HRSG N

AV2 ST Generator Comp

AVI Cooling Tower Inlet N

AVI ST Generator Comp

AVG North Stack

AVI South Inlet Chiller

AVI West Exhaust Diffuser

Avi North Inlet Chiller

AVI Center Inlet Chiller
IAVl East Exhaust Diffuser

lAva North Exhaust Diffuser

'AVG South Exhaust Diffuser

i

30.63 I

30.31 ,

30.26 !

29.97 1
29.95 2
29.24 :

29.15

29.00 :
28.71 ;

28.62 ;

25.75 3

2496

24.14

24,02 I

23.98 E
23.81 i

23.22 .

23.08

1.95 Q

1.67 !

-0.08 9
11.55 4

1.35 1

10.89 1

10.79 1

_8.61

-2.12

-3.94 ;

-0.76

-7.05 Z

-0.75 1

-6.98

-7.02 ?

-1.04 8

_1.56 1

-1.68 1

16.90 1

16.62 9
13,92 i
20.56 1
16.30 1

19.89

19.78 1

11.89 1~

9.06 1

14.19 1

10.00 i

12.25 I
9.03
9.00

11.96 !

11 .44

11.31 1

25.45

25.15

20.76 I

23.88 i
24.82 !
23.20 1
23.12 4

11.68

18.73 4

13,11 i

20.94 :

14.38 i

15.30 x

13.41 3

13.37 I

15.02 l

14.53
14.41 8

27.26 E

26.92

20.30
24.78

26.54

24.03 i

23.94 .

16.34 1

19.26 I

15.80 E

21.30 i

19.35 1

16.00 4

18.40 i

18.36 I
15.70

15.15

15.02

23.35 E
23.01 i
24.24 1
24.21 I
22.64 1

23.49
23.39 8
26.06 4
23.21 1
25.52
19.36 i
20.71 8
19.72 I
19.76 E

19.72 1
19.42
18.88 8
18.75

8.39 1
7.99 |

26.28 1

16,94

7.54 4
16.08 !

15.93 1

24.77 1
24.24 9

24.39

5.52

18.43 g
17.63 E

17.52 !

17.48 i

17.26 1
16.59 1

16.43

-20.17 =

-20.77 1

20.72 ;

8.42

-21 .42

7.10

6.87 |

14.66 l

19.65 1

14.73 1

-23.40 1

3.04

12.12

2.27 1

2.20 1

11.54 1

10.49 1

10.23 1

-18.22
-14.19

-16.35 1

-16.88 l
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Name

i

I

iI
i
i
i

I
r

1

i

!*Sum

i

I
I

I

3

1

I

E

Arlington Valley Energy Facility
Contribution Spectra - SPS AV1 + AV2

20.70

[31Hz

ABrA)

_18.98

-8.12 1
-8.22 1
-8.30 E
-7.75 5
4.56 !

-8.03 s
-13.72 l

-8.58 l
-17.24 i

-8.70 :

-14.01 1
-14.66 3
-14.78
-18.59 I

dB(A)

!s3Hz

7.88

I

idB(A)

{

g

4

125Hz

8.30

1250H2
1
I
I

dB(A)

17.14
17.04 i
16.94
12.00 !
15.34
11.70 :

7.04 3
11.13
10.35
11.00

6.73
6.05
5.92
8.92

E

[500Hz

1
i

id3(A)

1

I

I

dB(A)

%1000Hz l 2o00Hz l4000Hz §8000Hz
| '
1 | i
ld6(A> dB(A) dBl)

F

-0.03 &
-0.23 i
-0.41 I
14,13 i
-3.19 l
13.55 i

9.19 s
12.45 I

1.25
12.19
8.61 8

1
I

!I

E
I

E

i

i

i

I

l.I
II
I
I|

-23.73 E

-12.68 !

-12.73 E

-12.98 5

-22.67 E

-13.02

-13.59 8

-13.70

I
9.81 E

i

E
I!
I
E
4
I

I

I
I

I

I

i

8.25

e
8.12 I
8.04
8.01
7.93 1i

I

i
1

I

I

I

E

i
!

5

l

!
1

1

1
i
E

i.

lAVa West Inlet Chiller
AVG Center Inlet Chiller
AV2 East inlet chiller
Avi West Turbine Comp
AVI East HRSG W
AVI East Turbine Comp
AVI West CT Generator
AVG North Turbine Comp
AVI ST Transformer
AVG South Turbine Comp
AVI East CT Generator
AVG North CT Generator
AV2 South CT Generator
AVI West CT Transformer
AVI East CT Transformer
AV2 North CT Transformer
AVI West CT Acc Comp
AVI West Load Comp
AVI East CT Acc Comp

lAva ST Transformer
AVI East Load Comp
AV2 North CT Acc Comp
AVG South CT Acc Comp
AVG North Load Comp
AVG South Load Comp

lAva West HRSG E
AV2 Cooling Tower
AV2 Cooling Tower
AVI Cooling Tower
AV2 Cooling Tower
AVI Cooling Tower
AV2 Cooling Tower
AVI Cooling Tower

1 AV2 Cooling Tower
AVI Cooling Tower

;AVG Cooling Tower
jAvl Cooling Tower
~Av2 Cooling Tower
'Avi Cooling Tower
@Av2 Cooling Tower
2 AV1 West inlet Plenum
lAva East Inlet Plenum
;AV2 Cooling Tower inlet S
§Av1 East HRSG E
3 Av2 North Inlet Plenum
AVG North HRSG s

1
a
11

22.72 1

22.61 1

22.52 1

21.07

20.73

20.08 1
20.00 1

19.90 1

19.84
19.72 1

18.93 1

18.78 1

18.50 I

18.18 1
17.13 I

17.05 1
16.72 I

16.67 E
16.40 g
16.38 1

15.89

15.74 I

15.65

15.52 l

14.83
14.75 1
14.64 1
14.62 1

14.54 1

14.50 1
14.43 1
14.39 1

14.32 1

14.29 1
14.22 1

14.18 1

14.11 5

14.07 1

14.00 1

11.05 1

10.59 1

10.30 1

10.07

9.66
9.60

-13.63
-13.74 I

-3.75
-10.05
-10.90 !
-10,16 I
-11 .04 1
-11 .83
-1 1 .18 l
-12.03 3
-11 .66 i
-12.38
-1 1.80
~12.40
-11 .62

-12.58 1
-12.07 \
-29.74 8
-30.02 3
-14.37 8

-3.92 .
-30.60 ;

_4.44 }

7.78 E
7.69 E

7.25
12.70 :

6.97 |
-0.71 .
6.42 I
1.76 I
6.29 i

-1.01 i
-1.66 I
-1.79 g
0.32 I
0.02

-3.45 I
3.33 I
2.28 I
3.03

-3.75 I
1.98 !

2.41 I
2.29 '
1.37 I
1.25
6.69 I
2.90 I
2.60 I
2.78 I
2.71 I
2.67
2.60 I
2.67 I
2.50 I
2.47 I
2.40 I
2.36 g
2.30 I
2.26 I
2.20 i

-13.73 .
-14.02 I

-3.18
2.24

-14.61 I

1.69 I

12.27 I
12.18 I

12.09 1

15.31 !
8.03 i
5.33 !
7.51 !

10,75 1
7.39 i
5.05 !
4.44
4.32 1
9.27
8.99
8.10 .
3.37 .
9.32 !
3.08 I
5.13
9.04
2.50 2
2.39 9
8.46 8
8.35 i
8.97 I
9.28 !
9.17 I
9.15 8
9.08
9.04 I
8.98 1
8.95 I
8.88 i
8.85 g
8.79 1
8.75
8.89 i

8.65 i
8.59 I

-9.69 E
-9.95
0.90
3.82 !

-10.51 i
3.19 E

8.61
7.64 !
6.08 !
9.02 3
5.76
7.46 E
8.72 i
5.12 I
5.00 i
8.08 ;
7.96 :
9.41 .

8.14

7.90
7.82
7.79
7.72
7.68
7.62
7.57
7.51

-2.98
-3.29
0.21
4.38
-3.89
4.02

>
E

I
i

18.52 !
18.42 i
18.33 E
15.73 E
13.87 r
15.43 3
15.76
14.86
17.16
14.73 i

15.45 1
14,78 l
14.65
15.73
15,43
14.46
11.80 I
10.74 I
11.49 i
14.04 9
10.44 i
10.85 I
10.78 l

9.69 I
8.50
9.57
9.47 I
9.45 !
9.37 1
9.33 I
9.26
9.23
9.15
9.12
9.05 \

8.94 1
8.90
8.83 1
2.74 1
2.44 5
4.17 1
3.83 i
1.83 5
3.48 1

16.03 1
15.90 1
15.79 1
15.64 1

5.90
15.27
16.68 !
14.56 i
13.04 3
14.40
16.30
15.46
15.30
11.74
11.37
10.15 1
12.73 1
10.66
12.34

9.35
10.29
11.55 1
11.40 1

9.50
9.35
1.34
5.47
5.35
5.32
5.22
5.18
5.09
5.04
4.95
4.91
4.83
4.78
4.69

4.64
4.55 1
5.55 1
5.28
6.20 1

-3.52 i
4.53 1
-3.94 1

7.29
7.03
0.35

-0.24
-2.15 1
9.27 i
7.18 1
8.67 1

_3.51 1
6.58 1
7.43 1
7.19
5.35
5.11

-5.61 1
~10.89 1
-11 .08 I
-11 .11
-11.26
-11.33
-11.47
-11.53
-11.68 I
-11 .74 .
-11 .87 i
-1 1.94
-12.07

-12.15
-12.28 1

8.15 1
7.58 1
0.59 1

-12.28 1
6.39 1

-12.94 1

-22.75 %
-23.16
-23.51 |
-13.99 !
-38;10 E
-15.16 3
_19.87 8
-17.43 I
-28.68 \
-17.96
-21.06 =
-23.77 2
-24.29
-28.44
~29.64
-33.56
-20.71 I
-19.93 1
_21.93 I
-35.66
_21.11 .
.24_48 i
-24.96
-23.64
-24.13
-40.59
-39.49 1
-39.87 I
-39.95 I
-40.24 i
-40.38
-40.66
-40.79
-41.08
-41.20
-41.46 i
-41 .62 I
_41_87 I

442.03 !
-42.29
-25.95 1
-27.12
-21.79
-47,13
~29.54 3
-48.46 1

a
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EXHIBIT J
SPECIAL FACTORS

Prior to constructing AVEF I, Duke conducted an extensive public involvement program to
introduce Duke and the project to the community. Subsequently, the community has been notified
of Duke's plans to expand its Arlington Valley Energy Facility (AVEF ll) (see Notice at Exhibit J-1).
Elected officials and community leaders have indicated their support for the AVEF ll as
demonstrated in the letters attached at Exhibit J-2.

Duke has made significant investments in the community and has continued its public
involvement as AVEF I is being built. A list of Duke charitable contributions to the community is
attached as Exhibit J-3.

In December 1999, Duke commissioned a study showing the fiscal and economic benefits to the
community of AVEF I. In June 2001, Duke commissioned an update of that study to include the
additional fiscal and economic benefits of AVEF ll. A copy of the original study and the June 2001
update is attached as Exhibit J-4.

J-1 July, 2001



EXHIBIT J-1

COMMUNITY NOTICE LETTERS



- Duke
rEnergy®

Arlington Valley Energy

Duke Energy Maricopa, LLC
P.O. Box 26
Arlington, Arizona 85322
623/327-1314 OFFICE
623/327-1315 FAX

June, 2001

Dear Neighbor,

Let me begin with saying that with each passing month Duke Energy North
America and the Kellam family in particular, are reminded how pleased we are that we
chose to locate in Arizona. The community has been very supportive and we hope that
you feel we have responded in kind.

Since the last letter to the community, we have had several positive developments
regarding the progress of our Arlington Valley Energy project.

First of all, construction continues on schedule and activity has increased recently.
We now have approximately 150 workers on site, and the number will continue to grow
to a peak of 600 this fall. Two construction milestones are coming up shortly. In the next
few weeks you will be able to see steel erected as the plant begins to go up from the
foundation work we have been doing. Also, specialized transport will begin to deliver the
heavy components for the plant. These include the gas and steam turbines and the steam
boiler.

Secondly, our very positive experience in Arizona has prompted us to commit to
an expansion of the capacity of the Arlington facility. The critical power needs of
metropolitan Phoenix, and the west in general will remain for some time, Duke has the
ability to construct and deliver additional power quickly. For those reasons and others,
expanding the capacity of Arlington Valley Energy seems to be the right thing to do. Our
current construction will be able~to provide 570 MW of power in the summer of 2002.
The expansion will double the overall output and we plan to have it all on-line by the
summer of 2003. This additional construction, we believe, will further enhance the
economy in Arizona with additional jobs and investment and at the same time, insure that
there is sufficient power produced in Arizona for future needs.

Finally, we are pleased to announce that Arlington Valley Energy now has its own
website dedicated to providing the community with up-to-date news and information
about Duke Energy and Arlington Valley in particular. We invite you to visit the site and
check it in the future for progress reports and photos of construction and our re-
vegetation project with the University of Arizona. The address is:

http://dena.duke-energv.com//arlington/

In closing, let me just restate that my wife Kathy and I are proud to be your
neighbors and I hope that you will contact me with any questions or comments you may
have regarding the Arlington Energy project.

Sincerely,

Rufus Kellam
Director
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SUPPORT LETTERS



Buckeye Union High School District No. 201
902 Eaton Avenue

Buckeye, Arizona 85326
Phone 623-386~4423 Fax 623-386-9705

Mr, Many Arambcl
Govcming Board Member

Mr, Phillip Echcverria
Govcming Board Member

Mrs. Jeanine Guy
Governing Board Member

Mr. Jerry Kerr
G<>vcming Board Member

Mr. Gary May field
Govcming Board Member

June 21, 2001

Many Rose Wilcox
Maricopa County Board of Supervisors
301 WQ Jefferson
Phoenix, AZ 85003

Dear Supervisor Wilcox,

It is my understanding that Duke Energy is seeking approval from Maricopa County to
expand their generating facility in Weston Maricopa County, i.e., Arlington, Arizona.

Buckeye Union High School District receives students from the three Elementary
School Districts surrounding the Duke plant. Serving a composite community as we do, we
have a partnership interest in a good neighbor policy for the whole of Buckeye Valley.

\Vhcn Duke Energy first aniseed, they confidently announced that they would be good
neighbors, keep us informed, and try to respond to our coners and community needs.
Even before they had even tiled a permit application, company personnel made a genuine
and credible effort to communicate with and support our communities. They also said they
would be "straight" with us. Well, not all of us believed them.

It is my pleasure to report that this company has been true to its word. In parlicular,
Rufus Kellam, the Project Director for Duke, has been very active in the communities.

While their first phase is still under construction, based on their record so far, I would
like to voice support for their expansion. I believe the power plant and its employees are,
and will continue to be, an asset to the Buckeye Valley.

Sincerely,

» e.Q-~-"*~

Dr. Henry E. Schmitt
Superintendent

L.-J

HEs/ph

DI' Hcn4'y Schmlu
Supcrintcndcn:

Dr Danny Hernandez
Prxnclpal

Ms. Mary Ann Sphar
Assiscanr Principal

Mrs. Marque! L Wheeler
Business Manager



Ruth Fisher School District #90
38201 West Indian School Road

Tonopah, AZ 85354

Phone 623-386-5688
Fax 623-386-3364

June 20, 2001

Honorable, Mary Rose Wilcox
301 W. Jefferson 10th floor
Phoenix, Arizona 85003

Dear Supervisor Wilcox:

Let me begin by thanking you for the representation and support you have given the Tonopah
Community as a member of the Board of Supervisors. Your commitment to the entire district is
greatly appreciated.

It is my understanding that Duke Energy of the Arlington Valley is applying for expansion of
their electrical generating plant. To that end, I feel that Duke's track record in support of Ruth
Fisher School and the Tonopah Community should be noted. I find it very refreshing to work
with a company who is committed to the connation of a lasting partnership. As you are aware,
rural Western Maricopa County has not had the luxury of many opportunities to establish
worldng partnerships with industry. Duke has "Stepped up to the plate". Our school has, in a
short time , reaped the benefits of a good neighbor.

Duke has contributed in excess of $15,000 over two years in fording a teacher vanpool, which
has made the recruitment and retention of teachers much easier. They have also provided several
pieces of equipment to assist us in exposing our students to new technology.

Sincerely,

I

,f »
moen lm

SupéHntendent /

`-`___,»"

Cc:Rip Wilson, SRW Consulting



0faawcc
205 ROOSEVELT AVENUE
p.o. BOX 1728
EUCKEYE, ARIZONA 85a2e~o1 ao
FH: (823) 386.21 as
FAX (823) 388-7789

July 10, 2001

Arizona Corporation Commission
Commissioner Jim Irvin
1200 West Washington
Phoenix, Arizona 85007

Re' Duke Ever Arlington Facility
Arlingtgrf/kyizona

Dear Commisé her Irvin:

We have beef notified that Duke Energy is planning on expanding their Arlington Plant.
This letter is in complete support of Duke's planned expansion. Since Duke has arrived
in this community, they have joined in community affairs both as individuals and as
financial Corporate sponsors. They have made every effort to keep our communities
informed as to dleir plans and have bent over backwards in order to be a "good
neighbor."

They are very conscience of the environment and their technology is state of the art.
They are in the process of planting the 2000 acres of prior farmland back into its original
desert landscape.

Again we are in complete support oflDuke Energy, Max Shilstone and Rufus Kellam. I
stand ready to stand up and speak on behalf of my community,

Sincerely

l »

1

Jae
.

'I5ck.Genct§ TalIT5Qér

8

•

l



EXHIBIT J-3

CHARITABLE CONTRIBUTIONS



CHAMBERS OF COMMERCE
Arizona Chamber of Commerce Table Sponsorship
Arizona Chamber of Commerce Senatorial Sponsorship
Arizona Chamber of Commerce Annual Membership Dues
Arizona Chamber of Commerce The Classic Golf Tournament
Arizona Hispanic Chamber of Commerce Table Sponsorship
Buckeye Valley Chamber of Commerce Rodeo Ticket Sponsorship
Buckeye Valley Chamber of Commerce Bluegrass Sponsorship
Buckeye Valley Chamber of Commerce Demolition Derby Sponsorship
Buckeye Valley Chamber of Commerce Chamber Luncheon Dues
Buckeye Valley Chamber of Commerce Annual Sweat Golf Tournament
Greater Phoenix Chamber of Commerce Annual Membership Dues
Phoenix Chamber of Commerce Fundraising Event Contribution
Tonopah Valley Association Community Fireworks Display

SCHOOLS
Arlington Elementary School Desks and Chairs
Arlington Elementary School New Computer Lab
Buckeye Union High School Music Program Donation
Buckeye Union High School Student EyeGlass Fundraiser
Buckeye Union High School Band Booster - Uniforms
Ruth Fisher Elementary School Van Pool Project
Ruth Fisher Elementary School Van Pool Project

FIREAND POLICE DEPARTMENTS
Avondale Professional Firefighters Sponsorship 2001 World Police and Fire Games
Buckeye Valley Fire Department Fire Suppression Agreement
Buckeye Valley Fire Department Buckeye Pioneer Days-Parade Candy
Buckeye Valley Fire Department Parade Candy
Buckeye Valley Fire Department Computer Upgrades for New Software for Dispatch
Tonopah Valley Fire District Contribution

COMMUNITY
Arizona Order of Women s Legislators Table Sponsorship
Avondale-Goodyear Hispanic Forum Scholarship Sponsorship
Avondale-Goodyear Hispanic Forum Contribution
Also Region 225 Far West Classic Field Sponsorship
Buckeye Elks Lodge Golf Tee Sponsorship
Buckeye Lions Club Family Crisis Center
Buckeye Valley Public Library Friends of the Library Sponsorship
The Nature Conservancy-Arizona Chapter Corporate Council Membership Dues
Society of St. Vincent De Paul School Clothes for Arlington School Children
st. Henry's Church Needy Families
United We Win United We Win Golf Tournament
Valley Citizens League California Electrical Crisis

MAJOR GIFTS
Buckeye Union High School Construction of All Weather Track

EXHIBIT J-3
CHARITABLE CONTRIBUTIONS SUMMARY
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Buckeye Union High School District No. 201
902 Eaton Avenue

Buckeye, Arizona 85326
Phone 623-386-4423 Fax 623-386-9705

Mr. Many Axsmbcl
Govcming Bam! Member

Mr. Phillip R. Erlhcvcrria
GqvcmingBoardMember

Mrs. Jeanine Guy
Govcmmg Baan! Member

Mr. lorry Karr
Guvcmfflg Board Member

Mr. Gary Mayrkld
Goweming Board Mcrnbcr

July 2, 2001

Rufus D. Kcllam. Director
Due, Energy
Arlington Valley Project
Duke Energy Maricopa, LLD
P.O. Box 26
Arlington, Az s5322

l

Dear Mr. Kcllamz

Your call no con5:~nn Duke Energy's gencxom donation of $170,000.00 for the all~wea1h» :r track Ar Buckeye Union High

School rcpracurs a hallxozu-k contdbudon in the storied history oftbc District. Indeed, Duke Energy is a gold metal

Cuwparare Neighbor!

This bountiful contribution will make it possible for the District to immediately commence au the consrsudon of the all-
weathu- track. With Rh: collection of $89,000.00 6-om various prior donors. the addidonad $170,000.00 will ensure a
stare-of-dxc~art back for our high school scholar/athlcxcs coupled will use by our feeds: schools, public agencies and our
community. R is cncuemely timely as mc District is rebuilding '15 percent otlBuck=yc Union High School with an
anricipard completion date oflunc 2003.

Consistent With our earlier conversation, this lena' will save asan invoice for receipt of the 8170.09.00 which will be
made in two payments ofS85,000.00. The Ent installment will he received bathe District on July 15. 2001, and the

second installmeintvnll be received by the District on December 15. 2001. Please issue the cheeks to: Buckeye Union
I-Hgh School Disk-ict No. 201 with a memo (i.c., notation) for the BUHS All-Weather Track. Upon receipt of the Erst
installment the District will commence immediately on the architectural, civil engineering and invitation to bid for the
and; om cri t ical path we is to have the track completed for the zo01- 02 season. This is a v==v aggressive timeline.

i Under your leadership Rufus. Duke Energy, has established a bonaidc school/corporate partnership ha! will impact the
Buckeye Valley for gcrxnrarions to wma. You have been ow: to your word. You are the shining slzr'

'RECEIVED
Rcspectfizlly, »

82- C1-* € '§ , ,J_ . :wc
Dr. Henry E. Scbxnlirr
Supczinltudnu ofEducation

JUL u z sum
I

Buckeye Union High School Governing Board . o

44.9 SnergY
8\ ,

Marx<:°°°`

Dr. Henry Schmo
Superinxendenz

Mr. Danny Hcmandcz
Principal

MsMary Ann Sphar
Assistant Principal

Mrs. Marque! L Wheeler
Business Manger

r
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Economic and Real Estate Consulting

June 25, 2001

Mr. H. Max Shilstone
Duke Energy
5400 Westheimer
Houston, TX 77056

Re: Economic Impact of Arlington Valley Generating Facility Expansion

Dear Mr. Shilstonez

This firm prepared an economic and fiscal impact report for Duke Energy in December 1999
concerning the proposed construction of an electrical generating facility in the Arlington Valley
area of Maricopa County. We understand Duke Energy intends to expand that generating facility
by doubling its size, i.e. constructing a second plant that is similar to the first. The purpose of
this letter is to outline the expected additional economic and fiscal impacts that may result due to
the expansion. Our original report has been used as the basis for estimating the expected impact
of a second generating facility.

If the assumptions of our original report still apply, the second generating facility would be
expected to create approximately the same impact as the original generating plant. The
economic impact of a particular facility or land use is typically proportional to the spending and
employment associated with that facility or use. In other words, if Duke Energy's investment in
a generating facility doubles, the economic impact would be expected to double as well.

In our December 1999 report, we assumed that the initial investment by Duke Energy would be
$250 million, with local construction spending estimated at $67 million. The operation of the
facility was expected to generate 25 full-time jobs.

I

We understand that the expansion of the site will require a similar investment by Duke Energy of
$250 million and that the local construction cost occurring in Maricopa County will be similar to
the original $67 million. The total investment in the generating plant is important since it
establishes the market value for the site for property tax purposes. The plant is then depreciated
over 30 years, straight-line. The only difference between the impact of the original plant and the
second, additional facility is that number of full-time jobs required to operate second plant is 10,
making a total of 35 jobs for the entire expanded generating site. The economic impact of the
second facility's operations is, therefore, only 40% as large as the operation of the original
generating plant.

Elliott D. Pollack & company
7505 East 6"' Avenue. Suite 100 Scottsdale. Arizona 85251 s PH 480.4"3.9200 ** FAX 480.423.5942

www.adzonacconomy.com
PolIacklkqcdpco.com



Average Annual Economic Impact
Duke Energy Electric Generating Facility Addition

(in Inflated Dollars)

OperationszConstruction'
Local Economic Output

Direct output
Indirect output

$1 .551 ,000
$598.000

$33,500,000
$28,225,000
$61 ,725,000Total output $2,149.000

10

17

Employment
Direct jobs
Indirect jobs

298
345

Total jobs 643 27

Wages $22,718,000 $739,800

Population
Population supported by project
Households supported by project

1,512
577

63
24

'Annual total for each year of two year construction pen'od.

Average annual impact from 2003 - 2010.

Sources: IMPLAN; Duke Energy; Elliott D, Pollack & Co.

Average Annual Operations Economic Impact
Duke Energy Expanded Electric Generating Site

(in inflated Dollars)

Operations'
Local Economic Output

Direct output
Indirect output

$5,428,000
$2,094.000

Total output 57,522,000

Employment
Direct jobs
Indirect jobs

35
59

Total jobs 94

Wages $2,589,300

222
85

Population
Population supported by project
Households supported by project

'Average annual impact over first eight years of operation.

Sources: IMPLAN, Duke Energy: Elliott D. Pollack & Co

Given the above assumptions, the additional generating facility would yield approximately $62
million annually in economic activity in Maricopa County over its two-year construction
schedule and an average of $2.1 million annually in economic activity over the first eight years
of its operation. The following table summarizes those impacts.

The impact of the combined operations of the original and second generating facility is shown on
the following table. The site will create an average of $7.5 million in economic activity annually
in Maricopa County over the first eight years of combined operations. A total of 94 jobs (35
direct and 59 indirect jobs) will be created by the generating site with wages of nearly $2.6
million. The construction of both generating facilities results in the injection of $134 million in
direct spending in the Maricopa County economy over the four years required to construct the
two plants, resulting in $247 million in total direct and indirect economic activity.

2



The fiscal impact of the second generating facility on city, county and state taxing authorities
will only be slightly smaller than the original. Most of the fiscal impact of the generating facility
is associated with property taxes levied on the capital investment in the facility and sales taxes
levied on fuel consumption. The fiscal impact of the additional facility will be essentially the
same as the original, if it has the same value and consumes similar amounts of natural gas. The
annual operating impact of the second facility is projected to be about 2% lower than the original
plant due to the lower employment level at the second facility.

As noted in the earlier impact report, Duke Energy's investment will have a significant impact on
the assessed value and property tax rates of local school districts. The expanded site with the
two generating facilities will have an assessed value greater than the current value of the entire
Buckeye Union High School District. This should lead to significant reductions in property tax
rates for local property owners once the facilities are added to the tax rolls.

If you should have any questions or comments about the information contained in the letter,
please do not hesitate to contact us. We appreciate the opportunity to consult with you on your
expansion plans.

Sincerely,

I8/xrUaf' 42
Richard C. Merritt, AICP
Senior Vice President

cc: Tom Campbell
Ed Bull

r
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Economic and Fiscal Impact
of

Duke Energy's Electric Generating Station
Arlington, Arizona

1.0 Executive Summary

Elliott D. Pollack and Company has been retained by Duke Energy to analyze the
economic and fiscal impact of a proposed $250 million electric generating station to be
located in a rural area southwest of the Town of Buckeye known as Arlington Valley.
The plant will use natural gas as its primary fuel and will require a substantial quantity of
water to generate steam. Approximately 2,800 acres of land will be purchased to provide
a site for the plant and the water rights necessary to operate the facility. Construction is
expected to start in February 2001, with completion slated for July 2002. The operation
of the plant will generate 25 jobs.

While the investment by Duke Energy is estimated at $250 million, the local construction
cost is estimated at about $67 million. Most of the cost of the generating station is
associated with the purchase of gas and steam turbines that will be manufactured out of
state.

The proposed Duke Energy electric generating station will be located in the Arlington
Elementary and Buckeye Union High School Districts. Arlington Elementary
(ldndergarten through eighth grade) is a small district of approximately 155 students
who are fed to the Buckeye Union District for secondary education. Buckeye Union
has slightly over 1,000 students and serves a wide meal area of southwest Maricopa
County.

This report will evaluate both the economic and fiscal effects of the proposed generating
station. Economic impact analysis examines the regional implications of an activity in
terms of three basic measures: sales or output, earnings and job creation. Fiscal impact
analysis, on the other hand, evaluates the public revenues and costs created by a
particular activity. In fiscal impact analysis, the primary revenue sources of a city,
county or state are analyzed to determine how the activity may financially affect them. In
addition, this report will evaluate the impact of the generating station on the Arlington
Elementary and Buckeye Union High School Districts.

1.1 Economic Impact Summary

The economic impact of the Duke Energy generating station is substantial, resulting in
the creation of nearly 643 total direct and indirect jobs annually during the two year
construction period and 67 total direct arid indirect jobs yearly during its operation.
Local economic output during construction is $61 .7 million annually and about $5

1



Table 1
A v e r a g e  A n n u a l  E c o n o m i c  I m p a c t

D u k e  E n e r g y  E l e c t r i c  G e n e r a t i n g  S t a t i o n
(in Inflated Dollars)

OperationszConstruction'

$3,877,000
$1 ,496,000

Local Economic Output
Direct output
Indirect output

533,500,000
328,225,000

$5,373,000$61 ,725,000Total output

25
42

298
345

Employment
Direct jobs
Indirect lobs
Total jobs 643 67

$1,849,500$22,718,000Wages

158
60

1.512
577

Population
Population supported by project
Households sup Ned by project

'Annual total for each year of two year construction period.
Average annual impact from 2003 - 2010.

|u s: IMPLAN, Duke Energy, Elliott D. Pollad< & Co.

million per year thereafter. The project supports 577 households during construction and
60 households while in operation.

1.2 Fiscal Impact Summary

One of the major benefits of the generating station is the increase in the assessed value of
the County and other taxing districts within which the plant is located. The projected
assessed value of the generating station and land, when first placed in operation and
before deducting depreciation, is $62 million. This represents approximately 0.3% of the
total $18 billion 1999 assessed value of the County, a fairly significant figure given the
size of the metro area. A project of this magnitude is equivalent to a new regional
shopping mall or large manufacturing plant from the standpoint of property tax revenue,
even though the plant's value will slowly decline over the years as it is depreciated.

T h e  e l e c t r i c  g e n e ra t i n g  s t a t i o n  p ro d u ce s  s i g n i f i ca n t  p o s i t i ve  e f f e c t s  f o r  t h e  S t a t e  o f
A r i z o n a  a n d  M a r i c o p a  C o u n t y  t o t a l i n g  n e a r l y  $ 4 5  m i l l i o n  d o l l a r s  b e t w e e n  2 0 0 1  a n d
2 0 1 0 .  T h e  m a j o r i t y  o f  t h e  r e v e n u e ,  6 2 % ,  a c c r u e s  t o  t h e  S t a t e ,  b u t  M a r i c o p a  C o u n t y  a n d
i t s  t a x i n g  d i s t r i c t s  a l s o  r e c e i v e  $ 1 6 . 7  m i l l i o n .  T h e  t a x a t i o n  o f  r e a l  p r o p e r t y ,  c o n s t r u c t i o n
c o n t ra c t s  a n d  n a t u ra l  g a s  c o n s u m p t i o n  a c c o u n t s  f o r  a b o u t  9 0 %  o f  t h e  r e v e n u e .  I m p a c t s
re s u l t i n g  f r o m  t h e  s p e n d i n g  o f  w o rk e r s  s u p p o r t e d  b y  t h e  p l a n t  c o n t r i b u t e  a n o t h e r  $ 4 . 5
m i l l i o n  o v e r  t h e  1 0  y e a r s .  D u r i n g  c o n s t r u c t i o n  o f  t h e  p l a n t ,  a p p r o x i m a t e l y  $ 5 . 8  m i l l i o n
a c c r u e s  t o  g o v e n n n e n t a l  e n t i t i e s .  A f t e r  c o m p l e t i o n  o f  t h e  g e n e r a t i n g  s t a t i o n ,  t o t a l
r e v e n u e s  r e a c h  $ 5  m i l l i o n  a n n u a l l y .

2
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Distribution of Revenues
From Duke Energy Electric Generating Station

2001 - 2010
Sources:Duke Energy, IMPLAN,AZ Dept. o(Revenue,
MaricopaCounty Assessor, Elliott D. Pollack & Co.

Local Government
1%

$0.6 million
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37%
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Sale d Arizona
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1.3 Impact on School Districts

A large capital investment such as that proposed by Duke Energy will have a significant
impact on the assessed value and tax rates of a school district. With the high assessment
ratio of 25% for utility companies, the financing of schools is transferred in many
respects Nom local residents to private business. When the plant is completed and added
to the tax rolls in 2004, its estimated assessed value will be $62 million. Comparatively,
this represents 125% of Arlington Elementary's 1999 primary assessed value and 57% of
Buckeye Union's 1999 value;

Charla

Comparison of Primary Assessed Values
Arlington Elementary District, Buckeye Union H. S. District, Duke

Generating Station
Sources: AZ Dept. d Revenue, Maricopa County Asssssof, Elliott D. Pollack 8 Co.
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Duke Energy's investment in the generating station produces a large boost in the assessed
valuation of both the Arlington Elementary and Buckeye Union Districts. The projected
primary assessed value begins to climb in 2003 with the construction of the plant (there's
a two year time lag between construction and the recording of the generating station on
the tax rolls). By 2004, the full effect of the plant On assessed values is realized.

chm:
Projected Primary Assessed Values

Arlington Elementary and Buckeye Union School Districts
Sources:AZ Dept. of Revenue, Maricopa County Assessor,Elliott D, Pollack a Co.
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As a result, the primary and secondary tax rate for both Arlington Elementary and
Buckeye Union should experience significant decreases. For instance, Arlington
Elementary's primary rate should drop by about 63% between 1999 and 2004 when the
plant is completed. The rate is projected to decline &om the current $22040 to $0.8187,
assuming that the school district's revenues needs increase at 3% per year from their
current level.

Likewise, Buckeye Union's primary rate is projected to decline by 30% between 1999
and 2004 if revenue needs grow by 3% per year. The primary tax rate falls from $21337
in 1999 to a projected $L4880 in 2004. Similar decreases in the secondary tax rate will
also occur.

Individual property owners should see a 46% decline in school district property taxes
between 1999 and 2004 as a result of the construction of the electric generating station.
The typical annual savings range from $95 for a 40 acre vacant parcel to $421 for a 160
acre agricultural parcel. While these savings seem small for each property owner, the
effect across both the Arlington Elementary and Buckeye Union Districts is substantial.
Based on the projected future assessed values for the plant and expected property tax

4



Table 2

Estimated Annual School district Property Tax Savings
Resulting From Duke Energy Electric Generating Station

Prove type
Residence on

1 acre lot
40 acre

vacant parcel
160 acre parcel

in agriculture
Market value
Assessed value

$70,000
$7,000

$23,280
$3,725

$103,200
$16,512

1999 combined school property tax'
Projected 2004 combined school property taxi

$282
$153

$206
$111

$914
$493

Tax savings
Percentage tax decrease

$129
45.7%

$95
46.0%

$421
46.0%

'Combined Arlington Elementary and Buckeye Union tax rate of $5.5364, reduced homeowner rate of $4.0341.

Projected combined rate of $2.9887, reduced homeowner rate of $2.1899.

Note: Tax calculations do not include County or special district property taxes.

Sources: AZ Dept. of Revenue, Maricopa County Assessor, Elliot o. Pollack & co.

rates, Duke Energy will be absorbing over $1 .8 million in school district property taxes
each year, once the plant is in service. These are expenses that previously accrued to all
other property owners located within the school distnlcts.

5



2.0 Methodology and Sources

This report will describe the projected economic and fiscal impact of the construction and
operation of a privately-owned electric generating station on metro Phoenix. Economic
impact analysis examines the regional implications of an activity in terms of three basic
measures: sales or output, earnings and job creation. Fiscal impact analysis, on the other
hand, evaluates the public revenues and costs created by a particular activity. In fiscal
impact analysis, the primary revenue sources of a city, county or state are analyzed to
determine how the activity may financially affect them.

This study will focus on the benefits that would accrue to the State of Arizona, Maricopa
County, and the Arlington Elementary and Buckeye Union High School Districts from
the construction of the Duke Energy electrical generating station. The site of the plant is
not located within an incorporated area, so the effect on local municipalities will be
negligible. The analysis assumes that the current tax structure of the State and County
would continue at cturent rates into the future. The impact on the school districts will be
evaluated from the standpoint of increased assessed valuation and potential effect on
property tax rates.

The fiscal impact figures cited in this report have been generated from information
provided by a variety of sources including:

•

•

•

•

Arizona Depamnent of Education,
Arizona Department of Economic Security,
Arizona Department of Revenue,
Duke Energy,
Maricopa County Assessor's office,
U.S. Consumer Expenditure Sun/ey.

On of the most important effects of the power plant is the impact on assessed values and
property taxes. The Arizona Department of Revenue controls the valuation of electric
utility company property for property tax purposes. Utility companies, mines, and
railroads are known as "centrally assessed" property and are subj et to different standards
than other types of real property. The plant is placed on the tax rolls at the book cost of
investment and then depreciated over the life of the investment. In this case, depreciation
is calculated based on a 30 year straight-line plant life. Pollution control equipment
receives a 50% market value exemption under state law. Electric utility company
property is assessed at 25% of its full cash value.

During construction of the plant, property taxes are calculated based on 50% of the
actual cost expended for the year ending December 31st. A two-year time lag occurs
between actual construction of the plant and placing it on the tax rolls. For instance, if
the plant were started in 2001 as anticipated, the value of the first year's construction
activity would not reach the tax rolls until the 2003 tax year. The full value of the

6



plant will not be recorded for tax purposes until 2004, based on the projected
completion in 2002.

Elliott D. Pollack and Company has relied upon Duke Energy for constriction cost
estimates, employment projections and operating expenditures. This firm has not
provided any estimate of the projected governmental costs to provide services to the
generating station. Such analysis is beyond the scope of this study. Unless othewvise
stated, all dollar values are expressed in current, inflated dollars using a 3% annual
inflation rate.

This report is organized to provide an overview of economic and fiscal impact analysis
and the results attributed to this particular project. The following section describes the
proposed generating station and the primary assumptions that will drive die impact
analysis. Section 4.0 summarizes the economic impact of the generating station on the
metro Phoenix area. The fiscal impact of the plant is outlined in Section 5.0. Lastly, the
impact of the generating station on the local school districts is described in the final part
of the study.

7

r



3.0 Description of Project

Duke Energy is proposing to construct a $250 million electric generating plant in a rural
area southwest of the Town of Buckeye known as Arlington Valley. Approximately
2,800 acres valued at $5 million will be purchased to provide a site for the plant and the
water rights necessary to operate the facility. The plant will use natural gas as its primary
fuel, but will also require a substantial quantity of water to generate steam. Duke Energy
expects to purchase approximately $50 million of natural gas per year to operate the
plant. Construction is expected to star in February 2001, with completion slated for July
2002.

For property tax analysis, it is necessary to differentiate between various parts of the
plant and the company's investment. Of the $250 million cost, approximately $10
million will be spent on pollution control equipment, which is the subject of a 50%
property tax exemption.

The land parcels that are subject to purchase are all contiguous and located within the
Arlington Elementary and Buckeye Union High School Districts. The property is located
within Township Six West, Range l South, which will provide rail access to the site.

While the investment by Duke Energy is estimated at $250 million, the local construction
cost is estimated at about $67 million. Most of the cost of the generating station is
associated With the purchase of gas and steam turbines that will be manufactured out of
state. The operation of the plant will generate 25 jobs.

8



4.0 Economic Impact of Generating Station

This portion of the report will outline the economic impacts of both the construction of
the generating station as well as its operations. Analysis of the fiscal impacts of the
project is provided in the Section 5.0. All dollar figures, unless otherwise stated, are
expressed in current, inflated dollars.

An extensive spreadsheet model was developed to evaluate and calculate the fiscal and
economic impacts of the Duke Energy generating station from 2001 to 2010. The first
subsection describes the economic impact methodology while subsection 4.2 summarizes
the total benefits.

4.1 Economic Impact Analysis Methodology

Economic impact analysis examines the economic implications of an activity in terms of
sales or output, earnings, and employment. For this study, the following two economic
activities associated with the generating station were evaluated:

the construction of the plant and
the operations of the plant once completed.

•

•

Construction phase economic impacts are generally short-term effects related to onsite
and offsite construction employment and other industries that support the construction.
The long-term consequences of a project are the operational phase impacts. These
include employment, earnings and expenditures that recur over the long-term.

The different types of economic impacts are known as direct, indirect, and induced,
according to the maier in which the impacts are generated. For instance, direct
employment consists of permanent jobs held by the project employees. Indirect
employment is those jobs created by businesses that provide goods and services essential
to the operation or construction of the project. These businesses range from
manufacturers (who make goods) to wholesalers (who deliver goods) to janitorial firms
who clean the buildings. Finally, the spending of the wages and salaries of the direct and
indirect employees on items such as food, housing, transportation and medical services
creates induced employment in all sectors of the economy.

Economists have developed multipliers that are used to estimate the indirect and induced
impacts of various economic activities. These indirect and induced ripple effects occur as
the wages of direct employees are respect in local businesses on retail goods and
services. In response to this spending, local businesses hire more staff and expand their
operations, creating additional jobs in retailing, wholesaling, manufacturing,
transportation and other service sectors. These secondary effects are captured in the
analysis conducted in this study.

Multipliers have been developed by both public and private organizations for each state
and county in the country. The Minnesota HWPLAN Group developed the multipliers

9



used in this study. The IMPLAN multipliers are used to estimate the impacts of project
expenditures on a region (gross receipt or sales), earnings (the sum of wages and salaries,
proprietors income, and other labor income), and employment (number of jobs).

4.2 Economic Impact of Duke Energy Electric Generating Station

As noted previously, the local economic impact of the construction of the generating
station is significantly less than its full cost since most of the major components are
manufactured out-of-state. The local construction contract is estimated at approximately
$67 million, spent during 2001 and 2002. Duke Energy projects that 25 direct jobs will
be permanently created for the operation of the plant. Plant operators be expected to
am the typical wage for public utility employees in Maricopa County of about $39,000

annually. From this data, the HMPLAN economic multipliers are used to calculate the
total impact of the project.

The economic impact of the Duke Energy generating station is substantial, resulting in
the creation of nearly 643 total direct and indirect jobs annually during the two year
construction period and 67 total direct and indirect jobs yearly during its operation (see
Table 3). Local economic output during construction is $61 .7 million annually and about
$5 million per year thereafter. The project supports 577 households during construction
and 60 households while in operation.

The impacts described above ah regional in nature and will affect cities throughout the
metro Phoenix area. For instance, construction materials will be purchased from local
vendors and construction employees might commute long distances to work on the plant.
Most likely, these workers and their families will purchase their daily needs at stores
close to their place of residence, helping to disperse the Duke Energy generating station's
impact throughout many local cities. Full-time workers who operate the plant after
construction will most likely live on the west side of Maricopa County, once again
distributing the impact among a number of communities.

10
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5.0 Fiscal Impact of Generating Station

5.1 Background

Fiscal impact analysis studies the public revenues associated with a particular economic
activity. The primary revenue sources of local, county, and state governments (i.e. taxes)
are analyzed to determine how an activity may affect the various jurisdictions. This
section will only evaluate the impact on the governmental entities. The impact on local
school districts will be analyzed in Section 6.0.

Fiscal impacts are categorized by type in this study, similar to economic impact analysis.
Construction impacts relate to the revenues generated from construction of the power
plant. The primary sources of revenue are the state, county, and local sales taxes levied
on the value of construction activity. In this particular case, the project is not located in a
municipality, so local sales taxes will not be applicable. Operation phase fiscal impacts
result from payment of employee wages and expenditures related to operating the
generating station. One of the most important on-going revenues are the property taxes
that will be paid by Duke Energy.

In addition to the direct revenues described above, secondary fiscal effects also occur as a
result of spending by construction and operations employees. For instance, employees of
the plant will live in all parts oflMaricopa County, benefiting those communities Nom
their spending on housing, retail goods and services. Indirect and induced employment
supported by the plant will also create fiscal impacts resulting from the spending of their
wages. Examples of the types of secondary fiscal impacts that will be generated include
State income taxes paid on wages and sales taxes paid on retail sales.

5.2 Revenue Sources

This section outlines the applicable tax rates of the various jurisdictions and the types of
taxes that will be collected from construction and operation of the Duke Energy electric
generating station.

• Tax On Construction Materials
The State and County levies a sales tax on materials used in the construction of
land or building improvements. That tax is calculated by State law under the
assumption that 65% of the construction cost of the facility and its land
improvements are related to construction materials with the remaining 35%
devoted to labor. The sales tax rate is then applied to the 65% materials figure.
The sales tax on construction materials is a one-time collection by the
governmental entity.

The State currently levies a 5.0% sales tax on construction activity. Maricopa
County levies two sales taxes totaling 0.7%. The freeway tax, which is used to
fund the County's freeway program, is levied at a 0.5% rate until 2006 when it
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expires. In November 1998, the electorate approved a 0.2% levy for the
construction of prison facilities that is schedule to expire at the end of 2007.

Property Taxes
Real estate taxes be typically based on the assessed value of real property as
determined by County Assessor. In the case of an electrical generating station,
however, the Arizona Department of Revenue conducts the valuation in
accordance with State Statute. The market value of the power plant is
established as the original cost less accumulated depreciation. For this report,
the plant was depreciated over 30 years, straight-line. Pollution control
equipment is provided a 50% exemption from taxation.

The assessed value of the plant is calculated by multiplying the assessment
ratio, determined by the property's use, by its full cash value. The assessment
ratio for an electric utility plant is 25%, vacant land is assessed at 16%.
Assessed value is expressed by the following equation:

market value X assessment ratio = assessed value

The property tax rate, expressed in dollars per $100 of assessed value, is then
applied to the assessed value to determine the amount of property tax. There
are two types of property taxes - primary taxes used to finance general
government operations, and secondary taxes used to finance general obligation
bonded debt, budget overrides and special districts. The primary tax is based
on what is known as the limited property value, calculated under a formula
spelled out in State law. Secondary taxes are based on full cash value of
property. The limited value cannot exceed full cash value. For an electrical
utility, the limited and full cash values are the same.

The combined Maricopa County property tax rate (primary and secondary) for
1999 is $3.4250 per $100 at" assessed value comprised of the following taxing
entities or districts:

general County tax,
Community College tax,
Flood Control District tax,
Fire District Assistance tax,
County Free Library tax,
Central Arizona Water Conservation tax.

In addition, direct and indirect employees supported by the construction and
operation of the plant will also pay city property taxes on homes they occupy.
The tax rate used for this analysis is the weighted average rate of the eight
largest cities in the metroarea or $1 .4380 per $100 of assessed value. The
value of a typical Maricopa County housing unit has been calculated at
approximately $105,000. This value assumes that employees will occupy units
in a pattern similar to the current inventory of housing in the Valley. Today,
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single family homes account for 66.1% of the housing stock, townhouses 8. l%,
and apartments 25.8%. The current average sale price of these units is
$131,000, $85,000, and $43,800 respectively, with the weighted average of all
units at $104,776.

• Sales/Use Tax.
The electric generating station will consume a large quantity of natural gas,
estimated at $50 million per year. The State and County will charge a use or sales
tax on this consumption at the 5.0% rate for the State and 0.7% rate for the
County.

Fiscal impacts also result Hom the spending by direct and indirect employees
supported by the construction and operation of generating station. Most of the
employees supported by the project will reside widuin one of Maricopa County's
cities or, at the Very least, purchase goods from retailers located within a local
municipality. Based on data from the U. S. Consumer Expenditure Survey, the
projected extent of retail spending and resulting sales tax receipts was calculated.

State and County sales tax rates for employee spending are the same as cited
previously (5.0% for State and 0.7% for County). The retail sales tax receipts for
local cities are based on the weighted average tax rate for all cities in Maricopa
County or l.38%.

State Income Tax
The State of Arizona collects taxes on personal income. The tax rate used in the
analysis averages about 1.7% of gross income for construction-related wages and
l.3% for operations-related earnings. These percentages are based on the most
recently available income tax data from the State and the projected wage levels of
jobs created by the project. This tax will apply to the wages and earnings of
direct and indirect employment resulting Hom construction and operation of the
generating station. Portions of this tax are redistributed through revenue sharing
to cities throughout Arizona based on population.

• State Unemployment Tax
Unemployment insurance tax for employees is 2.7% on the first $7,000 of earned
income. This factor is applied to the projected wages and earnings of direct and
indirect employees involved in construction and operation of the project.

• Gas Tax
The State of Arizona collects a motor vehicle fuel tax of$0.l8 per gallon. The
tax revenue is calculated based on a vehicle traveling 12,000 miles per year at 20
miles per gallon. Portions of this tax are distributed to cities and counties
throughout Arizona based on a formula that includes population and the origin of
gasoline sales.
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Table 4

Projected Market and Assessed Values
Duke Energy Electric Generating Station

(in inflated Dollars)

Projected Market Value
Assessed ValueLandp.c.E.*Plant Value Total Value

2001
2002
2003
2004
2005
2006
2007
2008
200g
2010

$1 ,680,000
$1 ,680,000

$79,861 111
$250.150,000
$242,137,833
$234,130,302
8226,127,544
$218,129,704
$210,136,928
$202,149,369

$1 ,680,000
$1 ,680,000
$5.000.000
$5,150,000
$5,304,500
$5,463,635
55,627,544
$5.796,370
$5,970,261
$6,149,369

$0
$0

573,333,333
$240,000,000
$232,000,000
$224,000,000
$216,000,000
$208,000,000
$200,000,000
$192,000,000

$0
$0

$1 ,527,778
$5,000,000
$4,833,333
$4,666,667
$4,500,000
$4,333,333
$4,166,667
$4,000,000

$268,800
$268,800

$19,515,278
$62,074,000
$60,057,053
$58,040,848
$56,025,407
854.010.753
$51 ,996,909
$49,983,899

*Pollution Control Equipment

Sources: AZ Dept. of Revenue: Maricopa County Assessor: Elliott D, Pollack a Co.

• Vehicle License Tax
The vehicle license tax is a personal property tax placed on vehicles at the time of
annual registration. The average tax in Maricopa County is $148 and funds are
shared between the cities, county and state in accordance with population based
formulas.

The above tax categories represent the largest sources of revenues that will be generated
to city, county and state govemrnents.

5.3 Fiscal Impact of Duke Energy Electric Generating Station

One of the major benefits of the generating station is the increase in the assessed value of
the County and other taxing districts within which the plant is located. The projected
assessed value of the generating station and land, when first placed in operation and
before deducting depreciation, is $62 million (see Table 4). This represents
approximately 0.3% of the total S lb billion 1999 assessed value of the County, a fairly
significant figure given the size of the metro area. A project of this magnitude is
equivalent to a new regional shopping mall or manufacturing plant &om the standpoint of
property tax revenue, even though the generating station's value will slowly decline over
the years as it is depreciated.

Table 4 shows the projected depreciated value of the plant over time. The analysis
assumes there will be no additional capital improvements to the site in the future. The
value of the land to be acquired by Duke Energy has been inflated at a 3.0% rate given
historical land appreciation trends in the area.

As shown on Table 5 on page 17, the electric generating station will produce significant
positive effects for the State of Arizona and Maricopa County totaling Nealy $45 million
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dollars between 2001 and 2010. About 90% of the revenue is derived Bom taxation of
real property, construction contracts and natural gas consumption. Impacts resulting
from employment spending and wages contribute another $4.5 million over the 10 years.
During construction of the plant, approximately $5.8 million per year accrues to
governmental entities. After completion of the generating station, total revenues reach $5
million annually.

The State of Arizona reaps most of the rewards of the plant, accounting for $27.4 million
in revenue or 62% of the total. Maricopa County also gains about $16.7 million in tax
revenue, primarily from property taxes. It should be noted that most of these revenues do
not flow directly to the County's general fund, but rather to county-wide taxing
jurisdictions such as the Community College District and Flood Control District. Cities
in the county gain the least because the plant is located in a rural area. Any impact on
local cities is the result of spending of wages by persons supported by the generating
station.

It needs to be emphasized that the above revenue figures are based on the current tax
structure of the State and County. Any increase in sales or income tax rates would
produce even greater benefits. The high tax valuation of the plant also provides a
significant boost to the assessed valuation of the County, helping to stabilize or even
reduce County property tax rates. In addition, the figures do not include corporate
income taxes that may be paid to the State by Duke Energy.
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Table e

Assessed Valuation History
Arlington Elementary and Buckeye Union High School Districts

| Irain t n Elementa #47
Prima Property Tax Seconds Property Tax Property Tax Revenue

Tax rateValuation Valuation Tax rate Prima Seconda4

1991
1992
1993
1994
1995
1996
1997
1998
1999

$22854
52.4430
$2_3907
52.2549
51.9804
82.3780
$22309
$2,3097
52.2040

$34,673,905
$33,854,336
$32,074,642
531,496.043
$32,562,122
$30,589,918
530,271,539
$29,622,791
$27,601 ,070

50.0000
80.0000
$00000
50.1973
$0.3933
50.2090
50.4229
50.4192
50.4816

$37.110,165
535,455,605
$32,670,713
$32,099.408
$33,388,798
$31.139,091
831.006,780
$30,632,190
$28,536,546

$792,437
$827,061
5766,808
$710,204
$644,860
5727,428
5675,328
$684,198
$608,328

$0
$0
so

$63,332
$131,318
565,081

$131,128
$128,410
$137,432

Compound annual
change 1996-99 -3.37% -2.87%

uuekeve Union Hi oh School #201
Prima Property Tax Seconds Property Tax Property Tax Revenue

Valuation Tax rate Valuation Tax rate Prima Secondary

1991
1992
1993
1994
1995
1996
1997
1998
1999

$2.5579
$2.1808
52.5032
$25897
52.0479
$2.3267
$2.5973
52.5043
$2.1337

$115,410,114
$119,897,053
$109,944,995
$107,249,347
$105,322,499
$101,996,864
$102,860,395
$104,992,419
5109,037,307

$129.471,406
5127,640,825
$113,431,370
$109,847,874
$109,517,107
$104,597,699
$106,842,353
5109,689,634
$114.684 129

50.7654
$05166
$0.5817
50.6343
80.5521
50.7058
s0.6617
$0.7414
50.7171

$2,952,075
$2,614,715
$2,752,143
$2,884,686
$2,156,899
$2,373,161
$2,671 ,593
$2,629,325
$2,326,529

$990,974
$659,393
$659,830
$696,765
$604,644
$738,251
$706,976
$813,239
$822,400

Compound annual
change 1996-99 2.25% 3.12%

u.s ices' Macico County Assessor' Elliott D. Pdlad< & Co.

6.0 Impact of Generating Station on School Districts

6.1 Background

The Duke Energy electric generating station is located in the Arlington Elementary
and Buckeye Union High School Districts. Arlington Elementary (ldndergarten
through eighth grade) is a small district of approximately 155 students who are fed to
the Buckeye Union District for secondary equation. Buckeye Union has slightly over
1,000 students and serves a wide rural area of southwest Maricopa County.

The history of assessed values of the two districts is shown on Table 6. Arlington's
assessed value has been declining since 1991 as a result of the large percentage of
utility company investments within the District. For1999, over 50% of the District's
assessed value is attributable to utility and pipeline company improvements. Since
these properties depreciate over time, the assessed value declines as well. Buckeye
Union's assessed value has been growing since the end of the local real estate
depression in 1995. Utilities account for about 31% of Buckeye Union's assessed
value.

The financing of public education in Arizona is a complex matter. Funding comes 80m a
variety of local, state, and federal sources based on complicated formulas. For fiscal year
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1997-98, local property taxes provided 47% of total public school funding within
Maricopa County while the State contributed 45%. Federal and County sources
contributed the remaining revenue, Two types of property taxes accomplish funding at
the local level:

Primary taxes used to finance school operations, and
Secondary taxes used to finance general obligation bonded debt and budget
overrides.

According to the Arizona Department of Education, local property taxes provided about
86% and 62%, respectively, of the Arlington and Buckeye Union Districts' total budgets
during fiscal year 1997-98. The proposed Duke Energy electric generating station will
increase the assessed value of the school districts and provide two primary benefits:

Funding for schools can be increased without raising tax rates or, alternatively,
current funding levels Can be maintained while reducing the tax rate, and
The districts' bonding capacities will be increased to support new capital
improvements.

Both of the above benefits are subject to spending and debt limitations provided in State
law. In addition, the financing of public school capital facilities and the future of the
secondary property tax is currently in a state of flux due to the passing of the Students
FIRST bill by the State Legislature in July 1998. A discussion of the implications of
Students FIRST is included in the last part of this section.

6.2 Impact of Duke Energy Generating Station on School Districts

A large capital investment such as that proposed by Duke Energy will have a significant
impact on the assessed value and tax rates of a school district. With the high assessment
ratio of 25% for utility companies, the financing of schools is transferred in many
respects Nom local residents to private business. The analysis contain in this section will
illustrate the potential impact of the power plant on local school property taxes.

When the plant is completed and added to the tax rolls in 2004, its estimated assessed
value will be $62 million. Comparatively, this represents 125% of Arlington
Elementary's 1999 primary assessed value and 57% of Buckeye Union's 1999 value.
Clearly, the generating station should have an immediate positive effect, resulting in
lower school tax rates.
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cnan 4

Comparison of Assessed Values
Arlington Elementary District, Buckeye Union H. S. District, Duke

Generating Station
Sources: AZ Dept. of Revenue, Maricopa County Assessor, Elliott D. Pollack & Co.
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Table 7 has been developed as an example of the effect of the plant on primary tax rates.
The primary rate has been used because of the uncertainty on the future of the secondary
rate due to Students FIRST. The assumptions are the following:

• The existing primary property tax base for Arlington Elementary continues to
decline in the future at the rate of 3.37% per year, similar to the rate experienced
between 1996 and 1999. Buckeye Union's primary tax base is assumed to grow
at a 2.25% annual rate.

• The Duke Energy generating station is added to the tax rolls in 2003 as partially
completed. In 2004, the 6.111 value of the completed plant takes effect.

• The "desired revenue" column represents the 1999 primary tax revenue generated
to each school district, increased by 3% per year thereafter.

• The "projected tax rate" column is the primary rate that would need to be levied
to achieve the desired revenue.

As noted on Table 7, the projected tax rate for both Arlington Elementary and Buckeye
Union should experience significant decreases. For instance, Arlington Elementary's rate
should drop by about 63% between 1999 and 2004 when the plant is completed. The rate
declines Horn the current $22040 to $0.8187. However, if the need for revenues
increases at 3% per year, the tax rate would rise to $26692 by 2002 before the effects of
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Table 7

Impact of Duke Energy Electric Generating Station
On Local School Districts' Primary Tax Rate

(In inflated Dollars)

Arlinqton Elementa District
Projected
Tax Rate*

Desired
Revenue

Projected
Assessed Value

$22040
$23493
$2.5041
$26692
$1 .5414
$08187
50.8719
$0.9293
50.9913
$1 .0584
$1 .1312
$12103

$27,601 ,070
$26,671 ,153
$25,772,566
$24,904,253
$44,419,531
$86,139,195
$83.311 ,460
$80,511,783
577,739,265
$74,993,042
$72,272,276
$69,576,162

1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

$608,328
$626,577
$645,375
$664,736
$684,678
$705,218
$726,375
$748,166
$770,611
$793,730
$817,541
5842,068

Buckeye Union High School District
Projected
Tax Rate*

Desired
Revenue

Projected
Assessed Value

$21337
$2.1494
$21651
$2.1810
$1 .9243
$1 .4880
$1 .5270
$1 .5666
$1 .6066
51.6472
$1 .6882
$1 .7296

1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

$109,037,307
$111,490,505
$113,998,897
$116,563,724
$136,079,002
$1a1,250,257
$181 ,924,846
$182,650,509
3183,438,623
$194,290,601
$185,207,884
$186.191,949

$2,325,529
$2,396,325
$2,468,215
$2,542,261
$2,618,529
$2,697,085
$2,777,997
$2,861 ,337
$2,947,177
$3,035,593
$3,126,660
$3,220,460

'Expressed in dollars per $100 or assessed value.

Sources: AZ Dept. of Revenue: Maricopa County Assessor; Elliott D. Pollack & Co.

the generating station are noticed, then drop to 280.8187 by 2004. This represents a
decline of about 69%.

Likewise, Buckeye Union's rate declines by 30% between 1999 and 2004 and then
continues to grow slowly as the desired revenue figure grows by 3% per year. The tax
rate falls from $2.1337 in 1999 to a projected $l.4880 in 2004.

Residents of the area will, therefore, see a large decline in their property tax bills for the
school districts over the next five years as the burden shills to the power plant. The
impact on County property taxes will not be noticeable because of the large size of the
County's tax base. However, as noted previously, the power plant will help to stabilize
County tax rates and relieve some of the burden on local residents.

I
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Table B

Estimated Annual School District Property Tax Savings
Resulting From Duke Energy Electric Generating Station

0 -fvProve
Residence on

1 acre lot
40 acre

vacant parcel
160 acre parcel

in agriculture

Market value
Assessed value

$70,000
$7,000

$23,280
$3,725

$103,200
$16,512

taxi
1999 combined school property taxi
Projected 2004 combined school prove

$282
$153

$206
$111

$914
$493

Tax savings
Percentage tax decrease

$129
45.7%

$95
46.0%

$421
46.0%

'Combined Arlington Elementary and Buckeye Union tax rate of $5.5364; reduced homeowner rate of $4.0341 _

Projected combined rate of $2.9887, reduced homeowner rate of $2.1899.

Note: Tax calculations do not include County or special district property taxes.

Sources: AZ Dept. of Revenue; Maricopa County Assessor: Elliott D. Pollack & CO.

To illustrate the fiscal impact of the power plant on individual property owners, Table 8
outlines the projected school district tax savings for three property types in the Arlington
Valley area. The properties include a residence on a one acre lot, a 40 acre vacant, desert
parcel and a 160 acre site currently in cultivation. The residence is assessed at a 10%
assessment ratio while the larger, unimproved properties have a 16% ratio. Homeowners
also receive a 35% discount on the primary school tax under current State law. The
projected market values of the properties have been confirmed with the County
Assessor's office and through sampling of property tax records. The calculations do not
include County property taxes or any special district taxes that may apply to certain
parcels.

The table shows that property owners should see a 46% decline in school district property
taxes between 1999 and 2004 as a result of the construction of the electric generating
station. The annual savings range Nom $95 for the 40 acre vacant parcel to $421 for the
agricultural parcel. While these savings seem small for each property owner, the effect
across both the Arlington Elementary and Buckeye Union Districts is substantial. Based
on the projected future assessed values for the plant and expected property tax rates,
Duke Energy will be absorbing over $1 .8 million in school district property taxes each
year, once the plant is in service. These are expenses that previously accrued to all other
property owners located within the school districts.

6.3 Students FIRST Legislation

In July 1998, the State Legislature passed the Students FIRST bill that dramatically
reformed the way public schools are constructed. Passage of the bill was in response to
the State Supreme Coue*c's finding that Arizona's capital school finance system was
unconstitutional. The basis for school construction financing until 1998 had been bonded
indebtedness, i.e. the local secondary property tax. The system was found by the courts,
however, to be unconstitutional since it failed to treat all school children equally.
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Students FIRST establishes that the State must provide the funding for building adequate
schools. The use of bonding is still permitted, but only to go above and beyond the
minimum standards provided by the State. Capital overrides must be approved in an
election.

Students FIRST will eventually have an impact on the revenues that are generated locally
for school construction. Previously approved capital improvement bonds will continue to
be paid by school dishicts, but will be phased out as bonds are retired. The extent of
override bonds that will be issued in the future to augment the State capital funding is,
obviously, unknown. .

There are misconceptions by the public that Students FIRST will eventually do away
with school property taxes. Nothing could be further from the truth. Students FIRST
only affects the secondary school property tax that is used to construct capital facilities.
The primary tax levy, representing the majority of the property tax, will continue to
provide support for school operations as in the past.

In addition, existing outstanding debt carried by a school district will continue to be paid
by the secondary levy in the future. According to the 1997-1998 Annual Report of the
Arizona Superintendent of Public Instruction, Arlington Elementary has no outstanding
debt while Buckeye Union has $3.25 million. Therefore, even with Students FIRST,
Buckeye Union will need to levy a secondary property tax in the future. Students FIRST
also permits the issuance of local school district debt to enhance the State's capital
improvement funding. Bonding is limited to a maximum of l0% of the district's
assessed value compared to a 30% limit prior to Students FIRST.

The financing of public education is an extremely complex and emotional issue. It is too
early to tell whether Students FIRST will be able to address all the needs of districts
throughout the State. Changes in the system will undoubtedly occur in the future as
experience is gained. In the meantime, the local school district property tax will continue
to be a primary source of funding.

0- 0

23



1: 1 EXHIBIT

Vu

THE STATE oF AR1Z0NA

GAME AND FISH DEPARTMENT
*I " Q

£493.- RI \- . ' I IA _

" ¢ ; 3 ~ ; ¢ __. "° `<§=.>-'/

"&.i"o
f

._v.
_- a

. ' - . ,
2221 Wes fr GREWNMAY Roan, Pnozunm, AZ 85023-4399

(602) 942-3000 - v~nw.» ~zsrn.cola

GUVERNOR
JANE DEE HULL

CQMIDBSIOIERS
C14Alnmnn.UEHIIIS D. MAHMKG, Au'we
mlqua,m, Gouamv. FLAGSTAVF
Joe c» lw_ Smsofw
Sri la! i Cruuwn.ARNACA
w. I-\Avscusffw. Puoaux
nlnn¢:xua
no: L S4RDU1'E
Do-mynnnmun
sTavE K.F3924

\1¢JI\\|)=-
r.-. _

.,é `Zf

E

Yuma Olflce_ 9140 E wsueec. Ywwa, 4863653596 (520)342-0091

September 17, 2001

Mr. Robert Kuhliilss
Plannner

Depacrtnumuut ofPlanningad Developnmm
Mar icopa com
411 North cemmx Avenue, yd Floor
Phoellili. Axizcma 85004-2191

Re: Cwnprehemsive Plan A.n)1e4ndmnent No. CPA200100i and Major Ameludnrnsnt tea Special
Use Permit Case No. Z2001117 tr Arlington Valley Gen~cratingFaeility, Maricopa

County .

D1:arMr.Kuhfitss'

The Arizona Game and Fish Depacrtmelnt (Department) has reviewed the abovereferweed
Connpr'e&1=ensive Plan Amendment and Major Arneztzdnuuenx to Special Use Permit for the
Arlington Generating Facility. The following comments are provided for your consideration

me Department provided special status speciesrecords Eom the Heritage Database Managernennt
System for the Comprehensive Plan Anxerrdment and Special Use Permit for the first generating
facility. We note that this infurmaiion is presented 'm Section .16 of the Addendum to
Application for Special Use Permit.

Tl1eDepartnuentunderstandsthattl1is secondgenetatingfiacilitywillbeadjacerrr to the lirst
facility and will be sited on retired agricultural land. For these reasons, the Department does not
anticipate arty signiilcant adverse impacts to special stars species, or crdrer wildlife species,
resulting Eornthe approval of these arnendlunems.

The Depertrnelnl notes that Special Condition 13 of the Certificate of Enviroruunleuurtal
Conulpatihility to Dulce Energy Maricopa, LLC. (Duke Energy) required Dulce Energy to form a
partinerelrip with the Department to provide enbruneed habitat on lands that border
Cenzenniar wanr. Gver the pastyear,theDepartnu» exrthasbeer\vvr>rlci:ngwill!\DukeEnergyand
Ducks Unilinuited on a plan to enhance wildlife habitat-ou these lands. We look forward to
continuing this partnership to develop a nn¢e81ul1ngtlul wildlife bebitalt enbancemenl project 'm the
Buckeyearea. '.. -

AN Eoum. C>r» =Fc>nTunrry RaH» sonAaLz Accommocwnows Acavcv
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Robert KuhfiJss
October 11,2001
2

Thank you for the opportunity to xvview and comment on these anaefndmeunrts. If you have may
questions,pleasecontact me ax 520-342-0091 -

Smeenely,

WilliamC. Knowles
Habitat Sp° ° i*=1i=*
R¢g;° n W, Yuma

RussellEngel,Habitat ProgramManager, Region IV
Larry Voiles, RegionsSutpervisor, RegionI V
Bob Broscheid,Prob. Evil. Prob. Supervisor, Habitat Branch

cc:

AGFD #09-14-01 (A)
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"Managing and conserving na'l2ural, cultural, and recreational resources"
Inreply refer toSI-IP0-2000-404
No historic properties affected

September 10, 2001
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Arizona (E)
State Parktl

Thomas H. Campbell
Lewis and Rock
40 North Central Avenue
Phoenix, AZ 85004-4429

Jane Dee Hull
Governor RE:

Stats Parke
Board Mcmbcrs-

Duke Energy Maricopa Application for Certificate of Environmental
Compatibility; Arlington Valley Energy Facility II ;
Docket No. L 00000-01-0117; AZ Corp. Comm.
sHp0-2000-404 (7592)

Chair
Walter D. Armer Jr.

Benson

Dear Mr. Campbell :

Vice-Chair
Suzanne P'Fister

Phoenix

Thank you for consulting with our office about the above referenced application. The
supporting cultural resources survey was previously reviewed. No historic properties inc.
present in the Arlington Valley Energy Facility ll project area.

Joseph H. Hollywood
Mesa

If you have any questions or concerns, please contact me at (602) 542-'7142 or by e-mail at
jmi1ler@pr.state.az.us .

Sincerely,
John U. Hays

Yaarnell

Elizabeth J. Stewart
Tampa

Anne Miller
Compliance Specialist/Archaeologist
State Historic Preservation Office

Vernon Roudebush

Evafford

Michael E. Arable

5'E-8te Land

Com miafaioner

Kenneth E. Travoua
Executive Director

Arizona Elate Parks
1500 W. Washington
Phoenix, AZ 55007

TBI & TTY; 502,542.4-174
www.pr.state.az.ue

800.285.3703
from (520) area code

GeneralFax:
602.5-43.4160

Diruotor'a OH°iz;e Fax:
602.54» 2A183~
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August 13, 2001

REGULAR MAIL
(7
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re

<2 o
84

9~ oQ 21614
PETER A

m o c k
41

6Mr. H. Max Shilstone
Duke Energy North America
5400 Westheimer Court
Houston, Texas77056

67f1ed

Subject: Results of Simulations of Potential Groundwater Responses to
Proposed Additional Pumping for the Arlington Valley Energy
Facility

Dear Mr. Shilstone:

Peter Mock Groundwater Consulting, Inc. (PMGC) has completed simulations of
potential groundwater responses resulting from additional pumping recently proposed for the
Arlington Valley Energy Facility (AVEP). The AVEF discussed in this letter report is located
in the Centennial Wash Area of the Hassayampa Sub-Basin of the Phoenix Active
Management Area. Because the groundwater flow model of the Centennial Wash Area used
to conduct these simulations has been extensively reviewed and documented in previous
penni application proceedings, and because the methodology and results of the present
simulations are relatively simple to explain, the report on the simulations is surmnarized in the
body of this letter.

PMGC used the existing groundwater flow model, called the Centennial Wash Area
model (CWA model), developed in 2000 for tree energy companies (Duke Energy North
America [Duke], Pinnacle West Energy, and Sempra Energy Resources) proposing power
plants in the vicinity of the Palo Verde Nuclear Generating Station west of Phoenix, Arizona;
Development of the CWA model and the results of subsequent simulations for permit
applications during 2000 are documented in two primary reports"2. These two reports were
submitted as supporting documentation for Maricopa County and State of Arizona permit

1 Peter Mock Groundwater Consulting, Inc., 2000a. Evaluation of Groundwater Responses to Pumping for Proposed Power Plants in the

Centennial Wash Area Maricopa County, Arizona Interim Report, Prepared for Sempra Energy Resources, dated April 4, 2000, 64 pages plus

24 figures.

2 Peter Mock Groundwater Consulting, Inc., 2000b. Evaluation of Groundwater Responses to Pumping tor Proposed Power Plants in the

Centennial Wash Area Maricopa County, Arizona Model Simulation Report, Prepared tor Duke Energy North America, Pinnacle Wcst Energy

and Sempra Energy Resources, dated lily 7, 2000, 22 pages plus 13 figures.

5337 E CAMELBACK MANOR DR I PARADISE VALLEY, AZ 85020 I PHONE (602) 522-0884

O
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applications by each of the three energy companies. Figure l (attached) shows the CWA
groundwater How model grid along with selected local geographic features.

A technical group including participants from the Arizona Department of Water
Resources (ADWR), Maricopa County, community members, and representatives of the
energy companies provided input and comment on interpretation of local groundwater flow
conditions and development of the model. ADWR received a copy of the model input files,
reviewed them in detail, and tiled a formal review of the model' with the Power Plant arid
Transmission Line Siting Committee of the Arizona Corporation Commission in August 2000
accepting the model for use in projecting groundwater responses to pumping in the Centennial
Wash Area.

The simulations described here consider an increase in pumping from 6,817 acre-feet per
year (ac.-ft./yr.) to 7,816 ac.-ft./yr of groundwater pumping to supply water for the AVEF.
This proposed increase of approximately 1,000 ac.-ft./yr. is the subject of permit applications
to be submitted by Duke to Maricopa County and the State of Arizona. As with the
simulations run in 2000, the cumulative impacts of the power plants pumping over a 30-year
planning horizon were evaluated by subtracting simulated water-level elevations for the end of
2030 from the simulated water-level elevations as of the end of 2000. The water-level
elevations being compared (subtracted one from the other) are from CWA Model Layer 4,
which represents the Lower Alluvial Unit beneath most of the groundwater basin in the CWA.

The additional pumping of approximately 1,000 ac.-ft./yr. considered here is assumed to
be allocated equally to five well locations recently proposed by Duke for the north end of the
AVEF property. Inspection of die available historical well capacity and pumping voltune data
indicate the pumping rates proposed by Duke have been achieved in this area in the past for
initiation water supply with acceptable drawdowns.

No modifications to the CWA model were necessary to eLm theses projections other than
to move future AVEF pumping to the five updated locations and to add the additional
groundwater pumping to the previous CWA Model Scenario 1 simulation. CWA Model
Scenario l comprised 18,200 ac.-ft./yr. of groundwater pumping for the three power plants
and 4,400 ac.-ft./yr. of pumping from groundwater users surrounding the proposed power
plant properties (PMGC, 2000b). The outputs of the model for each simulation were
monitored in terms of solution convergence as well as local and global mass balances.

The attached Figures 2 through 5 present the results of the CWA model simulation from a
number of perspectives. Figure 2 shows the results of Scenario l corresponding to Figure 8 of
PMGC (2000b). Estimated thirty-year drawdowns range from approximately live feet at the
CWA basin margins to more than 75 feet at well locations west of the AVEF. Figure 3 shows

I . \ . .
Hydrologic Review of Sempra Energv Resources Power Plant Application Docket Number L-00000S-00-0lOi, Memorandum from Dale

Mason, Supervisor, Groundwater Modeling Section Hydrology Division, Arizona Department otlWater Resources, To Dennis Sur die, Power

Plant and Transmission Line Siting Committee, dated August 31, 2000

Peter Mock Groundvvater Consulting, Inc.
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results of Scenario 1 pumping, but Mth the future pumping for the AVEF moved to the five
updated locations at the north end of the AVEF property. Estimated thirty-year drawdowns
range from approximately five feet at the CWA basin margins to more than 95 feet at well
locations on the north end of the AVEF. More drawdown is simulated in the vicinity of the
updated well locations because of their closer spacing than was assumed in 2000 (PMGC,
2000b). Figure 4 shows the results of a simulation of Scenario l combined with an additional
1,000 ac.-ft./yr. allocated evenly to the five updated AVEF well locations. Estimated thirty-
year drawdowns range from approximately five feet at the CWA basin margins to more than
110 feet at well locations on the north end of the AVEF. The maximum drawdowns estimated
with the CWA Model are averages for the 1,000 by 1,000 foot square model cells containing
pumping wells. Drawdowns experienced in the actual pumping wells will likely be greater
due to well inefficiency and the exponential shape of drawdown cones as they approach a
pumping well.

Figure 5 shows the differences between the simulation results shown in Figures 3 and 4.
These differences are the additional drawdown due to the proposed increase of 1,000 ac.-ft./yr.
pumping at the AVEF and they are estimated to range from less than 5 feet at distances of one
to four miles from the AVEF well locations to more than 20 feet at the AVEF well locations.

Figure 6 is a time series of simulated water level elevations at a location in Layer 4
between the five proposed AVEF well locations. Simulated water-level elevations at this
location are indicative of some of the largest potential impacts from proposed pumping at the
AVEF. At this location on the AVEF after 30 years of operations, no change from current
conditions is estimated to result in a rise of 20 feet, Scenario l pumping from locations
assumed in 2000 is estimated to result in drawdowns of 65 feet, Scenario l pumping with
AVEF pumping from the five updated locations is estimated to result in drawdowns of 95
feet, and Scenario l pumping with AVEF pumping from the five updated locations plus an
additional 1,000 ac.-ft./yr. is estimated to result in drawdowns of 110 feet.

The resulting estimates of drawdowns appear physically reasonable given my
understanding of the groundwater flow system and the quantities of pumping assumed for the
AVEF and surrounding areas.

Sincerely,

Peter A. Mock, Ph.D., R.G.
President and Principal Hydrologist/Geologist
Peter Mock Groundwater Consulting, Inc.

Attachments; Figures l through 6

Copies: Daryl Monfort/Burch & Cracchiolo (six copies - hand delivered)

Peter Mock Grourxdwater C`onsulting.8, Inc.
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1.0 INTRODUCTION

1.1 Purpose

The purpose of this report is to describe a computer model developed to simulate the
flow of groundwater in the Centennial Wash Area and the results of using that model to
project groundwater flow 30 years into the future. The proposed pumping will occur
within the Phoenix Active Management Area (PAMA) under the Groundwater
Management Act of 1980. The Arizona Department of Water Resources (ADWR)
oversees the conversion of grandfathered rights from irrigation use to electrical power
generation use, and implements a reduction in the amount of those water rights in the
conversion. Maricopa County and the community of residents in the vicinity of the
proposed power plants have asked that the proposed power plants estimate the response
of groundwater in the area to the proposed pumping.

1.2 Scope

As requested by Maricopa County and the community, the groundwater pumping and
resulting groundwater response for all three proposed power plants were evaluated
together. Therefore, the projections developed here represent cumulative responses. The
future projections were made under five different conditions or scenarios of groundwater
pumping. The primary scenario is pumping for the three proposed power plants at their
full statutory rights (18,200 acre-feet per year [ac.-ft./yr.]).

To provide for comparison with other conditions, four additional scenarios were also
simulated for the future. In the agricultural use scenario, a return to full use of the
agricultural pumping rights associated with the land acquired for the proposed power
plants (31,200 ac.-ft./yr.) was simulated. Two urban growth scenarios were simulated. In
the first urban growth scenario, water use for the proposed power plant properties was
estimated at common densities and ADWR's per capita goal (150 gallons per capita per
day [gpcd]) lead to an estimate of 9,600 ac.-ft./yr. In the second urban growth scenario,
water use for a hypothetical urban development of 100,000 people at ADWR's per capita
goal and no common landscaping, lakes or golf courses lead to an estimate of 16,800 ac.-
ft./yr. Finally, a scenario of no change from recent conditions on the proposed power
plant properties lead to a water use estimate of 3,100 ac.-ft./yr.

1.3 Previous Relevant Studies

The only nearby current groundwater How model is for the East and West Salt River
Valley Sub-basins of the PAMA (Corell and Corkhill, 1994). The western extent of this
model, called the ADWR SRV model, is approximately at Hassayampa and therefore
does not provide coverage in the Centennial Wash Area.

Peter Mock Groundwater Consulting, Inc. July 7, 2000
Centennial Wash Area Groundwater
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The "Evaluation of Groundwater Responses to Pumping for Proposed Power Plants in
the Centennial Wash Area, Maricopa County, Arizona Interim Report" (the "Interim
Report" (PMGC, 2000) compiled geologic and hydrologic information for the Centennial
Wash Area. Based on the simplistic comparison of historic pumping and water-level
change data, the impacts of the proposed power plant pumping at their statutory limits
were projected in the Interim Report to be less than half of 120 feet drawdown (60 feet)
in 30 years.

1.4 Role 0f Model Simulation

A computer simulation of the Centennial Wash Area was developed in order to test
the conclusions developed in the Interim Report against the results of aquifer tests
recently conducted in the area and against selected water-level data collected over the last
60 years by the U.S. Geological Survey (USGS) and ADWR. The Centennial Wash Area
groundwater flow model also allows comparison of several scenarios of future water use
conditions. Comparison of scenarios indicates the different potential outcomes of
different land uses in terms of water use. Water use is only one consideration to be
weighed by Maricopa County in evaluating alternative land uses. Other considerations
include air quality and transportation.

1.5 Plan of Development

This report is divided into sections as follow: project background, hydrogeology,
computer code selection, model construction, model calibration, predictive simulations,
and summary/conclusions.

Peter Mock Groundwater Consulting, Inc. July 7, 2000
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2.0 PROJECT BACKGROUND

2.1 Project Elements

The Centennial Wash Area comprises the valley floor and floodplain of Centennial
Wash south of the northern Palo Verde Hills. The selection of the Centennial Wash Area
for focused analysis of groundwater flow conditions was documented in the Interim
Report (PMGC, 2000). The Palo Verde Nuclear Generating Station (PVNGS) is located
between the Palo Verde Hills and is included in the Centennial Wash Area.

Three new power plants are proposed for the Centennial Wash Area. The plants will
be built and operated by: Duke Energy of North America, Pinnacle West Energy
Corporation, and Sempra Energy Resources. The design and water use of the plants are
described in the Interim Report (PMGC, 2000). The Duke and Sempra plants will use
groundwater acquired as grandfathered irrigation water rights conveyed under Arizona
State law to Type I non-irrigation rights. The Pinnacle West plant will primarily use
treated municipal wastewater effluent purchased from PVNGS, but has also obtained
Type I non-irrigation rights to groundwater.

2.2 Project Setting

The geography, topography, climate, land use and surface hydrology of the
Centennial Wash are discussed in the Interim Report (PMGC, 2000). The Centennial
Wash Area can be characterized as being relatively flat and having an arid climate. Land
use is agricultural or open desert. Water flows throughout the year in the Gila River, but
only rarely. Water in the tributaries of the Gila River, such as Centennial Wash, flows
only in direct response to large storm events.

2.3 Project Objectives

One objective of this model study was to prepare a groundwater flow model that
matched historic measured changes in groundwater levels while incorporating the work
of hydrologists and geologists up to the time of this writing. The second objective was to
identify and run simulations of future groundwater levels under five scenarios of water
use representative of varying land uses. The development of five scenarios allows
Maricopa County and community members to compare the groundwater responses to
alternative land uses.

Peter Mock Groundwater Consulting, Inc. July 7, 2000
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3.0 HYDROGEOLOGY

The hydrogeology of the Centennial Wash Area was assembled from geologic and
hydrologic studies of adjacent and overlapping areas conducted over the past 60 years. A
summary of the previous studies, data, and current integrated interpretation can be found
in the Interim Report (PMGC, 2000). A brief summary of key findings of the Interim
Report relevant to construction of the model is presented in this section.

3.1 Geologic Conceptual Model

The geologic materials underlying the Centennial Wash Area control the flow of
groundwater in the area. Based on review of previous works by ADWR, USGS, and the
consultant for siting of PVNGS (Fug ro), a simplified conceptual model of the local
geology was assembled from consideration of all of these works.

The oldest rocks in the Centennial Wash Area comprise the granitic Basement
Complex (BC). Volcanic eruptions during Tertiary time spread the Volcanic-
Sedimentary Sequence (VSS) on the BC. Erosion and local deposition created the Red
Unit (RU) and Lower Alluvial Unit (LAU), which covered the slopes of granitic and
volcanic peaks. Normal faulting during the Basin and Range Disturbance offset blocks of
the BC, VSS, RU and LAU and created basins that eventually filled with the Middle
Alluvial Unit (MAU) and Upper Alluvial Unit (UAU). A particularly uniform silt-clay
interval of the MAU, called the Palo Verde Clay, was deposited under lacustrine (lake)
conditions. The Upper Silt Deposits of the MAU and the Upper Sand and Gravel
Deposits of the UAU dominate the current land surface, although the LAU is present at
land surface in the western end of the Centennial Wash Area.

3.2 Hydrostratigraphic Units

From the litho stratigraphic units of the conceptual geologic model described above,
and consideration of water levels and saturation on a regional basis, hydrostratigraphic
units were selected for hydraulic analysis. The VSS, the RU, and the LAU are together
considered here as the principal regional aquifer system. The Palo Verde Clay of the
MAU is considered here to be a regional aquitard. Limited perched aquifers are also
considered here which develop in the Upper Silt Deposits of the MAU or the Upper Sand
and Gravel Deposits of the UAU.

3.3 Hydrologic Boundaries

Boundaries interpreted to allow negligible flow of groundwater ("no-flow
boundaries") are those contacts of the hydrostratigraphic units with the BC. Such
contacts occur beneath the hydrostratigraphic units or along the southern and western

Peter Mock Groundwater Consulting, Inc. July 7, 2000
Centennial Wash Area Groundwater
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Table 1 Transmissivit} and Hydraulic Conductivi Estimates
Well Transmissivitv Open interval Hydraulic Comments

(112/du (feet) Conductivity (ft/d)
B-01-06)34abb 13,000 800 16 PVNGS Well .. 1973
C-0 l -06) I 4dbb 16,000 900 18 Redhawk Well . 2000

(C-01-06)23cdb 7,000 660 Red hawk Well . 2000

(C-01-06 Zlbcb 11,000 700 16 Duke Well 1999
C-0 l -06)21 cbb2 11,000 700 16 Duke Well - 1999
C-0l-06 18bbb 32,000 1000 32 Sempra Well - 2000

C-01-06 07bbb2 19,000 700 27 Sempra Well - 2000
(C-0 l -07)24dbb 8,000 600 13 Sempra Well - 2000
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mountain fronts. A ridge of unusually shallow BC underlies both lines of surface
exposures of VSS comprising the Palo Verde Hills.

Boundaries that strongly influence groundwater flow, but can allow significant flow
are those contacts between the Palo Verde Clay of the MAU and the other
hydrostratigraphic units, and between the Upper Silt Deposits of the MAU and the Upper
Sand and Gravel Deposits of the UAU associated with the Gila River in the Arlington
Valley. Of particular importance to this project is the discontinuous lateral extent of the
Palo Verde Clay. The Palo Verde Clay does not appear to be present west of Winters
Wash, an area where the LAU rises to land surface. '

3.4 Hydraulic Properties

The transmissivity of the principal regional aquifer was estimated from aquifer tests
conducted for siting of the PVNGS and for the proposed power plants. The first
RedHawk test, the two Duke tests, and the PVNGS test are documented in ARCADIS-
Geraghty&Miller (1999), Haggis+Associates (2000), and Fug ro (1978). The Sempra test
data and the most recent Redhawk test data are being prepared for publication at this
writing (July 2000). The currently available transmissivity estimates are summarized in
Table 1.

The estimated transmissivity typically ranges from 10,000 to 20,000 feet squared per
day (ftp/day) at most of the locations where the tests were conducted. The exceptions are
7,000 and 8,000 ftp/day at the more southerly locations and 32,000 ft2/day in the north-
central part of the Sempra property. The transmissivity estimates are assumed to apply
primarily to the LAU, although spinner flow meter data are not available to confine the
percentage of flows originating in the individual lithostratigraphic units.

Because little information is available on the producing intervals of the wells, their
open intervals at the time of construction were used to estimate saturated thickness and
calculate average horizontal hydraulic conductivity values from the transmissivity
estimates. Intervals of these older wells may be blocked by fill. Therefore, the saturated
thickness estimates may be larger than correct.

Peter Mock Groundwater Consulting, Inc. July 7, 2000
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The average horizontal hydraulic conductivity estimates (see Table 1) typicallyrange
from ll to 18 feet per day (ft/day). Exceptions are two larger values (27 and 32 ft/day)
near the northern end of the Sempra Property. Significant intervals of VSS and RU were
encountered in many of the tested wells, and these units would be expected to have
relatively low hydraulic conductivity. The horizontal hydraulic conductivity of the LAU
is expected to be much larger than the averages calculated here.

Because the individual lithology materials comprising the principal aquifer system
were expected to have distinctly different hydraulic conductivity values, the estimation of
a simple average value for the principal aquifer system was considered problematic.
Using the distribution of the lithostratigraphic units available from extension of the Fug ro
(1978) work (PMGC, 2000), hydraulic conductivity values of the various
lithostratigraphic units making up the hydrostratigraphic units were estimated separately
from comparison of the lithostratigraphic materials with published sources (Freeze and
Cherry, 1979). The estimated distribution of hydraulic conductivity in the Centennial
Wash Area model is summarized in Section 6.0.

Storage properties were estimated from comparison for the materials with published
sources (Lowman, 1979). The specific storage of all units was estimated to be 1 X 10-6 ft'l.
The specific yield of the LAU was estimated to be 0.15, the specific yield of the Upper
Sand and Gravel Deposits of the UAU was estimated to be 0.25, and the specific yield of
the Upper Silt Deposits of the MAU was estimated to be 0.07.

3.5 Sources and Sinks

The detailed distribution of sources and sinks on the Centennial Wash Area is given
in the Interim Report (PMGC, 2000). Some of the estimates were refined after the
completion of the Interim Report The pumping distribution over time was primarily
refined based on analysis of cropped area plots obtained from the files of Gookin
Engineers, Ltd.

Pumping rates were estimated separately for the individual power plant properties,
PVNGS, the Wintersburg area, the Arlington Valley area, and other properties in the
Centennial Wash Area. The cropped acreage in each property was multiplied by 3.4 feet
per year (ft./yr.). The result was estimated to represent total water pumped and total water
applied to crops on the cropped acreages.

Recharge was originally simulated for all cropped acreages at 80% efficiency up to
1981 and 90% efficiency after 1981. During calibration (discussed in Section 6.0),
analysis of potential travel times to groundwater based on ideas presented in ADWR's
SRV model report (Corell and Cornhill, l 994) indicated approximately 10 years would
be required for agricultural recharge on acreages west of Winters Wash where the LAU is
exposed at land surface and near Wintersburg. Therefore, recharge was lagged forward
in time 10 years from the time periods analyzed for cropped acreage in these areas.

Peter Mock Groundwater Consulting, Inc. July 7, 2000
Centennial Wash Area Groundwater

Model Simulation Report



Page 7 of 22

Analysis of travel times of recharge indicated approximately 100 years are required
for agricultural recharge to reach the water table in areas where the Upper silt Deposits
of the MAU are exposed at land surface, Therefore, recharge was not simulated for
irrigated acreages in these areas. It is assumed that the vamoose zone is still absorbing the
excess agricultural recharge in these areas.

Analysis of travel times of recharge in the Arlington Valley (shallow water table and
exposed Upper Sands and Gravels of the UAU) indicated approximately one year is
required for agricultural recharge. No lagging of recharge was applied to the Arlington
Valley area cropped acreages. '

Peter Mock Groundwater Consulting, Inc. July 7, 2000
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4.0 COMPUTER CODE DESCRIPTIUN

4.1 Selection

The three-dimensional finite-difference modular groundwater flow model
(MODFLOW) of the USGS (McDonald and Harbaugh, 1988) was selected for the
Centennial Wash Area model. This code was selected because it is extensively tested,
widely used and accepted by regulatory agencies for similar purposes. MODFLOW
allows the representation of the complex distribution of the geologic materials and
sources and sinks in the Centennial Wash Area. MODFLOW. Also, graphical use
interfaces are available that allow efficient construction, inspection and operation of a
MODFLOW model for a specific site, such as the Centennial Wash Area. Finally,
MODFLOW is widely available. This feature allows efficient transfer of the completed
model to others to review or to refine and use for future analyses.

A version of MODFLOW, modified to run and be easily inspected during operations
under the Windows operating system, was used. MoDFLoww'"" (Environmental
Simulations, Inc., 1998) was used and is a modified version of MDDFLOW88
(McDonald and Harbaugh, 1988). The input files generated by Groundwater Vistas
(Environmental Simulations, Inc., 1998) typically run without modification with the
USGS versions MODFLOW88 or MODFLOW96 obtained from the Internet (see USGS,
2000).

4.2 Solution Techniques

The Pre-Conditioned Conjugate Gradient (PCG2) matrix solution technique (Hill,
1990) was selected for the simulations conducted here. This method is the current
method of choice for both finite difference (e.g., MODFLOW) and finite element
simulations.

4.3 Assumptions

MODFLOW assumes that single-phase (only fully saturated) groundwater flow can
be represented by Darcy's Law and that the flow of saturated groundwater is at constant
temperature and dissolved substance concentration. Flow in fractured rocks is assumed
to be as an equivalent porous medium. The How may be transient (vary in time) and
aquifer properties and system inflows and outflows may vary in both time and space.

4.4 Limitations

MODFLOW cannot simulate variably saturated, density-dependent or high-velocity
flow. The distributions of hydraulic parameters for the Centennial Wash groundwater
system are not perfectly known and introduce uncertainty into the model results.

Peter Mock Groundwater Consulting, Inc. July 7, 2000
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Likewise, the future conditions of land use, water use, and the hydrologic cycle are not
perfectly known at this time.

4.5 Effects on Model

Based on review of the available data, the characteristics of groundwater in the
Centennial Wash Area appear to be consistent with the assumptions made in
MODFLOW. Therefore, MODFLOW's assumptions are not expected to have a
significant effect on simulations of groundwater flow for the Centennial Wash Area.

The effects of the limitations described above on model construction and results are
considered acceptably small for the projections presented here. Considering only
saturated groundwater flow is considered acceptable for the purpose of prob ecting
drawdowns in the Centennial Wash Area. Uncertainties in future conditions surrounding
the proposed power plants are likely not large enough to seriously affect saturated
thicknesses during the simulation. The calibration of the Centennial Wash Area model
and the availability of pumping test-based estimates of transmissivity for the vicinity of
the proposed power plants indicate that the model is acceptable for making the drawdown
estimates presented here.

4.6 Pre- and Post-processing Software

Data entry and pre- and post-processing of the Centennial Wash Area model were
accomplished with Groundwater Vistas (Environmental Simulations, Inc., l998). This
software provides a graphical user interface that represents the input data and output
results with colors and shapes that allow rapid inspection of key variable distributions.

Peter Mock Groundwater Consulting, Inc. July 7, 2000
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Table 2 Model Layers
Layer

Number
Top Elevation

(Feet amyl)
Bottom Elevation (Feet amyl) Thickness

(Feet)
I 850 or water table

(770 or water table in Arlington
Valley)

700
(680 in Arlington Valley)

Varies with water table

2 700
(680 in Arl ington Valley)

650 30 50

3 650 600 50
4 600 500 100
5 500 350 150
6 350 100 250
7 I00 -500 600
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5.0 MODEL CONSTRUCTION

5.1 Model Domain

Figure 1 shows the model grid overlain on selected base maps (roads, railroads, rock
outcrops, and surface water features). Inactive cells in Layer l are filled black on Figure
1. The model grid for the CentenNial Wash Area model consists of 93 rows and 96
columns and forms a uniform mesh of square grid cells each 1000 feet on each side.

The layers in the Centennial Wash Area model are uniform in thickness and
individual elevations with a few exceptions. Table 2 summarizes the layer extents and
the hydrostratigraphic units they represent.

In general, the layers were selected to allow separate, accurate representation of the
Palo Verde Clay and to concentrate more layers in the shallowest part of the groundwater
system where vertical gradients were largest.

5.2 Representation of Hydraulic Properties

Within the elevations represented by each relatively flat model layer, several
lithostratigraphic units occur in the Centennial Wash Area. Each lithostratigraphic unit
was given a unique zone number that relates to uniform hydraulic properties. For
example, the Palo Verde Clay occurs in portions of Layer 2 and has one set of hydraulic
properties: horizontal hydraulic conductivity, vertical hydraulic conductivity, specific
storage and specific yield.

The structural contour maps of each lithostratigraphic unit presented in the Interim
Report (PMGC, 2000) were compared to the top and bottom elevations of each layer to
assign zones in each layer to represent the litho stratigraphic units in each layer. For
example, in Layer 3, the LAU zone was assigned wherever the top and bottom elevations
of the LAU crossed the top or bottom elevations of the model layer.

Peter Mock Groundwater Consulting, Inc. July 7, 2000
Centennial Wash Area Groundwater

Model Simulation Report



Page ll of22

5.3 Representation of Sourees and Sinks

Recharge from washes was found to be important to maintain simulated steady-state
water levels in the area between the Palo Verde Hills, but resulted in excessive build up
of water elsewhere. The washes were identified from topographic maps and various
recharge rates were tried in 28 cells during calibration to match measured water level
elevations. A total of approximately 1,800 ac.-ft./yr. was applied at an instantaneous rate
of 8 x 10-3 ft./day for these small washes.

Recharge from the Arlington Canal Company Canal was simulated at a rate of
approximately 10,000 ac.-ft./yr. throughout the simulations described here.

Recharge from excess agricultural irrigation was simulated for areas indicated as
cropped on plots obtained from Gookin Engineers, Ltd., USGS and ADWR. No
differentiation based on crop types was attempted because the crop type data were not
available. A constant value of 2 x 10-3 ft/day (0.72 ft/yr) or approximately 20% of
applied water was initially assigned for earlier periods (1941 to 1981). A constant value
of 1 X 10-3 ft/day (0.36 ft/yr) or approximately 10% of applied water was initially
assigned for later periods (1982 to 2000), except in Arlington Valley where abundant
surface water supplies did not lead to the need to increase efficiency with time. As
described earlier, later calibration work lead to elimination of recharge in areas where the
Upper Silt Deposits of the MAU are present at land surface, and an increase to 3 x 10-3
ft/day (1 .09 ft/yr) or approximately 30% of applied water.

Pumping wells were each represented as individual well cells in the model. Pumping
for agricultural irrigation was estimated by multiplying the cropped area times 3.4 ft/yr
for all areas indicated as cropped in records described in the previous paragraph.
Pumping for domestic uses and stock watering was considered negligible (less than 500
ac.-ft./yr.). The pumping for wells was typically distributed across the individual model
layers based on their open intervals and relative individual transmissivity values. Most of
the pumping was attributed to the LAU and Red Unit below the Palo Verde Clay (Layers
4 through 7) east of Winters Wash. The pumping was primarily distributed to the LAU
(Layers 2 through 7) west of Winters Wash where the Palo Verde Clay is interpreted to
be absent. Pumping from wells in the Arlington Valley was attributed to the Upper Sands
and Gravels of the UAU (Layer 1).

Table 3 and Figure 2 present the estimated historical pumping rates developed for this
model. Pumping was larger than 60,000 ac.-ft./yr. during the period 1948 to 1962, when
the Gila River was relatively dry and the Arlington Valley farmers relied primarily on
groundwater (estimated pumping in Arlington Valley was assumed to increase to 24,000
ac.-rt./yr.). Pumping along Centennial Wash was typically 35,000 to 40,000 ac.-ft./yr.
until 1981 when pumping started to decline with shrinking cropped acreages. Pumping in
the area in the 1990s ranged from 6,300 to 7,500 ac.-ft./yr.
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Table 3 Estimated Historical Pumping Rates (ac.-ft./yr.)
Stress
Period
End

Stress
Period

Duration

Stress
Period
Start

Arlington
Valley

Other
Centennial

Wash

Wintersburg
Area

Property

Pinnacle
West

Property PVNGS
Duke

Property
Sempra
Property Total

1947

1952

1957

1962

1965

1966

1972

1973

1975

1978

1980

1981

1984

1986

1990

1992

1993

2000

7

5

5

5

3

1

6

1

2

3

2

1

3

2

4

2

1

7

1941

1948

1953

1958

1963

1966

1967

1973

1974

1976

1979

1981

1982

1985

1987

1991

1993

1994

0

2,000

2,350

2,700

2,700

2,700

2,700

2,550

2,550

2,400

2,400

1,500

600

600

400

0

0

0

0

5,500

5,800

6,100

6,100

6,100

6,100

6,050

6,050

6,000

6,000

4,200

2,400

2,000

600

0

0

0

0

9,000

10,350

1 1,700

9,450

9,450

7 200

8,600

8,600

10,000

10,000

6,050

2,100

l _900

1,900

500

600

400

0

2,700

1,900

1,100

2,250

2,250

3,400

6,550

6,550

9,700

9,700

6,550

3,400

1,300

1,100

100

0

0

0

7,800

7,300

6,800

7,150

7,150

7,500

6,000

6,000

0

0

0

1,300

2,300

1,600

1,900

1,700

1,900

0

24,500

24,500

24 500

2,400

2,400

2,400

2,400

2,400

2,400

2,400

3,800

5,200

3,000

1,700

1,800

1,800

2,100

0

7,900

7,550

7,200

7,500

7,500

7,800

8.000

8,000

8,200

8,200

6,400

4,600

6,600

5,000

2,500

2,200

3, 100

0

59,400

59,750

60,100

37,550

37,550

37,100

40,150

40,150

38,700

38,700

28,500

19,600

17,700

12,300

6,800

6,300

7,500
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The MCDFLOW stream package was used to simulate the Gila River. Conductance
and stages were varied during the steady state simulation to develop gaining conditions in
most of the Arlington Valley (17,000 ac.-ft./yr.) and losing conditions in the far southern
Arlington Valley (3,000 ac.-ft./yr.). For the transient period, no changes were made to
the stream package inputs except to remove it entirely from 1948 to 1962 when river
flows were relatively negligible and large drawdowns were noted in wells in the
Arlington Valley.

Evapotranspiration was simulated for the area along the Gila River in the Arlington
Valley. The acreages of phreatophytes given in the Interim Report (PMGC, 2000) were
entered and rates and extinction depths were varied during calibration to achieve the
approximate total evapotranspiration rate of 8,000 ac.-ft./yr.

5.4 Representation of Boundary Conditions

Boundaries of no-flow surround the model and are the primary boundary condition
along the south and western edges of the model area (see Figurel). The distribution of
no-flow cells varies with layer. The area of active cells generally decreases with depth.
The ridge of BC beneath the Palo Verde Hills is represented as inactive cells in Layers 5,
6, and 7.
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Approximately 15,000 ac.-ft./yr. of inflow to the model area was provided by a
specified head boundary aligned with the Buckeye-Salome Road set at elevations derived
from water level maps presented in the Interim Report. The model then calculates inflow
necessary to maintain those prescribed heads as water levels change within the model.
Additional inflow to the model of approximately 4,000 ac.-ft./yr. was provided by a
prescribed flux (flow rate) boundary aligned across the Gila River Channel near
Hassayampa.

A minor amount (100 ac.-ft./yr.) of mountain front recharge was added to the model
uniformly along all mountains fronts in the Centennial Wash Area. Approximately 7,000
ac.-ft./yr. of outflow from the model area into the Gila Bend Basin was provided by a
prescribed flux boundary aligned with the Gila River channel south from Gillespie Dam.

5.5 Representation oflnifial Conditions

Based on inspection of hydrographs presented in the Interim Report (PMGC, 2000),
development of the groundwater system by human activities and changes from natural
conditions began shortly after 1940. Therefore, water-level elevation information up to
1940 was used to assemble a pre-development (~l940) water level map for the
Centennial Wash Area. Initial conditions for the model were developed from a steady-
state simulation, which represents the pre-development conditions .

5.6 Representation of Time

The steady state model represents groundwater flow before development of the
groundwater reservoir began in approximately 1940. Time in the transient model
represents a calibration period (1/l/l94l to 12/31/2000) followed by a prediction or
projection period (1/1/2001 to 12/31/2030). In order to allow the model to represent the
numerous significant changes in sources and sinks, time was divided into 19 stress
periods. All stresses (sinks or sources) are constant within a stress period. Each stress
period was divided into time steps that allowed the model to calculate the changes in
water-level elevation resulting from changes in stresses. Table 4 presents the stress
periods and time steps used in the Centennial Wash Area transient model.
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Table 4 Model Time Representation
Time Period Stress

Period
Number Time

Steps
Incremental
Multiplier

Time (years)
(Cumulative)

1/1/41 - 12/31/47 1 3 1.20 7 (7)
1/1/48 - 12/31/52 2 20 1.02 5 (12)
1/1/53 12/31/57 'W

J 30 1.01 5 (17)
1/1/58 - 12/31/62 4 30 1.01 5 (22)
1/1/63 - 12/31/65 5 20 1.02 3 (25)
1/1/66 12/31/66 6 10 1.03 1 (26 )
1/1/67 -- 12/31/72 7 73 1.00 6 (32)
1/1/73 - 12/31/73 8 20 1.00 1 (33)
1/1/74 - 12/31/75 9 25 1.03 2 (35)
1/1/76- 12/31/78 10 60 1.00 3 (38)
1/1/79 - 12/31/80 11 25 1.03 2 (40)
1/1/81 - 12/31/81 12 5 1.20 1 (41 )
1/1/82 -.- 12/31/84 13 15 1.05 3 44)
1/1/85 - 12/31/86 14 5 1.20 2 46)
1/1/87 - 12/31/90 15 8 1.20 4 (50)
1/1/91 .- 12/31/92 16 5 1.20 2 (52)
1/1/93 - 12/31/93 17 5 1.20 1 53)
1/1/94 -- 12/31/00 18 8 1.20 7 (60)
1/1/01 .-- 12/31/31 19 20 1.10 30 (90)
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5. 7 Selection of Calibration Targets and Goals

For the steady state model, 46 pre-development water-level measurements were
selected as targets and assigned for comparison to simulated water level elevations in
Layer l. The goal for steady state calibration was to remove obvious bias from the
calibration cross-plot (equal spread above and below the 1:1 correlation line) and to
match simulated water level elevations to measured water-level elevations to within 20
feet on average. The 20-foot criterion is based on the idea that the total water level drop
through this modeled system is approximately 200 feet and the simulation accuracy
should be within 10% of the total water level drop.

For the transient model, 305 water-level measurements at 10 wells were selected as
targets to address the 60-year calibration period. The goal for transient calibration was to
remove obvious bias from the calibration cross-plot, match the general shape and level of
the selected hydrographs in the vicinity of the Power Plants, and to match simulated
water level elevations to measured water-level elevations to within 20 feet on average (as
in the steady state model).
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5.8 Numerical Parameters

For the steady state simulation, the PCG2 solver was set to allow 500 outer iterations
and 80 inner iterations while achieving a head change residual of l x 10-7 feet and a mass
flow residual of l cubic foot per day. For the transient simulation, the PCG2 solver was
set to allow 200 outer iterations and 50 inner iterations while achieving a head change
residual of 0.01 feet and a mass flow residual of 10 cubic feet per day. The differences
between the criteria for the steady state and transient models were required to achieve
overall mass balance errors of less than l percent in the simulations.
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Table 5 Hydraulic Properties
Zone Number/Litholo I KH ft/d Kv ft/d Se ft" dimSo

10/Volcanic Sediments Sequence 0.005 0.005 lx 10.° 0.02

15/Red Unit 7 0.7 lx 10.° 0.07

20/Lower Alluvial Unit 100 10 1 X10-6 0.15
25/Palo Verde Clay of MAU 0.002 0.001 lx 10"' 0.02

30/Upper Silt Deposits of MAU 0.5 0.05 lx 10"' 0.07

35/Upper Sands and Gravels of UAU 300 30 lx 10.° 0.25
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6.0 MODEL CALIBRATION

6.1 Comparing Simulated Values to Measurements

For the steady state simulation, the distribution of differences between measured and
simulated water-level elevations (residuals) was plotted and inspected for trends in the
spatial distribution of the residuals. The individual measured and simulated water-level
elevations were also compared on a cross-plot with identical axes and Groundwater
Vistas calculated calibration statistics.

For the transient simulation, the measured and simulated water-level elevations were
compared for selected individual hydrograph locations. The measured and simulated
water-level elevations were also compared on a cross-plot with identical axes and
Groundwater Vistas calculated calibration statistics.

6.2 Parameter Estimation

Table 5 lists the hydraulic property estimates developed for the Centennial Wash
Area model. In general, published sources were used to estimate hydraulic conductivity
and storage properties (Freeze and Cherry, 1979, Lohman, 1979). Where estimates of
transmissivity were available, the total transmissivity of the interval open to the tested
well was set equal to the aquifer test result. Minor adjustments were attempted during a
few calibration runs of the steady state model, but the original estimates based on
published values provided reasonable results as discussed in the next subsection.

6.3 Calibration Results

Figure 3 presents the simulated steady state water-level elevations and computed
residuals (measured minus simulated) for Layer l of the steady state model. The
residuals are relatively evenly distributed in the model. Figure 4 presents the cross plot
of simulated and measured water level elevations for the steady state model. The
residuals are relatively evenly distributed about the 1:1 line. Table 6 summarizes the
calibration statistics calculated by Groundwater Vistas. The standard deviation and root
mean squared residual indicate the steady state model is, on average, within the 20 foot
criterion selected for this model.
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Table 6 Calibration Statistics
Statistic Steady State Transient
Number of Targets 46 305
Minimum Residual -16.8 -65.87
Maximum Residual 48.76 59.68
Mean Residual feet 6.6 1.3
Standard Deviation of Residuals (feet) 13.0 19.3

Sum of Squared Residuals (feet squared) 9,770 114,000

Mean of Residual Absolute Values (feet) 10.7 15.3

Root Mean Squared Residual 14.6 19.3
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Figure 5 presents the simulated water-level elevations and interpreted flow directions
in Layer 3 for 12/31/2000. Calibration targets are not available for this time period, but
the general direction and spacing of contours is similar to recent water level maps
prepared by ADWR (PMGC, 2000).

Figure 6 shows simulated and measured hydrographs at four selected locations in the
transient model. The general shape and values of the hydrographs match to an acceptable
degree. Simulated drawdowns and rises beneath the Redhawk property ([C-01-
06] l4dbb) are larger than measured, but much of the simulation is within 20 feet of
measured values at this point. Figure 7 presents the cross plot of simulated and measured
water level elevations for the transient model. The residuals are relatively evenly
distributed about the l:l line, with the exception of targets in Layer 3 in the area north of
PVNGS where simulated water levels are alternately too low or too high. The distance of
this area from the area of the power plants makes this area of lesser concern for model
calibration and operation. .

Table 6 summarizes the calibration statistics calculated by Groundwater Vistas. The
standard deviation and root mean squared residual indicate the transient state model is, on
average, within the 20 foot criterion selected for this model.
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7.0 PREDICTIVE MODEL SIMULATIONS

7.1 Detln iti0n

Five scenarios were defined for future simulations with the calibrated Centennial
Wash Area groundwater flow model. The live scenarios address live possible land uses
for the Centennial Wash Area:

1. Three Proposed Power Plants

2. Return to Full Agricultural Production

3. Urban Development
a. Level I - 57,000 residents
b. Level II - 100,000 residents

4. No change

The three proposed power plants have purchased the land or options to buy the land
with irrigation grandfathered water rights. The return to full agricultural production
indicates the maximum groundwater pumping allowed for irrigation by state law on the
lands acquired by the proposed power plants. The proposed power plants will be forced
to use much less than the irrigation grandfathered right for electrical power generation.
Urban development has been moving towards this area at an increasing pace in recent
years. The water use associated with urban development is yet another option that could
have been realized for the land if the proposed power plants had not purchased the land or
options to purchase the land. Two views of urban development were developed. In the
first urban scenario, the value of 6,500 acres of power plant property is multiplied by 3.5
housing units per acre, 2.5 residents per housing unit, and 150 gpcd. For the second
urban scenario, the value of 100,000 residents is multiplied by 150 gpcd. Finally, much
of the land is currently sitting idle and groundwater continues to recover (rise) from its
low point in the early 1980s. The results of simulating the five scenarios for 30 years are
subtracted from the simulation for 12/31/2000. The resulting changes (drawdowns or
rises) can be compared to evaluate the outcomes of various land uses for the Centennial
Wash Area.

7.2 Representation 0f Future Conditions

Table 7 summarizes the pumping rates selected to simulate the five scenarios of
possible land use for the Centennial Wash Area. For each scenario, all pumping outside
of the land for the proposed power plants was maintained at values reported to ADWR
for the later 1990s (4,400 ac.-ft./yr.). For Scenario l, wells were simulated on the power
plant properties totaling their Type I rights - 18,200 ac.-ft./yr. For Scenario 2, wells were
simulated on the power plant properties totaling their irrigation grandfathered rights -

Peter Mock Groundwater Consulting, Inc. July 7, 2000
Centennial Wash Area Groundwater

Model Simulation Report



Table 7 Pumping Rates Used for Future Scenarios ac.-ft./yr.
Scenario Duke

Property
Pinnacle
West
Property

Sempra
Property

Power Plant
Properties
Total

Other
Pumping

Total
Pumping

1 6,800 3,400 8,000 18,200 4,400 22,600
2 11,200 5,000 15,000 31 ,200 4,400 35,600
pa 3,400 1,600 4,600 9,600 4,400 14,000
Cb 6,000 2,700 8,100 16,800 4,400 21,200
4 1003, 0 0 3,100 4,400 7,500
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31,200 ac.-ft./yr. For Scenario pa, wells were simulated on the power plant properties
totaling the amount derived from assuming densities and water use described before,
which is comparable to a population of 57,000 residents using a total of 9,600 ac.-ft./yr.
For Scenario Cb, wells were simulated on the power plant properties totaling the amount
derived from assuming a population of 100,000 people and 150 gpcd - 16,800 ac.-ft./yr.
Scenario 4 includes wells pumping on the power plant properties at 3, 100 ac.-ft./yr.

7.3 Results

The results for each scenario are presented in Figures 8 to 12. They are the
differences between the simulation at the end of the transient calibration period
(12/3 l/00) and the simulation at the end of the prediction period (12/3 l/2030). The
simulation results are shown for Layer 3, except for Scenario 2, which is presented for
Layer 4 because Layer 3 was locally dewatered. The simulated water-level elevations
were noted to be similar in Layers 3 through 7, so using Layer 4 for presenting the results
of Scenario 2 does not present any barriers to comparing the scenario results.

The contours of equal change in the water-level elevation of Layer 3 over 30 years for
Scenario 1 (Type I rights) (Figure 8) indicate the maximum responses in Layer 3 are
slightly over 75 feet beneath the western Centennial Wash Area. Twenty feet of
drawdown extends to the limits of the Centennial Wash basin (the area south of the Palo
Verde Hills). The Arlington Canal appears to present a barrier to drawdown. The
extension of drawdowns to the Gila River in the southern Arlington Valley coincides
with the area where the Palo Verde Clay is not present in deeper intervals such as Layer
3.

The contours of equal change in the water-level elevation of Layer 4 over 30 years for
Scenario 2 (return to full agricultural use) (Figure 9) indicate the maximum responses in
Layer 4 are slightly over 180 feet beneath the western Centennial Wash Area. Twenty
feet of drawdown extends to the limits of the Centennial Wash basin (the area south of
the Palo Verde Hills). Layer 3 was dewatered in the center of the*western area. The
Arlington Canal appears to present a barrier to drawdown. The extension of drawdowns
to the Gila River in the southern Arlington Valley coincides with the area where the Palo
Verde Clay is not present in deeper intervals such as Layer 3.
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The contours of equal change in the water-level elevation of Layer 3 over 30 years for
Scenario pa (urban expansion to 57,000 residents) (Figure 10) indicate the maximum
responses in Layer 3 are slightly over 15 feet beneath the western'Centennial Wash Area.
Drawdown greater than 5 feet is limited to the Centennial Wash Area and does not reach
to the Arlington Canal in Scenario 3a.

The contours of equal change in the water-level elevation of Layer 3 over 30 years for
Scenario 3b (urban expansion to 100,000 residents) (Figure ll) indicate the maximum
responses in Layer 3 are slightly over 65 feet beneath the western Centennial Wash Area.
Twenty feet of drawdown extends to the limits of the Centennial Wash basin (the area
south of the Palo Verde Hills), but not to the Arlington Canal.

The contours of equal change in the water-level elevation of Layer 3 over 30 years for
Scenario 4 (no change from current conditions) (Figure 12) indicate the maximum
responses in Layer 3 are rises of slightly over 25 feet beneath the western Centennial
Wash Area. Ten feet of rise extends to the limits of the Centennial Wash basin (the area
south of the Palo Verde Hills). The Arlington Canal appears to present a barrier to rises.
The extension of rises to the Gila River in the southern Arlington Valley coincides with
the area where the Palo Verde Clay is not present in deeper intervals such as Layer 3.

7.4 Discussion

Figure 13 is a comparison of the five scenarios for a point in Layer 4 where predicted
drawdowns are largest. The predicted responses of the groundwater system in the
Centennial Wash Area to the pumping for the three power plants at their Type I rights
(Scenario l) are similar to the predicted responses for urban expansion to a resident
population with 100,000 people using groundwater as their source of water supply
(Scenario Cb). The predicted responses for Scenarios l and Cb are less than occurred
during historical periods of heavy agricultural use (1950 to 1980).

The predicted responses to no change in recent pumping levels are diminishing rises
in water levels of more than 25 feet. The predicted responses for urban expansion to a
resident population with 57,000 people using groundwater as their source of water supply
(Scenario pa) are intermediate between the no change simulations and the simulations for
the power plants or for urban supply to 100,000 people. The predicted changes to a
return to full agricultural use of the power plant properties are much larger than in the
other scenarios (more than 180 feet of drawdown).

The predicted responses shown are for Layer 3 where most of the drawdown occurs.
Responses above the Palo Verde Clay, in intervals tapped by many domestic wells, will
be significantly less than in Layer 3, as observed in the historical hydrographs (Pl\/IGC,
2000)
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75 Limitations and Effects on Model Results

The available information has been extensively used in the analysis of the
hydrogeology of the Centennial Wash Area (PMGC, 2000). As with most groundwater
investigations, the subsurface of the Centennial Wash Area is not completely known.
However, the available data for lithology and hydraulic properties collected from
hundreds of wells were used in the construction of the model, and calibration indicates
the model represents the groundwater system to an acceptable degree.
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Explanation

Water-Level Elevation Contours (20-foot Intervals)
Points are Target Locations and Values are

Residuals (Measured minus Simulated)

Scale is 1" = 15,000'
North is up

Figure 3 Steady State (~1940) Simulation Results
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EXECUTIVE SUMMARY

This interim report presents a current summary of information regarding the
groundwater system and a preliminary evaluation of the potential response of
groundwater to pumping for three proposed power plants in the Centennial Wash Area.
Development and calibration of a groundwater flow model to project responses to
pumping for the three proposed power plants will be based on the findings of this report.

The region consisting of the Hassayampa Sub-Basin of the Phoenix Active
Management Area was considered in compiling and reviewing relevant reports and data
regarding groundwater. Review of that information indicated that focusing efforts on a
local study area is appropriate within the Hassayampa Sub-Basin. The local study area is
called the Centennial Wash Area.

The geologic framework of the Centennial Wash Area was developed starting from
the extensive work conducted for siting of the Palo Verde Nuclear Generating Station and
review of drillers', geologists' and geophysical logs collected from the files of the
Arizona Department of Water Resources. In order of oldest to youngest, the geologic
units identified in the area are:

Quaternary (Upper Pliocene) Palo Verde Clay (part

Basement Complex .- Precambrian granitic and metamorphic rocks
Bedrock .- Tertiary (Miocene) Volcanic-Sedimentary sequence
Lithology Zone 1 .- Tertiary (Miocene-Pliocene) Indurate Fanglomerate (also
called the Red Unit)
Lithologic Zone 2 - Tertiary-Quaternary Lower Silt, Sand and Gravel Deposits
(also called the Lower Alluvial Unit)
Lithologic Zone 3 .- Tertiary-
of the Middle Alluvial Unit)
Lithology Zone 4 - Tertiary
Alluvial Unit)
Lithologic Zone 5 - Quaternary Upper Sand and Gravel Deposits (part of the
Upper Alluvial Unit)

-Quaternary Upper Silt Deposits (part of the Middle

Peter Mock Groundwater Consulting, Inc

April 4, 2000
Centennial Wash Area Groundwater

Interim Report



Lithologic Zone 6 - Quaternary Younger Fan Deposits (part of the Upper Alluvial
Unit)

The principal aquifer system and perched water-table aquifers are hydrostratigraphic
units selected from this geologic framework and consideration of available water-level
elevation contour maps and hydrographs. The regional, principal aquifer system
comprises aquifers in the Volcanic-Sedimentary Bedrock Sequence, the Red Unit, and
the Lower Alluvial Unit. Where the Palo Verde Clay of the Middle Alluvial Unit is
present, it is a leaky aquitard confining the principal aquifer system. Where the Palo
Verde Clay is absent and the Upper silt Deposits of the Middle Alluvial Unit are present,
the Upper Silt Deposits are also included with the principal aquifer system. Where the
Palo Verde Clay is present, perched water-table aquifers may develop in the overlying
Upper Silt Deposits or Upper Alluvial Unit with water-level elevations tens of feet higher
than those of the underlying principal aquifer.

The Basement Complex and the Palo Verde Clay were identified as boundaries to
groundwater flow in the Centennial Wash Area. The Basement Complex serves as a
substantial boundary to groundwater flow both horizontally at the sides of the area and
vertically as a basement to the area. The Basement Complex rises up along the northeast
side of the Centennial Wash Area and restricts groundwater flow there. The Palo Verde
Clay is not as substantial a boundary to flow as the Basement Complex, but it is expected
to substantially slow the flow of groundwater downward from the surface and upward
from the principal aquifer system where the Basement Complex rises up in the
northwestern part of the Centennial Wash Area.

The available data and interpretations for hydraulic parameters such as transmissivity
and hydraulic conductivity for the Centennial Wash Area were compiled and reviewed.
The available information for estimating hydraulic parameters is sparse. Efforts are
ongoing to collect data and estimate hydraulic parameters in the vicinity of the proposed
power plants. .

.Recharge and discharge components of the groundwater system in the Centennial
Wash Area were identified and preliminary estimates were made as data allowed. The
recharge components were summarized as:

Groundwater flow in from adj agent areas,
Infiltration of precipitation and runoff, and
Infiltration from agricultural operations,

and included:

West-bound groundwater flow in from the West Salt River Valley beneath the
Gila River channel near Hassayampa,
Southwest-bound groundwater flow in from the Hassayampa Plain beneath the
Buckeye-Salome Road,

Peter Mock Groundwater Consulting, Inc

April 4, 2000
Centennial Wash Area Groundwater

Interim Report
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•

¢

•

•

•

•

•

•

•

East-bound groundwater flow in from the Harquahala Basin beneath the
Centennial Wash channel at Mullen's Cut,
Direct infiltration of precipitation,
Infiltration of runoff at mountain fronts,
Gila River infiltration,
Hassayampa River infiltration,
Centennial Wash infiltration,
Minor tributary infiltration,
Industrial detention basin infiltration,
Agricultural leaching requirement, and
Arlington Canal transmission losses.

The discharge components were summarized as:

Groundwater flow out to adj agent areas,
Groundwater How into the Gila River,
Evapotranspiration, and
Wells,

and included:

•

•

•

•

•

•

Southeast-bound groundwater flow out to the Gila Bend Basin beneath the
Gillespie Basalt flow near Gillespie Dam,
Direct evaporation from the water table,
Transpiration from phreatophytes,
Groundwater flow into the Gila River,
Agricultural pumping,
Industrial pumping,
Domestic pumping, and
Pumping for livestock watering.

The recharge and discharge estimates were assembled into a preliminary groundwater
budget and the resulting summary was reviewed. Inspection of the preliminary
groundwater budget indicates that the estimated boundary flows and flows to and from
the Gila River will require refinement. This conclusion is based on expected overall
depletions in storage indicated by water-level data and the assumption that the
agricultural water use estimates are relatively accurate, an assumption that should be
confirmed

Based on the information available to date, it is coNcluded that approximately 40,000
acre-feet per year (ac.-ft./yr.` of pumping for agriculture in the Centennial Wash Area
from approximately 1950 to 1980 resulted in water-level declines near pumping centers
of over 100 feet. During the times of largest drawdowns in the pumping centers, water-
level elevations in areas a few miles from the pumping centers fluctuated up and down by
only a few feet. Proposed pumping for the power plants is estimated here at 16,000 to

Peter Mock Groundwater Consulting, Inc

April 4, 2000
Centennial Wash Area Groundwater

Interim Report
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18,000 ac.-ft./yr. Therefore, the response of the groundwater system to pumping for the

to half) of that observed in the past in response to agricultural pumping.
power plants water-level declines - may be expected to be a fraction (perhaps one third

The conclusions of this interim report should be tested by refining the water budget
components through model calibration and conducting simulations of 30 years of power
plant pumping. A model provides for consistent comparison of simulated water level
elevations with measured water-level elevations (calibration targets) and therefore is a
more severe test of water budget components than simple, lumped water balance. The
available water-level data will provide suitable targets for model calibration.

In developing the model, agricultural water use characteristics of the area during the
past 50 years should be further investigated and the relevant water budget component
estimates should be refined. Estimates of flow to and from the Gila River should be
refined as part of model calibration.

To further support and guide the calibration of the model, additional estimates of
hydraulic parameters should be developed through the conduct of aquifer tests in the
principal aquifer system at several locations using observation wells, as they are available
and access can be obtained. The hydraulic parameter estimates resulting from the aquifer
tests can be incorporated into the model during calibration and can serve as additional
calibration targets.
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1.0 INTRODUCTION

1.1 Purpose

The goal of the work discussed in this interim report is to qualitatively evaluate the
potential response of groundwater to pumping for three proposed electrical power
generation facilities (power plants) south of the Palo Verde Nuclear Generating Station
(PVNGS) west of Phoenix,
objectives were selected:

Arizona. In support of addressing this goal, the following

2.
3.
4.
5.

Review relevant reports on groundwater for the region surrounding the proposed
power plants,
Select a local model study area,
Review in detail the available reports and data for the local model study area,
Characterize the groundwater resources of the local model study area,
Qualitatively evaluate the response of the groundwater in the local model study
area to pumping for the proposed power plants, and
Develop the technical foundation for development of quantitative calculations of
groundwater response to the proposed power plant pumping.

This interim report addresses the first five objectives stated above. The development
of a computer simulation model of the groundwater in the local model area to address the
sixth objective has begun with technical input from the Arizona Department of Water
Resources, Maricopa County, and representatives and technical consultants to the
proposed power plant companies. The development and results of that model will be
presented in a separate document.

1.2 Eackground on Arizona Groundwater Regulation

The following discussion of potential groundwater use by the three proposed power
plants requires some background on terms derived from groundwater regulations in
Arizona. This subsection is a preliminary effort at providing definitions of these terms,
but does not purport to be a legal analysis. Instead, this subsection is a generalized
collection of definitions found in publicly available sources and commonly used in
discussions of water use by the proposed power plants. Legal counsel should be
consulted for interpretation of Arizona's statutes for a specific situation.

Groundwater rights within Active Management Areas (AMAs) are subject to the
Arizona Groundwater Management Act of 1980 (GMA) and are quantified and enforced
by the Arizona Department of Water Resources (ADWR). All of the proposed power
plants are within the Phoenix Active Management Area (PhxAMA). All of the power
plants have acquired rights to pump groundwater through purchase of farmlands with
associated groundwater rights.

Peter Mock Groundwater Consulting, Inc
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Irrigation grandfathered rights (IRs) within the AMAs are calculated by ADWR
based on the GMA as follows: "multiply the water duty acres for each farm within the
farm unit by the irrigation water duty for the farm unit and divide that amount by the
number of irrigation acres in the farm..." (ADWR, 1998 - page 76). Irrigation water duty
or water duty is "the amount of water in acre-feet per acre that is reasonable to apply to
irrigated land in a farm unit during the accounting period as determined by the [ADWR]
director..." [underlining added] (ADWR, 1998 - page 54). An acre-foot (ac.-ft.) is a
volume unit commonly used in Arizona that amounts to 325,85 l gallons of water. Water
duty acres are "...the highest number of acres in the farm, taking rotation into account,
which were legally irrigated in any one year in the five years preceding January I, 1980
..."[underlining added] (ADWR, 1998 - page 76). The irrigation acres are "...the acres
in the farm which were legally irrigated atanta timeduring the five years preceding
January l, 1980..." [underlining added] (ADWR, 1998 - page 76). Note that the water
duty changes with the accounting period while the other quantities are fixed based on the
data from 1975-1980. ADWR institutes plans to reduce agricultural water use by
adjusting the amount reasonable to apply to irrigated land in each 10-year management
plan period (1980-1990, 1990-200, etc.).

An GR can be conveyed for non-irrigation use, specifically an "...industry engaged
in the generation of electrical energy for the purpose of electrical energy generation..."
(ADWR, 1998, page 86). The right after conveyance is called a Type I non-irrigation
grandfathered right (or, informally, a Type I right) and amounts to the lesser of the GR
or ..."three acre-feet per year multiplied by the number of water duty acres in the farm in
which the acre to which the right is appurtenant is located divided by the number of
irrigation acres in the farm" (ADWR, 1998 .- Page 87). Although the applicability of
protocols for determining the Type I rights are to be evaluated by legal counsel, the
general process is to allow three ac.ft. per acre per year (ac.-ft./ac.-yr.) of farmland
purchased by the power companies.

By foreseeing the purchases of agricultural lands for other uses with urban growth,
and instructing ADWR to reduce water rights from a typical range of four to six ac.ft./ac.-
yr. down to three ac.ft./ac.-yr. upon conveyance, the GMA instituted a long-term plan to
reduce groundwater use by agriculture. The GMA, through ADWR, limits the maximum
permissible pumping by the proposed power plants to their conveyed Type I rights. With
this background in mind, the potential groundwater use by the proposed power plants is
summarized below. -

1.3 Three Proposed Power Plants

The three proposed power plants would connect to a new switchyard south of
PVNGS called the Palo Verde South Switchyard. The three proposed power plants are:

The Mesquite Power Project proposed by Sempra Energy Resources,
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The Arlington Valley Energy Project proposed by Duke Energy North America,
and

The Combined Cycle Power Plant Project (informally known as the Redhawk
Plant) proposed by Pinnacle West Energy Corporation.

All three power plants will be new combined cycle facilities that generate electrical
power primarily from combustion of natural gas, but also use residual heat to create
steam and generate electrical power from the steam as well. All of the proposed facilities
will be built in 500-megawatt (MW) units.

The Mesquite Power Project proposed by Sempra Energy Resources comprises two
500-MW units completed by 2003, depending on the completion of the Palo Verde South
Switchyard (Sempra Energy Resources, 2000). The project owns options to purchase
approximately 2,990 acres of farmland with approximately 15,000 ac.-ft./yr. of GR. The
conveyance at a rate of 2.67 ac.-ft./ac.-yr. (less than three ac.-ft./ac.-yr. due to the number
of acres irrigated during the historical period) would result in a Type I right of7,990 ac.-
ft./yr. Based on operational plans, the proposed project is expected to have a water
demand of approximately 7,500 ac.-ft./yr. Pumping on the acquired land for irrigation
since 1983 ranged from zero to 3,400 ac.-ft./yr. and averaged 700 ac.-tt./yr. (ADWR,
l 999b), an amount that is well below the GR or conveyed Type I rights.

The Arlington Valley Energy Project proposed by Duke Energy North America
comprises two 500-MW units. Maximum estimated water demand at build out is
estimated to equal the conveyed Type I rights (ARCADIS Geraghty & Miller, 1999).
Duke Energy North America acquired 2,400 acres of farmland with six IRs. The total
of the IRs for 1999 was 11,200 ac.-ft./yr., which was obtained by applying varying
water duties to lands totaling 2,272 acres. Conveyance to a Type I right at three ac.-
ft./ac.-yr. would amount to 6,817 ac.-ft./yr. Pumping on the acquired land for irrigation
since 1983 ranged from 1,700 ac.-ft./yr. to 7,400 ac.-ft./yr. and averaged 4,000 ac.-ft./yr.
(ADWR, 1999b), an amount that is well below the GR or conveyed Type I rights.

The Combined Cycle Power (RedhaWk) Plant proposed by Pinnacle West Energy
Corporation comprises four 500-MW units built one at a time and completed between
late 2000 and 2007 (Hargis+Associates, Inc., 1999 - page 1). Maximum estimated water
demand at build-out is 13,300 ac.-ft./yr. The projected water supply will be 90 to 95
percent effluent purchased from PVNGS (11,970 to 12,640 ac.-ft./yr.). Negotiations for
the effluent delivery between PVNGS and Pinnacle West Energy Corporation continue at
this writing (April 2000). Pinnacle West Energy Corporation purchased 1,119 acres of
farmland with IRs that will convey to Type I rights amounting to approximately 3,356
ac.-ft./yr. Groundwater demand for the Redhawk Plant is expected to be 660 to 1,330
ac.~ft./yr., given expected effluent deliveries, but permissible maximum under state law
will be the Type I right (approximately 3,360 ac.-ft./yr.). Pumping on the acquired land
for irrigation since 1983 has ranged from l ac.-ft./yr. to 2,500 ac.-ft./yr. and averaged 600
ac.-ft./yr. (ADWR, l 999b), an amount that is well below the GR or conveyed Type I
rights.
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Together, the three power plants have acquired 6,509 acres of farmlands with 31,200
ac.-ft./yr. of IRs. Conversion of these IRs to Type I rights would result in a maximum
permissible groundwater withdrawal by all three plants of 18,167 ac.-ft./yr. Projected
actual groundwater demand for the three plants is 15,600 ac.-ft./yr.

In summary, the groundwater use by the three power plants is projected to range
between approximately 16,000 ac.-ft./yr. (estimated demand) and 18,000 ac.-ft./yr
(maximum permissible under Arizona state law). Pumping on the lands acquired by the
power plants since 1983 has ranged from 1,700 ac.-ft./yr. to 11,500 ac.-ft./yr. and
averaged 5,100 ac.-ft./yr. (ADWR, 1999b). If irrigated agriculture were to resume at
historical levels (1950s, 1960s and 1970s) on the farmlands acquired by the power plants,
the groundwater pumping would range between approximately 20,000 and 40,000 ac.-
ft./yr.

1.4 Scope

This interim report is based on the data and reports available to Peter Mock
Groundwater Consulting, Inc. (PMGC) as of this writing (April 2000). Additional data
are expected in the next few months from aquifer testing, water-quality sampling and
analysis, water-level measurement and drilling programs initiated by Sempra Energy.
Aquifer testing and drilling programs initiated by Pinnacle West Energy Corporation are
expected to provide additional data in the next few months as well.

As mentioned above, the Hassayampa Sub-Basin of the PhxAMA is considered a
useful area for the regional evaluation of groundwater flow and logical, considered
selection of a local model study area. Specifically, the local model study area only needs
to enclose an area surrounding the proposed power plant properties out to obvious
boundaries to groundwater flow or distances containing distinctive groundwater
occurrence and flow conditions. From evaluation of reports and interpretations presented
in existing reports for the regional area, a local model study area was selected here and
detailed interpretations were limited to that area. For completeness, data within a small
margin around the local model study area (one to two miles) were also considered.

Water quality is not considered in this report at this time. However, data were noted
in the references reviewed here upon which interpretations could be made at a later time
concerning the distribution of inorganic chemical constituents in groundwater.

1.5 Plan 0f Development

This Section 1 has been an introduction to the work described in this interim report.
Section 2 is a discussion of relevant geologic and hydrologic reports from a regional
perspective (for the Hassayampa Sub-Basin of the PhxAMA) and selection of a local
model study area (the Centennial Wash Area). Section 3 is a geologic framework for the
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Centennial Wash Area, which serves as the foundation for the identification of
hydrostratigraphic (groundwater flow) units presented in Section 4. Section 5 is a
description of the hydrologic boundaries to the Centennial Wash Area while Section 6
provides estimates of hydraulic properties of the hydrostratigraphic units in the
Centennial Wash Area. Section 7 provides estimates of inflow and outflow components
of the groundwater budget in the Centennial Wash Area, which are used in Section to
construct a preliminary, overall groundwater flow budget for the Centennial Wash Area.
Section 9 is a discussion of the report as a whole - summary of findings, conclusions
drawn, and recommendations for future work, while Section 10 presents citations for
documents referred to in Sections l - 9.
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2.0 REGIONAL SETTING

2.1 Introduction

For this interim report, the extent of regional consideration is defined by the
Hassayampa Sub-Basin of the PhxAMA defined by ADWR (Figure l). To the extent
that previous geologic or hydrologic studies investigated and reported on areas including,
adj agent to, or overlapping with the Hassayampa Sub-Basin, they were considered
relevant to this study. This section on regional setting is divided into subsections on
review of relevant studies, geography, geology, climate, surface hydrology, subsurface
hydrology, and selection of a local study area.

2.2 Review of Relevant Regional Studies

This subsection presents a review of the primary geology and hydrology studies of
the region. There have been numerous studies of areas including or overlapping with
portions of the Hassayampa Sub-Basin. However, none focused on the area acquired for
the proposed power plants, a situation which requires extraction of relevant information
from each study and synthesis for the Hassayampa Sub-Basin. In the subsection, the
scope of each relevant study is briefly described, followed by an assessment of the .
particular relevance of the study to this effort. The review is presented in chronological
order based on publication date.

The U.S. Geological Survey (USGS) of the U.S. Department of the Interior conducted
the first regional study of groundwater conditions in the Lower Hassayampa Area (Stulik,
1974). The study area for that report is approximately the lower half of the Hassayampa
Sub-Basin of the PhxAMA. See Figure l for the locations of the Lower Hassayampa
Area in relation to the Hassayampa Sub-Basin. As reported in Stulik (1974), the USGS
compiled a field inventory of wells in 1968, collected drillers logs, measured water~levels
and well discharges during the period 1968 to 1973, and collected water-quality samples
for analysis of inorganic constituents. Of particular interest to this study is that the report
includes a map of surficial geology and subsurface geologic interpretations by in/LE.
Cooley, a map of irrigated areas interpreted from a 1968 aerial photograph, a water-level
elevation contour map for 1970, and estimates of groundwater pumping separated
between what Stulik (1974 Plate 1) defined as the Centennial and Tonopah-
Hassayampa areas. See Figure l for the dividing line between these two areas.

Two closely related studies characterized groundwater conditions in a corridor along
the Salt and Gila Rivers from 23rd Avenue to Gillespie Dam. Both Water Development
Corporation (Halpenny and Greene, 1975) and Water Resources Associates, Inc. (1975)
prepared reports for NUS Corporation concerning the potential impacts of water use by
the then proposed Palo Verde Nuclear Generating Station (PVNGS) on the regional water
resources. Both reports provided water balances for the study corridor for 1974 and
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projections of water balances in 5-year intervals forward to the year 2000. Relevant to
this study are estimates of surface water flows, effluent discharges from the City of
Avondale, City of Tolleson and city of Phoenix 23"* and 91st Avenue Wastewater
Treatment Plants, channel seepage losses/gains, consumptive use of crops in Arlington
Canal Company lands and discharge to phreatophytes.

The USGS published an update to Stulik's (l 974) report (Stulik and Laney, 1976)
that is in the typical format of USGS and ADWR "Ground-Water Conditions" map
reports. The report covers the USGS Lower Hassayampa Area of Stulik (1974) and
presents water-level measurements for 1975, water-level change maps for 1970 - 1975,
and specific conductance (related to total dissolved solids) and fluoride measurements for
1975. The report also presents irrigated acreages for 1974 based on Arizona Crop and
Livestock Reporting Service data checked in the field by the USGS. A supplement was
published for this report containing the basic data used for the report (USGS, 1976).

The Soil Conservation Service (SCS) of the U.S. Department of Agriculture mapped
soils over the central part of Maricopa County in the 1960s and 1970s (SCS, 1977). Of
relevance to this study are descriptions of surficial geologic materials and aerial
photography used as bases for presenting the detailed maps of the soil units. The lands
prepared for irrigation in 1973 are visible in the aerial photographs.

Between 1978 and 1980, Fug ro (1978, 1980) investigated the geology and
groundwater conditions in the vicinity of the then-proposed PVNGS for the Arizona
Nuclear Power Project. The scope of their studies extended for tens of miles around the
PVNGS. Surficial geology was mapped for the entire Lower Hassayampa Area of Stulik
(1974) and beyond. Over 70 borings were drilled to depths of 200 to 600 feet, borehole
geophysical logs were run in the boreholes, and gravity and seismic surveys were
conducted. The report further summarized interpretations of two pumping tests (of a
deep irrigation well and of a shallow test well), interpretations of numerous slug/bail tests
of the borings and laboratory tests of permeability for Core samples from the borings.

The USGS published a report for the "Hassayampa Area" in 1980 (Sanger and Appel,
1980), but it addressed only the area north and east of the Belmont Mountains. See
Figure 1 for the location of the Hassayampa Area as defined by Sanger and Appel (1980).
The focus of the study was primarily far to the north of the Hassayampa Plain in the
vicinity of the Town of Wickenburg. Six water-level measurements (and observations of
three dry holes) for 1976-1977 in the Hassayampa Plain were presented, but were
considered insufficient to contour. One water-quality sample in the Hassayampa Plain
was analyzed for inorganic constituents. .

The ADWR Basic Data Unit assumed the work of preparing groundwater conditions
map reports from the USGS in 1980. ADWR began with a study of the Harquahala
Basin by Graf (1980). Water-level measurements and results of inorganic water-quality
analyses are presented for 1979-1980. That report has significance to this study in that
the Harquahala Basin is adj cent to the Hassayampa Sub-Basin on the west and boundary
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conditions between the two basins for 1979-80 can be inferred from water-level elevation
contour maps.

ADWR's Basic Data unit developed a groundwater conditions map report in 1981 for
the Gila Bend Area (Sebenik, 1981). Water-level measurements and results of inorganic
water-quality analyses are presented for1979. Another groundwater conditions map
report for the Gila Bend Basin was completed and published by ADWR Basic Data Unit
in1996 (Rescore, 1996). Water-level measurements and results of inorganic water-
quality analyses were presented for 1993 along with hydrographs and water-level change
maps. These reports have significance to this study in that the Gila Bend Basin is
adj cent to the Hassayampa Sub-Basin on the south and boundary conditions between the
two basins for 1979 and 1993 can be inferred from the water-level elevation contour
maps.

In 1984, Water Development Corporation (Ha'penny, 1984) published the first study
dedicated solely to the "waterlogging" problem in the vicinity of the Town of Buckeye.
The waterlogging problem comprises depths to water of 4 to 10 feet and increasing
salinity within Buckeye Water Conservation and Drainage District. The increasing base
flow of the Gila River was identified as the major cause of the waterlogging. This report
extracted and expanded on previous reports for the Buckeye area by this same author
(Halpenny and Greene, 1975,1977, Halpenny, l982a,b, Halpenny, 1983) with a focus on
the waterlogging problem. Of relevance to this study is the summary of the Buckeye area
reports up to 1984 and a December 1983 water-level elevation contour map.

Long (1983) prepared a groundwater conditions map report for ADWR's Basic Data
Unit that expanded on the works of Stulik (1974) and Stulik and Laney (1976). This
report addressed the entire Hassayampa Sub-Basin of the then newly created PhxAMA.
The area also included much of what Sanger and Appel (1980) had called the
Hassayampa Area, but excluded the Wickenburg area. See Figure 1 for the locations of
these areas relative to the Hassayampa Sub-Basin. Long (1983) presented maps of water-
level elevation contours and inorganic water-quality analyses results for 1982, along with
hydrographs (1950 to 1982) and a water-level change map for the period 1970 to 1982.
The water-level elevation contour map included data points and separately addressed the
principal regional aquifer and a regional of shallower groundwater ("perched water")
beneath PVNGS. Long (1983) also presented pumping estimates for the Lower
Hassayampa area for the period 1973 to 1981. Unlike the previous USGS studies (Stulik,
1974, Stulik and Laney, 1976), irrigated area estimates were not presented. A
supplement was published for this report containing the basic data used for the report
(ADWR, 1983).

A groundwater conditions map report for the adjacent PhxAMA, minus the
Hassayampa Sub-Basin, was published by the ADWR Basic Data Unit using data
collected in 1982 (Reiter and Renwick,1986). Of relevance to this study are the plotted
individual water-level elevation data points and interpreted contours, which assist in
evaluating the flow of groundwater into the Hassayampa Sub-Basin from the east beneath
the Gila River channel.

Peter Mock Groundwater Consulting, Inc

April 4, 2000
Centennial Wash Area Groundwater

Interim Report



9

Errol L. Montgomery & Associates, Inc. (1986, 1988) performed a study of
waterlogging in the Buckeye area for the PhxAMA of ADWRin the 19805. The first
report (Montgomery, 1986) compiled and evaluated historical data and the second report
(Montgomery, 1988) used water budget models to evaluate conditions as of 1985 and
project conditions into the future under various scenarios for the area along the Salt and
Gila Rivers from 23'°' Avenue to Gillespie Dam. The scope of this study was reminiscent
of that of the work reported on by 1-lalpenny and Greene (1975) and Water Resources
Associates, Inc (1975) in the early 1970s, but the emphasis of the work in the 1980s was
on depths to water of 4 to 10 feet in the Buckeye area that were impacting agricultural
production and the applicability of a tax on pumping imposed by the Groundwater
Management Act of 1980. The study by Montgomery (1986, 1988) was comprehensive
and relevant to this study in that water budgets were computed (with detailed
groundwater and surface water flow components) for the Arlington area for 1985
conditions. In addition, several dozen shallow piezometers were installed and water-level
elevation data were collected in March 1987.

Halpenny and Halpenny (l988) reported on the first comprehensive assessment of
groundwater resources in the Hassayampa Plain. See Figure 1 for the location of the
alluvium of the Hassayampa Plain investigated by Halpenny and Halpenny (1988).
Based on inspection of water-level and stream-gaging data from the USGS and ADWR,
and from the findings of nine new test holes (approximately 1200 feet deep) and aquifer
tests of three new test wells and an existing well, Halpenny and Halpenny (1988)
estimated the flux of that portion of the groundwater flow leaving the Hassayampa Plain
east of the Belmont Mountains and south to the Buckeye area. Halpenny and Halpenny
(l988) defined the subsurface geology of the Hassayampa Plain for the first time and
developed a water-level elevation map for 1987 that they compared to that of Long
(1983) and a map developed by the U.S. Bureau of Reclamation in 1945.

Investigations of the Hassayampa Landfill Federal Superfund Site began in the 1980s
and remedial action (four wells pumping a total of 7 gallons per minute (rpm) followed
by air stripping treatment, followed by deep injection) for volatile organic compounds in
shallow groundwater began March 1994. Hydrogeologic data for the Hassayampa
Landfill Site are presented in reports by Errol L. Montgomery & Associates, Inc. (1994,
1998). They defined the local geology, ran pumping tests and monitored water levels.
This work is relevant to this study in that detailed data are available to assist in
interpreting the shallow (less than 300 feet below land surface [bis]) geology and
groundwater flow in this area.

The most recent product of the ADWR Basic Data Unit in terms of groundwater
conditions maps for the region is that of Hammett and Heather (1995). These maps cover
the complete PhxAMA, including the Hassayampa Sub-Basin and present water-level
measurements and inorganic water-quality data collected in 1992. A draft set of similar
groundwater conditions maps using data from1997 is being prepared by ADWR at this
writing (April 2000) .

Peter Mock Groundwater Consulting, Inc

April 4, 2000
Centennial Wash Area Groundwater

Interim Report



10

In summary, there have been substantial studies completed since the 1970s of
portions of the Hassayampa Sub-Basin. Each had a specific focus and none focused on
the pumping along the north side of Centennial Wash. However, the assembled reports
for these studies comprise a foundation for interpreting groundwater flow conditions in
this area and selecting a local study area. The remaining subsections of this section
extract relevant information from the previous regional studies as necessary to assist in
selecting a local study area.

|
2.2 Geography

A brief overview of geography is provided here to assist the reader in developing a
familiarity with the general features of the region. Topography, landmarks, and locations
of the proposed power plant properties and named areas are discussed in this subsection.
Figure l summarizes many of the features discussed in this subsection.

The Hassayarnpa Sub-Basin is the focus of this study. The Harquahala Basin bounds
it on the west, the West Salt River Valley Sub-basin bounds it on the east, and the Gila
Bend Basin bounds it on the south. The McMullen Valley Basin and the northern portion
of the Hassayampa Basin bound it on the north. The Sub-Basin boundaries are
dominated by mountain ranges. The Gila Bend and Buckeye Mountains are on the south,
The White Tank Mountains are on the East. The Vulture Mountains form the northern
boundary of the Sub-Basin. The Belmont Mountains and Palo Verde Hills traverse the
Sub-Basin from the northwest to southeast.

Interstate Highway 10 (I-l0) traverses the Sub-Basin from west to east, as does the
Buckeye-Salome Road and a major natural gas pipeline. The Gila River, Hassayampa
River, Centennial Wash, and Jackrabbit Wash are the primary drainages of the Sub-
Basin. Dickey and Winters Washes are a few of the many small tributaries to Centennial
Wash.

PVNGS and the three proposed power plants are located in the south central portion
of the Hassayampa Sub-basin. The towns of Palo Verde, Hassayampa, and Arlington are
also located in the south central area. The towns of Wintersburg and Tonopah are located
in the north and west areas of the Sub-basin. The Hassayampa Landfill is located just to
the northwest of the Town of Hassayampa. The town of Buckeye is outside of the Sub-
Basin on the eastern edge of the map shown in Figure l.

Study areas of the various investigators described in the previous subsection include
the Hassayampa and Lower Hassayampa Areas of the USGS, the Centennial and
Tonopah-Hassayampa Areas of the USGS, and the Hassayampa Plain of Halpenny and
Halpenny (1988).
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2.3 Geology

The geology of the region can be interpreted from surticial mapping and analysis of
subsurface data such as drill cuttings within the framework of structural geology
principles. The region has experienced dramatic geologic forces moving rocks thousands
of feet relative to their starting positions. The time-sequence and typical processes
involved in the geologic events is important for gaining an understanding the current
distribution of geologic materials at the surface and in the subsurface. Reports by the
Arizona Geological Survey (AGS), USGS, Fug ro, Water Development Corporation
(Leonard Halpenny), and hydroGEOPHYSICS are the basis for the discussion in this
section.

The primary subsurface geologic descriptions of the area were presented by M.E.
Cooley (Stulik, 1974) and Fug ro (1978, 1980). Typical current nomenclature for alluvial
sediments developed by the USGS and ADWR from earlier U.S. Bureau of Reclamation
definitions for the adjacent East and West Salt River Valley Sub-Basins (see Cornhill and
others [1993 - page 16] for a recent synthesis) are also considered relevant and are used
for comparison although they are not discussed separately here.

I
I

AGS (Reynolds, 1988) developed a current map of surticial geology for Arizona that
includes the region of interest here. The Hassayampa Sub-Basin is located in the Basin
and Range tectonic province (Kamilli and Richards, l998) where steep vertical breaks in
the eat*th's crust produce elongated mountain ranges and intervening sediment-filled
basins. Figure 2 is a map of surficial geology modified from Reynolds (l988) with
updates found in Karnilli and Richard (1998). The White Tank Mountains are aligned
north to south while the remaining mountain ranges and groups of isolated rock
exposures are typically aligned N40°W. Precambrian rocks (look for KXg in Figure 2) -
primarily granite-gneiss and minor metamorphosed sedimentary types - are exposed in
the White Tank Mountains, Belmont Mountains, Buckeye Hills, and portions of the Gila
Bend Mountains and Palo Verde Hills. Tertiary rocks (Tsv) ._ primarily igneous extrusive
(volcanics: rhodolite to andesine to basalt flows and tuffs) and minor sedimentary rocks
(gray arkosic, white tuffaceous and red-brown mixed sediment conglomerates) -
dominate the Palo Verde Hills and portions of the White Tank Mountains, Belmont
Mountains and Gila Bend Mountains. Quaternary igneous extrusive rocks (QTb) - two
basalt cones .- rise above and are interbedded with fluvial sediments along the Gila River
near Hassayampa (the Arlington Basalt Flow) and at Gillespie Dam (the Gillespie Basalt
Flow). Exposures of granite and gneiss are key points to note, as they are substantial
barriers to groundwater flow in this area. Examples of granite or gneiss exposures are the
White Tank Mountains, the southeast extension of the Belmont Mountains at the junction
of the Hassayampa Plain and Lower Hassayampa Areas, the south boundary of the
Centennial Wash area in the Gila Bend Mountains and the northwest end of the Palo
Verde Hills.

M.E. Cooley of the USGS developed the geologic map and organization of geologic
units for the Lower Hassayampa Area presented in Stulik (l974 - Page 7 and Plate 1).
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Drillers' logs are presented as an appendix with interpreted divisions of the units
encountered in each well. At the time of that writing ( Stulik, 1974 - page 7), M.E.
Cooley divided the geologic materials of the area into :

Crystalline and consolidated sedimentary rocks
Volcanic rocks
Valley-fill deposits
Stream and flood-plain alluvium

The crystalline and consolidated sedimentary rocks were reported by Stulik (l974) to
be dominated by gneiss and granite. The volcanic rocks were reported to be dominated
by rhyolitic to andesitic tuffs overlain by andesitic to basaltic flows. The valley-fill
deposits were reported to be weakly cemented sand, silt and clay with minor gravel and
basalt flows. Consideration of current USGS and ADWR nomenclature would likely
result in assignment of Cooley's valley-fill deposits to the Red Unit, Lower Alluvial Unit
and Middle Alluvial Unit (see Corldiill and others, l993). The stream and flood-plain
alluvium were reported to be primarily unconsolidated gravel, sand and silt.
Consideration of current USGS and ADWR nomenclature would likely result in
assignment of the Cooley's stream and flood-plain alluvium to the Upper Alluvial Unit
(see Corkhill and others, 1993).

Fug ro (l978, 1980) presented surficial geology maps, geophysical surveys and
numerous geologic cross-sections for the area in and surrounding the PVNGS property.
Figure 3 presents the central portions of the two regional geologic cross sections
presented by Fug ro (l978). They defined a framework for the geology that is more
detailed than the general framework used by the USGS and ADWR for groundwater
studies in adjacent alluvial basins: Basement Complex, Red Unit, Lower Alluvial Unit
(LAU), Middle Alluvial Unit (MAU), and Upper Alluvial Unit (UAU). See Cornhill and
others (1993) for a review of the current USGS and ADWR nomenclature. Fugro's
(1980) definitions were based on observations and measurements for over 70 boreholes
ranging from 200 to over 600 feet. The measurements included Geotechnical parameters,
particle size, natural gamma radiation and magnetic orientation reversals. Fug ro (l978 -
Figure 2.5-19) defined a geologic framework for the vicinity of the PVNGS, as follows in
order of decreasing age:

• Basement Complex -. Precambrian granitic and metamorphic rocks.

• Bedrock - Tertiary (Miocene) Volcanic-Sedimentary Sequence

• Lithology Zone l - Tertiary (Miocene-Pliocene) Indurate Fanglomerate (Red
Unit)

Lithologic Zone 2 .... Tertiary-Quaternary Lower Silt, Sand and Gravel Deposits
(LAU)
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• Lithology Zone 3 .- Tertiary-Quaternary (Upper Pliocene) Palo Verde Clay
(MAU)

9 Lithology Zone 4 -- Tertiary-Quaternary Upper Silt Deposits (MAU)

Lithology Zone 5 .- Quaternary Upper Sand and Gravel Deposits (UAU)

Lithologic Zone 6 - Quaternary Younger Fan Deposits (UAU)

Halpenny (1984 - page 4-2) notes that depth to bedrock (probably Basement
Complex) increases beneath the Buckeye Area from exposures in the Buckeye Hills on
the south side of the Gila River to the north and that there is a clay layer between 200-250
and 500-700 feet. This clay is likely the MAU. Water-bearing sands and gravels occur
above and below this clay layer. These sands and gravels are likely the UAU and LAU,
respectively. Halpenny (1984 page 4-3) hypothesized a long shallow lake on an east-
west axis through the Buckeye Valley and a more northward (2 miles) alignment of the
Gila River in the past (page 4-1).

Long (1983) adopted the USGS convention of UAU, MAU, LAU and described their
extents based on the Fug ro (1978,1980) work for PVNGS and drillers' logs. Of
particular interest is Long's (1983 - Sheet 1) note that the Palo Verde Clay may be
present south of PVNGS along Centennial Wash.

Montgomery (1986) applied the division of UAU, MAU and LAU to the Arlington
Valley. Their cross~section A- A' interprets the UAU as approximately 100 feet thick,
the MAU as approximately 250 feet thick and the LAU as greater than 550 feet thick
along the Arlington Canal on the west edge of the Arlington Valley

Halpenny and Halpenny (1988) defined the geology of the Hassayampa Plain with a
two-part division: Older Alluvium (QTs - Quaternary-Tertiary Sand, Gravel and
conglomerate) and Younger Alluvium (Qs - Quaternary Silt, Sand and Gravel). They
note (page 4-9) that in the Hassayampa Plain, both the Younger and Older Alluvium were
deposited as "mountain-front outwash" (proximal alluvial fan depositional systems) and
that there is not an incised channel in the Older Alluvium aligned with the Hassayampa
River and filled with Younger Alluvium. Halpern and Halpenny (1988) further

conclude that this is an indication that the Hassayampa was never a through-flowing
stream south of the Vulture Mountains front and that its flow has always sunk into the
ground throughout the period during which the Older and Younger Alluvium were
deposited. Halpenny and Halpenny (l988 .- page 4-l0) reported on a distinctive unit
above bedrock, but below the Older Alluvium, which he terms "bedrock rubble". This
material was characterized by Halpenny and Halpenny (1988 ._ page 4-10) as fractured
mountain-front outwash - highly angular fragments of granite, gneiss, andesine, rhodolite
and basalt with very little to no sand and little rounded gravel.
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The base of the Older Alluvium is greater than 1,200 feet below land surface at six of
the nine test holes reported by Halpenny and Halpenny (1988 - page 4-11), an
observation which he reports contirrns depth to bedrock model estimates of 1,600 to
3,200 feet bis made by the University of Arizona. Although the Older Alluvium is more
consolidated than the Younger Alluvium, it nonetheless produces thousands of rpm of
water to wells. The Older Alluvium is a friable gray to light buff conglomerate of
rounded gravel and cobbles with some coarse sand and no silt or clay where it is exposed
in washes that cross Palo Verde Road in Township 3 North. This is consistent with the
geologists' logs of the test holes presented in Halpenny and Halpenny (1988 - Appendix
2). The Younger Alluvium is primarily sand and silt at the surface and in places this
material turns into dust so deep that automobiles become stuck in it (Halpenny, 1988-
page 4-l2). Below 20 to 40 feet, the Younger Alluvium is indistinguishable from the
Older Alluvium in drill cuttings (slightly silty/clayey sandy gravel rotary drilling returns).
The Older Alluvium is likely LAU and the Younger Alluvium is likely UAU.

Errol L. Montgomery and Associates, Inc. (1994, 1998) defined the shallow geology
of the Hassayampa Landfill near the north end of the Arlington Basalt Flow. The
Arlington Basalt was encountered between 60 and 80 feet bis, which coincides with the
highest water levels at the site. The Palo Verde Clay was encountered at a depth of
approximately 260 feet below the site. Between the Arlington Basalt and the Palo Verde
Clay, the UAU was divided into an upper Unit A (75-105 feet bis - dominated by clayey
silt and silt clay layers) and a lower Unit B (105-260 feet bis - comprising interbedded
silt-clay and sandy gravel layers).

The available gravity data for the Centennial Wash area were compiled and evaluated
recently by hydroGEOPHYSlCS (2000). Figure 4 is a specialized plot of gravity
variations across the area called the Complete Bouguer Anomaly (CBA). In general,
CBA plots can be used to locate areas where the top of the basement complex (granite-
gneiss) is submerged to greater depths beneath less dense materials (sediments and
volcanics) relative to other areas. The CBA plot can be thought of as an imprecise, but
nevertheless useful, analogy for depth to basement rock. The work of
hydro GEOPHYSICS (2000) has been modified with information from Fug ro (1978 -
Figure 2.5-54) for the Gillespie Dam area that indicates a southward extension of the
Centennial Wash basin connecting with the Gila Bend Basin. In general, deep sediment-
filled basins are present where the contours of equal gravity variation are more negative
(less than -60 milligals) and are termed "lows". The Tonopah Basin Low is the deepest,
followed by the West Buckeye Valley Low, the East Hassayampa River Low, and the
Centennial Wash Low. The higher points of granite-gneiss occurrence (> -60 milligals)
called "highs" are coincidental with the foundations of the White Tank Mountains, the
Buckeye Hills, the Gila Bend Mountains, and the northwest end of the Palo Verde Hills.
The names of the highs were developed by replacing the term "Mountain" or "Hills" with
the term "High" for each mountain or hill exposure. An exception is the Jackrabbit Wash
high which appears to be a buried ridge connecting the Belmont High with ridges
extending from the Palo Verde High and from the White Tank High. Note that the
individual exposed volcanic rock hills (Tsv) have little apparent representation in gravity
variations. The CBA for this area correlates well with the outcrops of granite-gneiss
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(I/Xg) mapped by the AGS (see Figure 2) and reasonable structural arrangements in the
subsurface brought about by the mid-Tertiary Orogeny and the Basin and Range
Disturbance normal faulting episode.

In summary, the Hassayampa Sub-basin geology is typical of the Basin and Range
tectonic province. The Sub-Basin actually contains several geologic structural basins or
lows. In the southern part of the Sub-Basin (south of the Buckeye-Salome Road), these
basins are relatively shallow compared to the adjacent West Salt River Valley. The
shallower nature of these basins within the southern part of the Sub-Basin carries the
implication that older rock units, particularly volcanic and conglomerate sequences play
an important role in the flow of groundwater to wells. In contrast, groundwater flow to
wells in much of the West Salt River Valley occurs»in relatively yong, unconsolidated
sediments that have not been strongly faulted or tilted.

2.4 Climate

Investigators of groundwater resources in the region have briefly discussed climate.
A few excerpts are summarized in this subsection.

Stulik (1974 - page 6) characterized the climate of the Lower Hassayampa Area as
semiarid based on climatic data from Buckeye for the period 1905 to 1962. Annual
precipitation ranged from less than 2 inches to more than 21 inches with an average of
7.5 inches per year.

Halpenny and Greene (1975 - page 2-1) reported average annual rainfall at Buckeye
was 7.92 inches/year as of 1964, and divided the year into a dry season (October), a
season of winter storms (December to February), a season of spring snow melt (March to
April) and a summer rainy season (July to September).

Halpenny and l-lalpenny (1988 _._ page 4-1) characterized the climate of the
Hassayampa Plain by reporting the range of precipitation reported for Aguilar (just
northwest of the Hassayampa Plain), 8.8 inch/yr, and for Buckeye (just southeast of the
Hassayampa Plain), 7.4 in/yr. Average daily minimum and maximum temperatures are 3
to 4 degrees cooler at Aquila compared to Buckeye.

In summary, the climate of the area is semi-arid wide annual precipitation averaging
approximately 8 inches per year depending on location with an increase with elevation
(to the north and northwest). Precipitation falls primarily as low-intensity, widespread
frontal storm fronts in the winter (January to March) and more high intensity, sporadic
thunderstorms in the late summer and early fall (July to September).
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2.5 Surface Hydrology

This subsection is very general and is divided into discussions of topography, soils,
surface flow characteristics, vegetation and land use. The intent of this subsection is to
give the reader a brief overview of surficial features. Detailed analyses of surface flows
and flooding are not presented here but can be obtained from the Maricopa County Flood
Control District.

2.5.1 Topography

Stulik (1974 - page 6) described the Lower Hassayampa area as a gently sloping
alluvial plain (elevations 800 to 1400 feet above mean sea level [amyl] surrounded by
low, steep-sided mountains (elevations 1,000 to 3,000 feet arnsl).

2.5.2 Soils

The Soil Conservation Service (SCS) of the U.S. Department of Agriculture, now the
Natural Resource Conservation Service (NRCS), mapped the soils of Maricopa County
(SCS, 1977). They defined three primary soils associations: "Soils Formed on Recent
Alluvium", "Soils Formed on Old Alluvium", and "Soils of Mountains and Buttes". The
SCS Soils Formed on Recent Alluvium correlate to the exposed Upper Sand and Gravel
Unit (Lithologic Zone 5 or UAU). The SCS Soils Formed on Recent Alluvium were
mapped by the SCS along the Gila River, Hassayampa River, Centennial Wash and the
many minor tributaries to these streams. The soils are mapped as sandy loams and
gravelly-sandy loams (Carrizo-Brios association) in the streambeds and along the eastern
half of the Arlington Valley. Surrounding diesel associations are loams (Gilman~Estrella-
Avondale association) interpreted as floodplains for these surface water features. The
SCS Soils Formed on Old Alluvium correlate to the exposed Upper Silt Deposits
(Lithologic Zone 4 or MAU) and Lower Silt, Sand and Gravel Deposits (lithology Zone
2 or LAU). Fug ro (1978) inferred a dominance of LAU in the western Centennial Wash
area and MAU in the eastern Centennial Wash area. The Soils Formed on Older
Alluvium dominate the area and are mapped as loams and gravelly loams (Rillito-
Gunsight-Perryville association).

Halpenny (1984 .- page 4-3) noted a strong contrast between coarse soils north of the
RID canal (spreading detritus from the White Tank Mountains) and silty-clayey soils
south of the RID canal.

In general, the soils of the region are dominated by suriicial exposures of the Upper
Silt Deposits and the Lower Silt, sand and Gravel Deposits with local exposures of the
Upper Sand and Gravel Deposits. The Lower Silt, Sand and Gravel Deposits are much

I
|
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older than the Upper Silt Deposits, which in tum are older than the Upper Sand and
Gravel Deposits. Age and development of cement (calicle) horizons in the near surface
are closely related.

2.5.3 Surface Flow Characteristics

The characterization of surface flows is relevant here only in terms of the potential for
recharge from sustained river flows and short-term flood events as well as the capacity
for the channels to collect groundwater under high water table conditions. Relatively
steady releases of treated municipal wastewater treatment plant effluent created artificial
flow conditions in the Gila River beginning in approximately 1962 .

Stulik (1974 _ page 6) reported that the Hassayampa River and Centennial Wash
were primarily ephemeral (flow only during sustained precipitation events) while the Gila
River flowed during part of the year from excess irrigation water (return flows).

Water Resources Associates (1975 - page 6) estimated that the Hassayampa River
has a drainage area of 417 square miles and contributed 400 acre feet of flood flows to
the Gila River in 1974, Centennial Wash has a drainage area of 1,810 square miles and
contributed 800 acre feet of flood flows to the Gila River in 1974, average discharge of
the Gila River at Gillespie Dam (Water Resources Associates, 1975 - Table 1) was
estimated at 28,340 ac.-ft./yr.

Ha'penny and Greene (1975 ._ Table 2) combined records for the flow below
Gillespie Dam, with flows in the Gila Bend and Enterprise Canals to characterize the
flows reaching Gillespie Dam for the years 1936 to 1974. The years of 1941, 1965-66
and 1973 included major flood events on the Salt and Verde River system which joined
the Gila River just to the east of the Sub~Basin.

Halpenny and Greene (1975 - Table 6) combined the records for the Gila and Santa
Cruz Rivers near Laveen to estimate the discharge of the Gila River near the confluence
with the Salt Rive for the years 1941 to 1974. 1941, 1955, and 1965-66 were years with
large flood flows.

Long (1983 - Sheet l) noted Jackrabbit Wash as an additional, important ephemeral
stream in the area. It drains the Hassayampa Plain and joins the Hassayampa River east
of the Belmont Mountains.

Montgomery (l988) compiled and plotted surface water records for the area. They
state that the combined flow of the Gila and Santa Cruz Rivers at Me Laveen gaging
stations represents the surface water inflow to their study area at 23"' Avenue because
few losses were believed to occur in the intervening distance. The flows of the
Hassayampa at the Box DaM site were summarized for 1947 to 1981 - average was
17,610 ac.-ft./yr. and maximum was 123,400 ac.-ft. in 1980. The Arlington gage for the
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Hassayampa is located 1.8 miles upstream from the confluence with the Gila and
recorded only maximum flows and for broken periods of time. The Centennial Wash
gage was moved in September of 1979 from 4.4 miles west of Arlington to 9.0 miles
upstream of Arlington (at the Southern Pacific Railroad bridge). Average annual flow
2,770 ac-.ft./yr. (1961 to 1978 and 1981 to 1983), maximum was 9,230 ac.-ft. in 1978.
The plot of the combined flows of the Gila River at Gillespie Dam and the Enterprise and
Gila Bend Canals is especially instructive (page 36). The average for 1936 to 1986 was
294,900 ac.-ft./yr., but a steady drop from 1936 to 1962 (attributed to increased reservoir
storage upstream) is apparent in the plotted data followed by the steady rise from 1962 to
1986 (attributed to increasing volumes of the effluent releases). Floods in 1941, 1966,
1973, 1978, 1979, 1980, 1983, 1984, and 1985 punctuated the general trends discussed in
the previous sentence.

Montgomery (1988 -. page 34) compiled, plotted and discussed effluent releases by
the City of Phoenix for the 23'd Avenue WWTP and the 91$I Avenue WWTP. Effluent
releases from 23 rd Avenue ranged between 15,000 and 40,000 ac.-ft./yr between 1955 and
1985. Releases were 30,800 ac.ft. in 1986, higher releases were in the mid-1970s and
early 1980s. Effluent releases from 91" Avenue increased steadily from zero in 1957
5,000 ac.-ft./yr. in 1955 to148,600 ac.-ft./yr. in 1986. They also reported that the City of
Tolleson released 8,200 ac.-ft./yr of effluent in 1986 (page 34). The cities of Goodyear,
Avondale and Tolleson were not releasing significant quantities of effluent by 1986 (page
35).

Halpenny and Halpenny (1988 - page 4-l) characterize the Hassayampa River as
running over exposed mountain rock until it reaches the "narrows" seven miles
downstream from Wickenburg. At the narrows (near the Morristown gage), the River
crosses a steep fault at the southern foot of the Vulture Mountains and "virtually all the
runoff ... sinks into the bed of the river". Halpenny and Halpenny (1988 - page 4-6)
summarized studies of the Hassayampa River from the first half of the 20th century. Flow
of the Hassayampa rarely reaches the Gila River near Arlington. Annual discharge of the
Hassayampa River at Box Canyon averaged approximately 50,000 ac.ft./yr. for the 27-
year period 1916 to 1942 (Halpenny and Halpenny, 1988 - page 4-5) Annual discharges
for the 44-year period 1939 to 1982 at the Vulture Mountain fault (assembled by
Halpenny and Halpern from gaging data for Morristown and Box Canyon) ranged from
approximately 600 (in 1940) to 123,000 (in 1980) ac.-ft./yr. and averaged approximately
17,000 ac.-ft./yr. Ha'penny and Halpenny (1988, page 4-7) note that the drainage area of
the Hassayampa Plain can be calculated a the difference between the drainage areas of
the Hassayampa River at the gage near Arlington (1470 min) and of the Hassayampa
River near Morristown (774 ml") or 66 min.

In summary, the Gila River is the largest surface water feature in the Sub-Basin. The
flow of the Gila River in the Sub-Basin has been perennial in recorded history, but
declined from 1936 to 1962 due to increasing upstream diversion, groundwater pumping
and resulting losses from the river. From l 962` to the present, flows steadily increased
due to increasing effluent releases. Large flood events have occurred on the Gila River
since 1962 that have largely not recharged the aquifer due to high water table conditions.
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Table 1 Phreatophyte Water Use Estimates for 1974
Cadastral Location Phreatophvte Area Water Use (ac.-ft./vr.)

(acres)
c-01-04 19 & 30 927 3508

C-01-05 24, 25 & 36 673 3019

C-01-05 26&35 361 1846

c-01-05 27 & 28 460 1600

C-01-05 33 &34 548 1944

C-02-05 3 & 4 535 1973

C-02-05 9 & 10 497 1413

C-02-05 16 622 1871

C-02-05 21 & 28 289 995

Totals 4,912 18,169

19

In contrast, the flows on the Hassayampa River are rare and are essentially lost from the
channel before they reach the Gila River. Likewise, flows on Centennial Wash,
Jackrabbit Wash, and their tributaries are rare and sink into the ground before reaching
the Gila River. Therefore, flood events on the Hassayampa River and the various washes
are almost entirely converted to groundwater recharge.

2.5.4 Vegetation

The vegetation of the area outside of the Salt-Gila River corridor or inigated
farmland can be characterized as Lower Colorado River Sonoran Desertscrub. Typical
species are Palo Verde, catclaw acacia, mesquite, desert broom, creosote, ocotillo and
brittle bush with sparse to moderately abundant saguaro and cholera cactus (Kamillah and
Richard, l998). The river corridor was originally populated with typical riverine species,
but tamarisk (salt cedar) invaded in the early 1900s.

Water Resources Associates (1975 - page 12) reported that a solid stand of
phreatophytes (tamarisk) was present in the l930s from Tempe to Gillespie Dam.
Dropping water tables started to lull the tamarisk and reduce the phreatophyte stands
starting in the 1940s. By 1958, the stand reached only from Jackrabbit Trail to Gillespie
Dam. Effluent flows (starting in 1962) and the flood of 1973 immediately increased
water levels near the river and increased phreatophyte water use. Phreatophyte water use
for 1974 for the area below Powers Butte was estimated (Water Resources Associates,
1975 - Table 4), based on plant type and acreage for specific areas listed in Table l. The
estimates given in Table l indicate the assumption of a consumptive use of 3.7 ac.-ft./ac.-
yr.

Halpenny and Greene (1975 - page 6-1) report that tamarisk first appeared in 1929 at
Gillespie Dam and spread upstream to Tempe by the late 1940's. Heavy pumping
cleared phreatophytes upstream up to approximately 1965. In early 1960s, the
phreatophytes were dense from Buckeye Canal heading downstream to Gillespie Dam.
They report that the water table was effectively at land surface from the Highway 80
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Bridge to Gillespie Dam in the 1960s and this allowed re-establishment of the
phreatophytes as tamarisk cannot effectively use groundwater at depths greater than 15
feet bis.

Montgomery (1986) reports that the MCFCD cleared a 1000-foot channel of the Gila
River from 9151 Avenue to Gillespie Dam of phreatophytes in the early 1980s. The stand
of tamarisk continues in places on other side of this l 000-foot channel.

In summary, desert vegetation is sparse and its water use can be neglected. However,
phreatophytes along the Gila River, primarily tamarisk, use significant quantities of
groundwater. The amount of water used by phreatophytes in the Sub-Basin in 1974 was
estimated to be approximately 18,000 ac.-ft./yr., based on a consumptive use rate of 3.7
ac.-ft./ac.~yr. Reports indicate that' phreatophytes died back significantly between the
1940s and the late 1960s with declining water tables. Effluent releases starting in 1962
and flood events starting in 1965 brought the water table back up and allowed re-
establishment of the phreatophyte stands.

2.5.5 Land Use

Land uses in the region comprise primarily either undeveloped desert or farmland.
Farmland in the region has been irrigated by flood irrigation methods since the early
1900s with groundwater and surface water including Gila River water, effluent and
irrigation return flows from Buckeye Water Conservation and Drainage District
(BWCDD). Because water use is dominated by agricultural use, the character of
cropping and farm water applications is the focus of this subsection. Information was
only fund on the organized irrigation districts of Buckeye (BWCDD) and Arlington
Canal Company (ACC) in published reports. Cropping patterns on the farms of the Palo
Verde Hills and along Centennial Wash are assumed to be similar.

Water Resources Associates (1975 - Table 3) estimated that BWCDD cropping in
1974 was dominated by alfalfa (46%), followed by barley (18%), cotton (13%), sorghum
(10%) and sugar beets (5%). Subtracting 67,070 ac.-ft./yr. of consumptive use (3.65 ac.-
ft./yr. as a weighted average of crop types and acreages) from 134,943 ac.-ft./yr of
applied water (53,602 ac.-ft./yr was pumped groundwater in BWCDD) lead Water
Resources Associates (1975 - Table 2) to estimate 678873 ac.-ft./yr of excess irrigation
by BIC in 1974. BIC pumped and discharged 15,500 ac.ft of groundwater for drainage in
1974 (Water Resources Associates, 1975 - page 9). The remainder, or 49,400 ac.-ft./yr.
would have become recharge to groundwater beneath the BWCDD lands.

Water Resources Associates, Inc (1975 -page 22) estimated the consumptive use for
ACC lands in 1974 at 12,800 ac.-ft./yr., based on 3.2 ac.-ft./ac.-yr. on 4,000 acres. The
lower consumptive use factor was selected by Water Resources Associates (1975) for
ACC because of a lower percentage of alfalfa than BWCDD, whose total consumptive
use was estimated at 3.65 ac.-ft./ac.-yr. in 1974.
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Halpenny and Greene (1975 - page 5-5) state that ACC never irrigated more than
4,000 acres with diversions of surface water and that the quantity was less than 4,000
acres in 1974. Much of the diverted water is tail water and drainage water from
BWCDD. Ha'penny and Greene's (1975 - page 5-12) estimates for diversions by ACC
"in early days" were 24,000 ac.-ft./yr based on 6 ac.-ft./ac.-yr. on 4,000 acres although no
records are available. More recent estimates (Halpenny and Greene, 1975 - page 5-14) of
diversions are 1,500 ac.-ft./yr. in recent years.

Long (1983 - sheet l) reported that surface water deliveries to ACC were less than
5,400 ac.-ft./yea although delivery records do not exist.

Montgomery (1986) reported that ACC pumped 2,402 ac.-ft./yr. from 10 wells in
1984. Most of ACC water supply was from surface water diversions from the Gila River,
which comprise primarily effluent from the City of Phoenix and drainage water from
BWCDD .

Montgomery (1988) developed water balance models for areas, one of which was the
ACC area. The 1985 (base case) water balance models for the ACC area (Montgomery,
1988 - page 69) compiled the following estimates: 9,088 total acres, 3,501 irrigated
acres, 4,000 phreatophyte acres, 485 river surface acres, no acres with groundwater less
than 5 feet bis, and 14,495 ac.-ft./yr. applied irrigation. Groundwater flow into the ACC
area at Hassayampa was estimated at 15,900 ac.-ft./yr (Appendix B, page B-2),
groundwater flow out of the ACC area to the west was estimated at 18,000 ac.-ft./yr and
groundwater flow out of the ACC area to the south was estimated at 1,000 ac.-ft./yr.
Seepage tests (Montgomery, 1988 - page 88) indicate 11,880 ac.-ft./yr of ACC canal
losses to groundwater in 1985. Excess deep percolation in test plots ranged from 0 to 17
percent of applied water and averaged 8 percent (Montgomery, 1988 - page 89), total
deep percolation recharge for 1985 was estimated at 3,600 ac.-ft./yr (Montgomery, 1988 -
Appendix B, page B-2). The Gila River carried more than 1,000,000 ac.-ft./yr. of flood
flows in 1985, but was estimated to receive 10,000 ac.~ft./yr of groundwater in the ACC
area in 1985. Phreatophyte water use for 1985 was estimated at 24,000 ac.-ft./yr. in the
ACC area, drains collected or lost less than 500 ac.-ft./yr.

In summary, there are a substantial number of reports of agricultural cropping and
water use for the BWCCD and ACC, although detailed records were never kept by either
irrigation district. Some of the reports are contradictory.

However, it seems reasonable to say that there have typically been approximately
4,000 acres of land inmated in the ACC area with a consumptive use of approximately
13,000 ac.-ft./yr. Cropping has been dominated by alfalfa, barley, cotton, sorghum, and
sugar beets. Assuming an efficiency of 65%, the total applied water for the ACC area is
approximately 20,000 ac.-ft./yr. ACC pumps approximately 2,000 ac.-ft./yr from 10
wells. This leaves a residual of approximately 18,000 ac.-ft./yr. that is supplied from
surface water diversions. With approximately 12,000 ac.-ft./yr. of canal seepage losses,
total surface water deliveries to the ACC prior to transport in the canal would be 30,000
ac.-ft./yr. Total recharge to groundwater beneath ACC lands can be estimated as the sum
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of the difference between applied water and consumptive use (7,000 ac.-ft./yr.) and canal
seepage losses (12,000 ac.-ft./yr.). The total estimate is 19,000 ac.-ft./yr. for recharge to
groundwater beneath ACC lands. The operations of the ACC since the l930s are
assumed to have remained relatively constant, but the variation in cropping types over
time has not been investigated. It appears that cropped acres dropped from
approximately 4,000 acres to approximately 3,500 acres between the 1970s and 1980s.
The reason for this decrease is not known.

Conditions for the irrigated lands along Centennial Wash and between the Palo Verde
Hills are not available, but it is reasonable to assume that cropping types were similar to
those of ACC and BWCDD lands. Water application rates and seepage losses in canal
transport would be less for farms outside of the ACC because the water supply delivery
points (wells) are numerous and scattered throughout the irrigated areas.

2.5.6 Summary

In summary, the region is dominated by open, undeveloped desert with sparse
vegetation. The soils are typically loams, except in stream channels, and are therefore
generally suitable for farming. Through recorded history, the Gila River in the Sub-Basin
has been perennial wide declining natural flows being replaced by increasing releases of
municipal wastewater treatment effluent since the early l 960s. The tributary rivers and
washes to the Gila River are typically dry, but during rare flood events, the water quickly
sinks into the channels and recharges the groundwater. Agricultural areas have been
planted since the early 1900s in cotton, alfalfa, barley, sorghum and sugar beets and
irrigated with groundwater and surface water. Recharge from excess irrigation at a rate
of one to two ac.-ft./ac.-yr. (and canal seepages losses in the ACC) contribute significant
recharge to groundwater.

2.6 Subsurface Hydrology

This subsection is divided into discussion of available water-level elevation contour
maps, discussion of available hydrographs, and interpretations presented by the primary
investigators of the region. This subsection is fundamental to selecting a local model
sandy area, since it reviews information from actual measurements of the groundwater
system in the region..

2.6.1 Available Water-Level Elevation Contour Maps

The available water-level elevation contour maps for the Sub-Basin typically assume
that there is one, regional principal aquifer. As discussed previously, several geologic
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units, each comprising an aquifer, may be viewed as a single aquifer system. The
exceptions are maps of a limited occurrence of groundwater at elevations tens of feet
above the principal aquifer system between the Palo Verde Hills (the "perched zone").
The USGS, ADWR, and Water Development Corporation prepared the maps discussed in
this subsection.

The water-level elevation contour map presented by Stulik (1974 - Plate 2) for 1970
indicates southbound groundwater flow from the Hassayampa Plain was splitting, with
part turning west and moving to an area of depressed water-level elevations near
Tonopah, part turning southeast and moving through and beneath the Palo Verde Hills,
and part continuing due south to the Gila River near Buckeye (Figure 5). The portion
passing through and beneath the Palo Verde Hills moved towards two areas of depressed
water-level elevations: l) the area between the Palo Verde Hills with a center three miles
south of Wintersburg and 2) the area along both the north and south sides of Centennial
Wash.

The water-level elevation contour map presented by Stulik and Laney (1974 - Sheet
2) for 1975 indicates the same How pattern as in 1970 (see previous paragraph) with one
difference. The area of depressed water levels in the vicinity of Centennial Wash
appeared to be limited to north of Centennial Wash rather than extending south of it as in
1970 (Figure 6). However, because elevation data are not plotted on either the 1970 or
1975 maps, the basis for the differences could not be determined without recreating the
maps from the original data. Inspection of both the elevation maps and the water-level
change map presented in Stulik and Laney (1976 - Sheet l) indicates that the water levels
just north of, and along the Buckeye-Salome Road (at approximately the 850 feet amyl
equipotent al contour) remained relatively constant ( i 2 feet) between 1970 and 1975
while significant changes were observed to the southeast (10 feet decline) and northwest
(20 to 30 feet decline).

The water-level elevation contour map presented by Long (1983 - Sheet 1) for 1982
indicates the same flow pattern as 1975 (see previous paragraph) with one exception.
The area of depressed water- level elevations in the vicinity of Centennial Wash had then
expanded to a much larger, almost circular area (Figure 7). However, because elevation
data are not plotted on either the 1970 or 1975 maps, the basis for the differences could
not be determined Mthout recreating the maps from the original data. -Inspection of both
the elevation maps and the water-level change map presented in Long (1983 - Sheet 2)
indicates that the water levels just north of and along the Buckeye-Salome Road
(approximately the 850 feet amyl equipotent al contour) remained relatively constant (-8
to +3 feet) between 1975 and 1982 while significant changes were observed to the
southeast (20 to 45 feet decline) and northwest (50 to 75 feet decline).

Errol L. Montgomery & Associates, Inc. (1988) resented a depth to water map for
the corridoralong the Salt and Gila Rivers from 23' Avenue to Gillespie Dam for 1986-
1987. Numerous piezometers less than 30 feet deep were installed along the Gila River
.for this study and water-level measurements from the piezometers were used to construct
this map. Depth to water was less than 10 feet near and along the Gila River channel
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from east of the confluence with the Hassayampa River to Gillespie Dam. Depths to
water in wells decreased to 44 - 62 feet bis in wells along the Arlington Canal. The
distance between the two lines of measurements (less than 10 feet and 44 to 62 feet) is
approximately 1 mile. Given that the land surface rises 10 to 15 feet between the two
lines of measurements, the hydraulic gradient would be 40 to 50 feet per mile or 0.008 to
0.009 between the Gila River and areas of depressed water-level elevations along
Centennial Wash.

The water-level elevation contour map presented by Halpenny and Halpenny (l988 -
plate 3) covers thearea of the Hassayampa Plain and the area east of the Hassayampa
River from the east end of the Belmont Mountains to 1-10 (Figure 8). Given that there is
little to no pumping in the Hassayampa Plain, the sharp bends in the equipotent al
contours extending northwest along Jackrabbit Wash and North along Hassayampa River
may indicate elongated arrangements of distinctively coarse-grained sediments with
accompanying larger hydraulic conductivity. The apparent cone of depression near 1-10
may be due to pumping along the west end of the RID canal.

The water-level elevation contour map presented by Hammett and Heather (1995 -
Sheet l) for 1992 indicates the same flow pattern as 1983 (see discussion of Long, 1983
above) and 1987 (see discussion of 1-lalpenny and Halpenny, 1988 above) with the
exception that the equipotent al contours in the Hassayampa Plain are much straighter
(less curved) than those presented for 1987 by Halpenny and Halpenny (1988) (Figure 9).
The reason for this is not known. Inspection of both the elevation maps and the water-
level change map (l982 to 1992) presented in Hammett and Heather (1995 - Sheet 2)
indicates that the water levels just north of and along the Buckeye-Salome Road
(approximately the 850 feet amyl equipotent al contour) remained relatively constant (-2
to +8 feet) between 1982 and 1992 while significant changes were observed to the
southeast (l to 22 feet of increase) and northwest (25 feet of decline to 57 feet of
increase).

The water-level elevation contour maps for the immediate vicinity of the Hassayampa
Landfill presented by Errol L. Montgomery & Associates, Inc. (1994) indicate flow is
due south in both Units A and B of the UAU with horizontal gradients of 0.004 in Unit A
and 0.006 in Unit B in October 1993.

The available water-level elevation contour maps typically assume that there is one,
regional, principal. In general, the maps resulting from the assumption of a single
principal aquifer system appear reasonable in that groundwater flow paths appear to
proceed smoothly from recharge to discharge areas. Despite the fact that different study
areas and different time periods were considered, a consistent flow pattern is indicated by
all of the available water level maps. Of particular interest to this study is the
permanence of the 850 feet amyl equipotent al contour (along the Buckeye-Salome Road)
on the various maps while water level elevations dropped in the central Centennial Wash
and Tonopah Desert areas.
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2.6.2 AvailableHydrograph Data

Building upon the observations from the available water-level elevation contour
maps, review of available hydrographs assists in identifying areas where groundwater has
distinctive responses over time. Areas with consistent decline and/or buildup patterns are
considered to have common geologic and hydrologic constraints and are candidates for
separate analysis, while giving consideration to their interactions through their
boundaries. In this subsection, the hydrographs presented in various reports are discussed
first, followed by review of hydrographs recently created from available historical water-
level data.

I

Hydrographs for the period 1951 to 1973 presented and discussed in Stulik (1974 -
pages 9 and 10, Figure 3) indicate periods of continuous declines of two to three feet per
year in the Centennial Wash area (see [C-01-07] 15 bob), and five feet per year in the
western part of the Tonopah area (see [B-02-06] 06cbb, [B-02-07] 27aab, and [B-02-07]
29aaa). During these times of continuous declines in the Centennial Wash and Tonopah
areas, the water levels in areas to the east and north remained relatively unchanged (see
[B-01-05] dab, [B-01-06] 03bbc, and [B-02-05] 29dac). Stulik (1974 ._ page 9) related
the magnitude of water-level declines to the magnitude of nearby pumping.

Hydrographs presented in Fug ro (1980) indicate that cessation of the irrigation
pumping for PVNGS construction in the late 1970s lead to rises in water levels in the
principal aquifer and declines in the perched zone.

Water-level elevation hydrographs for wells along the Gila River between
Hassayampa and Gillespie Dam presented by Montgomery (1986) indicate rises starting
in 1962 and continuing to the time of report preparation (1985). This is coincidental with
the rapid increase in effluent releases from the 91" Avenue WWTP. Hydrographs for
wells six to eight miles to the northwest of Hassayampa showed slight declines (10 to 15
feet) between the mid 19505 and 1985. Collectively, these data indicate that the
increasing quantities of effluent in the Gila River were the source of the water-level
elevation rises and the waterlogging.

Figure 10 shows the locations of wells grouped for hydrographs in succeeding
figures. The groups by area for hydrographs presented in Figures 1 l through 18 are:

•

•

•

•

•

•

Western Centennial Wash
Eastern Centennial Wash
Palo Verde Hills
Shallow Wells in Palo Verde Hills
Southern Tonopah Desert
Arlington Valley
Hassayampa
1-10 -. Buckeye-Salome Road Corridor
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The first five groups are for areas with major pumping centers for agricultural
production since the late 1940s. The last three areas surround these areas and indicate the
extent to which pumping responses spread outward from the pumping centers in the past.

Each of the hydrographs has the same time axis (January l, 1940 to December 3 l ,
2000). The limits of the elevation axis scales may differ, but they all have the same
vertical scale (20 feet per inch) to allow easy comparison between them.

Figure ll presents the group of hydrographs for wells selected from the western
Centennial Wash area. Steady declines of 100 to l 10 feet were measured in wells in this
area between approximately 1948 and 1981-1982 (3.2 feet per year), followed by rises of
30 to 50 feet between 1982 and 2000. A slight reduction in the rate of rise may be noted
since 1995. Two wells shown on Figure 11 ([C-01-06] 19cbb [168 feet] and [C-01-06]
20aba [280 feet]) are much shallower than the other wells. They experienced
approximately 30 feet less drawdown between 1948 and 1982 than the other wells.

Figure 12 presents the group of hydrographs for wells selected from the eastern
Centennial Wash area. Steady declines of 30 to 50 feet were measured in wells in this
area between approximately 1954 (earliest record) and 1969 (2.7 feet per year), followed
by declines of an additional 10 feet between 1969 and 1981-1982 (a reduced rate of 0.8
feet per year). The eastern Centennial Wash area experienced rises of 25 to 35 feet
between 1982 and 2000. A slight reduction in the rate of rise is apparent in the data after
1995.

Figure 13 presents the group of hydrographs for three production wells and one deep
(490 feet total depth) monitoring well selected from the Palo Verde Hills area. A
sporadic, but persistent decline of 105 feet was measured in (B-01-06) 27cbc between
approximately 1954 (earliest record) and 1962 (13.1 feet per year), followed by
stabilization or partial recovery between 1962 and 1968. Water levels in another well
declined 40 feet from1956 to1962 (6.7 feet per year). In 1968, declines of an additional
35 to 50 feet betweenl 968 and 1975 were measured in wells in the area (a reduced rate of
6.0 feet per year). The Palo Verde Hills area experienced rises of 15 to 65 feet between
1975 and 1984. Water level declines resumed from 1984 to 1987-1988 when recovery of
5 to 15 feet was measured. Monitoring well PV-7 showed a different pattern, declining
20 feet between 1973 and 1992 without the fluctuations noted in the production wells.

Figure 14 presents the group of hydrographs of two shallow (20 to 50 feet bis)
monitoring wells selected from the Palo Verde Hills area. Measurements of water levels
in thee wells commenced with the cessation of irrigation September 1975 on the farmland
acquired for Me PVNGS. A smooth, decreasing rate of decline is apparent in the
hydrographs for these three Wells. The water levels in one well (PV-3 IH) began a
seasonal cyclic fluctuation in late 1977 that has been attributed to periodic recharge in a
large detention basin constructed at the PVNGS facility.

Figure 15 presents the group of hydrographs for wells selected from the southern
Tonopah Desert area. Steady declines of l10 to 125 feet were measured in wells in this
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area between approximately 1956 (earliest record) and l985-i986 (4.1 feet per year),
followed by rises of 10 to 20 feet between 1985 and 2000. Two of the wells ([B-0i-06]
07 bal 1340 feet] and [B-02-07] 23bcal [390 feet]) are relatively shallow, yet water
levels declined at a rate similar to that of wells more than twice as deep. One well ([B-
01-06] 07abdl [85 feet]) is much shallower than the other wells. Water levels in this well
declined much less (30 feet as opposed to over 100 feet in the other wells) and the water
level declines did not begin in this well until after 1970 (as opposed to declines starting
before 1956 in the other wells).

Figure 16 presents the group of hydrographs for wells selected from the Arlington
Valley area. Steady declines of 20 to 40 feet were measured in wells in this area between
approximately 1949 and 1964 (2.0 feet per year), followed by rises of 20 to 30 feet
between 1964 and 1968. Water levels dropped as much as 50 feet between 1968 adnl970
before rising abruptly again by 30 to 60 feet between 1970 and 1973. with the exception
of another sudden downturn in water levels in1975-1976, water levels rose to high points
that have typically been sustained since1979. One well in this group ([C-01-05] l7abb1
[110 feet]) is shallower than the other wells, and located farther north. The water level
in this well is typically 50 feet higher then the others and its fluctuations are similar to the
other wells, but with less magnitude (A: 5 feet from 1955 to1998) in fluctuation.

Figure 17 presents the group of hydrographs for wells selected from the Hassayampa
area. Steady declines of 15 to 30 feet were measured in wells in this area between
approximately 1949 and 1964 (1.5 feet per year), followed by rises of 15 to 20 feet
between 1964 and 1975. Water levels in wells in this area have remained relatively
steady between 1975 and 2000. Although the wells in this group vary significantly in
depth, the responses in terms of water levels have been similar over the period studied
here. However, water levels from two wells (Hassayampa Landfill monitoring wells
MW-lUA, B) drilled specifically to monitor different depth intervals show that a vertical
head difference of 30 feet exists between shallow silt clays and deeper interbedded sands,
gravels and silty/sandy clays. The sudden decline in water levels in MW- 1UA in March
of 1993 is due to commencement of the pumping of 7 rpm from four extraction wells for
the remedial action. The water levels in MW-1UB fluctuate up in the winter and down in
the summer (1 4 feet), a pattern that is not seen in MW-lUA.

Figure 18 presents the group of hydrographs selected for wells in the area south of
Interstate 10 and north of the Buckeye-Salome Road and between the south Tonopah
Desert and Hassayampa areas discussed in previous paragraphs. These wells are
typically 150 to 400 feet deep. Two are located farther south (closer to the Buckeye
Salome Road) and have relatively lower water level elevations. The striking feature of
all of the hydrographs in Figure 18 is that the water levels remained relatively steady
(fluctuations are i 5 to l0 feet from 1945 to 2000) while large declines (greater than 100
feet) and rises (greater than 50 feet) were occurring in the Centennial Wash, Palo Verde
Hills and Tonopah Desert areas. The differences are noteworthy given that the Centennial
Wash, Palo Verde Hills and Tonopah Desert areas are only six, three and six miles,
respectively, from the center of this well group.
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In summary, water-level elevation measurements for wells in the different areas
grouped in the hydrographs indicate that pumping in the Centennial Wash, Palo Verde
Hills and Tonopah Desert areas resulted in localized drawdowns that did not expand to
the Arlington Valley or Hassayampa area or to the corridor between 1-10 and the
Buckeye-Salome Road, despite their proximity. Within the pumping centers, water level
data from some relatively shallow wells indicate much higher water-level elevations and
distinct water-level patterns compared to water-level elevations in the deep production
wells.

2.6.3 Selected Interpretations

In this subsection, the authors of previous investigations interpret the meaning of the
water-level elevation contour maps and hydrographs in their respective reports. These
interpretations are presented in order of publication and are summarized at the conclusion
of this subsection.

Stulik (1974 - pages 8) interpreted the measured water levels in the area to represent
single water-table aquifer and considered the valley-till deposits to be the principle

aquifer in the area (Stulik, 1974 .- page 7). Exceptions noted by Smik (1974 - pages 8-

9) included water levels in shallow wells near Winters Wash. Wells in (B-01-06) 07
appear to be an example of the shallow wells noted by Stulik (l974).

Water Resources Associates (1975) report that water could leave the Gila River
channel and recharge groundwater in 1974 from 23"' to l15"' avenue (2.5 miles below
91" avenue) and from E1 Mirage Road to the Buckeye heading (an additional distance of
approximately 2.5 miles).

Water Resources Associates (1975 - page 16) report that Gillespie Dam had the
effect of raising the water table in the Arlington area. Halpenny and Greene (1975 _. page
5-5) report that Gillespie Dam was completed in 1921 and had filled with sediment to the
crest by 1924.

Halpenny and Greene (1975 - page 5-14) report that water levels in the Liberty-
Buckeye-Hassayampaarea declined 37 feet from the 1945 to 1965 and then rose one to
37 feet during the period 1965 to 1973 when flood events locally filled groundwater
reservoir.

Halpenny and Greene (1975 - Table ll) report that BWCDD had to start drainage
pumping in 1969 at approximately 3,000 ac.-ft./yr. and increased that drainage pumping
to approximately 10,000 ac.-ft./yr. in 1970. They further reported that water levels were
at land surface in the largest area (well east of Salt-Gila confluence) during 1910-1920.
Pumping by Roosevelt Irrigation District (RID - to the east of the Sub-Basin) reduced
levels by 1930 to the point that river flows were insufficient for diversion and BWCDD
started using wells to supplement surface water deliveries (Halpenny and Greene, 1975 -
page 5-14).
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Fug ro (l980) interpreted the Tertiary Volcanic-Sedimentary Bedrock Sequence as the
principal regional aquifer. Water in the Upper Silt Deposits above the Palo Verde Clay
was interpreted as perched water of limited extent. Maps of the principal aquifer water-
level elevations are similar to those prepared by Stulik (1974) and Stulik and Laney
(1976). Fug ro (l980 interpreted the principal aquifer to be artesian (confined) beneath
the PVNGS site, but that water table (unconfined) conditions existed westward from the
west boundary of the site. Maps of the perched water developed by Fug ro (l980)
indicate an elliptical mound with upper surface ranging from 880 to 920 feet amyl that
dissipates in all lateral directions. They measured variable amounts of saturation beneath
the Palo Verde Clay that holds up the perched water. Fug ro (l980) interpreted the Palo
Verde Clay to be a leaky aquitard.

Long (1983 - Sheet 1) reported that groundwater was typically unconfined in the
Tonopah Desert, Hassayampa and Arlington areas (and possibly the Centennial Wash
area) and confined (for the regional aquifer) and perched above the Palo Verde Clay
beneath the PVNGS area. The upper surface of the perched water ranged from 865 to
916 feet amyl in 1982 while the regional aquifer water levels below the perched water
ranged from 700 to 800 feet amyl in 1982.

Halpenny (1984 - page 7-1) reported that drainage of high groundwater levels at
Buckeye started in 1922 and consisted of open drains. Wells came into use for drainage
at Buckeye in the 1930s. Base flow at the Buckeye heading ceased in 1957. Effluent
reached the Buckeye heading in1962.

Ha'penny (1984 page 4-2) characterized Buckeye as being close to the "cork in the
bottle" in that groundwater from the Salt River Valley flows toward this area, but the
mountains form a constriction or narrows that are made worse, according to Halpenny
(1984), by the construction of Gillespie Dam in the early 1920s. Halpemiy (1984 - Plate
1) presented a water-level contour map for the Buckeye area for 1983 that showed
southward flow to the Gila River near the Hassayampa River and flow around the south
end of the White Tank Mountains into the West Salt River sub-basin. Numerous
hydrographs for BWCDD wells presented by Halpenny (1984 - Appendix B) show rises
of 20 to 70 feet over the period from the early 1960s to the date of the report. The largest
rises occurred in early 1966 in response to the 1965-1966 flood event.

Halpenny (1984 .- page 7-3) reported that seepage from the Buckeye Canal is not
significant downstream from well PA (far to the west of our study area) based on
trenching for PVNGS pipeline which was dry at levels below the nearby invert of the
BIC canal.

Halpenny and Halpenny (l988 - page 4-7) pointed out that the key to understanding
the groundwater system of the Hassayampa Plain was noting that once the Hassayampa
River crosses the fault at the south end of the Vulture Mountains, it encounters deep
alluvial fill and essentially all flow sinks in and becomes recharge. Flows reach
Arlington three to four days in some years and no days in most years. They presented a
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water-level contour map (Halpenny and Halpern, 1988 . . . . Plate 3) that indicates that
How is primarily south along the course of the Hassayampa River at least as far south as
the south end of the White Tank Mountains. An area of depressed water-level elevations
is indicated near the west end of the RID canal approximately 4 miles west of Buckeye.

Based on a comparison of a north-south section of the Hassayampa Plain through
water-level elevation contour maps for 1945 (by the USBR), 1982 (Long, 1983) and
1987, Halpenny and Halpern (1988) concluded that groundwater flow has been steady

in the Hassayampa plain for at least 40 years and that this is persists despite large
recharge events on Jackrabbit Wash and the Hassayampa River.

Errol L. Montgomery and Associates, Inc. (1994, 1998) installed monitoring wells in
two vertical intervals of the UAU: an upper Unit A (75-l05 feet bis - dominated by
clayey silt and silt clay layers) and a lower Unit B (105-260 feet bis - comprising
interbedded silt-clay and sandy gravel layers). The water levels in Unit B were
approximately 30 feet lower than the water levels in Unit A, indicating downward flow.
Water levels in Unit B fluctuated up and down with seasonal pumping while Unit A
water levels do not fluctuate with seasonal pumping.

The available interpretations for the Sub-Basin consistently portray most water-level
data to represent a single regional principal aquifer. The exception is an isolated perched
zone in the vicinity of PVNGS in the Palo Verde Hills area. The principal aquifer is
unconfined expect for where it passes through the Palo Verde Hills area and is confined
above by the Palo Verde Clay. Water-level elevations were close to land surface early in
the l 900s and required localized drains and drainage pumping by BIC and RID to address
waterlogging, but large-scale regional pumping drew the water levels down between the
1930s and the 1960s. Large flood events and the increasing release of effluent in the
early l 960s locally refilled the groundwater system around the Gila River.

2.6.4 Summary

The available water-level elevation contour maps, hydrographs and reported
interpretations provide a consistent basis for interpreting the regional subsurface
hydrology of the Hassayampa Sub-Basin. Large declines followed by rises in water level
elevations have been observed in several areas, such as Arlington and Hassayampa, or
Centennial Wash, Palo Verde Hills and Tonopah Desert, while water-level elevations
along the Buckeye-Salome Road remained essentially constant. Each of the areas of
decline and rise have distinct forms in terms of timing and magnitude which reflect the
primary causes of the declines and rises: localized pumping of groundwater or flows in
the Gila River. Together, the data may be interpreted to indicate that there are
restrictions to groundwater flow between the seas of distinctive groundwater responses
noted in the past.
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2. 7 Selection ofLocaI Study Area

Based on the observations condensed in this section, the area shown on Figure 19,
bounded by the Salome-Buckeye Road on the northwest is a useful study area for further
work in estimating impacts from pumping groundwater for the proposed power plants.
This will be called the Centennial Wash Area in this report. The remainder of this report
is a detailed analysis of data for the information available within and immediately
adj agent to the Centennial Wash Area.
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3.0 GEGLOGIC FRAMEWORK

3.1 Introduction

The geologic structure of the Centennial Wash Area serves as the framework for
consideration of groundwater flow. The subsurface architecture is evaluated and
interpreted here in detail sufficient to define the primary controls on groundwater flow.
Specifically, the extents of the following are considered important in controlling
groundwater flow at the scale of the Centennial Wash Area:

Precambrian basement complex (granite-gneiss),
Tertiary bedrock (conglomerates, sandstones and volcanics) and
Tertiary to Quaternary unconsolidated to weakly consolidated sediments (Red
LAU, MAU and UAU).

In this section, the geology of the Centennial Wash Area is discussed in subsections
on sources of data, approach to interpretation, geologic conceptual model, and discussion.

3.2 Sources 0fData

The primary sources of data for interpreting the geology of the Centennial Wash area
include :

•

surficial mapping by the AGS, USGS and Fug ro,
Gravity data in the public record and from PVNGS ,
Drillers' logs on file at the ADWR,
Geologists' logs by Fug ro,
Borehole geophysical logs for selected Youngker Farms and RID wells on file
at ADWR, and
Borehole geophysical logs for PVNGS boreholes presented by Fug ro.

3.3 Approach for Interpretation

The approach taken here to defining the geologic structure of the Centennial Wash
Area is to adopt die surficial mapping of the AGS as the most recent interpretation of
exposed rocks. Next, the framework and identification of units in boreholes presented by
Fug ro (l978, 1980) is adopted due to its detail and substantial supporting database.
Then, drillers', geologists', and borehole geophysical logs are interpreted working from
Fugro's (1978, 1980) definitions outward away from areas where Fug ro drilled and
inspected core. Finally, the upper surface of basement complex materials in the
subsurface is approximated, based on the gravity interpretations of hydroGEOPHYSICS
(2000) and elevations of selected outcrops taken from 7.5 minute topographic quadrangle
maps of the USGS. Outcrop locations for granite-gneiss and volcanics were transferred
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from the AGS maps and outcrops of the LAU were transferred from Fug ro (l978) maps
to the topographic quadrangle maps to compile additional elevation point data.

3.4 Geologic Conceptual Model

The conceptual model of the geology of the Centennial Wash Area is described in this
subsection as a history of the area. Plots of the surfaces for these units are presented and
discussed in ascending order as well.

The area is underlain to unknown, but probably very large depths by Precambrian
granites, gneisses and schists. These materials comprise the uppermost part of the NoW
American Continent. These materials will collectively be called the Basement Complex
in the Centennial Wash Area. The geologic symbol Keg is given to this material. Figure
20 is a plot of the estimated elevations of the upper surface of the Basement Complex as
interpreted from drillers' and geologists' logs, surface outcrops and gravity surveys for
the area.

A11 younger geologic materials were deposited and eroded from the platform of the
Basement Complex. If geologic materials of Paleozoic, Mesozoic, or early Cenozoic age
were deposited in the Centennial Wash Area, as they were on the Colorado Plateau, they
were removed prior to the Tertiary period.

During the early Tertiary period, conglomerates were deposited from erosion of the
primarily granitic Precambrian Basement complex. Soon thereafter, a wide variety of
ashfall rhodolite tuffs, andesitic flows, breccias and tuffs and basalt flows inundated this
area. There was a shift in composition from acidic to basic igneous material as time
progressed. A distinctive white sandstone was formed from the earliest ash falls. These
extrusive and sedimentary materials of the early to mid Tertiary period will collectively
be called the Tertiary Volcanic-sedimentary Sequence in the Centennial Wash Area and
will be given the geologic symbol Tsv. Figure 21 is a plot of the estimated elevations of
the top of the Tertiary Volcanic-Sedimentary Sequence interpreted from drillers' and
geologists' logs and outcrop exposures in the area.

During the middle to late Tertiary period, conglomerates were formed from erosion of
the Precambrian and Tertiary rocks. These conglomerates range from siltstones to
strongly-consolidated debris flows,are now red to brown in color, and are correlative
with the Red Unit exposed on the head of Camelback Mountain in central Phoenix and
Red Mountain east of Mesa. Fug ro (1978-1980) named these materials the Tertiary
Volcanic Fanglomerate as an indication of the depositional system type they formed in.
This material in the Centennial Wash will be called the Tertiary Red Unit in order to
conform to the USGSnames given in the adjacent West Salt River Valley and will be
given the geologic symbol Tvfn to maintain consistency with the primary work of Fug ro
(1978-1980). Fug ro (1978-1980) also gave this material the designation lithology zone
(LZ)-1, which will also be used here. Figure 22. is a plot of the estimated elevations of
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the upper surface of the Red Unit as interpreted from drillers' and geologists' logs for the
area.

At the end of the Tertiary period, sand and gravel deposits were widespread
throughout central Arizona. These deposits are distinctive from the underlying Red Unit
in their relative lack of consolidation and light brown or gray color. A common
designation for these weakly to unconsolidated deposits is the Lower Alluvial Unit
(LAU). Fug ro (1978, 1980) also gave these deposits the designation LZ-2, which will
also be used here. Some time during the deposition of the LAU, the Basin arid Range
Disturbance began and created the basins present to this day. The LAU appears to be
dominated by proximal alluvial fan depositional systems. Fug ro (1980) noted that the
LAU is at land surface in the western Centennial Wash area. Figure 23 is a plot of the
estimated elevations of the upper surface of the LAU as interpreted from drillers' and
geologists' logs and surface exposures in the area.

A sharp break is present between the LAU and overlying, predominantly fine-grained
deposits commonly designated as the Middle Alluvial Unit (MAU). Previous studies
have also called this unit the Middle Fined-Grained Unit, but this term has been replaced
by MAU to allow a more complete characterization. In the Centennial Wash Area, the
MAU is divided into the lower Palo Verde Clay and the Upper Silt Deposits. Fug ro
(1978, 1980) gave these deposits the designations LZ-3 for the Palo Verde Clay and LZ-4
for the Upper Silt Deposits. The Palo Verde Clay contains substantial clay sediments and
a notable lack of coarse-grained interbeds. The Upper Silt Deposits is a stack of clayey
silts, sandy silts, sandy clays, sands, and gravels. The Upper Silt Deposits are at land
surface over much of the central and eastern portions of the Centennial Wash Area. The
MAU was deposited in a closed basin (no through-flowing streams) and comprised distal
alluvial fan (Upper silt Deposits) and lacustrine/playa (lake or salt flat) (Palo Verde
Clay) depositional systems. Sometime during the deposition of the MAU, the Basin and
Range Disturbance normal faulting slowed, and near the end of the time in which the
MAU was deposited, through-flowing stream drainage developed. Figure 24 is a plot of
the estimated elevations of the upper surface of the Palo Verde Clay as interpreted from
drillers' and geologists' logs for the area.

Deposits above the MAU are commonly ascribed to the Upper Alluvial Unit (UAU).
Over much of the Centennial Wash Area, the UAU occurs as isolated deposits incised
into the MAU. Along the coarse of the Gila and Hassayampa Rivers and along the
course of the Centennial, Jackrabbit, Winters, Dickey and other Washes, sands and
gravels are common and distinguish the UAU from die underlying MAU. The UAU
comprises distal alluvial fan and fluvial depositional systems. Fug ro (l978. l980) called
these the Upper Sand and Gravel Deposits and gave these deposits the designation LZ-5 .

Together, the UAU, MAU and LAU are given the geologic symbol QTbfto maintain
consistency with Fug ro (1978, 1980) and emphasize that they are fill for the basins
created by the Basin and Range Disturbance normal faulting.
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Two additional geologic materials that are of less interest since they occur above the
water table are the Quaternary basalt flows (remnant lava cones) in the UAU near
Hassayampa (the Arlington basalt flow) and at Gillespie Dam (the Gillespie basalt flow).
These materials are given the designation Qb. Fug ro (1978, 1980) designated as LZ-6
proximal alluvial fan deposits forming aprons in limited areas around exposed rock
knobs. These materials are given the geologic symbol Qsu.

3.5 Discussion

Geologic units have been defined for the Centennial Wash Area from existing reports
and detailed review of drillers' and geologists' logs, surface exposure maps, and
geophysical surveys. The Basement Complex has a variable depth of occurrence with a
notable rise to mountain outcrops and shallow occurrence beneath the northwestern end
of the Palo Verde Hills. The Tertiary Volcanic-Sedimentary Sequence is draped over the
basement complex over most of the area, except where the basement complex is exposed
in mountains or along the Gila River. The Red Unit apparently is restricted to the area in
and surrounding the Palo Verde Hills. The LAU appears to be present over much of the
Centennial Wash area and is present at land surface in the western Centennial Wash area.
The MAU is present primarily in the eastern Centennial Wash Area where it is present at
land surface. The UAU is present in isolated locations in the Centennial Wash area. The
UAU is thickest along the Gila River.
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4.0 HYDROSTRATIGRAPHIC UNITS

4.1 Introduction

The geologic units require evaluation with respect to how groundwater flows within
them. In this section, hydrostratigraphic units are selected from the framework of
geologic units described in the previous section. Hydrostratigraphic units are volumes of
distinctive groundwater flow regimes and have distinctive hydraulic conductivity
distributions derived from dieir internal architecture.

4.2 Sources 0fData

Data considered in this section are the water-level contour maps and hydrographs
discussed in Section 2, the geological conceptual model of Section 3 and the geologic
unit upper surface maps discussed in Section 3.

4.3 Selection 0f Hydrostratigraphic Units

The Basement Complex is considered a substantial barrier to groundwater flow and
its relatively shallow occurrence beneath the Palo Verde Hills has an important effect on
groundwater flow by restricting the area open for flow and propagation of changes in
water-level elevations. The Volcanic-Sedimentary Bedrock Sequence would be expected
to be less of a barrier to flow than the underlying Basement Complex, but more so than
the overlying moderately to weakly consolidated sediments. The sedimentary and
volcanic components of the Volcanic-Sedimentary Bedrock Sequence would be expected
to have similar groundwater flow characteristics due to the strong consolidation of the
sedimentary components. The LAU would be expected to have the highest potential
hydraulic conductivity of the basin fill sediments, certainly more than the Red Unit due to
the relatively weak consolidation of the LAU compared to the Red Unit. The Palo Verde
Clay and Upper Silt Deposits would be expected to confine groundwater flowing beneath
and restrict recharge moving down from above.

In this section, groundwater flow is inferred from the water-level elevations and their
position relative to the surface separating geologic units. The LAU, Red Unit, and the
Volcanic-Sedimentary Bedrock Sequence are interpreted to comprise the principal
regional aquifer system in the Centennial Wash area. Multiple aquifers may be present
within the principal aquifer system which together account for most of the groundwater
flow through the area. In the Arlington Valley, the UAU is also a part of the principal
aquifer system.

The principal aquifer is uncoined, expect where the Palo Verde Clay is present
below the piezometric surface of the principal aquifer. Where the Palo Verde Clay is
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present in such a position, the principal aquifer system is considered a leaky confined
aquifer and the Palo Verde Clay is considered a leaky aquitard. Groundwater above the
Palo Verde Clay in the Upper Silt Deposits or UAU has been investigated, particularly by
Fug ro (l978, l980), and appears to be a localized unconfined aquifer.

4.4 Discussion

I
|

I
I
I

I
|
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Based on the water level maps and hydrographs presented in Section 2, groundwater
in the principal aquifer system since the 1960s has had a water table or piezometric
surface ranging from approximately 850 feet amyl along the Buckeye-Salome Road to
less than 700 feet near Centennial Wash. Prior to the 1950s, water levels near Centennial
Wash were between 760 and 770 feet amyl and the lowest point was approximately 720
feet arnsl near Gillespie Dam. The water table in the unconfined aquifers above the Palo
Verde Clay has had a range of approximately 800 to over 900 feet amyl since the 1970s.

The piezornetric surface of the principal aquifer system, as represented by water-level
elevations in wells, is above the top of the LAU throughout the area where the Palo
Verde Clay has been identified. Therefore, the principal aquifer system is considered
confined wherever the Palo Verde Clay is present. Based on inspection of the currently
available drillers' and geologists' logs, and consideration of geologic structures, the Palo
Verde Clay is not present beneath the two lines of volcanic rock outcrops of the Palo
Verde Hills or in the western Centennial Wash area where the LAU outcrops.

The interpretations of groundwater flow presented in Section 2.0 are considered
representative of the principal aquifer system. There may be variations in flow among
the aquifers within the principal aquifer system, but data are not available to isolate and
characterize such differences. Characterization of flow between aquifers within the
principal aquifer system is probably not be necessary to predict groundwater responses to
pumping for the proposed power plants.

In general, flow in the principal aquifer system moves southwestward into the
Centennial Wash Area from a line roughly paralleling the Buckeye-Salome Road. Prior
to the late 1940s, the flow continued southward and entered the Gila River or passed
through the area near Gillespie Darn into die Gila Bend Basin. Since the 1940s, pumping
for farms in the Palo Verde Hills and along Centennial Wash collected a substantial
portion of the flow and also caused water to reverse its path and flow from the Gila River
towards the wells along Centennial Wash.

In general, flow in the Upper Silt Deposits spreads laterally in several directions until
sufficient area is developed to allow flow downward into the Palo Verde Clay. Flow in
the UAU along the Gila River generally follows the alignment of the Gila River, but also
provides for flow to or from the Gila River.
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5.0 BOUNDARIES TO GRGUNDWATER FLGW

5.1 Introduction

The arrangement of distinctive geologic materials in the Centennial Wash Area,
particularly the Basement Complex, exerts a strong control on the flow of groundwater.
Stulik (1974 .- Plate l) considered all rock outcrops to be boundaries to the valley-fill
sediments, which he considered the principal aquifer in the area. Stulik (1974 - Plate l)
presented contours of equal thickness of valley-fill deposits. Depths to the base of the
valley fill deposits interpreted by Stulik (1974) range from less than 300 feet around
exposed rock to more than 1200 feet in a large area including Centennial Wash and the
Arlington Valley. Reassessment of the water-level contour maps indicates that
occurrences of the Volcanic-Sedimentary Bedrock Sequence may not represent barriers
to groundwater flow in the Centennial Wash Area. For this work, the Volcanic-
Sedimentary Bedrock Sequence is included in the principal aquifer system.

In this section, the controls of the Basement Complex on groundwater flow in the
Centennial Wash Area are briefly reviewed from the available data. Specifically,
information on the horizontal and vertical extents of the Basement Complex is compared
with the water level elevation maps. A similar comparison is made with respect to
vertical flow in the case of the Palo Verde Clay.

5.2 Vertical Boundaries

The upper surface of the basement complex (see Figure 20) is considered a bounding
surface for groundwater flow. Of particular interest is the rise of this surface from sea
level to over 500 feet beneath the Palo Verde Hills. This ridge of high basement complex
is coincidental with closely~spaced contours of equal water-level elevations on the water-
level contour maps for 1970, 1975, 1982, and 1992. As groundwater is forced through a
thinner cross section, the hydraulic gradients would be expected to increase as seem in
the Centennial Wash Area.

The Palo Verde Clay also represents a substantial barrier to groundwater flow, but not
as substantial as die basement complex. The large vertical differences between water-
level elevations above and below the Palo Verde Clay indicate the restriction imposed by
the Palo Verde Clay on vertical groundwater flow. The occurrence of the Palo Verde
Clay is coincidental with the rise in the basement complex. The Palo Verde Clay ftuther
narrows the cross section for flow passing south and west beneath the Palo Verde Hills.
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5.3 Horizontal Boundaries

The west and south edges of the Centennial Wash Area form a comer for the
PhxAMA as a whole. As Halpenny (1984) noted, this area can be thought of as the cork
(actually more like the neck) of the bottle comprising the groundwater system of the
western PhxAMA viewed as a whole. Groundwater flow is laterally restricted from
locations where the top of the Basement Complex rises above the water level elevations
in the principal aquifer system. Such restriction occurs around the edges of the
Centennial Wash Area selected here with the exceptions of:

• the alignment of the Buckeye-Salome Road and the northeast end of the
Arlington Valley and

• a two to three-mile long gap directly scnuth-southwest of Gillespie Dam.

5.4 Discussion

The primary boundaries to groundwater flow in the Centennial Wash area are the
Basement Complex and the Palo Verde Clay. Contrary to some earlier studies, the
Volcanic-Sedimentary Bedrock Sequence in general is currently not considered to present
a barrier to groundwater flow in the Centennial Wash Area.
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6.0 HYDRAULIC PROPERTIES ESTIMATES

6.1 Introduction

The extents to which water can move through or be stored in a hydrostratigraphic unit
are quantified with the parameters hydraulic conductivity and specific storage/specific
yield, respectively. These parameters are typically estimated from field and laboratory
tests, but they also can be estimated from literature summaries and model simulations.

I

I
I

I
I
I
I

6.2 Sources of Data

Data for estimating hydraulic parameters are limited at this time for the Centennial
Wash Area. Stulik (1974), Fug ro (1980) and Halpenny (1984) compiled and summarized
specific capacity data for wells in the principal aquifer system. Fug ro (l980), ARCADIS
Geraghty & Miller (l999) and Harris+Associates, inc. (2000) reported on aquifer tests in
the principal aquifer system. Fug ro (1980) also reported on the results of slug/bail and
laboratory permeameter tests. Sempra Energy Resources and Pinnacle West Energy
Corporation are conducting additional aquifer testing at this writing (April 2000) to
develop additional hydraulic parameter estimates for the Centennial Wash Area.

6.3 Approach for Interpretation

Horizontal hydraulic conductivity (KH) can be estimated by dividing the
transmissivity by the saturated thickness of the well at the time of the test.
Transmissivity can be estimated from analysis of an aquifer test, slug test, or bail test, or
from a rough, approximate relationship between specific capacity and transmissivity
(transmissivity in gallons per day per foot ([god/ft] equals specific capacity in gallons per
minute per foot of drawdown [rpm/ft] multiplied by 2000 - [Driscoll, 1986 - page
l02l]). Vertical hydraulic conductivity (KV) and KH can be estimated from laboratory
permeameter tests on oriented core samples. Aquifer test estimates are significantly
better than estimates based on slug tests, bail tests, or the relationship between specific
capacity and transmissivity. in the absence of any field data, KH can be estimated from
literature-reported ranges for similar geologic materials. However, the reported ranges
for KH are very large (several orders of magnitude for a given material)

Specific storage (S8).can be estimated by dividing the storage coefficient (Sc) by the
saturated thickness of die well at the time of the test. Storage coefficient can be
estimated from analysis of an aquifer test. Specific yield (So) can be estimated from
analysis of an aquifer test. In the absence of field data, Se and So can be estimated from
literature-reported ranges for similar geologic materials. Compared to K, the storage
parameters have much smaller reported ranges for a given material.
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To the extent that data are presented in the available reports, the interpretations of the
authors are reviewed here. Otherwise, the reported values are summarized.

6.4 Hydraulic Conductivity

Stulik (1974 - page 8 and Table 1) presented specific capacity data for the area that
range from one to 86 rpm/ft. Transmissivity estimated for this specific capacity range
using the approximation (Driscoll, 1986 - page 1021) ranges from 2,000 to 190,000
god/ft. These values probably represent the principal aquifer system or parts of the
principal aquifer system over a broad area.

Fug ro (1980) summarized data for existing wells in the vicinity of the PVNGS site as
having pumping capacities of 400 to 2,800 rpm and specific capacities averaging 35
rpm/ft. Average transrnissivity estimated from specific capacity is approximately 70,000
god/ft. These values probably represent the principal aquifer system within a few miles
of the PVNGS site.

A 24-hour aquifer test (Fug ro, 1980 - page 20) was conducted in irrigation well (B-
01-06) 34abb and the reported results included an estimated specific capacity of 55
rpm/ft at 2,360 rpm and a transrnissivity of 100,000 god/ft. Assuming a saturated
thickness of 1000 feet (the well is perforated from 250 to 1235 feet bis) and converting
units leads to a KH estimate of 13 ft/d. These values probably represent the principal
aquifer system at the PVNGS site. Fug ro (1978 - Appendix 21) also reported on a multi-
well aquifer test run in sands of the UAU at the PVNGS site between 20 and 40 feet bis.
Fug ro (1978) interpreted the test results to estimate transmissivity at 4,000 god/ft.
Assuming a saturated thickness of 18 feet, Fug ro (1978) estimated KH at 30 ft/d. These
values probably represent the coarser parts of the UAU at the PVNGS site.

Fug ro (1980 - pages 21 to 22,) further summarized the results of slug and bail tests or
laboratory permeability tests for the vicinity of the PVNGS site as follows:

Upper Sands, Gravels and Silt Deposits (UAU, LZ-5): KH of 1.3 ft/d.
Upper Silt Deposit (MAU, LZ-4): KH = 0.0013 ft/d, Kv = 0.00013 ft/d
Palo Verde Clay (MAU, LZ-3) KH = 0.0013 ft/d, KV = 0.0007 ft/d
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Halpenny (1982a - Table 5) reviewed well data for the Buckeye Irrigation Company
(BIC), calculated specific capacities, and evaluated the specific capacity data. He
cautioned (Halpenny, l982a - page 3-16) that specific capacities decrease with time due
to well encrustation although aquifer properties remain constant. He also noted that the
relationship between the perforated interval and the water table. The use in this case of
January water levels for static and pumping water levels during July or August lead to
excessive drawdown estimates, and that therefore specific capacities may be higher.
Nevertheless, specific capacities for many wells are in the 100 to 300 rpm/ft range,
which is exceptionally high. Transmissivity estimated for this specific capacity range
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using the approximation (Driscoll, 1986 _. page 1021) ranges from 200,000 to 300,000
god/ft. Assuming a saturated thickness of 200 feet for the BIC wells and converting
units, KH estimates would range from 130 to 200 ft/d. These estimates probably
represent the UAU north of the Gila River near Buckeye. Specific capacities are lower
(Halpenny, l982a .- Table 5), 20 to 60 rpm/ft, along the BIC canal for 4 miles east of the
Hassayampa River. Transmissivity estimated for this specific capacity range using the
approximation (Driscoll, 1986 - page l02l) ranges from 40,000 to 120,000 god/ft. These
estimates probably represent an unknown combination of the UAU arid MAU west of
Buckeye.

ARCADIS Geraghty & Miller (1999 - Appendix A) reported on pumping tests
conducted November 29 and 30, 1999. The tests were 24 hours in duration and were
conducted on Duke wells 4-1 (C-01-06 2lcBB2) and 4-2 (C-01-06 2lBcB). Their
results are as follows:

Well 4-1: At 1,530 rpm, drawdown was 41.5 feet, which yields a specific capacity of 37
rpm/ft. Application of the Cooper-Jacob (1946) semi-log straight-line method to the
drawdown data from 1 to 450 minutes resulted in a transmissivity estimate of 109,000
god/ft. Application of Thais (1935) Recovery Method to the recovery data from one to
490 minutes resulted in a transmissivity estimate of 86,000 god/ft. Until combined
drawdown and recovery analysis of this test is conducted, the recovery~based estimate of
86,000 god/ft is preferred. The well is open from 229 to 1012 feet bis and the static water
level at the time of the test was approximately 170 feet (above the top of the
perforations), so the saturated thickness can be assumed to be 783 feet. Dividing
transmissivity by saturated thickness yields a KH estimate of 14.7 ft/d. However, water
production is likely limited to intervals beneath the Palo Verde Clay. Estimated depth to
the top of the LAU at this well (see Figure in Section 3) is 270 feet bis. The saturated
thickness beneath the Palo Verde Clay in this well is then estimated at 740 feet. The
estimate for KH beneath the Palo Verde Clay is 15.4 ft/d. Therefore, the KH estimate of
15 ft/d developed by ARCADIS Geraghty & Miller Inc (1999 - Table Al) is reasonable.

Well 4-2: At 1,530 rpm, drawdown was 74.1 feet, which yields a specific capacity of 21
rpm/ft. Application of the Cooper-Jacob (1946) semi-log straight-line method to the
drawdown data from 7 to 250 minutes resulted in a transmissivity estimate of 62,000
god/ft. Application of Thais (1935) Recovery Method to the recovery data from 5 to 340
minutes resulted in a transmissivity estimate of 78,000 god/ft. Until combined drawdown
and recovery analysis of this test is conducted, the recovery-based estimate of 78,000
god/ft is preferred. This well is open from 350 to 980 feet bis and the static water level at
the time of the test was approximately 170 feet (above the top of the perforations) so the
saturated thickness can be assumed to be 630 feet. Dividing transmissivity by saturated
thickness yields a KH estimate of 16.6 ft/d. The top of the perforations is below the
estimated bottom of the Palo Verde Clay. Therefore, the KH estimate of 16.4 ft/d
developed by ARCADIS Geraghty & Miller Inc (1999 Table AS) is reasonable

The results of the two tests by ARCADIS Geraghty & Miller (1999) probably
represent the principal aquifer system beneath the Duke Energy property.
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Harris+Associates, Inc (2000) reported on the March 8, 2000 6-hour pumping test of
well (C-01 -06) 23adb on the Redhawk property. At 1,875 rpm, drawdown was 97 feet,
which yields a specific capacity of 19 rpm/ft. Application of the Cooper-Jacob (1946)
semi-log straight-line method to the drawdown data from 8 to 80 minutes resulted in a T
estimate of 55,000 god/ft. Application of Theis (1935) Recovery Method to the recovery
data from 20 to 180 minutes resulted in a transrnissivity estimate of 48,000 god/ft. Until
combined drawdown and recovery analysis of this test is conducted, the recovery-based
estimate of 50,000 god/ft is preferred. The well is perforated from 140 to 930 feet bis
and the 1986 depth to water of 180 feet bis is assumed as an estimate of the static water
level, so thesaturated thickness can be assumed to be 750 feet. Dividing transmissivity
by saturated thickness yields a KH estimate of 9 ft/d. However, water production is likely
from materials beneath the Palo Verde Clay. Estimated depth to the top of the LAU at
this well (see Figure in Section 3) is 270 feet bis. The saturated thickness beneath the
Palo Verde Clay in this well is then estimated at 660 feet. The estimate for KH beneath
the Palo Verde Clay is 10.1 ft/d. Therefore, the range of KH estimates given by
l-largist-Associates, Inc. (2000) - 6 to 12 ft/d - is reasonable. These results probably
represent the principal aquifer system beneath the Redhawk property, but longer testing
would be useful for confirming the results of this short test.

6.5 Storage

A 24-hour aquifer test (Fug ro, 1980 .... page 20) was conducted in irrigation well (B-
01-06) 34abb and the resulting estimate for Sc was 0.005. Assuming a saturated
thickness of 1000 feet and converting units leads to a Se estimate of 10-6 cubic feet water
per cubic foot sediments per foot drawdown (ff).

Fug ro (l978 - Appendix 21) also reported on a multi-well aquifer test run in the UAU
(Upper Silts, Sands and Gravel Deposits) between 20 and 40 feet bis. Fug ro (1978)
interpreted the test results with the Theis (1935) method to find a Sc (or So) ranging from
0.008 to 0.013, average 0.01. Reinterpretation of this test with modem water-table
aquifer test analysis methods would likely clarify the confusion and find a lower Sc and a
higher Sy-

6.6 Discussion

Transmissivity of the principal aquifer system in the Centennial Wash Area may
range between 2,000 and 190,000 god/ft and average 70,000 god/ft. This summary is
based on a rough approximation from specific capacity data, but has been confirmed in a
preliminary manner by the results of four single-well aquifer tests: 100,000 god/ft, 86,000
god/ft, 78,000 god/ft and 50,000 god/ft). Horizontal hydraulic conductivity of the
principal aquifer system estimated from the four available aquifer tests ranges from 10 to
17 ft/d. Specific storage of die principal aquifer system was estimated from one aquifer
test at 10-6 ft`. Additional, longer-term (one to seven days) aquifer tests with observation
wells are needed to improve the support for estimating transmissivity and hydraulic
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conductivity in the area of the proposed power plants. Such tests are planned for the
spring of 2000.

The KH of the Palo Verde Clay appears to be very low, but as expected for these
geologic materials: l0-° ft/d, and the Kv of the Palo Verde Clay appears to be one half the
KH. These values were based on core tests that sample a small volume. Therefore, there
may be substantial variability to the Palo Verde Clay above or below the values found to
date.

The reported values of hydraulic conductivity for the Upper Silt Deposits are
surprisingly similar to those for the Palo Verde Clay: 10-3 ft/d for KH and 104 ft/d for Kv.
The Upper Silt Deposits were tested with slug/bail tests for KH and core tests for Ky. As
with the Palo Verde Clay, the Upper Silt Deposits may have substantial variability at
volumes larger than those sampled at PVNGS .

A group of slug/bail tests of the UAU at PVNGS resulted in an average KH of 1 .3
ft/d. There is one aquifer test based value for the KH of the UAU at PVNGS: 30 ft/d.
These results indicate significant variability in the UAU at PVNGS. The specific yield
reported for the one available aquifer test is unrealistically low, as was stated by the
report authors (Fug ro, 1978).
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7.0 RECHARGE AND DISCHARGE ESTIMATES

71 Introduction

This section compiles the available information for the flow of water to and from the
groundwater system in the Centennial Wash Area. The groundwater system includes all
groundwater in the Centennial Wash Area including the principal aquifer system and
perched zones. No distinction is made between locations within the Centennial Wash
Area.

A11 of the estimates made here are preliminary and subject to revision, based on
review of this report and the water budget, as well as during model calibration to match
historical water-level elevation distributions and changes. This section is intended as a
first approximation of groundwater flow in the Centennial Wash Area.

In this section, the term recharge includes the following components or categories of
inflows to groundwater:

•

u

•

West-bound groundwater flow in from the West Salt River Valley, beneath
the Gila River channel near Hassayampa
Southwest-bound groundwater flow in from the Hassayampa Plain beneath
the Buckeye-Salome Road
East-bound groundwater flow in from the Harquahala Basin beneath the
Centennial Wash channel at Mullen's Cut
Direct infiltration of precipitation
Mountain front infiltration of runoff
Gila River infiltration
Hassayampa River infiltration .
Centennial Wash infiltration
Minor tributary infiltration
Industrial detention basin infiltration
Agricultural leaching requirement
Canal transmission losses

The magnitude of the individual recharge components has changed in the
Centennial Wash Area over time. Currently, the largest recharge components in the
Centennial Wash Area are the groundwater inflow from the Hassayampa Plain,
agricultural leaching requirement, canal transmission losses and Gila River infiltration.

In this section, the term discharge includes the following components or categories of
outflows from groundwater:

• Southeast-bound groundwater flow out to the Gila Bend Basin beneath the
Gillespie Basalt flow near Gillespie Dam
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•

•

•

•

Direct evaporation from the water table
Transpiration from phreatophytes
Groundwater flow into the Gila River
Agriculture pumping
Industrial pumping
Domestic pumping
Pumping for livestock watering

The magnitude of the individual discharge components has changed in the Centennial
Wash Area over time. Currently, the largest discharge components in the Centennial
Wash Area are agricultural pumping and transpiration by phreatophytes .

r

72 Sources 0f Data

Data to estimate recharge and discharge components in the Centennial Wash Area
come from a variety of sources. The studies by the USGS, ADWR and consulting firms
reviewed in Section 2 are the primary sources of recharge and discharge estimates and
supporting data.

73 Approach f o r  In t e rp r e t a t ion

Where available, estimates of recharge and discharge components are extracted from
the sources discussed above. Other estimates are made based on methods described with
the estimates in the following subsections. In all cases, simple methods for estimating
recharge or discharge components are employed here which have been used in similar
studies of adjacent basins in Central Arizona.

The recharge and discharge estimates are combined in the next section ._ Section 8.0
Water Budget. Within the framework of a water budget, the estimates of each recharge
or discharge component can be compared with each other and their changes can be
reviewed over time.

74 Recharge Estimates

The recharge components listed at the beginning of this section are described in detail
in this subsection. The recharge components have been grouped for further discussion as
follows :

• Groundwater flow in from adj cent areas,

Infiltration of precipitation and runoff, and

Peter Mock Groundwater Consulting, Inc

April 4, 2000
Centennial Wash Area Groundwater

Interim Report



47

• Infiltration from agricultural operations.

7.4.1 Groundwater Flow in from Adjacent Areas

Groundwater How into the Centennial Wash Area includes:

West-bound groundwater inflow from the West Salt River Valley, beneath the
Gila River channel near Hassayampa
Southwest-bound groundwater inflow from the Hassayampa Plain beneath the
Buckeye-Salome Road
East-bound groundwater inflow from the Harquahala Basin beneath the
Centennial Wash channel at Mullen's Cut

In general, groundwater flow is estimated by applying Darcy's Law to estimates for
transmissivity, horizontal hydraulic gradient and cross-sectional width. Where gradients
have changed with time, those changes are investigated from water5level elevation maps
in the following discussions.

Westbound groundwater inflow from the West Salt River Valley, beneath the Gila
River channel near Hassayampa can be estimated from water-level elevation contour
maps prepared by ADWR. Reiter and Renwick (1986 - sheet 1) present water-level
elevation data for 1982 useful for estimating the flow of groundwater. The line of flow
between the West Salt River and Hassayampa Sub-Basins appears in 1982 to be only one
mile wide and extends up from the exposed rock of the Buckeye Hills at Powers Butte.
The flow direction appears to be due south in the area north of this line, which indicates
no How between the Sub-Basins north of this line. The data points indicate a west-
southwest gradient of 35 feet per mile (0.007) beneath the Gila River channel across a
line extending one mile north from Powers Butte. Water levels for the same walls
measured in 1992 (Hammett and Heather, 1996 - Sheet 1) indicate a gradient in the same
direction of 56 feet per mile (0.011).

Using the gradient estimated from Reeter and Renwick (1986 -_ Sheet 1) and assuming
a section width of one mile and transmissivity of 300,000 god/ft forsediments beneath
the Gila River channel (see Section 6) results in an estimate of 12,400 ac.-ft./yr. of flow
across this line in 1982. Using the 1992 gradient estimated from Hammett and I-Ierther
(1996 - Sheet 1) results in an estimate of 19,500 ac.-ft./yr. Errol L. Montgomery &
Associates, Inc. (1988 - Appendix B, page B-2) estimated groundwater flow into the
ACC area near Hassayampa to be 15,900 ac.-ft./yr. in 1985. ADWR (Cornell and
Cornhill, 1994 - Figure 16) estimated flow out of the West Salt River Valley Sub-Basin
at Arlington to be 3,000 ac.-ft./yr., but did not provide the basis for their estimates.
Based on the use of data described above, an estimate of 16,000 ac.-ft./yr. groundwater
flow into the Centennial Wash Area at Hassayampa is considered more accurate at this
time.
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_ ._ page 4-45) present a calculation for the portion of
groundwater flow moving from the Hassayampa Plain directly south towards the
Buckeye area. The cross section is in Township 2 North, Ranges 4 arid 5 West, is seven
miles long (east to west) and is approximately 3 miles north of 1-10 at Palo Verde Road.
The estimate is 32,000 ac.-ft./yr and Halpenny and Halpenny (1988, page 4-45) note that
this estimate is similar to that made by Montgomery & Associates (1988 page 75, line 50)
of 26,500 ac.-ft./yr without the benefit of the testing data collected by Halpenny and
Halpenny (1988). Inspection of the maps used by Halpenny and Halpenny (1988 - plate
3) in comparison to water -level contour maps of broader coverage indicate that this
estimate does not account for groundwater leaving the Hassayampa Plain for the Tonopah
Desert or to pass through the Palo Verde Hills. Therefore, although it initially appears to
account for all groundwater flow out of the Hassayampa Plain, this estimate does not
apply to the Centennial Wash Area.

Halpenny and Halpennv (1988

Southwest-bound groundwater inflow from the Hassayampa Plain beneath the
Buckeye-Salome Road can be estimated from gradients indicated on the maps shown in
Figures 5 to 9. The water-level contour maps indicate horizontal gradients along the
Buckeye-Salome Road as follows: 1970 _. 40 to 120 feet per mile (0.008 to 0.022), 1975
- 70 feet per mile (0013), 1982 -30 to 70 feet per mile (0.006 to 0.013), 1992 - 50 feet
per mile (0.009). The variability in these estimates arises primarily from the assumptions
made by the authors in contouring. A value of 50 feet per mile (0.009) appears
reasonable to estimate the gradient along this line. The line is 10 miles long and the
closest transmissivity estimate for the principal aquifer system is 100,000 god/ft for a
well at the PVNGS site. The resulting flow estimate is 53,300 ac.-8./yr.

East-bound groundwater inflow from the Harquahala Basin beneath the Centennial
Wash channel at Mullen's Cut can be estimated from water-level elevation contour maps
prepared by ADWR. The water level elevation contour map for 1979-1980 presented by
Graf (1980 - sheet 1) indicates that water in the Harquahala Basin in 1980 was flowing
westward from Mullen's Cut. Therefore, as of 1980, regional groundwater flow was not
moving from the Harquahala Basin to the Lower Hassayampa Basin. Prior to
development of areas of depressed water level-elevations in both the Harquahala arid
Centennial Wash Areas, groundwater flowed from the Harquahala Basin into the
Centennial Wash Area at a rate of approximately 200 ac.-ft./yr. (Mason, 2000). This
amount probably slowly decreased to zero between the 1940 and Me 1960s.

7.4.2 Infiltration of Precipitation and Runoff

Direct infiltration of precipitation is estimated from the average annual precipitation,
the surface area above the groundwater system, and an estimate of the fraction of
precipitation that becomes groundwater recharge for the local climate and soils
conditions. The average annual precipitation is 8 inches per year, the surface area of soils
above the groundwater system is approximately four townships (144 square miles). The
fraction of precipitation that becomes groundwater recharge is estimated at 0.001 based
on the work in the Ajo, Arizona area by Liu and others (1995) and a 50:50 mix of old and
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young soil surfaces. The resulting estimate is less than 100 ac.-ft./yr. (61 ac.-ft./yr.),
which can be neglected at this time.

Mountain front recharge is the sum of the precipitation that falls on exposed rock,
escapes evaporation, and runs off into the contact with the unconsolidated sediments at
the mountain fronts. Although mountain front recharge is probably concentrated at the
mouths of canyons, it is typically estimated as a basin-wide total or an average rate per
mile of mountain front. The USGS (Fret fey, 1985 - Table 1) has estimated that
mountain front recharge in the West and Central ("Storage-Depletion") Basins of Arizona
ranges from 50 to 5,000 ac.~ft./yr per basin. In other reports from that same USGS work,
a statistical relation between total mountain front recharge flux and total precipitation
flux was developed, but only for basins with average rainfall greater than eight inches per
year (Anderson and Others, 1992 page B33). Basins with less than eight inches of
recharge per year were arbitrarily assumed to have negligible mountain front recharge in
that all precipitation was consumed in soil moisture deficits and evapotranspiration
(Anderson and Others, 1992 - page B33).

Since the Centennial Wash Area has average annual precipitation very near the USGS
threshold, a relatively small amount of mountain front recharge may be present. Given
that the Centennial Wash Area has characteristics similar to other West and Central
Basins, a total value of 300 ac.-ft./yr. (in the lower end of the range of the USGS
estimates) for the entire area seems reasonable. Given that the Centennial Wash Area has
approximately 30 miles of mountain front, the average mountain front recharge estimate
is 10 ac.-ft./yr. per mile of mountain front. This compares to 20 ac.-ft./yr. per mile of
mountain front estimated by the USGS (Hanson and Benedict, 1994) for the Tucson
Mountains, which are relatively low in elevation and precipitation is larger (12 inches per
year). No closer studies for mountain front recharge are known at this time

Infiltration from die Gila River has changed over time in the Centennial Wash Area.
As noted previously, flows in the Gila River declined from the late 1930s to 1962 when
effluent releases increased flow dramatically up to the present. Prior to groundwater
pumping for irrigation in the Centennial Wash Area, the Gila River was a gaining stream
and infiltration is assumed negligible. This situation changed by the late l 960s. Based
on review of the available water-level contour maps, the Gila River started losing water
from a point approximately eight miles north of Gillespie Dam southward some time
before 1970 and this situation persists to this day. The rate of infiltration from the Gila
River in the Centennial Wash Area has not been rigorously estimated at this time,
because sporadic gaging records indicate larger flows at Gillespie Dam than at the
Confluence with the Salt, even in years with no releases on the Salt. Because both stage
in the river and surrounding groundwater elevations play a role in determining
infiltration, model calibration is a promising method for estimating this value. As an
initial set of estimates, the infiltration of the Gila River within the Centennial Wash Area
may have ranged from zero in 1940 to some rate less than the pumping in the Centennial
Wash Area (10,000 to 40,000 ac.-ft./yr.).
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Infiltration from the Hassayampa and River and Centennial Wash cannot be directly
estimated at this time from the available gaging data. Upstream and downstream gaging
stations are not located to allow calculation of losses in the Centennial Wash Area on an
event-by-event basis. As noted in Section 2, flood flows are rare on these streams and
they have significant distances on alluvial fill to cover before entering the Centennial
Wash Area. As an initial set of estimates, the infiltration of either the Hassayampa River
or Centennial Wash within the Centennial Wash Area may have ranged from zero in most
years to 500 ac.-ft./yr. in years with flood events.

There are many minor tributaries to the Hassayampa River and Centennial Wash in
the Centennial Wash Area. Because their drainage areas are so much smaller, the sum of
infiltration from these minor tributaries is probably much less than the infiltration on the
Hassayampa River or Centennial Wash, and will be neglected at this time.

.Detention basins were constructed at the PVNGS to protect the facilities from
flooding. These basins fill during recharge events and infiltration is sufficient to cause
water-level rises in shallow piezometers (see Section 2). The total volume infiltrated
from these basins is probably small, however and will be neglected at this time

7.4.3 Infiltration from Agricultural Operations

Infiltration associated with agricultural operations in the Centennial Wash Area can
be divided into agricultural leaching requirement and transmission losses in delivering
agricultural water.

Stulik (1974 - Plate 1) presented the areas of irrigated agriculture transferred from a
1968 aerial photograph. No mention is made of crop types or patterns. However, Stulik
(1974 - page 9) estimated irrigation pumping quantities at 95,000 ac.-ft./yr. for 1969 on
more than 24,000 acres and apportioned 50,000 ac.-ft./yr. to the Tonopah-Hassayampa
area and 45,000 ac.-ft./yr. to the Centennial Wash area. Stulik (1974 - page 9) further
noted that extensive agricultural development began in the early 1950s and irrigated lands
reached 24,000 acres by 1960.

As a first approximation, the groundwater pumping volumes can be used to estimate
the volume of water applied for irrigation in the Lower Hassayampa Area. Total
application of four ac.-ft./ac.-yr. (total pumping divided by acres from Stulik, 1974) at an
estimated efficiency (consumptive use of crop per unit ground surface area divided by
total applied water per unit ground surface area) of 75% leaves 25% or 23,750 ac.-ft./yr.
for agricultural leaching requirement. Applying the apportionment by area (47% to the
Centennial area) to the agricultural leaching requirement yields an estimate of l 1,200 ac.-
ft./yr of recharge from agricultural leaching requirement in the Centennial Wash and Palo
Verde Hills areas in 1969. The agricultural leaching fraction from 4,000 acres at ACC
adds another 7,000 ac.-ft./yr. for a total of 18,200 ac.-ft./yr. in 1969.
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Fug ro (1980) estimated infiltration of the agricultural leaching requirement for the
PVNGS property in 1972 (prior to construction) from the following data and
assumptions: 2,150 acres were cultivated, 7,550 ac.-ft./yr. was applied, the consumptive
use of cotton is 41 inches per year, precipitation is 6.2 inches per year. The resulting
estimate for agricultural leaching requirement was 200 ac.-ft./yr. for 1972, but this rate
amounts to 3% recharge or 97% efficiency. Such a high efficiency would result in salt
build up and could not be maintained, so it is questionable. Different estimates for
agricultural leaching requirement were presented in Fug ro (1978): The average
application rate for the period 1966 to 1972 was 6,000 ac.-ft./yr., which was applied to an
average of 1,500 acres. At 25% leaching requirement, the total infiltration would be
1,500 ac.-ft./yr., and represents a more sustainable farming practice. This later estimate
is considered more acceptable than the first estimate presented in this paragraph.

Long (1983 - Sheet 1) estimated that 22,500 acres were irrigated in 1982 in the
Lower Hassayampa area, which is down slightly from 24,000 acres reported to be in
production by 1960.

Although excess deep percolation in test plots ranged from 0 to 17 percent of applied
water and averaged 8 percent (Montgomery, 1988 - page 89), total deep percolation
recharge for 1985 was estimated at 3,600 ac.-ft./yr (Montgomery, 1988 - Appendix B,
page B-2), a quantity which is closer to 25% and more in line with most other estimates.
The infiltration from agricultural leaching requirements probably averages approximately
one ac.-ft./ac.-yr. and irrigated acreages can be used to estimate the total agricultural
leaching requirement.

Water transmission losses are related to the size and character of the transmission
system and the distance over which the water is transmitted. The Arlington Canal is
considered the only significant source of transmission losses for the agricultural fields in
the Centennial Wash Area. Seepage tests conducted on the Arlington canal by
Montgomery (1988 - page 88) indicate 11,880 ac.-ft./yr oflACC canal losses to
groundwater in 1985, For approximately seven miles of Arlington Canal with an
average wetted width of ten feet, this estimate converts to an instantaneous infiltration
rate of 3.8 ft/d, which is a high rate - approximately ten times the average rate for unlined
canals in the Salt River Project (Cornhill and others 1993 - Page 52, table 8). Since this
estimate is based on actual seepage tests, it is considered accurate. '

75 Discharge Estimates

The discharge components listed at the beginning of this section are described in
detail in this subsection. The discharge components have been grouped for further
discussion as follows :

• Groundwater How out to adj cent seas,

Groundwater How into the Gila River,I
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Evapotranspiration, and

• Wells.

7.5.1 Groundwater Flow out to Adjacent Areas

Southeast-bound groundwater flow out to the Gila Bend Basin beneath the Gillespie
Basalt flow near Gillespie Dam can be estimated from water-level elevation contour
maps prepared by ADWR. Water level maps for the Gila Bend Basin in 1979 and 1993
presented in Sebenik (1981) and Rescore (l 996), respectively, indicate regional
groundwater flow passes beneath the Gillespie Basalt flow and Gillespie Dam and moves
eastward to pumping wells arranged on a north-south line for two townships at the
northern boundary of the Gila Bend Basin. The gradients on the east side of the inflow
area southeast of Gillespie Dain were 0.006 in 1979 (Sebenik, 1981 - sheet 1) and 0.012
in 1993 (Rescore, 1993 - sheet 1).

Using the gradient estimated from Sebenik (1981 - sheet 1) and assuming a section
width of three miles and transmissivity of 10,000 god/ft for sediments beneath the Gila
River channel (drillers logs indicate much less coarse sediments than at Hassayampa)
results in an estimate of 1,000 ac.-ft./yr. of flow across this line in 1979. Using the
gradient estimated from Rescore (1993 - sheet 1) results in an estimate of 2,400 ac.-
tt./yr. Groundwater flow out of the ACC area to the south was estimated at 1,000 ac.-
ft./yr. by Errol L. Montgomery & Associates, Inc. (1988 - Appendix B, page B-2), which
is one order of magnitude smaller than the above estimates. Aquifer tests of the full
aquifer system thickness to the southeast of Gillespie Dam would be needed to support or
refine the estimates developed in this paragraph.

The water-level change map shown in Sebenik (1979 - sheet 2) indicates the inflow
area of the Gila Bend Basin near Gillespie Dam experienced water-level rises of 30 feet
between 1973 and 1979. The hydrographs for irrigation wells near the inflow area shown
in Rescore (1996 - sheet 2) - (C-03-05 OZCBB) dropped through the late 1950s and
early 1960s, then rose steadily 90 feet from 1965 to 1974 at which point the water level
was 20 feet bis. Water levels in another well near the inflow area to the Gila Bend Basin
(C-02-04 26 CBA) rose steadily from 1965 to 1981 at which point the water level was 80
feet bis. Water levels in body these wells have since fluctuated about the points they rose
to. In summary, the saturated thickness and gradients increased at the boundary between
the Hassayampa Sub-basin and the Gila Bend Basin decreased ding the 1950s and early

1960s and then increased between 1965 and the late l 970s. Therefore, groundwater flow
out of the Hassayampa Sub-Basin probably followed a similar pattern.
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7.5.2 Evapotranspiration

Evapotranspiration estimates for the Centennial Wash Area can be divided into direct
evaporation from the water table and transpiration from phreatophytes. Direct
evaporation from the water table is neglected for the Centennial Wash Area since the
water table is typically deeper than ten feet bis. Evapotranspiration associated with
agriculture is substantial, but it occurs well above the water table and is already
accounted for in the consumptive use estimates discussed elsewhere.

Estimates of transpiration by phreatophytes for .1974 in the Centennial Wash Area
was extracted from Water Resources Associates (1975 - Table 4). The estimate of
18,700 ac.-ft./yr. from 4,900 acres of phreatophytes was based on the assumption of a
consumptive use of 3.7 ac.-ft./ac.-yr. Water use by 4,000 acres of phreatophytes in the
ACC area for 1985 was estimated by Montgomery (1988 - Appendix B, page B-2) at
24,000 ac.-ft./yr. This estimate assumed a consumptive use of six ac.~ft./ac.-yr. If the
1974 estimate is refined with consumptive use of six ac.-ft./ac.-yr, the 1974 phreatophyte
water use is 29,400 ac.-ft./yr. The lower consumptive use estimate is preferred as it likely
is more accurate is representing the density of phreatophytes in the area.

7.5.3 Groundwater Flow into the Gila River

As noted in the previous section, water-level elevation contours since the l 970s have
indicated flow into the Gila River (commonly called base flow) from a point
approximately eight miles north of Gillespie Dam. Before commencement of pumping
for irrigation on the Centennial Wash Area in the 1940s, groundwater primarily flowed to
the Gila River from the west and northwest.

The rate of groundwater flows into the Gila River in the Centennial Wash Area has
hot been rigorously estimated at this time, because the sporadic gaging records do not
allow unambiguous separation of base flow. Because both the stages in the river and the
surrounding groundwater elevations play a role in determining the base flow, model
calibration is a promising method for estimating this value. As an initial set of estimates,
the flow of groundwater into the Gila River within the Centennial Wash Area may have
ranged from tens of thousands of ac.-ft./yr. in 1940 to some rate of perhaps one-third to
one-half that value since the 1940s.

7.5.4 Wells

There are four general categories of pumping from wells in the Centennial Wash
Area: agricultural, industrial, domestic and stock watering. Since 1983, well owners have
been required to report pumping volumes by well for all wells in AMAs pumping more
than 35 rpm. Therefore, detailed records are available on a well-by-well basis since
1983. This threshold excludes most domestic wells. Agricultural pumping prior to 1983
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Table 2 Estimated Pumping in the Lower Hassavampa Area (USGS
Year Pumping Total (ac.ft./vr.) Only Centennial Wash Area

<Inc1uded with Salt River
Va11ey>

<Prior to l973> <Inc1uded with Salt River
Va11ey>

1973 91,000 41,600
1974 89,000 40,700
1975 94,000 43,000
1976 98,000 44,900
1977 84,000 38,400
1978 63,000 28,500
1979 64,000 29,000
1980 74,000 33,700
1981 87,000 39,800
1982 70,000 31,800
1983 48,000 21,400
1984 72,000 32,700
1985 60,000 27,100
1986 31,000 13,400
1987 40,000 17,700
1988 41,000 18,100
1989 47,000 21,000
1990 42,000 18,600

54

is typically estimated based on irrigated acres, crop type and estimated consumptive use
and farm efficiency values. Industrial pumping is assumed to include only PVNGS .
Domestic pumping can be estimated based on the number of residences or population and
estimated consumptive use values.

Stulik (1974 - page 9) estimated agricultural pumping quantities for the entire Lower
Hassayampa Area during 1969 at 95,000 ac.-ft./yr. on more than 24,000 acres. Stulik
(1974 - page 9) further apportioned 50,000 ac.-ft./yr. - 53% - to the Tonopah-
Hassayampa area and 45,000 ac.ft./yr. - 47% to the Centennial area. Stulik's (1974)
Centennial area is essentially the same as the Centennial Wash Area considered here.
Stulik (1974 - page 9) estimated pumping quantities for domestic and stock watering to
be less than 100 ac.ft/yr. Stulik (1974 .- page 9) thither noted that extensive agricultural
development began in the early 1950s and irrigated lands reached 24,000 acres by 1960.

Industrial pumping for PVNGS was estimated as an increase from zero in the 1960s
to a current use estimate of approximately half of the average on-site agricultural use in
the seven years ending in 1972 reported by Fug ro (1980): 6,000 ac.-ft./yr.

The USGS frequently publishes pumping estimates by area in Arizona. Awning and
Duet (1994) is the most recent such summary. It contains pumping estimates for the
Lower Hassayampa Area as provided in the first two columns of Table 2.
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Table 3 Reported Pumping in the Centennial Wash Area (ADWR)
Year Purnplng Total (ac.ft./vr. Only Power Plant-Acouired

Wells (ac.-ft./vr.)
1984 25,246 10,413
1985 24,574 11,462
1986 18,702 8,218
1987 18,485 8,058
1988 20,069 7,325
1989 13,837 6,172
1990 15,264 5,424
1991 11,235 3,573
1992 8,504 1,706
1993 7,634 2,228
1994 8,850 2,431
1995 9,468 3,311
1996 9,421 3,885
1997 9,733 3,199
1998 9,372 2,906

15-year Average 14,026 5,354
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Apportionment of these total pumping estimates to only the Centennial Wash Area
can be made by subtracting the pumping by ACC (2,400 ac.-ft./yr.) and then multiplying
by the proportion reported by Stulik (1974) of 47%. The results of applying the
proportion of 47% to the USGS estimates are also shown in Table 2.

ADWR (l999b) provides tiles containing the reported pumping to the public over the
Internet. These data were reviewed and totals for the Centennial Wash Area and for the
three power plants were extracted and summarized in Table 3. In general, pumping has
declined since 1983. The wells acquired with the power plant properties accounted for
approximately 1/3 of the reported pumping in the Centennial Wash Area since 1983 .
Comparison for the time periods of overlap between Table 2 (USGS estimates and
constant 47% split for the Centennial Wash Area) and Table 3 (ADWR reports for wells
in Centennial Wash Area) indicates the differences range between 10 and 40 percent.
Therefore, the earlier USGS estimates and constant split appear reasonable.

76 Discussion

Estimates by previous investigators or data to make estimates are available for most
of the recharge and discharge categories in the Centennial Wash Area. The groundwater
inflow and outflow estimates appear to be relatively large, but have less supporting data
than other large components such as pumping estimates. The usefulness of the estimates
can be tested by comparing them in a simple groundwater budget (Section 8) and in a
groundwater flow model that can be calibrated to available water-level data and aquifer
test estimates of transmissivity.
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8.0 WATER BUDGET

8.1 Introduction

The recharge and discharge component estimates of the previous section are
summarized, totaled and compared in this section. As with its components, this water
budget is a preliminary effort subj et to refinement with additional analysis.

The water budget lumps the entire groundwater system of the Centennial Wash Area
together and neglects any restrictions in groundwater flow between sinks and sources
within the area. That is, the water budget does not consider the time it takes for inflows
to flow towards and interact with outflows. A groundwater model would take these
restrictions into account.

8.2 Water Budget

The water budget consists of a summation of inflows and outflows and their
difference, which is defined to be the change in storage. The change in storage calculated
in this way cannot be compared to individual field measurements such as water-level
changes because individual water-level changes do not reflect the averaging across the
entire volume of groundwater in the Centennial Wash Area assumed in the water budget.
Nevertheless, a water budget is a useful first step in assembling and reviewing individual
hydrologic estimates for an area. General patterns of declines or rises in water-level
elevations noted in hydrographs would be expected to be represented in the water balance
as negative or positive changes in storage, respectively.

Table 4 presents the preliminary groundwater budget for the Centennial Wash Area.
The inflows, outflows, and changes in storage are briefly discussed in the following
subsections. Reductions were made to the groundwater inflow estimates at Hassayampa
(down from 16,000 to 4,000 ac.-ft./yr.) and along Buckeye-Salome Road (down from
50,000 to 10,000 ac.-ft./yr.) in order arrive at negative changes in storage as would be
expected from the review of the hydrographs discussed in Section 2.

8.2.1 Inflows

Estimated total groundwater inflows for the Centennial Wash Area ranged from
34,000 ac.~ft./yr. in the 1940s to 56,000 ac.-ft./yr. in the 1970s and currently are
approximately 44,000 ac.-ft./yr. The largest components have consistently been the
agricultural leaching requirement, infiltration from the Arlington Canal, and groundwater
inflow along the Buckeye-Salome Road.
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Arlington Valley Irrigation (ac.)
Centennial Wash Imp. (ac.)
Palo Verde Hills Irrig (ac.)
Mullen's Cut Irrigation (ac.)
Total Irrigated Area (ac.)
Avg. Crop Consumptive Use
Avg. Farm Efficiency
Phreatophyte Area (ac.)
Phreatophyte Consurnp. Use
Population
Mountain Front (miles)
Annual Precipitation (in.vr)

3,500
5,200

0
600

9,300
3.30
0.70
4,000
3.7
200
30
8

4,000
5,200
1,500
600

11,300
3.30
0.60

2,000
3.7
200
30
8

4,000
5,200
1,500
600

11,300
3.30
0.50
4,000
3.7
200
30
8

4,000
0
0
0

4,000
3.30
0.50

5,000
3.7
200
30
8

4,000
5,200
1,500
600

11,300
3.30
0.50

5,000
3.7
200
30
8

3,000
1,500

0
300

4,800
3.30
0.75

4,000
3.7
200
30
8

Inflows
Groundwater at Hassayampa
Groundwater at Buckeye-Salome Rd.
Groundwater at Mullen's Cut
Mountain Front Infiltration
Gila River Infiltration
Hassayampa River Infiltration
Centennial Wash Infiltration
Agricultural Leaching Requirement
Arlington Canal Infiltration
TOTAL

4,000
10,000

150
281

0
0
0

23,060
12,000
49,491

4,000
10,000

0
281

6.000
100
200

23,060
12,000
55,641

4,000
10,000

200
281

0
100
200

7,000
12,000
33,781

4,000
10,000

100
281

4,000
0
0

23,060
12,000
53,441

4,000
10,000

0
281

8,000
100
200

7,230
12,000
41,811

4,000
10,000

0
281

8,000
100
200

14,328
12,000
48,909

Outflows
Groundwater at Gillespie Dam
Phreatophytes
Flow to Gila River
Agricultural Pumping
Industrial Pumping
Domestic Pumping
Pumping for Livestock Watering
TOTAL

1,000
7,400

10,000
39,250

0
243
122

58,015

1 ,500
18,500
10,000
39,250

1 ,000
243
122

70,615

1 ,500
14,800
10,000
39,250

0
243
122

65,915

2,000
14,800
10,000

9,000
3,000

243
122

39,165

2,000
14,800
10,000
26,914
2,000

243
122

56,079

2,000
22,200
10,000
2,400

0
243
122

36,965

Change in Storage (Inflows-Outflows)
relative o o difference

-7,170
-13.66%

-14,973
~23.72° /0

-3,183
-9.00%

-4,573
-8.21%

2,647
6.54%

.16,423
~28.46%

Table 4 Centennial Wash Area Preliminary Groundwater Budget
(all inflows, outflows and change in storage values are in acre-feet per year)

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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8.2.2 Outflows

Estimated total groundwater outflows for the Centennial Wash Area ranged from
35,000 ac.-ft./yr. in the 19405 to 72,000 ac.-ft./yr. in the 1970s and currently are
approximately 47,000 ac.-ft./yr. The largest components have consistently been
agricultural pumping, phreatophyte transpiration and flow to the Gila River.

8.2.3 Changes in Storage

Estimated total changes in groundwater storage for the Centennial Wash Area (using
this preliminary water balance) ranged from essentially zero in the 1940s to 17,000 ac.-
ft./yr. in the 1950s and currently are approximately 3,000 ac.-ft./yr. The calculated
changes in storage are not consistent in value during the 1950s, 1960s and 1970s as
would be expected for the relatively consistent declines noted in the hydrographs in
Section 2.

8.3 Discussion

Review of the preliminary water budget for the Centennial Wash Area indicates that
some of the recharge and discharge components developed in Section 7 should be
refined. Water budget components associated with irrigated agriculture should be .
verified, such as irrigated acres, consumptive use, and farm efficiencies. With these
numbers set, the groundwater inflows at boundaries and to and from the Gila River
should be adjusted to achieve consistent negative changes in groundwater storage
(deficits) for the 1950s, 19605, and 1970s as indicated by the hydrograph responses in the
Centennial Wash Area. An example is the reduction in the boundary flows suggested by
the water balance and discussed at the beginning of this section.

The results of testing preliminary recharge and discharge estimates by comparing
them in the water balance points out the need to build a groundwater model that can be
used to not only check the water balance, but check the simulated water-level elevations
associated with estimated water budget components. The revisions suggested here can be
incorporated into the model as it is built and calibrated.

4
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9.0 DISCUSSION

9.1 Conclusions

Based on the information available to date, it appears that approximately 40,000 ac.-
ft./yr. of pumping for agriculture in the Centennial Wash Area from approximately 1950
to 1980 resulted in water-level declines near pumping centers of over 100 feet. During
the times of largest drawdowns in the pumping centers, water-level elevations in areas a
few miles from the pumping centers fluctuated up and down by only a few feet.

Proposed pumping for the power plants is estimated here at 16,000 to 18,000 ac.-
ft./yr. Therefore, the response of the groundwater system to pumping for the power
plants - water-level declines - may be expected to be a fraction (perhaps one third to half)
of that observed in the past in response to agricultural pumping.

9.2 Recommendations

The conclusions of this interim report should be tested by refining the water budget
components through model calibration and conducting simulations of 30 years of power
plant pumping. A model provides for consistent comparison of simulated water level
elevations with measured water-level elevations (calibration targets) and therefore is a
more severe test of water budget components than a simple, lumped water balance. The
available water-level data will provide suitable targets for model calibration.

In developing the model, agricultural water use characteristics of the area during the
past 50 years should be further investigated and the relevant water budget component
estimates should be refined. Estimates of flow to and from the Gila River should be
refined as part of model calibration.

To further support and guide the calibration of die model, additional estimates of
hydraulic parameters should be developed through the conduct of aquifer tests in the
principal aquifer system at several locations using observation wells, as they are available
and access can be obtained. The hydraulic parameter estimates resulting from the aquifer
tests can be incorporated into the model during calibration and can serve as additional
calibration targets.
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Figure 2
Surficial Geology (Reynolds, 1988, modified from
Kamilla and Richard, 1998) and Locations of
Geologic Cross Sections (Fug ro, 1978)
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Figure 4
Interpreted Gravity Variations
(Complete Bouguer Anomaly)
(hydroGEOPHYSICS, 2000
modified from Fug ro, 1978)
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EXHIBIT

l C0n4.: /

ARIZONA DEPARTMENT OF WATER RESOURCES

HYDROLOGY DIVISION

MEMORANDUM

Gregg Houtz
Power Plant and Transmission Line Siting Committee

THROUGH: Greg Wallace
Chief Hydrologist

FROM: Dale Mason, Supervisor,
Groundwater Modeling Section
Hydrology Division

DATE : October 12, 200 l

RE: Preliminary Hydrologic Review of Duke Energy Arlington Valley Facility II Power Plant
Application, Docket Number L-00000P-0 l -0117.

This memo details the Arizona Department of Water Resources (ADWR) preliminary technical review of
the potential affect on local groundwater conditions of a proposed second unit to Duke's Arlington Valley
Energy Facility. The proposed second unit of the Arlington Valley Energy Facility will be capable of
producing 600 megawatts and will use an estimated 1,000 acre-feet of water. This water use is in addition
to the 6,800 acre-feet needed for the Arlington Valley Unit I. Total water use for Duke Arlington Valley
Energy Facility is now expected to be 7,800 acre-feet per year.

Duke Energy, Sempra Energy Resources, and Pinnacle West have proposed to build and operate three
power plants in the area around Centennial Wash, in western Maricopa County. Duke, Sempra, and
Pinnacle West funded a joint numerical groundwater modeling study of the Centennial Wash area to
determine the cumulative affects of groundwater stumpage on local water levels by the three plants. The
groundwater flow model was developed for use as a tool to predict how the groundwater system in the
Centennial Wash study area may respond to the cumulative stumpage of the three proposed power plants.

Listed below is a general review of water level and groundwater stumpage for the area around the three
proposed plants. In addition, there is a review of new groundwater model simulations recently completed
that incorporate the new stumpage totals from the expanded Arlington Valley plant.

Current Water Level Status

The proposed plant site is located in the southern part of the Hassayampa sub basin of the Phoenix AMA in
Township 1 South, Range 6 West. Water level records for the entire township were reviewed to determine
current depth to water and recent trends in water levels. As part of an ongoing water level data collection
program, the ADWR conducts periodic water level sweeps of the Phoenix Active Management Area
(AMA). The most recent water level sweeps were done in 1991 and 1997. In addition to the periodic
water level sweeps, ADWR measures water levels annually in selected wells throughout the State. The
water levels from these wells, called index wells, can be used to identify long-term changes in the water
table.

TO:

The earliest available depth to water records for the area around the proposed plant site are from the late
l940s and early 1950s. The depth to water ranged from about 115 to 130 feet below land surface at that
time. Hydrographs of wells near the proposed plant site indicate a steady regional water-level decline 'from



the early 1950s to the mid-1980s. A cone of depression centered in the southern part of Township 1 South,
Range 6 West, formed during the years of peak groundwater stumpage in the 1960s and 1970s, when
groundwater stumpage for agricultural irrigation over-drafted the regional aquifer. Water level declines in
the center of the cone totaled as much as 120 feet.

Since the mid-1980s, the regional water level decline has stopped and water levels have steadily recovered.
Wells in the area around the proposed plant have measured water level recoveries ranging from 20 to 50
feet since the early 1980s. There are three index wells in the area of the proposed plant site with water
level records dating from the early l950s to the present. These wells show measured water level recoveries
of 40 to 50 feet from 1981 to the present. Overall, it appears that since the mid-1980s, water levels in the
general vicinity of the proposed plant site have recovered at a rate of l to 3 feet per year. The current
depth to water in the area ranges from about 160 to 220 feet below land surface. However, despite the
recent water level recoveries the current direction of groundwater flow is still generally to the south
towards the center of the cone of depression.

Groundwater Pumuaae

Most historic stumpage in the area around the proposed plant site was for agricultural irrigation, domestic
and stock stumpage is a very minor component of the total groundwater stumpage. Prior to 1984,
groundwater stumpage in the Phoenix AMA was not required to be reported to the Department. However,
the U. S. Geological Survey (USGS) estimated stumpage for many areas of the state based on power
consumption records. Pun page estimates made by the USGS for the Centennial Wash area tram the
1950s, to the 1970s ranged from 30,000 to 45,000 acre-feet per year.

All major groundwater users in the Phoenix AMA have been required to report annual groundwater
withdrawals to the Department through the Registry of Groundwater Rights (ROGR) system since 1984.
From 1984 to the present groundwater stumpage in the area near the proposed plant site has declined
steadily. Since 1991 reported stumpage in Township 1 South, Range 6 West, has averaged only 3,400 acre-
feet per year.

Duke Energy has bought or has options to purchase approximately 2,750 acre of land in Township 1 South,
Range 6 West. Conversion of these agricultural Irrigation Grandfathered Rights (IGFRs) to Type I
industrial rights will give Duke the right to withdraw about 7,800 acre-feet per year, enough to meet the
needs of both Arlington Valley Unit I and UnitII. Conversion of the agricultural IGFR to a Type I right
will cause a net decrease in the allowable stumpage from the local aquifer.

Groundwater Model

The report,"Evaluation of Groundwater Responses to Pumping for Proposed Power Plants in the
Centennial Wash Area, Maricopa County, Arizona"(Mock, 2000) detailed the joint groundwater modeling
study conducted by Sempra Energy, Duke Energy, and Pimlacle West for the area around Centennial
Wash, in western Maricopa County. The groundwater flow model was developed for use as a tool to
predict how the groundwater system in the Centennial Wash study area may respond to the cumulative
stumpage of the three proposed power plants.

The Department was involved in an ongoing oversight and review capacity during the construction of the
model. This early involvement in technical issues during model development has helped to satisfy any
concerns that the Department may have had regarding the content and accuracy of the model. The
Centennial Wash Area groundwater flow model is able to reasonably simulate both current and historic
measured water levels. As a result, any future projections of water level changes based on model result
may be inferred to be an accurate approximation of fUture conditions, given that the future stumpage
stresses simulated are an accurate reflection of potential future conditions.
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The modeling study presented five future scenarios, each representing a different set of development plans
for the area around the proposed power plant. The model scenarios were developed to compare the
cumulative effects of the three proposed power plants to other potential uses for the land. One scenario
represented a return to full agricultural production with the maximum allowable IGFR stumpage. A second
scenario assumed that the three power plants would be built and would utilize their full converted Type I
water rights. Two scenarios were developed that had the area undergo urban developed at different
population densities. A fifth scenario maintained current conditions with no future development. All the
scenarios were run out thirty years into the future to compare water levels at the expected end of the power
plants operational life.

In all the stumpage scenarios the existing cone of depression will again begin to deepen as a result of the
increased stumpage. Under a return to full agricultural production with stumpage totaling about 35,000
acre-feet per year, the model predicted a maximum water level decline after 30 years of about 180 feet.
The urban development scenarios simulated populations of 57,000 and 100,000 people with demands of
about 14,000 arid 21,200 acre-feet per year, respectively. The lower population density scenario created a
predicted maximum drawdown of about 15 feet. The higher population density scenario created a
predicted maximum water level decline of 65 feet after 30 years. The power plant scenario assuming a
total groundwater stumpage of about 22,600 acre-feet per year predicted a maximum drawdown in the local
aquifer of about 75 feet. And if no development were to occur in the area and current water uses are
maintained an additional water level recovery of about 25 feet is projected after 30 years

To evaluate the additional stumpage from Duke's Unit II, a new power plant scenario was developed with
the additional stumpage for the proposed second unit included in the total groundwater stumpage. In
addition, new stumpage locations were set for the wells used to supply the Arlington Valley units. Duke
Energy has revised its' well locations based on the decision to drill 4 new wells arid one replacement well
on the plant property. Increasing Arlington Valley Facility's stumpage by 1,000 acre-feet, and the
combined stumpage to a total of 23,600 acre-feet, and concentrating Duke's supply wells on the plant
property shifted the center of the cone of depression onto the Duke property. The drawdown 'm the center
of the cone was about 110 feet after 30 years. This is an increase in 10 to 20 feet over the previous
predicted drawdowns expected as a result of stumpage by the three power plants. The larger drawdowns
are a result of the increasing the Duke stumpage by 1,000 acre-feet per year and concentrating the
production wells in close proximity to each other.

Conclusions

The numerical groundwater flow model developed for the Centennial Wash area allows the cumulative
affects of stumpage by the three power plants on the local aquifer to be approximated. The proposed
stumpage for the three power plants will impact local water levels over the life of the plants. Water levels
can be expected to decline by about 110 feet in areas near the withdrawal points. These expected water
level declines will negate the recent recoveries, and water levels will return to at or below the levels of the
early 1980s alter 30 years of combined operation.


