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BEFORE THE
POWER PLANT AND TRANSMISSION LINE SITING COMMITTEE

/

In the matter of the Application of Bowie
Power Station, LLC, in conformance
with the requirements of Arizona Revised
Statutes 40-360.03 and 40-360.06, for two
Certificates of Environmental Compatibility
authorizing construction of a 1,000 megawatt
natural gas-fired, combined-cycle power
plant, 345kV and 345kV/230kV switchyards,
345kV double-circuit transmission line and
230kV interconnection and related facilities in
Cochise and Graham counties, Arizona.
The proposed power station site is located in
Sections 28 and 29, Township 12 South,
Range 28 East, and the proposed transmission
line route is located in Township 12 South,
Range 28 East, Township 11 South,
Range 28 East, Township ll South,
Range 27 East, and Township ll South,
Range 26 East, Gila and Salt River Base
and Meridian.

Case No. //9

APPLICATION FOR CERTIFICATES OF ENVIRONMENTAL COMPATIBILITY



TABLE OF CONTENTS

Introduction .
Figure 1 Bowie Power Station Site Map.. 3

4
6

Application for Certificates of Environmental Compatibility
Figure 2 Site Location .
Figure 3 Typical Combined Cycle Generating System Components:

One 500 MW Block..
Project Site and Proposed 345kV Transmission Line Route..Figure 4

7

18

Exhibit A -- Location and Land Use Maps
Exhibit A-1 20-Mile Radius
Exhibit A-2a Land Ownership and Jurisdiction (Plant Site)
Exhibit A-2b Land Ownership and Jurisdiction (Transmission Line)
Exhibit A-3 Existing and Future Land Use

Exhibit B - Erv
Exhibit B-1
Exhibit B-2
Exhibit B-3
Exhibit B-4

ironmental R€poIlts
Land Use Study
Landscape Plan
Water Supply Investigation Report (text only)
Air Quality

Exhibit C - Areas of Biological Wealth
Exhibit C-1 Response Letters

Exhibit D - Biological Resources

Exhibit E - Scenic Areas and Visual Resources, Historic Sites and Structures and
Archaeological Sites

Exhibit E-1 Scenic Areas and Visual Resources
Exhibit E-2 Historic Sites and Structures and Archaeological Sites

Exhibit F - Recreational Purposes and Aspects

Exhibit G - Concepts of Typical Facilities
Exhibit G-1 General Arrangement Concept
Exhibit G-2 Aerial View of Plant Site
Exhibit G-3 Typical 345kV Structure
Exhibit G-4 Photosimulation
Exhibit G-5 Photosimulation
Exhibit G-6 345kV/230kV Switchyard Concept

Application for Certificates of
Environmental Compatibility

Bowie Power Station Project



Table of Contents (continued)

Exhibit H - Existing Plans

Exhibit I - Anticipated Noise/Interference with Communication Signals

Exhibit J - Special Factors
Exhibit J-1 Leader Packet and Newsletter
Exhibit J-2 Media Releases, Newspaper Articles, Paid Display Advertisements
Exhibit J-3 Public Meetings and Local Briefings
Exhibit 1-4 Interconnection Power Flow Study (Executive Summary only)

Application for Certificates of
Environmental Compatibility ii Bowie Power Station Project



INTRODUCTION



INTRODUCTION

By means of this Application, Bowie Power Station, LLC and its assigns (Applicant) are
requesting two separate Certificates of Environmental Compatibility (CEC) from the Arizona
Power Plant and Transmission Line Siting Committee. The first CEC is for a nominal 1,000
megawatt (MW) combined-cycle power plant and 345 ldlovolt (kV) switchyard, which will use
high efficiency natural gas-fired combustion turbines. The second CEC is for a double-circuit
345kV transmission line and 345/230kV switchyard. The power plant and the transmission
Line/switchyard will have separate owners, with separate rights and obligations, and thus two
CECs are appropriate.

The Applicant is an affiliate of Southwestern Power Group II, LLC, an independent power
company engaged principally in the development of electrical power generation facilities in the
western United States. Its staff has extensive experience in power plant and transmission line
development and construction, facility siting, fuel procurement, and environmental engineering.

The proposed Bowie Power Station will be located in Cochise County, Arizona, approximately
2 miles north of the unincorporated community of Bowie and 80 miles east of Tucson (Figure 1).
The Applicant proposes to own, construct and operate the power plant, which will be constructed
in two 500 MW phases. The proposed transmission line will extend from the power plant site
approximately 14.3 miles in a northwesterly direction into Graham County, Arizona, to
interconnect with Tucson Electric Power Company's (TEP) existing Greer lee-Vail and
Springerville-Vail 345kV transmission lines at a point located near U.S. Highway 191. In the
final stage of development, a 345kV/230kV switchyard (Willow Switchyard) and a 230kV
transmission interconnection with the existing Arizona Electric Power Cooperative (AEPCO)
Red Tail-Dos Candados 230kV line will be installed at that location. The transmission lines and
Willow Switchyard will be owned and operated by an Arizona transmission provider yet to be
determined.

The proposed power plant will utilize state-of-the-art technology to attain the lowest achievable
emissions and noise levels, and to generate efficient, low cost electrical power to meet Arizona
needs. The power plant will also be designed as a zero-discharge facility. Final power plant and
transmission line designs will be completed in conjunction with environmental studies, including
air quality and water resource considerations.

The proposed power plant site was selected based upon the following considerations:

Existing high-voltage electric transmission lines are located nearby within accessible
corridors. The proposed interconnecting transmission lines and switchyard can be sited
and constructed with low levels of environmental impact, and will support local and
regional electrical system integrity.

Adequate water supplies are available through on-site wells.

An adequate natural gas supply will be available nearby.

Application for Certificates of
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The proposed site is located adjacent to an existing railway line.

The surrounding area has a low population density. The closest off-site residences are
located approximately l mile away from the proposed generating facilities.

Physical attributes include flat terrain, direct access and adequate acreage to achieve
visual screening and buffer areas between the power plant and surrounding land uses.

General community support for the project exists in the area.

This Application contains that information requested, and in the format prescribed by,
A.A.C.RI4-3-219. In addition, further information is set forth in Exhibits A through J to the
Application. At the public hearing before the Committee, the Applicant will offer testimony and
documentary evidence in support of this Application and the two CECs, which it is requesting.

Application for Certificates of
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APPLICATION FOR
CERTIFICATES OF ENVIRUNMENTAL COMPATIBILITY

Name and address of Z/ze App licarzt:

Name:
Address:

Bowie Power Station, LLC
4350 E. Camelback Road, Suite B-175
Phoenix, Arizona 85018

Bowie Power Station, LLC may assign all or part of the project to other entities.

Name, address, and telephone number of a representative of the Applicant who has
access to technical knowledge and background information concerning this application,
and reno will be available to answer questions or furnish additional information:

Name:

Address:

Phone:
Fax:
E-mail:

Tom C. Wray
Project Development Manager
SouthWestern Power Group II, LLC
4350 E. Camelback Road, Suite B-175
Phoenix, Arizona 85018
(602) 808-2004
(602) 808-2099
Twray@southwestempower.com

State each date on which Applicant has filed a ten-year plan in compliance with A.R.S.
§40-360.02, and designate each such filing in which the facilities for which this
application is made were described. If they have not been previously described in a ten-
year plan, state the reasons therefore.

Under the provisions of A.R.S. 40-360.02, Applicant is not required to file a 10-year plan
with respect to the proposed Bowie Power Station. Applicant does not intend to
construct, own, or operate the proposed transmission facilities, which are the subject of
this Application. Accordingly, it is not required to file a 10-year plan with respect to
those facilities. However, on June 8, 2001, Applicant made an informational filing with
the Arizona Corporation Commission, which provided the same information with respect
to the Bowie Power Station transmission facilities as would have been contained in a 10-
year plan. Applicant subsequently revised its proposed transmission arrangements to
those described in this Application, and on July 25, 2001 filed an amendment to its June
8, 2001 informational filing to reflect such revision.

Application for Certificates of
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Description of the proposed facilities:

4.1 With respect to an electric generating plant:

4.1.1 Type of generating facilities:

The Bowie Power Station is a natural gas-fired, combined-cycle electric
generating plant. The plant will use current state-of-the-art, "F"
combustion turbine technology in a highly efficient combined cycle. The
plant will be designed to operate continuously in a base-loaded mode.
Construction of the plant will be phased in two nominal 500 MW power
blocks, with supplemental firing (also known as "duct bLlming") to
produce a total of approximately 1,000 MW. Each power block consists of
the following basic components:

two combustion turbine generators (CTG)
two heat recovery steam generators (HRSG)
one steam turbine electric generator (STG)

The circulating water will be cooled by a multi-cell, wet mechanical draft
cooling tower. Groundwater wells will supply the makeup water. The
plant will incorporate a zero discharge wastewater system. An evaporative
cooling system or inlet fogging system will be used to reduce the
combustion turbine air inlet temperature and increase the plant output and
efficiency during warm weather.

The plant will be fueled by clean natural gas. Emissions control
technology will be used to ensure compliance with air quality regulations
(see Exhibit B-4, Air Quality). Nitrogen oxide (NOt) emissions will be
reduced via in-situ combustion controls and a post-combustion pollution
control system. The supporting infrastructure includes vehicular access,
water supply system, natural gas supply lines, transmission
interconnection, and a switchyard.

An aerial photograph of the proposed power plant project location and site
arrangement is included as Figure 2. Figure 3 provides a graphic of typical
combined-cycle project components.

4.1.2 Number and size of proposed units:

The power plant project includes the major components and systems
described below. An illustration of the general arrangement concept is
provided in Exhibit G-l.

Application for Certificates of
Environmental Compatibility
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4.1.2.1 Combustion Turbine Generator

In a  CT G,  a ir  is  compressed,  hea ted through the dir ect
combustion of fuel, and then expanded through a turbine to
drive the compressor and an electric generator. The CTGs for
this power station will utilize current, state-of-the-art,  "F"
combustion turbine technology in a highly efficient combined
cycle.  The CTGs will be General Electric Frame UFA in a
S207FA configura t ion (i. e. ,  two Frame UFA CTGs,  two
HRS Gs, and one STG) and will be equipped with dry low
NOt (DLN) combustors. Each S207FA configuration
generates approximately 500 MW and is referred to herein as
a "power block." Two power blocks comprise the 1,000 MW
power station. The CTGs will be fueled only by natural gas.

The plant will utilize an evaporative cooling system or inlet
fogging system to reduce the CTG air inlet temperature and
incr ea s e t he p la nt  ou t pu t  a nd ef f ic iency du r ing wa r m
wea ther .  CT G a ux i l ia r y equ ipment  a lso inc ludes  self -
cleaning inlet air filters, oil lubrication and cooling systems,
na tura l  gas  fuel sys tem,  f ir e protect ion sys tems,  sound
attenuation equipment, and an instrumentation and control
system.

4.1.2.2 Heat Recovery Steam Generator

The HRSG produces steam from the hot exhaust gases from
the CTG. The high-pressure steam is expanded in the STG to
produce more elect r icity and increase the overa ll  cycle
efficiency. The HRSG will be a natural circulation reheat unit
with three steam pressure levels. High-pressure, superheated
steam is generated in the first section of the HRSG and sent
to the high pr essur e sect ion of  the ST G.  Intennedia te-
pressure steam from the STG is reheated in the HRSG and
returned to the STG. Low-pressure steam from the HRSG is
added to the low pressure section of the STG. The HRSG
will be equipped with supplemental fir ing,  which will be
used to increase the output of the power  sta t ion for  peak
output. There is one HRSG per CTG.

4.1.2.3 Steam Turbine Generator

As described above, the steam from the HRSG is expanded in
the steam turbine,  which drives an electr ical generator  to
produce additional power. Each steam turbine generator will

Application for Certificates of
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be designed for additional output from the supplemental
firing. There is a factory-assembled combined high-
pressure/intermediate-pressure casing and a field-assembled
double-flow low pressure casing. Low-pressure steam
exhausts from the STG and is condensed in a condenser
cooled by circulating water system. The circulation water
system also cools the generator and the STG lube oil system.
The STG package includes a lube oil system, gland steam
condenser, automatic sealing system, and control panel.

4.1.2.4 Air Pollution Control System

The CTGs will be equipped with DLN combustors to reduce
NOt emissions to 9 parts per million volumetric discharge
(ppmvd). Post combustion, selective catalytic reduction
(SCR) systems will further reduce CTG NOt levels to 3.0
ppmvd. The SCR catalyst is installed in the HRSG. The
process reagent, aqueous ammonia, is injected into the HRSG
inlet upstream of the SCR catalyst. A Continuous Emission
Monitoring System (CEMS) will be located in each exhaust
stack and will continuously monitor the emissions from the
CTGlHRSG.

The auxiliary boiler, which will operate when a power block
is not online to allow for quick starting, will be equipped
with low NOt burners. Natural gas will fuel both combustion
devices. Natural gas is inherently clean and low in sulfur and
will provide the lowest achievable emission rates for sulfur
dioxide and particulate emissions.

4.1.2.5 Water Handling and Treatment Facilities

Groundwater pumped from wells on the Bowie property will
supply process water. The estimate of annual average water
use is 5,500 acre feet per year.

The project sponsor is considering the following preliminary
concept for a makeup water treatment system:

chemically assisted direct filtration (with coagulant,
coagulant aid, and sodium hypochlorite feeds)
cartridge filtration
chemical dechlorination
reverse osmosis (with proper chemical feeds for scale
control or pre-softening with sodium cycle softening)

Application for Certificates of
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d carbonation
electrodeionization

The filters (preceded by chlorine addition) will also
effectively remove the ferrous iron from the well water
supply.

Process Wastewater Treatment

A zero-discharge wastewater system will dispose of
wastewater from the cooling tower blow-down, HRSG blow-
down, and makeup water treatment system effluent. The
wastewater will be directed to lined evaporation ponds
approximately two feet deep with a total area of
approximately 60 acres. The blow-down flow rate will be 68
gallons per minute (rpm) per power block when operating.
For purposes of sizing the lined evaporation ponds, an
average annual flow rate of 100 rpm has been assumed.

Stormwater

Site stormwater drainage and the clean oil/water separator
effluent will be directed to an unlined five-acre retention
pond with a depth of three to four feet. The retained runoff
will either evaporate or percolate into the ground. Site
drainage is assumed as being generated from developed areas
of the site including generation islands, buildings, roadways,
and electrical switchyard/substations.

Potable Water

The potable water for the work force needed to construct and
operate the plant will come from treated groundwater.

Sanitary Sewer

The plant's domestic wastewater treatment system will be
designed for an operating work force of 37 personnel.
Domestic wastewater treatment will meet or exceed Arizona
Department of Environmental Quality standards and will
consist of a package sewage treatment plant or an extended
aeration pond system with the treated effluent routed to the
site runoff detention pond. The design may also incorporate
wastewater reuse for site grounds irrigation.

Application for Certificates of
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4.1.2.6 Fuel System

The purpose of the foe] system is to meter, filter, and regulate
pressure of the natural gas as it moves from the transmission
pipeline interconnection to the combustion turbine
combustors (and the HRSG duct burner systems). Natural gas
(pipeline quality, low sulfur) will be obtained from a natural
gas transmission line. The gas is piped underground from the
line, where it is metered, to the combustion turbine area and
split to the individual combustion turbines.

The natural gas fuel system delivers and conditions natural
gas from the main pipeline to each CTG and boiler. A filter
separator is supplied with the CTGs to remove particulate
and liquids. The pressure of the gas will be regulated from
the pipeline to meet the CTG requirements.

4.1.2.7 Instrumentation and Control System

A microprocessor-based,  dist r ibuted control system will
provide remote control capability from a  centra l control
room. The distributed control system provides supervisory
control to system control packages (such as those for  the
CTGs STGs, HRS Gs, and the water treatment system) and
directly monitors and controls field instruments. The control
room will be equipped with an operator  console,  pr inters,
engineering workstations, CEMS monitor, and fire detection
panels.

4.1.2.8 Switchyard and Electrical Interconnection

The 345kV plant switchyard will consist of a four-bay, air-
insulated substation in a breaker and one-half configuration.
This design will provide connections for  four  CTGs,  two
STGs, and two positions including dead-end structures for
termination of the 345kV transmission lines.

An alternate power supply provided from the existing 12kV
distribution line running along Graham County Road will be
used initially as construction power.

The new Willow 345/230kV Switchyard will be constructed
to interconnect the 345kV transmission lines with the TEP
345kV lines and the AEPCO Red Tail-Dos Candados 230kV
transmission line (see Section 4.2.1.3)_

Application for Certificates of
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4.1.2.9 Site IlHpI'ov€l71€I1lls

Construction access to the power plant site will be provided
via Graham County Road from the south. Permanent access
will also be from Graham County Road (see Figure 2). Roads
will be improved Type 1 classification surfaced to
accommodate construction and normal operation and
maintenance truck loading, and to eliminate dust concerns. A
construction staging area for equipment and materials storage
will be located west of Graham County Road in Section 28.

Pa ved r oa dwa ys  wil l  be cons t r uct ed to a nd a r ound the
generation islands, Roadways will be of suitable widths for
t ruck t r a ff ic ,  des igned for  highway t ruck loadings ,  and
consist of a six-inch minimum gravel or crushed stone base
course followed by a two-inch asphalt binder course and a
two-inch asphalt wearing course.

Cer ta in chemica ls  and pet roleum products  r equir ed for
normal operation and maintenance will be stored on site in
containers approved by the U.S. Department of
Transportation.

High-pressure sodium vapor-type outdoor lighting with full
cutoff luminaries will provide illumination in areas of normal
personnel traffic such as building exteriors, equipment areas,
walkways and stairs, substation areas, roadways..

Wall-mounted battery pack-type emergency lighting will be
used to provide adequate levels of illumination for building
egr es s  r ou t es .  T he c ont r o l  r oom wi l l  ha ve s u f f i c i en t
emergency lighting levels to allow plant personnel to monitor
plant activities.

4.1.3 The source and type ofjiiel ro be used, including a proximate analysis of
fossil faels:

The source of natural gas supply will be the El Paso Natural Gas (EPNG)
system and will likely be from Line No. 2000 located south of the power
plant site (All American Pipeline).  This tap is expected to be located
approximately 4 miles from the facility metering point.

A chromatograph sample provided by EPNG is included in the table on
the following page.

Application for Certificates of
Environmental Compatibility 12

Bowie Power Station Project



NATURAL GAS ANALYSIS
Component Mole % GPM

Methane 94.28000 0.00000
Ethane 2.77000 0.74080
Propane 0.49000 0.13500
Butane 0.11000 0.03470
Isa-Butane 0.06000 0.01960
Pentane 0.03000 0.01090
Isa-Pentane 0.03000 0,01100
Neo-Pentane 0.00000 0.00000
Hexane 0.04000 0.01750
Heptane 0.00000 0.00000
Octane 0.00000 0.00000
He 0.00000 0.00000
co, 0.34000 0.00000
Nitrogen 1.85000 0.00000
Total 100.00000 0.96950

Dry BTU: 1026
Wet BTU: 1008
Gravity : 0.588
Pressure Base: 14.73

Source: El Paso Natural Gas 2001December 1, 2000Sample Date:
BTU = British thermal units

4.1.4 Amount of fuel to be utilized daily, monthly, and yearly:

Following are estimated amounts of fuel that would be used when
operating continuously in a base load configuration :

Daily -200,000 million British thermal units (MMBtu)
Monthly - 6,000,000 lVlMBtu
Annually - 80,000,000 MMBtu

4.1.5 Type of coolitig to be utilized and the source of any water to be utilized:

4.].5.] Type of cooling:

A multi-cell, wet, mechanical draft cooling tower will be used to
reduce the temperature of the circulating water. The circulating
water system will operate with a minimum of 15 cycles of
concentration to decrease the makeup water use and the amount of
blow-down to be discharged. A side-stream softening system will
be used to achieve these higher cycles of concentration.

Application for Certificates of
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Unit Start-up Commercial Operation Date
1 mid 2003 2nd quarter 2004

2 mid 2005 4"' quarter 2005

4.1.5.2 Source of water:

Makeup water for the power plant project will be obtained from
the on-site groundwater supply wells. A side-stream softening will
increase the circulating water system cycles of concentration
thereby reducing the amount of blow-down and wastewater.
Furthermore, condensed blow-down from the boilers will be used
as makeup water for the circulating water system. This will also
minimize the amount of groundwater pumped for makeup water
and the amount of wastewater produced.

4.1.6 Proposed height of stacks and number of stacks, Q'czlzy:

There will be one exhaust stack per HRSG for the total 1,000 MW project.
The four HRSG stacks are anticipated to be between 130 and 160 feet
high. Each of two auxiliary boiler stacks will be 45 feet high.

4.1.7 Dates for scheduled star?-up and Finn operation of each unit and date
construction must commence in order [O meet schedules:

The scheduled start-up and commercial operation for each 500 MW unit is
as follows:

4.1. 7.1 Power Plant Project Construction

A contractor will be retained to perform the engineering,
procurement, and construction for the project. In order to meet the
power plant project schedule, construction must commence in
2002. The actual construction in the field for the total 1,000 MW
facility should be completed in approximately 36 months. During
this period, the construction work force is expected to average
approximately 250 people on site, pealing at 500. An area
adjacent to the plant will be used temporarily for construction
parldng, work trailers, storage, and lay-down areas. Water and
electrical power facilities are available at the site for use during
construction.

The structural elements, water retaining structures, and
infrastructure facilities will be designed and constructed to
accommodate future potential subsidence and operate safely.

Application for Certificates of
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4. I. 7.2 Power Plant Project Operation

The plant will be designed for base-load operations, but will have
the ability to operate at part-load. The output of the facility will be
determined by market factors, such as the growth in energy
demands and daily wholesale energy prices.

The power plant is designed for base-load combined-cycle
operation with supplemental fired pealing capability. The
combustion turbines can be fired in 10 to 15 minutes and reach
full-load output in less than two hours. The power plant will be
capable of producing up to 1,000 MW (nominal). An additional
100 MW of pealing capability may be available from
supplemental firing, depending on the ambient temperature
conditions. As ambient temperatures increase, evaporative inlet air
coolers will be used to reduce the CTG inlet air temperature to
near the wet bulb temperature to maximize plant output.

The power plant project will include advanced control systems to
monitor and control all of the plant operation systems.
Approximately 37 full-time staff will perform routine operation
and maintenance functions. In addition, the plant can be remotely
monitored and dispatched. Some functions, including major turbine
and generator maintenance, will be outsourced to other vendors .

4.1.8 To the extent available, the estimated costs of the praposedfacilities and
site, stated separately:

The estimate of probable facilities cost for the power plant is in excess of
$400 million. The estimate includes construction and material costs of the
generation facilities and power plant switchyard. The cost of the
transmission lines and the Willow 345/230kV Switchyard is provided in
Section 4.2. The land cost of the power plant site will be available upon
closing of the option to purchase.

4.1 .9 Legal description of the proposed site:

The power plant site is located in Section 28 and a portion of Section 29,
Township 12 South, Range 28 East in Cochise County, Arizona.

Application for Certificates of
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4.2 Description/z Qr the proposed tra/zs/11.issio1z liI1e(5)..

4 .2.1 Genera l  Descr ip t ion :

4.2.1.1 Nominal vol tage for  which the l ines are designed

345kV alternating culTent (AC) -. double-circuit

4.2.1.2 Descr ipt ion of the proposed structures:

The proposed 345kV transmission lines will be designed for  a
double circuit  with three-phase circuits  (three bundles of two
conductors per phase) and static wires on single pole structures
( s ee Ex hib i t  G-3 ,  t yp ica l structure diagram). The 345kV
transmission structures are typically 160 feet (maximum of 175
feet) in height with span lengths of between 800 feet and 1,100
feet. The heights of structures, span length, or other characteristics
could vary based on the final design or in order to accommodate
site-specific conditions and mitigation measures.

4.2.1 .3 Descr ipt ion of proposed switchyard and substations. '

The new Willow Switchyard (substation) will be constructed at a
site located approximately 3 miles north of the Cochise/Graham
C ount y L ine on Sta te T rus t Lands in Graham County,
approximately .25-mile east of U.S. Highway 191. The switchyard
site is located in Section 14, Township 11 South, Range 26 East.
The purpose of the switchyard is to:

tie the two 345kV transmission lines from the Bowie Power
Station into the existing TEP Greenlee-Vail and Springerville-
Vail 345kV transmission lines; and

b.  provide an interconnect ion with the AEPCO Red Ta il-Dos
Candados 230kV t ransmission line loca ted adjacent  to the
switchyard site.

In addition to the breaker and one-half and dead end structures, a
230kV autotransformer and breakers will be installed within the
fenced site area. The switchyard site will require approximately 23
acres. A conceptual plan is provided in Exhibit G-6.

Application for Certificates of
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4.2. I .4 Purpose for constructing said transmission line:

The proposed transmission line project will connect the Bowie
Power Station to the Greer lee-Vail 345kV transmission line at a
minimum. Connections to the Spiingerville-Vail 345kV
transmission line and the AEPCO Red Tail-Dos Candados 230kV
line will be determined from reliability and transmission rate
analyses. From these points of interconnection, power generated at
the Bowie Power Station would then flow through existing
transmission lines (Figure 4). The Interconnection Power Flow
Study is provided in Exhibit J-5.

4.2.2 General Location:

4.2.2.1 Description o f  the geographic points
transmission line will run:

between which the

The proposed 345kV transmission lines would extend from the
Bowie Power Station switchyard in the northeast quarter of Section
29, Township 12 South, Range 28 East, in Cochise County, north
of Bowie, Arizona, to the proposed Willow Switchyard to be
located at the intersection of the existing TEP 345kV transmission
lines and the AEPCO 230kV transmission line in Section 14,
Township ll South, Range 26 East, east of U.S. Highway 191 in
Graham County (see Figure 4).

4.2.2.2 Straight-line distance between such geographic points:

The straight-line distance of the proposed 345kV transmission line
between the Bowie Power Station switchyard and the proposed
Willow Switchyard site is approximately 13 miles.

4.2.2.3 Length of the transmission line for each alternate route:

The approximate length of the proposed route is 14.3 miles. No
other alternatives are proposed, but were initially considered by the
Applicant.

4.2.3 Detailed Dimensions:

4.2.3.1 Nominal width of right-of-way requested

A total right-of-way width of 250 feet is anticipated for the 345kV
transmission line. It is requested that the right-of-way be located

Application for Certificates of
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within a general corridor of 2,500 feet centered on the proposed
route referenced in Figure 4 and Exhibit A-2b. The exact location
of the alignment within the general colTidor will ultimately be
determined based on right-of-way considerations, site-specific
design demands, and environmental requirements.

4.2.3.2 Nominal length of span:

It is anticipated that single pole structures will be used, typically
requiring spans between approximately 800 feet to 1,100 feet fer
the 345kV line.

4.2.3.3 Maximum height of supportizzg strzlcturess

Maximum of 175 feet above grade for 345kV lines, average height
of tangent structures is 160 feet.

4.2.3.4 Minimum height of conductor above ground:

Estimated 25 feet for 345kV lines.

Final design of the transmission lines will ensure compliance with
National Electrical Safety Code for the minimum height of
conductors aboveground, and may vary due to site-specific
circumstances.

4.2.4 Estimated costs of proposed transmission line and substations:

Proposed Willow 345/230kV Switchyard (substation): $8.1 million
Proposed transmission line: approximately $19 million

These estimates are based on typical costs for design and construction, and
may vary based on final engineering, design, availability of materials, and
potential mitigation requirements.

4.2.5 Description of the Proposed Route

Proposed Route (see Figure 4 and Exhibit A-Zb): This route travels north-
northwest from the Bowie Power Station Switchyard along the east side of
the Eastern Arizona Railroad right-of-way for 3.8 miles. At that point the
route veers northwest for 2.6 miles to a road running roughly east/west
from the railroad toward U.S. Highway 191. From the intersection with
this access road, the route follows the road west 5.5 miles. At this point
the route Tums north-northwest for 2.4 miles to intersect with the existing

Application for Certificates of
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Consultant Environmental Studies
Environmental Planning Group, Inc. (EPG) Cultural, biological and visual resources, land use;

public involvement coordination, land management
and site planning

URS Water resources

Wind River Environmental Group, LLC Air resources
Michael Thebault Acoustics, Inc, Noise

345kV transmission lines and proposed Willow Switchyard site in Section
14, Township 11 South, Range 26 East in Graham County.

4.2.6 Land Ownerslzzp:

The proposed route consists of approximately 2.5 miles of private land and
11.8 miles of Arizona State Trust land for a total distance of approximately
14.3 miles. The proposed Willow Switchyard site is located on Arizona
State Trust land.

Jurisdictions:

5.1 Areas of jurisdiction (as defined in A.R.S. §40-360) aj§'ected by this route or site:

A11 components of the power plant will be located in an unincorporated area of
Cochise County. The transmission lines will be located within unincorporated
areas of Cochise and Graham counties. The proposed Willow Switchyard will be
located in an unincorporated area of Graham County.

5.2 Designation of proposed sites or routes, of any, which are contrary to the zoning
ordinances or master plans of ajtected areas of jurisdiction:

The proposed power station site, transmission line route, and switchyard sites are
not located contrary to master plans of any affected areas of jurisdiction. A zoning
change from RU-4 to HI and Special Use Permit by Cochise County will be
requested for the Bowie Power Station site.

6. Description of the envimnmentczl studies the Applicant has performed.

The Applicant contracted with the following consultants to perform environmental
studies:

Results of the environmental studies for the proposed project are presented in Exhibits A
through I of this application .

Application for Certificates of
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Environmental studies of the project areas began with the collection of existing
environmental data including literature, maps, aerial photographs, and other agency data.
Contacts were made with appropriate agencies and organizations. In addition to
secondary data investigations, pedestrian surveys were completed for cultural and
biological resources. Existing conditions were measured for noise while windshield
surveys were conducted to verify land use and visual resources. Visual simulations also
were prepared to assist in impact assessment and mitigation planning.

Biological studies have indicated that issues related to special status species are not
anticipated for this project. Historically, the majority of the Bowie property and the plant
site were cultivated for agriculture. An intensive pedestrian survey for cultural resources
was conducted for the plant site and transmission line route, and results are summarized
in Exhibit E. Overall, no adverse impacts to cultural or biological resources are
anticipated as a result of the construction and operation of the proposed project.

The location of the plant site within the Bowie property allows for buffering from the
nearest residential properties (approximately 1 mile away). This distance reduces
immediate visual impacts to potentially sensitive viewers and potential noise effects.
Simulations of the plant show expected views of the project (see Exhibits G-4 and G-5).
Additional mitigation measures include a landscape plan, subject to Cochise County
regulation.

A siting evaluation was conducted by EPG to identify possible alterative routes for the
proposed 345kV transmission line to interconnect the proposed Bowie Power Station
with the existing Springerville-Vail and Greenlee-Vail 345kV transmission lines. Routes
were evaluated using environmental criteria, based on anticipated construction
requirements for the proposed double-circuit line. Two routes were initially identified
that could be constructed using existing access. Following additional analysis, one route
was eliminated from further consideration based primarily on potential biological
impacts. Furthermore, that alternate route would not have the advantage of a termination
near the intersection of the AEPCO 230kV line for the proposed Willow Switchyard site,
which could be provided directly by the proposed route.

A public involvement program has been integrated with the planning process, and will
continue throughout the permitting and design phases. Public meetings were held on
April 25 and 26, 2001 in Willcox and Bowie, respectively, to introduce the project to the
public, answer questions, and request input on the project. A newsletter describing the
project was mailed out in the early stages of project development. In addition, the project
team has presented project updates to local communities and organizations, and county
and state representatives throughout the process. Summaries of the public involvement
process are included in Exhibit J.

Application for Certificates of
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CONCLUSION

Applicant believes that the foregoing information and that set faith in attached Exhibit
numbers "A" through "J" satisfy the content and format requirements of A.A.C.Rl4-3-219. In
addition, Applicant believes that its plans for siting and designing the proposed 1,000 MW
(nominal) Bowie Power Station, double-circuit 345kV transmission line and 345kV/230kV
switchyard are "suitable," when judged in light of the decision-maldng factors set forth in A.R.S.
§40-36.06. Accordingly, Applicant hereby requests that the committee render a decision or
decisions granting Applicant (i) a Certificate of Environmental Compatibility for the proposed
1,000 MW (nominal) Bowie Power Station, and (ii) a Certificate of Environmental Compatibility
for the double-circuit 345kV transmission line, 345/230kV switchyard and 230kV transmission
interconnection, which are the subjects of this Application.

BOWIE POWER STATION, LLC

By:
Authorized Officer

ORIGINAL and 25 copies of the foregoing hand delivered and filed with the Director of
Utilities, Arizona Corporation Commission,

Rh
this¢ll7"day of 9 2001.
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EXHIBIT A
LUCATIGN AND LAND USE MAPS
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UVERSIZED
MAP

-Bowie Power Station
Land Ownership and Jurisdiction

Exhibit A-2b

TO REVIEW SEE DOCKET SUPERVISOR

DOCKET
L-00000BB-01-0118-00000



OVERSIZED
MAP

-Bowie Power Station
Existing and Future Land Use

Exhibit A-3

TO REVIEW SEE DOCKET SUPERVISOR
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EXHIBIT B
ENVIRONMENTAL REPORTS

As stated in Arizona Corporation Commission Rules of Practice and Procedure R-14-3-219:

"Attach any environmental studies which applicant has made or obtained in connection with the
proposed 5ite(s) or route(s). If an environmental report has been prepared for any Federal
agency or if a Federal agency has prepared an environmental impact statement pursuant to
Section 102 of the National Environmental Policy Aet, a copy shall be included as part of this
exhibit. U

Exhibit B-1
Exhibit B-2
Exhibit B-3
Exhibit B-4

Land Use Study
Landscape Plan
Water Supply Investigation Report
Air Quality

Exhibit B
Environmental Reports B-1

Bowie Power Station Project

5:\prujecls\SWPG\Bowie\Repor1s\cEC\Exhihi\ B-Lduc
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EXHIBIT B-1
LAND USE STUDY

INTRODUCTION

The purpose of the land use study is to inventory existing and future land uses, and identify
potential impacts that could result from the construction and operation of the proposed project.
This land use report includes discussion of:

study area and inventory methods
inventory results
impact assessment and mitigation

The maps that illustrate the land use components are included in Exhibit A and are described
below.

STUDY AREA AND INVENTORY METHODS

The study area is illustrated within a regional context in Exhibit A-1.

The proposed Bowie Power Station would be located in Sections 28 and 29 of Township 12
South, Range 28 East. A double-circuit 345kV transmission line is proposed to connect the
power station to a proposed Willow Switchyard in Section 14 of Township 11 South, Range 26
East. The transmission line would extend north from the power station following the Eastern
Arizona Railway to within three-quarters mile south of the Graham County Line and then bear
westward to the Willow Switchyard site near U.S. Highway 191. The transmission line would
pass through Township 12 South, Range 28 East, Township 11 South, Range 27 East, and
Township 11 South, Range 26 East. The study area encompasses land within a 2-mile radius of
the proposed power station site and a 4-mile corridor centered on the proposed transmission line.

The methods used to gather information for the land use inventory included review and
interpretation of maps, aerial photographs, planning documents, and field verification. In
addition, this study is based on communication with government agencies and private
individuals.

INVENTORY RESULTS

Land Ownership and Jurisdiction

Land ownership is illustrated in Exhibit A-Za, A-2b.
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The power station would be located on private land in Cochise County approximately 2 miles
north of the unincorporated town of Bowie. The transmission line route crosses approximately
2.5 miles of private and 11.8 miles of Arizona State Trust lands in unincorporated Cochise and
Graham counties.

Existing Land Use

Existing land use is illustrated in Exhibit A-3 .

Residential - Residential land uses include single-family dwelling units associated with the town
of Bowie and outlying farm and ranch residences. Bowie can be characterized as primarily
medium density residential. Outlying residences include the following:

a ranch one-half mile south of the plant site
the Diamond Z Ranch subdivision (three residences) about 2 miles east
a mobile home about 2 miles northeast

Commercial - There are several local businesses in the town of Bowie and travel services are
offered at the east and west ends of the Interstate 10 (I-10) Business Route.

Industrial There is a salvage yard north of 1-10 at Roger Hale Road.

Agricultural - The majority of the agricultural lands in the Bowie area consist of cropland,
orchards, and vineyards. Fallow land and pecan and walnut orchards are common throughout the
study area. Chili peppers are currently grown on the proposed power station site. A 200-acre
pecan orchard lies on the eastern boundary of the site and a 90-acre orchard lies immediately to
the west of the site across the Eastern Arizona Railway.

Utilities - A 69kV substation exists approximately one-quarter mile northeast of the town of
Bowie. One 69kV power line traverses the study area in an east to west direction, paralleling the
Union Pacific Railroad, and connecting to the 69kV substation. A tower has been constructed to
support communications facilities approximately one-quarter mile southeast of the power station
site. Existing 345kV and 230kV transmission lines intersect near the proposed Willow
Switchyard site in Graham County. El Paso Natural Gas Line (No. 2105), an 8 5/8-inch buried
pipeline, runs north-south about one-half mile west of U.S. Highway 191.

Public/Quasi-public - The Desert Rest public cemetery is located approximately 1 mile south of
the project property on Center Street. Two schools are located in the central portion of Bowie
along with the town library and a county government building. There are three churches in
Bowie.

Transportation - 1-10 is approximately one-quarter mile south of the Bowie townsite. Major
arterials in the study area may be paved or improved dirt roads. Paved arterials include the 1-10
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Business Route and Center Street. Unpaved roads include Fan Road, North Donahue Road, and
Graham County Road.

The Union Pacific Railroad roughly parallels 1-10 and passes through the north end of the town
of Bowie. The Arizona Easter Railroad branches from the Union Pacific Railroad northwest of
Bowie and runs north to its terminus in Globe. It abuts the western boundary of the Bowie Power
Station property for approximately 1.5 miles.

Grazing/Vacant Land - Large areas of land within the study area are vacant and often used for
cattle grazing. The largest areas of vacant land are west of the Arizona Eastern Railroad and in
the norther portions of the study area.

As noted, the majority of the Bowie Power Station site property is currently irrigated agricultural
land. The transmission lines and Willow Switchyard site would be located on open range and
fallow agricultural lands.

Future Land Use

Future land use is illustrated in Exhibit A-3 .

The Cochise County Comprehensive Plan Growth Areas and Land Jurisdiction Map identifies a
rural growth area extending northwest and east of the town of Bowie. Rural growth areas are
anticipated to have a slow to moderate rate of growth consisting primarily of low and medium
density residential development and a small percentage of local commercial and industrial uses.
The land north of the rural growth area, including the location of the proposed power station, is
identified as a rural area. This area is defined as sparsely populated lands for rural residences and
agricultural areas. It is currently zoned RU-4, Rural Zoning according to the Cochise County
Zoning Regulations, which permits rural uses, single household, and manufactured homes. A
zoning change to HI, Heavy Industrial, and Special Use Permit will be requested for the 700-acre
project site.

The Graham County General Plan identifies land within the study area as general use. Land in
this category is used mainly for grazing, mining, recreation, and hunting. The accompanying
zoning according to the Graham County Land Use Regulations is Zone A, General Land Use,
which pennies agriculture, grazing, and low density residences.

Neither Cochise nor Graham County report any pending major subdivisions or master planned
developments in the study area.
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IMPACT ASSESSMENT AND MITIGATION

Impacts to land use may be identified by the loss of or restrictions ro an existing land use, or site
incompatibility with existing land use plans. The proposed power station site is under private
ownership and currently in agricultural use. Development will remove land from agricultural use,
but will not conflict with existing plans for future development.

The proposed transmission line route follows railroad right-of-way and crosses state trust land.
These lands, including the Willow Switchyard site, are leased for grazing and are not expected to
be impacted as a result of construction and operation of the proposed power plant and
transmission line.

Several mitigation measures are proposed for the power station and transmission lines to reduce
possible impacts. During the first phase of the power station construction, farming will continue
on the undeveloped portion of the site. When the site is fully developed, the land will be
landscaped with low water use vegetation to achieve visual mitigation objectives and restore
lands previously used for agriculture. Mitigation for the transmission lines and Willow
Switchyard includes repairing or replacing any fences, gates, and watering facilities including
tanks, wells, and water lines that are damaged during construction to their original pre-
construction condition. Temporary gates will be installed only with the permission of the
landowners or land management agency and the land would be restored after construction.

In conclusion, there will be minimal impacts to existing or future land uses as a result of
construction and operation of the proposed power station, transmission line, and Willow
Switchyard. ,
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EXHIBIT B-2
LANDSCAPE PLAN

INTRODUCTION

The landscape plan for the Bowie Power Station is intended to serve several functions:
(1) improve the aesthetics of the site and appearance of facilities, (2) provide for the reclamation
of land and maintaining vegetation cover on site, and (3) assist in the integration of the facilities
into the project setting.

The landscape plan is divided into three sections: Section 1, Existing Conditions, provides a
description of the character of the project site and surrounding area, Section 2, Plan Objectives,
outlines the general objectives of the plan, and Section 3, Conceptual Landscape Plan, describes
the layout of facilities on the site, the plan concept and specific plan components, and the
implementation of the plan.

SECTION 1 I EXISTING CONDITIONS

Project Site

The 700-acre project site is bordered by Graham County Road (Center Street) on the east and the
Eastern Arizona Railroad on the west. The project area has been converted to agricultural use
and no significant stands of native vegetation or residential uses are currently present on the site.
Three agricultural initiation pivot circles are present, one in the northwest quarter section, one in
the southwest quarter section, and one in the southeast quarter section (Figure B-2.1). The
northeast quarter section of the site consists of a 1/8 section of inigated farmland and a 1/8
section of fallow farmland.

Surrounding Area

The landscape character of the overall region is primarily rural, including agricultural lands
surrounded by Chihuahuan semidesert grassland and Chihuahuan desertscrub. A pecan orchard
and processing facility are located immediately to the east of the property on the east side of
Graham County Road. A second pecan orchard is located west of the property adjacent to the
Eastern Arizona Railroad. With the exception of the orchards and a small portion of irrigated
farmland to the south of the site, fallow agricultural land completely surrounds other portions of
the property. This farmland extends from the property limits approximately 1%-mile to the north,
2 miles to the east, 1 mile to the south, and lVz-rnile to the west. One residence is located
approximately l mile south of the facility. A second is located 1%-mile north of the facility. A
farm complex (Tami out-structures) exist adjacent and immediately north of the site. The town of
Bowie is located approximately 2 miles to the south.
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SECTION 2 -. PLAN OBJECTIVES

This section of the plan presents an overview of the plan objectives including improving the
aesthetic quality of the site and appearance of the facilities, reclamation of the site and
maintaining vegetative cover, and providing an overall design that is in context with the
surrounding area and region.

Aesthetic Qualitv

Aspects contributing to the aesthetic quality of the landscape in this area include the elements of
form, line, color, and texture, continuity, and scale. The aesthetic quality of the site has been
addressed by (1) providing visual screening, (2) establishing landscape buffers and open space,
(3) responding to the form, color, and texture of the surrounding landscape, (4) minimizing
disturbance, and (5) helping to establish landscape treatments at an appropriate scale.

Site Reclamation and Vegetative Cover

The process of one plant community replacing another over time until a stable self-replicating
community becomes established is called secondary succession. If a stable plant cover can be
established prior to or shortly after the actual time of field retirement, the soil surface may be
stabilized with an arid-adapted climax plant community. This established plant community can
help prevent blowing soil and decrease tumbleweed establishment. In addition, the establishment
of a stable plant community of native plant species will attract wildlife. The landscape plan for
the Bowie project has taken these factors into account, and provides a reclamation and
revegetation process that addresses these issues.

Area Context

Every place has characteristics that make it either unique or common. These characteristics are
shaped by forms and patterns reflective of the history and the use of an area. Changes, such as
the construction and operation of the Bowie facilities, will modify the characteristics of the area,
however, the placement of the facilities on site, arrangement of vegetation and selection of plant
material, and manipulation of grade all assist in the overall integration of facilities into the area.

SECTION 3 l CONCEPTUAL LANDSCAPE PLAN

This section describes the facility layout, plan concept and specific plan components, and
implementation of the plan.
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Facility Layout

The Bowie Power Station facility consists of three primary components: switchyard, power
blocks and cooling towers, and evaporation ponds. As illustrated in Figure B-2.2, these
components have been arranged on the site to maximize functional relationships, provide
continuity and minimize visual clutter, and maximize buffer zones and open space around the
facility. Following is a brief description of the layout of these components.

The switchyard is located on the western edge of the site. It will be placed 200 feet off of the
property line and aligned with the Eastern Arizona Railroad and the transmission condor. This
location creates the most efficient and direct route from the generation facility to the
transmission condor reducing the length of transmission lines and establishing continuity by
matching the alignment of the transmission lines with the railroad. The 200-foot buffer between
the railroad and switchyard provides for screening to views from the west. The cooling towers
are located and aligned to take advantage of the direction of prevailing winds and match the
alignment of the switchyard.

The evaporation ponds have been rotated to align with the existing layout of the agricultural
fields and provide the greatest buffer between the facility and the surrounding properties. The
southern edge of the evaporation ponds has been aligned with the east/west midsection line of
Section 28 facilitating continued cultivation of the southeast quarter section of the site during the
first phase of the project. This location also establishes a % mile buffer on the north and east
sides of the facility and a % mile buffer on the south side of the facility.

Plan Concept and Components

The project site and surrounding lands include a mixture of agricultural use that has transformed
the natural desert setting of this area over time. The plan concept has considered this transition in
the location of project facilities and arrangement of plan components as illustrated in Figure
B-2.3.

The components of the conceptual landscape plan for the Bowie Power Station consist of three
primary planting schemes (or zones) in conjunction with developed portions of the site as shown
in Figures B-2.4 and B-2.5 (natural desert, agriculture/grassland, and orchard). Groves of trees
arranged in rows similar to orchards, shrubs consistent with the natural desert, and grasses
matching the surrounding area provide variety while helping to integrate the site into the
surrounding area.

The first component, the natural desert component, is reiiective of the region, primarily
Chihuahuas semidesert grassland and Chihuahuan desertscrub. The plant material to be used is
consistent with the plant material found in these biomes. Soaptree yucca (Yucca elate) will serve
as the primary vertical element.
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LANDSCAPE TRANSITION CONCEPT PLAN
FIGURE B-2.5
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The agricultural/grassland component reflects the color and texture of the farm fields in this
region that are typically low growing and yellow or green in color. Rather than continuing
agricultural production in these areas, in order to establish a self-sustaining low water use
landscape, natural desert grasses will be planted in the circular form created by irrigation pivot
sprinklers.

The orchard has been designed to assist in screening and provide continuity with lands
immediately to the east of the site and consistent with the region. Mesquite trees will be planted
in rows in the form of an orchard. Although not considered an orchard tree, they have low water
use requirements and are adaptable to the area. The soil excavated from the evaporation pond
and retention basins will be spread out over the area designated for the orchard to raise the height
of the trees and increase the screening of the facility. Desert grasses will be seeded under the
trees to allow for revegetation and stabilization of the soil in this area.

The landscape plan softens the industrial nature of the plant by placing landscape materials near
project facilities. Colors of the facility will be carefully selected to assure that they compliment
the landscape plan and do not detract from the surrounding area.

Implementation

The conceptual landscape plan (Figure B-2.6) illustrates how the landscape concept will be
implemented and provides a list of plant material that may be selected in each of the three
landscape zones previously described. Grassland/agricultural land will be seeded with native
grasses in the circular form created by the existing initiation pivots and under the orchard areas.
Natural desert areas will be established with shrubs and grasses reflective of the Chihuahuan
semidesert grassland and Chihuahuan desertscrub biomes.

Trees are to be planted in 15-gallon container size to facilitate the most effectively adaptation
and success of the plant material. Accent shrubs (primarily yucca) are to be planted in 10-inch
container size plants and inoculated with mycorrhiza, a microscopic fungi that has a symbiotic
relationship with the plants and will increase the success rate from 10 to 20 percent to as much as
50 or 60 percent. Additional shrubs as well as groundcovers and grasses are to be established by
preparing the seed bed, hydroseeding or drill seeding the appropriate seed mix, hydromulching
where appropriate, and crimping with a grass hay mulch.

It is anticipated that the plantings will use supplementary initiation from initiation pivots and
Hood initiation methods until established. Once established, the supplementary initiation will be
terminated and the species will rely on natural precipitation. Low water use and native plant
material will be used exclusively.
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Phasing

It is anticipated that the landscape plan will be implemented over the course of a three-year
period from the commencement of facility construction. In the first year the ground would be
cleared and leveled, the evaporation pond and retention basins will be excavated, and the
material from the basins spread over the area designated for orchards. The planting area will then
be prepared including the addition of needed soil amendments. The site will be drilled or
hydroseeded, and the seeded area will be covered with mulch and crimped. It is important that
the seeding, mulching, and crimping be completed just prior to the monsoon season in order to
take advantage of the monsoon precipitation. Once the understory planting is established
(approximately two growing seasons) the trees and accent shrubs will be planted. It is anticipated
that the southeast quarter-section may remain in agricultural production until the second 500
MW power block is under construction. A similar process, as outlined above, will follow at that
time for the southeast quarter.
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EXHIBIT B-3
WATER SUPPLY INVESTIGATION REPORT

This copy of the application includes only the report text. The tables, figures, and appendices
have been omitted. A complete copy of the Water Supply Investigation Report will be furnished
upon request made to the Applicant, Bowie Power Station, LLC.
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1.0 INTRODUCTION

1.1 BACKGROUND

Bowie Power Station, L.L.C. has acquired options ro purchase approximately 1,640 acres of

agricultural land about 2 miles north of Bowie, Arizona, for the construction of a nominal 1,000-

megawatt combined-cycle power plant. At 1,000-megawatt base load operation, the Bowie

Power Station is estimated to require a continuous water supply of about 3,410 gallons per

minute (rpm), or an average of 5,500 acre-feet per year (ac-ft/yr). The only available source of

water for the power plant is groundwater, which is currently used for agricultural initiation.

Central Arizona Project (CAP) water and other surface water supplies are not available, and

there is an insufficient supply of treated wastewater effluent. The Bowie Power Station property

is not located within an Arizona Department of Water Resources (ADWR) Active Management

Area (AMA) or initiation district.

This report presents the results of a water supply investigation for the Bowie Power Station

property (Bowie property). Included in this report is an overview of groundwater availability and

quality in the vicinity of the property, a review of current and historic stumpage, the results of a

field investigation, and the results of water level drawdown modeling to project impacts of

pumping after 30 years.

1.2 PROPERTY LOCATION

The Bowie property is located in the northeast portion of Cochise County, Arizona, about 2

miles north of the town of Bowie, Arizona (see Figure 1). The property boundary and the

proposed Bowie Power Station site are shown on Figure 2. Wells on and near the property are

also shown on Figure 2 and are listed in Table 1. The 1,640-acre property consists of

approximately 2.5 square miles of agricultural land located in all or portions of sections 20, 21,

22, 27, 28, 29, and 33 of Township 12 South, Range 28 East, of the Gila and Salt River baseline

and meridian. The proposed Bowie Power Station site encompasses approximately 703 acres in

all of Section 28 and a portion of Section 29.

1.3 PURPOSE AND SCOPE

A water supply investigation of the Bowie property was conducted to characterize the

availability, production potential, and quality of groundwater on the property, and to assess

potential water level drawdown from groundwater pumping to supply the power plant. This

consisted of characterizing groundwater conditions in the vicinity of the property using available
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information, completing a field investigation of the property, and analyzing the data obtained

from the investigation. The scope of work included:

compiling available information and perfomiing an initial assessment of groundwater

conditions in the area,

compiling an inventory of existing wells on the property and selecting wells for aquifer

testing and groundwater sampling,

collecting drawdown data during initiation events from two pumping wells and two

observation wells on the property to characterize aquifer parameters and well yield,

collecting and arranging for the analysis of groundwater samples from two initiation

wells on the property to characterize groundwater quality, and

• modeling water level drawdown to assess the incremental drawdown from pumping to

supply the power plant.
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2.0 GROUNDWATER CONDITIONS

2.1 HYDROGEOLOGIC SETTING

The Bowie property is located in the northwestern portion of the San Simon Valley sub-basin in

southeaster Arizona (Barnes, 199l.) The area is part of the Basin and Range physiographic

province, which is characterized by predominantly northwest~trending mountains separated by

broad alluvial valleys. The San Simon Valley sub-basin is 6 to 25 miles wide and about 75 miles

in length, covering approximately 1,930 square miles, and is bounded by the Chiricahua,

Pinaleno, and Dos Cabeza Mountains on the west, and the Peloncillo Mountains on the east

(Figure 1). The mountains that surround the sub-basin are composed of relatively impermeable

granitic, metamorphic, and volcanic rocks that have produced the basin-fill sediments that

comprise the regional aquifer.

The climate is typical of southeastern Arizona, and is characterized by low precipitation, high

summer temperatures, and low humidity, which combine to cause high evaporation rates.

Average annual rainfall is 8 to 10 inches.

The total thickness of the San Simon Valley sub-basin sediments may exceed 8,000 feet along

the axis of the valley (Oppenheimer and Sumner, 1980). Younger alluvial fill occurs along

modem stream channels, but is likely to be intermittently saturated and not hydraulically

connected to the regional aquifer. The older alluvial fill of the San Simon Valley sub-basin has

been subdivided into upper, middle, and lower units (Bases, 1991). A marginal zone along the

edges of the basin has been described where the middle unit is not present and the upper and

lower units merge (White, 1963). The four units are described below, in descending order.

• The upper unit consists mainly of unconsolidated stream deposits of silt, sand, and gravel

and forms a continuous geologic unit across the basin. The thickness of the upper unit

ranges from 60 to 200 feet and driller's logs indicate that the upper unit is about 150 feet

thick in the vicinity of the Bowie property. Where the upper unit is saturated in localized

areas, the unit is designated as the upper aquifer.

• The middle unit (Barnes, 1991) or blue clay unit (White, 1963) underlying the upper unit

consists of dense, blue clay formed by fine-grained sediments deposited during a period

when a shallow lake occupied a large part of the San Simon Valley. The middle unit is

about 600 feet thick along the axis of the valley, and acts as a confining layer. Near the

basin margins, the middle unit pinches out and the upper and lower units merge to form
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the marginal zone. In the vicinity of the Bowie property, the middle unit is believed to be

about 350 feet thick, extending to a depth of about 500 feet below ground surface (bus).

• The lower unit consists of stream and lake-bed deposits of clay, silt, sand, and gravel that

overlie bedrock and in places are interbedded with volcanic debris. The unit is continuous

throughout the basin and merges with the upper unit along the basin margins in the

marginal zone. Groundwater occurs under confined conditions in sand and gravel units

interfingered with layers of dense clay to form the lower aquifer, which supplies most of

the groundwater used in the San Simon Valley sub-basin and would be the source of

groundwater for the power plant. The thickness of the lower unit is generally unknown,

but may be as much as 8,000 feet along the valley axis (Oppenheimer and Sumner, 1980).

The thickness of the lower unit in the vicinity of the Bowie property is unknown.

• The marginal zone occurs along the margins of the basin where the middle unit pinches

out and the coarser materials of the upper and lower units merge. Within the marginal

zone the upper and lower aquifers have merged ro font a single, unconfined aquifer.

2.2 GROUNDWATER DEVELOPMENT

Groundwater from shallow wells in the upper aquifer was pumped for domestic uses and

livestock watering beginning in about 1870, however, the groundwater was too deep ro be used

for irrigation with the pumping methods available at that time. In 1910, a deep well was drilled

into the lower aquifer for the Southern Pacific Railroad and the discovery of artesian conditions

led to agricultural development. Average artesian pressure measured for eight wells in 1913 was

31 feet above land surface (Barnes, 1991). By 1915, there were 127 flowing wells in the San

Simon Valley, each with an average flow rate of about 50 gallons per minute, producing an

estimated 11,000 acre-feet of water per year (Barnes, 1991). Average artesian head in 1915 was

19 feet above land surface.

Depressed economic conditions following World War I led to the abandonment of many farms,

and uncapped wells were allowed to flow unused, resulting in year-round flow in San Simon

Creek. By the 1950s, artesian head had declined to the point that most wells required pumping at

least part of the time to meet irrigation needs. In 1991, there were ten flowing wells in the San

Simon Valley sub-basin (Barnes, 1991), however, these wells are completed in deeper, older

sediments than those originally tapped in 1910.

As artesian head declined in lower aquifer wells, and after the advent of deep-well turbine pumps

and electrical power in the 1930s, the upper aquifer began to be used for iMation. In 1987,
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water levels in the upper aquifer ranged from 30 to 80 feet and well yields were reported to range

from 75 to 300 rpm (Bases, 1991).

2.3 GROUNDWATER RECHARGE AND DISCHARGE

Both the upper and lower aquifers are recharged by infiltration of runoff along the mountain

fronts. Due to high evaporation rates, recharge from infiltration of precipitation that falls on the

valley floor is negligible. In addition to recharge from precipitation runoff, the upper aquifer

receives as much as 15 percent of water applied for initiation as recharge (Barnes, 1991). In the

past, exchange occurred from the lower aquifer to the upper aquifer through well casings.

Because the artesian pressure head has now dropped below the water level in the upper aquifer, it

is likely that some exchange occurs today from the upper aquifer to the lower aquifer through

wells. Irrigation stumpage is the major source of discharge from both the upper and lower

aquifers in the San Simon Valley sub-basin.

2.4 DEPTH TO GROUNDWATER

Artesian pressure was measured for eight wells in 1913 and average head was about 31 feet

above land surface (Barnes, 1991). Groundwater level hydrographs prepared using water level

data from ADWR for wells located on and near the Bowie property are presented in Figures 3

and 4, respectively. The water level hydrographs show historic water levels from as early as

1947. Estimated decline from average artesian pressure measured in 1913 and 1915 is also

shown on Figures 3 and 4. Well (D-12-28) 17 DDD is located about l mile north of the property,

well (D-12-28) 25 DCC is about 2.5 miles east of the property, and well (D-12-28) 35 CDC2 is

about 1.5 miles southeast of the property.

URS measured groundwater levels in selected wells on the site property where sounder access

was available. Because an unknown thickness of lubrication oil from line-shaft pumping

equipment was present in most wells, groundwater level measurements were erratic and should

be considered to be approximate. Groundwater levels in lower aquifer wells on the Bowie

property measured in April 2001 prior to the start of the irrigation season ranged from about 367

to 403 feet bus. The following table summarizes groundwater level measurements collected prior

to the start of the 2001 irrigation season.
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Well ID Well Use
Depth to Water

(ft bus)

Approximate
Water Level

Elevation (ft amyl)
(D-12_28) 28 ABC Inactive 367 3349

(D-12-28) 28 CCC2 Active 403 3344

(D-12-28) 28 DCC Active 388 3341

(D-12-28) 33 ABC Inactive 394 3338

fr bus = feet below ground surface

ft amyl = feet above mean sea level

2.5 GROUNDWATER USES

Most of the groundwater pumped in the San Simon Valley sub-basin is used for agricultural

irrigation. Other uses, such as municipal and industrial, represent a relatively small percentage of

total groundwater withdrawals.

2.6 GROUNDWATER QUALITY

Groundwater quality data for the northern portion of the San Simon Valley sub-basin were

obtained from ADWR, the Arizona Department of Environmental Quality (ADEQ), and the

United States Geological Survey (USGS). A summary of available groundwater quality data

obtained from these agencies is presented in Table 2.

The results indicate that inorganic groundwater quality in the vicinity of the Bowie property is

good. Review of the analytical results in Table 2 indicates only one sample with concentrations

of inorganic constituents in excess of Arizona numeric Aquifer Water Quality Standards

(AWQS). A 1986 groundwater sample from Well (D-13-28) 34 BBC2 had a total nitrate (nitrate

plus nitrite) concentration of 11 milligrams per liter (mg/L), which exceeds the numeric AWQS

of 10 mg/L, The observed nitrate exceedance is likely related to the use of nitrogen-based

fertilizers and is typical for groundwater in established agricultural areas.
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3.0 WELL INVENTORY AND GROUNDWATER PUMPAGE

3.1 SOURCES OF WELL DATA

Well data were obtained from the ADWR Groundwater Site Inventory (GWSI) and Well

Registry databases and were used to develop a list of potential existing wells on and adjacent to

the Bowie property. The ADWR well databases include information on well location, ownership,

construction, water uses, production capacity, and water levels. Data for wells located on and

immediately adjacent to the Bowie property are presented in Table l. Copies of well registrations

and driller's logs, if available, were obtained from ADWR for wells located on the Bowie

property and are provided in Appendix A. Some records were modified based on information

from recent video surveys reported by local pump contractors.

3.2 WELL INVENTORY

A search of the ADWR GWSI and Well Registry databases produced a total of 16 wells

reportedly located within the Bowie property boundaries. All but three wells have ADWR

registration numbers, two of the unregistered wells are capped. Table 1 lists the locations,

registration numbers, water uses, construction data, and associated comments for wells located

on and immediately adjacent to the Bowie property. The ADWR databases typically include well

location, well registration number (if any), well construction date, well depth, screened interval

(if any), casing diameter, water use, and owner information. However, records for well

construction details in the Bowie area were limited.

A field inventory of the Bowie property was conducted to 'verify wells listed in the ADWR

databases. The objective of the field inventory was to ascertain which wells were currently active

and/or available for monitoring, testing or sampling. ADWR field-verifies some of the wells

throughout the state on a periodic basis and updates the GWSI database with information

concerning owner, water use, and well use, if known. The most recent basin-wide well inventory

of the Bowie area was conducted by ADWR in 1987.

Field inspection of the Bowie property confirmed the existence of 16 wells, including:

• Two active initiation wells with line-shaft pumps, gear drives, and natural gas powered

engines: (D-l2~28) 28 DCC and (D-12-28) 28 CCC2.

• Two inactive iMation wells with line-shaft pumps, gear drives, and natural gas powered

engines: (D-12-28) 33 ABC and (D-12-2.8) 27 BBC.
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• Four wells with derelict pumping equipment.

• Two domestic wells with electric submersible pumps. Well (D-12-28) 21 CDD is active,

and well (D-12-28) 22 DDC is inactive.

• Six capped wells, of which three are deep wells: (D-12-28) 21 DCC, (D-l2-28) 22 CDC,

and (D-12-28) 28 ABC. The other three wells are believed to be shallow. Well (D-12-28)

21 DCC was reported to produce sand, causing damage to pumping equipment.

3.3 HISTORICAL GROUNDWATER PUMPAGE

In the San Simon Valley sub-basin, no surface water supplies are available and irrigated

agriculture relies entirely on groundwater. The San Simon Valley sub-basin is not within an

AMA and there are no requirements for reporting groundwater stumpage. Estimated historic

groundwater pump age (Awning and Duet, 1994) is shown on figures 3 and 4. Pun page increased

dramatically after 1950 to a maximum of 139,000 acre-feet per year (ac-ft/yr) in 1980 (Anning

and Duet, 1994). Subsequently, rising energy prices and agricultural market conditions resulted

in decreased groundwater pumping, and by 1983 stumpage had decreased to about 42,000 ac-

ft/yr. Prior to 1990, groundwater stumpage was estimated yearly from review of power

consumption records. Groundwater stumpage was estimated by the USGS for 1995 using crop

information and weather data, and was estimated to be about 50,000 ac-ft/yr for the San Simon

Valley (personal communication S. Tadayon, USGS, June, 2001).

Prior to 1980, cotton was the principal crop but required rotation, mainly with grain crops. Rising

energy costs and falling grain prices in the early 1980s resulted in allowing available land to lie

fallow during alternate years rather than growing grain as a rotation crop with cotton. During the

period from 1980 to present, most farms in the area typically had about 60 percent of available

land in production at any one time, due to limitations of well capacity or crop rotation

requirements (personal communication, R. Eastman, June 12, 2001).

In the area north of Bowie and west of Graham County Road, which includes the Bowie Power

Station site, most of the available land was in production up until about 1998. Cotton was the

principal crop, with smaller amounts of chiles, garlic, and alfalfa. Average consumptive use was

reported to be about 6 acre-feet per acre per year (ac-ft/ac/yr) for row crops. Production resumed

on about 250 acres in year 2000, growing chiles, sweet potatoes, garlic, and squash at an average

rate of consumptive use of about 3.5 ac-ft/ac/yr, using pivot sprinkler systems that are more

efficient than flood irrigation of row crops (personal communication, M. Cook, June 12, 2001).
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In the area north of Bowie and east of Graham County Road, some land was retired from cotton

in the 1960s. In the late 1970s and early l980s about 400 acres were converted to pecan and

pistachio trees using about 6 ac-ft/ac/yr. In the mid 1990s, another 320 acres of cotton were

retired. In 1998, 32 acres of pecan trees were planted. In the near future, production may resume

on an additional 330 acres using an average of 5 ac-ft/ac/yr (personal communication, P. Hogue,

June 12, 2001).

USGS and U.S. Department of Agriculture (USDA) estimates of water requirements for various

crops tend to be lower than those reported by Bowie-area farmers. The USGS estimates plant use

by modeling evapotranspiration from temperature and humidity data. The USDA's estimates are

also for plant use. Farmers have different criteria for determining stumpage schedules. Farmers

irrigating row crops are required to pump long enough to get water to reach distant parts of the

field, sometimes overvvatering areas nearest the source. One well might be able to flood irrigate

20 acres of row crops in a 24-hour period. Using irrigation pivot sprinlders, the same well can

irrigate 120 acres in a 24-hour period, with a uniform application (personal communication, R.

Eastman, June 12, 2001). Landowners' estimates are based on approximations of unmetered

pumping rates and number of irrigation days.

3.4 CURRENT AND FUTURE GROUNDWATER PUMPAGE

From the mid 1980s to the mid 1990s, estimated average annual groundwater stumpage in the

San Simon Valley sub-basin was about 46,000 ac-ft/yr (Anning and Duet, 1994). The Bowie

property covers an area of about 1,640 acres, of which about 703 acres will be used for the

Bowie Power Station (see Figure 2). Most of the 703 acres planned for the power station is either

currently in agricultural use or was in use until about 1998, and will be converted to industrial

use. The remainder of the property consists of agricultural land which has been fallow for several

years and will not be cultivated in the future. Assuming 60 percent of the 1,640-acre Bowie

property was in production during the recent period from the mid 1980s to 2001 at an average

consumptive use of 6 ac-ft/ac/yr results in a historical average consumptive use of about 3.6 ac-

ft/ac/yr, or about 5,900 ac-ft/yr. The Bowie Power Station water requirement will be about 5,500

ac-ft/yr. Assuming that no current or former agricultural land will be placed into production, the

average water use for the l,640-acre property will be 3.35 ac-ft/ac/yr, resulting in a net decrease

in pump age for the Bowie Power Station compared to the reported historical average stumpage

for the property.
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3.5 LAND SUBSIDENCE AND EARTHFISSURES

Groundwater pumping in the San Simon Valley sub-basin has caused historic groundwater level

declines and land subsidence in several areas, including Bowie. Holzer (1980) investigated

subsidence in the San Simon Valley by comparing 1952 and 1974 leveling data along Interstate

10 from a point about 6 ldlometers (3.7 miles) west of Bowie to a point a few ldlometers east of

Bowie. Holzer found subsidence along the entire interval with the maximum of 4.7 feet located

at Bowie. The National Geodetic Survey (NGS) compared 1952 and 1980 leveling data for about

100 km (62 miles) along Interstate 10, near Bowie (Strange, 1983). The 1980 data indicated that

subsidence had continued, with a maximum of 178 centimeters (5.9 feet) recorded near Bowie.

Two survey stations showing maximum subsidence were located along the Southern Pacific

Railroad about 1.5 miles south of the Bowie property. Near the town of San Simon, maximum

subsidence was 39 centimeters (1.3 feet) in 1980.

The average rate of subsidence near Bowie for the 22-year period from 1952 to 1974 measured

by Holzer (1980) was about 0.21 feet per year. For the 28-year period investigated by the NGS

(Strange, 1983), the average rate of subsidence was also about 0.21 feet per year. For the 6-year

period from 1974 to 1980, the average rate of subsidence was about 0.20 feet per year.

Subsidence rates were last measured near the end of the period of extensive groundwater

withdrawal and may have decreased in response to reductions in groundwater withdrawals. URS

is currently compiling updated leveling data from the NGS, the USGS, and the Arizona

Department of Transportation as part of an analysis of potential future subsidence.

Earth fissures were reported to have begun in the mid-1950s (Holzer, 1980). Holder (1980) found

a number of earth fissures near Bowie from investigation of 1978 aerial photography and field

reconnaissance. The largest linear fissures intersect Interstate 10 about 6 miles east of Bowie.

Another linear fissure is located about 4 miles east of Bowie and about 2 miles north of Interstate

10. Based on a review of published data, there are no known earth fissures near or on the Bowie

property.

Although the Bowie Power Station will be located within an area of documented historic land

subsidence, preliminary indications are that future subsidence on and in the vicinity of the

property will not be of sufficient magnitude to cause concern, and that the power plant facilities

and infrastructure can be engineered and constructed to accommodate future subsidence and

operate safely. As indicated above, there are no known earth fissures near or on the Bowie

property..
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4.0 AQUIFER TESTING AND GROUNDWATER QUALITY SAMPLING

4.1 INTRODUCTION

Existing agricultural iMation wells were selected for aquifer testing and groundwater sampling

based on the results of the field inventory. Two wells were selected for testing and sampling: (D-

12-28) 28 CCC2 and (D-12-28) 28 DCC. The wells are both equipped with operable, line-shaft

turbine pumps. The wells are active irrigation wells and began pumping in late March 2001.

Based on the driller's recollection from 1975, both wells are reported to be 1,000 feet deep and

perforated from 700 to 1,000 feet bus (personal communication from J. McBee, 2001). The

GWSI database lists a total depth of 1,200 feet for well (D-12-28) 28 DCC. A third well on the

property, (D-12-28) 33 ABC, with a total depth of 550 feet, is equipped and may be used later in

the season for initiation.

The initiation wells are operated using line-shaft turbine pumps, driven by natural gas powered

engines. Pump intake is reported to be about 540 feet bus in both wells. Pumped water is

currently conveyed via underground pipeline to two initiation pivots with sprinkler nozzles

designed for a flow rate of about 800 rpm at a pressure of 25 pounds per square inch (psi). The

west pivot operates in a full circle, covering 120 acres, the east pivot covers 60 acres in a half

circle. Either well can be piped to either pivot. Another area of less than 20 acres is sometimes

planted in vegetables. Row crops of garlic are watered by decreasing engine speed and pumping

to irrigation ditches. Fixed pipe sprinlders are also used for irrigating squash. Another 60 acres of

pinto beans will likely be planted in July 2001.

Other wells on the property had derelict pumping equipment, reported problems, or were in

unknown condition. No alternate water discharge options were available for the two active wells.

Land was not available for discharge of the pumped water during a standard aquifer test.

4.2 AQUIFER TESTING FIELD PROCEDURES

The investigation was conducted by equipping two observation wells and the two active

pumping wells with pressure transducers and dataloggers to record groundwater levels, a fifth

pressure transducer and datalogger were used to measure changes in barometric pressure.

Because testing was conducted at the start of the growing season, it was necessary to test the two

wells in conjunction with agricultural irrigation activities. The wells are not equipped with

flowmeters and do not have a sufficient length of straight pipe at the wellhead to install a

flow meter. Pumping rate is controlled by monitoring pressure gages and adjusting engine speed.
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For periods when the wells supplied an irrigation pivot sprinkler, pumping rates were estimated

using nozzle design formulas for pressure and flow rate. For periods when the wells discharged

to an open irrigation ditch or fixed sprinklers, pumping rates were estimated based on drawdown

in the wells, and specific capacity computed for the wells at other pumping rates. Specific

capacity is defined as the ratio of the pumping rate divided by the drawdown and has units of

gallons per minute per foot of drawdown (rpm/ft). Pumping rates were verified using a magnetic

flowmeter temporarily installed at each initiation pivot.

4.3 AQUIFER TEST RESULTS

Estimates of aquifer transmissivity and storativity were obtained by analyzing the relationship

between time and drawdown during pumping, and between time and residual drawdown during

recovery. Aquifer parameters were estimated using AQTESOLVTM, a computer-based program

for analyzing aquifer test data. Irrigation pumping started at well (D-12-28) 28 DCC on March

29, 2001, and at well (D-12-28) 28 CCC2 on April 2. Both wells were pumped on an irregular

schedule during the month of April. Beginning on May 4, 2001, both wells were off for a period

of about6 days.

4.3.1 Well (D-12-28) 28 CCC2 Aquifer Test Results

Well (D-12-28) 28 CCC2 was pumped for a period of about 3 days beginning about 6:00 A.M.

on May 10, 2001. Well(D-12-28) 28 DCC was not pumped during this period and was used as

an observation well in addition to wells (D-12-28) 28 ABC and (D-12-28) 28 BCC. The pumping

rate at well (D-12-28) 28 CCC2 was estimated to be about 650 rpm while watering row crops,

about 850 rpm while discharging to the east pivot, and about 900 rpm while discharging to the

west pivot. The average pumping rate was about 867 rpm. Well (D-12-28) 28 CCC2 was shut

off at about 7:00 A.M. on May 13. Residual drawdown was measured in the pumped well and

the four observation wells during the recovery period for about 1.5 days until well (D~12-28) 28

DCC was started at 6:00 P.M. on May 14.

Results for the May 10-14 aquifer test at well (D-12-28) 28 CCC2 are included in Appendix B

and are summarized in Table 3. Estimates of transmissivity ranged from 34,000 to 71,000

gallons per day per foot (god/ft). Estimates of storage coefficient ranged from 0.0004 to 0.0007

(dimensionless). Results for recovery data from well (D~12-28) 28 BCC were not reported due to

well interference from nearby well (D-12-28) 29 DBC.
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4.3.2 Well (D-12-28) 28 DCC Aquifer Test Results

Well (D-12-28) 28 DCC was pumped for a period of about 6 days beginning at about 6:00 P.M.

on May 14, 2001. Well (D-12-28) 28 CCC2 was not pumped during this period and was used as

an observation wet] in addition to wells (D-12-28) 28 ABC and (D-l2-28) 28 BCC. The pumping

rate at well (D-12-28) 28 DCC was estimated to be about 650 rpm while watering row crops,

about 850 rpm while discharging to the east pivot, and about 900 rpm while discharging to the

west pivot. The average pumping rate was about 721 rpm. Well (D-12-28) 28 DCC was shut off

at about 6:00 P.M. on May 18. Residual drawdown was measured in the pumped well and the

four observation wells during the recovery period for about 1.5 days until well (D-12-28)

28 CCC2 was started at about 11:00 A.M. on May 20.

Results for the May 14-20 aquifer test at well (D-12-28) 28 DCC are included in Appendix B

and are summarized in Table 3, Estimates of transmissivity ranged from 40,000 to 89,000 god/ft.

Storage coefficient was estimated using data from observation well (D-12-28) 28 CCC2 to be

about 0.0003 (dimensionless). Wells (D-12-28) 28 ABC and (D-12-28) 28 BCC had not

recovered sufficiently prior to the May 14 test and results were not reported due to well

interference effects.

4.3.3 Comparison with Published Values for Aquifer Parameters

Analysis of the aquifer test data indicates that estimates of transmissivity for the lower aquifer

range from 34,000 to 89,000 god/ft and estimates of storage coefficient range from 0.0003 to

0.0007. For both tests, the highest values of transmissivity were estimated for well (D-12-28) 28

DCC. In addition, the specific capacity of well (D-12-28) 28 DCC was observed to be about

twice as high as the specific capacity of well (D-12-28) 28 CCC2. A representative value of

transmissivity for the lower aquifer in the vicinity of the Bowie Power Station is conservatively

estimated to be approximately 40,000 god/ft. A representative value of storage coefficient for the

lower aquifer is estimated to be approximately 0.0005.

No published values for aquifer parameters based on aquifer tests were located during review of

hydrogeological records and documents. However, in the absence of more reliable aquifer test

data, White (1965) used estimates of transmissivity for seven wells completed in the lower

aquifer in the Bowie area to construct an electric analog model. Based solely on specific capacity

data, estimates for transmissivity ranged from 8,000 to 34,000 god/ft, average estimated

transmissivity was about 23,500 god/ft. For the seven wells reviewed by White, five were less

than 660 feet deep. The deepest well was 1,040 feet and had an estimated transmissivity of

28,000 god/ft. Estimates of transrnissivity made by White may have been influenced by
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shallower well depths and poor well efficiency. Transmissivity based solely on specific capacity

for wells at the Bowie property is estimated to be about 22,000 god/ft for well (D-12-28) 28

CCC2 and about 35,000 god/ft for well (D-12-28) 28 DCC.

White also estimated storage coefficient to be 0.10 based on an analysis of the volume of

dewatered sediments. White (1965) indicated that the large estimate of storage coefficient might

have been influenced by interaction between the upper and lower units through vertical leakage

and through wells completed in both units.

4.4 GROUNDWATER SAMPLING RESULTS

Two groundwater quality samples were collected from active irrigation wells during the field

investigation. Well (D-12-28) 28 DCC was sampled at 12:56 P.M., March 30, 2001, after 21

hours of pumping at about 850 rpm. Well (D-12-28) 28 CCC2 was sampled at 7:20 A.M., April

3, 2001, after 19 hours of pumping at about 900 rpm. Groundwater samples from both wells

were analyzed for indicator parameters, major ions, total petroleum hydrocarbons, and metals.

The analytical results are presented in Table 4. The results indicate that most inorganic

parameters, including nitrate, are present at concentrations that do not exceed numeric AWQS .

Concentrations of TDS, sulfate, chloride, manganese, silver, and zinc are all below the Federal

Secondary Maximum Contaminant Levels (SMC Ls). SMC Ls are associated with the aesthetic

quality of the water, such as taste, odor, or color, and are not enforceable. TDS concentrations in

the groundwater samples were 230 and 250 mg/L. Concentrations of total nitrates (nitrate plus

nitrite) were 0.87 to 0.82 mg/L.

Total coliform bacteria results for both wells were positive, indicating the presence of bacteria.

Agricultural initiation wells are not usually chlorinated and do not have surface seals that meet

municipal water supply standards. Therefore, the presence of bacteria is common in irrigation

wells.

Petroleum hydrocarbons were detected in the sample from wet] (D-12-28) 28 DCC at a

concentration of 2.2 mg/L total petroleum hydrocarbons (TPH). There is no AWQS for TPH.

Line-shaft turbine pumps use oil to lubricate the line-shaft bearings. Columns of oil as much as

severalfeet thick, floating on the water column, are not uncommon in initiation wells.
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5.0 WATER LEVEL DRAWDOWN MODELING

Water level drawdown from the proposed groundwater production well field was modeled to

estimate the incremental drawdown from the proposed well field for the projected 30-year life of

the power plant. Water level drawdown was analyzed using an analytical groundwater flow

model.

5.1 PROPOSED PRODUCTION WELLFIELD

The Bowie Power Station will require a water supply of approximately 5,500 ac-ft/yr or 3,410

rpm when fully developed and operating at base load. Assuming a typical groundwater

production well will be capable of yielding between 800 and 1,200 rpm, a total of six wells will

be needed to supply groundwater for the power plant. This arrangement will provide sufficient

operational capacity, with four wells operating simultaneously and two wells down for

maintenance or repair. Six wells were simulated for a plant life of 30 years using input values of

transmissivity and storage coefficient obtained from analysis of aquifer test data.

5.2 ANALYTICAL METHOD

Water level drawdown was analyzed using DREAM (Bonn and Rounds, 1990), a computer-

based, analytical groundwater How model. DREAM is capable of simulating groundwater

elevation, drawdown, velocity, and streamlines for up to 30 pumping wells. The drawdown

option was selected for the well impact analysis. DREAM calculates transient drawdown data for

each pumping well using the Theis equation (1935), which defines unsteady, radial flow in a

confined aquifer.

The assumptions inherent in the Thais equation are as follows:

The aquifer is homogeneous, isotropic, confined, of uniform thickness, and of infinite

areal extent.

The potentiometric surface is horizontal before pumping.

The well is pumped at a constant rate.

• The pumped well penetrates the entire thickness of the aquifer, and flow within the

aquifer is horizontal.

• Flow to the well is laminar.
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• The well diameter is infinitesimal so that storage within the well can be neglected.

• Water removed from storage is discharged instantaneously with decline of head.

5.3 MODELING RESULTS

The DREAM analytical model was used to simulate the incremental drawdown from the

proposed production wellfield for the projected 30-year life of the power plant. For purposes of

comparing annual stumpage, using the l,640-acre property as the analytical frame of reference

results in a net decrease in stumpage for the Bowie Power Station of approximately 400 ac-ft/yr.

The Bowie Power Station wellfield will be located on 703 acres. For purposes of water level

drawdown analysis, using the 703 acres as die analytical frame of reference and excluding

retired stumpage from the remainder of the project acreage results in a net increase in stumpage of

2,970 ac-ft/yr, or about 1,840 rpm.

The incremental drawdown was simulated by distributing the additional 1,840 rpm equally

among the six groundwater production wells. The model simulated pumping the six production

wells at an average pumping rate of 307 rpm for each well for 10,950 days (30 years). A

transmissivity value of 40,000 god/ft was used, which was toward the lower end of the range of

transmissivity values derived from the aquifer tests (34,000 to 89,000 god/ft). This yields a

projected drawdown of 50 feet in the immediate vicinity of the well field and about 40 feet near

the town of Bowie (see Figure 5).  The results of the water level drawdown analysis are

considered to be conservative due to the aquifer transmissivity value used in the analysis.

Because drawdown is inversely proportional to transmissivity, a higher transmissivity value will

result in less drawdown. Using a transmissivity value of 80,000 god/ft would yield a projected

drawdown of about 25 feet in the immediate vicinity of the wellfield and about 20 feet near the

town of Bowie.

The results of the analysis may also be conservative due to the underlying assumptions and

limitations of the DREAM analytical model. Because the DREAM model derives pumped water

solely from the instantaneous release of water from aquifer storage, the model does not account

for underflow, vertical leakage, or aquifer recharge and discharge. Therefore, projected

drawdown using the DREAM analytical model for a given set of aquifer parameters would be

considered to be larger than expected for long-term conditions.

The Thais equation used in the DREAM analytical model assumes that the aquifer has uniform

properties in all directions and that the aquifer has infinite boundaries. Lithology logs (see
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Appendix A) for wells near the Bowie property indicate that the extent and thickness of the

middle unit is variable and that the thickness of the unit increases to the east in the direction of

the center of the basin. If the cone of depression intercepts sediments of higher permeability,

areas of recharge, or unconfined aquifer conditions in the marginal zone along the basin

perimeter, actual drawdown may be smaller than projected using the model. Conversely, if long-

term pumping results in a cone of depression that intercepts aquifer sediments of lower

permeability, impermeable rocks, or cones of depression from other pumping wells, actual

drawdown may be larger than projected using the DREAM analytical model.
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6.0 SUMMARY OF GROUNDWATER AVAILABILITY AND QUALITY

The results of the water supply investigation described in this report indicate that there is

sufficient groundwater of suitable quality beneath the Bowie property to meet the needs of the

Bowie Power Station for the planned 30~year life of the facility. The basis for this conclusion is

as follows:

• Groundwater levels in the Bowie area have been stable since the early 1980s. The Bowie

Power Station water requirement will be about 5,500 ac-ft/yr. Average agricultural

stumpage for the 1,640-acre Bowie property since 1980 is estimated to be about

5,900 ac-ft/yr. For purposes of comparing annual stumpage, using the 1,640-acre

property as the analytical frame of reference results in a net decrease in purnpage for the

Bowie Power Station property of approximately 400 ac-ft/yr. .

• The results of aquifer testing indicate that the transmissivity of the lower aquifer is

sufficient to allow groundwater to be extracted at a rate that will meet the water supply

requirements of the project. A production well completed in the lower aquifer can be

expected to yield between 800 and 1,200 rpm.

• Modeling results indicate that water level drawdown after 30 years of pumping will be

about 50 feet in the immediate vicinity of the wellfield and about 40 feet near the town of

Bowie. The results of the water level drawdown analysis are considered to be

conservative due to the 40,000 god/ft aquifer transmissivity value used.

• Because drawdown is inversely proportional to transmissivity, a higher transrnissivity

value will result in less drawdown. Projected drawdown using a transmissivity value at

the upper end of the range of 80,000 god/ft would be about 25 feet in the immediate

vicinity of the wellfield and about 20 feet near the town of Bowie.

• The results of groundwater sampling and analysis confirm that the quality of groundwater

beneath the Bowie property is excellent, with TDS concentrations of about 250 mg/L,

and no exceedances of numeric AWQS. These results are consistent with publicly

available groundwater quality data for the Bowie area.
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TABLE B-4-1
ESTIMATED ANNUAL EMISSIONS

Pollutant Estimated Annual Emissions (tons per year)
Oxides of Nitrogen 600.1
Carbon Monoxide 1,135,4
Volatile Organic Compounds 147.1
Sulfur Dioxide 104.3
Fine Particulate Matter 353.2

EXHIBIT B-4
AIR QUALITY

SUMMARY

Prior to commencing construction, the Bowie Power Station Project must obtain a construction
and operating permit from the Arizona Department of Environmental Quality (ADEQ). To
obtain the permit, it must be demonstrated that the project will meet all applicable air quality
requirements and that best available control technology (BACT) will be used to minimize
emissions. An air quality impact analysis must be conducted and the results of that analysis must
show that the project will not cause or contribute to an exceedance of any National Ambient Air
Quality Standard (NAAQS) or Prevention of Significant Deterioration (PSD) increment. Further,
the analysis must show that the project will not have an adverse impact on air quality related
values such as visibility, wildlife, or vegetation in specially protectedareas (Class I areas).

PROJECT EMISSIONS

The permitting requirements applicable to the Bowie Power Station are determined based on
projected emissions. Such emissions will result from the combustion turbines, cooling towers,
auxiliary boiler, and emergency fire pumps. Initial estimates of annual emissions from these
sources have been made and are shown in Table B-4-1. These estimates include emissions
expected from startups and shutdowns of the turbines, as well as from normal turbine operation.

PERMITTING REQUIREMENTS

The project will emit more than 100 tons per year of each of the criteria pollutants shown in
Table B-4-1. This makes the project a major source. Because the project will be a major source it
must meet the requirements for Class I permits. The project is planned for construction in
Cochise County, which is designated "attainment" or "unclassified" for all criteria pollutants.
Because the area is an attainment area and the project is a major source, to obtain a permit from
ADEQ, the PSD requirements must also be met.
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Prior to issuing the construction and operating permit, ADEQ will verify that both the Class I
and the PSD requirements have been met for the project. The application for the peiTnit is
currently being prepared and will be filed with ADEQ. The application will include a regulatory
review, top-down BACT analyses, and the required air quality impact analyses. ADEQ will
process the permit application and prepare a draft permit. The draft permit will be available for
review by the public, the U.S. Environmental Protection Agency (EPA), the Federal Land
Managers (FLMs), and the State of New Mexico.

BEST AVAILABLE CONTROL TECHNOLOGY

To obtain the necessary construction and operating permit, the penni applicant must install
BACT on the emitting units that will make up the project. As indicted above, top-down BACT
analyses will be included in the air quality permit application for the project. The top-down
analysis method that must be used is set forth in EPA guidance. This method requires that each
analysis identify all technically feasible control technologies available for use on the project.
Each available control technology is then evaluated, beginning with the most effective
technology, based on environmental, energy, and economic impacts. ADEQ will review the
analyses presented in the application and will identify BACT for each pollutant. The combustion
turbines to be installed at Bowie Power Station will be equipped with selective catalytic
reduction (SCR) technology to minimize oxides of nitrogen emissions. The use of pipeline
quality natural gas and good combustion practices will be used to minimize carbon monoxide,
volatile organic compounds, sulfur dioxide, and fine particulate matter emissions.

AIR QUALITY IMPACTS

An air quality impact analysis is required for major sources subject to PSD review. As indicated
above, the analysis will be included in the penni application submitted for the project. To
qualify for the permit, the results of the analysis must show that the project will not cause or
contribute to an exceedance of any NAAQS or PSD increment. The analysis must also show no
adverse impact on air quality related values in Class I areas.

Prior to conducting the air quality impact analysis, a protocol detailing how the analysis will be
performed will be submitted to the ADEQ for review. Typically the analysis involves two
distinct phases. The objective of the first phase is to perform initial dispersion modeling to assess
whether the proposed project triggers the need for pre-construction ambient monitoring, and
whether predicted impacts are expected to be "significant" Predicted impacts are considered
significant, with respect to PSD, if they equal or exceed the significance levels defined in the
PSD regulations. If no significant ambient impacts are predicted for a particular pollutant, no
further analysis for that pollutant is required. If significant ambient impacts are predicted, then a
full impact analysis must be completed for that pollutant. This requires conducting a NAAQS
analysis for the pollutant, in which other emission sources in the area are modeled, and
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conducting a PSD increment analysis for the pollutant, which incorporates emissions from other
increment-consuming sources in the area. Such an analysis will be conducted for the project.

In addition to addressing the NAAQS and PSD increments, the air quality impact analysis must
address impacts to soils and vegetation and impacts to air quality related values in Class I areas.
Class I areas in the vicinity of the project site include Saguaro National Park, Chiricahua
National Monument, Galiuro Wilderness Area, and Gila Wilderness Area (in New Mexico). Of
special interest to the FLMs with responsibility for these Class I areas are the proposed project's
impacts on visibility. As part of the air permit application, an analysis will be conducted using an
appropriate visibility modeling method. The FLMs will advise ADEQ if the project would
adversely affect any Class I area. In processing the permit application, ADEQ must consider the
opinion of the FLMs regarding visibility and other Class I area impacts.
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EXHIBIT C
AREAS OF BIOLOGICAL WEALTH

As stated in Arizona Corporation Commission Rules of Practice and Procedure R-14-3~219:

"Describe any areas in the vicinity of the proposed sire 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 effects, if any, the proposed facilities will have
thereon. I)

BIOLOGICAL WEALTH

Letters with a  current project description were sent to Arizona Game and Fish Department
(AGFD) and Arizona Department of Agriculture (ADA) to request information on special status
species in the vicinity of the proposed power plant site and transmission line route (and alternate
route) that make up the project area. Responses are provided in Exhibit C-1. The U.S. Fish and
Wildlife Service (USFWS) web site was accessed for information on special status species that
may occur in the project area, as reported in Table C-1.

Biologists traveling by vehicle and on foot assessed the project  area to determine whether
surveys for threatened, endangered, or otherwise sensitive species of plants and animals were
warranted. Vegetation communities and geography were carefully noted to help determine the
biologically preferred route for the transmission line.

Species of Concern

The USFWS lists 19 different species of plants and animals in Cochise and Graham counties as
threatened or  endangered species.  Several other  species have been designated as species of
concern. Table C-1 lists the subset of this group of listed species and species of concern that are
most likely to be found in habitats similar to those of the project area.

The lesser  long-nosed bat (Leptonycteris cu rasoae yerbabuenae) is  federa lly lis ted as  an
endangered species. Lesser long-nosed bats roost in caves and mine shafts and forage on the
flowers and fruits of columnar cacti and the flowers of particulate agaves. The project area may
provide some limited foraging habitat in the form of particulate agaves, however, the numerous
soaptree yuccas in the project vicinity do not provide foraging substrate for this species and there
are no columnar cacti in the region. Consequently, it is unlikely that robust populations of this
species are present at the project site or in the general vicinity. No potential roost sites were
observed at the plant site or along the alternate transmission line routes.
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The cave myotis (Myotis velifer), a USFWS species of concern, roosts near the entrances to
caves and mine tunnels in dese1"tscrL1b habitat. They may also roost under bridges, and the
species has been collected at old Fort Bowie as well as a number of other localities in Cochise
and Graham counties. Cave myotis forage on insects and generally live near permanent water
sources. It is likely that this species forages over desertscrub habitats in the project area. There
are no known roost sites associated either with the plant site or the alternate transmission line
routes.

The northern aplomado falcon (Falco femoralis seprentriozzalis), a federally listed endangered
species, formally occurred as a fairly common summer, or possibly permanent, resident of
grasslands of southeast Arizona, including Cochise County (Phillips et al. 1960). There are no
records of this species in the state since 1940 and Bronson and Phillips (1981) consider the
species to be extinct in Arizona. Nevertheless, if the species should reinvade the state from
northern Mexico, it would be in habitats similar to those in the vicinity of the project area.

The lowland leopard frog (Rana yavapaiensis) uses permanent water in springs, creeks, rivers,
and stock tanks. This species is classified as wildlife of special concern by AGFD and as species
of concern by USFWS. It may be present in the vicinity of the project area, but no suitable
habitat for this frog was noted during site reconnaissance of the plant site and transmission line
alternatives.

The plains leopard frog (Rana blair) is classified as wildlife of special concern by AGFD. This
species uses permanent and intermittent water in desert grassland and could be present in or near
the project area, but no suitable habitat for this frog was noted during site reconnaissance of the
plant site and transmission line alternatives.

Impacts

Potential impacts resulting from construction of the project include loss of habitat, direct
mortality from construction equipment, and disturbance resulting from noise and human activity
associated with construction. Operational impacts include noise from the plant site and potential
direct mortality of individual animals caused by vehicles coming and going from the plant or
during maintenance of the transmission line and switchyard.

In the case of sensitive species potentially occurring in the immediate project area, few or no
impacts are anticipated due to a general absence of suitable habitat for the species in question.
Construction of the transmission line will result in limited impact to habitat that could potentially
be occupied in the future by aplomado falcons. However, since the species is not currently
present in Arizona, this project will have not direct effects.

There are few, if any, particulate agaves along the transmission line alternatives and none on the
plant site. Similarly, there are no columnar (i.e., saguaro [Cereus giganreusj) cacti in the project
area or associated region. Consequently, the possibility for impact to resources of value to lesser
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TABLE C-1
SPECIAL STATUS SPECIES LIKELY TO OCCUR IN THE PROJECT AREA

Common Name Scientific Name Habitat
Federal
Status

State
Status

MAMMALS
Lesser long-nosed bat Leptonycteris curczsoae

yerbabuenae
Desertscrub with caves or
mines for roosts E WC

Cavemyotis Myotis velzfer Desertscrub with caves or
mine tunnels and water
nearby

SC WC

BIRDS
Northern aplomado falcon Faleo femoralis

septentrionalis
Semidesert grassland with
Yucca elate E

AMPHIBIANS
Lowland leopard frog Rana yavapaiensis Permanent water in

creeks, springs, rivers and
stock tanks

SC WC

Plains leopard frog Rana blcziri Permanent and
intermittent water in
desert grasslands

WC

Sources: AGFD 2001; Hoffmeister 1986; National Geographic Society 1999; USFWS 2001

Key to Table:
Federal Status:

State Status:

E = Endangered T=Threatened
SC= Species of Concern
WC = Wildlife of Special Concern in Arizona

long-nosed bats is remote. In addition, there will be no impact to any roosting or nursery areas
for this species.

S ome desei t s c r ub  ha b i t a t  wi l l  l ikely be impa c t ed ( r emoved)  du r ing t r a nsmis s ion l ine
construction. Access roads, spur roads, pulling and tensioning sites, and equipment storage and
laydown areas will all witness some impact to desertscrub habitats. As a result, some habitat that
could support prey species (insects) for the cave myotis will be lost. It is doubtful, however, that
the magnitude of loss of desertscrub habitat could be translated into measurable impact to cave
myotis.

Neither of the two frog species that could be present in the vicinity of the project will be affected
by construction of the project because no suitable habitat for either species was found in the
project area.
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THE STATE oF ARIZONA

GAME AND F1sH DEPARTMENT
2221 WEST GREENWAY ROAD, PHoEnix, AZ85023-4399

(602) 942-3000 • www.Az<;FD.(:0M

GOVERNOR
JANE DEE HULL
COMMISSIONERS
CHAIRMAN, DENNIS D. MANNING, ALPINE
MICHAEL m. GOLIGHTLY, FLAGSTAFF
JOE CARTER, SAFFORD
SUSAN E CHILTON, ARlVACA
W. HAYS GILSTRAP, PHOENIX
DIRECTOR
DUANE L. SHROUFE

DEPUTY DIRECTOR
STEVE K. FERRELL

1912

May 8, 2001

Ms. Lisa Spall'
EPG
1430 E. Ft. Lowell Blvd.
Suite 304
Tucson, AZ 85719

Re: Special Status Species Information for Township 12 South, Range 28 East,
Section 28, New Electric GeneratingPower Plant near Bowie, AZ.

Dear Ms. Spahn:

The Arizona Game and Fish Department (Department) has reviewed your letter, dated
April 18, 2001, regarding special status species information associated with the above-
referenced project areas. The Depar tment 's  Her itage Data  Management  System
(HDMS) has been accessed and current records do not indicate the presence of any
special status species in the project vicinity. In addition this project does not occur in
the vicinity of any Designated or Proposed Critical Habitats.

The Department 's HDMS data  are not intended to include potential distr ibution of
special status species. Ar izona  is  la r ge and diver se with p lant s ,  anima ls ,  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
prob et proposals, and should not decrease our opportunities to review and evaluate new
project proposals and sites.  The Department is also concerned about other resource
values, such as other wildlife, 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



Ms. Lisa Spahn
May 8, 2001
2

If you have any questions regarding this letter, please contact me at (602) 789-3618.
General status inflornlation and county distribution lists for special status species are
also available on our web site at http://www.azafd,com/frames/fisliwild/hdms_site/Homehtm.

Sincerely,

Sabra S. Scllwarlz
Heritage Data Management System, Coordinator

n

SSS:ss

cc: Bob Broscheid, Project Evaluation Program Supervisor
loan Scott, Habitat Program Manager, Region V

AGFD# 04-27-01 (07)



JANE DEE HULL
Governor

SHELDON R. JONES
Director

Arizona 9 / g a p n g g n f  0 _ / 4 9 l / I i € u / l u p g

1688 W. Adams Street, Phoenix, Arizona 85007
(602)542-4373 FAX (602)542-5420

April 24, 2001

Lisa Spahr, Environmental Scientist
Environmental Planning Group
1430 East Fort Lowell Road, Suite 304
Tucson, Arizona 85719

Re: Bowie Power Station Project

Dear Ms. Spahn:

Arizona State Law requires that the Arizona Department of Agriculture be notified in writing, with coniinnation, prior to the
anticipated destruction of any protected native plants during land clearing activity, On privately owned land the notification period
ranges from 20 days to 60 days. The notification period on state lands is 60 days. I recommend die leaving in place, and protection
012 as much of the native vegetation as is possible. The preferred alternative route would be the one having the least negative impact
on protected plants and native vegetation.

e protection and salvage of protected native plants is encouraged to the greatest extent feasible. You may want to consider having
the project site surveyed for protected native plants.

Plant transportation permitting and tagging are required prior to die removal of protected native plants from a properly.
Transportation permitting is not required when the plants are being relocated on the same property,

Native plant permit application and notification forms, and Appendix A, the listings of protected native plants by
category, as well as, general information on the Arizona Native Plant Law, Seed Law and Noxious Weed Regulations
can be obtained at: http://agriculture.state.az.us

You can correspond with me at the address listed below. You may also contact me by telephone at: 520-628-6310, by FAX at 520-
628-6961, or by email at: bill.kendall@agric.state.az.us

Sincerely Yours,

William T. Kendall, Special Investigator #187
Office of Review and Investigations

Arizona Department of Agriculture
400 West Congress Street, Suite #124, Box #4
Tucson, Arizona 85701-1311

www.agricu1ture.state.az.us
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EXHIBIT D
BIOLOGICAL RESOURCES

As stated in Arizona Corporation Commission Rules of Practice and Procedure R14-3-219:

"List the fish, wildlife, plant life, and czssociatedforms of life in the vicinity of the proposed site
or route and describe the erects, if any, other proposed facilities will have thereon. "

BIOLOGICAL RESOURCES

A biological field crew surveyed the proposed 345kV transmission line route, switchyard site,
and power plant site (project site) to assess plant communities and associated fauna affected by
the project. Plants and animals were identified and noted along with major geographic features.
Lists of potentially occurring species of animals were assembled from standard references for the
state.

Most of the power plant site is located on active agricultural land, either currently under
cultivation or in a fallow rotation. This land has been carefully leveled for inigated farming and
there are no areas with native vegetation except for some weedy species around the borders of
the agricultural fields. There are some areas to the west and north of the plant site that may have
been cleared at one time. Plant species occupying these areas include scattered honey mesquite
(Prosopis glandulosa), desert broom (Baccharis sarothroides),  saltbush (Atriplex Sp.),
burrowed (Isocoma tenuisecta), snakeweed (Gutierrezia sarothrae), and tumbleweed (Sczlsola
iberia) .

The proposed transmission line route crosses areas that include agricultural lands and native
vegetation of the Chihuahuan semidesert grassland and Chihuahuan desertscrub biomes (Brown
1994). The majority of the Chihuahuan desertscrub in the project area is dominated by creosote
bush (Larrea tridentate) and honey mesquite. Velvet mesquite (Pro sopis velutina) is also
present, particularly along major drainages. Other plants include desert zinnia (Zinnia acerosa)
and mariola (Parthenium incanum). Semidesert grassland plants include soaptree yucca (Yucca
elate) and tobosa grass (Hilario utica). Like many sites in southern Arizona, this biome has
also been invaded by burrowed. Prickly pear and cholera cacti (Opuntia app.) are found in both
biomes.

Portions of the proposed transmission line route (and alternate route) are crossed by washes
supporting xeroriparian vegetation dominated by larger shrubs and trees. Plant species in these
areas include some rather large velvet and honey mesquite, wolfberry (Lyceum sp.), catclaw
(Acacia greggii), desert broom datum (Datum meteloides), desert willow (Ch ilopsis linearize),
and in one area adjacent to an agricultural field, Fremont cottonwood (Populusfremozztii).
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Biological Resources D-1 Bowie Power Station Project

S'\pmje¢:ls\SwPG\Bnwie\Rq-xms\CEC\Exhlhix D.doc



Both the proposed transmission line route and altemate route would parallel the railroad right-of-
way as it heads hoith from the Bowie Power Station site. Approximately 3.8 miles north of the
power station site, the routes split into two possibilities for tie-in with the existing 345kV
transmission lines to the north. The alterative parallels the railroad right-of-way and is the
shorter  of the two. However,  it  crosses numerous small and medium-sized washes with
concentrations of native vegetation. The proposed route is approximately 1 mile longer and
travels to the northwest from the point of diversion from the railroad right-of-way. This route
parallels the dominant drainages in the area, rather than crossing them, and ties into the existing
345kV transmission line within 1 mile of U.S. Highway 191.

For species of mammals, birds, and reptiles and amphibians that may occur in the region where
the project area is located, refer to Tables D-1, D-2, and D-3 respectively.

Impacts

Impacts associated with the proposed power plant, 345kV transmission line, and 345kV/230kV
switchyard will result from construction at the plant site and construction of access and spur
roads along the transmission line. There will also be disturbance at transmission tower and
switchyard sites, pulling and tensioning stations, and in material lay-down and storage areas.

Potential effects of the proposed project on wildlife and plants include vegetation clearing and
associated habitat loss, as well as disturbance, injury, or mortality of wildlife due to construction
activities. Regional species dependent on aquatic or wetland habitats will not be affected by the
project since no aquatic or wetland habitats are present on the plant site or along the transmission
line alternatives. Similarly, species dependent on cliffs, woodlands, and broadleaf riparian
habitats will not be affected due to absence of such habitats within the project area.

In areas where native vegetation is cleared there will be a permanent loss of potential habitat for
small mammals, reptiles, and birds. Construction activities may result in temporary disturbance
of wildlife due to the presence of construction equipment and human activity. Vehicles and
heavy equipment could displace or cause mortality in some fossorial species. The crossing of
washes and other drainages would necessitate the removal of concentrations of vegetation found
in these areas and could negatively impact populations of animals dependent on them. There is
also greater potential for impacts to soil integrity in these areas.

The proposed transmission line route would result in lower impacts to biological resources
because it parallels rather than crosses most major drainages. The exceptions are crossings at
Dial Wash and Gold Gulch north of the point at which the proposed route leaves the railroad
right-of-way. These fairly major washes can be effectively spanned to avoid adverse biological
1rnpacts.
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TABLE D-1
MAMMAL SPECIES THAT MAY OCCUR IN THE VICINITY

OF THE PROPOSED PROJECT
Common Name Scientific Name Habitat

Desert shrew Notiosorex crawford Any area with ample ground cover including plant debris,
trash and lumber

Lesser long-nosed
bat

Leptonycteris

ClU'ClSOCl€
ye/'babueIzae

Areas with agave and columnar cacti for foraging and
mine tunnels or deep caves for roosts

Cave myotis Myotis velzfer Desertscrub with caves, mines, or bridges and water
nearby

California myotis Myotis califomiczzs Desertscrub with rock faces containing crevices,
occasionally caves and mines

Western pipistrelle Pipistrellus /Hesperus Areas with canyon walls or cliff faces for roosting,
streambeds and tanks for foravinv

Big brown bat Eptesicusjlscus Wooded areas, desertscrub
Spotted bat Euderma maculatum Rocky cliffs near riparian areas
Townsend's big-
eared bat

Corynorhinus
rownsendii

Areas with cavesor mines, structures for night roosts

Pallid bat Antrozous przllidus Desertscrub with caves, mine, cliffs, bridges or other
structures for roosts

Brazilian free-tailed
bat

Tadarida brasiliensis Desertscrub and foothills with mines, caves, bridges or old
buildings

Pocketed free-tailed
bat

Nyctinomops
femorosaccus

Rocky cliffs and slopes, structures

Western mastiff bat Eumops perotis Rocky cliffs with crevices or shallow caves
Desert cottontail Sylvilagus czudubonii Desertscrub, semi-desert grassland
Black-tailed
jack rabbit

L8pLl.s̀ calzfomicus Desertscrub and other areas with open ground cover

Antelope jack rabbit Lepus allen Creosote bush, mesquite, grasslands
Harris' antelope
squirrel

A mmospennophilus
hczrrisii

Rocky areas of creosote bush/saltbush/bursage

Rock squirrel Spermophilus
vo rieganzs

Rocky areas above 1,600 feet

Round-tailed ground
squirrel

Spermophilus
tereticaudus

Creosote bush/saltbush desert with sandy or gravelly soil

Botta's pocket
gopher

Thomomys bottle Any area with soil suitable for digging burrows

Silky pocket mouse Perognatlmsflavus Mesquite, grassland
Long-tailed pocket
mouse

Perognczt/zus

to rmosus
Rocky soils, often on slopes

Rock pocket mouse Chaetodipus
in te rmedius

Rocky areas of desertscrub

Desert pocket mouse Clzaetoclipus
penicillarus

Sandy areas of desertscrub with sparse vegetation

Bailey"s pocket
mouse

Cha etodipus baileys Flats and lower slope areas of desertscrub

Merriam's kangaroo
rat

Dipodomys merriam Sandy areas of desertscrub
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TABLE D-1
MAMMAL SPECIES THAT MAY OCCUR IN THE VICINITY

OF THE PROPOSED PROJECT
Common Name Scientific Name Habitat

Ord's kangaroo rat Dipodomys ordii Areas with grass, mesquite and/or cactus
Banner-tailed
kangaroo rat

Diporlomys
specrabilis

Sparse grassy areas with mesquite, catclaw, or cactus

Plains harvest mouse Reit/zI.odom'o/nys

montana
Desertscrub with mesquite, creosote bush, and/or grass

Western harvest

mouse

Reithrodontomys
megalotis

Desertscrub or chaparral

Cactus mouse P€I'oI1ly5cLls8r8/nf€u5 Desertscrub, rocky areas, chaparral
Deer mouse Peromyscus

man iculatus
Creek beds, desertscrub, agricultural areas

Northern pygmy
mouse

Baiomys Milord Desert grasslands

Northern
grasshopper mouse

Orzyc/zomys
leucogaster

Desert grasslands

Southern
grasshopper mouse

Onyehomys torriclus Desertscrub or semi-desert grassland with compact soil

Hispid cotton rat Sigmodon lzispidus Desertscrub
Arizona cotton rat Sigmodo)1 ariz/zae Mesquite scrub and weedy areas along canals and washes
White-throated
wood rat

Neotoma albigula Desertscrub, especially with Opwztia

Desert wood rat Neotoma lepidus Desertscrub
Muskrat O/zdatra zibethicus Irrigation canals, ponds
House mouse Mus musculus Weedy areas and cultivated fields, usually near human

habitation
Coyote Canis ICUIUIIS Cosmopolitan, from spruce forest to low desert
Kit fox Vulpes velor Desertscrub and desert grassland with sandy or softer clay

soils
Gray fox Urocyon

cinereozzrgenteus
Open desertscrub, chaparral, lower elevation woodland

Raccoon Procyon motor Areas with permanent water
Coati N£z$Llcl farina Medium elevation woodland and shrubby grassland, may

migrate or wander through desert areas
Badger Taxiflea t£lxI/Is Flats and drainages adjacent to mountains, grasslands
Western spotted
skunk

Spilogale gracilis Low and middle elevations, often in rocky areas or around
human habitation

Striped skunk Mephitis mephitis From spruce/Hr belt to sea level, usually near permanent
water

Bobcat Fells MWLS Rocky upland areas interspersed w/ open desert, grassland
or woodland

Collared peccary ToyG5sLl tajacu Desertscrub, esp. thickets along creeks and streambeds
Mule deer Odocoileus lzemiozms Pine forest, oak woodland, chaparral, upland desert
Source: Hoffmeister 1986, Jones et al 1992
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TABLE D-2 .
BIRD SPECIES THAT MAY OCCUR IN THE VICINITY

OF THE PROPOSED PROJECT
Common Name Scientific Name Habitat

Pied-billed grebe Poclilymbus podiceps Lakes, ponds, streams, and canals
Eared rebe Podieeps nigricollis Lakes and ponds
Western grebe Aec/zmop/zorus

occidentals
Lakes, ponds, and lagoons

Double-crested
cormorant

Plmlczcrocorrzx auritus Lakes, ponds, streams, and aqueducts

Great blue heron Arden /zerodias Lakes, ponds, streams, canals, and marshes
Great egret Arden alba Ponds, streams, and marshes
Snowy egret Egretta tula Ponds, streams, and marshes
Greenheron Butorides virescens Lakes, ponds, streams, marshes, and canals
Black-crowned night
heron

Nycticorax /zycricorax Lakes, ponds, marshes, and streams

White-faced ibis Plegadis chili Lakes, ponds, streams, marshes, and fields
Turkey vulture C611/2¢111g5 aura Open country, woodlands, farms
Canada goose Branta canadensis Lakes, ponds, and fields
Gadwall A1183 strepera Lakes, ponds, and streams
American widgeon Aras Americana Lakes, ponds, and streams
Mallard Alias plalyrhynchos Lakes, ponds, streams, and canals
Blue-winged teal Aras discord Ponds
Cinnamon teal Aras ca/zoptera Ponds, streams, and canals
Northern shoveler Aras clypeata Lakes, ponds, and streams
Northern pintail Aras aura Lakes, ponds, and streams
Green-winged teal Aras crecea Lakes, ponds, and streams
Redhead Aythya Americana Lakes and ponds
Ring-necked duck Aythya collards Lakes and ponds
Lesser scalp Aythya a nis Lakes and ponds
Bufflehead Bucephala albeola Lakes, ponds, and streams
Ruddy duck Oxyura jamaicensis Lakes and ponds
Northern harrier Circus cyaneus Wetlands, open fields
Sharp-shinned hawk Accipiter .vtriatus Generally distributed
Cooper's hawk Accipiter cooperii Broken woodlands or streamside groves
Harris's hawk Pczrabuteo unicinczus Semiarid woodland, bushland
Swanson's hawk Buteo swainsoni Fields and desert
Red-tailed hawk Buteo jamaicensis Plains, prairie groves, desert
Ferruginous hawk Buteo regalia Dry, open country
American kestrel Falco spa werius Open country, cities
Prairie falcon Falco n1exicaI1L¢s Dry, open country, prairies
GambeI's quail Callipepla gambelii Desertscrub and thickets
Scaled quail Callipepla squamata Desertscrub, mixed grasslands
Common moorhen Gallinule chloropus Streams, marshes, and ponds
American coot FL¢liea allzel'icalza Lakes, ponds, streams, and marshes
Killdeer C/mrarlrius vocéferus Ponds, streams, and fields
Greater yellowlegs Tringa /Mela/zoleuca Lakes, ponds, streams, and flooded fields
Spotted sandpiper A colitis /naculcz Tia Lakes, ponds, streams, and canals
Western sandpiper Ca lidris mcmri Ponds and streams
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TABLE D-2
BIRD SPECIES THAT MAY OCCUR IN THE VICINITY

OF THE PROPOSED PROJECT
Common Name Scientific Name Habitat

Least sandpiper Calid/'is miIzutilla Ponds and streams
Long-billed dowitcher Lilmzodrolmls

5colopclc€l£s
Ponds and streams

Common snipe Gzzllinago gallilzago Ponds, marshes, streams, and wet fields
Wilson's phalarope Plzalaropus tricolor Lakes, ponds
Ring-billed cull L(U'L(S Delaware/Lvis Lakes, ponds, and streams
Rock dove Colzmzba Livia Parks, fields, urban settings
White- winged dove Zenaida asiatic Dense mesquite, mature groves, riparian woodlands

Mourning dove Z8)lcl Mac ro Ll Ra Wide variety of habitats
Inca dove Columbine Inca Near human habitations
Common ground dove Columbilza passerirm Fields and hedgerows
Greater roadrunner Geococcyx

calzfornianus
Scrub desert and mesquite groves

Barn owl Tyro alba Dark cavities in city and farm buildings, cliffs, trees
Western screech owl Otis kemzicottii Open woodlands, streamside groves, deserts,

suburban areas
Great horned owl Bubo virgilzianus Common in wide variety of habitats
Elf owl Micrathene w/zimeyi Desert lowlands, canyons, foothills
Burrowing owl At/zene cu/ziculczria IOpen country, wolf courses, at orts
Common nighthawk C/zordeiles minor Woodlands, towns
Lesser nighthawk Chordeiles acutipen/zis Dry, open country, scrubland, desert
Common poorwill P/zalaenoptilus nuttallii Sagebrush and chaparral slopes
White-throated swift Aeronautics saxatalis Mountains, canyons, and cliffs
Black-chinned
hummingbird

A rchilochus alexandria Lowlands and low mountains

Anna's hummingbird Calypte 0117161 Coastal lowlands, mountains, deserts
Costa's hummingbird Calypte costae Desert washes, dry chaparral
Rufous hummingbird Selasphorus Ru us Suburban and riparian areas
Belted ldngflsher Ceryle halcyon Streams, ponds and lakes
Gila woodpecker Melanerpes uropygialis Towns, scrub desert, cactus country, streamside

woods
Ladder-backed
woodpecker

Picoides scalars Dry brushlands, mesquite and cactus country, towns
and rural areas

Northern flicker Colaptes auratus Open woodlands, suburban areas
Gilded THicker Colaptes chrysoides Low desert woodlands
Western wood-pewee Corztopus so rclidulus Riparian areas, wooded habitats, including suburban

areas
Black phoebe Sayornis nigricans Woodlands, parks, suburbs, prefers to nest near

water
Say's phoebe Sayornis soya Dry, open areas, canyons, cliffs
Vermilion flycatcher Pyraceplzalus Rubi/zus Streamside shrubs, bottomlands, near small wooded

ponds
Ash-throated flycatcher Myiarclzus ci/ze/'ascens Wide variety of habitats
Brown-crested Flycatcher Myiarclzus zyrannulus Saguaro desert, river groves, lower mountain

woodlands
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TABLE D-2
BIRD SPECIES THAT MAY OCCUR IN THE VICINITY

OF THE PROPOSED PROJECT
Common Name Scientific Name Habitat

Cassia's kingbird Tyrannous voclfera/zs Varied habitats
Western kingbird Tyl.clllllLlsverticals Dry, open country
Loggerhead shrike Lcmius ludovieianus Hunt in open or brushy areas
Bell's vireo Vireo bellini Riparian areas, especially in mesquite trees
Plumbeous vireo Vireo Pllllllb€lls Woodland habitats
Warbling vireo Vireo gilvus Deciduous woods
Chihuahuas raven COI'VLlS clyptoleucus Deserts, scrubby grasslands
Common raven Corvus borax Mountains, deserts, coastal areas
Horned lark Ere/nop/zila alpestris Dirt fields, gravel ridges, shores
Tree swallow Tae/zycineta bicolor Streams, ponds, and lakes
Violet-green swallow Taclzycirzeata

t/zalassina
Riparian areas, streams, ponds, and lakes

Northern rough-winged
swallow

Stele idopteryx
serripen/zis

Banks of streams and canals, streams, ponds, and
lakes

Cliff swallow Petroclzelidon
Pyfl'/zoIlot(l

Lakeside, cliffs, and canals, nesting under nearby
bridges, buildings, and other overhangs, streams and
ponds

Barn swallow Hirundo rusfica Streams, ponds, lakes, and agricultural areas
Verdun Auriparusflaviceps Southwestern desert
Cactus wren Ca/npylor/1ync/zus

brunneicapillus
Cholla cactus habitat

Rock wren Salpinctes obsoletes Arid and semiarid habitats
Canyon wren Catherpes mexicans Canyons and cliffs, often near water
Buick's wren Tlzryommzes bewickii Wooded riparian areas
House wren Troglodytesczedon Dense, brushy areas
Ruby-crowned kinglet Regulus mlenzlula Woodlands, thickets
Black-tailed Gnatcatcher Polioptila melanura Desert, especially washes
Western bluebird Sialia mexican Woodlands, farmlands, orchards, deserts, especially

in mesquite-mistletoe groves
American robin TLl)'dLl.s`migrator ies Riparian and suburban areas, desertscrub
Northern mockingbird Minus polyglottos Variety of habitats
Bendire's thrasher Toxostoma bendirei Open farmlands, grasslands, brushy desert
Curve-billed thrasher Toxostonza cu fvir0strg Cholla deserts and suburban areas
Crissal thrasher Toxostoma erissale Riparian areas and washes
European starling Sturnus vulgars Generally distributed
Cedar waxwing Bombyeilla ceclrorum Riparian and suburban areas
American pipit Alzt/1us fLlb€sc€Hs Fields, ponds, pastures, riparian areas
Phainopepla Phainopepla niters Riparian & desertscrub areas, especially in trees

with mistletoe
Loggerhead shrike Lanius ludovicianus Generally distributed
Lucy's warbler Vermivora Iufiglg Mesquites and cottonwoods along watercourses
Yellow warbler Delzdroica pefeclzicz Wet habitats, open woodlands, gardens, orchards
Yellow-rumped warbler Delzdroica corolzata Riparian and suburban areas
Townsend's warbler DeIzdraica to wnsencli Riparian and suburban areas during migration»
Common yellowthroat Geothlypis trichas Marshes and suburban areas
Yellow-breasted chat Bacteria vireos Dense thickets and brush
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TABLE D-2
BIRD SPECIES THAT MAY OCCUR IN THE VICINITY

OF THE PROPOSED PROJECT
Common Name Scientific Name Habitat

Summer tanager Para/zga rubra Riparian areas
Western tanager Pita/zga lzzdoviciarza Transient in lowlands
Green-tailed towhee Pipilo clzlorurus Brushy areas, riparian, and suburban areas
Spotted towhee Pipilo maculates Brushy areas, riparian and suburban areas
Canyon towhee Pipilofuscus Desertscrub
Grasshopper sparrow Ammodramus

savannczrum
Pastures, scrubby fields in winter

Chipping sparrow Spizella Callida Brushy edges and riparian areas
Brewer's sparrow Spizella brewery' Deserts, field eaves, and suburban areas
Black-chinned sparrow Sp izella at/'ogularis Rocky hillsides in Desertscrub
Vesper sparrow Pooecetes gramineus Open weedy fields, roadsides, and grassy areas
Lark sparrow Chondestes grammacus Brushy, weedy areas, riparian areas, and field eaves
Black-throated sparrow Anzphispiza bilineata Desertscrub
Sage sparrow Amplzispizcz belli Saltbush desert
Lark bunting Calamospizcz

melanocorys
Brushy desert and field edges

Savannah sparrow P£ls.sl€l'cLllLls
sandwich/zensis

Open fields, roadsides, and grassy areas

Song sparrow Melospiza melodic Riparian areas, marshes, and vegetated lakesides
Lincoln's sparrow Melospiza lincolnii Riparian areas, marshes, brushy fields, and

hedgerows
White-crowned sparrow Zonofrielzia leucoph s Suburban, riparian, and other brushy areas
Cassin's sparrow Aimophila cassilzii Grassland with scattered shrubs, cactus, mesquite
Dark-eyed junco JLN1CQ hyemalis Desertscrub
Northern cardinal Cardinality ca rrlinalis Woodland edges, swamps, streamside thickets,

suburban gardens
Pyrrhuloxia Ca rdinczlis sinucztus Thorny brush, mesquite thickets, desert, woodland

edges, ranchlands
Black-headed grosbeak Pheucticus

melanoceplzalus
Transient in lowlands

Blue grosbeak Guffgga Ccl€f'Lll€£l Riparian areas
Red-winged blackbird Ag ela ius phoeniceus Riparian areas, irrigated fields, marshes, and

feedlots
Western meadowlark Stu rnella neglects Fields and other open areas, deserts
Yellow-headed blackbird Xcznt/zocephczlus

xnnthoeephalus
Marshes, fields, feedlots

Brewer's blackbird Esophagus

Cy£IHoc€p/1(llll»ls
Fields, farmyards, feedlots, ponds, and riparian
areas

Great-tailed grackle Quiscalus mexicans Riparian areas, marshes, ponds, farmyards, and
suburban areas

Bronzed cowbird Molothrus (l8I"l€lls Riparian and suburban areas
Brown-headed cowbird Molothrus amer Suburbs and agricultural areas
Scott's oriole Icterus parisoru/11 Arid slopes
Hooded oriole 1C[€l.Ll.S` C'LLcLll[GtLl.s` Riparian and suburban areas
Bullock's oriole uterus bullockii Riparian areas
House finch Ca/poclacus mexican/zus Riparian and suburban areas, farmland, desert
American goldfinch Ca rcluelis trista
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TABLE D-2
BIRD SPECIES THAT MAY OCCUR IN THE VICINITY

OF THE PROPOSED PROJECT
Common Name Scientific Name Habitat

Lesser goldfinch Carduelis psaltria Riparian areas
House sparrow Passer do/zzesticus Associated with human presence
Sources: AOU 1998; National Geographic Society 1999
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TABLE D-3
REPTILE AND AMPHIBIAN SPECIES THAT MAY OCCUR IN THE VICINITY

OF THE PROPOSED PROJECT
Common Name Scientific Name Habitat

Colorado River toad Bubo alvarius Ranges from arid mesquite-creosote bush lowlands and arid
grasslands into the oak-sycamore-walnut groves in
mountain canyons, often found near permanent water of
springs, reservoirs, canals, and streams, but also frequents
temporary pools

Great plains toad BLlfO CogllGflls Inhabits prairies or deserts, often breeding after heavy rains
in summer in shallow temporary pools or quiet water of
streams, marshes, irrigation ditches, and flooded fields,
frequents creosote bush desert, mesquite woodland, and
sagebrush plains

Red-spotted toad BL(fO Plllzcf[ltlls Desert streams and oases, open grassland and scrubland,
oak woodland, rocky canyons and arroyos, in crevices
among rocks for shelter, breeds in rain pools, reservoirs,
and temporary pools of intermittent streams

Southwestern
woodhouse toad

Buff woozllzousei
Australis

Grassland, sagebrush Hats, woods, desert streams, valleys,
floodplains, farms, and city backyards, in sandy areas,
breed in quiet water of streams, marshes, lakes, freshwater
pools, and irrigation ditches

Canyon treefrog Hula arenicolor Huddles in niches on sides of boulders or stream banks,
favors intermittent or permanent streams with quiet pools
that have a hard rocky bottom, frequents arroyos in semi-
arid grassland, streams in piNion-juniper and pine-oak
woodlands, and tropical scrub forest

Couch spadefoot Scaphiopus couclzii Frequents shortgrass plains, mesquite savannah, creosote
bush desert, thornforest, tropical deciduous forest, and other
areas of low rainfall

Southern spadefoot Spec mu ltiplicata Frequents desert grassland, shortgrass plains, creosote bush
and sagebrush desert, mixed grassland and chaparral,
piNion-juniper and pine-oak woodlands, and open pine
forests, soil is often sandy or gravelly

Plains spadefoot Spec bombw'ons Semidesert grassland with loose sandy or gravelly soil
Bullfrog Ra/za catesbeiana Highly aquatic, remaining in or near permanent water,

frequents prairie, woodland, chaparral, forests, desert oases,
and farmland, enters marshes, ponds, lakes, reservoirs, and
streams - usually quiet water with thick growth of cattails
or other aquatic vegetation. Introduced

Plains leopard frog Rana blcziri Desert grassland, woodland, and farmlands with
intermittent water

Lowland leopard
frog

Ranaya vapaie/zsis Frequents desert, grassland, oak and oak-pine woodland, in
permanent pools of foothill streams, overflow ponds and
side channels of major rivers, permanent springs, and in
drier areas - more or less permanent stock tanks

Sonoran mud turtle Kilzosternon

sofzor'ielzse
Stream-dwelling turtle that frequents springs, creeks, ponds,
and the water holes of intermittent streams, in foothill
grasslands and desert
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TABLE D-3
REPTILE AND AMPHIBIAN SPECIES THAT MAY OCCUR IN THE VICINITY

OF THE PROPOSED PROJECT
Common Name Scientific Name Habitat

Western box turtle T€l'I'GP8I1€ OllIe(UCl Completely terrestrial desert species requiring firm but not
hard ground for construction of burrows, frequent desert
oases, riverbanks, washes, and rocky slopes

Collared lizard Crotaplzytus co llczris Rock-dwelling lizard that frequents canyons, rocky gullies,
limestone ledges, mountain slopes, and boulder-strewn
alluvial fans, usually where vegetation is sparse

Long-nosed leopard
lizard

Garrzbelia wislizenii
wislizenii

Arid and semiarid plains grown to bunch grass, alkali bush,
sagebrush, creosote bush, or other scattered low plants,
ground may be hardpan, gravel, or sand

Western banded
gecko

Coleonyx variegates Variety of habitats, often associated with rocks

Gila monster Heloderma
suspecter

Canyon bottoms and washes in desert or desert grassland

Zebra-tailed lizard Callisaurus
draconoides

Frequents washes, desert pavements of small rocks, and
hardpan

Lesser earless lizard Holbrookia mczculata Plains and mesquite with open sandy areas
Greater earless
lizard

Cop/zosa Ll VLIS tetanus Sandy gravelly soil, streambeds, occasionally rocky areas

Round-tailed horned
lizard

Phzynosoma
modester

Frequents rocky and gravelly habitats of the arid and
semiarid plains, hills, and lower slopes of mountains, often
with cactus, mesquite, and creosote bush

Desert spiny lizard Sceloporus magister Arid and semiarid regions on plains and lower slopes of
mountains, found in creosote bush and shad-scale deserts,
mesquite-yucca grassland, juniper and mesquite woodland,
subtropical thornscrub, and along rivers grown to willows
and cottonwoods

Plateau lizard Sceloporus LuzdLll(ltLl5 Scrub, farmlands, areas with discarded lumber and other
debris

Tree lizard Urosaurus OVIICULIS Frequents mesquite, oak, pine, juniper, alder, cottonwood,
and non-native trees such as tamarisk and rough-bark
eucalyptus, but also may occur in treeless areas. especially
attracted to river courses

Side-blotched lizard Uta stcznsburicmcz Arid or semiarid regions with sand, rock, hardpan, or loam
with grass, shrubs, and scattered trees, often found along
sandy washes

Great Plains skink Eunzeces 0bg0letug Open grassland habitat with shrubs, generally near
intermittent or permanent water sources

Western whiptail Czze/zzidop/zo/'us Tigris Inhabits deserts and semiarid habitats, usually where plants
are sparse, also found in woodland, streamside growth, and
in the warmer, drier parts of forests

Desert grassland
whiptail

Cnemidoplzo rug
uniparens

Desert and mesquite grassland

Gila spotted whiptail C/zemidop/zorus
flagellicaudus

Upper elevation grasslands

Banded sand snake Cl1j[0I71e/1[scLls

c i n c h
Loose soils in low desert or upland
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TABLE D-3
REPTILE AND AMPHIBIAN SPECIES THAT MAY OCCUR IN THE VICINITY

OF THE PROPOSED PROJECT
CommonName Scientific Name Habitat

Western glossy
snake

A/.i¢oIza occideI1lcz[i.v Below 6,000 feet in sparsely vegetated woodland,
chaparral, grassland or desertscrub with loose soil

Western shovel-
nosed snake

C/zionactis occipifalis Sparsely vegetated desert areas with pockets of loose soil

Ring-necked snake Diaclophus Pu/zctatus Debris along watercourses
Ni get snake Hypsigle/za [Ol'(]llGf(l Various upland and desert habitats used
Common king snake Lamp ropeltis getulus Deserts, marshlands, chaparral
Sonoran whipsnake Mastieop/zis

bilineatus
Grassland and desertscrub

Gopher snake Pituoplzis Cate/nfer Various habitats from mountain to low desert and coastal
Long-nosed snake Rlzinoclleilus lecontei Desertscrub, prairie, tropical woodland to 5,500 feet
Western patch-nosed
snake

Salvadorcz hexalepis Piston-juniper woodland to low deserts on variety of soil
types

Ground snake Sonora .S`€Illi(illl11llclfll Wide range of habitats in loose soil with some subsurface
moisture

Southwestern black-
headed snake

Tortilla /zobczrtsmit/u' In loose soil or plant litter in desert grassland and wood
land habitats

Black-necked garter
snake

Tlzamnoplzis cyrtopsis Pine-fir forest to upland desert and chaparral, generally in
the vicinity of a water source

Checkered garter
snake

Tlzamnoplzis
marciano

Low elevation rivers, streams, ponds, and canals, and
adjacent areas.

Lyre snake Trimorp/zodon
biscutatus

From oak and juniper woodland to higher elevation desert
and grasslands, particularly in rocky areas.

Western coral snake Micro rides
euryxanthus

Wide range of arid habitats including grassland, woodland,
scrub and agricultural lands, particularly upland desert in
washes and river bottoms

Western blind snake Leptotyp/zlops
/zumilis

Desertscrub and brush covered hillsides with lose soils

Texas blind snake Leptotyphlops dulcis Sandy or rocky desert areas with shrubs
Western
diamondback
rattlesnake

Crotalus atrox Wide range of habitats below 7,000 feet

Mojave rattlesnake Crotalus scutulatus Mostly in upland desert and lower mountain slopes
Source: Prival 1999; Stebbins 1985
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EXHIBIT E
SCENIC AREAS AND VISUAL RESOURCES,

HISTORIC SITES AND STRUCTURES AND ARCHAEOLOGICAL SITES

As stated in Arizona Corporation Commission Rules of Practice and Procedure R-14-3-219:

"Describe any existing scenic areas, historic sites and structures or archaeological sites in the
vicinity of the proposed facilities and state the ejects, if any, the proposed facilities will have
thereon. I/

The following items are included as exhibits :

Exhibit E-1 :
Exhibit E-2:

Scenic Areas and Visual Resources
Historic Sites and Structures and Archaeological Sites

Exhibit E
Scenic Areas and Visual Resouces,
Historic Sites and Structures and
Archaeological Sites

E-1
Bowie Power Station Project
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EXHIBIT E-1
SCENIC AREAS AND VISUAL RESOURCES

The visual resource study considers the existing and planned conditions of the Bowie Power
Station site (approximately 700 acres) and proposed transmission line route (approximately 14.3
miles). It identifies aesthetic impacts to the landscape's visual character, scenic quality, and
sensitive viewers based on the introduction of the proposed facilities. Mitigation measures that
address visual impacts resulting from new facilities are also described in this section.
Specifically, the visual resource study includes a discussion of the following:

inventory methods
inventory results
impact assessment
mitigation and enhancement measures

INVENTORY METHODS

The visual inventory consisted of (1) characterizing the existing and future landscape,
(2) determining landscape scenic quality, and (3) identifying sensitive viewing locations or key
observation points (KOPs) from which the project would be visible. These KOPs included
residences and major travel routes from which viewers may have a concern for scenic resources.
The locations of these KOPs were identified through review of existing and secondary data,
interpretation of aerial photography, and field review in conjunction with the land use
investigations described in Exhibit A-3 and B-1. KOPs with potential distant views were also
identified.

INVENTORY RESULTS

The landscape character, scenic quality of the study area, and identification of sensitive viewers
are described below.

Landscape Character and Scenic Qualitv

Bowie Power Station and 34skv Switchyard

Existing Landscape Character - The existing character of the site is described as common or non-
distinctive. Three-quarters of the project site consists of irrigated farmland using center-pivot
initiation. The remainder of the site consists of fallow farmland. Additional cultural
modifications in the surrounding area include farm complexes and out-structures, pecan

Exhibit E-1
Scenic Areasand Visual Resources E-1-1
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processing facilities, communication towers, irrigation equipment, utilities, and the Eastern
Arizona Railroad which parallels the western boundary of the site.

Future Landscape Character - The area adjacent to the plant site is currently zoned RU-4, which
permits rural uses, single household, and manufactured homes. There are no new approved
residential developments located adjacent to the plant site at this time.

Future plans indicate a rural growth area established by Cochise County for the town of Bowie
approximately 2.5 miles south of the project site. Rural growth areas are anticipated to have a
slow to moderate rate of growth and are expected to consist primarily of low and medium density
residential development and local commercial or industrial uses.

345kV Transmission Line and Willow 345kV/230kV Switchyard

Existing Landscape Character - The majority of the lands crossed by the proposed transmission
line and switchyard are considered common with minimal diversity or variety. The landscape
consists of mostly flat terrain with vegetation that is dominated by desert scrub with a low
density of mesquite. Species of cholera, prickly pear, and soaptree yucca are also common .

Along the first 3.5 miles, the project runs through fallow farmland, which has evolved into
grasslands. Areas of above average scenery are present along the final 1.5 miles of the project
where rolling hills and ephemeral washes provide habitat for additional species of paloverde and
mesquite and create variety in the landscape.

Cultural modifications in the area include the existing Easter Arizona Railroad, which parallels
the proposed project for approximately 3.5 miles, an existing two-track road that parallels the
proposed transmission line for approximately 7 miles, and U.S. Highway 191, which runs
approximately one-quarter mile west of the northern terminus of the project.

Future Landscape Character - Future plans and zoning indicates that areas in the vicinity of the
project will remain rural in character.

Sensitive Viewers

The inventory of sensitive viewers focused on the identification and characterization of
residential and transportation views within the immediate vicinity of the plant, 345kV
transmission line and 345kV/230kV switchyard. Extended views were also considered including
those from the town of Bowie (2.5 miles south of the plant site) and the 1-10 West Bowie
interchange (2.5 miles southwest of the plant site).

Exhibit E-1
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Bowie Power Station and 345kV Switchyard

Residential Viewers - The nearest residence is located approximately 1 mile south of the
proposed generating facilities. The next nearest residences are located 1.5 miles to the north and
east respectively. Generally, views from these residences are open. However, in some cases
views will be screened by existing vegetation, including the pecan orchards to the east of the
project site. Extended views from the town of Bowie (approximately 2.5 miles) will be partially
screened by existing structures in the town and existing vegetation.

Transportation Views - The closest major road in the area is Graham County Road. This
improved gravel road lies adjacent to the plant site and connects scattered rural residences to the
north and east with the town of Bowie. Other major roads in the area consist of paved roads in
the town of Bowie, including Center Street and Business Route 10. The primary travel route in
the area, 1-10, runs 2.5 miles to the south of the project site. The views from these roads to the
site are partially screened due to development in the town of Bowie, the Union Pacific Railroad,
and existing vegetation.

345kV Transmission Line and Willow 345kV/230kV Switchyard

Residential Viewers ... There are three residences located within 1.5 miles of the planned
transmission line. Two lie to the east, and one to the south. These residences will have open
views ro the project. However, these views will be partially screened by existing vegetation
(pecan orchards) or back dropped by distant terrain. Views from the town of Bowie will also be
limited given development in the town and the general north-south orientation of the
transmission line.

Transportation Views - The major transportation routes in the area are U.S. Highway 191,
located one-quarter mile west of the northern terminus of the transmission line and Willow
Switchyard, and Graham County Road located near the southern terminus of the project. Views
from U.S. Highway 191 may be blocked or partially screened by terrain or existing vegetation.
Views from Graham County Road may also be partially screened by existing vegetation or back
dropped by terrain in the distance. Views from 1-10 to the transmission line and Willow
Switchyard will be distant and partially screened by existing vegetation and development
surrounding the town of Bowie.

IMPACT ASSESSMENT

Impacts to visual resources will result from the contrast (font, line, color, and texture) created by
the introduction of the proposed project. Visual impacts to the landscape's scenic quality would
result from landform modifications and/or removal of vegetation that are necessary to construct
the project. Visual impacts from sensitive viewers would result from the introduction of the
project within their view shed.

Exhibit E-1
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Bowie Power Station and 34skv Switchyard

Visual Impacts to Landscape Scenic Quality

Visual impacts to landscape scenic quality are expected to be minimal given the lack of natural
amenities (varied topography, rock outcroppings, presence of water, diversity of plant life, etc.)
associated with the inigated cropland on which the power station is sited.

Visual Impacts to Sensitive Viewers

Residential and transportation viewers within close proximity to the plant will have the greatest
immediate impact (see simulation, Exhibit G-4). However, these views may be partially screened
by the proposed conceptual landscape plan (Exhibit B-2). Viewers at locations of greater
distance (including the town of Bowie and I-10) will primarily be confined to views associated
with the stacks, tops of the HRS Gs, cooling tower plumes, and switchyard structures. These
views will be less dominant if they are back dropped by distant terrain or screened by existing
vegetation in the area. A simulation depicting the site from the west exit of 1-10 can be seen in
Exhibit G-5. Stack height depicted is 150 feet.

34skv Transmission Line and Willow 345kV/230kV Switchyard

Visual Impacts to Scenic Quality

Impacts to landscape scenic quality along a majority the 345kV transmission line route and
Willow Switchyard location are expected to be minimal, With the exception of limited areas, the
transmission line is located on lands that are primarily considered common scenery. Since the
proposed route parallels existing access, minimal vegetative removal and ground disturbance will
be required for construction. In areas where new access traverses above-average scenery,
mitigation methods such as selective clearing and landscape restoration will be used to reduce
impacts.

Visual Impacts to Sensitive Viewers

Given the remote location of the project, and dispersed nature of rural residences, impacts to
sensitive viewers are expected to be minimal. Impacts to the three residences in the southern
portion of the study area would be greatest. However, these views may become less dominant as
they will be back dropped by distant terrain, or mitigated through the use of dulled structures and
non-specular conductors.

Minimal impacts are also expected to occur along U.S. Highway 191 where views of the
proposed transmission line and switchyard are partially screened by the existing 345kV and

Exhibit E-1
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230kV transmission lines that traverse the landscape in all directions. In addition, variations in
terrain and existing vegetation limit visibility to the project.

MITIGATION AND ENHANCEMENT MEASURES

Bowie Power Station and 345kV Switchyard

To reduce the v i sua l  impacts  associa ted wi th the construct ion and opera t ion of  the plant ,
mitigation measures wil l  be implemented. These mitigation m e a s u r e s will  include landscaping
and restoration of the project site. This landscape plan (Exhibit B-2) presents specific design
measures to enhance the appearance and screening of the plant. In addition, the stacks, HRS Gs,
and swi tchyard s tructures  wi l l  be pa inted us ing  colors  to reduce the contras t  between the
proposed facilities and the surrounding landscape.

345kV Transmission Line and Willow 345kV/230kV Switchyard

To minimize impacts associated with the construction of the proposed 345kV transmission line
and Willow Switchyard, mitigation measures wil l  be implemented. These measures wil l  include
selective clearing and landscape restoration in the areas where new access is required, the use of
non-specular conductors, and the use of dulled steel single-pole transmission structures.

Exhibit E- 1
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EXHIBIT E-2
HISTORIC SITES AND STRUCTURES AND ARCHAEOLOGICAL SITES

METHODS

A cultural resource investigation in support of the Bowie Power Station was initiated to
determine whether any historic sites, historic structures, or archaeological sites are located in the
vicinity of the proposed power plant site, transmission line condor, and switchyard site and how
they might be affected by the construction of the project. The analysis was based on a review of
records maintained at a number of agencies and research institutions, including the following:

Arizona State Historic Preservation Office
Arizona State Museum
Department of Anthropology at Arizona State University
State Office of the Bureau of Land Management

The goal of this review was to identify any prior cultural resource surveys, recorded
archaeological and historical sites, and any properties listed on either the State or National
Register of Historic Places located within approximately 1 mile of the project area.

In addition, an intensive field survey of approximately 1,275 acres was conducted in accordance
with Arizona State Museum guidelines. The survey areas included:

approximately 780 acres encompassing the proposed plant site and adjacent parcels of
land
approximately 472 acres encompassing the proposed double-circuit 345kVtransmission
line route
approximately 23 acres encompassing the proposed 345/230kV switchyard site

This exhibit summarizes the results of the records review and field survey, as well as providing
conclusions concerning the potential for the proposed project to affect cultural resources.

FINDINGS

Proposed Power Plant Site

The records review did not identify any previously conducted cultural resource studies or
previously recorded sites within the area of the proposed plant site. The intensive field survey of
the proposed plant site also did not find any historic structures or archaeological sites that would
be affected by construction .

Exhibit E-2
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TABLE E-2-I
PRIOR CULTURAL RESOURCE STUDIES

ProjectName
ASM

Number
Quadrangle

Location
Total Area
Surveyed Number of Sites Reference

AEPCO II, Dos
Condados ro
Apache

1977-06 MonkDraw 90.1 miles 27 sites identified,
none in the project
area

Westfall et al. 1979

CxC, Inc.
Seismological
Surveys

1979-048 Luzena 15 miles 3 sites identified,
none in the project
area

Gregonis 1979

San Simon
Archaeological
Project Survey

1988-210 Fisher Hills 420 acres 25 sites identified,
one within the project
area: AZ CC:10:84
(ASM)

Gilman 1989

San Simon
Archaeological
Project Phase II

1989-201 Fisher Hills 4925 acres 33 sites identified,
one within the project
area; AZ CC:10:64
(ASM)

Gilman 1990

US 191 1-10 to MP
98.0

1997-11 Monk Draw 485 acres

I

1 site identified,
none within the
reject area

Brown 1999

Proposed345kV TransmissionLine Route and Willow 345/230kV SwitchyardSite

The records review identified five previously conducted cultural resource studies that had been
conducted within l mile of the proposed transmission line (Table E-2-1). These include studies
in support of various development and research projects. Two of these studies (Gilman 1989,
1990) were conducted as part of the San Simon Archaeological Project and they identified two
prehistoric archaeological sites that fall  within 1 mile of the proposed transmission l ine. These
cons i s t  of  one habi ta t ion a rea ,  s i te  AZ CC: l0 :64  (ASM),  and one a rt i f act  sca tter ,  s i te  AZ
CC:10 :84  (ASM).  None of  the  prev ious l y  recorded s i tes  w i l l  be  crossed  by  the  proposed
transmission line alignment or affected by related construction activities.

The intensive field inspection of the proposed transmission l ine route identified two historic
structures. These include the Gila Valley, Globe & Northern Railroad (GVG&N), also known as
the Arizona Eastern, and an abandoned rai lroad siding associated with the GVG&N, site AZ
CC:10:109 (ASM). The proposed transmission line will  cross a short segment of the GVG8cN;
however, there is good potential to avoid direct impacts to both of these features by the careful
placement of new transmission line structures.

Exhibit E-2
Historic Sites and Structures
and Archaeological Sites

E~2-2
Bowie Power Station Project
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The GVG&N Railroad was completed in 1899 and connected Bowie (and the Southern Pacific
Transcontinental Railroad) with Globe (Garrison et al. 1989). The railroad transported minerals
out of the Globe area and provided a mean of passenger travel between Bowie and Globe. Site
AZ CC:10:109 (ASM) is an abandoned railroad siding that diverges from the GVG&N Railroad
and runs parallel to the existing railroad for approximately 1.5 miles, ending just before Gold
Gulch. Sidings on railroads are used to allow trains to pass one another on the track. No artifacts
or associated features were found during the field inspection. Although written documentation on
the siding has not been found, a local resident recounts the presence of a siding near Gold Gulch
(Mr. Chano Jacquez, personal communication, 2001).

The GBG&N Railroad may be regarded as locally significant and thus eligible for listing on
either the National or State Registers of Historic Place. Site AZ CC:10:109 (ASM), however, is
probably not eligible for listing because it lacks any of its original materials and contains no
associated artifacts. Further study of the siding is unlikely to provide any additional meaningful
information concerning the site's function and temporal affiliation.

The intensive field survey of the 345/230kV switchyard site did not find any historic structures
or archaeological sites that would be affected by construction.

CONCLUSIONS

The cultural resource study conducted in support of the Bowie Power Station Project indicates
that the proposed project facilities are located in an area with a low-to-moderate potential to
contain cultural resources. No prehistoric or historic sites are present within the area sited for the
proposed power station. The proposed transmission line route will cross two historic structures,
however there is excellent potential to avoid any direct impacts to these structures. There were
no archaeological sites or historic structures identified at the location of the proposed 345/230kV
switchyard.

Additional cultural resource surveys will need to be conducted if any portion of the proposed
project is relocated outside of areas previously surveyed.

There is no indication that human remains or funerary objects are present within the project area.
However, if such remains were to be unexpectedly discovered on private or state lands during
construction, work in that area should be halted and the finds reported to the director of the
Arizona State Museum in accordance with ARS §4l-844 and ARS §41-865.

Exhibit E~2
Historic Sites and Structures
and Archaeological Sites

E-2-3
Bowie Power Station Project
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EXHIBIT F
RECREATIONAL PURPOSES AND ASPECTS

As stated in Arizona Corporation Commission Rules of Practice and Procedure R-14-3-219:

"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. "

The power station facilities (generation units, switchyards, buildings) will be fenced and
unavailable to public access.

State Trust Lands within the proposed transmission line corridor allow recreational activities
such as hilting, horseback riding, and off-highway vehicle use. Operation of the transmission line
would not restrict these activities. No plans currently exist to develop recreational facilities
widiin the proposed right-of-way.

Bowie Power Station ProjectExhibit F
Recreational Purposes and Aspects
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TABLE H-1
LETTER RECIPIENTS

Name and Affiliation
Date Letter

Sent
Date of

Response Comments
Will Wright, Graham County Planning Director 04/18/01 04/20/01
James Vlahovich, Cochise County Planning Director 04/18/01 05/10/01 Letters received from

Louisa Garbo, Planner
Linda Small, Cochise County Economic and Community
Development

04/18/01 06/12/01 Letter received from
Patty Lewis, Grants
Administration

Dr. T.R. Ellis, Superintendent Bowie USD #14 04/18/01 04/24/01
Lynn Setterstedt-Jarrett, Ed.D., Superintendent Wilcox
USD #13

04/18/01 05/02/01

Michael Arable, Arizona State Land Director 04/18/01 05/24/01 Telephone response from
Jim Gross, Right-of-way

Cindy Lester, U.S. Army Corps of Engineers 04/18/01 04/24/01
Linda Bailey, Graham County Parks Director 04/18/01
Terry Cooper, Graham County Manager 04/18/01
Michael Reed, Superintendent San Simon USD 04/18/01
Bowie Chamber of Commerce 04/18/01
Ken Travous, Arizona State Parks Department 04/18/01
Mary Lynn Tischer, ADOT Transportation Director 04/18/01
Alan Cox, Superintendent Chiricahua National Monument 04/18/01

EXHIBIT H
EXISTING PLANS

As stated in Arizona Corporation Commission Rules of Practice and Procedure R-14-3-219:

"To the extent applicant is able to detennine, state the existing plan of the state, local
government, and private entities for other developments at or in the vicinity of the proposed site
or route. "

Existing and planned land uses are described in Exhibit B and illustrated in Exhibit A-3. Planned
land uses identi f ied for the project are identi f ied in Cochise and Graham counties planning
documents. Neither Cochise nor Graham County reported any pending major subdivisions or
master planned developments in the study area.

Letters were sent to federal ,  state,  and local  government agencies to request information on
proposed developments within the vicinity of the project. Table H-1 lists the recipients of these
letters and whether responses were received. Copies of the contact letter and response letters are
provided in Exhibi t H-1. Additional  contacts that were made to inform potentia l ly affected
parties of the project are summarized in Exhibit J.

Exhibit H
Existing Plans H-1

Bowie Power Station Project
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EXAMPLE

*

April 18, 2001

Bowie Chamber of Commerce
P.O. Box 287
Bowie, An'zona 85605

RE: Bowie Power Station Project

Dear Sir/Madam:

T he S ou thWes t er n P ower  Gr oup  (S WP G) is  p la nning a  new elec t r ic  gener a t ing p la nt
approximately 2 miles north of 1-10 near Bowie, Arizona. The proposed project would include
construction of a combined-cycle, natural gas-fueled power plant and transmission line. Bowie
Power  Sta t ion,  LLC,  formed by SWPG to develop the power  sta t ion,  will contract  with a
transmission service provider, such as a local utility, to construct the transmission lines.

The proposed Bowie Power Station will consist of a combined-cycle, natural gas-fueled power
plant including two 500-megawatt units providing a total capacity of up to 1,000 megawatts. The
project will be built in phases beginning in late 2002 with the first unit in operation by early
2004. An enclosed newsletter and map provide additional information.

The transmission line will consist of a double-circuit 345kV line connecting the proposed power
plant  to one of the two exist ing 345kV lines running southwest  to nor theast ,  nor th of the
proposed power plant site.  The new transmission line would or iginate a t  the Bowie Power
Station switchyard and connect with one of the existing lines, at one of two alternate points
located 13 miles north or 14 miles north-northwest of the Bowie power plant site. The alternative
routes are shown on the enclosed map.

Two alternative routes for a proposed pipeline to supply natural gas to the Bowie Power Station
are also shown on the map. The pipeline will tap into an existing El Paso Natural Gas pipeline
located south of 1-10.

The purpose of this letter is to request information regarding development plans in the vicinity of
the power plant site, and alternative transmission line and pipeline routes. Your response will be
evaluated in preparation of the application for a certificate of environmental compatibility.
Submit ta l of  this  applica t ion to the Ar izona  Power  P lant  and T ransmiss ion Line S it ing

S:\prujecls\S WPG\Buwie\Admin_Managemenl\Cnrsl1__ugl1cy_ulher\exhlertendnc



Bowie Chamber of Commerce
April 18, 2001
Page 2

Committee of the Arizona Corporation Commission is in compliance with the Arizona Revised
Statutes, Section 40-360.03.

The Environmental Planning Group, Inc. (EPG) is assisting with environmental studies, siting,
and permitting activities for this project. We respectfully request your response in writing as to
whether you are aware of any planned developments or activities in the vicinity of the project.

We would appreciate your response by May 15, 2001 so that we can evaluate the information
prior to the submittal of the application. Please send your response to me at EPG (address on
front page letterhead). Thank you in advance for your reply. Should you have any questions,
please do not hesitate to call me at (602) 956-4370.

Sincerely,

Mickey Siegel
Project Manager

Enclosures

S :\pnJjccts\SWPG\B¢1w ie\A1.lmill_ M unugellltsn loC! rasp _agency ml h¢r\exl1l¢:l ler.dn 11;



r

T10s TIIS
u
in'\ I

1
8

3
2

I..lw"ll"""" .

S011 Sill
s

3
2

\ z

1 `}

I N

I



333
m

EE

i

I'll

1111

N

1

r-4

U
»-J
»1

.3
E
m
6
3
O
9

.2
3
o
on

§.§

go#
33§§
3888
888§
€*§§§
55328
§3.:'g"6

3-8535

88583
m"8§§€8 E .5. 3
38§889

in

1-4

2:
C)
r-4
ET
.<
L)
C)
,Q
ET
L)
an
F-5

3
44

E

8
3

'3 m

2 8
8

* H O
¢§§-=-

8§

3>
.as

88
E28 9 8

0 w
8~8

88 m 0
> ~E ¢

5888 >
o 1l

I
I
I
I

I
g

8
.9 9
8 Ge

E
4 8

3 38
8. Et.
* 8

8 13 E m m 3

3 0I

0 0

an
us8

3
'go °'-4

o

D

<2

o cy .EM 8 o -o »-I .o.
>  >  9  3 * M m n  2  3

**39§%§§§§§§§

rl
r4ll z u I

5
»88 o

s e a3.8.2 °°3 m809 3
0 5 9 9 § M ° a
s g  g  G .8

H a
m  o § . 8

8 2  8 9 2 5 5 2  m m 8 3 8 § 8  8
13 r

8
CD

T125 T135

I

i

I

|

O

v
i
l.

3g
g
8
88
E

84
g
8é
E

ET
2

E
9

53
E?

SZIL

3

SELL



A
z

GRAHAM COUNTY PLANNING 8: ZONING / COMMUNITY DEVELOPMENT

1831
921 THATCHER BOULEVARD • SAFFORD_ ARIZONA 85546

PHONE: (5Z0) 428-0410 FAX: (520) 428-5951

April 20, 2001

WILL WRIGHT
PLANNING DIRECTOR

COMMUNITY DEVELOPMENT COOROINATOR

IWO. MICKEY SIEGEL, Project Manager
Environmental Planning Group, Inc.
4350 East Camelback Road, Suite G-200
Phoenix, AZ 85018

Dear Mr. Siegel:

This letter is written in response to your April 18, 2001 request for any knowledge that we may
have of any 'planned developments or activities in the vicinity of the project', known as the
(Bowie Power Station, LLC). A map was included with this letter, which I assume 'incorporates
all the area that you want me to address in Mis review as to any known activities as described
above in Graham County. The map of the project site includes a relatively small area in Graham
County that runs in an east to west direction for about twenty (20) miles along the southern
border between Graham and Cochise Counties. The map area then runs about ten (10) miles in a
northerly direction into Graham County.

The mea shown on die map is intersected two major highways both U.S. Highway 191 (north to
south corridor) and a very small section of U.S. Highway 266. Interstate Highway 10 (east to
west corridor) is also shown and lies totally in Cochise County. The map also shows a major
electrical transmission line and a natural gas pipeline as well as the Southern Pacific railroad line
running east to' west with both the gas and railroad lines being located in Cochise County.

The land shown on this map located in Graham County is almost exclusively held by public
entities, including the BLM, the State Trust and the U.S. Forest Service. Since there is a
relatively small amount of private property in that part of Graham County, there is little
development activity to report for that area. It should be noted, however that the area west of
where the map ends in known as Bonita and that there has been significant development of
hydroponic green houses for tomatoes with Eurofresh having over 100 acres under glass for their
business with Mr. Johan Van den Berg at (480)384-4621 managing that operation.

Graham County, along with Cochise County, is working with Arizona Department of
Transportation (ADOT) to upgrade this section of U.S. Highway 191 to improve safety for this
stretch of highway. Mr. Ron Casper the Dishict Engineer for the Sanford has been of great
assistance in developing some preliminary ideas and plans for these proposed improvements and
can be contacted at (520)428-5470 in Sanford. .

I hope this letter adequately addresses your questions and would be happy to provide any filrther
assistance that you may need. .

Siglcerely,

=l»*rg'I-'y'-y--_:-*v v=-.»_v wr'o *
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Louisa Garbo, Planner

Yours truly,

hope this letter addresses your concerns. If you have further questions, do not hesitate to contact us.

In regard to your inquiry on existing or proposed major commercial developments or subdivisions within
the vicinity of the proposed site, checked with our Department and confirmed that the only development
is a communication tower, which is very near to the proposed site. If I recall conectly, you mentioned
that the proposed site is in section 28 of the county's survey map. There are also two to three mobile
homes near the proposed section. (Please see attached map). Aside from the tower and the existing
mobile homes, we are not anticipating any major development proposals in this area in the near future.

I also referred you to a letter previously sent to SouthWestern Power group, in which I informed that a
special  use permit  or  r ezon ing would be required for  the power  plan t .  For  your  in formation ,  the
SouthWestern Power Group has not submitted any Rezoning or Special use applications to the office,
therefore, whether the proposed power plant will be approved is not yet certain as a public hearing is
involved. For your information, I am enclosing a handout and the criteria that we use to review special
uses.

Thank you for  your  in terest in  Cochise County. In  response to your  inquiry,  as per  our  telephone
conversation yesterday, the proposed transmission and pipe lines are exempt from the Cochise County
Zoning Regulations. However, as I pointed out in our conversation, it is the applicant's (South Western
Power Group) responsibility to obtain any permits, or meet any additional conditions, if any, that may be
applicable to the proposed activity pursuant to federal, state or any other local laws or regulations.

Dear Mr. Siegel,

Mickey Siegel
Project Manager
4350 E. Camelback Road
Suite G-200
Phoenix, AZ 85018

May 10, 2001

James E. Vlahovich, Director
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Board of Supervisors
Leslie E. Thompson
Chairman,
Districts

Jody n. Klein
County Adminfstrator

Paul Newman
District 2

Nadine Parkhurst
Clerk

Patrick Call
District 1

VIA FAX
(520) 795-2025
Hard Copy to Follow

June 12, 2001

Mr. Mickey Siegel, Project Manager
Environmental Planning Group
1430 E. Ft. Lowell Blvd. Suite 304
Tucson, AZ 85719

Bowie Power Station Project

Dear Mr. Siegel:

This is in response to your letters dated April 18 and May 16, 2001, which were addressed to Ms. Linda Small. The Office
of Economic and Community Development has been reorganized under the Cochise County Board of Supervisors and Ms.
Small left her position with the County last year.

In regards to your request for information concerning development plans in the vicinity of the power plant site, the County
Planning and Zoning Department recently provided land use and property development standards for the proposed project.

The Environmental Planning Group and the SouthWester Power Group should continue to coordinate with the Cochise
County Planning and Zoning Department concerning further development of this project. If you have further questions
please contact Ms. Louisa Garbo at (520) 432-9450.

Sincerely,

Patty Lewis
Grants Administrator

Re:

Cochise County • 1415 W. Melody Lane, Building B Bisbee, Arizona 85603
(520) 432-9200 • FAX (520) 432-5016 • e-mail: board@co.cochise.az.us

http://www.co.cochise.az.us
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Bowie USD #14
315 West 5th Street

Bowie, Arizona 85605

April 24, 2001

Mickey Siegel, Project Manager
Environmental PlaNning Group
4350 East Camelback Road, Suite G-200
Phoenix, AZ 85018

Dear Mr. Siegel:
In response to your request, Bowie School officials can think of no plans for

development in the vicinity of the planned Bowie Power Station Project.
Best of luck in your efforts.

Sincerely,

i
Dr. T. R. Ellis, Superintendent

1



Lynn Setterstedt-Jarrett, Ed. D.
Superintendent

I am writing in response to your inquiry as to any knowledge I might have
regarding planned developments in the vicinity of the power plant site and alternative
transmission line and pipeline routes. At this time I do not know of anything that
would impede your project.

Sincerely,

Dear Mickey Siegel:

RE: Bowie Power Station Project

Mickey Siegel
Project Manager
Environmental Planning Group
4350 E. Camelback Rd.
Suite G-200
Phoenix, AZ 85018

May 2, 2001

WUSD V66-Low. MaJ<»6vLgfA Dbylterevwe/Irv (Our Cl'u2Zdrwv'y Future!

WILLCOX UNIFIED SCHOOL DISTRICT no. 13
480 NORTH BISBEE AVENUE
WILLCOX, ARIZONA 85643

(520) 384-4211
e-mail: lynnsj@qwest.net

Lynn setterstedt-Jarrett, Ed. D., superintendent
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,<,< DEPARTMENT OF THE ARMY

3
LOS ANGELES DISTRICT, CORPS OF ENGINEERS

ARIZONA-NEVADA AREA OFFICE

3636 NORTH CENTRAL AVENUE, SUITE 760

PHOENIX, ARIZONA 85012-1936

April 24, 2001
REPLY TO

Office of the Chief
Regulatory Branch

Mr. Mickey Siegel
Project Manager
Environmental Planning Group
4350 E Camelback Rd., Suite G-200
Phoenix, Arizona 85018

File Number: 2001-00888-SDM

Dear Mr. Siegel:

It has come to our attention that Southwestern Power Group is planning to construct a new
combined-cycle natural gas-fueled electric generating station, with associated transmission
lines and gas pipelines, approximately 2 miles north of Interstate-10 at (Section 28, T12S, R28E),
Bowie, Cochise County, Arizona.

This activity may require a Department of the Ariny permit issued under Section 404 of the
Clean Water Act. A Section 404 permit is required for the discharge of dredged or fill material
into the "waters of the United States," including adjacent wetlands. Examples of activities
requiring a permit are placing bank protection, temporary or permanent stock-piling of
excavated material, grading roads, grading (including vegetative clearing operations) that
involves the filling of low areas or leveling the land, constructing weirs or diversion dikes,
constructing approach fills, and discharging dredged or fill material as part of any other
activity.

We have searched our database and to the best of our knowledge, there are no activities or
planned development in the Bowie, Arizona area.

Enclosed you will find a permit application form and a pamphlet that describes our
regulatory program. If you have questions, please contact Sallie D. McGuire at (602) 640-5385 x
221. Please refer to file number 2001-00888-SDM in your reply.

Sincerely,

Q;<~ T>'?

Cindy Lester
Chief, Arizona Section
Regulatory Branch

Enclosures
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EXHIBIT I
ANTICIPATED NOISE AND INTERFERENCE

WITH CUMMUNICATION SIGNALS

As stated in Arizona Corporation Commission Rules of Practice and Procedure R-14-3-219:

"Describe the anticipated noise emission levels, and any interference with communication
signals which will emanate from the proposed facilities."

A study was conducted by Michael Thebault Acoustics, Inc. to evaluate noise levels for the

Bowie Power Station. The sound level evaluation results are included in this exhibit, below.

Certain effects associated with electric power facilities such as transmission lines include corona
and audible noise, radio/television/electronic equipment interference, and interference with
cardiac pacemakers. A summary of potential corona and audible noise, equipment and cardiac
pacemaker interference, and a description of electrical and magnetic fields (EMF) is also
included in this exhibit.

SOUND LEVEL EVALUATION

As part of the evaluation, an ambient noise level survey was performed in June 2001 to establish
baseline (L90) levels prior to power station operation. Results showed that the average
background noise level (L90) for the 26-hour monitoring period was approximately 31 decibels,
A-weighted (ElBA). A detailed, three-dimensional acoustical model of the facility was developed
to predict noise levels at nearby receptors and site property boundaries. Results showed that
noise from the plant would range from about 41 to 46 ElBA at nearby homes, and would fully
conform ro noise level guidelines established by federal bureaus such as the Department of
Housing and Urban Development (HUD) and the EPA.

An acoustical model of construction operations and equipment was also developed to predict
noise levels at the nearest residences, which are about 1 mile south of the proposed facility.
Surrounding land use consists of large open farming areas and low population density. Results
showed that construction activities would range in level from the low-30s to mid-40s (ElBA) at
nearby homes.

Exhibit I
Anticipated Noise and Interference with
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Noise Metric Descriptions

Noise can be described using various scales, similar to Fahrenheit and Celsius scales fox'
temperature or pound and gram scales for weight. Moreover, noise can be described using a
variety of statistical metrics. The following section briefly reviews these commonly used noise
descriptors. The human ear responds to a frequency range from about 20 Hertz to 20,000 Hertz.
Since the ear is not equally sensitive to low and high frequencies, sound level meters are
equipped with "A-Weighting" filters which approximate this irregular response. The
measurements are called A-weighted levels and reported in units of decibels, dB(A).

Percentile Levels

Because community sound levels continually change over time, percentile or "exceedance"
measurements are often used to quantify them. These measures take into account the amount of
time an environment is at a given loudness, and allow us to separate loud, intrusive noises, from
steady state or background sounds. For example:

L10 (L-Ten) is the level exceeded 10 percent of the time, that is, only 10 percent of the
measurement time are levels higher than this value. The L10 typically represents the
loudest noise events occurring in the environment, such as car and truck pass-bys.

L50 (L-Fifty) is the sound level exceeded 50 percent of the time. Levels will be above
and below this value exactly one-half of the measurement time, and therefore the L50 is
sometimes referred to as the "median" sound level.

L90 (L-Ninety) is the sound level exceeded 90 percent of the time and is often called the
"background" sound level. Ninety percent of the time, measured levels are higher than
this value, and therefore the L90 represents the environment at its quietest periods.

Another metric used to assess community noise is called theDay-Night Level, or LDN. The LDN
represents a 24-hour measurement of sound within a community, and is calculated by adding a
10-decibel "penalty" to noises, which occur between 10 p.m. and 7 a.m. This accounts for the
potential of increased annoyance when people are resting, relaxing and sleeping. The Day-Night
Level is the preferred metric of federal bureaus such as HUD and the EPA.

Ambient Noise Level Survey

An ambient noise level survey was conducted from June 5, 2001 through June 7, 2001 to
acoustically characterize the environment near the site. Specifically, sound level measurements
were collected at the nearest residences, at site property boundaries, and at off-site locations in
order to establish baseline levels (L90) prior to construction and operation of the facility.
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Procedures

The surrounding area was surveyed to identify potentially noise-sensitive receptors, such as
residences, cemeteries, schools, hospitals, churches, etc. Measurement locations considered
spatially representative of the project area were established for obtaining ambient noise readings.
Numerous sound level readings were manually collected over 15 to 20 minute periods during
daytime and nighttime hours, for a three-day, two-night period. Percentile (Ln) sound levels were
reported, and observations of predominant noise sources and weather conditions were noted. In
addition, an unattended long-term sound level monitor was deployed at Location 2 for a 26-hour
period, to capture the diurnal (day-night) variation in sound levels.

Instrumentation

All attended short-term sound level measurements were collected with a Briiel & Kjaer Model
2260 Sound Level Meter. This meter complies with Type 1 tolerance requirements of the
American National Standards Institute (ANSI) and was field calibrated before and after each
measurement set with a Brtiel & Kjmr Model 4231 Acoustic Calibrator.

All unattended long-term sound level measurements were collected with a Brliel & Kjaer Model
2238 Sound Level Meter. This meter complies with Type 2 tolerance requirements of ANSI,
when fitted with the Model 4198 Outdoor Microphone Probe, and was also field calibrated
before and after the 26-hour deployment. A calibration laboratory qualified the equipment within
the preceding 12-month period using references traceable to the National Institute of Standards
and Technology.

Monitoring Results

Background sound levels were generally controlled by insect and animal noises, mechanical
noise from farm equipment, and distant traffic on 1-10. As shown in Table I-l, short-term
background (L90) measurements typically ranged from the mid-20s to mid-50s (ElBA) and
average background levels ranged from the mid-20s to the low-40s (ElBA). At Location 2, long-
term background ambient sound levels (L90) averaged about 31.
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TABLE 1-1
BACKGROUND SOUND LEVELS

Ambient
Survey

Location Description

Sound Level (L90, ElBA)

Audible Noise SourcesDaytime Nighttime Average

1
Nearest
northeastern
residence

23-26 26~27 25 Insect and animal noises

2 East 27-53 30-54 43
Mechanical noise from water pump at
horse stables, insect and animal noises

3 Property line 27-37 36-42 34
Insect and animal noises, distant traffic
on 1-10, farm equipment

4
Nearest southern
residence

40 -44 32 38
Insect noises, railway passbys, distant
traffic on 1-10

5 West 25-30 37-41 33
Insect noises, distant traffic on 1-10,
distant railway passbys

Acoustical Modeling

The power station will utilize four  combined-cycle gas turbine power trains and two steam
turbines to generate a nominal electrical output of 1,000 MW. For purposes of this analysis,
General Electr ic Frame FAs were modeled based on a conceptual general arrangement.  The
three-dimensional acoustical model of the facility was developed using SoundPlan Version 5.0 to
predict noise levels at  offsite receptors and along property boundaries.  Far-field levels for
modeled equipment were estimated using octave band sound power level data from General
Electr ic,  in-house measurement data  and industry-standard predict ion a lgor ithms (Edison
Electric Institute 1978). (Sound power levels provide a convenient means to describe the total
amount of noise generated by a piece of equipment.)

Equipment power levels were adjusted for the reduction of sound with distance (geometrical
spreading), absorption of sound by air (air absorption), and absorption and reflection of sound
by the ground (ground effect). Sound levels were further adjusted by shielding effects (i.e., via
tank farms, equipment, etc.) to predict far-field levels.

Resul ts

Plant noise levels are predicted to be about 46 ElBA at the nearest southern residence, 41 ElBA at
the nearest northeastern residence, and 38 ElBA at the Desert Rest Cemetery. Similarly, levels at
the property lines of the facility are predicted to range from 45 to 61 ElBA.
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Operational Sound Level Assessment

The Applicant is not aware of any quantitative noise ordinances, regulations of' codes limiting the
amount of noise generated during operation of the facility. In the absence of such standards, it is
useful to compare expected plant sound levels to guidelines established by federal bureaus such
as HUD and the EPA.

HUD Guidelines

HUD considers sites where day-night sound levels do not exceed 65 ElBA, to be acceptable for
housing. The day-night sound level, or LDN, represents a 24-hour measurement of noise within a
community. More specifically, the LDN adds a 10 decibel penalty to all noises that occur from
10 p.m. to 7 a.m., to account for the potential of increased annoyance when people are relaxing,
resting, and sleeping. Since the plant is a constant sound source that will operate 24 hours a day,
the LDN is calculated by adding approximately seven decibels to the predicted plant sound level.
Because the highest predicted plant sound level at nearby residences is 46 ElBA, the estimated
LDN becomes 53 ElBA, (46 ElBA + 7 ElBA : 53 ElBA) or significantly below the recommended
HUD criteria (65 ElBA) for acceptable sound levels.

EPA Guidelines

The EPA indicates that exposure to sound levels at or below LDN : 55 ElBA is satisfactory to
"protect the public health and welfare with an adequate margin of safety," since it will not
produce significant speech interference either indoors or outdoors, and will lead to negligible
community reaction, complaints or annoyance in average communities. Given a plant LDN of 53
ElBA, Facility noise levels at the nearest homes will fully conform to EPA guidelines.

Construction Sound Level Assessment

An acoustical model of construction operations and equipment was also developed using
SoundPlan and industry standard algorithms (ESEERC 1977), to predict noise levels at nearby
receptors. Five construction phases were considered, namely (1) grading and excavation,
(2) concrete pouring, (3) steel erection, (4) equipment installation, and (5) finishing (assumes use
of blow-down silencing during plant clean out). As shown in Table 1-2, levels are predicted to
range from the high-20s to mid-40s (ElBA) at nearby receptors.
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TABLE 1-2
CONSTRUCTION SOUND LEVELS AT NEAREST RESIDENCES

Southern Residence 36 [O 46 ElBA
Northeastern Residence 30 to 40 ElBA
Desert Rest Cemetery 28 to 38 ElBA

The average individual is likely to tolerate sounds associated with construction, given their
temporary nature. Moreover, the majority of construction typically takes place during daytime
hour s ,  when acceptance towards  noise is  higher ,  and the r isk of  s leep  dis turbance and
interference with relaxation activities is lower.

CORONA AND AUDIBLE NOISE

Corona is the breakdown of air very near conductors and occurs when the electric field is locally
intensified by irregularities on the conductor surface such as scratches or water drops. Corona, as
an issue for  transmission lines,  is most notable during rain or  fog conditions.  The physical
manifestations of corona include a craclding or hissing noise and very small amounts of light.
Besides the nuisance aspects of corona, it results in undesirable power loss over a transmission
line. Therefore the design of transmission lines incorporates conductor and equipment, which
limit corona. There are no standards or regulations pertaining to corona levels on electric power
facilities.

RADIO/TELEVISION/ELE CTRONIC EQUIPMENT INTERFERENCE

Although corona can generate high frequency energy, which may interfere with broadcast signals
or electronic equipment, this is generally not a problem for transmission lines. The Institute of
Elect r ica l  and Elect ronic  Engineer s  ( IEEE) has  published a  des ign guide (Radio Noise
Subcommittee 1971) which is used to limit conductor surface gradients so as to avoid electronic
interference.

Gap discharges or arcs can also be a source of high frequency energy. Gap discharges occur when
an arc fonts across a gap in loose or worn line hardware. It is estimated that over 90 percent of
interference problems for electric transmission lines are due to gap discharges. Line hardware is
designed to be problem-free,  but wind motion, corrosion and other factors can create a gap
discharge condition. Gap discharges can be located and when they occur can be remedied by
utilities.

There are no local, state or federal regulations with specific limits on high frequency emissions
from electric power facilities. Federal Communication Commission (FCC) regulations require
that transmission lines be operated so that no harmful interference is produced (FCC regulations,
Section 1525).
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CARDIAC PACEMAKERS

An area of public concern related to electric fields from transmission lines has been the
possibility of interference with cardiac pacemakers. There are two general types of pacemakers:
asynchronous and synchronous. The asynchronous pacemaker pulses at a predetermined rate. It
is practically immune to interference because it has no sensing circuitry and is not exceptionally
complex. The synchronous pacemaker, however, pulses only when its sensing circuitry
determines that pacing is necessary. Interference from transmission line electric field may cause
a spurious signal on the pacemaker's sensing circuitry. However, when these pacemakers detect a
spurious signal, such as a 60 Hertz (Hz) signal, they are programmed to revert to an
asynchronous or fixed pacing mode of operation, returning to synchronous operation within a
specified time after the signal is no longer detected. Cardiovascular specialists do not consider
prolonged asynchronous pacing a problem. As mentioned before, some pacemakers are designed
to operate that way. Periods of operation in this mode are commonly induced by cardiologists to
check pacemaker performance. So, while transmission line electric fields may interfere with the
normal operation of some of the older model pacemakers, the result of the interference is
generally not harmful, and is of short duration (EPRI 1985 and 1979).

REFERENCES

Edison Electric Institute. 1978. Electric Power Plant Environmental Noise Guide.

Electric Power Research Institute. 1985. Evaluation of the Effects of Electric Fields on
Implanted Cardiac Pacemakers, EA-3917.

. 1979. The Effects of 60 Hz Electric and Magnetic Fields on Implanted Cardiac
Pacemakers, EA-1174.

Empire State Electric Energy Research Corporation.
Guide, BBN Report No. 3321.

1977. Power Plant Construction Noise

Federal Communications Commission. Rules and Regulations, Part 15, Section 15.25.

Institute of Electrical and Electronics Engineers, Radio Noise Subcommittee. 1971. Radio Noise
Design Guide for High-Voltage Transmission Lines, 70TP63l-PWR.
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EXHIBIT J
SPECIAL FACTORS

PUBLIC INVOLVEMENT PROGRAM

Public involvement is a vital part of the environmental planning process, and will be integrated
throughout the life of the Bowie Power Station Project. The primary objectives of the public
involvement program are to establish and maintain communication, inform and educate,
accurately identify and consider the issues and concerns of the community through the gathering
of public comment, and ensure that public input is considered in the overall decision-making
process.

A combination of informational materials, media contacts, and meeting formats was used to
disseminate information and gather comment. The primary methods used are discussed below
and included (1) community leader packets, (2) project newsletter and mailing list, (3) voice
message telephone information line, (4) website, (5) media releases and paid display
advertisements, (6) local official briefings and small group meetings, and (7) public open houses .

INFORMATIONAL MATERIALS

A variety of informational materials were developed to acquaint local community leaders and
residents with the project, and to provide access to project information and team members.
Materials were compiled into "leader" packets, which were distributed to local, county, state, and
federal government officials and relevant agencies. A newsletter was developed for distribution
to the general public, and a telephone information line and project website were established.

Leader Packet

Early in the project, a contact list of local and regional government and community leaders with
a potential interest in the project was developed. Also included in this list were federal and state
agencies, property owners, chambers of commerce, schools, and initiation districts. Members of
this list were identified based on their knowledge of the local community, professional position,
and/or proximity to the proposed site.

The leader packet contents included a letter announcing the project, a fact sheet, site location
map, as well as a listing of frequently asked questions and answers. These packets were
distributed concurrently with a media release announcing the project and provided a team contact
list as well. The leader packet materials and a list of recipients can be found in Exhibit J-1.
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Project Newsletter and Mailing List

A newsletter was mailed in April 2001 to the residents of Bowie, Willcox, and San Simon, in
addition to the members of the community leader list and an internal project mailing list.
Addresses for these communities were purchased from a local mail house based on
resident/occupant status and zip code. The internal mailing list was developed based on feedback
from local community members who requested that they receive project information. In total, the
newsletter was mailed to approximately 4,670 people.

The first newsletter introduced the project to the general public, and announced public open
houses that would be held in April 2001. It provided a description of the proposed plant, as well
as a concept depicting how it might appear. Environmental studies and public involvement
opportunities that would occur throughout the project were also described. A comment form was
included to solicit public feedback.

A second newsletter is planned for distribution in late summer or early fall 2001 to update the
public on resource studies and other project developments. A copy of the first project newsletter
can be found in Exhibit J-l.

Telephone Information Line

A toll free telephone information line, (877) 576-7477, regularly includes project updates and
meeting dates. Callers have the opportunity to request to be added to the mailing list, express
comments or questions, and/or request that a project team member return the call. The
information line number has been advertised in the project newsletter and in paid advertisements.
In total, nine telephone calls (as of July 24) have been received.

Website

A website, www.southwesteinpowencom, was established to provide another avenue for the
public to gather information. This website allows viewers to access the project newsletter, fact
sheet, frequently asked questions sheet, and a graphic of a typical combined-cycle 500 MW
block.

MEDIA CONTACTS

Early in the project, local, regional, and industry media contacts and publications were identified.
Information was regularly provided to these contacts in an effort to keep the public informed of
project activities. By distributing media releases and paid display advertisements, the project
team attempted to ensure that interested citizens would have access to information and be
notified about public meetings.

Exhibit]
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Media Releases

As of July 2001, two media releases have been distributed to the identified media contacts. The
first was distributed in January 2001 and introduced the Applicant and the project to the public.
It also summarized the project description and the local community benefits that are expected.

The second release, distributed in Apiil 2001, announced the public open houses that would be
held that month. A third release is expected at the time of the CEC application filing. Copies of
the January and April releases can be found in Exhibit J-2. Related newspaper articles can also
be found in this exhibit.

Paid Displav Advert i sements

To provide adequate time for the community to learn of and attend the April  25 and 26, 2001
public open house meetings, a paid display advertisement announcing the meetings was placed in
two loca l  papers .  The ad was  carr i ed in t h e  A r i z o n a  R a n g e  N ew s  a n d  t h e  E a s t e r n  A r i z o n a
C ou r i e r on April 18 and 25. The advertisement was also provided as a flyer to the Bowie Unified
School District, which received 120 copies, Willcox School District, which received 500 copies,
and San Simon School  District,  which received 130 copies .  These f lyers were distributed to
inform student's parents of the open house meeting. A copy of the advertisement can be found in
Exhibit 1-2.

MEETINGS

A variety of meetings were held with elected officials, community members, agencies, and the
publ ic to relay information and gather comments .  These meetings a l lowed the Appl icant to
become familiar with the community and be responsive to concerns and suggestions.

Local Official Briefings and Presentations

Early in the planning process, local elected and appointed officials were briefed on the proposed
pl ant .  These  meet ings  of fered  an opportuni ty  to i dent i f y  the  mos t  e f fec t i ve  methods  of
communicating with the public, additional key community members to brief, and possible issues
regarding the Project.  Based upon requests  from local  groups, addi tional  presentations and
meetings were held. A table detailing these meetings can be found in Exhibit J-3 .

Publ ic Open Houses

One set of open houses was held at two different locations to inform the public about the project
and gather input. The first was held at the Willcox Community Center in Willcox on April  25,

Exhibit J
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2001. The second was held at the Bowie High School in Bowie on April 26, 2001. Both meetings
were advertised through the project newsletter, telephone information line, media releases, and
paid advertisements.

The open houses began with an open house format followed by a one-hour presentation and
question and answer session. A total of 103 people attended and were provided with the
opportunity to review informational displays and ask questions of team members. The
presentation addressed topics such as project description, benefits, transmission requirements,
and environmental studies. Questions from the public were recorded, and comment forms were
available for attendees to provide written feedback. Through these meetings and public
responses, the project team was able to identify community issues and concerns. Copies of the
open house materials and displays can be found in Exhibit J-3.

ISSUE IDENTIFICATION AND PUBLIC FEEDBACK

Overall, the community has been very supportive of the project because of the economic boost
and assistance it will provide towards revitalizing Bowie and neighboring communities.
Questions have been received on natural gas supply reliability, water usage and source, financial
bacldng of the project, employment opportunities, and the project's affect on utility prices. Other
questions that were received or issues raised are summarized below.

impact on the AEPCO plant
history and ownership of SWPG and potential partnerships with other firms
possibility of converting from natural gas to another type of fuel
benefits the area will receive from the Project (the possibility of job opportunities, when
those opportunities will be available, and if the local community will be given priority for
the benefits)
when the influx of workers will begin and where they will stay
quantity of proposed power plants in Arizona
affect of air quality from emissions
what transmission corridors will be used and if any will cross BLM land
if training will be provided to local residents to prepare for job opportunities
where evaporative pond residue will go and if the ponds will be lined

Exhibit J
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CDNTACT LIST

Governor Hull's Office

Rick Collins, Chief of Staff

U.S. Senate

Senator John McCain
Senator Jon Kyl

U.S. House of Representatives

Congressman Jim Kolbe
Congressman Ed Pastor
Congressman J.D. Hayworth
Congressman Bob Stump
Congressman John Shadegg
Congressman Jeff Flake

Arizona State Senate

Senator Marsha Arzberger

Arizona House of Representatives

Representative Mark Maiorana
Representative Bobby Ludo
Representative Gail Griffin

Cochise County

Supervisor Les Thompson
Supervisor Paul Newman
Supervisor Mike Palmer
James Vlahovich, Director, Planning and Zoning
Linda Small, Director, Economic and Community Development

J-1
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Graham County

Supervisor Teiry Bingham
Terry Cooper, County Manager
Linda Bailey, Parks and Recreation Director
Will Wright, Planning and Zoning

City of Willcox

Mayor Marlin Easthouse

Arizona Corporation Commission

Commissioner Bill Mundell
Commissioner Jim Irvin
Commissioner Marc Spitzer
Deborah Scott, Director, Utilities Division

Chambers of Commerce

Bowie Chamber of Commerce
Eddie Browning, Executive Director, Willcox Chamber of Commerce & Agriculture

School Districts

T. Ellis, Bowie Unified School District, Superintendent
Lynn Setterstedt-Jarrett, Willcox Unified School District, Superintendent
Michael Reed, San Simon Unified School District, Superintendent

Utilities

Jack Davis, Executive Vice President, APS
Mark Bonsall, General Manager, Commercial and Customer Services, SRP
Jim Pignatelli, Chairman, President, CEO, TEP
Donald Kimball, Executive Vice President and GM, AEPCO
Steve Oldham, Sierra Pacific Resources
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Location:

Developer:

Specificuiionsz

Project Scheiulét'

F a c i l i t y :

Cost:

Employment

Property Taxes:

E n v i r o n m e n t a l :

Site Hdvcmicxges:

More Informations

i f

. . : F ' e

• Up to $600 mil/ion

• Construction planned to begin in eariy 2002
• First unit expected to be in operation in early 2004

• Du/fng construction - An average of 200 jobs up to 800 at peak
periods

• Following construction - Up to approximately 45 full-time,
permanent jobs wit/ be created .

• Payroll projected to be approximately $2 million annually

• SouthWestern Power Group (SWPG) develops, constructs, owns,
and operates natural gas-fue/ed power plants in the United States.
SWPG staff has extensive experience in a variety of environmental
engineenhg, power plant siting and construction, transmission
line, and fuel procurement projects.

• Approximately 2 miles north of Bowie, Arizona, in northern
Cochise County (see map on back)

•

• Up to 1,000 megawatts total capacity, enough electricity to serve
approximately 250,000 homes
Two 500 megawatt units, each configured with two combustion
turbines supporting one steam turbine

• Two exhaust stacks per unit for proper air dispersion. Four
total stacks - each approximately 130 to 150 feet tai/

• Electricity will be delivered to the transmission grid via a
connection with the existing Greenlee- Vail 345 kilovolt transmission
line located to the north of Bowie Power Station site

•

• Substantial tax revenues will benefit local schools and
communities

• Groundwater use will be less than existing agricultural operation
• Air emissions in compliance with EPA and Cochise County limits
• State-of-the-art plant technology with lowest achievable emissions
• Sound reduction methods to minimize noise

• Proximity to natural gas pipeline
• Proximity to established electrical transmission
• Adequate water supplies on site
• Located on an existing railway

• Contact SWPG at (502)808-2004 or toll free at (888)332-4599

Power plant using combined-cycle, natural gas-fueled
generation technology

lanuarv 2001
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Frequently
laked Questions
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plants like this in Ar izona?
A: Yes. Recent deregulation of the utility market has resulted in a number of proposed

and approved gas-fue/ed power plant projects, many of which are combined-
cycle.

A: The exhauststackswill be up to approximately 160 feet tall. This height will be
a<#L/sted as necessary to allow for proper air dispersion. There wit/ be two stacks
for each of the two generating units, four stacks in all at the 1,000 MW level.

A: The plant will include two 500 MW power blocks. Each 500 MW block will
consist of one steam turbine generator, two combustion turbine electric genera-
tors, two heat recovery steam generators, and two exhaust stacks. The project
also includes plans for a switchyard, cooling towers,storagetanks, and other
related facilities. Various types of site enhancements and landscape plans will be
considered.

Q: Are there other combined-cycle, natural gas-fueled

Q:

Q: When would the plant be built?
A: Construction is anticipated to begin in /ate 2002, with the first unit expected to be in

operation in early 2004.

Q: What would the plant look like?

• What is a combined-cycle plc ml?
A: Fueled by clean burning natural gas, today's combined-cyc/e plants generate inex-

pensive e/ect/dcity utilizing the most innovative and efficient technology available.
As the natural gas is burned, a combustion process Tums a turbine connected to
a primary generator: The resulting heat generates steam which turns a second
turbine, essentially using the same heat energy twice (see attached diagram).

Q.

Why was Thai location chosen?
A: There is a large amount of land available, providing a sulticient buffer area around

the site, as wet/ as adequate water and natural gas supplies to support the power
station. A/so, this location wit/ enable SWPG to use energy generated at the Bowie
facility to supply the existing electrical grid, supporting area industrial loads,
Tucson power needs, or other power needs iN Arizona.

Q: Where would the new Facil ity be located?
A." in Cochise County Arizona, approximately 2 miles north of the Bowie town center

and Interstate 10, and 80 miles east of Tucson. The project site and surrounding
area are primarily agricultural.

Q:

A: SouthWestern Power Group (SWPG) and Bowie Power Station, LLC have
announced plans to build a combined-cycle, natural gas-fueled power generating
station. The project will be constructed in phases to provide up to 1,000
megawatts (MVLO total capacity

Project Description

Q: What is the protect?

How high would the
there be?

.

"s lacks" be? How many wou ld

1 4/19/01
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Why is SWPG planning new generation?
To meet the increasing electricity demands of current and forecasted growth in
Arizona, new sources of power are needed. Deregulation of the utility industry has
created a competitive market for the pro vis/'on of that power: This is particle/ariy the
case in growing residential, commercial, and industn'a/ loads in southern and
southeastern Arizona.
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Q: Are any other new power plants planned for Cochise County?

r

A: No new projects besides the Bowi'e Power Station have been announced in
Cochise County There is one existing power station in Cochise County southeast of
Tucson. This 520 MW facility known as the Apache Generating Station, is owned
by the Arizona Electric Power Cooperative.t ix,
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Q :  W h o  a r e  S W P G  a n d  t h e  B o w i e  P o w e r  S t a t i o n .  L L C ?

Q of'

J 1-4

What experience do They have?
A :  S W P G  i s  a  d e v e l o p e r  o f  p o w e r  p l a n t s  t h r o u g h o u t  t h e  U n i t e d  S t a t e s  a n d  i s  h e a d -

q u a r t e r e d  i n  P h o e n i x ,  A r i z o n a .  T h e  b o w i e  P o w e r  S t a t i o n  p r o j e c t  i s  o w n e d  b y  B o w i e

P o w e r  S t a t i o n , L L C , '  S W P G  o w n s t h i s  e n t i t y  S W P G  s t a f f  h a s  e x t e n s i v e  e x p / f e n c e  i n

a  v a r i e t y  o f  e n v i r o n m e n t a l  e n g i n e e n h g ,  s i t i n g ,  f u e l  p r o c u r e m e n t ,  p o w e r  p l a n t  c o n s t r u c -

t i o n ,  a n d  t r a n s m i s s i o n  l i n e  p r o j e c t s . 7 7 1 e # r m  c u r r e n t l y  h a s  p r o j e c t s  i n  d e v e l o p m e n t  i n

A r i z o n a  a n d  o t h e r  s t a t e s ,  i n c l u d i n g  a  2 , 0 0 0  M W  f a c i l i t y  n e a r  B o y ,  A r i z o n a ,  k n o w n  a s

t h e  T o l t e c  P o w e r  S t a t i o n .

Q: Will SWPG partner with any other energy companies on this
project?

A; A/though no partner has been identified to date, other entities that can add strength
to the project may be asked to join SWPG as project development progresses
toward completion.

E n v i r o n m e n i é r i  4

Q: What will be done to determine if the plant will cause
enviranmenlal impacts?

A.' Extensive studies wit/ be completed to evaluate potential impacts on air, water
visual, and noise resources. Biological and cu/tural resource studies will also
be conducted. While minima/ impacts are expected, detailedanalyseswill be
performed to determine the best ways to further mitigate, or/essen, environmental
effects.

.J
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Q: How would the plant alfecl local air quality? Would

.L

emissions meet air quality regulatory requirements?
A: Fueled by clean natural gas and utilizing advanced air emissions control

equipment, the plant's emissions will have a minimal impact on air quality Both
the U.S. Environmental Protection Agency (EPA) and Cochise County air qua/ity
requirements wit/ be met and the ability to accomplish that must be demonstrated
poor to receiving air quality permits. Emissions will be reduced to levels wet/ within
acceptable health standards established and enforced by local and federal agencies.

4
8 , u

Q: What companenis are in the air emissions?

*
if

A: The emissions wit/ contain nitrogen oxides, carbon monoxide, and fine particulate
matter However, the presence of these substances wit/ not exceed any of the
National Ambient Air Qualify Standards.

I

'Er 1~***2"{I#
:J Wafer

Q: Does a combined-cycle plant use u significant amount al
waler? Whcxi would be the source for water?

I
A: Combined-cycle plants typically use less water than other types of generating

p/ants. Groundwater will supply the facility Theproposedplant would use no more
water than the agricultural operations the plant would replace. It is SWPG's intent to
allow some agNa/tural activities to continue on site for the life of the Bowie Power
Station Project.w
Will local agricultural and residential wells be alfecled by
the groundwater drawdown?

A: Since pumping for plant operations wit/ be less than agricultural operations,
negative impacts are not expected. However an aquifer/mpact study will be per-
formed by a qualified hydrological engineering Hrm to examine the potential effects.

Q:

Q: What will happen to the plan! wastewater?
A; Lined evaporation ponds wit/ be used to contain all plant wastewater The plant is

designed for zero discharge off the plant site.

Visual
Q: Whcd could be done lo lessen the visual impacts of the plant?
A: Possible mitigation measures include coloring the facilities to harmonize, to the

extentpossible, with existing landscape. A landscape plan that will adhere to
county design standards will be developed.

Moise
Q: How much noise would come from the plant?
A: Audible noise from the plant will be mitigated with noise control technology, and will

meet U.S. Department of Housing and Urban Development standards at property
boundaries.

N
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Transmission Needs
1,

Q: Will new ircxnsmission lines be needed?
: 84

g

_-*;`= r  ̀|448
lax if

A: Yes, two alternative routes are being considered for one double-circuit 345 kilovolt
(kw line needed to connect the plant to the existing power and. The transmission
line will extend approximately 70 to 15 miles north to connect with an existing
345kV iine in Graham County These routes will be evaluated in conjunction with
other studies in progress. Right-of-way needed for the transmission line iii be
acquired after the ina/ route is selected.
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Q: Who would own the plant?
A: Bowie Power Station, LLC will be the owner of the plant; SWPG owns Bowie

Power Station. LLC.
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Q :  How muc h would  i i  c ost?  Who would  pa y f o r  i t ?
A: The proposed facility could cost up to $600 mlilion phased in over time, and wit/ be

funded with SWPG earnings, borrowed capita/, and other 17/'zancial sources.

Q:  Would this proiec l a f l e c i  l o c a l  e l e c t r i c a l  r u l e s ?
A: Over time, the add/tion of the Bowie Power Station is expected to have the effect of

reducing average retail rates due to greater generation supplies and competition.

Community Bénél
1 | ', =l¢+ xugl

'i .;.» ;%L*!3

Q: Would the community benefit from taxes paid on the plant?
A: Yes. Substantial tax revenues would be generated each year forlocal schools and

communities.

Q: How many lobs would be created tor plant construction?
For on-going operation?

A: During construction an average of approximately 200 jobs, up to 300 at peak
periods, will be created. Following construction approximately 45 full-fime,
permanent jobs wit/ be created.

Q: What would be the other benefits of this facility?
A:

It would meet the growing demand for power by using efficient, en vironmentally
sound technology
Currently, California is experiencing critical power shortages and rolling blackouts,
and Arizona came close to facing a similar situation last summer New supplies
would lessen the likelihood of similar negative impacts in Arizona.
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the opportunity to share the economic
benefits offered by a project like Bowie

New Power
Generating Facility
Planned Near Bowie
Arizona

oWl[
SouthWestern Power Group II (SWPG)
and Bowie Power Station. LLC have
announced plans to develop the "Bowie
Power Station," a natural gas-fueled
electric generating facility that will be
located in Cochise County approximately
2 miles north of Bowie. Expected to
generate 1,000 megawatts (Min) at total
capacity, this plant will produce enough
electricity to serve an estimated 250,000
homes. With the high rate of growth in
southeastern Arizona. this new resource
yvill_sig_nifi_c8§ntly contribute to meeting
the state's increasing energy needs. To
link the power to the existing electricity
grid, a new 345 kilovolt (kg) line will be

Because the proposed site is part of
the Bowie community and lies within
the Bowie Unified School District. the
substantial tax revenues generated by
the project each year will greatly benefit
the school district and will reduce the
rate of property taxes currently paid bye
residents

In addition to tax revenues, regional
businesses will be the recipients of an
expected $2 to $4 million in purchases
annually, once operation has begun
During construction of the facility
businesses will experience a growth in
sales and secondary employment opp or
munities caused by the influx of workers
contribut'ing to overall economic growth
in the area

built, extending 10 to15 miles north of
the plant. For more project inform
son, see the "Quick Facts" on page 2

Project Qiters
Important Benefits
lot Local Community

WSWPG makes every effort to establish
strong relationships with local
communities to ensure that they have

In addition to the Bowie community
other neighboring communities such
as San Simon. Willcox. and Sanford
will share in the benefits of this project
largely because of the number of
employment opportunities generated
by a project of this magnitude. During
construction, an average of 200 jobs
will be created, and about 45 perms
rent, full-time positions will be available
during operation
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Typical Combined Cycle Generul ing System
Components: One 500 MW block

Comments and questions may also be relayed by using the comment
form inserted in this newsletter, or by attending the public open house
meetings. These meetings offer a "drop-in" format for attendees to
review displays and speak individually to project team members. A brief
presentation and question/answer session will also be held. Please see
page 1 for open house dates, locations, and times.

SWPG has retained environmental consultants to evaluate potential
impacts on air, water, and visual resources. Biological and cultural
resource studies and a noise analysis will also be conducted. Detailed
analyses will be performed to determine the best ways to lessen
environmental effects. Before the plant is built, several environmental
permits must be granted by various agencies. These permits include air
quality (ADEQ and EPA), zoning (Cochise County), and a certificate of
environmental compatibility (Arizona Corporation Commission).

Input from the community is vital to the planning process, and your
participation is encouraged. A voice message information line
(877-576-7477) has been established to provide project updates and
offers callers the opportunity to ask questions, provide comments, or
request to be added to the project mailing list.

Qpporiunities for Public Involvement

Environmental Studies in Progress
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• Two 500 megawatt blocks,
each built with two combus-
tion turbines supporting one
steam turbine generator

Up to 1,000 megawatts total
capacity (phased in over
time)

I 'Fueled by clean-burning
natural gas

• Construction expected to
begin in late 2002

• First unit expected to be in
operation in late 2004

• Air emissions in compliance
with Environmental
Protection Agency (EPA)
and Arizona Department of
Environmental Quality
(ADEQ) standards

• Sound reduction methods to
minimize noise

• Groundwater use will be less
than existing agricultural
water rights

Average ot,200 jobs created,
up to 300 at peak lrlng
construction

• 45 full-time, permanent jobs
and support services created
for plant aper

'w n
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for local schools and .
communities

40 to 15 miles... rt.. .
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• State-of-the-art plant
technology with lowest
achievable emissions

• One double-circuit 345kV
transmission line extending
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C O M M E N T  F G R I V I
We want to hear your thoughts on the Bowie Power Station project. Your comments are important in
helping us to identify ideas and issues associated with the project.

c9m1vu3:n'rs:

MAILING LIST
If you would like to be included on the project mailing list, please clearly print your name and address
below. If you would like a return call to discuss any questions or concerns you may have on the
project, please note your questions above and include your phone number.

Name:

Address:

City, State, Zip:

E-mail (optional):

Phone Number (optional):
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reno is SWPG? Who weald own the plant?
Headquartered in Phoenix, SWPG is a developer of power plants throughout the United States. Currently, the
firm is in the process of permitting a 2,000 MW plant near Eloy, Arizona.

The Bowie Power Station project is owned by the Bowie Power Station, LLC, SWPG owns Bowie Power Station,
LLC. Visit the SWPG website at www.southwesternpower.com for more information about the company.

'Hy is water needed? How much water will the plant use?
Combined-cycle facilities need water for cooling and steam production. Utilizing an internal recycling and
treatment system, plant discharges are minimized and water is conserved. A sufficient groundwater supply
exists to meet the demands of the Bowie Power Station. In fact, the facility will use less water than the
agricultural water rights allocation for lands acquired for the project.

How will this facility affect air quality?
Because this facility will use advanced air emissions control equipment and clean-burning, natural gas fuel,
minimal impacts on air quality are expected. in addition, to permit the facility, emissions must meet levels
established and enforced by federal and state agencies. The facility must demonstrate the ability to adhere
to these standards before any air quality permits will be granted.

How much noise will be heard?
discernible noise depends largely on the proximity of local residences and the presence of existing sound

levels. An acoustics specialist will gather information about the project and the surrounding area to determine
the project noise level and compliance with U.S. Housing and Urban Development guidelines.

What will the power plant look like?
The conceptual image on page 2 shows what the facility could look like. Included in this image are the stacks,
which will be approximately 130 to 160 feet tall, and the heat recovery steam generators.

How do the evaporativeponds work?
After the water is cycled several times through the cooling system, it is discharged into lined ponds. The pond
water has a high mineral content, but would not contain any toxic chemicals.

W i l l n e w  t r a n s m i s s i o n  l i n e s  b e n e e d e d ?
Yes, two alternative routes are being considered for one double-circuit 345kV line needed to connect the plant
to the existing power grid. The transmission line will extend approximately 10 to 15 miles north to connect with
an existing 345kV line in Graham County. The route alternatives, which will be shown at the April public open
houses, will be evaluated in conjunction with other studies in progress. Right-of-way needed for the transmis-
sion line will be acquired after the final route is selected.

Where will the nnfuml gas come from?
new underground natural gas pipeline will be constructed to serve the plant site. The pipeline will connect

with an existing El Paso Natural Gas main line located approximately 41/2 miles south of the plant site.

Raked U80
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Art Energy Company - Alliance Builder

NEWS RELEASE

Date: April 18, 2001
Contact: Tom Wray, Project Manager

(602) 808-2004
toll free (888) 332-4599

COMMUNITY INVITED TO BOWIE POWER STATION
PUBLIC OPEN HOUSE MEETING

(PHOENIX) April 18, 2001 - SouthWestern Power Group II (SWPG), a Phoenix-based
energy resource development company, and Bowie Power Station, LLC, will hold a set
of two public open house meetings regarding the proposed Bowie Power Station. Each
meeting will offer the opportunity for the public to learn more about the project and
provide input into the planning process.

The first open house will be held Wednesday, April 25, 2001, at the Willcox Community
Center, 312 W. Stewart, in Willcox. The second is scheduled for Thursday, April 26,
2001, at the Bowie High School gymnasium, 315 E. am Street, in Bowie. Both meetings
offer an informal, "drop in" open house format beginning at 5:30 p.m. At approximately
6:00 p.m. a brief presentation will be given, followed by a question/answer period.
Following the presentation portion, the meeting will return to the open house format to
offer community members time to review informational displays and speak individually
with project team members.

The Bowie Power Station, a generation facility planned to be located approximately 2
miles north of the community of Bowie in Cochise County, is expected to produce 1,000
megawatts at full capacity-enough electricity to serve 250,000 homes. Using state-of-
the-art combined cycle, natural gas-fueled technology, the facility is planned to be in
operation in late 2004, with construction beginning in late 2002.

A tool-free voice message information line, 877-576-7477, has been established to
provide brief project updates and a method for the public to request more information.
The first project newsletter was recently mailed to area residents, copies may be
requested by calling the phone line noted above.

###

4330 East Camelback Road Suite Bi7; . Phoenix, Arizona 8;oi8

P.O. Box 13491 . Phoenix, Arizona 85o6o

888.332.4399 'Tel 602.808.2004 . Fax 60.z.808.2099
www southwesternpowerrom
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NEWS RELEASE
Date: January 31, 2001
Contact: Tom Wray, Project Manager

(602) 808-2004
toll free (888) 332-4599

SOUTHWESTERN POWER GROUP II ANNOUNCES DEVELOPMENT OF
1,000 MEGAWATT BOWIE POWER STATION

Approximately $600 Million Energy Project Planned for Cochise County
Will GenerateNew Jobs, Enhance Local and School Tax Revenues

(PHOENIX) January 31, 2001 .- Soutl1Weste1n Power Group II (SWPG), a Phoenix-based energy
resource development company, announced plans today to develop the "Bowie Power Station," a new
generation facility to be located approximately 2 miles north of Bowie, Arizona in northern Cochise
County. Expected to produce 1,000 megawatts at full capacity, the power plant will utilize state-of-the-art
combined cycle, natural gas-fueled technology.

With the high growth in southern Arizona, this new resource will significantly contribute to meeting
increasing electricity needs. Construction is planned to begin in late 2002, with the first of two units in
operation in early 2004. New jobs will be created and millions of dollars in property tax revenues will be
generated, offering significant benefits to local schools and communities.

Supervisor Les Thompson of the Cochise County Board of Supervisors said, "The Bowie power plant
would be a welcome addition to Cochise County. I look forward to worldng with SWPG and I will do
what I can to help this project become a reality."

Larry Raines, Willcox City Manager, expressed a similar view. "It is extremely exciting when an
economic development project of this magnitude arises. The impact to our community through assessed
valuation and job creation will be well received," he said.

"SWPG looks forward to a growing and beneficial relationship with the community and to participate in
and enhance the existing local business economy," said Maurice Richard, SWPG General Manager. "The
planned technology and investment by SWPG will increase the asset base of the region, generate direct
and indirect growth and revenue to the County, as well as provide 'state of the art' type employment
opportunities during construction and throughout the expected 40-year operation of the facility."

Environmental studies have recently begun and public outreach efforts are planned to inform community
members as well as encourage their participation throughout the planning process.

SWPG develops, constructs, and owns natural gas-fueled power plants in the United States. By forming
alliances with customers and other service providers, SWPG is able to bring successful projects to the
market. The company recently announced a similar generation project near Eloy, Arizona and has several
projects under review in other states.

###

4330 East Camelback Road . Suite B17; . Phoenix, Arizona 85o18

P.O. Box 15491 Phoenix, Arizona 83060

888.332.4399 . Te! 602808.2004 ' Fax 6oz,8o82o99

www.5ou{hw@5[@tnp0w@v,com
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ARTICLES PUBLISHED ON PROJECT
Article Title Publication Date

Proposed SWPG power plant to
be located in Bowie

Arizona Range News January 31, 2001

Developer plans 1,000-MW unit
in Arizona

Megawatt Daily February 1, 2001

SoL1thWestem Power puts spark
in Cochise County with new
plant

The Business Journal Febulary 16, 200 I

Chamber meeting features
Bowie Power Plant

Arizona Range News March 28, 2001

Bowie Power Station Open
House today in Willcox,
Thursday in Bowie

Arizona Range News April 25, 2001
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Proposed SWPG power plant to
be located in Bowie in in

Arizona Range News
January 31, 2001

01/31/01
Ainslee S. Wittig

In the wake of a string of power shortages and rolling blackouts in
California, Southeast Arizona is preparing for the future.
Construction of a new power generation facility in Bowie, capable
of producing 1,000 megawatts at full capacity, will begin in late
2002, said Project Manager Tom Wray of SouthWestern Power
Group 11, a Phoenix-based energy resource development company.
The 'Bowie Power Station' is to be located about two miles north of
Bowie on Graham County Road, but within Cochise County. Wray
said SouthWestern Power Group (SWPG) chose the site for its
optimum proximity to gas pipelines and electrical transmission
lines and well as other"optimum perspectives." The plant, which
will cost about $600 million, will use "state-of-the-art combined
cycle, natural gas-fueled technology," instead of coal, which
neighboring Arizona Electric Power Cooperative's Apache
Generating Station uses, Wray said Friday. Wray said he does not
think the new facility will "have any negative impact, or any
impact at all" on AEPCO's plant, especially with the high demand
for power. The facility, when completed, will generate enough
energy (1,000 megawatts) to serve about 250,000 homes. The
Apache Generating Station is a 520-megawatt facility. AEPCO's
Apache Station, which has the capability of both coal and natural
gas-fueled generation, has a contract with Sulphur Springs Valley
Electric Cooperative (because SSVEC has partial ownership of
AEPCO), and therefore the new plant will not be in direct
competition with it, said Wayne Crane of SSVEC. Dennis Cri swell,
AEPCO assistant general manager of marketing and customer
service, had just learned about the proposed project, and said,
"We're looking forward to finding out more about the project."
Crane, SSVEC's public relations director, said, "It won't be
competition here, but the silver lining here is the economic benefit
for this valley. But if it's a tight market in the next few years, and
deregulation changes and makes a sudden turnaround, you never

r
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will benefit from the project through the generation of millions of
dollars in property tax revenues as well as otl'ler sales-type tax
revenues, such as the transaction privileges tax on natural gas
purchases and taxes on other needed materials. These tax
revenues will benefit the Bowie School District and the Northern
Cochise Community Hospital district, Wray said. About 45 full-time
permanent jobs will be created when the plant is in operation,
with an annual payroll of about $2 million; and 200 to 300 jobs
will be available during the year to year and a half period of
construction, Wray said. Willcox City Manager Larry Rains said, "It
is extremely exciting when an economic development project of
this magnitude arises. The impact to our community trough
assessed valuation and job creation will be weft received." "We
believe there will be from 45 or more good-paying jobs, that may
be hired from the Willcox and Bowie communities, and these
employees will be spending their money in our communities. I
think the Bowie Plant will have a similar impact as AEPCO has had
on our community," Rains said. Rains said SWPG has been
discussing the project for about nine months; and Wray said
SWPG began negotiations with two Bowie landowners, Tom Cooke
and Dick Eastman, about three months ago. Willcox Chamber of
Commerce and Agriculture Executive Director and Economic
Development Director Eddie Browning said the project must go
through the permitting process with Cochise County, which will
include public hearings. "There has been a lot of work going on
behind the scenes up to this point; and now there will be a lot of
questions that need to be answered and an open house will be
helpful," Browning said. He added, "One thing this does tell me is
that you never know who, where or when people are looking at
our community, and we must be doing economic development all
the time. They (SWPG) didn't get this farwithout seeing the
positives of the area." Cochise County Supervisor Les Thompson
said, "The Bowie power plant would be a welcome addition to
Cochise County. I look forward to working with SWPG and I will do
what I can to help this project become a reality." Wray said SWPG
planned the new facility, among others in the state and
nationwide, to meet increasing electricity demands and those of
current and forecasted growth in Arizona. Deregulation of the
utility industry has created a competitive market for the provision
of this power, especially in higher growth areas such as southern
and southeastern Arizona, he said. SWPG is also planning to open
a 2,000-megawatt facility near Eloy, named the Toltec Power
Station, for which they have two informational open houses set for
Tuesday, Jan. 30 and Wednesday, Jan. 31, in the Eloy area. Wray
said the company would like to have open houses in at least
Willcox and Bowie sometime within the next 60 days to make
presentations, answer questions and hear concerns. "We'd rather
have reactions from the community sooner rather that later,
before we get to far into the development process. We pride
ourselves on working closely with the local communities," he said.
Environmental studies to help determine the orientation of the
plant have already begun at the site. Wray said meteorological
towers about nine meters tail have been installed to collect data
including air chemistry and weather data, which will help
determine how the plant will be set up. He said SWPG's facility will
have minimal impact on air quality and U.S. Environmental



i"l'oIEcuolll Agency Ana LOCVHSE LOUVIKY air quality requirements
will be met, with emissions reduced to levels well within
acceptable health standards. "We don't emit sulfur dioxide as coal
plants do. Our most prominent emission is nitrous oxide (NOT),
and we mitigate that with the use of selective catalytic reduction
until it is less than three parts per million to meet air quality
standards," Wray said. He added that groundwater will supply the
plant, and the proposed facility will use no more water than the
agricultural operations it is replacing. The proposed combined-
cycle plant will be made up of two 500~megawatt power blocks,
each consisting of a steam turbine generator, two electric
generators, two heat recovery steam generators and two exhaust
stacks, Ur) to 160-feet tall each. Wray said the first of the two
units is expected to be in operation by early 2004. Public hearings
and presentations will occur during the development process, as
applications for the Air Quality Permit and Certification of
Environmental Compatibility are submitted. And Wray said
questions and concerns may be brought to his attention anytime
by calling (602) 808-2004 or toll free, 1-888-332-4599.

© 2000 liyWebPal.com. All rights reserved. Privacy WM!
All other trademarks and Registered trademarks are property

of their respective owners.



Megawatt Daily
February 1, 2001

Developer plans 1,000-MW unit in Arizona
Arizona-basedpower developer South-

western Power Group II said yesterday it is
planning a 1,000-MW generating unit in
Cochise County, Ariz., its second project in
the state.

The two-unit Bowie Power Station is
expected to begin commercial operation in
2004, Southwestern officials said. Con-

struction is expected to begin late next
year.

Southwestern has under develop-
ment the 2,000 -MW Toltec Power S ration,
which it announced in November. Previ-
ously, the group began initial develop-
ment on an Arizona project it sold to
PandaEnergy. ML
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fled rioWeigeneratirigstation two
miles West of BoWie, With.ari en-
trance Off.Graham 'County Road.

SWRG will hold -two public
meetings, including short P.r.esen-

.projei:t:_ one at BOwie High
:-School and oNe. at.'the.Willcox
0°tli1\1i!=1il7-C¢°*4 iH latleApril.-.
a couple -Of=days. apart,.'so that

,peOplehavc chance ng ask queer
sonsaridlir Way. said
hle'd like-to tile an application for

zoneCorpoxauon Com-mission in

~sited in Such a way tO be able tO .
expand; and will :be constructed .
in two phases of 500.MW each,.
to provideup-to 1,000-MW total
capacity; .

The power plant will include
two 500 MW_ each of Which will
consist of one steam turbine gen- .
erator, two combustion turbine
electric generators, two heat re-
cOverysteam generators, and two
exhaust stacks, according 'to
Wray. ._ .

Wray said the plant will have a
combined Cycle configuration,
which means that as die natural
gas is bumed,.a combustion pro-
cess Tums a turbine connected to
a primary generator. The result-
ing heat generates steam, which
turns a Second turbine, which
Wray explained is a way to col-
lect waste heat and re-use Ir

... Torri..Wray, project develop-
' ment Manager of the Southwest-
. eni Power Group H, LLC was the
.-featured speaker at: the Willcox
.Chamber of Commerce and Ag-
ricuftur é . meeting March 6.
1 .. Wray 'told Chamber members
. thatswpG has a1,000 megawatt
:(MW ) faci l i ty proposed near.
Bowie, arid a 2,000 MW' faci1ity

.: in development near Eloy, known
.-as .the Toltec Power Station,
among' other power stations

- . SWPG has.p1ans 'to. build a
coMbined.-cycle, natural .-gas4fU-

rat ions abq'ut  the Pr 'opds¢d

.| _ | | app .
9sivn= we with 811° 4-.

Cd

He siid.the. projggf-aébcqn

Chamber
features

CAROLBROEDER
AINSLEE s. WITTIG
Arizona Range News

Power Plant

Construction is scheduled tO
begin in late 2002, with the first
unit operational 'm early.2004.

It should take 18 months to
construct one 500 MW plant, em-
ploying .200-.300. people. The
plant expects to employ about 40 `.
to 50.fu1l-time permanentjObs fol-If
lowing construction of both facili-
ties, Wray Said( '.

Wraysaidthe firm will hire any
local people they can to work at
the plant, which has a $2 million
projected payroll annually.

"We'd like to train local people
to transition to operate the plant
_ it requires training, but it does
wonders for acceptance to have
your neighbors working in the
plant," Wray said.

sultans. . .
Wray said- another of the pa-* If

. .b¢ .
protection permit. An aquifer l

~.pactstudy will; be-pénformed by ii
,hyqlrologicalgmgilteering iirm.ang,

` 'lined cooling (evaporation) Pignds
will bemused to contain all plant.

. r . . 48
The project is'subjectto the a .

Coinrriisslgh. Wray said- Izumi
Aus go1nto.tl1e apphcafidli

-.to approve it; rematld-1t,.or.rcje§:'. I
'.-iterltirely. - . . .

Waste war; acccmdiqg to Wray.

'prove oM\eAzizouaCorpul v.

.1
auf? :he cdrnmfssfon Bras 60 defy 3

its co be obtainedgis the aquifer

The project is esdrriated rd cost
up to $600 million, he said. .

Wray said the air emissions"
will contain nitrogen dioxide aNd
carbon monoxide, but the pres--.
ency of these' substances 'willjnOt |
exceed any of the NationalArn# T
bent Air Quality Standards.. -' ..

I t  wi l l  be very' much l ike .
Apache Generation . station, '
owned bY Arizona'Electric Power'
Cooperative (AEPCO), he added;
except the .SWPG power Statitinf.
will run only rising natural gas and"
not bY coaljas AEPCO can use..-' .

WraySaid if will tice at least".
14.months" to get the more than 4
50 permits requjzed for licensing.
.Permits take a long time, accord# _.

is for the air quality permit; Wind"
River is their environmental con.'

in to Wray, and the longest time

Bowie
meeting

q .

"1urs~

the
af-

in

. or-
the

'TA.

. Schools may need temporary
buildings. during construction,
according to Wray. The effected
school -dist r icts wi l l  be"Sah1
Slmon Willcox and Bowie At'
Toltec, we havelplaqed.teniporary
portable buildings at the Schools

2 during construction to help'out,"

- La DonNa BurgeSs,..ffQm Sol-.
p̀our Springs Valley E1eCtric,Co-..
operative (SSVEC), asked aboUtl
-long-term' gas supplies, which . -
'Wray replied-wOuld be natural gas .
from El PaSo Natural Gas cdm-.
pany- " ' ...

.. Wray added that besides i t s
proximity to a natural gas pipe-
line, other' advantages--to '-the
BOwie 'si te include a rai lway
nearby. . _  . . . .»

. Earl Moser ofWlllcggt Real,Es1 ;
. Tate risked if .any 'of~ the diver

would..go,locally, Wray said the
vast Majority of..the.power would .

.See-PQWEFI,'page 12

Bowie and San Simon school and
Willcox hospital districts with
about $2.5 to $3.5 million
year.

In addition, workers coming
from out of town will need tem-
porary housing. Many workers
will live i.n recreational vehicles
and put their children in local
schoo1s,'Wray said. .

...S8id.1

Arizona Range News
March 28, 2001

Wray added that the Bowie
Power Station plans to join the
Willcox Chamber of Commerce
and work with the community.

Moserreplied it would be 1o-
cal if you consider Southeastern
Arizona,to be local.

continued from page 6

go to Tucson and Phelps Dodge
in Clifton-Morenci. . .

Po war
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Property taxes will benefit the
Can Df7IA/cD nann£.'
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Arizona Range News
April 25, 2001

Bowie Power Station open
House today in Willcox, Thursday
in Bowie

04/25/01
Email this story to a friend

SouthWestern Power Group II (SWPG), a Phoenix-based energy
resource development company, and Bowie Power Station, LLC,
will hold a set of two public open house meetings regarding the
proposed Bowie Power Station. Each meeting will offer the
opportunity for the public to learn more about the project and
provide input into the planning process.

The first open house will be held today, Wednesday, April 25, at
the Willcox Community Center, 312 w. Stewart, in Willcox. The
second is scheduled for Thursday, April 26, at the Bowie High
School gymnasium, 315 E. 5th Street, in Bowie. Both meetings
offer an informal "drop in" open house format beginning at 5-30
p.m. At about 6 p.m., a brief presentation will be given, followed
by a question/answer period. Following the presentation portion,
the meeting will return to the open house format to offer
community members time to review informational displays and
speak individually with project team members.

The Bowie Power Station, a generation facility planned to be
located approximately 2 miles north of the community of Bowie in
Cochise County, is expected to produce 1,000 megawatts at furl
capacity - enough electricity to serve 250,000 homes. Using
state-of-the-art combined cycle, natural gas-fueled technology,
the facility is planned to be in operation in late 2004, with
construction beginning in late 2002.

A toll-free voice message information line, 1-877-576-7477, has
been established to provide brief project updates and a method for
the public to request more information. The first project newsletter
was recently mailed to area residents; copies may be requested by
calling the phone line noted above.
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SouthWester Power Group (SWPG), a Phoenix-based
energy development firm, and Bowie Power Station, LLC,
invite the community to a public meeting regarding the
Bowie Power Station,a proposed power plant to be located
approximately 2 mites north of Bowie.

Hole

m 481

.
f tJrIE

WILLCOX
Wednesday, April 25, 2001

Willcox Community Center -
Ballroom .

312 w. Stewart

BOWIE
Thursday, April 26, 2001

Bowie High School - Gym
315 E. 5th Street

The schedule for both
meetings is as follows:

5:80 p.m.
6:00 p.m.
7:00 p.m.

- 6-00 p.m.
- 7:00 p.m.
- 7:30 p.m.

s

•

openhouse
presentation
open house continues

The meeting will begin with an informal "drop in" open house format to offer the
opportunity for community members to review project maps and displays, provide
comments, and speak individually with project team members. At 6:00 p.m., a brief
presentation will be held followed by a question/answer session.

For additional information, please cell the project voice message information line
(toll-free)at (877)576-7477.
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I
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EXHIBIT J-3
LOCAL BRIEFINGS AND PUBLIC MEETINGS
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PUBLIC MEETINGS
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Wind River Environmental Group

Michael Theriault Acoustics

RW Beck

Consultants and Advisors
Environmental Planning Group (EPG)

Bowie Power Station, LLC (owned by
SouthWestern Power Group II, LLC)

PRCIECT PARTICIPANTS

sound level analysis and noise control
engineering

air quality studies and permit applications

project design engineering and electrical
system planning studies

conduct and facilitate environmental
planning process and public involvement
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Project Description

near both rail and interstate
highway for equipment delivery

close to existing transmission lines

ample land and water supply

existing land area "buffer" surrounding
plant site

interconnection to existing 345 kilovolt
transmission lines

location: 2 miles north of Bowie

up to 1,000 MW total capacity
(two 500 MW blocks)

natural gas-fueled, high efficiency,
low emission technology
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* Protected Dates

2004*

End 2003*

Fall 2002*<

September 2001*

July 2oo1* .

April 2001

Feb. I April zoo1-

Iqnuqry zoo If

Ongoing

BOWIE PROIECT SCHEDULE

Sept. - Dec. 2000

.I '/ ,.

» .

l '

Commercial operation

Construction begins - first phase

Secure other permits and financing

- Project newsletter #2
- Siting Committee and Arizona Corporation

Commission Hearings

Application to Arizona Power Plant and Transmission Line Siting
Committee for Certificate of Environmental Compatibility

- Project newsletter #1
- Public Open Houses

Initial agency and community briefings

Public announcement

Environmental Resource Studies and Project Design
• air
• water
• visual
• land use
• vegetation and wildlife
• cultural resources
• acoustics

Project Feasibility Studies and Planning
• site identification
• natural gas supply .
»  electric transmission interconnection plan
• water supply

April 2001
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Proieet Benefits

• The Bowie Power Station would help meet
the growing demand for power by using
efficient, environmentally sound technology

Economic Benefits

Payroll projected at $2 million annually

$2 to $4 million annually in tax revenues
for local schools and communities

$7 to $10 million in purchases of local
materials and services during
construction

$3 to $5 million in purchases during
operation

Approximately 150 additional secondary
jobs during construction and operation

Average of 200 jobs created during
construction and up to 300 at peak

Up to approximately 45 full-time
permanent jobs created following
construction
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ENVIRONMENTAL STUDIES

Visual resources

Cultural resources

Biological resources

Water resources

Air quality

Land use

Noise
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Annual
100

NO; or NO,
(Nitrogendioxide or other N
compound)

pM\.,
(line pankculaw matter)

15
Annual 50 17i
24-hour 30I

|150

SON
(Sulfur dioxide)

40
Annual 80 20
3-hour 1 ,300 512

24-hour 365 91
C O
(Carbon monuxlde)

100 1-hour 40.000 NA
B-hour 10.000 NA

Lead I Quarterly 1.5 NA
I
I

P M
(Particulate matter)

25

VOC
lvolazila organic compounds)

40

Q

¢~,.
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-,~,¢ . 1-,

Source: U.S. Environmental Protection Agency

AIR QUALITY

must meet Arizona Department of
Environmental Quality and U.S.
Environmental Protection Agency
standards

install cleanest technology available

conduct analysis using air dispersion
model

CRITERIA POLLUTANT AIR QUALITY STANDARDS APPLICABLE
TO THE BOWIE POWER STATION PROJECT
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PUBLIC INVGLVEIVIENT
ACTIVITIES AND Tools

SWPG website -
www.southwesternpower.com

Frequently Asked Questions sheet

Comment Forms

Public open houses

Toll-free telephone voice message
information line (877-576-7477)

Open house newspaper
advertisements

Agency and community briefings

Newsletters

News releases
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p u B i c  O P E N  H O U S E

We want to hear your views on the Bowie Power Station project. Your comments are important to Fieip us
identify ideas and issues for the project.

COMMENTS;

MAILING LIST:
If you would like to be included on the project mailing list, please print your name and address below. If you would
like a return call to discuss any questions or concerns you may have on the project, please note your questions
above and include your phone number.

Name: l

Address:

City, state, zip:

-Mail (optional):

Phonle Number (optional):

Thank you far your input!
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EXHIBIT J-4
INTERCONNECTION POWER FLOW STUDY

This copy of the application includes only the Executive Summary. A complete copy of the
Interconnection Power Flow Study report will be furnished upon request made to the
Applicant, Bowie Power Station, LLC.

Not included: 1. Introduction and Methodology
2. Market Background
3. Case Development and Assumptions
4. Results
Appendices: Contingency List, Load Flow Results Tables, Transmission
Baek-up
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This report has been prepared for the use of the client for the specific purposes identified in the
report. The conclusions, observations and recommendations contained herein attributed to
R. W. Beck, Inc. (R. W. Beck) constitute the opinions of R. W. Beck. To the extent that statements,
information and opinions provided by the client or others have been used in the preparation of this
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Copyright 2001, R. W. Beck, Inc.
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EXECUTIVE SUMMARY

This report summarizes the results of the study to examine the potential impacts on
the transmission system of interconnecting the proposed Bowie Power Station, LLC
("Client") 500/1100 MW plant ("Project") addition to the Tucson Electric Power
("TEP") and for Alternatives 2 and 4, the Arizona Electric Power Cooperative
("AEPCO"), Western Systems Coordinating Council ("WSCC") transmission grid
approximately 40 miles south of the Greenlee 345 kV substation.

The Interconnection Power Flow Study was prepared by R. W. Beck at the request of
Bowie Power Station, LLC to address alternative interconnection scenarios for power
delivery from the proposed nominal 1,000 MW Bowie Power Station to the WSCC
grid. The alternatives considered Project dispatch at both the 500 MW and 1,100 MW
levels to provide interconnection at a range of potential output capacities.

Four different interconnection alternatives, corresponding to those requested in the
CEC application, are evaluated herein. Where the power flow analysis identifies
facilities that are loaded beyond the applicable facility ratings defined in the load flow
case model, whether or not the facility requires upgrade to interconnect the Project to
the system and/or to acquire transmission service from the Project will be dependent
on specific utility criteria.

The study indicates that the Project can deliver its full output to the transmission grid
with few to no transmission upgrades depending upon the interconnection Alternative
selected.

Alternative 1 shows no loading violations based on the criteria used for either a 500
or an 1100 MW Project.

Alternative 2 has two 230 kV line violations for the loss of the Willow to Vail 345 kV
line (the original Greenlee - Vail 345 kV line). Loss of this line forces the Project
output down to the 230 kV system resulting in the 230 kV overloads shown in the
table. However, based on the results of Alternative 1 (without the 230 kV
interconnection) the violation would be alleviated by transfer tripping the 345/230 kV
transformer at Willow for the loss of the identified line.

Alternatives 3 and 4 may require upgrade to the Vail 2 345/138 kV transformer unless
a higher shorter term rating can be utilized. Additionally, connections to both 345 kV
lines resulted in a violation of the Willow to Vail 2 345 kV (originally the
Springewille to Vail 345 kV line) line rating. It is noted however, dirt this line has a
much lower rating than the Greenlee to Vail 345 kV line. The line is identified in
TEP's FERC Form l data as having twin bundled 954 ACSR for a portion of the line
and 954 ACSR Rail for another portion. It is possible that an upgrade of this line
could be required to integrate the Project into both 345 kV Vail lines.

All four Alternatives had little to no impact on the listed WSCC transmission paths.
Additionally, it is noted that flow on the Springville to Vail 345 kV line is greater

Bowielnterconnection07260l.doc 7/26/01



Executive Summary

than the output of Springerville Unit 2 in all cases evaluated, i.e., in line with the TEP
Two County bond tax restrictions.

PROJECT DESCRIPTION
The following lists the Project assumptions used in the analyses.

Project Name:

Maximum Summer Capability (MW):

Interconnection Voltage:

Interconnection Location:

Interconnection Alternatives:

Bowie

500/1100

345 kV (and 230 kV for Alts 2 and 4)

40 miles south of Greenlee 345 kV substation

Alt 1 .- Greenlee - Vail 345 kV

Alt 2 .. Greenlee - Vail 345 kV & Red Tail - Dos Condados 230 kV

Alt 3 - Greenlee - Vail 345 kV line & Springerville .- Vail 345 kV

Alt 4 -. Greenlee .- Vail 345 kV line, Springewille - Vail 345 kV line,

Red rail - Dos Condados 230 kV

TEP (and AEPCO for Alts 2 and 4)

WSCC

One or Two 2 on 1 GE7FA/Steam Turbnie Combine Cycle with duct firing

•

•

•

•

Host Transmission utility;
Reliability CouncilIRTo:
Plant Configuration:

Four separate interconnection alternatives were evaluated as shown in the following
figures.

ES-2 Bowie 7/26/01 Bowielnterconnection072601.doc



Executive Summary

1. Alterative 1: An interconnection to the TEP system via a new 14.5 mile double
circuit 345 kV loop in and out of the Greenlee - Vail transmission line
approximately 40 miles south of Greenlee.

ALTERNATIVE 1 INTERCONNECTION CONFIGURATION

Springewille
345 kV

Phelps-Dodge
230 kV

Morenci
230 kV

' W

lm
W

Greenlee AE
230 kV

4
I
I
I
I
I

69 kV
System

Hackberry
230 kV

Greentree AE
345 kV

K -
Greenlee
345 kV

40 mi
Dos Condados

230 kV
\r Hidalgo

345 kV

\ 14.5 mi

Bowie
345 kV

Bowie
Power Station

88 mi

Vail 2
345 kV

Vail
345 kV

Red Tail
230 kV

uuuqw ~-vqauw

W W Bowie Interconnection
Facilities

Vail
138 kV

Bowielnterconnection072601.doc 7/26/01 R. w. Beck ES-3



Executive Summary

2. Alternative 2: A new substation, Willow, is constructed near the intersection of
TEP's Greentree to Vail 345 kV line and AEPCO's Dos Condados to Red Tail 230
kV line. The 14.5 mile double circuit 345 kV Bowie lines will terminate into the
new breaker and a half substation. The Greenlee to Vail 345 kV line also
connects to the new substation. Additionally, a 345/230 kV transformer will also
be located at the substation with a 0.5 mile double circuit in and out loop of the
AEPCO's Dos Condados to Red Tail 230 kV line.

ALTERNATIVE 2 INTERCONNECTION CONFIGURATIDN

Springerville
345 kV

Phelps-Dodge
230kV

Morenci
230 kV

we
W

Green lee AE
230 kV

69 kV
System

. 1
I

I

I

I
Hackberry

Greenlee AE
345 kV

I.-

I
I
I
I
I
I
4

230 kV

I

Green lee
345 kV

40 mi.

Dos Condados
230 kV Willow

345 kV

Hidalgo
345 kV

0.5 mi. 14.5 mi.

0.5 mi.

-A-an
I

Bowie
MY kV

/ /

88 mi.
Bowie

Power Station

Vail 2
345 kV

Vail
345 kV

Red Tail
230 kV

w e
Vail

138 kV

Bowie Interconnection
Facilities

ES-4 Bowie 7/26/01 Bowielnterconnection072601.doc
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Executive Summary

3. Alterative 3: A new substation, Willow, is constructed near the intersection of
TEP's Greenlee to Vail 345 kV line and AEPCO's Dos Condados to Red Tail
230 kV line. The 14.5 mile double circuit 345 kV Bowie lines will terminate into
the new breaker and a half substation. The Greenlee to Vail 345 kV and the
Springeiville to Vail 345 kV lines also connect to the new substation.

ALTERNATIVE 3 INTERCONNECTION CONFIGURATION

Springerville
345 kV

Phelps-Dodge
230 kV

Morenci
230 kV

Greenlee AE
230 kV

I
I
I
I
I
I

69 kV
System Hackberry

230 kV

Greenlee AE
345 kV

Greenlee
345 kV

40 mi

Dos Condados
230 kV

Willow
345 kV

Hidalgo
345 kV

14.5 mi

Bowie
345 kV

Bowie
Power Station

88 mi
Red Tail
230 kV

Vail 2
345 kV

Vail
345 kV

uvqnuuu

.81

Bowie Interconnection
FacilitiesVail

138 kV
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Executive Summary

4. Alternative 4: A new substation, Willow, is constructed near the intersection of
TEP's Greenlee to Vail 345 kV line and AEPCO's Dos Condados to Red Tail
230 kV line. The 14.5 mile double circuit 345 kV Bowie lines will terminate into
the new breaker and a half substation. The Greenlee to Vail 345 kV and the
Springerville to Vail 345 kV lines also connect to the new substation.
Additionally, a 345/230 kV transformer will be located at the substation with a 0.5
mile double circuit in and out loop of the AEPCO's Dos Condados to Red Tail
230 kV line.

ALTERNATIVE 4 INTERCONNECTION CONFIGURATION

Springerville
345 kV

Phelps-Dodge
230 kV

Morena
230 kV

'\/'fvf

m
"W

Greenlee AE
230 kV

| "

I
I
I
I
I

L

69 kV
System

1
I
I
r
I Hackberry

_ -  2 3 0  k V

Greenlee AE
345 kV

Greenlee
345 kV

mi.

Dos Condados
230 kV

Willow

5 V-..24:<
\ \ 14.5 ma.

\ Hidalgo
345 kV

0.5 mi
Bowie
345 kV

44
88 mi

A S

Bowie
Power Station

Vail 2
345 kV I

Vail
345kV

Red Tail
230 kV

uannpu '~»==1rvw

W
Vail

138 kV

Bowie Interconnection
Facilities
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Executive Summary

NEW GENERATION MODELED IN BASE CASE
The dispatch of generation in a region impacts transmission system power flows.
While it is not possible to evaluate all possible operational impacts, for planning
purposes, it is necessary to assume a certain level of generation to meet the projected
load. In this regard, assumptions need to be made as to which new generation projects
should be included in the Base Case model used. For this analysis, plants that will be
operating by 2002, additional CEC approved combined cycle plants in the
Phoenix/East Valley/Tucson areas and a portion of the Palo Verde hub generation
have been included in the model. Additionally, due to the proximity of the site
location to New Mexico, the 500 MW Duke plant at Luna has been included in the
Base Case. New projects included in the Base Case are summarized below:

l. Red Hawk 1000 MW Project (added to Base Case dispatched at 886 MW)

2. Santan 850 MW Project (already in 2001 series WSCC Case dispatched at
726 MW)

3. Desert Basin 500 MW Project (already in 2001 series WSCC Case dispatched at
460 MW)

4. Calcine West Phoenix 500 MW Project (already in 2001 series WSCC case
dispatched at 300 MW)

5. Griffith Energy 650 MW Project (already in 2001 series WSCC case dispatched at
540 MW) .

6. Calpine Southpoint 520 MW Project (already in 2001 series WSCC case
dispatched 420 MW)

7. Panda Gila River 2080 MW Project (added to Base Case and dispatched
900 MW)

8. Other PV area new generation dispatched at 35 MW

9. Toltec Power Station 2000 MW Project (added to Base Case and dispatched at
1000 MW)

10. Duke Luna 550 MW Project in New Mexico (added to Base Case and dispatched
at 500 MW)

TRANSACTION SCENARIOS
Based on the location of the Project, primary markets are located in southeast
Arizona, an area shown on the following figure.

Bowielnterconnection07260l .doc 7/26/0 I R. W. Beck ES-7
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Executive Summary

SOUTHEAST ARIZONA REGION

Proposed Generation Table in Southeastern Arizona

# Developer Plant Name Locatlon State MW ISDN Comments

Az14

Az21

Bowie Power Station, LLC.

Tucson Emecnric Power Co

Bowie Power Station

Vail Generating Station

Bowie

Rita Ranch

Az

AZ

1000

150

2004 Planned - Announced 1/31/01

2002 Peaking Facility

The transaction schedules shown in Table 2 were simulated in the load flow case
models to examine the potential impact on the transmission system of delivery to the
primary markets.

Table 2
Transaction Schedules in MW

Region
ala"

(Alt 1 Only)
AEPCO

Southeastern AZ
Southeastern AZlTucson

500
0

He"

(An 1 Only)
TEP
0

500

lac!!

(All Alternatives)

AEPCOI TEP

500

600

ES-8 Bowie 7/26/01 Bowielnterconnection07260l.doc
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Executive Summary

RESULTS
The following table summarizes the results for the integration Project under all four
Alternatives. For lines where only one rating is identified, we have assumed that an
emergency rating of 110% of continuous rating would apply based on assumptions made in
the Southeast Arizona Transmission Study report as discussed under the evaluation criteria
section. Loadings above the ll% of continuous rating limit have been highlighted in the
table.

Tn Overloaded Element Rating

NIE

(MVA)
Base

And
Double 345 kV

Connection
l a c ! !

1100

29%

65%

75%

27%

93%

64%

A n 1
Single 345 kV
Connection

a la " "b" "cm

500 500 1100

N.O. N.O. N.O.

1% 100% 43%

23% 101% 51%

AC Power Flows

% of E Rating

Alt 2
Single 345 kV &

230 kV Connection
ucv !

1100

109%

88%

N.O.

111% .

103% 107%

100% 91%3

N.O.

N.O.

N.O.

Alt 4
Double 345 kV &

230 kV Connection
Kc"

1100

N.O.

N.O.

N.O.

N.O.

104%

92%

L

X

L

L

L

x

351

150/193

268

351

120

600/672

110%

66%

90%

93%

106%

102%

L 113%

126%X

Apache To Red Tail 230kv'

Bicknell To Bicknell 230/345kV1

Buterfld To Pantano 230kv1

Red Tail To Willow 230kV1

Sag.East To Oracle 115kv2

Tortolit To Tortolit 5001138k1

VaiI2 To Willow 345kV1

(originally Springerville - Vail)

VaiI2 To Vail 3451138kv1

666/806

600/720

42% .. - -
49% 58% 73% 88% 87%

121%

135%

1. Loss of Project Bus (Alt 1) or Willow (Alts 2, 3 and 4) to Vail 345 kV line (originally Greenlee
Vail 345 kV line)

2. Loss of Saguaro West to San Manuel l 15 kV line

3. Loss ofWillow to Vail 345 kV line (originally Springerville .- Vail 345 kV line)

Alternative 1 shows no loading violations based on the criteria used for either a 500
or an 1100 MW Project with the exception of a slight overload of the
Tortolita 500/138 kV transformer which reached 102% of emergency rating. It is
expected that this violation could be handled via operational means. A11 other
facilities are within their identified emergency ratings or within 110% of drear
continuous ratings .

Alternative 2 has two 230 kV line violations for the loss of the Willow to Vail 345 kV
line (the original Greenlee ..... Vail 345 kV line). Loss of this line forces the Project
output down to the 230 kV system resulting in the 230 kV overloads shown in the
table. However, based on the results of Alternative 1 (without the 230 kV
interconnection) the violation would be alleviated by transfer tripping the 345/230 kV
transformer at Willow for the loss of the identified line.

Alternatives 3 and 4 may require upgrade to the Vail 2 345/138 kV transformer unless
a higher shorter term rating can be utilized. Additionally, connections to both 345 kV
lines resulted in a violation of the Willow to Vail 2 345 kV (originally the
Springerville to Vail 345 kV line) line rating. It is noted however, that this line has a
much lower rating than the Greenlee to Vail 345 kV line. The line is identified in
TEP's FERC Form l data as having twin bundled 954 ACSR for a portion of the line

Bowielnterconnection072601.doc 7/26/0 I R. W. Beck ES-9



Executive Summary

and 954 ACSR Rail for another portion. It is possible that an upgrade of this line
could be required to integrate the Project under the Alternatives 3 and 4 configuration,
Le., connected to both 345 kV Vail lines.

Interface Impact
Impact on key interface limitations are a consideration. The following tables show
the contribution of the Project on the defined transmission paths.

Power Flow over Defined Paths and Regional Facilities

WSCC

Path #
PathlFacility Description Rating

"3c1l

AEPCOITEP

1100 MW

MW

"4cl1

AEPCOITEP

1100 MW

MWMW

22 Southwest of Four Comers

47 Souther New Mexico (NM1)

49 East of the River (EOR)

PathIFacility Flows

Base AEPCO TEP AEPCOrrEP AEPCOITEP
500 MW 500 MW 1100 MW 1100 MW

MW MW MW MW

1767 1777 1797 1790

590 589 590 590

1751

589

1795

590

1793

590

5011

1096

378

190

5009

1107

335

5007

1094

261

5006

1103

195

5005

1101

220

5005

1105

342

5005

1103

328

-73

419

20

508

-278

790

-75

619

15

584

322 318 390 402

-106

754

395

50

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

2325 (E - w)

925 (S)1

1048 (NS)2

7550 (E - w)

Not rated (W - E)

1200 (E .- w)

745/1010

89611210

89611210

89611210

89611210

89611210

6661606

666/806

6661606

150/193

150/193

350/438

350/438

350/438

39

37

-126

-64

-68

80

26

28

-105

-78

-83

108

-9
-10

215

585

-69

-73

90

240

566

-17

-18

Cholla to Pinnacle Peak

Springerville - Greenlee 345 kV line

Greentree - Vail 345 kV line

Greenlee .. Project Bus 345 kV line

Project Bus - Vail M5 kV line

Greenlee - Willow 345 kV line

Willow .- Vail 345 kV line

Springerville - Vail 345 kV line

Springerville - Willow 345 kV line

Willow - Vail 345 kV line

Greenlee 230/345 kV xfmr #1

Greenlee 230/345 kV Mmr #2

Dos Condados - Red rail 230 kV line

Dos Condados .. Willow 230 kV line

Willow - Red Tail 230 kV line

1. S i m u l t a n e o u s

2 . N o n - S i m u l t a n e o u s

-32

180

-15

155

A11 four Alternatives had little to no impact on the listed WSCC transmission paths.
Additionally, it is noted that flow on the Springville to Vail 345 kV line is greater
than the output of Springerville Unit 2 in all cases evaluated, i.e., in line with the TEP
Two County bond tax restrictions.

ES-10 Bowie 7/26/01 Bowielnterconnection07260l.doc
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Witness Background

•

•

Tom C. Wray

General Manager, SWPG II, LLC

l

0wllz Witness Background
•

•

•

•

Educational Background
- Bachelors of Science, Louisiana State

University
- Masters, Electrical Engineering, University of

Colorado
- Masters, Business Administration, University

of New Mexico
Over 30 years of professional experience in
electric power industry
Developed, licensed, and permitted the Navajo
Transmission Project and Panda Gila River Power
Generation Facility
Participating as Applicant's policy representative
in Toltec Power Station CEC (Cases 112 and 113)

*.l i
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Scope of Testimony

•

•

•

•

Market Analysis

Public Involvement Activities

Property Tax Benefits

Conclusions

0wll§
Capacity and Energy
Contract Sales To:

Tucson Electric Power Company

Morenci Water & Electric
- Morenci mine
- Proposed Sanford mine

Arizona Electric Power Coop., Inc.
- Regional electric cooperatives

Other utilities in ArizoNa and New Mexico

Displaced generation

4

3
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0wll§ Bowie Project Output1 ..~I

Intended Ultimate Sales/Customers
n o - Q
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oWl[
Public Involvement

Activities

•

•

•

•

•

Initial Press Release - January 31, 2001

Over 35 "leader packets" to officials,
agencies, and key community members

Newsletters in April and September 200 l
(approximately 4,670 recipients)

Toll free telephone information line

Public meetings in Willcox and Bowie in
April 2001

7

0wIl§
*mi* °1.:l°l.-q)l¢!=~l* Public Involvement

Activities (continued)

• Media outreach efforts

- Two news releases

- Paid display advertisements (two local
newspapers to announce public meetings)

- Several news articles in Arizona Range
News

8

4



oWl[
Meetings and Briefings

•

•

•

•

•

•

•

•

Cochise County
Graham County
Bowie Fire Department
Bowie Unified School District
City of Willcox
Willcox Chamber of Commerce and
Agriculture
Willcox Unified School District
San Simon Unified School District

9

Bgwng
-»»\nnu°l~:-lwlt»'l

Property Tax Benefits

• Potential to add $3 to $5 million in
annual revenues per project phase

- Bowie Unified School Districts

- Fire District

Library

- Flood Control District

- General County

10
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oWl[ Conclusions

•

•

Market Considerations andNeed
- Meets key market needs (Phoenix, Tucson)
- Compliments ongoing planning and reliability

efforts in the state (Central Arizona
Transmission Study)

Economic Considerations
- Provides tax revenues
... Promotes local development
- Provides employment

Community Support

Environmentally Compatible

Balances Need and Environment

6





Witness Background

•

•

Jeffrey W. Schroeter, Genovation
Group, Inc.

Acting Project Manager for Bowie
Power Station

I

NowlE
WN'.'Y"I'*=.~I Witness Background

•

Jeffrey W. Schroeder, P.E.

President, Genovation Group, Inc.

Educational background
- BS Mechanical Engineering, Texas A&M

University

Over 22 years of professional experience
in all aspects of power generation project
development
Past Chair, ASME Power Division
Developed Panda Gila River Power
Generation Facility, Case No.99

2

1



0wlE Scope of Testimony

•

•

•

•

•

•

•

Project Facilities and Site Description

Transmission Facilities

Natural Gas Supply

Water Supply

Permits and Approvals

Security

Conclusions

Bgyggg Prob act Facilities

•

•

Base Design

' Two 500 MW (nominal) units in a
base load configuration
- Combined cycle

100 MW (nominal) peaking
resource .
- Duct firing capability

Allows for phased construction

3

2
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[IE Site Attributes
•

•

•

•

•

•

•

Near existing high voltage transmission
lines and accessible corridors
Near existing All American and El Paso
Natural Gas pipelines
Adequate water supply
Low population density
Absence of critical cultural/biological
issues
Adequate land buffer
Community support
Property located outside of 100-year
floodplain

7

BDWIIZ
.41 f1a"l*nl=I SJ* Transmission Facilities

• Bowie 345kV Switchyard to proposed

345/230kV Willow Switchyard in
Graham County
- Tie the Bowie 345kV transmission lines into

the existing TEP Greenlee-Vail and/or
Springerville-Vail 345kV transmission lines

- Provides an optional interconnection with the
AEPCO Red Tail-Dos Candados 230kV
transmission line located adjacent to the
switchyard site

8

4
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Transmission Route

Benefits

•

•

Shortest route

Allows for both 345/230kV
connections

Closely follows existing roads

BOWls
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Proposed Transmission Line
Route
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Natural Gas Supply and
Transportation

• Bowie will consume approximately 200,000 Dth
per day of natural gas at full build out

Supply will be sourced from multiple production
basins, primarily the Anadarko, Permian, and
San Juan; Bowie also has access to Central
Rockies production volumes

Transportation will be sourced from the El Paso
Natural Gas system

• Bowie will have adequate supply and
transportation options available for its generation
needs

13
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BME Southwest Pipeline Systems

f

s\~2\\'39314
Station

Bow

BOWl[
~l¢-» d'~L~ulCI 1

Water Supply
Requirements

•

•

•

Approximately 5 ,500 acre-feet per
year, 3,410 rpm at full build out
(two-unit configuration)

Very efficient use of water supply
compared to solid fuel plants

Plant will be supplied by
groundwater from on~site wells

14
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W*1 *11r§ vii '1 Water Use

•

•

•

Design average of 15 cycles of
concentration in the plant's cooling
towers

Discharge slowdown water and add
make-up water to cooling towers
continuously

Zero liquid discharge water handling and
evaporation system preventing off-site
discharge

15

BDWHQ
ii ¢~:|*L'i|''Fr 1 HI Water Supply Studies

•

•

•

•

•

Initial assessment of groundwater
conditions using existing data
Field inventory of existing wells on the
Bowie property

Aquifer testing of existing imation wells
Groundwater sampling and analysis
Modeling of water level drawdowns to
assess potential impacts of new wells

16

8



Bowll§
=»:¢*l:11rin¢*s' 'i

Groundwater
Availability Results

•

•

Sufficient groundwater beneath the
Bowie property to meet needs for
the planned 30-year life of the
facility

Property is not located within a
groundwater Active Management
Area (AMA) or Irrigation Non-
Expansion Area (INA)

17

BOWl£
..»vn=n-l=»».n avi

Groundwater Quality
Investigation Results

•

•

•

Groundwater quality is excellent

TDS concentration ranges about 250
milligrams per liter

No exceedances of numeric Aquifer
Water Quality Standards

18
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llowu; Water Level

Drawdown Results

•

•

Analysis assumptions

- Six new wells pumping for 30 years
- Analyzed incremental drawdown

beyond current agricultural pumping
- Total incremental pumping rate of

1,840 rpm (307 rpm per well)

Model results

- Predicted 40 to 50 feet of drawdown at
the welltield after 30 years

19
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Drawdown Contours
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Subsidence and Earth
Fissure Investigation

•

•

No significant subsidence
- Total of 5 feet of subsidence at the plant site

through 200 I

- Predicted 2.2 feet residual subsidence without
plant

- An additional 2.4 feet of subsidence may
occur as a result of pumping for 30 years

The power plant facilities and
infrastructure will be designed to
accommodate possible subsidence

21

Bowll§
'm'aa~l.°n~'l¢'¢#'l

Subsidence and Earth
Fissure Investigation

• No significant earth fissuring

- Nearest earth fissure is 2 miles to the
east of the property

- No fissures trend toward plant site
location

- Potential for connation or growth of
earth fissures is negligible

2.2
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BUWIE Permits and Approvals
•

•

•

Prevention of Significant Deterioration
(PSD) permit (Arizona Department of
Environmental Quality and EPA)
Well Drilling and Operations Permit
(Arizona Department of Water
Resources)
Aquifer Protection Permit (Arizona
Department of Environmental Quality)
Special Use Permit (Cochise County)
Transmission line right-of-way (Arizona
State Land Department)

"3

BOWIE
~l¢v..l!l-I,-h1' W# »~l Bowie Plant Security

Perimeter security fencing
Security lighting
Controlled access gates
Redundant sources of communications to
off site
.-. Electric control area
.- EI Paso Gas transmission
- Law enforcement and general public

On-site water production
Coordination with local governmental
agencies

12



npwu;» x ever L1r+.4=~ Conclusions

• Site location and infrastructure
_- Optimizes transmission

interconnections and existing corridors

.... Adequate natural gas supply and
transportation option

.... Adequate water supply

.-- Road and rail access

25

BUWIE
4¢ .* l. an L19 'ram 1 Conclusions (continued)

• Environmental Compatibility

.- Will meet or exceed air and water
quality standards

.- Low population density

.- Absence of critical cultural/biological
issues
Minimal noise and visual impact
Comprehensive landscape and
reclamation plan

26
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Witness Background. Qwgg
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Michael S. Siegel, AICP
.

•
. . Principal., Senior Planner, and Project

Manager for EPG
9. .

1 Education
x

. 1 +
Masters.. City and Regional Planning, Illinois
Institute of Technology
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. . . . .

. . 1
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Witness Background
(continued)

•

•

20 years of experience in environmental
planning and electrical facility siting

EPG's lead consultant for preparation of
CEC application

2
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Scope of Testimony

Overview of project site conditions

Present environmental studies and results

Provide opinion on environmental
compatibility of the project

3

BOWl£
*l'l' l:l~4'.~\1.ru-1! 'i Gverview of Project Site

•

•

•

Plant site

Views/existing conditions

Transmission line route

2



0wlE Aerial View of Plant Site

BOWls
-.11 p-11! \| a' ~l. Site Location

':pi v v*

#xi - ---. -c
..» -Sn_L*';*_' M " i tJ\'?,° l1

739'
air

3



B0w1[

BOWIE

.=~r.1=rluv'~''l

91-"» él'.*» W'v'» '4

; .
9104.I .

I

. '. .
r .

$P|r 4 8 .

gr.ge.

. ':1.

9 4
an .1
8% 'A

i 1

011IIIIIII1lll¢l11l11

..._ | 33 59 :
'> . :

88 3 2
_____,__________;=U

,,a.
£ 8.

n. . -

4

.  I(4-4)*

4"4

~k~=

Viewpoints

Location 1

Yi
s

=_
8
4x2°
<3

3
ex.
8
s
:5
4:g
2

Legend

a photopoim

Y *Si
L M. : .

v"/

1- -1rx.n..;.J

I
iI
s

i
I
I

i

l
I

I

I

!

I

.*
I

v

;
I

1
I

f;
!
?
a

i

I
I

f

8

4



. q

Location 2In '4s-8.1¢ Qt • I
BUWIE

q

-» *-l* ' 4 L. "*
x

1

4 a

. II_ 1/.
i  1.

Ly...
,,1\..
¢ we. 4 _ it

_._1 *ff* q

r * P ~ -  * I 4 -  vJ . *_
* a

\ -;_ . .
4 i i . J
? " L .A 4 . *

r J

\ .P 1 *
. -_1 H*

l.  1 4  °
*.-.

»

•

1\ .

1 3 -4  u * ra .=g.N?" i

- »
. * .| .

. L ..
r

4
. |, ..1 *J..l .

». a"
*
ui1-

I 4* af
an n

q  Im l . m l -'4 9 ax

I " * .a L-
» 1 . n . 1*F
\3¢ 1 .

4 \. '.*I1 .
1.'v

_ p

1

I f "¢v
' r r 'Q1.

m
P

, r .. r*44'¢~'i~
' ; »= »~ = e r *  » - ~ »* ' ~

4

» .

' . : * r

I
8 r

.._ . ¢  * . '_..

1 8 In

£ " F - fr
-Q

x
|* * W \
i i 9 $4 up

* 4*
'=:.., ftaw

L -
s. .

..
i x
1̀ -*1

4 -we

1 " i
f

~r" _M
I

¢ "
$48~w;,s»

»¢d.4-nl.

1 - 4  * * - - 3.  - 4 - n a •

l° * ..v-»* J

i v 4 4 o
' - ' - I - - - n a h . i .

9* 4'a a» lMr* r
* l • P 8 " ¢ c * r  u ' n

I 1  go . l " * ' * \ I

if=f~"-'~°"* *Ar | * 414 1 \
' L.-..-s...'. .L ....»'f...n»...-'¢§....'

k.
3-_-: '1

9

5



0WIE Existing and Future Land Use

0wlE

§ ""h-
"Wu-

s'j1-s-.l¢..

/....
/ .-

pa

v-n¢ue *\ll
usnavuv
swuqfuu eau

=x
:  E .

.__ * '  i  _
- . F e A-*

'*-off. I a
* - ~ : '§"
\ : -"w,;

\

'4"

~»...

Existing and Future

#mga-4 nsrv
fr-lwnsnan Una
Rial! I

a l
4

E*

8*
4
*Ag

e.
.at

».....».,~.
,,.»  ,...

*ii
1

. 4 I

n
R •

InnS-»*¢»*»» \
M'ul|4ln»0aul- -rf

J

•

4
\
9.

. |

I 3

Land Use

'

¢.~ 0 e .

* .

0

5

-

3

0
£4"i '*==-4

?`I'~¢ * 1 4• ¥1-4.*_ .
\ ' I"p* * _

•
a
r
i

g
6
¢
I
0
I

Bowie
Power Station
. Site

as-1

s

.  8

l

Ii
la

l

£3
g

i

>

l

I

3

l

l \ . -;1v . 4:41 ;i  i t
\ III \I

I 4\.1.s \ l

r.:=w.'71,
''8\'1"J nun ltd!
l i*\l) I -r

F\*4Ln! \ \

-

I
I
2
:

9

i

i

I
3

8
Eg
I
I3
E

I

1

I

*Is

1

PF

I

I

J

cu-

I

6



"oWl[
an..»  l=l°la\*\» » ' -|

v

I

I

'aI
4

Eslslnag Access Road

Proposed 345W

Tl'fll\*II\l!»Slllll Line

1

Transmission Line Route

l

. .
I'vu.

9'

pmpourl Wliiew
:usnsouv
Svwlchyard She

I

Photopoint Map

1

-" Propound :usu
Transmlulon Lens

/  Ro W s

._¢lA~su;ov» afr

" _ :0U» allC¢\lhrf

I

4
8

0~

uu-

*

I JQ
v
I\
\
g
Q '
¢
s
i

8

./ I

8

Bowie
Power Station

Site

..--.-..,
i

!
I
l
4

i9
i
I

..J
I

a

I
1
a
I
!\

7



BME Point 1 (north)
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oWl{ Point 8 (northwest)
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0wlE Environmental Studies and
Results

Existing and future land use

Biological resources

Historic and archaeological resources

Scenic areas and visual resources
•

•

•

•

•

Noise and interference

ZN
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BOWIE Existing Land Use
" . JWi!'li1'I-*lr'1

•

•

•

•

(Exhibits A, B-1)

Power plant site is located on private land
used for farming

Transmission line route crosses vacant
state and private land

Nearest permanent residence located
approximately l mile south of power plant
and transmission line route

No conflict with existing land uses
associated with the plant site or
transmission line route

25

oWl[ Future Land Use

•

•

•

(Exhibits A, B-1)

No pending major subdivisions or master
planned developments in study area

Project site designated as Category D -
Rural Area in Cochise County
Comprehensive Plan
... Heavy industry is permitted in Category D

... Facility will require a special use permit

No conflicts with future land uses or
development plans associated with the
plant site or transmission line route

"G
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BDWIE Biological Resources
.1° .|."1r vu ¢»  4

•

•

•

(Exhibits c, D)

Field reviews conducted

Contacted state and federal agencies

- Arizona Game and Fish Department

- U.S. Fish and Wildlife Service

No special status wildlife, plant species, or
habitat found on plant site or transmission
line route

#7

BUWIE Historic and Archaeological
Resources

(Exhibit E-2)

•

•

Records search and intensive Class III field
survey conducted

No adverse impacts to historic or
archaeological resources associated with
the plant site or transmission line route

28
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Scenic Areas and Visual
Resources

•

c

•

•

(Exhibits E-1, G)

L o w  to  a v e r a g e  s c e n i c  q u a l i t y

Transmission line route follows existing
access

Limited viewers

- Nearest residence 1 mile away

- Bowie community 2 miles away

Minimal visual impacts with mitigation

29

Bowl;
w =-an-¢l.~s»~\lnz-rf Visual Mitigation

•

•

Plant site
- Landscape rehabilitation and enhancement

Transmission line route

- Utilize existing or overland access

- Dulled steel single-pole transmission structures

- Non-specular conductors

30
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BOWIe
-;9-=.ia6n¢mv-rl Viewpoint 2: Simulation

0wll§ Noise and Interference
(Exhibit I)

Completed ambient noise survey

Sound level of proposed project within
established EPA and HUD guidelines

No interference with communication
signals

18
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0wlE Conclusion

•

•

Minimal impacts will be caused by
construction and operation of the project
facilities

Project is environmentally compatible
based on review of factors set forth in
A.R.S. § 40-360.06

37
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BOWIE
°-»v-'-:l-In.: In n. Witness Background

Scott Peters, RLA, ASLA

Director of Design Services for EPG

BLA - Utah State University

6 years experience

l

Bow; Scope of Testimony

•

•

•

•

•

Site conditions

Facility layout

Surrounding character

Conceptual landscape plan

Implementation
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Conceptual Landscape Plan
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H9384 Simulation

Howl;
1.* 1=l~l1l*1'»' Implementation

Plant materials

Planting/seeding methods

Irrigation

Project construction schedule
(alternatives)

2 Year Plan
Phased Plan
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BOWIE
rm .vail-if r!wi1 Extended Plan: Phases 5-6

llowu;
».¢».-.wan-.l'.'1l§mV :I Summary

•

•

Establish landscape buffers, screening, and
open space

Reclaim land and establish vegetative cover

_- Reduce blowing soil
- Decrease tumbleweed growth
- Establish stable native plant species

- Improve wildlife habitat

Respond to character of surrounding landscape

Coordinate with project construction schedule

16
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Arizona Corp0rati0n Commission
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Director of Utilities
Arizona Corporation Commission
1200 West Wmhington Street
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Certificate ofEnvironmenlal Compatibility for the Bowie Pow¢ tadB'h.

To Whom It May Concern: nocxrr ND. L -OD OUDBB01 011 8

Please accept this letter as notice that the City of Willcox is aware of the Bowie Power Station
project arid the impacts that this industry will have on our Community. The Southwestern Power
Group II has made presentations to our local elected and appointed officials, the Chamber of
Commerce members, as well as have held public forms to hear comments from the local .
citizens. It sour opinion that they have utilized the most practical methods of noticing our
Community of the project and impacts of such activity.

Throughout this process, the City of Willcox has been supportive of Md project. Although the
project will not transpire within our incorporated city limits, we anticipate a. positive economic
impact from this organization and industry. Additionally, Southwestern Power Group II has
taken a very activity role in Community citizenship. We look forward to the long-term
partnerships that can evolve with the project

The City Jr Willcox strongly encourages you to consider and support the Certificate of
Environmental Compatibility and Bowie Power Station project

Should you have any questions regarding this matter, please contact me at your convenience_

e

Respectfully,

MW D. Rains
City Manager

cc: Southwestern Power Group H

Mayor and City Council
l
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Attn: Director of Utilities
Arizono Corporation

Commission
1200 West Washington

Phoenix, AZ 85007
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July 24, 2001

Dear Director, - =~.-'
The Southwest Power Group plans to construct O new

station in Bowie and we at Bowie Schools ore quite excited
about the project. As you probably know, Bowie is o tax-poor
area and in order to finance our school district we must charge
our property owners probably the highest school tax rote in
Arizona at $1 i .50 per $100.00 A.V. The new generating plant,
when constructed and in operation, will mean that tax rote
con drop dramatically while at the some time provide more
money to operate our schools.

The Southwest Power Group hos kept uninformed from
the very beginning and hos asked for our input along the way.
We encourage you to approve their permit.

Sincerely,
" "" \

Dr. T.R. Ellis, Superintendent
Arizona Corporation Commission

DDCKETED
A U G  0  8  2 0 0 1

Cc: Southwest Power Group
4350 E Camelback Rd., Suite B-I 75
Phoenix, AZ 85018
Attn: Jonathon Bruter

Z
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"Wings Over Willcox( Travel the
"Magic Circle of Cochise'
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Executive Ofhccrsz
July 26: 2001

Chris Qronberg
Pwesidan

Carl Hcstand
Pvesidenr Elem!

Director of Utilities
Arizona Corporation Commission
1200 West Washington Street
Phoenix, Arizona 85007

Wayne Crane
Wee Pres ide

I ~

Jim Mart in
Treasurer

Re: CEC for Bowie Power Station Application
a

To Whom It May Concern;

Eddie Browning
Executive Director

Board of Directors :

The Willcox Chamber of Commerce and Agriculture supports Southwester
Power Group ITs above mentioned application. The Chamber of Commerce has
attended several local meetings in which the project was discussed in detail.
The Chamber of Commerce is aware of the impacts of construction and when
the plant is fully operational.

Anne Holcomb
Gary Regnier
P h i l  c l i n g
Kevin Slamback
Julie Hunsdon
Ron Bastian
Richard Searle
Rusty Harguess

The Chamber asks the Commission to find in favor of this application. If you
have any questions please do not hesitate to contact the Chamber of Commerce
at your earliest convenience.

Es-Officio Members: Sincerely,

Larry Rains
Lynn Settersledblarrett
Howard Bethel

Eddie Browning, Executive Director
Willcox Chamber of Commerce and Agriculture

o 9(520) 384-2272 (800) 200-2272 (520) 384-0293 Fax

wil lcoxchambcr éh vtc .net &}y_\_y.&y§ll_gQ§c_ han1ber.co1n

1500 Nor th Circ le 1 Road
Wi l l c ox , Ar izona 85643

0
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To whom i t may concern: this i s a letter of supporter the proposed
Power Plant in the town of Bowie . We here at the Bowie Fire Dist.
feel that it will be a great asset to the town. We also feel that with out
this plant the town will soon die out. It is the option of the members of
the Bowie Fire Dist.& the people of this town that this Plant will help to
save this town as well as help it to grow. The people from the plant have
been more then forth coming about all the plains & needs they would
have over the cores of the consternation and operation of the Plant.
They have also been very forth coming about any and all ever mental &
economic impacts it will have on the Town of Bowie and the people that
live in here. They have been more then willing to meet with and answer
any & all questions .from all members of the community. We at the
Bowie Fire Dist. Hope that you take all of this in to confederation when
you make any dissection.

rI

R E C E \V E D

Sincerely,
Chief MichaelBovee » ~=1° ~§ ;pg""

Bow? WF PM Ru

u G 0 s zuul
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EXHIBIT

0wlE

This iS the second in a series of
newsletters designed to keep the
community and interested parties
informed about the progress of the
proposed Bowie Power Station.
Since the announcement of the proj-
ect in January 2001, Southwestern
Power Group II (SWPG) and Bowie
Power Station. LLC have been con
ducting detailed environmental and
engineering studies, working on
design plans for the generating facility,
initiating permitting processes, nor
rowing alternatives for the associated
transmission line, and meeting with
various members of the public to
gather input and feedback

OVER 100 ATTEND PUBLIC
MEETINGS

the beginning of the evening, attend
dees had the opportunity to review
informational displays and speak
individually with project team men
hers. Following this portion of the
meeting was a presentation and
l.lengthy question/answer session to
address the comments and cueS
sons presented by the audieNce
Some of the questions were about
the construction schedule., air quality
sources of water and natural gas
impacts on the community during
construction, and plans for the land
around the plant, among many eth
ere. The "quick facts" section on
page~ 2 and information in
Newsletter #1* offer explanations of
many of these subjects. Overall
community members expressed
their support of the project, citing the
positive economic benefits that will
occur for the area

On April 25 and 26, 2001, two public
open house meetings were held in
Willcox and Bowie, respectively. At

*Ne-wsleller #1 may be reqqesled'i»y calling toll free 1-877-576-7477

I vIII\ l Ill I'll

or updated
praiect

iniarmntion
call toll free
877-575.7477

Tom Wray, S WPG, responds to audience gliestions at the public myvan.5g /II HIIWI( on April 26, 2001
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• Groundwater use will be Le
than existing agricultural
water use

• Up to 1,ooo megawatts (MW)
_194a1 capacity (phased in over
t I I Y `

• Starve-d-the-art technology
with lower achievable
emissions

• Substantial tax revenues for
Iocd schools a'ld communities

• During oonsh'uction:
average of 200 jobs created,
up to 300 at peak
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pnamecuon
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standards

• Built with two 500 MW blocks,
each with two combustion
turbines supporting one steam
turbine generator

• Construction expected to
begin in late 2002

• Fueled by clear-buming
natural gas
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• A 345kV switchyard will be
built at 018 plant site; a
345/230kV switchyard will be
built at the point where the
new transmission line connects
with existing lines in southern
Graham County

• l=lrst unit expected to be in
operation in late 2004

• • I a

~2

QUICK rAc'rs
\

: ay

J=

s

-r~

to

4

The Bowie Power Station Project involves the construction of a
double-circuit 345 (kg) kilovolt transmission line, which will extend
about 14.3 miles northwest from the facility to interconnect with
existing transmission lines north of the Cochise/Graham County
line. In the final stage of development, the 345kV/230kV "willow"
switchyard will be built at that location.

Factors such as environmental compatibility, electrical system
requirements, engineering, costs, and public input were studied
extensively as steps in the process of selecting a preferred route
for the power line, which is shown below. The figure on page 3
illustrates a single-pole structure, typically 160 feet in height,
which is expected to be used along this route.
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Typical double-circut a45kv structure
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Average
160 feet+

PERMITTING PRDCESS
CONTINUES - First hearing cm
Ociaber 11-12

In July, an application for a certificate of envi-
ronmental compatibility (CEC) was filed with the
Arizona Corporation Commission (ACC), which
is the first major step in the permitting process.
In our state, all proposed power plants and
certain types of transmission lines must be
approved by the ACC. Prior to the application
reaching the ACC, it is considered by the
Arizona Power Plant and Transmission Line
Siting Committee, which will hold a hearing on
the Bowie project in Willcox on October 11 and
12, 2001. Beginning at 9:00 a.m., the meetings
generally conclude in the late afternoon each
day. Please see page 1 for location details.

completed in late 2002. The project planners
are working with Cochise County to obtain the
necessary zoning and special use permits and
identify appropriate uses for the surrounding
lands. Also, an Aquifer Protection Permit will be
required prior to construction of the lined
evaporation ponds.

The process to obtain an air quality permit from
the Arizona Department of Environmental
Quality and the U.S. Environmental Protection
Agency is also underway and should be

CULTURAL RESOURCES HIGHLIGHTS

3



PRESORTED
FIRST CLASS MAIL

U.S. POSTAGE
PAID

PHOENIX, Az
PERMIT NO, 465

Bowll§

4,%

"'<>
'O

4/2"%<9 //>°\
-»-.-.-.-.......-.-....-........-...._.......-.-._. -v9'9"\--

u '

Fl

'E
8

m'¢J¢\mM

L
'?((

*BL

_ ¢ ¢  . -
C()clllsE coutrrv

/\'r\

"8'4»

B14

~J.>4¢0

4,

-

___m!Rasa

QS09/;\104¢ 9 / " \
/ /? '\

4,00

.

-1-""'I'
w ef "Ir I

Il I.
l l !
t

a

Ic

11

A
Ur( u

FNIQ

\_

-l

//}"\
//'"\

.=°0rrIIII
I

rIJ

/w
/~<\

S»Slm
ul ll  ' * l.~u.**.Willcox

/
""l\»

M Rico
•

\

Dos C alms

ll\.r.

*I
\ .\11U;S

R11 Donn
xo» » r
I www

So

-I-
1.

umm

/ Nunn

SOUTHWESTERN
Power Group LLC

An Energy fomnanv - Alliance Builder

4.
.Sn-uh

'n-1 4 '

IMPORTANT NEWS ABOUT
THE BCWIE POWER STATION!

Project Area Map



| GECLOGICAL CONSULTANTS INC.



GEOLOGICAL CONSULTANTS INC.
2833 West Northern Avenue, Suite IA Phoenix, Arizona 85021 Telephone 602-864-1888



ECLOGICAL CONSULTANTS INC.
N

Kenneth M. Euge, R.G.

GROUND SUBSIDENCE &
EARTH FISSURE EVALUATION

BOWIE POWER STATION
COCHISE COUNTY, ARIZONA

Prepared for:

Mr. Ravi Murthy, P.E.
URS Corporation

7720 North 16"= Street, Suite 100
Phoenix, Arizona 85020

Prepared by:

Geological Consultants kc.
2333 West Northern Avenue, Suite IA

Phoenix, Arizona 85021

Q v~

3 wasaa
0;1l KENNETH M

EUGE

Cr:
-4

Dao

Project No. 2001-168 October 8, 2001

2333 West Northern Avenue, Suite IA • Phoenix, Arizona 85021 Telephone 602-864-1888 • Fax 602-864-1899

G



Ground Subsidence & Earth Fissure Evaluation Bowie Power Station

NOTICE

The geological and soils observations, findings, conclusions and recommendations
presented in this report are based on (1) data from published and unpublished sources
available at the time of this study and (2) photo-geological interpretation. The
services provided by Geological Consultants to URS Corporation were performed in
accordance with generally accepted geological principles and standard practices used
by members of the geological profession in this locale at the time of this study.

It must be recognized that subsurface geologic and soils conditions may vary from
place to place and 80m those interpreted at locations where evaluations are made by
the investigator. No warranty or representation, either expressed or implied, is or
should be construed regarding geological or soils conditions at locations other than
those observed by the investigator.

This report was prepared in accordance with the scope of work outlined in Geological
Consultants proposal for geological services dated August 17, 2001 and as authorized
by URS Corporation on September 4, 2001 .
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Ground Subsidence & Earth Fissure Evaluation Bowie Power Station

GROUND SUBSIDENCE & EARTH FISSURE EVALUATION

EXECUTIVE SUMMARY

Introduction

This report presents the results of a ground subsidence and earth fissure evaluation for the proposed

Bowie Power Station site in the San Simon Valley (also referred to as the San Simon Sub-Basin) of

the Sanford Basin in north-central Cochise County, Arizona (Figure 1). The scope of activities to

accomplish this subsidence evaluation included several tasks: (1) an overview assessment of the

entire property using available geological and hydrogeological data and geological interpretation of

available aerial photography; (2) compilation of historic groundwater data, (3) compilation of

previously documented ground subsidence and earth tissue data, (4) analysis and interpretation of

the gathered data, (5) conducting a geological reconnaissance of the project site and nearby areas,

and (6) rendering of opinions and recommendations related to power station development in a

subsidence area.

Geological Evaluation

The middle portion of the San Simon Sub-Basin contains more than 6,400 feet of basin sediments

deposited in a closed drainage basin. The basin fill sequence from top to bottom includes a Young,

upper alluvial unit, a middle blue clay unit, and a lower coarse-grained interbedded stream and lake

bed unit (Sketch 1). Each of these stratigraphic units has distinctive hydrogeologic properties. The

upper unit and portions of the lower unit of the basin till commonly makes up the principal

groundwater aquifer of the region.

Ground Subsidence

The major human-induced factor contributing to subsidence in the vicinity of the proposed power

plant site area is the removal of groundwater from the basin aquifers due to agricultural development

within the San Simon Sub-BaSin. As a result of the groundwater drafting, groundwater levels in the

study area have dropped about 250 feet to 350 feet through the mid-1970s. In the mid-l970s and

1980s, agricultural activity in the basin slowed due to poor economic conditions. As a result, water

levels in the Bowie area of the basin began to stabilize due to substantial reductions in groundwater
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use. Water levels have remained essentially static or have risen slightly through 2001. The current

static condition can be attributed to a balance between water use and recharge in the basin.

The San Simon Valley area of the Safford basin and the proposed Bowie Power Station site are in

an area of documented ground subsidence and related earth fissures associated with historic pumping

of groundwater, primarily for agricultural purposes. Groundwater removal has caused the basin fill

sediments to compress, causing the ground surface to be lowered over a very large area, Based on

an analysis of historical level survey data from a benclnnark about 1% miles south of Bowie Power

Station site, the maximum ground subsidence at the Bowie area totaled about 7.1 feet in 2001.

Ground subsidence is estimated to be about 5 feet at the proposed power plant site through 2001 .

A linear projection of predicted residual ground subsidence from 2001 through 2035, without the

plant, is about 2.21 feet or 0.065 feet per year.

Bowie Power Station proposes to pump about5,500 acre-feet of groundwater per year for the 30-year

operational life of the plant. The resulting water table drawdown analysis (URS, 2001) indicates that

on the order of 50 feet of drawdown could occur in the immediate vicinity of the Power Station well

field, and about 40 feet near the town of Bowie, over the operational life of the plant. The analysis

of future potential the maximum ground subsidence that could be induced by plant water use over

the 30-year plant life is expected to be about 2.15 feet or about 0.072 feet per year.

No previously reported earth fissures are located within or trend toward the proposed power plant

site. Likewise, no evidence of earth fissures was observed during the geological reconnaissance of

the site. Two earth fissures are within five miles of the proposed Bowie Power Station site. The

closest earth fissure is about two miles east of the northeast comer of the Power Station property.

This fissure trends in a north to northwest direction. The fissure also appears to be dormant because

of the sediments that have accumulated in the fissure since it was first documented (Holtzer, 1980)

Conclusions

Assuming the hydrogeological conditions remain unchanged, the linear data plot analysis of

subsidence against time suggests the residual subsidence at the project site from 2001 through 2035

could total about 2.21 feet or 0.065 feet per year. The nonlinear extrapolation of the same data set

suggests the ground subsidence in the project area could be negligible by the year 2035.

2
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It is anticipated that the maximum ground subsidence that could be induced by plant water use over

the 30-year plant life is about 2. 15 feet or about 0.072 feet per year. This subsidence rate is roughly

equivalent to the residual subsidence rate calculated for the period 1980 to 2001 in the project area,

A comparison of projected residual ground subsidence from past groundwater pumping with the

projected future potential active ground subsidence caused by pumping at the Bowie Power Station,

shows comparable nonlinear diminishing rates of ground subsidence. The nonlinear trend line

analysis relative to actual and projected ground subsidence suggests that, even with the plant in

operation, ground subsidence in the project area could diminish to negligible levels by 2035.

Based on the results of the subsidence evaluation and estimates of future potential subsidence due

to plant operations, it is our opinion the potential for earth fissure formation within the project

property is negligible. In addition, the potential for earth fissure formation at the plant site is

negligible because the plant site is located interior from the margin of the middle and lower basin

fill units, the site is several miles from thebedrock pediment edge and a relatively small amount of

ground subsidence is projected over the operational life of the plant. Finally, for similar reasons, the

potential for new earth tissue formation and growth of existing fissures in adjacent off-site areas

is negligible.

Ground subsidence and earth fissures in the project area should have a negligible impact on the

construction and operation of the proposed power plant. Likewise, subsidence-related impacts to

areas adj agent to the proposed facility should ds be negligible.

Although the proposed Bowie Power Station is located within an area of residual ground subsidence,

the power plant site facilities and related infrastructure can be engineered to account for future

potential subsidence and operate safely.

Recommendations

Supplemental investigations at the Bowie Power Station site would be appropriate to verify, refine,

or refute, as the case may be, the ground subsidence and earth fissure conditions identified by the

3
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present scope of work. Such studies could be conducted as part of the Geotechnical engineering

analysis in connection with the design of the facility.

In addition, representative survey benchmarks should be re-surveyed for the purpose of

implementing and maintaining a ground subsidence monitoring array for the site and surrounding

areas. Subsidence monitoring benchmarks should also be established within the power station site

and could be integrated into a subsidence monitoring program. As part of the monitoring program

for known earth fissures, the earth fissures closest to die Bowie site should be periodically monitored

using direct field examinations and the results documented.

4
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GROUND SUBSIDENCE & EARTH FISSURE EVALUATION

BOWIE POWER STATION
PINAL COUNTY, ARIZONA

1.0 INTRODUCTION

This report presents the results of a ground subsidence and earth fissure evaluation for the proposed

Bowie Power Station site located about one and one-half miles forth of the Town of Bowie in north-

central Cochise County, Arizona (Figure 1) (Bowie Power Station L.L.C., 2001). Information

contained herein completes the scope of work as outlined in Geological Consultants Inc. proposal

dated August 17, 2001. The objectives of this study are to compile adequate information concerning

ground subsidence and earth fissures within and adjacent to the proposed power plant site to:

1) Address questions and concerns that may arise regarding the ground subsidence

phenomena.

2) Define potential impacts, if any, relative to the design, construction, and operation

of the proposed power plant. `

3) Make recommendations to dead with the subsidence phenomena so that the proposed

power plant site development can proceed.

The scope of activities to accomplish this subsidence evaluation included several tasks. The tasks

were directed to an overview assessment of the entire property using available geological and

hydrogeological data, geological interpretation of available aerial photography, and a geological

reconnaissance of the project area. Some of the required preparatory work, such as compiling

histor ic groundwater  data ,  was accomplished by URS Corporation personnel. Geological

Consultants Inc. used this data to supplement its data base to accomplish the project objectives.
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1.1 Scope of Work

The scope of work for the ground subsidence and earth fissure evaluation included the following

activities designed to satisfy the objectives of the study:

o Research of existing geological, hydrogeologicd, and geophysical data and the

compilation of these data and existing ground subsidence/earth fissure information

concerning the site region.

o Preparation of a bibliographic listing of the references reviewed and compiled.

o Assessment of ligature potential grouNd subsidence induced by groundwater

withdrawal at the site and in the site vicinity using, in part, groundwater data

compiled by URS personnel and historic ground subsidence data obtained from

various sources for the project region (San Simon Sub-Basin).

o Use of historical groundwater and subsidence data, combined with the preliminary

predictive water use data for the power plant operations, to develop future potential

ground subsidence extrapolations for the site area.

o Compilation of groundwater drawdown and basin fill characteristics that may be

derived from available research sources such as the U.S. Geological Survey and the

Arizona DepartMent of Water Resources (ADWR). This information can be used to

roughly estimate reasonable rates of ground subsidence that can be compared with

future potential ground subsidence extrapolations.

o Examination of aerial photography available Hom the U.S. Geological Surveyover

the Internet for the study area and interpretation of the photographs to identify earth

fissures that may be present in the site vicinity.

6
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o Completion of a limited ground-truth field reconnaissance (On foot) of the known and

suspect earth fissures documented in the data base, and to verify, or refute the

existence of the earth fissures.

o Preparation of a synopsis of possible ground subsidence/earth fissure mitigation

measures that could be engineered and constructed to mitigate ground subsidence

effects.

1.2 Authorization

The subsidence and earth fissure evaluation was conducted by Mr. Jason C. Williams, G.I.T., and

Mr. Kenneth M. Euge, R.G., Principal Investigator. The work was performed for URS Corporation

according to the authorization and the notice to proceed given September 4, 2001 and the scope of

work authorized in Geological Consultants Inc. proposal to URS Corporation dated August 17, 200 l .

7
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2.0 GEOGRAPHIC SETTING

2.1 Location

The proposed Bowie Power Station site lies within north-central Cochise County about one and one-

half miles north of the tom of Bowie, Arizona (Figure 1). The power station property consists of

approximately 2.5 square miles of agiiculttual land located in all or portions of sections 20, 21 , 22,

27, 28, 29, and 33 of Township 12 South Range 28 East of the Gila and Salt River baseline and

meridian. The Bowie Power Station power block will be located in all of Section 28 and a portion

of Section 29.

2.2 Physical Features

The site is located in the central portion a large geographic basin referred to as the San Simon Valley.

The basin is bounded by the Chiricahua, Dos Cabezas, Pinalenas, and Santa Teresa Mountains to the

southwest, and the Pelocillo and Gila Mountains to the northeast.

The maximum relief within the property is approximately 87 feet measured from the highest point

(elevation 3,748i feet) at the northwest property boundary to the northeast property boundary

(elevation 3,6611 feet). The original land surface has been Modified by past agricultural activity.

Generally, the land surface slopes to the east-northeast, at gentle grades of 3 percent or less.

2.3 Climate and Vegetation

The climate of the area is arid to semiarid. The average annual temperature ranges 80m about 42 o

Fahrenheit (F) in January Mth summer maximums averaging about 79°  F in July. Average daily

highs range Hom 58 o F to 95 o F and lows range Hom 24°  F to 61oF (Vogt, 1980). The precipitation

is confined to essentially two seasons during the year, one in the summer and the other in the winter.

Average annual rainfall is about ll inches. Snowfall averages slightly more than four inches per

year. Native vegetation including desert shrubs and grasses have been removed &om the land

surface within the project area due to modification of the land for cultivation.
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3.0 GEOLOGICAL EVALUATION

3.1 Regional Geologic Setting

The Bowie Power Station property is located within the San Simon Valley of the Sanford Basin,

which is a part of structural basin or trough within the Sonoran Desert region of southeast Arizona.

The Sanford Basin is located in the southeastern part of the Basin and Range Province and extends

from the vicinity of Rodeo, New Mexico, northwest to the vicinity of Globe (Cushman, JoneS and

Hem, 1947). The Basin and Range Province is one of three physiographic and structural provinces

in the state of Arizona: the Colorado Plateau, the Transition Zone, and the Basin and Range. The

Bowie property is located entirely within the Basin and Range Province.

The Sanford Basin, including the San Simon Sub-Basin, is characterized by northwest and north

trending mountains that rise abruptly Nom broad, elongated, deep sediment-Hlled valleys produced

by block faulting and folding that is common to the Basin and Range Province. The geology is

dominated by metamorphic, granitic, and volcanic rocks of late Tertiary and older age (Figure 2) that

have provided the source material for the basin fill deposits. The Mountains surrounding the Bowie

property are composed of gneisses, schists, indurate sedimentary rocks, and granitic and volcanic

rock types (Barnes, 1991). Rocks underlying the basin ti l l  are probably igneous rocks including

intrusive granite and extrusive volcanic rock.

Structurally, the region has been uplifted to its present position by episodes of mountain/basin

bounding fault movements (Cooley, l977). The tectonic episodes and deformation, evident in the

orientation of foliation planes and joint set discontinuities exposed in the bedrock terrain, have

provided the mechanics necessary create the deep intermontane basins whichwere subsequently

filled with sediment. The basin structure is defined by a trough that was formed by down-faulting

between two nearly parallel mountain chains. The resulting structural depression is a down-thrown

fault block, or graven, that is bounded by normal faults (Sketch 1). The Peloncillo Mountains,

consisting of volcanic rocks and older sedimentary and granitic rocks, form the northeast side of the

basin. The chain of mountains along the southwest side of the basin includes the Chiricahua, Dos

Cabezas and Pinaleno Mountains composed of crystalline igneous and metamorphic rocks and older

sedimentary rocks (Cushman et al, 1947).

9
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3.2 Site Setting

The Bowie Power Station site is located in the middle portion of the San Simon Valley of the San

Simon Sub-Basin. This Sub-Basin occupies a deep graven defined by northwest-trending Basin and

Range faults which are concealed beneath broad alluvial fans that merge to form bajadas. The

surrounding mountains are composed of gneisses and schists, indurate sedimentary rocks, granite

and volcanic rocks. Around the lower slopes of the mountainous bedrock terrain, young colluviums

deposits composed of erosional detritus intermingles with the young alluvium deposits of the valley

floor. As the surrounding mountains eroded, the valley filled with debris (Sketch 1). The resulting

alluvium has been classified as older and younger alluvial fill. The vast majority of the sediments

are Pliocene and Pleistocene in age and are generally referred to as older alluvial fill (Cushman et

al, 1947).

The older alluvial fill is composed of intertongued beds and lenses of clay, silt, sand, and gravel.

These beds have been divided into lower, middle, and upper units. The lower unit overlies the

bedrock, and consists of stream deposits interfingered with volcanic debris near the basement

contact. The lower unit may exceed 7,000 feet in maximum thickness. The middle or blue-clay unit

is a lacustrine deposit that was laid down at a time when a body of water, without exterior drainage,

occupied a large part of the San Simon Valley. The middle unit overlies the lower unit and reaches

a maximum thickness of 600 feet near San Simon. The middle unit, which acts as a confirming layer

and is generally encountered 80m 60 too 200 feet below the surface, pinches out toward the basin

margins (Barnes, 1991) (Sketch 1).

The surface geology of the Bowie Power Station property is dominated by young alluvial fan

deposits composed of an upper unit of mixed clay, silt, sand, and gravel. More coarse-grained soils

probably occupy the former modem drainage channels that crossed the property. Some of the natural

stream channels that once incised the alluvial fan surface have been removed or obscured by grading

of the land surface for agricultural purposes. Coarse-grained alluvial fan deposits, although presently

closest to fan apexes and the mountain i8onts to the south and west, may be present locally beneath

the site. Fine-grained soils, including fine sand, silt, and clay, occupy the slightly elevated terrain

between the drainage channels and the fan deposits closer to the basin center.

1 0
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3.2.1 Basin Stratigraphy

The San Simon Sub-Basin sediments are composed predominately of older and younger

basin till deposits. Recent alluvium deposits are found along modem stream channels.

Buried stream channel deposits may be present within the site property. The three basin till

units and a mixed, marginal deposit in the project area are described below (URS, 2001):

The upper unit consists of unconsolidated stream channel deposits of sand, silt and

gravel and forms a continuous geologic unit across the basin. The thickness of the

upper unit ranges Boy 60 to 200 feet and the driller's logs indicate that the upper

unit is about 150 feet thick beneath the Bowie property. Where the upper unit is

saturated in localized areas, the unit is designated as the upper aquifer.

The middle unit (Bases, 1991 ), or blue-clay unit (White, 1963), underlying the upper

unit consists of dense blue clay formed by fine¢ grained sediments deposited during

a period when a shallow lake occupied a large part of the San Simon Valley. The

middle unit is about 600 feet thick along the axis oldie valley, and acts as a confining

layer. Near the basin margins, the middle Lmit pinches out and the upper and lower

units merge to form the marginal zone. In die vicinity of the Bowie property, the

middle unit is believed to be about 350 feet tllick, extending to a depth of about 500

feet below ground surface.

The lower Lmit consists of stream and lake-bed deposits of clay, silt, and gravel that

overlie bedrock and in places are interbedded with volcanic debris. The unit is

continuous throughout the basin and merges with the upper unit along the basin

margins in the marginal zone. Groundwater occurs under confined conditions in the

sand and gravel units, that interlinger with layers of dense clay, to form the lower

aquifer. The lower aquifer supplies most of the groundwater used in the San Simon

Valley sub-basin and would be the source of groundwater for the power plant. The

thickness of the lower unit is generally unknown, but may be as much as 8,000 feet

along the valley axis (Oppenheimer and Sumner, 1980). The thickness of the lower

unit in the vicinity of the Bowie Property is unknown.
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The marginal zone occurs along the margins of the basin where the middle unit

pinches out and the coarser materials of the upper and lower units merge. Within the

marginal zone the upper and lower aquifers have merged to form a single, unconfined

aquifer.

13
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4.0 GROUND SUBSIDENCE

4.1 Overview

Ground subsidence is known to occur in alluviLun~iilled valleys of Arizona where agricultural

activities and urban development have caused overdrafting or removal of groundwater from thick

basin aquifers faster Dian natural recharge of the aquifer can occur. The basic cause of subsidence

and lateral movement of the land surface is an increase in the intergranular  pressure of the

underground material. As the water table lowers, due to over-drafting, the water located in the space

between the soil particles is removed. The particles will then compress under the weight of the

overlying soil coltunn. The compression of the soil is expressed as ground subsidence at the ground

surface. The calculation of ground subsidence due to compression of layers in which intergranular

pressure is increased is based on how the porosity, or void ratio, of the layer is reduced by an

increase in intergranular pressure (Bouvier, 1978). The magnitude of subsidence is directly related

to the subsurface geology, the thickness and compressibility of the alluvial sediments deposited in

the valleys, and net groundwater level decline.

There are three categories of ground subsidence: (1) active subsidence; (2) residual subsidence, and

(3) total subsidence. Ground subsidence induced by groundwater over-pumping is referred to as

"active subsidence" and it does not immediately stop once pumping iS stopped. As groundwater

levels stabilize or  begin to r ise,  the subsidence continues for  some time before it  gradually

diminishes and stops. The ground subsidence that continues after groundwater levels stabilize or

rise is referred to as "residual subsidence" and generally continues for several years. The entire

ground subsidence process cannot be considered complete until residual subsidence approaches zero,

whereas the cumulative drop in the land surface, known as "total subsidence" can be determined

(EPA, 2001).

Although ground subsidence is a human-induced geological phenomenon that is sometimes referred

to as a geologic hazard, the ground subsidence phenomenon is relatively benign when compared to

other natural events such as flooding or earthquakes. '
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4.2 Groundwater

The major human-induced factor contributing to subsidence is the large scale removal of

groundwater. Nearly all of the populated southern Arizona basins Hom Phoenix to Tucson have

experienced at least a 100+ foot drop in groundwater level, and an area surrounding the town of

Stanfield, Arizona has dropped more than 500 feet (Schumann and Genualdi, 1986). The

groundwater level in the vicinity of the Bowie Power Station study areahas dropped about 100 to

300 feet according to well data compiled by Schumann and Genualdi (1986), and 250 to 350 feet

according to data compiled by URS (2001) (Figures 3 & 4).

Historical records indicate shallow groundwater was pumped for domestic use and livestock in the

1870s. In 1910, a deep well encountered artesian groundwater conditions that spurred agricultural

development until poor economic conditions following World War I caused the abandonment of

several amis. By the 1950s, artesian conditions abated to the level where ptunping, probably from

both the upper and lower aquifers, was required to satisfy irrigation needs. Deep well pumping from

the upper aquifer began in the 1930s with the introduction of turbine pumps and electrical power.

Annual water level usage, principally for agriculture, increased steadily from the early 1950s until

the 1980s when rising energy costs and poor economic condition closed many of the farms. As a

result, water use was reduced significantly and water levels stabilized. Records indicate the water

level ire the upper aquifer ranged Nom 30 feet to 80 feet below ground surface in 1987 (URS, 2001).

4.2.1 Groundwater Use in the San Simon Valley Sub-Basin

Two principal water-bearing zones occur in the San Simon Valley Sub-basin, and roughly

correspond to the upper alluvial unit and the middle silt and clay units. These zones are

referred to by the ADWR (1994) as die Upper Main Water Zone and Lower Main Water

Zone, respectively. In the San Simon Valley Sub-basin, and in the Bowie Power Plant area,

a third local water zone exists. This third zone is situated between the Upper Main Water

Zone and the Lower Main Water Zone. This water zone designated the Significant Local

Water Zone by ADWR.
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Following World War H, agricultural development accelerated in the San Simon Valley sub-

basin as did the water level decline in the aquifers. Annual water level usage increased

steadily from the early l950s until the 1980s, when the estimated arial stumpage in the San

Simon Sub-Basin totaled 139,000 acre-feet per year. Poor economic conditions in the early

1980s resulted in cessation of most agricultural activity in the area when water use dropped

to only 42,000 acre-feet per year. By the mid-1990s water use had increased slightly to about

51,400 acre-feet per year (URS, 2001). As a result of the reduction in water use in the Sub-

basin, water levels began to stabilize and by 2001 the water levels had achieved essentially

static conditions.

The Bowie Power Station site is located within the San Simon Valley sub-basin of the

Sanford basin, which is one of 14 groundwater basins located in the Southeastern Arizona

Planning Area as defined by the ADWR. The agricultural lands, municipalities, and

industries widiin the Sanford Basin rely heavily on groundwater to meet their required water

demands.

Agriculture in the San Simon demand center occurs primarily in the San Simon Valley along

San Simon Creek. Agricultural demands in 1990 for the Sanford Basin were 170,000 acre-

feet. Of that amount, about 30 percent, or 51,400 acre-feet per year, are pumped Hom the

San Simon Sub-Basin. According to ADWR (1994), long term projections are expected to

be the same through year 2040.

Historical average consumptive use within the agricudturad lands that will include the Bowie

Power Station site is about 3.6 acre-feet per acre per year, or about 5,900 acre-feet per year.

The Bowie Power Station will require about 5,500 acre-feet per year. If none of the 1,640

acres of the Power Station property are used for agricultural production, there will be a net

decrease in water use by the power station as compared to the historical average pumping for

the former agricultural property,
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4.3 Regional Subsidence

Prior to the utilization of groundwater resources within the basins of central Arizona, the water table

was higher and hydrogeologic conditions were in equilibrium. When pumping was initiated, water

levels nth in the aquifer began to be lowered and the basin fill sediments were dewatered. In the arid

southwest, the water in the aquifer is used up faster than it can be naturally replenished causing a net

water table decline. As a result, the weight of the soil column is gradually increased as the buoyant

effects and aquifer pressures induced by the water acting on the soil column are decreased. This

condition causes increased loading stresses to consolidated portions of the thick compressible

sediments, which results in the lowering (subsidence) of the land surface over a large area.

Once ground subsidence is initiated, it will continue until the causative factors, which are principally

water table declines due to pumping and soil compressibility, are altered. Ground subsidence due

to groundwater overdrafts is essentially irreversible. It can be arrested or stopped by reducing or

halting declines in groundwater levels (combined with groundwater recharge if necessary) to prevent

residual subsidence (Bouvier, 1977).

Ground subsidence was first documented in Arizona in 1934 following the releveling of first-order

survey lines by the Coast and Geodetic Survey (now the National Geodetic Survey (NGS).

Subsequent levels by the NGS, the U.S. Geological Survey, the U.S. Bureau of Reclamation, and the

Arizona Department of Transportation has documented substantial ground surface subsidence in

south central Arizona including the Salt River Valley, the Queen Creek - Apache Junction area, and

the Eloy - Casa Grande - Stanfield area. As overdrafting continues, tensile stresses induced by the

subsidence continue to increase until the ground breaks to form earth fissures.

The amount of ground subsidence reported through 1991 varies throughout central Arizona.

Variations relate to basin shape and structure, compressibility of sediment within the basin, duration

of groundwater use,~volume of water pumped Hom the basin, natural and induced groundwater

recharge, and change in water  level conditions.  Documented ground subsidence reported by

researchers for different areas in central Arizona ranges from as little as one-half foot in the Tucson

Basin to more than eighteen feet near Luke Air Force Base west of Phoenix.
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Subsidence and earth fissures in urban areas can cause a variety of localized problems in central

Arizona. The majority of problems have affected agricultural land. The ground subsidence has

caused changes in the land surface gradient that have necessitated re-grading to reestablish proper

grades for initiation. In some localized cases, such as near Casa Grande and Queen Creek, lands

have been taken out of production. Structures built across subsidence-related earth fissures may be

damaged, streets crack, flow in gravity water and sewer lines can be reversed, and differential

subsidence (although rare) can rupture buried utilities (Arizona Bureau of Geology and Mineral

Technology, 1987).

4.3.1 Subsidence in the San Simon Sub-Basin and Bowie Project Area

Groundwater conditions in the San Simon Sub-Basin are somewhat different from other

basins in Arizona affected by ground subsidence. Initial "large-scale" groundwater use in

the sub-basin was provided from artesian wells. A lowering of the water table to the point

where ground subsidence might be initiated lagged behind other basins that were

experiencing agricultural development, such as the Picacho Basin. Ground subsidence was

first documented in the Bowie area in the late 1950s.

Ground subsidence in the project area has been measured in the past by government agencies

at various benchmarks along the Southern Pacific railroad alignment through the Bowie area,

as well as two benchmarks along a north-trending spur of the railroad in Bowie. An early

elevation vertical control survey in 1952-53 was the basis from which later ground

subsidence was measured. In 1974, a second elevation survey was conducted at the same

benchmarks in the area that were used in 1952-53. They discovered that at Bowie, the

ground had subsided by as much as 4.7 feet over the period of 1952 to 1974 (Holtzer, 1975).

A later level survey, conducted in 1979-80, recorded additional ground subsidence of about

one foot for a maximum total subsidence of about 6 feet from 1952 to 1980 in the Bowie

area. A GPS level survey was made of some benchmarks in the Bowie area in 2001 (A-

Team/URS, 2001). The 2001 results indicate an additional 1.4 feet of ground subsidence

occurred since the 1980 survey (Chart 1) or a total of 7.1 feet from 1952 to 2001. Based on

the data, the land surface at benchmarks in the vicinity of the proposed Bowie Power Station

site was subsiding at diminishing rates between 1952 and 2001 (Table l).
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Year
Cumulative

Subsidence

(feet)

Time Period

(years)

Subsidence Rate

(feet peryear)
Reference

1950 0 url!

1974 4.70 24 0.20 Holzer, 1980

1980 5.69 6 0.165 NGS, 2001

2001 7.06 21 0.065 A-Team/URS, 2001

Ground Subsidence & Earth Fissure Evaluation Bowie Power Station

Table 1

Cumulative Ground Subsidence and Subsidence Rates

1952 Through 2001, Benchmark P324

Interpreted subsidence contours within the Bowie Power Station site indicate that Hom 1952

to 1974, 2 to 3 feet of subsidence had occurred (Holtzer, 1980) (Figure 5). No recent level

surveys have been conducted within the Bowie Power Station site. However, based on a

comparison of recent level survey data (A-Team/URS, 2001) from a benchmark (P324)

located one and one-half mile south of the site (Figure 1), with the Holtzer (1980) data, it is

conceivable that the total ground subsidence from 1952 through 2001 could average about

5 feet at the plant site.

Between 1950 and 1980, active subsidence was occurring in the Bowie area due to pumping

activity. Because of the leveling if of water levels in the Bowie area and the essentially

static groundwater conditions within this area of the San Simon Sub-Basin, including the

Bowie Power Station property, no active subsidence is occurring in the basin. However,

based on the recent level survey (A-Team/URS, 2001), residual ground subsidence is likely

ongoing. Table 2 includes a summary of survey leveling of benchmarks through the Bowie

area along Interstate 1-10 between Milepost 352 and 376 for the period 1952 through 2001 .
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4.3.2 Future Potential Ground Subsidence in Project Area

Various analytical methods may be used to predict the amotuit of ground subsidence and to

estimate subsidence rates over time. Empirical methods can be used to extrapolate available

data to deduce future subsidence trends. The amount of subsidence is available to plot

against time. In this method, the amount of ground subsidence is considered a Mnction of

time, ignoring causality of the ground subsidence (Vega and others, 1984).

The reasonableness of the results using an empirical method that tits linear, quadratic,

exponential, or logarithmic functions depend upon the data base used for the analysis.

Fortunately, there is a reasonable amount of level survey data for the project area that can be

used to calculate future potential grot rd subsidence trends. According to the data base, since

1952 several survey benchmarks have been resurveyed more than once (see Table 2).

Although none of the sLu'vey benchmarks are within the BOwie Power Station Site, one

benchmark is within one and one-halfmiles from the site (Benchmark P324). Data from this

benchmark indicate that it documents the greatest amount of ground subsidence in the area

and, therefore, would represent a conservative point of reference for calculating future

potential ground subsidence at the project site.

Both a straight line trend line and a polynomial trend line have been applied to the data to

develop linear and nonlinear extrapolations of ground subsidence in the project area.

Assuming the hydrogeological conditions remain unchanged, the linear data plot (Chart 1)

of subsidence against time suggests the residual subsidence at the project site from 2001

through 2035 could total about 2.21 feet or 0.065 feet per year. The nonlinear extrapolation

of the same data set suggests the ground subsidence in die project area could be negligible

by the year 2035 (Chart 2). As more survey data become available, the ground subsidence

predictions may be refined.

BoWe Power Station proposes to use groundwater pumped from on-site production wells for

plant operations for the projected 30-year life of the power plant. The plant operations will

require approximately 5,500 acre-feet per year when fully developed and operating at base

load (URS, 2001). The results of the groundwater level drawdown analysis conducted by
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URS (2001) indicate drawdown will occur in the southwestern portion of the Bowie

property. The calculated drawdown is about 50 feet below current static levels after 30 years.

The geological history of the San Simon Sub-Basin in terms of time of development, basin

fill source material, basin fill characteristics, and the paler-geomorphic characteristics

demonstrate that it is similar to other basins in the Arizona Basin and Range Province, many

of which have experienced ground subsidence. Although no detailed soil engineering data

are presently available for the basin fill sediments beneath the Bowie Power Stations site, it

seems reasonable to extrapolate basin till characteristics for other basins, such as the Picacho

Basin, to the San Simon Sub~Basin. Considering the similarities of the San Simon Sub-

Basin and the Picacho Basin, the Bouvier (1977) method can be used to roughly estimate

predicted ground subsidence. Assuming the values of ground subsidence relative to

groundwater level decline for the San Simon Sub-Basin are similar to those used by Christie

(1978) for the Picacho Basin (Geological Consultants, 2001), the subsidence on the order of

15 to 17 inches per 33 feet of groundwater level decline could represent a rough

approximation for the San Simon Sub-Basin. Assuming these values are representative for

the Bowie Power Station site, the maximum ground subsidence that could be induced by

plant water use over the 30-year plant life is expected to be about 2.15 feet or about 0.072

feet per year. This subsidence rate is roughly equivalent to the residual subsidence rate

calculated for the period 1980 to 2001 in the project area (Table 1).

Chart No. 3 depicts a nonlinear plot of documented ground subsidence through 2001 with

the predicted additional ground subsidence for the 30-year operational life of the plant that

could be induced by pumping of groundwater at the site. A comparison ofproj ected residual

ground subsidence from past groundwater pumping with the prob ected future potential active

ground subsidence caused by pumping at the Bowie Power Station, shows comparable

nonlinear diminishing rates of ground subsidence. A polynomial trend line is applied to

actual ground subsidence reported for the project area and combined with the estimated

projected subsidence expected from plant operation through 2035 (Chart 3). A plant start-up

date of2005 was assumed for this analysis. The trend line relative to actual prob ected ground

subsidence suggests that, even with the plant in operation, ground subsidence in the project

area could diminish to negligible levels by 2035.
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4.4 Earth Fissures

Fissures occur in unconsolidated sediments, typically near the margins of alluvial valleys or near the

bedrock pediment edge where groundwater levels have dropped from about 200 feet to 500 feet

below ground surface (Schumann et al, 1986). The main factors relating to the development of an

earth fissure are the differential consolidation of unwatered sediment over shallow bedrock

irregularities coupled with groundwater withdrawal (Péwé and Larson, 1982).

Fissures are initiated underground when tensile stresses exceed the strength of the soils. The fissures

then propagate upwards to intersect the ground surface. The locations of earth fissures are controlled

primarily by the configuration of the buried bedrock surface, variations in the basin fill stratigraphy,

and other factors. Early signs of earth fissures are small linear en echelon hairline cracks, irregularly

spaced but aligned depressions, and large linear open holes (Larson and Pewe, 1982) (Figure 6).

Other physical features associated with fissures are slump-related escarpments from one inch to a

few inches in height, as well as a drainage pattern associated with the fissure dirt does not conform

to the area's local drainage pattern.

Field evidence indicates the fissures are exposed after overlying sediments are eroded by surface

water runoff Nom rainfall or initiation (Larson and Pewe, 1982). The surface expressions of the

fissures are exaggerated because the initial hairline crack is attacked by water to create Mde (10 to

20 feet) and deep (more than 15 feet) erosional gullies that often have vegetation growing in them.

The fissures are commonly perpendicular to natural drainage channels. The length of the fissure at

the ground surface varies, usually less than one mile, but one fissure near Picacho, Arizona is more

than 9 miles long. These features are easily recognizable on aerial photographs and in the field

except where the land surface has been recently modified by agricultural activities or urban

development.

Earth fissures cause damage to highways, railroads and cards and can require ongoing maintenance.

In irrigated agricultural areas where fissures form, portions of yields are abandonedbecause irrigation

flows are interrupted (Arizona Bureau of Geology and Mineral Technology, 1987).
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4.4.1 Known Earth Fissures Within Project Area

The Bowie property is adjacent to an area of documented earth fissuring (Holzer, 1980;

Harris, 1997). A review of published research documents and recent aerial photographs

(Terraserver, 2001), combined with a field reconnaissance of the Bowie Power Station

property and adjacent areas, indicates there are no previously mapped earth fissures located

within or trending toward the proposed Bowie Power Station site. No evidence of earth

fissures was observed during the geological reconnaissance of the site. Only two earth

fissures are located within a five-mile radius of the Bowie Power Station. The one

northwest-trending fissure is located Section 25, Township 12 South, Range 28 East, about

two miles east of the northeast comer of the Bowie Power Station site. This earth fissure

does not project toward the Bowie site. The fissure is about two miles long and extends to

die south into Section 31, Township 12 South, Range 29 East and Section 6, Township 13

South, Range 29 East. The second fissure trends toward the northeast in the southeast comer

of Section 25, Township 12 South, Range 28 East. This issue is about one-quarter mile in

length and projects away Hom the power station.

4.4.2 Potential Earth Fissures Within Project Area

Based on a review of available aerial photographs taken in 1996 of the Bowie area including

the project area (Terraserver, 2001), no other earth fissures could be readily identified.

However, the resolution of the photograph examined on the Internet was limited and may

have obscured some smaller features. Likewise, agricultural activities throughout the

property may also obscure the sLu'face expression of earth fissures that may be present.

On September 10, 2001 , Geological Consultants conducted a site visit to complete a ground-

truth search for earth fissures within or trending toward the Bowie Property. Existing

irrigation canals and roadways were carefully examined, as well as portions of the adjacent

properties where native ground can be located. No evidence of earth fissures within or

projecting toward the Bowie Power Station site was observed during the f ield

reconnaissance.
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A cursory assessment was also made using available geological and geophysical data to

identify potential areas where earth fissures might develop near the site. Considering the

proximity of the site to the buried bedrock pediment relative to a basin bounding fault to the

west of the site, the assessment considered that boundary condition as a potential focus for

earth fissure development. The maximum depth to bedrock in the Bowie Power Station

vicinity is estimated to be more than 6,400 feet below a ground surface (Oppenheimer et al,

1980). Below the Bower Power Station, the bedrock depth could range from 5,000 feet to

5,700 feet below ground surface. About 1% to 3 miles west of the west property boundary,

a distinctive steep gradient change in the buried bedrock sLu'face is depicted on

Oppenheimer's (1980) Depth to Bedrock Map. This change is defined by a change in

bedrock depths ranging Nom about 800 feet to 4800 feet below ground surface. This change

occurs over a distance of about 1.6 miles and represents a slope gradient on the bedrock

surface of about 0.47 feet per foot. The approximate gradient of the gentle sloped buried

pediment surface closest to the mountain Hont is defined by a change in elevation of about

400 to 800 feet across a horizontal distance of about 1% mile to 3 miles or about 0.025 to

0.13 feet per foot. The line, or break in slope, that defines the prominent change in gradient

from the pediment to the deep basin could be the focus for future potential earth fissure

development; The break in slope of the buried bedrock surface is located about 3 miles west

and southwest 8'omthe Bowie Power Station site.
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5.0 CONCLUSIONS

5.1 The San Simon Valley and the proposed Bowie power plant site are in an area ofdocumented

ground subsidence and related earth fissures. Ground subsidence resulted from groundwater

over-drafting that started in the area in the 1930s and accelerated following World War II.

Gradual over-drafting caused a lowering of the regional water table from about 250 feet to

350 feet through the late 1970s and early 1980s. Groundwater removal has caused the basin

fill sediments to compress, causing the ground surface to be lowered over Avery large area.

Ground subsidence in the basin measured in the Bowie, Arizona area was about 7.1 feet as

of 2001. Maximum ground subsidence at the Bowie Power Station site is estimated to be

approximately 5 feet for the period 1952 through 2001 .

Water levels within the basin, and at the Bowie Power Station site, began to stabilize and

level off during the late 1970s and 1980s due to a reduction in groundwater use and because

the reduced groundwater use is balanced with aquifer recharge. As a result of the relatively

static groundwater levels in the Bowie area, ground subsidence rates have slowed from 0.20

feet per  year  in 1974 to 0.065 feet per  year  by 2001. Assuming the hydrogeological

conditions remain unchanged, the linear data plot (Chart 1) ofcumulative subsidence against

time suggests the residual subsidence at the project site from 2001 through 2035 could total

about 2.21 feet or 0.065 feet per year. The nonlinear extrapolation of the same data set

suggests the ground subsidence in the project area could be negligible by the year 2035

(Chart 2)~

5.2 Agricultural stumpage for the Bowie property since 1980 is estimated to average about 5,900

acre-feet per year. Bowie Power Station proposes to pump about 5,500 acre-feet of

groundwater per year for the operational life of the plant or about 400 acre-feetper year leg

the agricultural use estimate. The resulting water table drawdown is projected to be

approximately 50 feet below the static water level at the start of plant operations over the 30-

year operational life of the plant. The anticipated drawdown could induce some additional

ground subsidence in the project area of approximately 0.072 feet per year, or a maximum

of 2. l5 feet, over the 30-year plant life.
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Although not anticipated according to ADWR (1994), if renewed drafting of groundwater

from other wells in the San Simon Sub-Basin causes a significant groundwater level decline

regionally, the drop in the aquifer water table could cause an increase in regional subsidence

that could exceed predictions.

5.3 The projected subsidence rate induced by the plant water use over 30 years is roughly

equivalent to die residual subsidence rate calculated for the period from 1980 to 2001 in the

project area.

5.4 Without the groundwater withdrawal caused by the plant, the residual subsidence in the

project area is expected to be arrested by 2030. with the power plant in operation,

subsidence rates in the project area are expected to drop to negligible levels by 2035.

5.5 Subsidence resulting from groundwater withdrawal related to operation of the proposed

power plant is expected to have negligible effectson areas adj cent to the project property

because the projected groundwater use for the plant operations is expected to be less than the

current water use.

5.6 In areas where the basin fill consolidation has induced excessive tensile stress within the soil

column, earth fissures have formed to relieve the stress. However, there are no previously

mapped earth fissures located within or trending toward the proposed Bowie Power Station

site. Only two earth fissures are located within a five-mile radius of the Bowie Power

Station. The northwest- and northeast trending fissures are located Section 25, Township 12

North, Range 28 East, about two miles east of the northeast comer of the Bowie Power

Station site.

5.7 Based on the results of the subsidence evaluation, the geological site reconnaissance, and

estimates offuture potential subsidence due to plant operations, it is our opinion the potential

for earth fissure formation within the project property is negligible. In addition, the potential

for earth fissure formation at the plant site is negligible because the plant site is located

interior from the margin of the middle and lower basin fill units, the site is several miles from

the bedrock pediment edge and a relatively small amount of ground subsidence is projected
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over the operational life of the plant. Finally, for similar reasons, the potential for new earth

fissure formation and growth of existing fissures in adj cent off-site seas is negligible.

5.8 Although the proposed Bowie Power Station is located within a  documented ground

subsidence area, it is our opinion the power plant site facilities and related infrastructures

can be engineered to accommodate future potential subsidence and operate safely.
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6.0 RECOMMENDATIONS

6.1 If required for the design, construction, and safe operation of the Bowie Power Station, the

following engineering design measures could be considered to address the potential future

ground subsidence at the project site:

Structural elements such as foundations and slabs should be reinforced to respond

uniformly to ground subsidence and settlement.

Infrastructure utility systems such as water lines, drainage facilities, and sewers

should be designed to compensate for future potential ground subsidence to minimize

the potential for grade changes and flow reversals. For the Bore Power Station

facilities, minor adjustment to design grades should be provided to compensate for

the slight change in slope gradient toward the southwest that may be induced by

ground subsidence.

Constructed facilities including flood control embankments and evaporation ponds

should take into consideration the 2% feet of ground subsidence that is predicted to

occur over die operating life of the facility. For conservatism, a design ground

subsidence value could include the sum of the predicted residual subsidence without

the plant, which is 2.21 feet based on the linear extrapolation rate of 0.065 feet per

year, plus the predicted estimated subsidence induced by pumping for plant

operation, which is about estimated to be 2.2 feet, equals a total design estimated

ground subsidence value of about 4.4 feet.

Operational and emergency outlets for water retaining structures should be placed at

locations to compensate for the predicted ground subsidence where feasible.

Although we do not expect it, if, following detailed site investigations one or more

earth fissures are found in the plant site area, building footprints should be located

to avoid the fissure trace. If the fissure cannot be avoided, special foundation
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treatments and structural design would be necessary within an earth fissure mitigation

zone. Types of treatment could include, but are not limited to, overexcavation

through the zone,  structural barr iers,  soil reinforcement,  erosion and piping

protection, and post-tensioned slabs and footings.

6.2 Supplemental investigations can be conducted at the Bore power plant site to verify, refine,

or refute, the ground subsidence and earth fissure conditions identified by the present scope

of work. The supplemental investigation may be conducted as part of the Geotechnical

engineering investigation for design of the facility. Possible supplemental subsidence and

earth fissure investigations include the following: i

A more detailed site examination as part of the Geotechnical site investigation for

design of the facility.

A micro gravity survey designed to cover the area within 5 miles of the Bowie Power

Station site. The purpose of the gravity survey is to characterize and identify buried

bedrock highs, boundaries of the blue clay unit and the lake bed deposit in the lower

unit, and other geologic structures that could potentially be a focus for earth fissure

development.

6.3 We recommend existing survey benchmarks be re-surveyed for the purpose of implementing

and maintaining a ground subsidence monitoring array for the site and surrounding areas.

Some of the survey benchmarks that have been used by other researchers to measure ground

subsidence (Holtzer, 1980, Strange, 1983) should be included in the monitoring program as

primary survey monuments. The off-site benchmarks could be integrated with new survey

benchmarks located within the Bowie property. Secondary monuments within a five-mile

radius of the property could also be incorporated into the program. A list of primary ground

subsidence benchmarks, and other secondary benchmarks, will be included in the ground

subsidence monitoring program.

Subj et to the approval by the appropriate state agency, such as the Arizona Department of

Water Resources or the Arizona Geological Survey, following the initial baseline survey, the
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primary subsidence monitoring stations should be surveyed at one-year intervals for the

initial five years of plant operation when groundwater drafting rates are greatest. The

frequency of subsequent monitoring should be established based on the results of the first

five years ofrnonitoring. Secondary monuments may resurveyed at less frequent intervals

depending upon the amount of ground subsidence measured at the primary stations.

Surveying of the subsidence monitoring array should be conducted using currently accepted

methods and standards of practice. Survey accuracy standards should be 0.05 feet (or about

2 centimeters). Data collected should be compiled in an easy-to-use format such as

Microsoft Excel. Reporting should be done at least annually with reports distributed to other

interested parties including the ADWR, which currently maintains a statewide clearinghouse

for subsidence monitoring data.

Implementation of a subsidence and earth fissure monitoring program should provide an

adequate "early warning" system to allow the owner to evaluate these ongoing geological

phenomena and assess and respond to potential hazards that might result. Additionally, other

agencies may use the information gathered to develop appropriate mitigation measures to

deal with potentially adverse effects that might impact other areas within the San Simon Sub-

Basin.
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MEMORANDUM
in

Ryley Carlock SL Applewhite

Date: October 5, 2001

From:

Tom Wray, General Manager, SouthWester Power Group II, L.L.C.

Sheryl Sweeney, Esq. f* \

Bowie Project Water Overview

" xE1-J

Subject:

1. BACKGROUND

You have indicated that at a special open meeting of the Arizona Corporation
Commission on October 3, 2001, Commissioner Spitzer inquired as to the nature of Arizona law
governing groundwater withdrawals in non-active management areas ("AMA"). The purpose of
this memo is to provide an overview of Arizona law which is both responsive to Commissioner
Spritzer's inquiry and specific to the proposed Bowie Power Station Project (the "Project").

As further background to our analysis, it is our understanding that the proposed
plant will be supplied with water pumped from wells located on the Project site.

11. DISCUSSION

A. REASONABLE AND BENEFICIAL USE

Outside of an AMA) the owner of land overlying groundwater has the right to
capture the groundwater percolating beneath the land and put the land to reasonable use (often
referred to as the doctrine of reasonable use). Town of Chino Valley vs. City of Pre5cott, 131
Ariz. 78, 638 P.2d 1324 (1981), Cherry v. Steiner, 543 F.Supp 1270 (D.Ariz. 1982), Bristor v.
Cheatham, 75 Ariz. 227, 225 P.2d 173 (1953). This legal principle has been codified in A.R.S. §
45-453.1, which states that "in areas outside of active management areas, a person may withdraw
and use groundwater for reasonable and beneficial use ...", subject to statutory limitations on
the transportation of water away from the land. While there appear to be no reported Arizona
cases addressing the use of groundwater for power generation, the use of water for power
generation clearly is recognized as a beneficial use. For example, A.R.S. § 45-464.E., authorizes
the creation of Type 2 water rights (within an AMA) for electrical generating facilities. The
annual amount of such a right would be the amount determined to be reasonable to meet the
operational requirements of the facility for a full year.

I We have confirmed that the Project is not located within an AMA.

To:

390576.1
10/5/01



9. In that regard, the Third Management Plan ("TMP") for the Phoenix AMA
imposes the following conservation requirements on large scale (more than 25 MW) power
plants constructed after 1984:

An annual average of 15 or more cycles of concentration shall be
achieved at fully operational cooling towers during periods when
the power plant is generating electricity.

Blowdown water shall be discharged on a continuous basis, and
make-up water shall be provided on a continuous basis.

The maximum amount of wastewater feasible excluding slowdown
water and sanitary wastewater, shall be dive1"ted to the cooling
process.

TMP § 6-503. While these requirements are not applicable to the Project, because it is not
located within an AMA, they provide a guide to what could be considered the most restrictive
measure of "reasonableness." Thus, if the Project can meet these standards, it appears that the
reasonable use requirements clearly would be satisfied.

B. TRANSPORTATION

Groundwater withdrawn can be put to use on the land from which it is withdrawn
and can be transported within a subbasin of a groundwater basin (or within a groundwater basin
if there are no subbasins) without payment of damages to surrounding water users. A. R. S. §
45-544.A.l(a). The water can be transported between subbasins, subject to the payment of
damages, but cannot be transported away from a groundwater basin. A. R. S. § 45-544.A.1(b)
and A.2. The Project is located entirely within the San Simon Valley subbasin of the Sanford
Basin. Therefore, the withdrawal of water from the Proj et site for use on the Project site will not
give rise to a statutory claim for damages.

c. CONVERSION

In non-AMA areas, a groundwater use can be converted from an irrigation to an
industrial use at will, subject only to the doctrine of reasonable use and any applicable limitations
on the transportation of water away from the land from which it is withdrawn. There are no
applications or permits required for the conversion.

D. WELLS

When an existing well is conveyed, a notice of change of ownership must be filed
with the Arizona Department of Water Resources ("ADWR"). A. R. S. § 45-593.C. In addition,
if the type of use changes (e.g., from initiation to industrial), the owner of the well should file a
notice of change of well information with ADWR, to ensure that the new use is of record.

2.

3.

1.

2



r

v In order to drill a new well outside of an AMA, a notice of intention to drill must
be filed with the Arizona Department of Water Resources ("ADWR"), describing the location
and characteristics of the proposed well, and the name and license number of the well driller.
A.R.S. § 45-596.C. Assuming that the information in the notice of intent is complete, ADWR
will notify the applicant that it may proceed to drill the new well. A.R.S. § 45-596.D.

111. CONCLUSION

In light of the foregoing, and with specific reference to the Project, it would
appear that the Project's proposed use of groundwater is in accordance with all applicable
Arizona law.

3



-8
O
'U
O
O
7?
m
so

== 9
3. ~8_
Tb asl_4¢

Hr

o

no
o c

3.
Cb

\v 'U
Q. E

= ;=
:-
as

(3
8
O
5
83

N
O

'cs
of
<:>

Sm:

in
89
Q "0

wO
LP
o
ex

s:

c>

8
as

A
UI

no

as

O
:f

1:
O

9
ea
D

-A
UP m

c

s>°>

£6
O

Q
O

A
4
Q*4

cm
an
<

UQ

an
c he
( IQ
UI

88
+
he

+ o

<3
+
h e

h e

h e
(JJ

h e
I a UI

c
UI

c>
UI

>> m
x

m
-|

Cb

cy
as
m

U

8
aw
Ra
fn
E
CD
9 *

in
as

5
8
in

he
N

-u o f
<:

he
_Ia

5
3 1
3
9
s:

Ra
: -
Sm
w
(D

in

9
Tb
><
so

-u av: Q
"1 n:' r
as

ro

re

3°



Mn i n
cm

<3
(\l 8

1\ e»=5~

"ft
o
819

8pa*`8=t?
8

#F-4

/ °
-CI

8
cm E*
8-4 » --4
CG O
Q-4 O
a u
O

U
.3
8
O
c.:
O
u

LIE
8

5
an
up
> cm E

_3 8 *..
3 2 O3 'F'-1 Q
8 8 <8

<

<24 3
1-1-4

4-> _a~
:>*

G.) 8
m U U O

°8

0 o

3 ._
CG

'
:>' cs

O

o c>

O O

- 4

8
<3
OO

=-4

cm
w

®
cm
oz:

m
8co
m



i n
Cal
OF

\D

\O

1\
cm
<><2
<1"

*s

m
OO
O \

Cal
819

~v-4

<I-

<r
<|-
619

a»
Q

Cb

OO

1\

up
> 3 5

898
GJ

'8
8-4

8 £8
4-* 688
G.)

m

QO Q
E;
8 1-'

vsQ

3
44-4

8
cm .,8
4-4 »-4
cu O

O
a u
O

u
8
E
O
.<:
O
U

Lu
8 UD

-I->
v-4

cm
G)

Q..

O

g 59
a cc:
O

e
.ET
2
3

8-4
as
GJ
>~»

$4

E
®

3
to O

>  3
*<_88 <4-4
2
cc
>
:>*
U *

L11

G.)

Cb
8-4o
vs
'G

C3-4



88
cm

cm

'-I-I
O

>»
g (/3
cu an

E
as o
> O
'is u
<c

8

ad
oLr)
-4->o
8
8 Q73 o

4-*

83 3
"S 'E'

Q.
.*.= $-4
cs a)
cm 3
G.) 0A 4

cc
<4-I
o
cm
m
G.)

»-J

424'
ca

v-4

vi
>

<
cm
' G
i n

~4->
Q

8
.g

G.)
8
O
9



*Qooz
of

Q
m

m_
o

<4
q-

m_

F -

s.
ro
GJ
>-
m
c
o
|-

N
O
m E

o.
O
U

X
o
z

U
O
>

m
Q.
<

4-4
C
roi-J
2
o
Q.

J 1.
1 l

as

Was -4»  * ` ou-r¢¢ 44451

11

3-aw s
n

.

ro
3

3
E

<'

v s S* ,Ni -he?

-2

E

O"'

m
4-v

c
3
: E
- W
o 'H

n. 4
.L m
<,_51

c`5~2=
as o

9 8
8 e
c Q
H
4:
z

O
>

O
U

>"1

+3

in lg

KO q- N

OX
Z



O O

'v-4



E
L .
H -

Ia

E

N

ea
es
.E*e

he

an
cu

E
."° :=















'e¢¢=.s=(4 ¢ : s ; f . » » w naes=s ~$l!i&*q'8\i"$l!$4§i*¢~

4 < . » § F

MPH



a s 2 4

* no
3

v

41

*p ,*

5r f *
:r"4* *W

*v



EXHlB

8 *\*'"

October 23, 2001 environmental planning gun

Mr. John Kennedy
Habitat Branch Chief
Arizona Game and Fish Department
2221 West Greenway Road
Phoenix, Arizona 85023-4399

9.
3
Q

SUBJECT: AGFD NO. 04-27-01(7)
Transmittal of the Application for Certificates of Environmental Compatibility
Bowie Power Station - Case No. 118
Bowie, Arizona

Dear Mr. Kennedy:

As we discussed in our telephone call last Friday, I am forwarding you a copy of the Application
for Certificates of Environmental Compatibility for the Bowie Power Station and 345kV
Transmission Line and Switchyard on behalf of the applicant, Bowie Power Station, LLC. The
application contains more detailed plans than were available when the initial inquiry letter
regarding special status species was sent in April..The response letter from AGFD dated May 8,
2001 is located in Exhibit C, along with the survey of areas of biological wealth.

If you have any questions, please do not hesitate to call me at 520-795-2001 or Mickey Siegel at
602-956-4370.

Sinner

E. Linwood Smith, PhD
Biological Services Manager

Enclosure (1)

CC W/O enclosure: Laurie A. Woodall, Chairman of the APPTLSC
Tom C. Wray, SouthWester Power Group H
Lawrence V. Robertson, Jr., Munger-Chadwick
Mickey Siegel, EPG

4350 E. Camelback Rd. • Suite G-200
602-956-4370 • 602-956-4374 fax

Phoenix, Arizona 85018
wwwepgaz.com

S.\I1n:jects\S\Vl*(J\Bnwic\Adll1in_Mamugulra:nl\Cnrsp_.agncy_ulllcr\AZ(}&l. Ll-.LI lr:1nslnIlluI Lellcr Dur



Bowie Power Station Permitting Schedule

Permit Month/Year

CEC ACC
Filed
Hearings (start)
Siting Committee decision*
ACC decision*

07/01
10/01
12/01
02/02

Air Permit - ADEQ
Filed
Public hearing*
Permit issued*

12/01
06/02
08/02

Aquifer Protection Permit - ADEQ
Filed
Adrninistratively complete*
Permit issued(reviewed by EPA Region 9)*

12/01
02/02
08/02

Well Permit - ADWR
Filed*
Administratively complete*
Permit to drill issued by ADWR*

02/02
03/02
04/02

Local Zone Approval/Industrial Use Permit
Filed*
Hearing (Cochise County Planning Commission)*
Hearing (Cochise County Board of Supervisors)*

02/02
03/02
04/02

Note: - Anticipated date*

Rev. 12/10/01
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EOLOGICAL CONSULTANTS INC.
Kenneth M. Euge, R.G.

GROUND SUBSIDENCE & EARTH FISSURE
MONITORING PROGR.AM

BOWIE POWER STATION
COCHISE COUNTY, ARIZONA

Prepared for:

Mr. Ravi Murthy, P.E.
URS Corporation

7720 North 16th Street, Suite 100
Phoenix, AZ 85020

Prepared by:
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Geological Consultants Inc.
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Phoenix, Arizona 85021
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Bowie Power Station Ground Subsidence & Earth Fissure Monitoring Pro€1'am
J

EXECUTIVE SUMMARY

This report presents a recommended ground subsidence and earth fissure monitoring program for

the proposed Bowie Power Station site in the San Simon Valley of the Sanford Basin north of Bowie,

Cochise County, Arizona The scope of the monitoring program, which will be implemented by the

Owner/Operator, includes the following activities:

O

O

O

O

~o

O

O

o

O

Identify representative groundwater wells, within and near the Bowie Power Station

to be used for on- and off-site groundwater level monitoring, that have a history of

groundwater level monitoring by the Arizona Department of Water Resources

(ADWR) .

Identify and select five existing National Geodetic Survey (NGS) benchmarks for

ground subsidence level surveying both on- and off-site.

Install six new benchmarks, including two within the Bowie PowerStation property,

to supplement the existing NGS benchmark network.

Establish procedures and guidelines for conducting benchmark level surveys.

Identify known earth fissures for monitoring and procedures to document

observations.

Define an annual monitoring schedule for the initial five years of plant operation that

may be adj used depending upon the groundwater level, subsidence, and earth fissure

monitoring results

Compile and analyze groundwater level and ground subsidence measurement.

Define alert and action items to deal with anomalous or unforeseen groundwater

level, ground subsidence, or earth fissure conditions.

Prepare ground subsidence and earth fissure monitoring reports;

Groundwater Level Monitoring

Nine groundwater wells, that have a history of monitoring by the ADWR, are located five

miles of the Bowie Power Station property. Historic groundwater level information on some of

these wells is available to the public through the ADWR Groundwater Site Inventory (GWSI).

Bowie will obtain and compile die groundwater level information, including those collected by

ADWR, for inclusion in the monitoring reports.

1



Bowie Power Station Ground Subsidence & Earth Fissure Monitoring Program

Ground Subsidence Monitoring

Five existing NGS benchmarks within five miles of the Bowie Power Station property will be used

for ground subsidence level surveying. Three of these benchmarks have a history of being used for

ground subsidence monitoring measurements. Additionally, six new benchmarks, including two

within the Bowie Power Station property, will be installed to supplement the existing NGS

benchmark network. An initial monitoring Baseline Data Set (BDS) survey will be conducted prior

to commencement of plant operation. Subsequent monitoring surveys will be conducted annually

for the first five years of plant operation. The monitoring frequency will be adj used based on the

results of the initial five years of monitoring. The benchmark surveys will be conducted using

conventional traverse level sLn'veys or Global Positioning System (GPS) methods. The survey

control will be tied to an existing NGS survey control benchmark founded in bedrock about 3%

miles west-northwest of the Bowie Power Station.

Earth Fissure Monitoring

Geologists, at a frequency consistent with the ground subsidence monitoring program, will monitor

four known earth fissures within a five-mile radius of the Bowie Power Station using direct field

observation. A focused geological reconnaissance will be conducted within the entire Bowie

property to investigate for the presence of any new earth fissures that may develop during the

monitoring period. The earth fissure monitoring will include documentation of surface expression

and any visual indications of renewed earth fissure activity.

Analysis and Report

Data from the ground subsidence and earth fissure monitoring program will be prepared and

submitted in a report following evaluation and analysis of the data gathered during each monitoring

period. Groundwater level data, ground subsidence data, and earth fissure observations will be

compiled in an easily used format. Although not anticipated based on the results of the Ground

Subsidence and Earth Fissure Evaluation (Geological Consultants, 2001), if the results of the

monitoring program indicate possible anomalous or unforeseen conditions that (1) exceed predicted

ground subsidence rates (about 0.072 feet per year) or (2) indicate renewed earth fissure activity,

additional action items would be evaluated. These action items could include development of an

I|
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Bowie Power Station Ground Subsidence & Earth FissureMonitoring Program

investigative program to evaluate the alert condition, notification of appropriate jurisdictions

regarding the alert condition and proposed program to evaluate the alert condition, conduct of the

investigative program, and if necessary, preparation of appropriate work plans and alternatives to

mitigate thealert condition.

As used herein, the phrase "alert condition" means: (1) Ground subsidence rates substantially exceed

the predicted average rate of 0.072 feet per year at the ground subsidence benchmarks' BOWIE1 and

BOWIE2 at the Bowie Power Station and/or (2) field evidence of new earth fissure activity or

renewed activity along an existing earth fissure within a 5-mile radius of the plant site. As used

herein, the phrase "action item" means a task or series of tasks to thoroughly evaluate the identified

alert Condition and, if required as a result of evaluation of the "alert condition," to prepare

appropriate work plans and alternatives to mitigate the identified "alert condition."

A qualitative assessment of trends observed within the ground subsidence data gathered during the

monitoring program will be used to determine "alert condition"for off-site areas.

Ground subsidence and earth fissure rnonitoringreports will be distributed to ADWR, Arizona

Geological Survey, Arizona Corporation Commission, Central Arizona Project, U.S. Geological

Survey (USGS), Water Resources Branch (Tucson).

|
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Bowie Power Station Ground Subsidence & Earth Fissure Monitoring Prozranl

Ground Subsidence and Earth Fissure Monitoring Program

Bowie Power Station

Cochise County, Arizona

1.0 INTRODUCTION

This report presents a recommended ground subsidence and earth fissure monitoring program for

the proposed Bowie Power Station site in the San Simon Valley of the Sanford Basin north of Bowie,

Cochise County, Arizona. Assessments of documented and future potential ground subsidence and

earth fissures and their Potential impact on the design, construction, and safe operation of the Bowie

Power Station have been previously conducted. The scope and results of the ground subsidence and

earth fissure assessment are presented in a report entitled "Ground Subsidence and Earth Fissure

Evaluation, Bowie Power Station, Cochise County, Arizona" dated October 8, 2001, prepared by

Geological Consultants Inc. of Phoenix, Arizona on behalf URS Corporation and Bowie Power

Station L.L;C. (Geological Consultants, 2001a). ,

This document comprises a proposed program for monitoring ground subsidence and earth fissures

in the southwest portion of San Simon Valley section of the Sanford Basin in conjunction with

operation of the Bowie Power Station. The ground subsidence and earth fissure monitoring program

will be implemented by the Owner/Operator as a condition of the Certificate of Environmental

Compatibility (CEC) for the power station.

I
I
I
I
I
I
I
|
I 1.1 Monitoring Programs in Other Areas

A ground subsidence and earth fissure monitoring program was developed to address CEC

conditions for Toltec Power Station (Geological Consultants, 200lb). The Toltec Power Station

monitoring program, which was reviewed and approved by the ADWR, is used as the model for the

Bore Power Station ground subsidence and earth fissurernonitoring program.

No other ground subsidence monitoring programs associated with power plant withdrawal of

groundwater were identified. However, monitoring programs that deal with shallow settlement

caused by structural loading of near-surface soils, during and shortly after construction, are

commonly implemented:

|
I
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Bowie Power Station Ground Subsidence & Earth Fissure Monitoring Program

O A settlement monitoring program was designed and implemented for the Palo Verde

Nuclear Generating Station west of Phoenix, Arizona in response to Nuclear

Regulatory Commission criteria for siting a nuclear power facility. The program was

designed specifically to monitor for construction-related heave and settlement

associated with site excavations and structural loading, respectively. The program

includes installation of specially designed benchmarks that were integrated into the

site survey network. Additionally, special extensometers anchored in bedrock were

installed beneath each power block unit. The survey benchmarks and extensometers

were monitored on a monthly interval duding the construction period and at fewer

frequent intervals following construction. The purpose of the monitoring program

was to verify the predictive heave and settlement models for the plant design.

Research of vacuous federal, state, and local jurisdictional agency documents indicates several

monitoring programs have been developed specifically for the purpose of monitoring ground

subsidence caused by groundwater withdrawal: -

I
I

I
I
I

I
I
I
I
I
|
I

O A program has been implemented by the Harris-Galveston Subsidence District

(HGSD) to assess ground subsidence in the Houston-Galveston, Texas metropolitan

area where more than 13 feet of subsidence has occurred since 1943 (HGSD, 1998).

The primary District program includes a series of nos benchmarks that have been

re-surveyed periodically since 1975 throughout the metropolitan area using

conventional survey methods and the GPS. The benchmark network is used to

define absolute and differential ground elevations. These dataare also used to define

historic and current ground subsidence and to calibrate predictive subsidence models .

The HGSD network is now the survey basis used by all governmental agencies in the

region.

O An aquifer compaction and land subsidence monitoring program has been

implemented in the E1 Paso, Texas-Juarez, Chihuahua area (HeywoOd, 1994).

Through the 1980s, extensive ground water use in the metropolitan area has induced

ground subsidence. Population growth and associated increases in groundwater use

is expected to continue. In 1992, the USGS, in cooperation with the NGS and the

U.S. Section of the International Boundary and Water Commission, began a

subsidence monitoring program to quantify the mechanical response of the aquifer

|

I
I
I
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Bowie Power Station Ground Subsidence & Earth Fissure Monitoring Program

to subsidence-induced stresses. The in.itial program included conventional leveling

of NGS benchmarks to first-order accuracy. GPS is used to periodically monitor

elevation changes affecting the network benchmarks.

O A ground subsidence and earth fissure Monitoring program has been developed for

the Flood Control District of Maricopa County (FCDMC) related to the safety

evaluation of the District's flood control structures and other related facilities

(Kimley-Hom & Associates Inc., 2000). When implemented, this program will

include the survey of benchmarks throughout Maricopa County that will be used to

monitor ground surface elevation changes at regular intervals ranging from one year

to five years, depending upon the rate of subsidence near each structure. Earth

fissure monitoring will also be conducted for fissures located within a five-mile

radius of a structure. Earth fissure monitoring will be conducted at the same

intervals as the subsidence morlitoring.

1.2 Monitoring Program Elements

Because of the anticipated groundwater use in the Bowie Power Station area and the potential for

related ground subsidence, a subsidence monitoring program will be implemented. Groundwater

conditions, groundwater stumpage history, aquifer test results, and water level drawdown modeling

for the Bowie Power Station site and surrounding area are discussed in detail in die Water Supply

Report for the Proposed Bowie Power Station, Bowie, Arizona, prepared by URS Corporation (URS,

2001). The proposed monitoring program includes the elements necessary to assess groundwater

level conditions, ground subsidence and aM fissures during the operational life of the Bowie

Power Station. The key elements include monitoring ground water levels, land surface elevation

changes, and conditions in the vicinity of documented earth fissures. The following description of

the monitoring program is based on a combination of the author's experience with the subsidence

monitoring program developed by the FCDMC, the experience of the United States Bureau of

Reclamation (BOR) in connection with the Central Arizona Project canal, the National Resource

Conservation Service (NCRS) in connection with Hood control structures in Graham County and

Cochise County, and prob et experience of other qualified consultants dealing with ground

subsidence and earth fissures.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Bowie Power Station Ground Subsidence & Eart&1 Fissure Monitoring Program

The initial activity of the subsidence monitoring program consists of an evaluation of known

subsidence Within the Bore Power Station area. As stated previously, this evaluation has been

conducted. The results of the ground subsidence evaluation help to establish the general parameters

of the monitoring program and the specific details for monitoring at the Bowie Power Station site.

If significant subsidence and earth fissure conditions are identified during the monitoring program

that might compromise the facility' s Geotechnical and engineering design criteria and possibly affect

the safe operation of the power plant or off-site areas, the monitoring program results M11 be used

in connection with the development of mitigation measures to reduce potential ground subsidence

impacts to the power plant facilities and off-site areas.

Implementation of the subsidence and earth fissure monitoring program will provide an adequate

"early warning" system to allow the Owner/Operator to evaluate these ongoing geological

phenomena and assess and appropriately respond to the observed conditions, if necessary.

Additionally, other agencies may use the information gathered to supplement their own ground

subsidence assessment programs within the San Simon Valley of the Sanford Basin or other nearby

areas. /

I
I
I
I
I
I
I
I
I
I
I
I
I

The scope of the ground subsidence and earth fissure Monitoring program is tailored to Bowie

Power Station. The monitoring program is designed to incorporate trigger mechanisms that will

become activated if and when unanticipated subsidence, or aM fissure emergency conditions, are

identified.

7



Bowie Power Station Ground Subsidence & Earth Fissure Monitoring Program

2.0 Subsidence and Earth Fissure Monitoring Program

Elements of the proposed ground subsidence and earth tissue monitoring prograrn include the

selection of (1) representative groundwater wells within and near the Bowie Power Station site that

are used for groundwater level monitoring, (2) existing benchmarks for land surface level surveying,

(3) new benchmarks within the Bowie property, (4) earth fissures in the plant site vicinity, and (5)

reporting of the observed ground subsidence and earth fissure conditions. ADWR will be granted

access to well sites and subsidence monitoring benchmarks within the properties controlled by the

Bowie Power Station for the purposes of conducting independent ADWR groundwater level and

subsidence monitoring.

2.1 Groundwater Level Monitoring

2.1.1 ADWR's GWSI data base contains well and groundwater level information from

hundreds of wells throughout the state. Some of these wells are monitored by

ADWR annually for static water levels and are designated as "index wells." Many

of the wells in the GWSI data base, as well as Index wells, have several years of

historic water level data that provide information on water level trends through time

(Table 1)-

Nine representative groundwater wells have been identified for monitoring

groundwater levels within a 5-mile radius of the Bowie property. Three of the wells

are located within the Bowie property and six are located off-site. Of the six off-site

wells, three of the wells are ADWR Index Wells. Figure l shows the location of the

nine groundwater level monitoring wells for the purpose of evaluating static

groundwater levels in the area and any implications to ground subsidence. Table 1

lists the location, well depth, most recent depth to water, and years of available data

for each of the nine wells.

2.1.2 Bowie~Power Station will obtain and compile the groundwater level information

from the six non-Index wells on an annual basis. Additionally, Bowie will obtain

and compile groundwater level information collected by'ADWR from the three index

wells on an annual basis. The combined groundwater level data base will be

included in the monitoring reports. If available, groundwater pumping rates should

8
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be compiled. The ability to use the three ADWR index wells data will provide

historic water level data for comparison, improves consistency of water level

measuring equipment, measuring practices, and well altitude measurements, and

provide ADWR and the public a high level of confidence in the accuracy of the data

should any anomalous measurements or trends arise.

2.1.3 Bowie will select at least one inactive groundwater well within the Project property

and install pressure transducers of continuous water level monitoring. The annual

report will include quarterly water levels from the transducer recordings.

2.2 Ground Subsidence Monitoring

2.2.1 Ground Subsidence Monitoring Benchmarks

2.2.1 .1 Selected existing representative NGS benchmarks within the project area will

be included in the subsidence monitoring program. Although such NGS

benchmarks are within five miles of the Bowie Power Station property

boundary, the majority of the benchmarks are south of the power station site

along the railroad and interstate highway alignment. Benchmarks

summarized in Table 2 include the primary benchmarks for the monitoring

program. Proposed benchmark locations are depicted in Figure 2. Other

NGS benchmark in the project area may be used as alternate benchmarks to

replace primary benchmarks that become unusedable.

22.1.1.1 Survey benchmarks that have been used by other researchers

to measure ground subsidence (Holzer, 1980, Strange, 1983 ,

NGS, 2001 , URS, 2001) are included in the monitoring

program as primary survey bencMmks. Three NGS

benchmarks that were previously used for ground subsidence

measurement are reported by the NGS to be monumented and

in good condition. Primary benchmarks with a past history

of subsidence monitoring are included in Table 2.

9
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22.1.1.2 Other existing NGS benchmarks are included as primary

benchmarks for the monitoring program. The additional

benchmarks are also within five miles of the Bowie property

boundary and were selected to provide adequate monitoring

of off-site areas. These primary benchmarks are included in

Table 2.

2.2.1.2 Bowie proposes to examine, witness and' document each existing NGS

benchmark as the first task of the monitoring program. A brief technical

memorandum presenting the results of this first task will be prepared and

submitted to ADWR for review and comment. Benchmarks considered

unsatisfactory for inclusion in the monitoring program, will be replaced bY

an adj agent NGS benchmark.

2.2.1.3 Six new locations are proposed for the installation of additional primary

benchmarks to supplement the existing NGS benchmarks. Two of the

proposed benchmarks will be located within the Bowie Power Station

property boundary and four about one to two miles outside the property

boundary. The new benchmark locations on the Bowie Power Station

property will be identified by the Owner/Operator and established at

locations that will not be disturbed by construction. They will be installed

sometime near the end of construction but prior to plant operation. The

approximate locations of the new benchmarks are depicted on Figure 2 and

summarized in Table 3.

As dictated by the location/condition of a new benchmark, Bowie will

attempt to locate the benchmarks within public easements or rights-of-way

or within easements obtained from private property owners and protected as

appropriate for the location to secure their integrity. New benchmarks within

the Bowie Power Station property will be installed at locations away from

plant construction or operations activity to minimize the potential for

damage. The new benchmarks will be constructed according to current

NGS standards. Construction guidelines and a benchmark detail are

provided in Appendix A.

10
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2.2.1 .4 A non-NGS type secondary benchmark will be installed in the well pad of

any new proposed groundwater supply wells. The survey monument pin and

cap will be placed in the concrete pad during the construction of the pad.

Off-well head monitoring points will be insta1led 50 feet from the well head.

The monument will consist of a %-inch diameter stainless steel rod driven 10

feet into the ground. At the ground surface a pin head and ID cap will be

protected with a concrete pedestal with its top flush or slightly above the

ground surface.

Similar well Pad and off well pad survey monuments willbe installed a four

other on site wells at locations that will provide site-wide coverage. The

survey monuments M11 be placed at locations suitable for GPS survey

observations.

2.2.2 Re-survey Subsidence Benchmarks

2.2.2.1 The four selected primary ground subsidence monitoring benchmarks will be

re-surveyed for the purpose of implementing and maintaining a ground

subsidence monitoring array for the power plant site and surrounding areas.

NGS Data Sheets for the primary benchmark survey control points are

included in Appendix B.

22.2.1.1 Prior to plant operations, a Baseline Data Set (BDS) must be

obtained for position and elevation of  each primary

monitoring benchmark. The primary BDS will be used to

measure the relative amount of subsidence that may be

occurring in the project area. A baseline ground subsidence

contour map should be constructed that combines previous

ground subsidence data from other researchers and the BDS.

Previous surveys used to obtained ground subsidence data

utilized survey control tied to the North American Datum

(NAD)27 or National Geodetic Vertical Datum (NGVD)29

11
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datums. Prior to compiling the BDS, the previously obtained

survey data will be adjusted to the NAD 83 and North

American Vertical Datum (NAVD) 88 survey datums

established for the subsidence monitoring program.

22.2.1.2 A survey control benchmark, used to tie the subsidence

monitoring array together, will be located in a bedrock area

that is not susceptible to ground subsidence. One existing

NGS benchmark (PID CY1170) is founded in bedrock at the

east end of the Fisher Hills about 3% miles west-northwest of

the Bowie Power Station. This bedrock benchmark will be

used for the Bowie Power Station monitoring program. No

other bedrock rock benchmarks were identified within a

reasonable proximity to Bowie Power Station.

22.2.1.3 Bedrock benchmarks and the ground subsidence monitoring

survey network benchmarks will be thoroughly documented

and witnessed.

2.2.3 Operational Ground Subsidence Monitoring

2.2.3.1 Following the initial baseline survey, the primary subsidence monitoring

stations will be surveyed at one-year intervals for the initial five years of

plant operation when groundwater drawdown rates are greatest. The

frequency of subsequent monitoring will be established based on the results

of the first five years of monitoring.

2.2.3.2 Selected secondary benchmarks will be surveyed if a primary monitoring

program benchmark becomes unusable or damaged. Other secondary

benchmarks may be surveyed from time to time to supplement the primary

benchmark network, depending upon the amount of ground subsidence

measured at primary benchmarks. Secondary benchmarks used for

supplemental monitoring will be identified in the ground subsidence and

earth fissure monitoring report, `

12
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2.2.4 Subsidence Monitoring Network Survey Methods

2.2.4.1 Surveying of the primary subsidence monitoring array will be conducted

using currently accepted methods and standards of practice.

2.2.4.2 Survey accuracy standards should be 0.05 feet (or about 2 centimeters). The

subsidence monitoring program survey will use the NAD 83 and NAVD 88

survey datums as appropriate.

2.2.4.3 Conventional level line traverse survey and appropriate GPS survey methods

will be used. Prior to initiating the Baseline Data Survey, benchmark

horizontal and vertical survey control ham previous surveys that used survey

control tied to die NAD 27 or NGVD 29 datums will be adjusted to the NAD

83 and NAVD 88 survey datums. The traverse or GPS survey will be closed

on an established bedrock benchmark to assure the survey accuracy standards

are achieved.

New technologies are being developed to perform land surface elevation

monitoring, such as Interferometric Synthetic ApertureRadar (INSAR) and

Light Detection and Ranging System (LIDAR). The Bowie Power Station

will evaluate the application of new technologies and possible modifications

to the ground subsidence and earth fissure monitoring program.

2.3 Earth Fissure Monitoring

2.3.1 Documented earth fissures, closest to the Bowie site, will be periodically monitored

using direct field examinations (Figure 2, Table 4). These features will be examined

at the same times the subsidence monitoring surveys are conducted.

A focused geological reconnaissance will be conducted within the entire Bowie

property to investigate for the presence of any new earth fissures that may develop

during the monitoring period. '

13
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2.3.2 Earth fissure monitoring will be conducted using direct examination on the ground

by geologists or Geotechnical engineers. The earth fissure survey will include

measurement of surface expression (length, width, depth, orientation, differential

displacement, evidence of activity or inactivity), photo documentation, and

documentation of precipitation events that have occurred during the monitoring

period.

2.3.3 If there are visual indications of renewed earth fissure activity, stress field

monitoring may be required depending upon the actual rate of subsidence in the

fissure area and the rate of fissure growth. Deformation across and near earth

fissures is complex and requires varied and extensive instrumentation to determine

depth, type of active fissure movement, and stress field components. Methods of

measurement can include differential GPS, electronic distance measurement, and

tape or wire extensometers (Carpenter, 1994) (See section 4.4).

2.4 Reporting

Detailed ground subsidence, earth fissure, and groundwater level data will be provided in the

monitoring reports. Section 2.4.2 describes the technical information that will be defined, deduced,

and interpreted from the monitoring data base. in addition to the data obtained from the subsidence

monitoring program benchmarks and index wells, data obtained from additional well elevation

monuments installed on or near groundwater production wells within the property will be included

in the monitoring program.

2.4.1 Data collected will be compiled in an easy-to-use format such as Microsoft Excel.

The data from each monitoring period should be presented. Groundwater level

measurements for each selected well will be summarized. Cumulative subsidence

and rates of subsidence will be calculated for each benchmark. Earth fissure

monitoring observations will be documented.

2.4.2 A ground subsidence and earth fissure monitoring report will be prepared and

submitted within 60 days of the completion of the ground subsidence monitoring and

receipt of ADWR index well groundwater level data. The report will include the

following:

14
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o

o

o

o

A groundwater level contour map and groundwater level hydrographs Will

be constructed detailing the groundwater level information obtained from the

nine representative groundwater monitoring wells.

Descriptions ofground subsidence trends, ground subsidence measurements,

subsidence rate calculations, and subsidence contour maps.

Earth fissure rnonitoringobservation field reports, and photographs and maps

as appropriate;

A summary of the observations made, analysis and interpretation of the data

gathered, and conclusions and recommendations pertaining to the subsequent

monitoring period and, if necessary, action items to assess anomalous or

unforeseen conditions.

Reports will be distributed to the following organizations:

J

o

o

o

O

o

Cochise County Planning and Zoning Department

Arizona Department of Water Resources

Arizona Geological Survey

Arizona Corporation Commission

U.S. Geological Survey, Water Resources Branch (Tucson)

A summary of the ground subsidence monitoring report will be published and provided to

the .general public through the Bowie Power Station internet web site.

2.5 Alert Conditions and Contingencies

Any anomalous conditions will be reported along with an assessment of the anomalous condition

relative to the safe operation of the plant, and recommendations to fully evaluate the conditions

identified. Proposed alert levels for ground subsidence and earth fissures will include:

O

O

Ground subsidence rates that substantially exceed the predicted average rate of 0.072

feet per year at ground subsidence benchmarks' BOWIEI and BOWIE2 at the Bowie

Power Station.

Field evidence of renewed activity along an existing earth fissure within a 5-mile

radius of the plant site or evidence of new earth fissure activity.

15
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o Ln lieu of a numerical alert level for off-site benchmarks, a qualitative assessment of

ground subsidence data gathered and anomalous ground subsidence trends observed

within the subsidence data that deviate significantly from predicted values will be

used to define an off-site alert condition. Bowie, in cooperation with ADWR, will

review the hydrologic and subsidence data in detail, and will attempt to identify the

cause of the off-site anomaly. Further actions by Bowie would depend on the cause

and magnitude of the anomaly.

Action items iN response to an identified anomalous condition will include the following:

O

O

O

o

Develop an investigative program to evaluate the condition.

Notify appropriate jurisdictions regarding the anomalous condition and proposed

program to investigate the condition.

Initiate the investigative program

Based on the results of the investigation, prepare appropriate work plans and

alternatives to mitigate the anomalous condition, which May include but not be

limited to an increase in monitoring frequency and submittal of interim summary

reports to ADWR, an evaluation and possible modification of well field operations,

special inspections of sensitive power plant components, and design engineering

evaluations.

Init is determined that an "alert condition" is caused (or probably caused) by the operation of Bowie

Power Station, the following are 'examples of mitigation measures that might be considered to

address the situation:

O

O

O

O

O

Acquire or import water horn other sources within the basin to mitigate groundwater

drawdown in the project area.

Acquisition of additional properties surrounding the Bowie property to reduce

groundwater drawdown in the project area. ,

Modify die operation of the power station well field.

Modify the operation of the plant to reduce groundwater consumption.

Other mitigation measures that may be identified.

The mitigation rneasure(s) selected will depend on the specific circumstances surrounding the

observed "alert condition."
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Cadastral

Location

Well

Altitude

(ft MSL)

Well

Depth

(ft)

Most Recent

Depth to

Water

( fo

Water Level

Elevation
(ft MSL)

Years of

Record
Comments

1 (D~12-28)15BCB 3684 1000 1/27/93 3370 1954-1993 ADWR Index Well

2 (D-12-28)l7DDD 3724 567 10/31/00 3463 1947-2000 ADWR Index Well

3 (D-12-28)20DBD1 3749 800 1/21/97 3618 1963-1997 On Bowie Property

4 (D-12-28)22CDC 3688 660 1/22/97 3609 1951-1997 On Bowie Property

5 (D-12-28)25DCC 3645 1700 11/14/00 3373 1963-2000 ADWR Index Well

6 (D-12-28)32DCC1 3792 600 1/14/97 3357 1963-1997 ADWR Non-Index Well

7 (D-12-28)33ABC1 3732 550 2/8/89 3365 1951-1989 On Bowie Property

8 (D~13-28)04CCCl 3796 462 1/14/97 3512 1952-1997 ADWR Non-Index Well

9 (D-13-zsu IDC 3722 500 2/3/97 3354 1954-1997 ADWR Non-Index Well

Bowie Power Station Ground Subsidence & Earth. Fissure Monitoring Program

Table 1

Summary of Representative Wells for Groundwater Level Monitoring

Bowie Subsidence & Earth Fissure Monitoring Program
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Distance from

Property Center

(miles)

Permanent
Identifier (PID)

Vertical Source Latitude Longitude Designation

1.9 CY0355* 88/ADJUSTED N322003 Wl092939 P 324

2.8 CY0530* 88/ADJUSTED N322004 W1093138 Q 358

3.1 CY0328 29/ADJ UNCH N321900 W1092901 BART RM 1

3.7 CY0283 * 88/ADJUSTED N321914 W1092710 Y 330

4.5 CYl170** 29/VERT ANG N322253 W1093353 FISHER

Distance from Plant

Site (miles)

Temporary
Identification

Proposed Vertical

Source
Latitude (approx.) Longitude (approx.)

On-Site Bow1E1 NAVD 88 N322207 W1092902

On-Site BOWIE2 NAVD 88 N322119 W1092959

BE BOWIE3 NAVD 88 N322116 W1092656

ZW BOWIE4 NAVD 88 N322117 W1093206

0.75 NW BOWIE5 NAVD 88 N322209 W1093106

1.0N BOWIE6 NAVD 88 N322302 W1093004

BOwie Power Station Ground Subsidence & Earth Fissure Monitoring Program

Table 2

Primary Ground Subsidence Monitoring Benchmarks:

Existing NGS Benchmarks in Bowie Power Station Vicinity

Note: * Existing NGS Survey Benchmarks With Past History of Subsidence Monitoring.

** Existing NGS Survey Benchmark in Bedrock.

. Table 3

Primary Ground Subsidence Monitoring Benchmarks:

Proposed New Survey Benchmarks in Bowie Power Station Vicinity

I
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Fissure Length
(miles)

Location Trend Note

1 2

Section 25 & NE % Section 36,
T12S, R28E, W% Section 31, T12S,

R29E

NWto S
2 to 3 miles East of East
boundary of Power
Station site

2 % sE% Section 25, T12S, R28E NE-SW
2 % miles East of East
boundary of Power
Station site

Bowie Power Station Ground Subsidence & Earth Fissure Monitoring Program

Table 4

Summary of Reported Earth Fissures within

5-mile Radius of Bowie Power Station Site
4

From Geological Consultants Inc. (2001 )

20
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LEGEND:

1 Site boundary

Property boundary

ADWR Index wells

Wells located on Bowie property

¢
4>
¢ Other wells with historic groundwater

level data

NOTES:

Base Map from USGS Topographic Quadrangles:
Bowie, AZ 1974, Ryan Draw, AZ 1974, Fisher
Hills, AZ 1979, and Luzena, AZ 1979.
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Scale in Feet

Representative Wells for
Groundwater Level Monitoring

Figure 1
Bowie Power Station

Geological Consultants Inc.
2333 West Northern Avenue, Suite lA Phoenix, AZ 8502 l
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LEGEND:

-  - -

Site boundary

Property boundary

Earth Fissure Location (Laney, 1978, Holzer, 1980,
Harris, 1997, Groundwater Consultants, 2001)

®.® Earth Fissures Within 5-Mile Radius of
Plant Site. See Report Table 4

A Existing NGS Benchmarks Used Previously
for Subsidence Measurements

v Existing NGS Benchmarks Not Previously
Used for Subsidence Measurements

4 Proposed New Benchmarks
for Subsidence Measurements

NOTES:

Base Map from USGS Topographic Quadrangles:
Bowie, AZ 1974, Ryan Draw, AZ 1974, Fisher
HillS, AZ 1979, and Luzena, AZ 1979.
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Ground Subsidence Monitoring
Benchmark Location Map

Figure 2
Bowie Power Station

Geological Consultants Inc.
2333 West Northern Avenue, Suite IA Phoenix, AZ 8502 l
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Bowie Power Station Ground Subsidence & Earth Fissure Monitoring Program

APPENDIX A

NGS Geodetic Benchmarks

Construction Guidelines and Construction Details
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FOREWORD

Bench marks are long lasting points for which elevations have been detcr~
mined, used to control other surveys and to monitor movement of and within the
Earth's crust. They constitute the visual evidence of vertical control established
by the National Geodetic Survey (NGS), an office of the National Ocean Survey,
National Oceanic and Atmospheric Administration. Bench mark design and
setting procedures are important to the leveling program. In the past, however,
availability of materials and ease of setting were often the primary considera-
tions rather than soil mechanics, geology, properties of materials, and the like.

Advancing technology brought both the ability to determine elevations
more precisely and a greater need for bench marks to hold these elevations. The
releveling program for the new adjustment of the National Vertical Control Net-
work provided an ideal opportunity to upgrade the quality of NGS bench marks
to meet future geodetic requirements.

This manual was written for two main groups of users. One includes man-
agers and field personnel, hath publicly and privately employed, who are in-
volved with sets ng bench marks that will meet NGS specifications. The guidance
given here must be adhered to strictly to obtain the quality required by the
National Geodetic Survey. The other group consists of the users of NGS vertical
control data. Supplementing other vertical control data, the information in this
manual makes it possible to judge the reliability of an NGS bench mark
elevation. ,

Because of a limited number of bench mark types, it is not possible to set
the optimal monument in every case. For some installations, geologists or other
specialists might be consulted. The manual includes enough detail to enable
judicious modification in design when the occasion Mses.

Dimensions have been given only in metric units wherever feasible. Com~
mercia products are normally specified in English units, and consequently,
English units are given in parenthesis when applicable. A conversion table from
metric to English units is given in appendix A.
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GEODETIC BENCH MARKS

Ll. Richard P. Floyd
National Ceédetic Survey

National Ocean Survey, NOAA
Rockville, Md. 20852

>
ABSTRACT.-Ceodetic survey control points must be remarkably stable due to
the very intent of establishing geodetic control. All monuments are subject to
the effects of geologic and sail activity. Vertical control points are particularly
vulnerable because this activity results in vertical movements much more so
than horizontal motion In addition to natural disturbances, damage inflicted
by mankind is a critical problem in monumentation This manual explains how
and where to set bench marks for maximum stability and calls attention to the
factors that affect vertical instability. .

1 I INTRODUCTION

on a small construction site, a stalag point

I

To function as good references for elevations,
bench marks must he relatively stable poi pts. Ac-
condingly, it is necessary to define what is meant
by stabilitybeTore an understanding of high qual-
ity monurnentation can be gained. "Stability"
refers to the ability to maintain a fixed position.
it is characterized by its degree and duration.

To the local surveyor running a topographic
survey
could be defined as the top of a prominent boulder
or a spike driven into a gravel road surface. These
objects are subject to movements of a few centi-
meters tO a decimeter or more in u.year's time. but
they are adequate for the surveyor's needs. It
would be uneconomical to spend the time and
money necessary to set higher quality bench marks.

Another surveyor might be concerned with lay-
ing out a major highway that could take years to
complete. Therefore, the control must be more
stable in its position and longer lasting. To this
surveyor, a stable poi nt could be represented by a
concrete post extending to a depth of a meter or so.
or a spike in the side of a large utility pole. These
bench marks might hold their elevations within a
few centimeters while the project is being carried
out. It follows that the bench mark stability rc-
quired depends on the precision of the survey be-
ing carried out and the duration al' the project
fur which the elevations are needed.

The National Ceodelic Survey (NGS) of the Na-
tional Ocean Survey is responsible for establishing
and maintaining the National Networks of Geo-
detic Control. The survey markers comprising
these networks serve as basic reference points for
numerous surveying, engineering, mapping, land
use planning, and scientific projects. If the nel-
works are to adequately serve these purposes, they
must be established to a high degree of accuracy
and monumented in a manner that best preserves
their original geodetic positions.

Stability requirements for the National Vertical
Network control points have increased signifi-

-cantly in recent years due to continually advancing
technology. Both the ability to determine eleva-
tions more precisely and the need to know eleva-
tions more accurately have resulted from this
technological boom. Uses have increase from
basic control for boundary surveys and mapping
to large scale planning and construction of trans-
portation systems such as interstate highways and
transcontinental pipelines. More recently, in-
creased emphasis on crustal motion studies and
control for missiles, satellites, and spacecraft has
brought about a need for more accurately known
positions and, consequently, more stable control
points,

Elevations are referenced to a level surface, or
gelid, which is approximately equivalent to mean

1



sea leveL' Not even the EarLy's crust, which aver-
agus 35 kilometers in thickness, is stable relative to
the gcoid.. Young mountains are uplifting while
areas of the ocean floor subside. ideally, a bench
mark used strictly for control should remap n
motionless with respect to the gelid. Since the ge-
oid is intangible, the only basis we
praising bench mark stability is the Earth's crust,
even though it is in constant motion. A monument
can be considered as stable as possible if it is mo-
tionless with respect to I.bc crust.

To clarify this, u distinction must be made be-
tween crustal motion and motion within the crust.
Crustal motion is movement of the crust as a
whole. it is caused by phenomena such as isostasy
(the concept of the crust floating on the mantle)
and tectonic plate movement. Motion within the
crust originates above the base of the crust.

It is motion originating above the base of the
cru~ t that we would usually like to prevent from
being transmitted to our bench marks. Prevention
being impossible, the next best thing is to reduce
the motion's effects. This can be done by (1) mini-
mixing surface effects and (2) with the aid of geo-
logical information, avoiding or accounts ng for
movements of deeper origins.

The following chapters deal with identification
Rf the various factors that can eau~ ~e changes in
bench mark elevations, and steps that must be
taken to set high-quality bench marks. These
marks include disks set in bedrock or structures,
sleeved rod type bench ° rnarks. rod marks with
disks, and some miscellaneous types.

have for ap-

rolling waves from a distant origin), and tide. Al
limes, these individual' effects act together, am-
plifying the total movement. For example, the
float might be lifted by a sea which is an the crest
of a swell at high tide. Other limes, one effect will
tend to cancel another, as when the float is on the
crest al' a wave which is in the trough of a swell.
At. any rate, the float is in motion with respect to a
reference surface, which iN this case is the ocean
floor.

To correlate this to bench mark movements, the
respective counterparts of sea, swell, tide, and the
oceort floor are near-surface movements, move-
ments within the crust, motion of the entire crust,
and the gelid.' It would be ideal it' we could fix the
bench mark to the geoitl as we can anchor a piling
lo the ocean floor to eliminate tidal motion. How-
ever, there is no analogous way to counteract the
effect of crustal motion on u bench mark.

In the ocea n, the effect of swell could be avoided
in some areas by making use of an existing break-
water, harbor, or bay. Similarly, with proper
bench mark site selection., many movements with-
in the crust can be avoided, but choice of a location
is not as obvious. Considerable geological informa-
lion is needed to determine which areas exhibit no
subsurface instability.

Finally. the effects of sea in many situations can
be avoided. Where this is not possible, they can be
economically counteracted by building a small
floating barrier. Essentially, this is what can be
done for vertical control points. The sleeved class
A rod mark (see fig. 4, page 16) consists of a steel
rod that is isolated from near-surface motion by
the sleeve.

I
I
I
I
I

Origins in the Subsurface

2. SOURCES OF VERTICAL INSTABILITY

The subject of bench mark instability can be
more easily understood if it is separated into two
categories characterized by the depths at which
movement originates. Those with their roots with-
in about 15 meters of the surface will be called
"near-surface sources of instability," while those
that originate below about 15 meters will be culled
"subsurface sources of instability." If the effects of
near-surface sources of instability cannot he a-
voided by prudent selection of the bench mark
site. they can be counteracted so that they are not
reflected in the bench mark elevation. Subsurface
effects usually cannot be economically counter-
acted by a suitable bench mark design so they must
be avoided or accounted for.

Bench mark movement can be likened to that of
a float bobbing up and down on the surface of the
ocean. The total vertical movement of the float is
the result of accumulated movements caused by
sea (locally generated choppy waves), swell (long,

Crustal Motion
First among the subsurface causes of vertical

movement is crustal motion. Even if it were pos-
sible to prevent this movement, it would be under
sirablc in many cases. Crustal motion studies are
an important application of leveling data. The
movement of one area of the crust in relation to
another serves as the basis for these studies. To
determine this., knowledge of crustal motion with
respect to the gelid is not essential. What is nec-
essary is to know which bench marks reflect only
crustal motion. Referring to the parallel drawn
with the sea surface, if a float is to be used to mon-
itor tides, it must be known that the effects al' seas
and swell have been eliminated,

' A concise, easily undsratood description of the gelid Io
given in appendix B.

s The gravitational effects of the sun and moon exert an
influaenne on land masses jun ea they do on the oceans,
canning a phenomenon known al "Earth tides." No :maiogy
for Earth tides is made in this parallel.
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Caverns and Mines
Caverns and underground excavations contrib-

ute to vertical movements on the surface :if the
Earth. Snmetima the motion is abrupt as is the
case with sink holes, and other times their effects
result only i.l gradual subsidence. When crustal up-
lift is occurring simultaneous ~ly with subsidence
caused by a gradual caving in of an underground
mine, the wrong conclusion can be drawn about
the stability of an area. In general, the National
Geodetic Survey is not concerned with monitory ng
subsidence caused by underground excavations
and caverns. Since it is too costly to anchor bench
marks below the depth of disturbance and isolate
monuments against such movement, these areas
must be avoided wherever possible.

Pumping

Frost Heave
Besides disturbances caused by human inter-

vention, there are a great many resulting from
natural phenomena. Of these, frost heave is one
of the most severe. The occurrence of frost action
depends 4.4 three factors: freezing temperatures:
available water; and certain soil characteristics,
most notably soil particle size. The absence of any
one of the essential conditions precludes the oc-
currence of frost heave.

For example, ix is the influx of additional water
into a soil's freezing zone after the freezing has
already begun that results in excessive frost heave.
The freezing of water initially present does not
cause a significant problem. When the water table
is near the surface, additional water is availabic lo
he drawn up into the freezing zone causing the
frost heave problem. A water table within 2 meters
of the ground surface indicates a potential hazard
and it is normally further from the surface o. hills
than in low-lying areas. Consequently, less severe
frost heave can be expected to be found on hills.

Even though water is available, significant frost.
heave will not occur unless the soil can draw it up
and hold it in the freezing zone( Soils which are
capable al' this are called "frost susceptible." The
main factor in determining frost susceptibility of
a soil is par title size distribution. Coarse~g1-ained
soils contain spaces that are too large to draw up
and hold water. At the other extremity, many clays
are impervious to water. (Clays, however, are det-
rimental for reasons other than frost heave 85
explained in other sections of the manual.) The
soils most susceptible to frost action, and therefore
to be avoided where freezing occurs., are silts and
silty sands with soil particle sizes. less than 0.02
millimeter (U.S. Army Corps of Engi peers 1967).

Shrinking and Swelling of Soil and Rock
Another phenomenon that can cause bench

mark instability is shrinking and swelling of soil
due lo changes in moisture content. The magni-
tude of soil volume change depends upon two
Factors. One is the character of the soil, including
particle size and distribution., degree of cementa-
tion, and, most importantly, mineralogy (Patrick
and Snethen 1976). Fine-grained soils containing
certain clay minerals, particularly monlmoril-
lonite,' are highly expansive.

The other factor governing the shrinking or
swelling of a soil is the measure of its variation in
moisture content. Seasonal climate variability
provides a good indication of the degree and depth

Subsidence is also caused by pumping of oil or
waler. When fluid is removed from the ground,
the resulting decrease in pressure allows gravity
to pull down the overlying soils. Associated with
this is piping, or the removal of fines from a soil
stratum, which aggravates the situation. Again, in
carrying out its basic mission of developing and
maintaining a network of geodetic control, NGS is
not primarily concerned with monitoring this
type of motion. Except where subsidence is the sub-
ject of special study, such as in the Houston, Tex.,
area and Santa Clara Valley, Calif., these areas too
should be avoided wherever possible.

On or Near-S ii-face Origins
Impact

The reliability of a bench mark elevation is
largely dependent upon its exposure to impact.
The results of impact can range from an infinitesi-
mal change in elevation as a result of bet ng stepped
on to total destruction caused by earth-moving
equipment, which is perhaps the most common
cause of Bench mark loss. NGS bench marks have
been designed to minimize the chances of vandal-
ism, tampering Hy souvenir hunters, and impact
which is relatively small in magnitude.

For class A rod marks, this is accomplished by
three precautionary measures: first, the datum
point is set slightly below ground level; second, a
protective pipe is placed around the datum point;
and third, the bench mark component which is
imprinted with the NGS logo, and might be con-
sidered a worthy souvenir, is not an integral part
of the datum point.

By their inherent nature, other types of NGS
bench marks are not vulncrabie to relatively
slight impact. Heavy impact, such as that caused
by construction equipment, cannot be counter-
acted by economical design so it must be avoided
by judicious placement.

a MoMmorilloniie in a clay mineral made up of layered,
plate-like particles aepanled by water. The addition of more
water cauoea the particles lo separate even man until they
finally disperse.
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xo which volume change will occur-.' An expansive
soil subject to either a consistently moist or dry
climate year around will not exhibit a change in
volume. hut if the climate is wet during one season
and dry during another. a volume change will uc-
cur. Figure 12 (page 33) separates the United
States into areas of differing climate variability.
The higher the value of the climate factor., the
more variable the moisture content of the soil.

This expansive character is not limited to soils.
Sedimentary rocks are those which were formed by
the consolidation of sediments. If the parent ma-
teriale were of an expansive nature, the rock itself
will likely have this characteristic to a surpris-
ingly high degree. Substantial pavement damage
has occurred on some highways founded on sed-
imenlary bedrock when the water content has
been altered.

Soil Expansion and Cont;-action
The terms "expansion" and "contraction" indi-

cate changes in volume results ng from a change in
temperature rather than a change in moisture con-
tent. Like other materials, soil expands when its
temperature rises and contracts when its temper-
ature is lowered. It differs from most other materi-
als in that the range of temperature variation is
not constant throughout its depth. At the surface,
the temperature variation is near that of the air.
At some depth, the temperature is nearly constant
throughout the year. In unfrozen soils, expansion
and contraction due to temperature change is
negligible, but in frozen soils they are factors to
consider. In permafrost, temperature change can
have.a significant effect on a bench mark down to
a depth of about ll) meters (Bozozuk et al. 1962).

Slope lnstability
Slope instability covers a wide range of move-

ments ranging from roekslides and mudflow to
the nearly imperceptible movement known as
creep. Rockslides and mudfiows are obvious and
would probably result in the total destruction of a
bench mark. Creep presents a greater problem to
monumentation because it could result in only a
slight change in the bench mark elevation which
could lead to erroneous conclusions. Evidence of
creep can sometimes be witnessed in leaning util-
ity poles where the upper layer of soil slides in
relation to that beneath it.

Gravity is the main force that produces creep,
but gravity can be aided by a number of other Iac-
tors, among which the presence Ni' moisture is
probably the most dominant. In some instances,
a small amount of water can increase cohesion and

I

' Soil mechanics being a complex science, the maximum
depth at which not] is affected by this phenomenon is not
universally agreed I-lpon. Here,i! is assumed lo be 15 Helen.

relaid the flow of soil downhill. More often, waler
decreases friction between soil particles, allowing
them to flow more rapidly. When moisture is con-
fined to the upper layers of a slope by an imperme-
able substratum, the likelihood for creep is quite
high.

Sometimes a slope can be stable until a cut is
taken from it which upsets the equilibrium and
starts a slide. If the cut was taken from an area
providing substantial support to a slope, the slide
will occur rapidly, When the slope is less steep or
provides more of its own support through cohesion
of the soil, a cut will have no effect or result only
in creep. Highways are notorious for producing
slides in some parts of the country.

Soil Consolidation
When a soil mass is subject to loading, the soil

particle orientation undergoes a change resulting
in a condition of closer packing and smaller voids.
The longer the load remap ms, the more stable the
particle reorientation becomes, until a condition
of equilibrium is ii rally reached.If a load i s iv
moved, rebou nd occurs.

Many kinds of loads can cause a soil mass to con-
solidate significantly. Large structures can cause
soil consolidation resulting in settlement of the
structure. They are often constructed in such a
manner that they do not exceed a specified settle-
ment., or at least a certain settlement rate. The
total allowable settlement isusually a few centi-
meters. The rate occurs ratpidlv at first and de-
creases with time. Some structures continue
settling for many years after construction has been
completed. Besides compressing the soil directly
beneath it, a new building causes the surrounding
soil to be drawn down.

Water reservoirs exert tremendous stresses on
soil deposits. As a reservoir is filled or drained, the
soil mass below it compresses and rebounds ac-
cordingly. As with structures, the surrounding
soil is also affected by the loading and unloading.
Large rivers also exhibit this trait to some extent
with the seasonal change in water level.

A special case of consolidation due to loading
can be seen in manmade deposits or fill. Not only
do these deposits exert a pressure onto what may
be a compressible soil below, but they themselves
are subject to consolidation. When the purpose of
fill is other than to improve the subgrade of a con-
struction site, it is usually deposited loosely, and
will compact under its own weight. Fills are usu-
ally deposited in small or narrow areas. Examples
include levees, landscape improvements, and dis-
posal sites for undesirable materials such as trash,
overburden, and dredge deposits. However, some-
times the areas can be very extensive. as in the case
of reclaimed strip Mines.
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wt nd erosion could also present a problem in some
locations, but it would probably result in the loss
by burying a bench mark rather than changing its
elevation.

from this cause' would* not be abrupt. In fact, it

Erosion described herein can always be expected no resist
Impairment of some bench marks can he al- movemenis from these causes.

tributes to erosion. Soils in or on which a monu- To accomplish this objective, most bench marks
went is set arc subject to removal by the action of must he anchored below the depths at which these
wind and water. This can result in the monument movements originate. Mere massiveness does not
being obviously displaced, or only a subtle dis- insure stability. This point is extremely important
turbance rendering it unsuspectingly unfit for use to bear in mind. Even a very large building is sub-
as a geodetic control point. Under-cutting can oc- ject to vertical displacements beyond those toler-
cur along the outsides of curves in rivers and em- able it' it rests on a shallow foundation in expansive
bankments near large bodies of water where clay,
storms are likely to occur. It is conceivable that 3_ CQNSIDERATIONS [N 5E]__E€T1N(;A SITE

The most effective precaution that can be taken
to assure a bench mark's stability and survival is
to choose a good location for setting it. Because
there is such a wide variety of situations that can

Motionlntrinsic to the Monument be encountered when setting the monuments, it is
Choice of materials for a bench mark monu- impossible lo cover them all in a manual. The ul-

ment is critical for two important reasons. First, timate selection of» a site is necessarily left to the
ultimate deterioration of materials results in the discretion of the mark setter and it is imperative
loss of a bench mark's reliability. The outmoded that good judgment be exercised. There are many
copper clad rod mark (page 44) has been known to things to consider. Table 1 (page ll) will help keep
corrode to such an extent that sections of the rod them in perspective.
have separated entirely. Failure of a bench mark _ .

Security
could be difficult to detect. For this reason., when a Foremost on the list of considerations is the
monument is recovered for releveiing., it should be bench mark's susceptibility to damage or destruc-

major cause of bench
marks this can be accomplished by grasping the mark disturbance. In view of the great expense of
rod and pulling it to make sure its integrity has leveling, foresight spent to preserve a monument
been relay red.

tested to ascertain its condition. For rod type bench son, which is probably the

is well worthwhile. Anticipate construction that
Second iv. | bench mark's elevation can change might occur at the location. Is the site in the path

with the expansion and contraction of the monu- °f_a future.hlghway, waterway, Dutch, or ptpelnne.
went due to temperature change. Theoretically, Will an adjacent shoppu ng center or asking lot be

this can amount to changes on the order of a milli- expanded in the foreseeable future. Is the p"2

mine or quarry? Highway maintenance often in-

materials erving of curves. Setting the marks near the edge of

materials having a direct bearing on the bench
mark elevation should be limited to those having
a coefficient Las than 20 X.10" cm/cm per °C.

on shoreline scarps where stormy waters slowly
but surely wear away the embankment. Do not set

meter or more between hot and cold seasons. In spective bench mark site near a poteMiallv active

choosing bench mark materials, the thermal co- | _ . _ . , .
efficient of linear expansion must be considered. vo yes the widening of its surface and the straight
I f  modi f icat ions involving changes in h _ _ _
are made to the prescribed designs for rod marks, 1 e *"ght-0_i° W"Y and 0"tl"¢ ° "1~"6° 5 of curves in-

creases their chances for survival.
Conversely, the outside of a fiend in a river

should be avoided because erosion eventually
undercuts the bank. Under-cutting can also occur

' Intended Stability of NCS Bench Marks
From the information in this chapter, it is evident bench marks at these locations. Flood plains

depth of  origin and geographical extent. To
counteract deep subsurface activity would be eco- sediment or washed out.
nomicallv unfeaiaihle, so bench mark specifications

that the causes of instability vary widely in both should be avoided when otherwise comparable
sites can be used because marks may he buried in

. Often, sites can be located which provide natural
for the National Vertical Control Network have protection for the monuments. Locations near the
been developed to resist movements at or near the edge of the right-of-way, well away from a high-
surface. Among such movements are those caused way surface, provides protection from mowers and
bl' impact, frost heave, shrinking and swelling of other maintenance vehicles. Property fence lines
soils, soil expansion and contraction, and in some and utility poles usually remain in place for years
cases where the effect is not too deep.. consolida- and afford good protection for marks. Structures
lion. Except for consolidation, bench marks set as which arc of themselves not suitable for bench
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1
mark settings prevent vehicles and equipment
from damaging monuments that are set adjacent
lo them. And finally, private properly and public
areas such as parks and cemeteries provide excel-
lem sites from a standpoint of survival.

Or, if the description read' only "northeast of the
east corner of the house." the mark could he any-
where on the line beginning at the east corner of
the house and running at an azimuth of 45°  east of
north. In either case, it would be difficult to find.

Sometimes more than two LOPs are required to
define a point. "The bench mark is located 26.7
meters south of the centerline of the highway and
10.2 meters from a 4-0-centimeter oak tree." Two
LOPs are given by this statement, but :hey define
more than one point as can be seen in figure lb. An
additional LOP, such as a direction from the water
tank or tree, is required for the unique point to be
located.

The important concept to be concluded is that
the more nearly perpendicular the angle at which
lines~of-position intersect, the more aecuratelv a
position can be determined and the easier it will
be to locate. (See figs. pa and 2h.) Toapply this con-
cept to bench mark sets ng, consideration should
be given to the ease with which future recovery can
be made from the reference measurements. Other
considerations in bench mark placement rarely
restrict the site to sue ha limited orca that this can~
not be done. Leeway of just a few meters is usually
enough to make the difference between as mark
that can be accurately referenced and one that
cannot.

r

I
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Utility
Availability to users is another important con-

sideration in choosing a bench mark site. The
major use of NG5 bench marks is to provide ver-
tical control for other surveys. If the bench mark
cannot be found or conveniently leveled lo, its
worth is questionable. Many users first inadver~
gently find a survey mark, then request informal
lion about it. Others use vertical descriptive in-
formation to locate Control points near a proposed
engineering project: so locate bench marks where
they can be accurately described.

Again, foresight must be used when selecting the
exact location. A bench mark set flush with the
ground is easily concealed with debris. Are there
nearby objects that can be used to reference the
monument? Are these objects fairly permanent?
Will the measurements define a precise point
where the hidden bench mark can be found?

To enable the mark setter to situate a monu-
ment where its position can be accurately de-
scribed, a familiarity with referencing techniques
is required. Bench marks are usually located in
the following manner: First, directions are given
to the general area in which the bench mark is
located. Normally, this puts the individual within
100 meters or so of the monument. Then the bench
mark is found Hy following distances and direc-
tions from prominent reference objects, These dis-
tances and directions establish lines-of-position
(LOPs). The prominent objects are referred to here
as "Origins."

For example, a benchmark can be referenced by
stating a distance and direction from the corner
of a house as follows: "The monument is 35.8
meters northeast of the east corner of the house."
(See fig. la.) in this case, there is one origin and
two LOPs. The origin is the east corner of the
house. One LOP is referred to as "'35.8 meters
[l'mm]... the east. corner of the house." It defines
a circle with a radius of 3S.8 meters and its center
at the cast corner of the house. The other LOP is
given as "northeast of the east corner of the
house' It defines .. line beginning at the east
corner of the house running at an azimuth of 45°
east of north.

At least two LOPs are required to define a point.
H' the description read only "35.8 meters from the
cast corner of the house," the bench mark could
be anywhere on the circle with a radius of 35.8
meters and a can-ter at the east corner of the house.

Stability
Advantageous Topographic Features

Crests of hills are good places to set bench marks
for three reasons. First., the problem of slope in-
stability is eliminated. Even though the neighbor-
ing hillside might be sliding., the summit will re-
main stable. Second, frost heave is Las likely _with
the increased separation from the water table._ And
third, the consistency al' the soil will tend to he
more firm.
Effect of Soil Crain Size

Whenever soil types can he ascertained, it is-
preferable to choose a site with coarse-grained
soils over one with fine-grained soils. Most of the
problems associated with soil movements are at-
tributable to the fine particles it contains. The
fraction of grain sizes less than 0.02 millimeter
governs whether or not a soil is frost susceptible.
Soils susceptible to high volume change due to
variation in moisture content are normally clays,
which are fine-grained. Also, poorly drained clays
provide environments conducive to corrosion.
Avoid sites with fine-grained soils whenever an
alternative is available.

One way to determine the type of soil in the lo-
cality is to examine that which has been exposed by
digging, especially where a bank has been left
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exposed. Look al soil grain size in nearby highway
cuts and excavations. Good drainage is usually in-
herent in coarse-grained soils and therefore can
also be used as an. indication. It can be recognized
by uniform coloration with depth.

Effects of Vegetation
The presence of vegetation., particularly trees,

has marked idluence on the stability of the upper
layers of a soil mass. Trees, underbrush, grass, and
moss act as insulation, reducing thedcpth of the
active frost zone and thus ,reducing frost heave.
However, the problem of expansive soils is ag-
gravated by vegetation. In seasons of abundant
rainfall, vegetation exerts very little influence on
soil volume change. When the weather is dry and
only a little free water is available in the soil, trees
and other plants draw even more out than nor-
mally is lost through evaporation and lowering of
the water table. This results in even greatershri nk-
age. With trees, this effect occurs within a distance
from the trees roughly equal lo their heights
(Bozozuk and Burn 1960).

Areas covered with thick vegetation should be
avoided even where expansive soils do not exist
because vegetation will conceal a bench mark,
making it of much less value than one that is open
to view. Do not place bench marks near lone trees
because this will subject them to disturbances
from growing roots.

Geological Considerations

Ir. will not be feasible to determine the nature
and extent of subsurface geological activity. in
many instances. Nevertheless, it is an important
consideration that should never he overlooked
when the means are available. A generally stable
area may have pockets of unstable ground within
it, and detailed geological data are required to de-
termine this. Caverns and underground mines,
and water and oil bearing strata subject to pump~
in are especially prone to cause significant sub-
sidence. Bench marks established strictly for geo-
detic control should not be set in theseareas.

Geological information is available through
Federal, State, and even private organizations.
General overviews of karsts (subterranean cavi-
ties), slope instability, and the like are available
from the U.S. Geological Survey. For more specific
information on larger scale maps, the individual
State Geological Surveys, State Departments of

publicNatural Resources, universities, and
utilities commissions must be contacted. These
agencies can provide pert rent geological data
including maps al' underground mi res, CavernOuS
areas, slope movements, and :res subject to sub-
sidence from the pumping of oil, gas, or water. Li-
aison with these organizations is a necessity.

Whenever possible, sound bedrock should he
used for a bench mark setting. However, it. is of-
len difficult lo determine Whether or not an out-
crop is indeed sound bedrock, the decision being
based mainly on visual evidence of only the ex-
posed portion of the formation. Where a large por~
son of the outcrop is exposed, try to ensure that
the part in which the disk will be sci is essentially
intact with the rest of the outcrop. Large outcrops
with widely spaced fractures and crevices can be
considered bedrock for mark setting purposes.
Where only a small portion of the outcrop is vis-
ible, use a pry bar to make certain the intended
sets ng is not aseparate boulder.

Examine the surface of the bedrock. Make sure
it is solid, and not in a state of deterioration. The
margin of weathered rock can be surprisingly
thick. If its surface has begun to crumble or has
deep fissures in close proximity. the outcrop is un-
sound and should not be used. Another type of
bench mark will be more stable.

Some sedimentary rock contains detrimental
clay minerals, such as montmorillonite, but it is
difficult to determine this. When geological maps
or expert advice indicates that sedimentary out-
crops are expansive, they shall not be used for bench
mark settings. A site must be located in a structure
or another rock outcrop, or a rod type mark must
be used. Expansive bedrock will not be a problem
is if lies beneath sufficient overburden because it
wil l  not be subject to variations in moisture
content..
Structural considerations

Structures are subject to movements from any
of the sources pointed out in chapter 2. Fixing a
bench mark disk on a` structure by no means as-
sures that it will he a good geodetic control point.
Before setting the disk. determine whether or not
the structure will be at least as stable as a class A

.rod mark (page 14). If not, use the class A or B rod
mark instead.

Relating the stability of a large structure to that
of a class A rod mark can be accomplished by (1)
comparing the depth of the structure's foundation
to the required depth for the sleeve (table 2, page
27), and (2) assuring that the structure is a multi-
story concrete, masonry, or steel unit. The class A
rod mark sleeve is set to a depth below that affected
by expansive soils and frost heave. For comparable
stability, a massive structure's foundation need
not be as deep as the sleeve because the weight of
the structure can resist some of the force exerted
by the ground which tends to move it. Also, the
structure itself will have a shielding effect on the
soil below, making conditions such as tempera-
ture and moisture content less variable. If its
foundation is at least a quarter as deep as a class A
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rod mark's specified sleeve depth, a massive struc-
ture will be considered stable. Small structures,
such as semaphores, concrete culverts, platforms,
retaining walls., bridges, etc., must never be used.
Very large bridges can be used only if it is posi-
tively determined that the structural member in
which the disk will be placed rests directly on
bedrock.

Si nee most structures are expected to settle both
during and some time after construction, those
less than 5 years old must not be used as settings
for bench marks unless the foundations are on
bedrock. Choose a structure that has a long life
expectancy. Modern buildings will probably re-
main undisturbed a long time, but make sure that
they have not been too newly constructed. Older
buildings may last a long time if they have histor-
ical significance.

Caution must be taken to assure that the disk is
placed in a spot that is ah integral part of the struc-
ture's foundation or fixed rigidly to it. Placing a
disk on an appendage. such as steps entering a
building, is unacceptable unless the appendage has
its own foundation of suff icient depth. Avoid
places which might be damaged or covered during
construction of  an addition to the structure.
Building entrances are especially susceptible to
reconstruction.

i

,I

I

Miscellaneous Areas To Avoid
As explained in the chapter on sources of in-

stability, sites near water reservoirs and large
rivers, where the water level is variable, can rise
and fall due to rebound and compression of the
soil; This movement might be thought Hy the lay-
mon to be minor, but in terms of precise geodetic
measurements. it is not. Where possible, bench
marks should be established a few hundred meters
from the confines of these sources of ground ac-
tivity.

Permafrost has a stabilizing effect on bench
marks anchored to a sufficient depth within it. but
significant expansion and contraction of frozen
ground due to temperature variation can occur to
a depth of about 10 meters. A bench mark anch-
nred below this depth can be expected to be quite
stable, In regions where permafrost normally
exists near the surface, thawing influences can
keep the ground in an unfrozen condition to a
depth greater than that which is prevalent. Any
body of water, such as a pond. lake, or river, will
have this effect. Other influential effects include
buildings, roads, pipelines, and, in short, any
mark of civilization.

Corrosive Environment
The rate al which a material will corrode Ur

deteriorate is uffcctd by its environment. Two

conditions are required, before corrosion can ou-
cur. (I) The metal being corroded must he in con-
tact with an electrolyte, or liquid Capable of eon~
ducting electric: current. This makes it possible for
certain chemical reactions to occur. Electrolytes
vary widely, ranging from a minute amount of
nearly pure water formed by condensation, to sea
water. (2) There must be a dissimilarity in Lwo
areas of the surface being corroded. This could
result from the presence of strains or inclusions
in an alloy, the contact of dissimilar metals, or a
multitude of possibilities between these extremes.

Environmental factors governiq the corrosive
character of a soil are principally the degree of
aeration and the presence of water-soluble salts.
Aeration is important because many metals need
oxygen to form a dense. tough layer of metallic
oxide on their surfaces, which prevent further
corrosion by isolating the remaining metal from
the electrolyte. Aluminum and steel protect them-
selves in this manner. In addition, when one area
of a metal is in an environment with a good sup-
ply of oxygen while another area lacks oxygen, a
condition of dissimilarity is set up in which cor-
rosion is accelerated. An example of this can be
seen in a partially submerged piece of iron. That
portion above water is supplied with more oxygen
than the portion below water. At the waterline
these dissimilarities are close to one another. re-
sulti ng in intensified corrosion.

Water-soluble salts have an effect on corrosion
in two ways. First, the ions that form when salts
dissolve improve the capability of the electrolyte
to carry current. The greater the ability of the elec-
trolyte to carry current, the faster corrosion will
occur. In both atmospheric and underground cor-
rosion, water is normally the electrolytic medium.
Water with dissolve salts is a better electrolyte
than pure water. The salts most 'often found in
highly corrosive soils are sodium chloride (NaCl),
commonly known as table salt, sodium sulfate
(Na,S0¢), calcium chloride (CaC1I), magnesium
chloride (MgCl2), potassium sulfate (K,SO.), and
calcium bicarbonate(Ca(HCO,),)(Romano ff 1957).

The second effect of water-soluble salts is the
influence they have on the formation of the dense,
tough protective layer which forms on the surface
of certain metals. Sometimes this layer cannot
form in the presence of various ions. For example,
aluminum is normally quite noncorrosive because
aluminum oxide quickly forms on its surface.
However, in the presence of dissolved salts, the
oxide layer does not form densely enough to pre-
vent infiltration al the electrolyte, so corrosion
continues at a high rate.
, Of' the types of monuments which may be used

in the National Vertical Control Network. only the
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Use disk se!in bedrock (13\ X x x X x x x x

Seek coarse-grained sells 46) x x

Seekwell-drained soils (9) x x

Seek well-aeraeed soils ml x

Set on crests of hills (St X x

Seek soil: with high resistivity (12) x

Natural/readymade prorection° (5) x

Antidpare futon constructional (5) x

Set near edge of right-of-way (5.12) x x

Bench mark design (3,ll2.14) x x x x x
Anchor sleeved rod below level of di;-
turbance t14l X X X

Set disk In massive. deep structure (9) x x x x

Historically significant structure (10) x

Modem buildings (ml x

Remain distant from thawing sf1ects°
(10) x

Ensure good rekreucing (8) x

Avoid heavy vegetation (9) x x

Asia raw banks ts) x

AVOid flood plains [5] x x

Avoid shoreline scarps IS x

Avoid salt water shoreline: (12) x
Avoid areas as determined by godogical
datedLem

x x x x

Avoid expansive bedrock (9) x
Avoid new structures (less than 5 years
old! HO]

x

J

Table L-Summary of measures taken to set high-quaulity benchmarks

c
q,

COUNTERMEASURES

(Discussed
parentheses)

on page no. shown in 6
<6

¢` e <9
<9

6°

.

\ / 1 .
.

\°. .. 6_9

11-mum fund: lim, utility 9°1"» llructulli. and privua Md nubile grounds.

Induces !\i9>'vwv\. nulcinq Ina, building, pipdinunlnd wanrvuvl-

°Inclu¢\u lakes, rivers, buildings. Ami Dibullnus.

WOw:-views of Mann, dune Bnuabilny, may oumrons, dl and gr bumrlng fornntionx, l1'-=.. from an u.s. WNW*
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phone and power poles is conclusive evidence that
there are underground cables in the area, but the
presence of poles does not necessarily dictate
otherwise. Buried telephone lines ttsuallv run di-

_ 'een
telephone poles_ Electrical cables may be run ad-
jacent to telephone lines, Where an electric ap-
pliance such as an air conditioning unit or flood
light is located apart from other structures, an
underground cable to it would probably run di-
rectly from a metering device. Stay clear of that
path. .

Gas lines are harder to detect. Meters and valves
are helpful if they are not too far apart. As with
telephone cable pedestals, do not drill on a direct
line between them.

recllv between junction box pedestals orbetv~

iron compounds. They also he identified by

scaling along tl';e edge of the right-of-wav is

If circumstances permit, the best way to avoid
problems is7to contact the local metropolitan util-
ities commissions. Underground pipe and cable
information can often be had by calling one cen-
tralized office which maintains liaison with all the
various utility companies. Ylhen it is possible to do
reconnaissance a few days in advance of the actual
mark setting, this alternative will be efficient If
this is not possible, it is advisable to use a pipe and
cable locator for detecting conductive materials
underground. However, these devices are not in-
fallible. Plastic, unreinforced concrete, and clay
tile pipe will not register on them. Get into the
habit of looking for "Buried Cable" signs. And
finally, set marks near utility poles, but not on line
between them when other considerations in site
selection will allow. Utilitv poles cannot be set over
water and sewage pipes.

4. INSTALLATION

class A and B rod marks (pages 14 and 25) are par-
ticularly vulnerable lo corrosion. The rods for
these marks will unavoidably be placed in corro-
sive soils. As a protective measure. the rod is made
of type 316 stainless steel, which is more resistant
to corrosion in nearly all environments than other
affordable alloys. Even so, steps can be taken to
increase its life. h is most susceptible to corrosion
in poorly aerated environments and those in which
there are chlorides.

Iron compounds are commonly contained in
soils. Weil-aerated soils are generally recognized
by their red, yellow, or brown colors resulting
from the oxidation of these compounds. Sites with
these soils should be sought for bench mark set-
ting. Poorly aerated soils are usually gray in color
due to the lack al' sufficient oxygen to oxidize the

. may
their poor dray rage characteristics.

Avoid areas where there is a high concentration
of chlorides. When setting marks along highways,
keep them at least 10 meters from the road sur-
face where lxeavv salting might be done in winter;

. gen-
erall_v a good practice. Although it will sometimes
be impossible due to project requirements, try to
avoid salt water shore lines. When the purpose of a
project. is to provide shore line control, stay off the
beach if project instructions will allow.

Fl rally, if the means are available to measure
soil resistivity, a good indication ml' the corrosive
character of a soil can be obtained. The more re-
sistant a soil, the poorer the electrolyte., and con-
sequently, the less corrosive it will be.

Safety
If a monument extends beiow ground level,

there is a chance of encountering underground
cables or pipes when installing it. This is especially
true when drilling a hole for the sleeved class A rod
mark (page 18), and the situation is more critical in
urban areas than in rural areas. Evidence of under-
ground utility lines often canoe observed at the
surface. Waterlines are marked by valve boxes at
most street intersections. Avoiding the line be-
tween valve boxes will decrease the chances of
hitting a pipe. Also, fire hydrants indicate where a
water main lies. I-iydrants usually are placed with-
in a meter of the line and to the side away from the
street centerline. Most waler and sewer lines lie
under the road surface, but some are placed ad-
javent to it. Avoid the area between the street and
sidewalk.

Telephone and electrical cables are normally
laid from 1/2 to 1 meter below the surface. Hous-
ing developments built in the 1960's and later arc
much more apt to have underground cables than
lhosc built before that time. The absence of tele-

Maintaining Good Public Relations
The purpose of the Federal Government is to

serve the public. Pertaining lo the establishment
and maintenance of geodetic control, this pry neile
has aL least two applications One is to gain the un-
derstanding and good will of the public. Another
is to Project the credibility of the National Ocean
Survey/National Geodetic Survey through the
visible evidence of its mission-survey' control
markers.

These objectives can be accomplished with only
a little extra effort. Always obtain permission from
the landowner when selling bench marks on pri-
vate property. Responsible officials must be con-
suited when a prospective site is located on public
or corporate land. If approached in a polite and
tactful manner., a hesitant individual often can be
persuaded to permit installation at the desired site.
Most citizens can be convinced to take personal
interest in having a bench mark carrying NGS's
distinction on their property. Appeal to the indi-
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vidual'a public spirit. Explain what bench marks
are used for, the need for their stability and dur-
ahilitv, and the expense involved with replacing
them. The setting of bench marks provides an ex-
cellent opportunity to make the public aware of
NOS/NGS activities. Under no circumstances

mark be installed on an unwilling

tty toward the Federal Government. .
The importance of a clean, neat installa1.ion~can-

not be overemphasized. Not only does it help
maintain iriendlv relations with the local citizens,
but it also upholds the esteem of the Federal
Government. Sloppy bench mark installations by
a few mark setters could understandably lead users
to believe that the whole leveling program is run
in a haphazard manner. Do not allow this to
happen.

shall a bench
property owner s land, thereby provoking hostil-

Special Considerations at Line Intersections
Level line intersections are of prime importance

when it comes to mathematical adjustment of a
vertical control network or portion of it. Junction
points are used for the initial adjustment of the
system. Intermediate elevations are not taken
into account until after this initial phase of the ad-
juslment. As a result, no elevations can be better
than those at the junctions; therefore, only the
highest quality bench marks should be used there.

Sound bedrock should be use for these points
if at all possible. Relocating the point of inter-
section as much as 10 kilometers to take advantage
of an outcrop would not be unreasonable. When
outcrops of sound bedrock are notavaiiable, choose
the next best location following the guidelines
enumerated in chapter 3. Other than bedrock
marks, only disks in structures and class A rod
marks as explained in succeeding sections are
permissible for first-order junction bench marks.

Once the location la fouNd, steps must be taken
to preserve the junction by placing supplemental
monuments nearby which can also serve as junc-
tionpoints. In the event the primary monument is
destroyed, the integrity of the network will re-
main. Al intersections of two first-order lines, a
minimum of three monuments shall be plated not
less than 0.5 kilometer apart. At intersections of
first- and second- or two second-order lines. a
minimum of two monuments shall be placed not
less than 0.5 kilometer apart. Junctions with third-
order lines need no special considerations. in all
cases. try to select sites that will not all he de-
strovcd by one common cause such as the widen-
ing of a highway.

Disk Set in Bedrock or Structure
Sound bedrock is the most desirable setting for

a bench mark. Besides the ease with which a disk

can be installed in bedrock, it provides the most
stable setting that can be used in terms of both
underground activity and disturbances inflicted
by people. Always use bedrock when a suitable out-
crop exists. As a rule of thumb, the Bedrock is good
if the distance between joints and fissures is greater
than 1 meter.

The National Geodetic Survey bench mark disk
(see fig. 3) is made of brass or bronze. It is about 9
centimeters in diameter and has a spherical sur-
face to support the foot of the leveling rod. ln-
formation is imprinted on this surface to identify
the monument and to aid the user in obtaining
data on it. This logo is recessed so that it does not
interfere with placement of the leveling rod. A
deformed shank, about 7-1/2 centimeters long, is
silver-soldered to the bottom surface of the disk to
help prevent the disk from being dislodged. Disks
with tubular shanks can also be used.

The step-by-step procedure for setting the disk
in bedrock is as follows:
1. Stamp the designation and year on the lop sur-

face using 4.75-millimeter (3/16-inch) steel
dies.

2. Pick a fairly level and accessible spot on the
outcrop :Hal is intact with the bulk of the rock.

3. Drill a 2-I/2-centimeter hole about 10 centi-
meters into the bedrock and recess the area
around the top of  the hole to a diameter
slightly larger than that of the disk. When the
installation is completed, the lop surface of the
disk should set level and flush with the sur-
rounding rock. Caution: Safety goggles should
be worn when dr i l l i ng into bedrock or
masonry.

4. Remove the rock powder from the hole and
recessed area and fill the hole with clean wa-
ter; then pour cement into it. Mixing of the in-
gredients is done right in the hole. By adding
more water and cement, make enough mortar
so that an extra amount is available to place on
the underside of the disk and. if applicable,
inside the shank. When the mortar is com-
pletely mixed, i t should be thick but sti l l
workable.

5. Fill the depression on the underside of the disk
with mortar. For disks having tubular shanks,
also fill the shank with mortar. This is very im-
portant because it will prevent the existence
of highly undesirable voids under the disk
once it is in place.

6. Place the shank of the disk into the drilled
hole and press the mark firmly into place.
Work the excess mortar around the outer edge
of the disk., making sure that it is smooth and
flush with the top surface. An exposed edge of
the disk would provide an area which could he
used by someone to dislodge it. Fresh mortar
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Figure 3.-NGS bench mark disk stamped with designulion and year.

nicely, removing all excess mortar from.

its surface and prevent cracking. Brush

on the upper surface of the disk can easily be
coca red off.

7. Sprinkle some dry cement on the exposed sur-
face of the disk; then rub it with a. clean rag
using circular strokes. This will clean the disk
very
its surface and recessed letters. Rubbing the
wet mortar around the edge of the disk in the
same manner will do no harm. On the con-
trary. this is often done intentionally to finish

away
loose cement and make sure that the finished'
product has a very neat appearance.

8. If there is a nearby crevice or spot of grow nd in
which a witness post can be conveniently set,
this should be done.

9. While the mortar is still wet, it must he cov-
ered to prevent heavy rains from mining its
surface and to conceal the disk from people
who might tamper with it. A piece of wood,
eandhoard., heavy paper, or similar biodegrad-
able item will suffice.

10. The installation is not complete until all ac-
cumulated trash has been picked up. Leave the
place in good order.

In setting a disk in a massive concrete or ma-
sonry structure, first make sure the structure is
stable. its foundation must extend to a depth that
equals or exceeds 25 percent of the specified depth
of the sleeve for the class A rod mark, as indicated

in table 2 (page IT). Furthermore. the foundation
must be at least as deep as the maximum depth of
frost penetration indicated on the map in tigurc 13
(page 34.)..

The disk can be mounted vertically in the wall
of a structure, but should always be set horizon-
tally if possible. The procedure for setting a disk
horizontally in a structure is identical to that for
setting one in bedrock. Make sure safety goggles
are worn when drilling into masonry or concrete.
Since for a vertical sets ng the hole for the disk's
shank must be drilled horizontally, the mortar
must be mixed separately. When drilling into
brick or other soft material, a hammer and star
drill should be used, rather than heavy power
equipment, to prevent extensive damage to the ex-
terior. The hole should be wetted before mortar is
put into it. After place ng the shank of the disk into
the mortar filled hole, work it to the bottom edge
of the hole so that it will not settle askew while the
mortar is curing.

Class A Rod Mark
The class A rod mark is to be used whenever pos-

sible where sound bedrock and substantially
stable structures are not available. The top of a
steel rod serves as the datum point. The rod itself
anchors the datum point to a stable stratum of
soil. in most areas a sleeve is required to isolate the
rod from soil movements occurring above the
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W4RNINC: Precautions must be Lakers before
dr illing into the ground. Underground pipes
and cables can be damaged and can also cause
damage to drilling equipment. Conceivably,
injury or death could result from drilling into
an electrical cable or gm: line. (See "Safely,"
page 12.)

stable stral.um.' (See Et. 4.) This sleeve is omitted
where nm soil movements are expected. At the sur-
face an encasement around the datum point pro-
vides protection from impact and information to
the user. (See fig. 5.)

The rod is assembled from sections of l.43-centi-
meter (9/16-inch) type 316 stainless steel' coupled
with thrcadd studs of the same material. The
sleeve is _made from 2.54-centimeter (1-inch)
schedule 40 polyvinyl chloride (PVC) pipe with
fittings to couple the sections. The annular space
between the rod and sleeve must be filled to pre-
vent. water from infiltrating it. ll' water is allowed
to seep into this space, two problems will arise:
corrosion will occur; and when the water freezes.
stresses between the sleeve and soil will he trans-
mitted to the rod. The substance used as the filler
should he a grease or grease-like product with a
consistency that will remain soft. at cold tempera-
lures. It must he insoluble in water, noncorrosive
to the rod and sleeve, and must have an extremely
long life expects ncy.

The casement consists of a 12.7-centimeter (5-
inch) PVC pipe, I/2-meter long, f itted with an
aluminum flange around its top edge. The flange
is imprinted with the standard information that
accompanies all bench mark monuments and is
stamped with the stalin's designation and year.
its inside edge is rec .4~ to accommodate a hi aged
aluminum cover. This arrangement is placed a-
round the top of the rod, slightly below ground
level. Approximately 20 liters (2/3 cubic foot) of
concrete is then poured around it to hold it firmly
in place and to aid in recovery of the monument if
it becomes buried.

This type of monument has been designed Tb
prevent near-surface soil movements from chang-
ing the bench mark elevation. The two major
kinds of movements it can counteract arc frost
heave, and shrinking and swelling of expansive
soils. Averting these movements is accomplished
by extending the sleeve to the maximum depth to
which these soil movements are expected to recur.
Then the rod assembly, after bet ng placed inside
the beetle, is driven or pressed into the soil so that
it is anchored below the sleeve, and consequently,
below the layer of disturbance.

When frost heave can ousur, the sleeve is placed
to a depth three times as great as the maximum
frost penetration indicated in figure 13 (page 34).
When any type of upright, such as a post. pile, or
pipe, is subject to frost action, the upward motion

caused by frost heave is rwrmally greater than the
subsequent settlement after the ground has thawed.
Unless there is an opposing force, the objccl will
eventually be ejected from the ground. A sleeve
placed lo three times the depth of frost will have,
in nearly all instances, enough friction between it
and the soil below the frozen layer to resist the
upward force of frost heave. In any case, the jack-
ing effect of Frost Pelion will be retarded.

Consolidation of a soil mass can be counteracted
with this bench mark when it is placed to a suf-
ficient depth. As long as the sleeve isolates the rod
from the soil where consolidation (or rebound) can
have an effect, movement from this cause will not
change the bench mark's elevation. To he used
effectively in this manner, a geologist or soils ex-
pert must determine where these movements
occur.

It is suggested that one of two methods be used
lo place the 2.54-centimeter (1-inrh) PVC sleeve,
though other methods might also prove effective.
(1) Where the soil i self-supporting, the cleanest
and quicker method is to use a small diameter,
conventional flight auger. Briefly, a hole is drilled
to the specified depth of the sleeve, the string of
angers used in drilling the hole is retracted. and
the sleeve is lowered into the hole. (2) Where the
soil is subject to caving, as in a loose dry sand, or
in working below the water table, a hollow-stem
auger can be used. The auger is drilled to the
specified depth, the bench mark sleeve is lowered
into place through the auger, and the auger is
retracted, leaving the sleeve in place.

When it is unknown whether or not a hole will
support itself, use the conventional flight auger.
If the hole caves before the bench mark sleeve can
be lowered into Ir., start over using a hollow stem
auger. Once some experience is gained in a par-
ticular region, the mark seller will intuitively
know whether a conventional auger will _
suffice or if efficiency would be lost in thistrial~
and-error method.

`A suggested routine using the conventional
flight auger is given next. Some of the steps need
not necessarily be taken in the prescribed order.
Experience will dictate the most efficient manner
[or a particular crew, One crew's method is picto-
rially illustrated in figure 6 (pages 20-24).

likely

' Although it is somewhat detrimental from a corrosion
ilandpwi ml, the sleeve is nonmdly essential for stability.

' This :alloy has the optimum combination of iron., nickel.,
and chromium to comal corrosion in both weigh! loss and
pi! depth, and yet remains economical.
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9. When the rod assembly rests in the bottom of
the hole, it must be pressed or driven into the
soil beneath the sleeve. Alternately couple and
drive more sections of rod until it resists a
downward sialic force of 250 kilograms] but
make sure at least 1 meter of rod extends below
the sleeve. In clay, driving may be terminated
if the 250 kilograms of resistance are not Mel
after 10 meters it' rod have been driven.

Care must be taken not to deform the end of
the rod being driven, or coupling of the next
section will be difficult. in the event refusal is
met before the minimum of 1 meter is driven,
the rod and sleeve must be pulled up, and the
hole must be drilled to the depth at which the
rod will ultimately be placed (1 meter below
the sleeve). New soil, soil mixed with cement,
or concrete must then be compacted in the
bottom of'tlle hole to provide a good anchoring
material for the rod. In cases where soil mixed
with cement or concrete is used, extreme care
must be taken to prevent the sleeve from be-
coming embedded in the anchoring material,
or movement of the sleeve will he transmitted
to the rod. One way to do this would be to
dump a layer of IM original soil over the un-
choring material to provide a buffer between
it and the bottom of the sleeve. If a large oh-
struction makes it impossible to drill to the
required depth, the anchoring material must
be compacted in the bottom of the hole to a
depth 1 meter above the obstruction. Adjust
the sleeve length accordingly and take precau-
lions to isolate it from the anchoring material.

10. Provide the top of the rod with a suitable high
poi nt on which a leveling rod can be supported.
This may be done in one of three ways. (1)
When the depth to which the rod will be driv-
en is known in advance, use a prerounded top
section for the last length of rod to be coupled.
(2) Cut off the rod when the proper depth is
reached and round the top with a file. Or (3)
crimp a type 316 stay unless steel cap with a
hemispherical end onto the top of it.

ll. Pump the filler into the annular space between
the rod and sleeve, making sure no voids are

1. Maneuver the drill into position with the ro-
tary head situated over the spot where the
monument is lo he placed. When the site is on
an incline, the vehicle should be facing uphill.

2. Level the vehicle with the stabilizing jacks. A
carpenter's level can be placed vertically a~
against the drill head mast to make sure it is
plumb both transversely and longitudinally.

3. Where neat landscaping must be preserved,
place a 2-meter square tarpaulin n on the ground
and drill through a 1/2-meter hole cut in its
center.

4. Bore a hole 30 centimeters in diameter to a
depth slightly more than 1/2 meter for the
protective flanged encasement. This hole will
be filled with soil Outing subsequent opera-
lions, but the objective is lo loosen the soil in
preparation for selling the encasement.

5. Connect an appropriate bit lo the first section
of a small diameter conventional flight auger
and begin drilling a hole lo the required sleeve
depth. Depths for sleeves set within the con-
tinental United States are specified in table 2
(page 27). Use figures 7 through 13 in conjunc-
tion with this table to determine the depth.
Use the deepest depth indicated when a variety
of conditions exists. In regions outside the
conterminous States, the sleeve shall be placed
to a depth of 10 meters. Examples for deter-
mini ng the depths are given in appendix E.

6. When the required depth is reached, pull the
angers straight up with no rotation to keep the
hole clean. Before removing the last. section of
auger, clean the loose soil out and away from
the hole bored in step 4. After all the flights
have been retrieved, move the rotary drill head
off the axis of the hole to provide clearance for
the next steps.

7. Attach appropriate fittings to one end of a
2.54~centimeter (Lynch) PVC pipe to reduce
the inside diameter to 1.59 or 1.90 centimeters
(5/8 or 3/4 inch). Lower the pipe into the hole
with the reduced end down, then connect and
lower more sections of pipe as required. The
last section to be assembled must be cut to
length so that when the bottom of the hole is
reached. the top of the sleeve will be about 25
centimeters below the surface of the ground.
Finally, glue a femaleslip-lo-thread adaptor to
the top al' the sleeve. This will be used to make
connections lo a grease pump for filling the
annular space with lubricant.

8. Assemble the 1.43-centimeter (9/16~inch)
stainless steel rod and lower it into the sleeve.
If a long, unwieldy length is required. the rod
may be coupled while it is being lowered into
the sleeve. To obtain tight joy ms, finger tighten
them and then apply one~quarter turn more.

" The 250-kilogram resistive fore can be determined in-
directly by relating dynamic resistance no driving rule. ls-
noring energy loner, the work done in driving the rod equals
the energy output of the driving equipment. For a drop
hammer., Me Renlnianee offered by :he Adl times the see
(penetration per blow) equals the Weigh: of the hammer
Rimes the Height from which it was dropped (Ra-=IWH). Fur
n gasoline powered impact hammer, the Resistance times
\he set equals the effective Energy output of the impact
hammer (Re I E). Since the dtimale hearing cnpaciiy un-
\i¢r static load is usually many limes the driving resistance.
this relalionnhip will yield conservative rends H R is he! lo
250 kilograms.

18
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drilled holes. Pick up trash which has accumu-
lated during the installation. Finally., rel a
temporary covering over the wet concrete to
shelter it until it cures.

The procedure for placing a sleeved bench mark
use ng hollow-stem angers is nearly the same. with
the following exceptions:

8

l

I

I
x

r

left. Approximately 1/3 liter (0.1 gallon) of
filler is needed for each meter of sleeve. Dur-
ing this operation, the sleeve may have to be

, lifted slightly to allow air la escape from its
bottom. When the entire space is filled, place
a 1.43-eentimeter (9/l6-inch) ID {inside di-
ameter) X 2.54-centimeter (1 inch) OD (out-
side diameter) "O" ring or rubber bushing
around the rod inside the top of the sleeve just
below the adaptor. This will serve to steady the
rod for the process of differential leveling. It
will also stabilize the rod horizontally in the
even! the mark is someday used also for hori-
zontal control.

12. Backfill the hole around the bench mark
sleeve with soil. Much of the soil brought to the
surface during the drilling of the hole can be
disposed of in this manner. Make sure the
sleeve gets firmly impacted in the hole in case
the monument is eventually used also for hori-
zontal control. in areas subject to frost heave,
it is desirable to use a clean sand in the upper
end of the hole to the depth of maximum frost
pen¢ll'a[ion_

13. Clean the soil out of the 30-centimeter hole
around the bench mark sleeve to an depth of
about 31) centimeters.Place a 1/2-meter length
of 12.7-centimeter (5-inch) PVC pipe around
the Md and sleeve so that thcv are centrally
located Within it. Press or drive the pipe down
until its top edge is about 5 centimeters below
the surface of the ground and 10 centimeters
above the top of the rod. Fill the protective
pipe around the sleeve with soil until about 2
to .4 centimeters of the sleeve and 10 centime-
ters of the rod are exposed.

14. Stamp the bench mark designation and year in
the area provided on the aluminum flange
supplied for the top of the protective PVC
pipe. Then fit the flange and cover over the
pipe.

.15. Mix about 20 liters of concrete, the approxi-
mate amount produced by the commercially
available 36-kilogram (80~pound) bag of pre~
mixed concrete. Pour the concrete around the
pipe and flange and lamp it into place. Finish
the surface of the concrete so that it is flush
with the lop surface of the flange and it slopes
gently away from it. This is important because
no exposed edges will he left to facilitate re
Moval of the flange, and water will drain away
from the access cover rather than into it. Re-
move excess concrete from the flange and be
sure the imprinted information is not defiled
with concrete.

16. Set a witness post when appropriate.
17. Before leaving the arch, clean it up. Scatter or

otherwisedispose of any leftover soil from the

1. After boring the 30-cenlimeler hole for the en-
casement., attach an appropriate cutterheud lo
the first section of a small diameter, hollow-
stem auger. At the time of this writing, the
smallest known available size has a 5,'I-centi-
meler (2-1/4-inch) ID and a 12.7-centimeter
(5-inch) OD. Fit the eutlerhead with a dispos-
able knockout plug. Plastic is preferred lo a
wood plug which could swell when used in a
wet environment, making its removal difficult.
Never use a metal plug unless it is type 316
stainless steel. Contact of dissimilar metals in
the completed installation must be avoided.

2. Drill to the required sleeve depth in such a
manner as to bring as little soil to the surface
as possible. This is accomplished Hy combining
proper speeds of rotation 'and feed to obtain a
screwing effect rather than a boring effect, and
by halting rotation immediately after the drill
head has reached the bottom of the feed stroke.

3. Retraxct the string of angers about 1/4 meter
and secure them with an. auger fork. Discon-
nect the augers from the rotary drill head and
move the head off the axis of the hole to pro-
vide clearance for lowering the sleeve.

4. Assemble and lower the 2.54-centimeter (1-
inch) PVC sleeve into the hollow stem of the

. auger string. To knock out the disposable plug
in the nutterhead. lift the assembled sleeve
about 2 or 3 meters and let it drop; When
working below the water table, cOhesionless
soils at the bottom of the hole can sometimes
be washed up inside the hollow stem hy PWS?
sure of water outside the augers. To prevent
this, fill the inside of the auger with water to
at least the height of the water table before the
plug is knocked out.

5. Retract the string of augers by reversing the
rotation of the drill head and lifting it with the
pullout mechanism. With the appropriate
combination of rotation and pullout speeds,
excess soil that was brought to the surface can
sometimes be returned and compacted around
the bench mark sleeve.

6. Assemble and lower the stainless steel rod as
before and complete the remaining steps as
listed in the procedure for using the conven-
tional flight auger.

In some situations, unexposed bedrolls will he
eneountererl before the required bench mark sleeve

I
I

f
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Drill rig maneuvered ma position and leveled.

J

J

Digging laugh the sod.

»

I

Pu.-paring to attach a Inge augur.

¥ 991

Boring a look for the protective
casement.

O

Figure: 6.-Seuing I sleeved class A rod mark.
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Drilling n hole [or the sleeve.

Axtndaiang a length at conven-
tional High: l.llgl1'.

ReumEln8 the fligln war"- Refueling the lower section: of
night auger.

Figure 6.-Conti rued.
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Pumping filler into the sleeve.

Sleeve lowered into the hole.

Imwearing the rod in the sleeve.

Driving dn- rod into soil blihtllh

the sleeve. `

Figure 6.--Continued.
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Filling soil in hole uouml the oldwvc. 45keve
lemponx-ily exlemled to Igeep din out.)

Slwvc and Md in place.

_' 15,3

Filling al] inside the prutedive pipe.

Driving the prulediw pipe into
place.

Figure 6.-Conti rued.
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Prepping 'duehole for concrete.
2

Working concrete alomnd the protective pipe
mud logo BaJnge.

r

The completed bench mark.

Writing the description.

Figure 6.-Conti uucp.
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This mark can also be set with an ordinary post
hole digger and gasoline powered hammer. First,
the 30-centimeter hole is dug. Then the seéliunal
rod is driven and connected, one length at a lime.
Aind finally, the protective casement is constructed
and the remaining steps taken as indicated.

depth is reached. If drilling is halted by an under-
ground obstruction, note the depth of the obstacle,
move the equipment a few meters, and try drilling
again with a conventional flight auger. If the ob-
struction is once again encountered al roughly the
same depth, it is likely to be bedrock. The class A
rod mark can he set to a depth less than normally
required if one of the holes is 4 meters or more in
depth. If both holes are less than 4 meters.. another
try must he made or another site located.

Once it has been established that there is proh-
able bedrock at a depth of 4 meters or more, a rod
type bench mark can be set. Where the soil is self-
supporting and the desired hole stays open. back~
fill it with concrete or soil for 1 meter above the
bedrock. Ii the hole has caved, redrill it with a
hollow-stem auger to a depth 1 meter above the
bedrock. Place the sleeve into the hole as .usual
making sure it does not become find to the con-
crete in the bottom, if used. Before placing-the
rod, cut its bottom section off ea ll'lat.wl'\en pressed
or driven to the bedrock, its upper end will be
about 15 centimeters below ground level. The rc-
maining steps are identical to those for placing the
usual sleeved rod mark. (See pages 18-19.)

To anchor the rod into the underground bed-
rock would he desirable but not absolutely neces-
sary. Total vertical motion at any particular depth
results from the accumulation of incremental
changes below it. Accumulation begins at the level
where movement is nonexistent and the surface of
bedrock deli neats the level where no soil move-
ment occurs. Since the rod will be exposed to the
soil for only l meter above that depth, only the
activity accumulated over a 1-meter depth starting
from zero movement will be transmitted to the
rod. This amount is negligible.

Where the soil is noncxpansive and the maxi-
mum depth of frost penetration is less than 1/2
meter as determined in figures 7 through 13, no
sleeve is required for the class A rod mark. The
setting procedure is simple. .
l. Maneuver the drill rig into position and level

it.
2. Bare a hole 30 centimeters in diameter Lu a

ac-
eommodhte the protective flanged encasement.

3. Press or drive the rod to its required 4-meter
depth. In areas where this is made difficult due

. to the existence of hard clay, scattered stones
or cobbles, or frost, a hole can he drilled to a
depth of 3 meters, maximum. The rod can be
placed in the hole and pressed or driven an-
other meter so its top is about IS centimeters
below ground level. Then the hole is backfilled.

4. Fabricate the protective encasement, set a wlt-
ness post, and clean up as with installing the
sleeved class A bench marks

depth slightly greater than 1/2 meter to

Class B Rod Mark
To` herpeluale the National Vertical Control

Network with monuments of only the most stable
nature would be ideal, but other factors make this
impossible. Situations will be encountered where
bedrock or other stable settings are not at hand,
and where the soil is unstable but the equipment
required to set the sleeved rod mark is unavailable.
Among others, mark maintenance personnel, who
relocate monuments which are destined for de-
struction, and those who set tidal bench marks
for the Office Of Marine Surveys and Maps, Na-
tional Ocean Survey, need an alternative to the
sleeved class A rod mark.

The class B mark consists of a stainless steel rod
assembly driven to u depth based on soil and
weather conditions, and clipped with the standard
bench mark disk. It has no sleeve. A casement al,
the surface protects the monument from damage
by impact. This casement. differs from the flanged
encasement for the class A rod mark in that a PVC
clean-out plug is used in place of the logo flange
and access cover. The bench mark disk carries the
logo and designation. Except where soil move-
ments are nonexistent, these marks cannot be ex-
pected to hold their elevations as Hellas the class
A rod marks. The procedure for setting a class B
rod mark is as follows: ,
1. Dig a 30-centimeter hole to a depth slightly

greater than 1/2-meter for the protective
casement.

2. Taking care not to deform its end, drive the
first section of L43-centimeter (9/ I6-inch)
stainless steel rod down to just above ground
level. Make sure it remains plumb while driv-
ing. Couple another section of rod lightly lo
thefirstanddrive theasscmbly dovVnasbefore.
To obtain tight joints, finger tighten them and
then apply one-quarter turn more. Repeat this
procedure until the required depth is reached
as indicated in table 3 (page 27). When a vary
etc of conditions occur, use the deepest depth
specified. In clay, however, the depth may be
limited to 10 meters. Drivelhe last section down
to about 10 centimeters below ground level.
Every effort must be made to reach the mini-
mum depth specified. If firm resistance is met
before the required rod depth is nearly ap-
proached, discontinue driving before the rod
becomes tightly embedded in the resistant
layer. Using a pipe wrench to rotate the rod
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rather than into it.
6. Set a witness post when appropriate.
7. Before leaving the area, clean up any trash

that accumulated during the installation. Fi-
nal l y , se! a temporary covering over the
whole arrangement .to protect it until the
co crete cures,

clockwise while simultaneously pulling up on
it, try to pull it out so the installation can be
.attempted in another spot. When firm resist-
ance is Mel at nearly the required rod depth,
continued driv ing wi l l  probably result in
reaching that depth. Drive with determina-
tion; as long as the rod keeps got ng down, no
matter how slowly, keep at lL ll the required
depth is not reached after exhaustive efforts,
cut the rod oft' about 10 centimeters below
ground level and use as is.

3. Stamp the designation and year on the bench
mark disk and crimp the hollow shank on the
disk onto the top of the rod.

4. Place a 10.2- or 12.7~centimeter (4- or 5-inch)
PVC pipe 1/2 meter in length around the disk
and rod. Press or drive the pipe down until its
top edge is about 5 centimeters below ground
and 5 centimeters above the disk. Fit the lop
of the pipe with the proper size slip plug or
threaded plug wi th appropriate female
adaptor. .

5. Mix abou! 20 liters of concrete to place around
the top of the protective pipe. Twenty liters is
the approximate amount produced by the com-
mercially available 36-kilogram (80-pound)

_ bag of' premixed concrete. Pour concrete
around the pipe and tamp it into place. Finish
the top surface of the concrete so that it slopes
gently downward and away from the top of the
pipe. This is important because it will help
drain water away from the protective pipe

Ascella neons Marks
Occasionally, a natural or readymade Hench

mark setting will exist that would be more stable
than a rod mark but which cannot accommodate a
brass disk. An example is a deep well casing. It
would resist not only near-surface movements, but
also, lo a degree, movements originating in the
subsurface such as subsidence from pumping. A
good illustration of this. can. he seen in Santa Clara
Valley. Calif., where well casings project promi-
nently because of ground subsidence. These sel-
tings should not be passed Hy simply because disks
cannot be mounted on them. They can furnish ex-
cellent references for elevations,provided they ex-
tend at least three limes as deep as the required
sleeve depth for a class A rod mark in that area.

it is important to select a good point of refer-
ence for the elevation of this type of bench mark.
A prominent protrusion can be used if it is definite
and has a good high point on which to rest the
leveling rod. Alternatively, u cross can be etched
with deep fine lines On a spot accessible to a level-
ing rod or tape. If possible, stamp or etch the
`bench mark designation and year nearby.

\
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Table 2.-Sleeve depth for class A rod mark se! wilhi n
the continental Urited States -

1

Condition Este ni of gggu ire III!! Depth

Soil volume change'

t nonexpantsive

low expansive character

med um or high expansive character

no sleeve red ii nd'

6 meters X CF'

Ni me¢ers>< CF' '

Active frost peneu-ml.ion°*

Permafrost'

maximum l).5 mclcr or less
i minimum greater than 0.5 meter

any extent

no sleeve required"
3 x max from penelrarion

10 meters .

"Categoric of expansiveness are shown on the maps in figure 7 through ll. Inability tO ao-
curat
when working\ near a boundary. A consolidated map of these figures. at a larger scale, in color. is
available by writing to the USAE Waterways Experiment Station. P.O. Box 631, Attn: GEO, Vicks-
burg,MS 39180. It is entitled Occurrence and Distribution al' Potentially Expansive Materials in the
United States. .

* Where no sleeve is required, the rod aasernbly shall be set lo the depth al which a static load al
250 kilograms causes no movement (see footnote 7. page Ill) but at least 4 meters.

" The Climate Factor (cF) is indicated on the map in figure 12. Use the larger value when there
la doubt as to what value applies to a particular site.

'Depth of maximum frost penetration is indicated on the map in figure 13. Use the upper
limit for each area delineated.

e For an excellent overview of permafrost areas, consult Ferrai ms (1965).

Ely delineate category boundaries neceulzates luumplion of the greater expansive character

Table 3.--M inimum depth for class B rod mark'

Condition Depth

Nonexpn lllive sells
Soils of low cxplnnive chnnelcr
Medium or highly expansive mils
Low peoetntion resistance*
Seunnnl hum penalramigm
Pennufroa .

4 meters

5 meters X CF

6 meters X CF

To substantial resistance e

4 X maximum frost penetru\ion**

2.5 X maximum depth of active frost layer

l

'Footnotes n, c, d, and e from table 2 also apply here.
"A ataxic load of 250 kilograms will move the rod.
'Substantial resistance is indicated when a sialic load of 250 kilograms will not move the Md

(see footnote 7, page 18).
d The mi rim um depth shall be 4 meicrs.
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s. DESCRIPTIONS

Dacriptions are an important product of geo~
relic leveling because the utility of the .vertical
control network depends largclyon how effectively
they facilitate bench mark recovery. Consult the
NOAA Manual, Geodetic leveling (Berry 1978),
in preparation at the time of this writing, for de
tailed instructions on how to write descriptions.
If this is not available, Special Publication No..
239, Manual of geodetiC leveling (Rappleye 1948),
also contains some valid information. General
guidance for describing a monument is given here.
In NGS, geodetic data, including descriptions, are
stored, manipulated, retrieved, and sometimes dis-
seminated by computer. Consequently, descrip-
tions must be submitted in proper computer-
readable form for inclusion with NGS vertical con-
trol data. Consult chapter 7 of Input Formal; and
Specifications for the NGS DataBase (NOAA 1977)
for acceptable format,

The text of the description provides information
needed to locate a bench mark. It must be clear
and concise, first leading the reader to the general
vicinity of the monument, then to the exact spot.
Directions should start from a highway intersec-
tion or prominent landmark in the nearest city
shown on an official state highway map.
. Unless the bench mark is very near the starting
point, distances are first given to the nearest tenth
of a mile (or kilometer). The nearer the monument
is approached, the more refined the measurements
become, going from miles and tenths, to tenths of
a mile, to feet and tenths (or kilometers and tenths,
to tenths of a kilometer, to meters and teNths). As a
rule, give distances in order of decreasing magni-
tude, but the final reference measurements should
be made in the order which lends most conven-
iently to recovery. For éxarnple, if a monument is
located 2.6 meters from the corner of a building and
5.4 meters from a fence, it should be stated in that
order because the building would be spotted first.
Distances must usually be accompanied by direc-
tions to 8 points of the compass (i.e.. north, north-
east, east... ). Where confusion could result with
only 8 poi pts, 16 points of the compass may be used
(i.e., east, east-southeast. southeast... ).

Do not recon numeric data with more signifi-
cant digits than those with which they were ob-

fained. The number 2.90 dues not imply the same
meaning as the number 2.9. The former refers to a
value between 2.895 and 2.905, which is accurate to
the nearest hundredth of a unit. The latter refers
to a value between 2.85 and 2.95, accurate only nm
the nearest tenth.

All bench marks to be included in the national
network must be referenced with consistent lcch~
uniques, or misinterpretation of some descriptions
will result. Distances between reference objeeLs
and monuments should nearly always he measured
horizontally or mathematically reduced to a hori-
zontal distance. In special circumstances where
great convenience results, a sloped distance may
be recorded in the description. but it must he
labeled as such. Distances not labeled as "sloped"
are always assumed to be horizontal. For an angle
of 30°, the difference between a horizontal dis-
tance of 10 meters and its sloped counterpart is
more than a meter. A discrepancy of this Magni-
tude can result in considerable loss of time when
searching for a buried monument, expeciallv if
the lines-of-position intersect at a shallow angle as
shown in figure 2 (page 8). Furthermore, a dis~
Rance measured from a line, such as a fencelike or
centerline, should always be measured perpendic-
ularly to that line.

The origins al' measurements must be clearly
defined in all cases except the following two,
where by convention they are inferred. (1)At the
junction of two or more roads, the origin will he
assumed to be the intersection al the centers of the
roads unless specifically defined otherwise. "The
intersection of U.S. Highway 29and State Road
l 20" means the intersection of their centers. (2)
Measurements are assumed to be from the center
of objects such as utility poles. Where another
position is desired for the starling poi nl, in should
be noted (e.g..,""4.S meters southeast of the south-
east edge of telephone pole number 258").

Good descriptions are very important. Some
bench marks are not recovery and used for many
years after they are set. During this time heavy
vegetation can grow up around the monument,
making recovery difficult and time consuming.
Objects used as reference poi pts can be moved or
destroyed# Good judgment and foresight are
needed in referencing the mark and writing the
description.
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APPENDIX .A.-APPROXIMATE CONVERSION TABLE: METRIC TO
ENGLISH UNITS

-

-

-

1 millimeter
1 centimeter
1 decimeter
1 meter
l kilometer
1 liter
1 liter'

0.039 inch
0.39 i rich
3.9 inches
3.3 feel
0.62 mile
0.26 gaily n
0.035 cubic fool
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APPENDIX B.-EXCERPT FROM U.S. LAKE SURVEY MISCELLANEOUS PAPER 68-6,
THE USE OF GEOPOTENTIAL HBICHTS FOR GREAT LAKES VERTICAL DATUM,

BY CARL B. FELDSCHER AND RALPH MOORE BERRY, LAKE SURVEY DISTRICT,
DEPARTMENT OF THE ARMY, U.S. CORPS OF ENGINEEHS a
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This discussion deals in general with a subject
that the average civil engineer, without any geo-
detic orientation, would think of as "levels." This
average engineer, haviNg been exposed to the sub-
ject through a course in "basic surveying," is ines
capably inclined to think of "levels" as the process
of determining "elevations," in the context of a
summation of vertical "height differences" above
some arbitrary "horizontal" plane assumed as a
datum.

If the purpose of "levels" is merely to provide
reference for setting of pavement forms, or any
other type of construction of moderately limited
extent, this first intuitive concept is adequate;
witness the fact that the average sewer undeniably
manages to flow "down hill." But if the purpose
of "levels" is to provide vertical control over a
relatively large urea, or of higher accuracy than
that required in ordinary construction, additional
considerations must be introduced.

The first additional consideration to be intro-
duced is the well-known fact that the earth is not,
in fact, a plane surface. Even the engineer with
only a basic course in surveying is willing to con-
cede this poi nt. However, the nature of this surface
involves some moderately subtle concepts that are
not immediately apparent.

For example, many people are willing to accept
a sphere as being a suitable geometrical figure of
the earth. This, however., can lead to some patent
absurdities if carelessly applied to the principles
of levels. There is the case of the flow of the Mis-
sissippi. River. Considering the 1535 kilometer
section from the mouth of the Ohio River (Cairo,
Illinois) to Head of Passes, Louisiana, engineer's
levels indicate that the mid-stage elevation of the
water surface drops approximately 91 meters. (See
fig. 14. this manual.) This agrees with common
sense but, to the unwary, is a bit difficult to recon-
cile with the fact that Head of Passes is 2643 meters

" Presented an Army Science Conference, U-S- Miliilry
Academy, Wee! Point, New York, June 1968. The U.S. Lake
Survey was abolished in 1976. Some functions were Inm-
lerred to the Nalional.0l:ean Survey, NOAA.

farther from the center of due earth lean the Mis-
sissippi River is al Cairo, Illinois. This could lead
xo the conclusion that the river is runninguphill
at a rate of 1.7 meters per kilometer, instead of
downhill at a rate of 6 centimeters per kilometer.
(The explanation of this absurdity lies in the fact
that the meridional section of the earth is ap-
proximately elliptical.)

This can, of course. be countered by the engineer
with the statement that he never meant for his
levels to define the distance M a point from the
center of the earth. When pressed for another de-
finition, he will mutter something about height
above "Mean Sea Level." This can. however. be an
elusive concept unless carefully defined. There is
not much difficulty with the definition al. any
single point on an unobstructed outrun shoreline.
Here, we are told, mean sea level will be revealed
as the average height of the water over the \9-year
period that is required for the earth and moon to
go through their entire cycle of combinations that
produce the tides. This coNcept la simple in prin-
ciple even though a bit difficult to implement.
Even the generalization that Mean Sea Level must
be the surface defy red by a number of such points
is not difficult until faced with the theoretical
proposition of just what is meant by Mean Sea
Level when it is used as a reference to define the
"elevation" of a point far inland and high above
the level of the ocean. (See fig. 15, this manual.)
The usual explanation for this is that Mean Sea
Level is the surface that would be generated if all
the continents were criss-crossed with a number of
narrow canals extending from ocean lo ocean, ad-
mittingocean water without causing any currents
and without diminishing the quantity of water in
the ocea ng.

Accepting this concept, the question immedi-
ately arises as to just what is the actual shape of
this Mean Sea Level surface, and this leads back to
the questions origin rally brought out. Isaac Newton
in his PrinCipia, first published in 1687. made
substantial contributions to the theory of the ar.-
traction of gravity and concluded that the figure
of the earth in that of an ellipsoid of revolution.

r

r

t
I

37



;;:»t

/' 4

/3"

-148

/

Figure 14.-Missisnippi Rive: flows uphill.

MEAN __§§_A_.l-851.-___
- * _ _ . . - - ' , ~

SEA LEVEL

\

CENTER
OF

EARTH

:
*;;;8

: v .
» 4$*ai~4  ; r . ,.

, , .
. . * * +

.\

\

\ 1 , g

I
I
\

- ELEVATION ABOVE MEAN SEA LEVEL

Figure 15.--Elevation.

CB

7



J

1

I

6.
Q
vo
co.
"1
go
gg-

6
_g

I

L

l

EQUATOR ¢ ¢ a=§,378 ,§)_ §.4m ,

l

1

\_
I

CLARKE 1868 ELLIPSOID
a C b= 21.476 km.

f
/¢

I

r

Figure 16.-Geodclic reference ellipsoid.

.
l

\
\

QS/,
°~`/

y

€,\-93599/
Geo\o

\\D ' 4 * -4- ---- --

<»,*\>?50, f

44 I/0\9
,$~"8/ 4,

Figure 17.-The gelid.

s

I

39

7



f

is gencraly adopted

perpendicular to the local direction of gravity,

This was based strictly on a mathematical deriva-
tion, with certain assumptions made about homo-
geneity. This was subsequently substantiated by
the measurements made by the French mathe-
maticians Picard, Clairaut, Bouguer, Maupenuis,
Cassi ni et al. (Tod hunter 1873) considered to be the
beginning of modern metrical geodesy, in the
interval 1669-1735-1743.

The figure generated by rotating an ellipse about
its minor axis by geodesists
today as.an acceptable approximation to theshape
of the sea-level surface but it must be understood
that this is actually Audy a mathematical model on
which the calculations of geodetic positions can be
carried out with sufficient accuracy for most work.
The adoption of this geometrical shape is actually
a compromise with expediency, because of the use
of other more complicated shapes would enor-
mouslv increase the complexity( of calculations.
The dimensions of the reference ellipsoid in actual
use vary throughout the world, with, as might be
expected, different figures being used in North
America, Europe., Russia, etc. (See fig. 16, this
manual.)

The actual shape of the Mean Sea Level surface,
however, is not readily amenable to description
by a simple mathematical expression. If the waves,

tides, currents, etc., be averaged out" and the see
level surface considered to be the quiet, undis-
turbed., smooth surface of the sea, a liquid in
equilibrium, it will be immediately obvious that
this surface will be everywhere normal to the
direction of gravity. This is indeed the definition
of the Mean Sea Level surface even when it is ex-
tended underneath :M surface al' the continents.
Further consideration will reveal that this is an
et uipotenllial surface. Whatever its shape, the
technical name assigned to the particular equi-
potential surface that is defy red by mean sea level
(where available) is the gelid. If the earth were a
homogeneous body, or if density varied system-
aticallv with distance from the center of the earth,
the gelid would be a smooth surface of revolution,
closely approaching an ellipsoid. Since,as is well
known, the mass distribution within the earth is
not systematic, the surface of the gelid does ap-
proaeh an ellipsoid as the simplest "beat f it"
figure, but it is actually an undulating surface,
sometimes above and sometimes below the math-
ematical figure. (See fig. 17, this manual.) Since the
level bubble in a survevinl instrument indicates
a
the surface of reference in leveling is actually the
gelid and not the geodetic ellipsoid.
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APPENDIX C.-SOILS

clay.
silt. . . . . . . . . . . ......
sand .
gravel.

.less than 0.005 mm
. l »  .0.005 to 0.05 mm

. 0.05 to 2.0 mm
. greater than 2,0 mm

Sands aM gravels are often referred to as coarse-
grained or granular soils. They are cohesionless
and the individual particles can be distinguished
with the unaided eye. Accordingly, visual inspec-
lion of a soil sample to determine whether or not
it la coarse-grained is the Eirst step in field identi-
fication. For the purpose of mark setting, it is not
necessary to distinguish between sand and gravel.
Both am very good soils in which to set monu-
ments.

Elemi Mary knowledge of soil classifications and
terms is necessary to understand the information
presented in this manual. Terms used by the loy-
man and expert alike carry ma ny connotations and
can cause considerable confusion. Technical clas-
sifications can even.be confusing in that as variety
of classification systems have been devised, each
for a different use. A synopsis of soil classification
and explanation of some of the more common soils
terms are set forth below.

To the eng peer the term soil generally refers to
an unconsolidated mixture of discrete particles
interspersed with gasses and liquids, which lies
above bedrock. No ft ne line can be drawn between
soil and bedrock without arbitrarily -defining bed-
rock in terms of physical properties such as com-
pressive strength or degree of consolidation. Theme
are an infinite number ofphalses between the hand-
est rock and the loosest soil. For the purpose of this
manual, it will suffice to call bedrock any exten-
sive, hard, earthen material which cannot he
penetrated without a diamond or tungsten carbide
tipped drill bit. Soil includes the materials formed
by mechanical disintegration and chemical de-
composition of bedrock.

Soils are divided into two groups called organic
and inorganic. Organic soils are those which con-
tain an appreciable amount. of decayed plant or
animal matter. They can. he identified by their
dark color and distinctive odor resulting from the
decomposition of the organic matter. Large de-
posits of these soils form peat hogs, muskeg. and
swamps, but they also overlie other soils in an
often thin layer of humus. The main disadvantage
of organic soils from an engineering standpnintis
their high compressibility. A load placed 'on this
type of soil is subject to excessive settle ng.

Inorganic soils are distinguished from one
another by a number al' criteria.. the most im-
portant being texture. Texture is mainly a reflec-

por-

consislencv where Ir can be deformed

Lion of grain size, but it is also influenced by
title shape. Soils may be grouped on this basis into
four classes-clay, silt, sand and gravel. The size
limits for these particles are as follows: '

Clays and sill: are fine-grained materials. They r
individual particles cannot he differentiated with
the unaided eye. Normally., particles of this size
are flat and plate-like rather than rounded, and
due lo this the soils are usually cohesive. The
degree of this characteristic gives an indication of
grain size and can therefore be used to determine'
whether a soil contain mostly clay or mostly silt;

By varying its water content, a clay can be made
into n cy rap-
idly without cracking or crumbling, exhibiting a
property called plasiidiy. A clay Can be rolled into
long thin threads without breaking, and upon air
drying it will have considerable strength. Sills
can also be rolled into threads but when held by
its end, a silt thread which is more than about 10
centimeters long will break. Unlike elev, a small
amount of air-dried silt can easily be crushed with
the fingers. If enough water is added to a pmt al'
silt to~make its consistency like that of a thick
paste, .and this pat is shaken in the palm of the
hand, it will appear wet and shiny. If the pal is
then squeezed, the surlaee moisture will disappear
and the pat will eventually crack. Clay, an the
other hand, will remain unchanged when handled
in such a manner. .

A soil mass consisting mainly al' a limited range
of particle sizes it said to be uniform. More often,
soils contain appreciable amounts of many dil-
ferent particle sizes, frequently including all
four of' the major classes (i.e.. clay, silt. sand, and

*Some sysluns use 0.002 and 0.074 mm lo dialinguiah
between clay and sill, and silt and handnespeclively.
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gravel). These are called mixed soils. They are
descry° bed Hy naming the two most predominant
constituents, the one of lesser abundance qualify-
ing the greater. For example, a silty sand might
contain 60 percent sand-sized particles and 30
percent silt-sized particles. The remap oder would
be clay or gravel or both. .

Another way to qualitatively describe a coarse-
grained soil is with the term clean. A cleanSand or
gravel does not contain an appreciable amount of
fines (particles less than about 0.1 millimeter).
Locations with these type: of soils provide excel-
lent sites for setting bench marks.

Adescription of soil is not complete until some
indication is given as to its natural condition.

Granular soils may he loise or dense. Fine-grained
soils are described by their consistency, which can
be soft, medium. firm, stiff. or hard. A simple test
can be employed lo determine the consistency by
pressing the fist. thumb, or fingernail into the soil
and gauge ng the resulting penetration. In addition,
one of the most significant conditions ii a soil
mass is ddcribcd by in drainage characteristics.
Good dray rage is indicated with a sloping topog-
raphy to facilitate the removal of surface water,
granular soil particle which allow water to per-
colate through. and a water table not too near the
surface. It is desirable to locate bench marks in
soils with good drainage.
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APPENDIX D.-EXISTING MONUMENTATION IN THE VERTICAL NETWORK

various i|1ort-

Chev do comprise the major portion of

l

pcdeszala; on granite, marble, or cedar posts;

r

r

u

r

Since the beginnings of precise geodetic leveling
in the United States in 1817, and the subsequent
formation of the Coast and Geodetic Survey in
1878., a variety of different types of bench marks
have been established in our National Vertical
Control Network. For the most part, they were
appropriate for their times., but according to lo-
day's high standancls, they have
comings and are no longer to be set. Many of the
monuments, to he sure, were set in such a manner
as to have maintained their positions very well. In
any event,
the network. .

The first bench marks were placed at intervals
of from 5 to 15 kilometers. They were established
on structural members of buildings., dams, aque-
ducts, bridges, locks, piers, culverts, arches. and

and
in bedrock and boulders. Some of them had no
physical rnarki pgs for the exact elevation reference
point, but were defiNed descriptively by phrases
such as "centre of the sill," "top of a post," and
"northwest corner of the lop surface." Others were
marked with chiseled square or circular cavities,
centers of triangles, crosses, lines, halts, and rec-
tangular metal plates.

Ear iv in this century, precast concrete posts., 1 an
2 meters in length and,,in a few instances, 1-meter
lengths of pipe. begun supplementing the stone
posts. Along with this development, bronze tablets
came into use. The disks were a major improve-
ment over the chiseled squares and other mark-
ings in that they provided a more definite high
point to support the leveling rod and were more
clearly visible to a person searching for the bench
mark.

Cast in place concrete monuments were intro-
duced in the latter half of the l930ls. The proceed
dare for selling them started with digging o hole
about 30 la 35 centimeters in diameter to a depth
of about 1 meter or below the frost line. The better
monuments were cast in tapered holes with a
smaller diameter at the top. The bottom of the hole
was then extended and enlarged to provide greater
resistance to heaving and settling. A form was set
in place for the top of the mark and sometimes for
the entire length Rf it to make its sides smooth,
thereby lessening the effect of frost heave. Casting

posts in place eliminated the work required to
manhandle the heavy precast posts, which con~
sequently were phased out completely in the
1940s.

In 1954, the Coast and Geodetic Survey began
experimenting with the copperclad steel rod mark.
Until this lime, bench mark settings ,had heen
limited to Iwo basic types: structures and posts
(or pipes). Bench marks in structures have
generally held their elevations well. When founda-
tions are investigated to the extent directed in this
manual, they will be even more reliable. Concrete
or stone posts, however, are excessively vulnerable
to the forces of nature. Frost heave jacks them up,
expansive soils cause them to "float." and their
own weight makes them settle. If they are located
in well-drained. coarse-grained soils., they make
very good bench marks, but anything resistant to
impact and corrosion will suffice in these areas.

Disks have had relatively few changes through
the years. Most of them have been made of brass
or bronze. The tops have been about 8 to 10 centi-
meters in diameter and spherically shaped. Ir-
regularly shaped shanks have served as anchors to
secure the tablets in drill holes. The earlier tablets
were cast in one solid piece. Later the shank was
fabricated separately and silver soldered to a disk
whiehwas eutand pressed from sheet stock. Leg-
ends have varied little. They indicated the organi-
zation which established the mark (i.e., Coast and
Geodetic Survey, National Ocean Survey, or Na-
tional Geodetic Survey), the type of mark (i.e.,
bench mark, tidal bench mark, or vertical control
mark), whom to write for information (i.e., The
Director and organization, Washington. D.C.) and
a phrase warNing against vo dalis m.

Changes occurred to the disks during the follow-
ing time periods: (1) From 1934 until 1956, the
adjusted elevation was stamped on the disk as a
matter of standard procedure. This was a very
poor practice because both movements of the
monument and readjustments of the network
caused many of the stamped elevations to he er-
roneous. (2) For a short time during and imme-
diately after World War ll, cast iron was used
because brass and bronze were in short supply.
A considerable number of these disks corroded la
such an extent that the precise datum point was
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worn down and the logo became illegible. Brass or
bronze disks make good bench marks when set in
substantial structures of concrete or masonry. A n
improvement could be made., however, by provid-
ing the upper surface with a protuberance to de
fine a more precise datum point. Flat disks should
never be used for bench marks.

In 1955, the Coast and Geodetic Survey began
installing rod type bench marks. They consisted of
5/8-inch copper-clad steel rods in 5-, 8-, and 10-
foot sections driven to refusal or some maximum
depth. The required rod depth was attained by
joining threaded eNds of rod sections with brass
couplings. Some of these marks have been driven
to depths well in excess of 30 meters. A brass bench
mark disk with a tubular stem was either crimped
or soldered over the top of the rod.

The major Problemencountered with this mark
was one of corrosion. Copper and steel are quite
incompatible in many environments. A galvanic
cell is set up where the copper coat is protected at
the expense of the corroding steel core. This situa-
tion is aggravated at the rod ends because the area
of exposed steel is small in relation to the area of
exposed copper. Rod marks have been known to
fail completely at the first joint below the surface.,
the results of which are obvious.

Another problem with this type of bench mark
stems from the fact that even though it may be
driven deeply into the soil, the stable substratum
in some cases does not grip the rod as tightly as the
unstable soil near the surface. Consequently, it
will move with disturbances in the upper layers.

Reaching refusal at shallow depth makes this an
even more serious problem.

In the early 19705, a modification to the rod
mark was made by attaching a base plate to a 4-
fool section of rod. Use of the rod mark continued,
but at a less frequent interval. The purpose of the
modified rod with base plate, sometimes called the
"pre-fab," was to replace the cos--in-place concrete
post which was subsequently phased out. The
advantages of the prefab over the concrete post
wen: that it was easier to install and, because it
was quite lightweight, it was not prone to settle-
ment. The disadvantages of vulnerability to _frost
heave and expansive soils remained.

The problem of galvanic corrosion in the copper
clad rod mark and prefab mark was identified in
1976. Galvanized steel was temporarily substituted
for copper~clad steel until the eNtire bench mark
program could be studied in detail and revamped.
This manual is a result of that study.

Bench marks established in bedrock have been
recognized for many years as a most desirable
elevation reference and have been used through-
out our leveling history. The only drawbacks in
using a bedrock reference (which are minor in
comparison to the shortcomings of some al the
other marks) are (1) it is sometimes difficult to
distinguish between bedrock and large boulders,
and (2) bedrock can sometimes exhibit volume
change with variation al' moisture content. The
guidel ines in this manual wi l l  reduce these
problems.
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APPENDIX E.-EXAMPLES FOR DETERMININC BENCH MARK DEPTHS

b. Using figure 12, determine the climate factor.
Battle Mountain is located on or very near the
line delineating 1.3 from 1.4. Again, use the
worse case-1.4.

c. From table 2, determine the sleeve depth re-
ouired to prevent changes in soil volume from
altering the elevation of the rod. In this in-
stance, it is 6 Melerslx 1.4, or 8.4 meters.

Step 2
a. Check figure 13 lo determine the extreme depth

of frost penetration. For Battle Man, frost depth
is between 0.30 and 0.75 meter.

b. Return to table 2. Footnote d states, "Use the
upper limit for each area delineated." So use
0.75 meter. The sleeve depth required Lu coo n-
tract the effect of frost heave is 3 X 0.75 meter,
or 2.25 meters.

Step 3
Permafrost is not a consideration here. The only
locations where permafrost occurs in the eontcr-
minous United States are Mount Washington in
New Hampshire and the Front Range of the Colo-
rado Rocky Mountains.
Step 4
In this illustration, eliminating the effect of ex-
pansive soils would require an 8.4-meter sleeve.
while eliminating frost heave would require only
a 2.25-meter sleeve. The greater of the two, an
8.4.-meter sleeve, must be set.

Part B. Rod depehfor class B rodmark.

The following examples illustrate how to com-
pute class A and B roll mark depths for four dif-
ferent geographical areas. Part Aof each example
gives four Basic steps for determining the sleeve
depth of a class A rod mark. Determining the rod
depth for this mark is usually straightforward, as
explained in steps 8 and 9 (page 18) Rf the routine
for setting the mark. Part B of each example shows
how to determine the rod depth for a class B rod.
mark. In addition to the four steps needed for
class A rod marks, one extra step is required.
Step 1
A depth is determined to prevent expansive soils
from changing the elevation of the mark.
Step 2
A depth is determined to prevent frost heave from
affecting the mark.
Step 3 ,
A determination is made as to whether or not per-
mafrost is present.
Step 4
In regions without permafrost, the deeper depth
determined in steps 1 and 2 iS taken as the depth
for the sleeve orminimum depth for the rod (class
A nr B, as appropriate). In regions where perma-
frost occurs, the depth specified for permafrost
regions is used. `
Step 5 ,
Rod depth is further determined by the resistance
of the ground at the time the rod is driven into
position. The penetration rate indicates whether
or not the rod must be driven tn a greater depth
than that determined above. With the "Cobra"
used by NGS mark setters., the rate must not exceed
4 centimeters per second. (it must take at least 25
seconds to drive I meter of rod.)

Example I
Location: Battle Mountain, Nevada

Part A. Sleeve depth for class .4 rodmark.
Step l
a. Find Battle Mountain on a road atlas and enti-

mate its location in figure 11. At this particular
location it is difficult to determine whether the
soil is nonexpanaive nr of low expansive char-
acter. Therefore, consider the worse condi-
tion-a soil of low expansive character.

Part A must be studied to understand how the
expansive character of the Soil, climate factor, and
extreme depth of frost penetration were deter-
mi red. The particulars are not repeatedhere.
Step 1
a. The soil is of low expansive character.
b. Climate factor is 1.4.
c. FrOm table 3, compute the minimum rod depth

for expansiveness of soil-5 meters X l.~1, nr
7.0 meters.

Step 2
a. Extreme depth of frost penetration is between

0.50 and 0.75 meter.. Use 0.75 meter. '
b. Fromtahle 3, the minimum rod depth required

to counteract the effect of frostheave is 1 X 0.T5
meter, or3.0 meters.
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Step 3
As in part A, permafrost is not a consideration.
Step fl
Expansive soil requires a 7.0~metcr rod, and frost
heave requires a 3.0-meter rod. Minimum rod
depth is the greater of the two-7.0 meters.
Step 5
When a depth of 7.0 meters is reached, if the rod
can be driven faster than the allowable rate, con-
tinue driving the rod until the rate decreases to the
maximum rate allowed.

Example 2
Location: Thief River Falls, Minnesota

Part .4. Sleeve depth for class A rod mark.
Step 1
a. From figure 7, the soil is of low expansive

character.
h. From figure 12, the climate factor is 1.1.
c. From table 2, the sleeve depth required to pre-

vent changes in soil volume from changing the
elevation of the rod is 6 meters X 1.1, or 6.6
meters.

Step 2 .
a. From figure 13, the extreme depth of frost

penetration is between 2.25 and 2.50 meters.
. Use 2.50 meters.
b. From table 2, the sleeve depth required to coun-

teract the effect of frost heave is 3 .X 2.50 meters,
or 7.5 meters.

Step 3
Permafrost is not u consideration here.
Step 4
oh this case, elimination of the effect of expansive
soils requires a 6.6-meter sleeve, while elimination
of frost heave requires a 7.5-Meter sleeve. The
greater of the two, a 7.5-meter sleeve, must be set.
Parr B. Rod depth for class B rod mark.
Step 1 i
a. The soil is of low expansive character.
b. The climate factor is 1.1.
c. From table 3, the minimum rod depth when

considering expansiveness of soils is S meters
X Ll, or 5.5 meters.

Step 2
a. The extreme depth of frost penetration is bc-

tween 2.25 and 2.50 meters. Use 2.50 meters.
b. From table 2, the minimum rod depth required

to counteract frost heave is 4 X 2.50 meters, or
~10.0 meters.

Step 3
Permafrost is not a consideration here.

Steps

Expansive soils require a S.5=meter rod, and frost
heave requires a 10.0-meter rod. The minimum rod
depth is the greater of the two--10.0 meters.

Step5
When a depth of 10.0 meters is reached, it' the red
can be driven faster than the allowable. rate,
continue driving until the rate decreases to the
maximum rate allowed. _

Example 3
Location: Alpine, Texas

Part A. Sleeve depth for class A rod mark.
Step l
a. From figure 10, the soil is nonexpansive.
b. From table 2, no sleeve is required to prevent

changes in soil volume from changing the eleva-
tion of the rod.

Step 2
a. From figure 13, the extreme depth of frost pene-

tration is less than 0.5 meter.
b. From table 2, no sleeve is required to prevent

frost heave from changing the elevation of the
rod.

Steps V
Permafrost is not a consideration here.
Step 4.
No sleeve is required to eliminate the effects of
either expansive soil or frost heave. This is an
example of a class A rod mark with no sleeve. Ac-
cording lo note b in table 2, the rod is driven to 4
meters or until its driving rate decreases to the
maximum rate allowed, whichever is the greater
depth.
Part B. Rod depth for class 8 rod mark.

Rod depths for class B rod marks in areas of non-
expansive soils, extreme depth of frost penetra-
tion less than 0.5 meter, and no permafrost (all
three conditions satisfied) are the same as rod
depths for class A rod marks. The only difference
between the marks in these areas is that the class
A mark has no disk, but an aluminum logo cap is
built into the surface casement. The class B mark
is topped with a disk and has a PVC plug in the
surface casement. Since the type of surface case-
ment can be use to distinguish visually between
clag A rod marks (which are more reliable) and
class B rod marks (less reliable), all rod marks in
theseareas set to specifications should be provided
with an aluminum logo cap, but no disk. Where no
sleeve is required for the class A rod mark, class
B rod marks are not easier to set and, therefore,
should not be used.
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` Example 4
Location: Sourdough, Alaska

(Between'Paxton and Culkana)
Part A. Sleeve depth for class A rod mark.
Step l.
The presence of permafrost overrides this step.
Step 2
The presence of permafrost overrides this step.
Step 3
Consult Map 1-445, Permafrost Map of Alaska (Fer-
rains 1965). The area around Sourdough is gen-
erally underlain by thick to thin permafrost. Local
knowledge of conditions., available from utilities
companies and local citizens, should also be con-
sidered.
Step -I-
From table 2, the sleeve depth is 10 meters.
Part B. Rod depth for class 8 rod mark.
Steps l and 2
The presence al permafrost overrides these steps.

Step 3
From Map 1-445, the area is generally underlain
by permafrost.
Step 4
a. From local knowledge, the ground has never

been known to thaw below 1.2 meters.
b.  From table 3,  the minimum rod depth is 2.5

X 1.2 meters, or 3.0 meters.
Step 5 ,
If the driving rate is not exceedingly slow, the
site is not underlain by permafrost and a new rod
depth will have to he determined accordingly.
Note: In areas of Alaska that. are not under-lain by
permafrost, information on expansiveness al' soils
(such as that founrl in figures 7 through ll of this
manual) must be obtained locally if  possible.
When no information is available.step1 is omitted.
Extreme depth of frost penetration, used in step 2,
must also be obtained locally.
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The NGS Data Sheet
See file dsd.ata.txt for more information about the Datasheet.

*CURRENT SURVEY CONTROL

32 20 03.
1149. 341

(N) 109
(meters )

29 41,
3770.80

(W)
(feet)

SCALED
ADJUSTED

-26. 80
1147. 649

979, 127.4

(meters)
(meters)
(meal)

3765.25 (feet)
GEOIDS
COMP.
NAVD 88

CLASS II

North
148, 120 |

East
276, 620.

Units
M T

Estimated Accuracy
(+/- 180 meters Scaled)

SUPERSEDED SURVEY CONTROL
I

1150.375 (in) 3774 .19 (f) ADJ UNCH 1 2

Date
1952
1953
1979

Condition
MONUMENTED
GOOD
GOOD

Report By
CGS
NGS
NGS

DATABASE = Sybase ,PROGRAM = Datasheet, VERSION = 6.56
1 National Geodetic Survey, Retrieval Date = DECEMBER 6, 2001
CY0355 *+**+*******+*****+****+*+***+***+**+****+**+*****+********+***+**+*+**
CY0355 DESIGNATION - P 324
CY0355 PID - CY0355
CY0355 STATE/COUNTY- AZ/COCHISE
CY0355 USGS QUAD BOWIE (1974)
CY0355
CY0355
CY0355
CY0355* NAD 83(1986)~
CY0355* NAVD 88 -
CY0355
CY0355 GE0IDHEIGHT-
CY0355 DYNAMIC HT
CY0355 MODELED GRAV-
CY0355
CY0355 VERT ORDER - FIRST
CY0355 ,
CY0355.The horizontal coordinates were scaled from a topographic map and have
CY0355.an estimated accuracy of +/- 6 seconds.
CY0355 ,
CY0355.The orthometric height was determined by differential leveling
CY0355.and adjusted by the National Geodetic Survey in June 1991.
CY0355
CY0355.The gelid height was determined by GEOIDS.
CY0355
CY0355.The dynamic height is computed by dividing the NAND 88
CY0355.geopotential number by the normal gravity value computed on the
CY0355.Geodetic Reference System of 1980. (GRS 80) ellipsoid at 45
CY0355.degrees latitude (g = 980.6199 gals.).
.CY0355
CY0355.The modeled gravity was interpolated from observed gravity values.
CY0355
CY0355 ;
CY0355;SPC AZ E
CY0355
CY0355
CY0355
CY0355 NGVD 29
CY0355 u
Cy0355.Superseded values are not recon ~ended for survey control.
CY0355.NGS no longer adjusts projects to the NAD 27 or NGVD 29 datums.
CY0355.See file dsdata.txt to determine how the superseded data were derived.
CY0355
CY0355_MARKER: DB = BENCH MARK DISK
CY0355_SETTING: 36 = FOUNDATION
CY0355_STAMPING: P 324 1952
CY0355_STABILITY: B PROBABLY HOLD POSITION/ELEVATIQN WELL
CY0355
CY0355 HISTORY
CY0355 HISTORY
CY0355 HISTORY
CY0355 HISTORY
CY0355

http1//www.ngs.noaa.gov/cgi-bin/ds_pid.prl/1 12/6/01



DATASHEETS Page 2 of 2

STATION DESCRIPTION
}

J

STATION RECOVERY (1953)

CY0355
CY0355
CY0355'DESCRIBED BY COAST AND GEODETIC SURVEY 1952
CY0355'0.6 MI NW FROM BOWIE.
CY0355'0.6 MILE NORTHWEST ALONG THE SOUTHERN PACIFIC COMPANY RAILROAD FROM
CY0355'THE STATION AT BOWIE, IN THE TOP OF THE NORTHEAST FOUNDATION OF A
CY0355'WATER TANK LEG, 47.1 FEET WEST OFTHE WEST RAIL OF THE MAIN TRACK, 40
CY0355'1/2 FEET NORTHWEST OF THE NORTHEAST FENCE CORNER AROUND THE SECTION
CY0355'HOUSE, 1.2 FEET EAST OF THE WEST EDGE, 0.3 FOOT SOUTH OF THE NORTH
cy0355'EDGE, AND ABOUT LEVEL WITH THE TRACK.
CY0355
CY0355
CY0355
CY0355'RECOVERY NOTE BY NATIONAL GEODETIC SURVEY 1953
CY0355'RECOVERED IN GOOD CONDITION.
cy0355 ,
CY0355
CY0355
CY0355'RECOVERY NOTE BY NATIONAL GEODETIC SURVEY 1979
CY0355'1.0 KILOMETER (0.6 MILE) NORTHWEST ALONG THE SOUTHERN PACIFIC RAILROAD
CY0355'FROM THE STATION AT BOWIE, 0.3 KILOMETER (0.2 MILE) NORTH OF A DIRT
CY0355'ROAD CROSSING, IN TOP OF THE NORTH SIDE OF A 0.6 BY 0.7-METER
CY0355'CONCRETE POST (FORMER WATER TANK LEG FOUNDATION) PROJECTING 14
CY0355'CENTIMETERS, 65.2 METERS (215.0 FEET) NORTH OF A SWITCH STAND
€Y0.355'FOR THE NORTH LEG OF A RAILROAD RAIL TRIANGLE,
CY0355'14.3 METERS (37 FEET) WEST OF THE WEST RAIL.
CY0355'THE MARK IS 0.4 METERS S FROM A WITNESS POST.
CY0355'THE MARK IS ABOVE LEVEL WITH THE RAILS.

STATION RECOVERY (1979)

*** retrieval complete.
Elapsed Time = 00:00:01

http:// .ngs.nom.gov/cgi-bin/ds_pid.prV1
12/6/01
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The NGS Data Sheet

*CURRENT SURVEY CONTROL

32 (N) 109
(meters)

31 40.
3850.32

(W)
(feet)

SCI*\LED
ADJUSTED

-26.77
1171.855

979,128.3

(meters)
(meters)
(meal)

3844. 66 (feet)
GEOIDS
COMP
NAVD 88

CLASS II

North
148, 130 I

East
273, 510.

Units
MT

Estimated Accuracy
(+/- 180 meters Scaled)

SUPERSEDED SURVEY CONTROL

1172. 896 (m) 3848 l 08 (f) ADJ UNCH 1 2

Report By
CGS
NGS

See file dsdata.txt for more information about the Datasheet.
DATABASE = Sybase ,PROGRAM = Datasheet, VERSION = 6.56
1 National Geodetic Survey, Retrieval Date = DECEMBER 6, 2001
CY0530 ***********************************************************************

CY0530 DESIGNATION - Q 358
CY0530 PID - CY0530
CY0530 STATE/COUNTY- .Az/cocH1sE
CY0530 USGS QUAD LUZENA (1979)
CY0530
CY0530
CY0530
cy0530+ NAD 83(l986)- 20 04.
CY0530* NAVD 88 1173.581
CY0530
CY0530 GEOID HEIGHT-
CY0530 DYNAMIC HT _
CY0530 MODELED GRAV-
CY0530
CY0530 VERT ORDER _ FIRST
CY0530
CY0530.The horizontal coordinates were scaled from a topographic map and have
CY0530.an estimated accuracy of +/~ 6 seconds.
CY0530
CY0530.The orthometric height was determined by differential leveling
CY0530.and adjusted by the National Geodetic Survey in June 1991.
CY0530
CY0530.The gelid height was determined by GEOIDS.
CY0530
CY0530.The dynamic height is computed by dividing the NAVD 88
CY0530.geopotential number by the normal gravity value computed on the
CY0530.Geodetic Reference System of 1980 (GRS 80) ellipsoid at 45
CY0530.degrees latitude (g = 980.6199 gals.).
CY0530
CY0530.The modeled gravity was interpolated' from observed gravity values.
CY0530
CY0530;
CY0530;SPC As E
CY0530
CY0530
CY0530
CY0530 NGVD 29
CY0530
CY0530.Superseded values are not recommended for survey control.
CY0530.NGS no longer adjusts projects to the NAD 27 or NGVD 29 datums.
CY0530.See file dsdata.txt to determine how the superseded data were derived.
CY0530 .
CY0530_MARKER: DB = BENCH MARK DISK
CY0530_SETTING: 7 = SET IN TOP OF CONCRETE MONUMENT
CY0530_STAMPING: Q 358 1960
CY0530_PROJECTION: PROJECTING 14 CENTIMETERS
CY0530_STABILITY: C = MAY HOLD. BUT OF TYPE COM~ ~ONLY SUBJECT TG
CY0530+STABILITY: SURFACE MOTION
CY0530
CY0530 HISTORY - Date Condition

, CY0530 HISTORY - 1960 MONUMENTED
CY0530 HISTORY 1979 GOOD

http://www.ngs.noaa.gov/cgi-bin/ds_pid.prl/1 12/6/01
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CY0530
CY0530 STATION DESCRIPTION
CY0530
CY0530'DESCRIBED BY COAST AND GEODETIC SURVEY 1960
CY0530'2.4 MI w FROM BOWIE.
CY0530'2.4 MILES WEST OF INTERSECTION LIGHT AT BOWIE, ARIZONA, ON STATE
CY0530'HIGHWAY 86, 0.2 MILE WEST OF MILEPOST 350, 97 FEET NORTH OF CENTERLINE
CY0530'OF HIGHWAY, 2 FEET SOUTHEAST OF WITNESS POST, SET IN THE TOP OF A
CY0530'10~INCH SQUARE CONCRETE POST PROJECTING 4 INCHES.
CY0530
CY0530 STATION RECOVERY (1979)
CY0530
CY0530'RECOVERY NOTE BY NATIONAL GEODETIC SURVEY 1979 ,
CY0530'4.7 KILOMETERS (2.9 MILES) WEST ALONG INTERSTATE HIGHWAY 10 FROM THE
CY0530'RICHARDS AVENUE UNDERPASS AT BOWIE, 0.2 KILOMETER (0.1 MILE) WEST OF
CY0530'MILE POST 362, 31.1 METERS (102 FEET) NORTH OF THE CENTERLINE OF THE
CY0530'WESTBOUND TRAFFIC LANES, 42.0 METERS (138 FEET) NORTHWEST OF THE
CY0530 'WEST END OF THE NORTH HEADWALL OF A 3-CHANNEL BOX CULVERT, 27.0
CY0530'METERS (88 FEET) WEST OF A FENCE CORNER POST AND 0.5 METER (1.8
CY0530'SOUTH OF THE NORTH RIGHT-OF-WAY FENCE.
CY0530'THE MARK IS 0.7 METERS SE FROM A WITNESS POST-
CY0530'THE MARK IS 1.5 M BELOW THE HIGHWAY.

FEET )

*** retrieval complete.
Elapsed Time = 00:00:03

http:// .ngs.now.gov/cgi-bin/ds_pid.prV1
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The NGS Data Sheet
See file r more information about the Datasheet .
DATABAS E
1

*

dsdata. txt fo
= Sybase ,PROG
National Geode
**************

DESIGNATION -
PID -
STATE/COUNTY-
USGS QUAD -

RAM = Datasheet, VERSION = 6.56
tic Survey, Retrieval Date = DECEMBER 6, 2001

BART RM 1
CY0328
AZ/COCHISE
BOWIE (1974)

*CURRENT SURVEY CONTROL

(N) 109
(+/-2cm)

29 03.
3776.6

(W)
(feet)

SCALED
VERTCON

GEOID HEIGHT- -26.77 (meters) GEOIDS

SECOND CLASS 0 (See Below)

North
146, 180 I

East
277, 620.

Units
M T

Estimated Accuracy
(+/- 180meters Scaled)

SUPERSEDED SURVEY CONTROL

1150. 398 (in) 3774.26 (f) ADJ UNCH 2 0

HISTORY
HISTORY
HISTORY

Date
1960
1970

Condition
MONUMENT ED
GOOD

Report By
CGS
NGS

CY0328
CY0328
CY0328
CY0328
CY0328
CY0328
CY032B
CY0328
CY0328* NAD 83(1986)- 32 19 00.
CY0328* NAVD 88 - 1151.10
CY0328
CY0328
CY0328
CY0328 VERT ORDER ,
CY0328
CY0328 .The horizontal coordinates were scaled from a topographic map and have
CY0328.an estimated accuracy of +/- 6 seconds.
CY0328
CY0328.The NAVD 88 height was computed by applying the VERTCON shift value to
CY0328.the NGVD 29 height (displayed under SUPERSEDED SURVEY CONTROL.)
CY0328.The vertical order pertains to the superseded datum.
CY0328
CY0328.The gelid height was determined by GEOIDS.
CY0328
cy0328;
Cy0328ispc AZ E
CY0328
CY0328
CY0328
CY0328 NGVD 29
CY0328
CY0328.Superseded values are not recommended for survey controls
CY0328.NGS no longer adjusts projects to the NAD 27 or NGVD 29 datums.
CY0328.See file dsdata.txt to determine how the superseded data were derived.
CY0328
CY0328_MARKER: DB = BENCH MARK DISK
CY0328_SETTING: 7 = SET IN TOP OF CONCRETE MONUMENT
CY0328_STAMPING: BART NO 1 1960
CY0328_STABILITY: C = MAY HOLD, BUT OF TYPE COM~ ~ONLY SUBJECT TO
CY0328+STABILITY: SURFACE MOTION
CY0328
CY0328
CY0328
CY0328
CY0328
CY0328 STATION DESCRIPTION

CY0328
CY0328'DESCRIBED BY NATIONAL GEODETIC SURVEY 1970
CY0328'0.5 MI S FROM BOWIE.
CY0328'0.3 MILE EAST FROM THE POST OFFICE IN BOWIE ALONG INTERSTATE HIGHWAY
CY0328'BUSINESS ROUTE TO A PAVED SIDE ROAD THENCE SOUTH 0.6 MILE TO
CY0328'OVERPASSES THENCE SOUTH 0.05 MILE, 63 FEET SOUTH OF A METAL WITNESS
CY0328'POST WITH SIGN, 36 FEET EAST OF THE CENTER OF THE PAVED ROAD, 1 FOOT

http://www.ngs.noaa.gov/cgi-bin/ds_pid.prl/1
12/6/01
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CY0328 'WEST OF A FENCE, SET IN THE TOP OF A 12-INCH SQUARE CONCRETE MONUMENT
CY0328'SET FLUSH WITH THE SURFACE OF THE GROUND. SEC 10, T 1,3 s, R 28 E.

a

*** retrieval complete.
Elapsed Time = 00:00:01

I

http://www.ngs.noaa.gov/cgi-bin/ds_pid.prl/1 12/6/01



DATASHEETS Page 1 off

J

I

The NGS Data Sheet
See file d.sdata.txt for more information about the Datasheet.

*CURRENT SURVEY CONTROL

32 19 14 •
112.9 I 781

(N) 109
(meters)

27 12.
8706. 62

(W)
(feet)

SCALED
ADJUSTED

-26.79
1128.115

979,126.0

(meters)
(meters)
(meal )

3701. 16 (feet)
GEOIDS
COMP .
NAVD 88

FIRST CLASS II

North
146, 630 I

East
280,520.

Units
MT

Estimated Accuracy
(+/- 180 meters Scaled)

SUPERSEDED SURVEY CONTROL

1130. 143 (m) 3707 l 81 (f) ADJ UNCH 1 2

Condition
MONUMENTED
GOOD

Report By
CGS
NGS ̀

DATABASE = Sybase ,PROGRAM = Datasheet, VERSION = 6.56
1 National Geodetic Survey, Retrieval Date = DECEMBER 6, 2001

CY0283 DESIGNATION - Y 330
CY0283 PID - CY0283
CY0283 STATE/COUNTY- AZ/COCHISE
CY0283 USGS QUAD - BOWIE (1974)
CY0283
CY0283
CY0283
CY0283* NAD 83(1986)-
CY0283* NAYD 88 -
CY0283
CY0283 GEOID HEIGHT-
CY0283 DYNAMIC HT -
CY0283 MODELED GRAV-
CY0283
CY0283 VERT ORDER
CY0283 »
CY0283.The horizontal coordinates were scaled from a topographic map and have
CY0283.an estimated accuracy of +/- 6 seconds.
CY0283 ,
CY0283.The orthometric height was determined by differential leveling
CY0283.and adjusted by the National Geodetic Survey in June 1991.
CY0283 .
CY0283.The gelid height was determined by GEOIDS.
CY0283 ,
CY0283.The dynamic height is computed by dividing the NAVD 88
CY0283.geopotential numberby the normal gravity value computed on the
CY0283.Geodetic Reference System of 1980 (GRS 80) ellipsoid at 45
Cy0283.degrees latitude (g= 980.6199 gals.).
CY0283
CY0283.The modeled gravity was interpolated from Observed gravity values.
CY0283
CY0283;
CY0283:SPC Az E
CY0283
CY0283
CY0283
CY0283 NGVD 29
CY0283
CY0283.Superseded values are not recommended for survey control.
CY0283.NGS no longer adjusts projects to the NAD 27 or NGVD 29 datums.
CY0283.See file dsdata.txt to determine how the superseded data were derived.
CY0283
CY0283_MARKER: DB = BENCH MARK DISK
CY0283_SETTING: 7 = SET IN TOP OF CONCRETE MONUMENT
CY0283 STAMPING:- Y 330 1953
CY0283_PROJECTION: PROJECTING 25 CENTIMETERS
CY0283_STABILITY: C = MAY HOLD, BUT OF TYPE COM~ ~ONLY SUBJECT TO
CY0283+STABILITY: SURFACE MOTION
CY0283
CY0283 HISTORY - Date
CY0283 HISTORY 1953
CY0283 HISTORY - 1960

http://www.ngs.noaa.gov/cgi-bin/ds_pid.prl/1
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1979
J

J

(1960)

CY0283 HISTORY GOOD NGS
CY0283
CY0283 STATION DESCRIPTION
CY0283
CY0283'DESCRIBED BY COAST AND GEODETIC SURVEY 1953
CY0283'2.0 MI E FROM BOWIE.
CY0283'2.0 MILES EAST ALONG THE SOUTHERN PACIFIC RAILROAD FROM THE STATION AT
CY0283'BOWIE, 100 FEET SOUTH OF THE SOUTH RAIL, 99 FEET NORTH OF THE CENTER
$CY0283'LINE OF STATE HIGHWAY 86, 6 FEET SOUTH OF A VERTICAL RAIL. 3 FEET
CY0283'EAST OF A WITNESS posT, 3= FEET BELOW THE TOP OF THE RAILS, SET IN THE
CY0283'TOP OF A CONCRETE POST WHICH PROJECTS 0.9 FOOT ABOVE THE GROUND.
CY0283
CY0283 STATION RECOVERY
CY0283
CY0283'RECOVERY NOTE BY NATIONAL GEODETIC SURVEY 1960
CY0283'RECOVERED IN GOOD CONDITION.
CY0283
CY0283
CY0283
CY0283 \REg0VERY NOTE BY NATIONAL GEODETIC SURVEY 1979
CY0283'3.2 KILOMETERS (2.0 MILES) EAST ALONG THE SOUTHERN PACIFIC RAILROAD
CY0283'FROM THE STATION AT BOWIE, 0.2 KILOMETER (0.1 MILE) WEST OF THE
CY0283'JUNCTION OF BUSINESS LOOP INTERSTATE 10 AND A FRONTAGE ROAD LEADING
CY0283'EAST, 31.8 METERS (104 FEET) SOUTH OF THE SOUTH RAIL, 28.4 METERS
CY0283' (93 FEET) NORTH OF THE CENTERLINE OF THE INTERSTATE 10 BUSINESS LOOP.
CY0283'HIGHWAY AND 40.2 METERS (132 FEET) SOUTHEAST OF THE SECOND UTILITY
CY0283'POLE EAST OF RAILROAD BRIDGE 1100.31.
CY0283'THE MARK IS 0.5 METERS w FROM A WITNESS POST.
CY0283'THE MARK IS 1.5 M BELOW THE RAILS.

STATION RECOVERY (1979)

*** retrieval complete.
Elapsed Time = 00:00:01

I
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The NGS Data Sheet

(1979)

*CURRENT SURVEY CONTROL

32 22 53.71930(N) 109 33 53.35902(W)
1312.2 (meters) 4305. (feet)

ADJUSTED
VERTCON

LAPLACE CORR-
GEOID HEIGHT-

-1.73
-26.81

(seconds )
(meters )

DEFLECT
GEOIDS

FIRST'

,North
153,336.508

3,583,638.832

Primary Azimuth Mark
FISHER AZ MK
FISHER AZ MK

SUPERSEDED SURVEY CONTROL

32 22 53.71449(N)
32 22 53.45600(N)

1311.4 (m)

109 33 53.35624(w)
109 33 5l.1l100(W)

4302. (f)

AD(
AD(
VERT ANG

) 1

) 1

See file dsdata.txt for more information about the Datasheet.
DATABASE = Sybase ,PROGRAM = Datasheet, VERSION = 6.56
1 National Geodetic Survey, Retrieval Date = DECEMBER 6, 2001
CYl170 +*******+*+**++++*******+*+++*************+**++**++++*+**********++****

Cyll70 DESIGNATION - FISHER
CYl170 PID - CY1l70
CY1170 STATE/ COUNTY- Az/ coccI s18
CY1170 USGS QUAD - FISHER HILLS
Cyll70
CY1170
CY1170
CY1170* NAD 83(1992)-
CYl170* NAND 88 -
CY1170
CYl170
CY1l70
CY1l70
CY1170 HORZ ORDER
CYl170
CY1170.The horizontal coordinates were established by classical geodetic methods
CYl170.and adjusted by the National Geodetic Survey in August 1993.
CY1170 , v
Cyl170.The NAVD 88 height was computed by applying the VERTCON shift value to
Cyll70.the NGVD 29 height (displayed under SUPERSEDED SURVEY CONTROL.)
CY1170
CYl170.The Laplace correction was computed from DEFLEC99 derived deflections.
CY1170
Cy1l70.The gelid height was determined by GEOIDS.
CY1170
CY1l70; East Units scale Converg.
Cyll70;spc AZ E 269,988.191 MT 0.99993953 +0 19 20.4
Cy1170 iUTM 12 635,001.871 MT 0.99982475 +0 46 07.4
CY1170
CY1170: Grid Az
CY1170:SPC Az E 229 56 41.4
CY1170:UTM 12 229 29 54.4
CY1170 .
cy1170l---------------------------------------------------------------------l
CY1170 I PID Reference Object Distance Geom. Az I
CY1l70l dddm~ ~ss.s I
Cyll70l CY1164 BOWIE LOADING CHUTE APPROX. 9.8 KM 1273114,8 I
CY1170 I CYl163 BOWIE WATER TANK APPROX. 9.6 KM 1274407.1 I
CY1170 I CYl169 GILMAN CAIRN 18.593 METERS 13028 I
CY1170 I FISHER RM 1 6.217 METERS 14801
CY1170l FISHER AZ MK 2301601.8 I
CY1170 I FISHER RM 2 9.244 METERS 26255 I
cy1170l---------------------------------------------------------------------l
CY1170
CY1170
CY1170
,€¥1170 NAD 83(1986)-
CY1170 NAD 27 -
CY1170 NGVD 29 _
CY1170
cY1170.superseded values are not recon ~ended for survey control.
CY1170.NGS no longer adjusts projects to the NAD 27 or NGVD 29 datums.

http://www.ngs.noaa.gov/cgi-bin/ds__pid.prV1 12/6/01
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Date
1945
1956
1960
1983

12/6/01

CY1170.See file dsdata.txt to determine how the superseded data were derived.
CY1170
CY1170_MARKER: DS = TRIANGULATION STATION DISK I
CY1l70_SETTING: 66= SET IN ROCK OUTCROP
CY1170_STABILITY: A = MOST RELIABLE AND EXPECTED TO HOLD
CY1l70+STABILITY: POSITION/ELEVATIQN WELL
CY1170
CY1170 HISTORY Condition Report By
CYl170 HISTORY MONUMENTED CGS
CY1170 HISTORY GOOD USE
CY1170 HISTORY GOOD CGS
CY1170 HISTORY GOOD AZDT
CY1170
CY1170 STATION DESCRIPTION
CY1170
CY1170'DESCRIBED BY COAST AND GEODETIC SURVEY 1945 (RAM)
CY1170 I STATION IS ON THE HIGHEST PART OF THE LOWEST AND MOST SE
CYl170'HILL IN THE GROUP OF HILLS SHOWN ON THE U.S. GEOLOGICAL
CY1l70 | SURVEY CHARTS AS FISHER HILLS I AND IS LOCATED BY APPROXIMATE
Cyl170'AIR LINE DISTANCES, 6 MILES NW OF BOWIE, 4 MILES ENE OF THE
CYll70'JUNCTION QF. u.s. HIGHWAY 666 AND STATE HIGHWAY 86, 3 MILES
CY1170 I S OF THE COCHISE-GRAHAM COUNTY LINE, AND 1/4 MILE NNW OF
CY1170'THE UX RANCH.
CY1170'
CY1170 'TO REACH THE STATION FROM THE POST OFFICE IN BOWIE, GO N
CY1170 I 0. 1 MILE ACROSS THE RAILROAD TRACKS, TAKE THE FIRST LEFT
CY1170 'TURN AND FOLLOW THE MAIN GRADED ROAD w 0 I 4 MILE TO A FORK.
CYl170 'TAKE THE LEFT FORK FOR 0 1 15 MILE, THENCE LEFT FORK AGAIN
CYl170 'AND CONTINUE ALONG THE N SIDE OF THE SOUTHERN PACIFIC co.
CY1170 v RAILROAD TRACKS ON THE MAIN GRAVEL ROAD FOR 4 I 4 MILES TO
CY1170 'A ROAD RIGHT JUST BEFORE REACHING A GATE IN A FENCE LINE.
CY1170 I (NOTE--TO REACH THE AZIMUTH MARK FROM HERE, GO THROUGH THE
CYl170 'GATE AND CONTINUE W FOR 1.6 MILES TO WHERE A .BRIDGE HAS BEEN
CY1170 'WASHED OUT. , THE AZIMUTH MARK IS SET IN THE NW CONCRETE
CYl170 'ABUTMENT. ) TURN RIGHT AND FOLLOW THE MAIN ROAD ALONG THE
CY1170'E SIDE OF THE FENCE LINE 1. 8 MILES TO A TRACK ROAD FORKING
CY1I70 'BACK TO THE RIGHT JUST. AFTER CROSSING A LARGE WASH, AND
CY1170 | 1/4 MILE BEFORE REACHING THE UX RANCH. TURN BACK TO THE
CY1170'RIGHT ON THE TRACK ROAD FOR 0.2 MILE, THENCE LEFT FORK
CY1l70'FOR 0.35 MILE. HERE TURN LEFT ACROSS COUNTRY FOR 1/4
CYl170 'MILE TO THE END OF TRUCK TRAVEL AT THE BASE OF THE
CY1170'HILL. PACK.SSW FOR ABQUT 1/4 HOUR TO THE TOP AND THE
CY1l70'STATION.
CY1170'
CY1170 'STATION MARK IS A BRONZE STATION DISK SET IN A DRILL HOLE
CY1170' IN OUTCROPPING BEDROCK WHICH PROJECTS .ABOUT 3 INCHES ABOVE
CYl170'THE GROUND AND IS STAMPED FISHER 1945. IT I' 61 FEET NW
CY1l70'OF STATION GILMAN (U.S.G.S. 1940) (NOT OCCUPIED. A ROCK
CY1170 I CAIRN ABOUT 5 FEET IN DIAMETER AND 4 FEET HIGH IS THE ONLY
CY1170'STATION MARK.) AND 34-1/2 FEET NE OF AN OLD FENCE LINE.
CY1170'
CY1170 'REFERENCE MARK 1 IS A BRONZE REFERENCE DISK SET IN A DRILL
CY1170 'HOLE IN OUTCROPPING BEDROCK WHICH PROJECTS ABOUT l FOOT ABOVE
CY1170'THE GROUND AND IS STAMPED FISHER NO 1 1945. IT IS SSE OF THE
CY1170 | STATION AND ABOUT 6 INCHES LOWER.
CYll70'
CY1170 | REFERENCE MARK 2 IS A BRONZE REFERENCE DISK SET IN A DRILL
CY1170 'HOLE IN OUTCROPPING BEDROCK WHICH PROJECTS ABOUT 6 INCHES
CYll70'ABOVE THE GROUND AND IS STAMPED FISHER NO 2 1945. IT IS W
CY1170'OF THE STATION AND ABOUT 1-1/2 FEET LOWER.
CY1170'
CY1170'AZIMUTH MARK IS A BRONZE AZIMUTH DISK SET IN.A DRILL HOLE
CY1170 | IN THE NE END OF THE NW CONCRETE ABUTMENT OF A WASHED OUT

http://www.ngs.noaa.gov/cgi-bin/ds_pid.prV1 I
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STATION RECOVERY (1956)

STATION RECOVERY (1960)

CY1l70'BRIDGE. IT IS SW OF THE STATION, 20.8 FEET S OF THE NEAREST
CY1170'WOOD TELEPHONE POLE, 8.0 FEET SE OF A 4- BY 4-INCH WHITE
CY1170'WITNESS POST, AND IS STAMPED FISHER 1945. I
Cyll70
CY1l70
CY1170
CY1170'RECOVERY NOTE BY US ENGINEERS 1956
CY1170'STATION RECOVERED AS DESCRIBED.
CY1170'
CY1170 'AZIMUTH MARK NOT SEARCHED FOR.
Cyll70
CY1170
Cyll70
CYl170'RECOVERY NOTE BY COAST AND GEODETIC SURVEY 1960 (NES)
CYl170 'THE STATION WAS RECOVERED AS DESCRIBED. ALL MARKS WERE FOUND
CY1170l IN VERY GOOD CONDITION. THE HORIZONTAL ANGLE TO THE AZIMUTH
CY1170 'MARK WAS NOT MEASURED.
CY1170
CY1170
CY1170
CY1170'RECOVERY NOTE BY ARIZONA DEPARTMENT OF TRANSPORTATION 1983 (GH)
CY1l70 'THE STATION MARK, REFERENCE MARKS AND AZIMUTH MARK WERE RECOVERED AS
CY1170'DESCRIBED IN 1945.
CY1170'
CY1l70 'TO REACH THE STATION FROM THE POST OFFICE IN SAFFORD TRAVEL EAST ALONG
CYl170'U.S. HIGHWAY 70 FOR 0.3 MILE TO THE JUNCTION WITH U.S. HIGHWAY 666.
CY1l70'TURN RIGHT AND TRAVEL SOUTH ALONG U.S. 666 FOR 16.8 MILES TO THE
CY1170'JUNCTION WITH STATE ROUTE 266, CONTINUE SOUTH ALONG U.S. 666 FOR 1434
CY1l70 'MILES TO A PAVED ROAD LEFT. TURN LEFT AND TRAVEL SOUTHEAST FOR 3.2
CY1170 'MILES TO A GRADED ROAD LEFT NEAR A CATTLE GUARD. TURN LEFT AND TRAVEL
CY1170'EAST FOR 2.15 MILES TO THE AZIMUTH MARK ON THE RIGHT, CONTINUE EAST
CYll70'FOR 3. 65 MILES TO A CATTLE GUARD. CROSS THE CATTLE GUARD FOR 75 FEET
cy1170'To A TRACK ROAD LEPT. TURN LEFT AND TRAVEL NORTH ALONG THE EAST SIDE
CY1l70'OF A FENCELINE FOR 1.5 MILES TO A FENCE CORNER. TURN LEFT AND TRAVEL
CY1l70'NORTH ALONG A FENCELINE FOR 1. 6 MILES TO A FENCE CORNER. TURN RIGHT
CY1170 'AND TRAVEL NORTH FOR 0.85 MILE TO A FORK. TAKE THE LEFT FORK WEST AND
.Cy1170 vn0RTH TO A FENCE CORNER ON A DAM. TURN LEFT CROSSING ON TOP OF DAM
CY1170'FOR 0.3 MILE TO A ROAD LEADING RIGHT IN SPILLWAY. TRAVEL NORTH FOR
CY1170!0.55 MILE TO A EAST-WEST FENCELINE. TURN LEFT ALONG A FENCELINE FOR
CY1170'0,25 MILE TO END OFTRUCK TRAVEL. PACK SOUTHWEST TO THE HIGH POINT AT
CY1170*THE EAST END OF THE HILL AND THE STATION.

STATION RECOVERY (1983)

*** retrieval complete.
Elapsed Time = 00:00:09
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Lawrence V. Robertson, Jr. (001709)
MUNGER CHADWICK, P.L.C.
National Bank Plaza
333 N. Wilmot, Suite 300
Tucson, Arizona 8571 l
(520) 721-1900; Facsimile (520) 747-1550
E-Mail: lvrobertson@1nungerchadwick.com
Attonieys for: Bowie Power Station, L.L.C.

BEFORE THE ARIZONA POWER PLANT AND

TRANSMISSION LINE SITING COMMITTEE

CASE NO. L00000BB-01 -0118

(Case No. 118)

IN THE MATTER OF THE APPLICATION OF )
BOWIE POWER STATION, LLC, IN )
CONFORMANCE WITH THE REQUIREMENTS )
OF ARIZONA REVISED STATUTES 40-360.03 )
AND 40-360.06, FOR TWO CERTIFICATES OF )
EN VI RON M EN T AL C O M P A T I B I L I T Y )
AUTHORIZING CONSTRUCTION OF A )
NOMINAL 1,000 MEGAWATT NATURAL )
GAS-FIRED, COMBINED-CYCLE POWER )
P L A N T , 3 4 5 K V and 3 4 5 K V / 2 3 0 K V  )
SWITCHYARDS, 345KV DOUBLE-CIRCUIT )
T R A N S M I S S I O N LINE AND 230KV )
INTERCONNECTION AND R E L A T E D )
FACILITIES IN COCHISE AND GRAHAM )
COUNTIES, ARIZONA. THE PROPOSED POWER )
STATION SITE IS LOCATED IN SECTIONS 28 )
AND 29, TOWNSHIP 12 SOUTH, RANGE 28 )
EAST, AND THE PROPOSED TR.ANSMISSION )
LINE ROUTE IS LOCATED IN TOWNSHIP 12 )
SOUTH, RANGE 28 EAST, TOWNSHIP 11 )
SOUTH, RANGE 28 EAST, TOWNSHIP 11 )
SOUTH, RANGE 27 EAST, AND TOWNSHIP 11 )
SOUTH, RANGE 26 EAST, GILA AND SALT )
RIVER BASE AND MERIDIAN. )

)

DECISION NO.
(POWER PLANT)

DECISION OF THE ARIZONA POWER PLANT AND TRANSMISSION LINE SITING
COMMITTEE AND CERTIFICATE OF ENVIRONMENTAL COMPATIBILITY

Pursuant to notice given, as provided by law, the Arizona Power Plant and Transmission Line

Siting Committee ("Committee") held public hearings at the Best Western Plaza, 1100 Rex Allen

Drive, Willcox, Arizona on October l l- la, 2001 , and at the Embassy Suites, l515 North 44"' Street,

December 7, 2001 (4:44pm)
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Phoenix, Arizona on December 10-11, 2001, in confonnance with the requirements of Arizona

Revised Statutes §40-360 et. seq., for the purpose of receiving evidence and deliberating upon the

Application, of Bowie Power Station, L.L.C. and its assigns ("Applicant") for a Certificate of

Environmental Compatibility ("Certificate") in the above-captioned case.

The following members and designees of members of the Committee were present for the

evidentiary presentation during all or portions of the aforesaid hearings and/or deliberation and vote

on the Application:

Laurie A. Woodhull Chair, and Designee for Arizona
Attorney General

Ray Williamson Designee for Chainman of
Arizona Corporation Commission

Mark McWhir"ter Designee for Director of Energy Office of
Arizona Department of Commerce

Richard Tobin Designee for Director of Arizona Department
of Environmental Quality

Jeff McGuire Appointed Member

Mike Palmer Appointed Member

A. Wayne Smith Appointed Member

Sandie Smith Appointed Member

Margaret Trujillo Appointed Member

Mike Whalen Appointed Member

December 7, 2001 (4:44pm) 2
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The Applicant was represented by Lawrence V. Robertson, Jr. The Arizona Corporation

Commission ("Commission") staff was represented by Jason D. Gellrnan. Wayne Bryant appeared

on his own behalf as an individual intervenor.

At the conclusion of the public hearings, after consideration of (i) the Application and the

evidence presented during the public hearings, (ii) the closing arguments of the parties, and (iii) the

legal requirements ofArizona Revised Statutes §40-360 through §40-360. 13 and A.A.C. R14-3-213,

upon motion duly made and seconded, bya vote the Committee voted to grant the Applicant

the following Certificate.

Applicant is hereby granted a Certificate to site and construct the following facilities

("Project"):

A natural gas fired, combined cycle electric generating plant with an
operating capability not to exceed a nominal site rating of 1000
megawatts (MW). The facilities shall consist of up to two (2) power
blocks, each rated up to 500 MW nominal. Each power block shall
consist of (i) two combustion turbine generators (CTG), (ii) two heat
recovery steam generators (HRSG) and (iii) one steam turbine electric
generator. The plant design may also incorporate supplementary or
duct-firing of the HRSG for a given power block. The duct-firing
design would be incorporated in the HRSG's. The power plant and
supporting infrastructure shall be located in Section 28 and a portion
of Section 29, Township 12 South, Range 28 East, G&SRB&M.

The supporting power plant infrastructure shall include (i) an air pollution control system,

(ii) water handliNg and treatment facilities, (iii) the] system, (iv) instrumentation and control system,

(v) switchyard and electrical interconnection(s), (vi) chemical and petroleum product storage

facilities, (vii) vehicular access facilities, (viii) evaporation ponds, and (ix) other site improvements.

Each of these infrastructure components is described in some detail in the Application.

December 7, 2001 (4:44pm) 3



"\

R f

In connection with the design and construction of Prob act facilities, Applicant shall use low

profile stnlctures, moderate stacks, neutral colors, compatible landscaping and low intensity directed

lighting for the power plant. The transmission facilities shall include the use of non-reflective

conductors and towers. In addition, Applicant shall use a zero discharge system for cooling water,

subj act to existing regulatory requirements. Further, Applicant shall operate the evaporation ponds

so that any salt residue(s) contained therein shall not cause damage to crops grown on fields adj agent

to the Proj act site.

This Certificate is further granted upon the following conditions.

Applicant shall comply with all existing applicable air and water pollution control

standards and regulations, and with all existing applicable ordinances, master plans and regulations

of the State of Arizona, Cochise County and Graham County, the United States of America, and any

other governmental entities having jurisdiction, including but not limited to the following:

all applicable zoning stipulations and conditions, including but not limited to

landscaping and dust control requirements and/or approvals,

all applicable air quality control standards, approvals, permit conditions and

requir ements  of  the Ar izona  Depa r tment  of  Environmenta l  Qua li ty

("ADEQ") and/or  other  Sta te of Ar izona  or  Federa l agencies  having

jurisdiction, and Applicant shall install and operate selective catalytic

reduction at the level determined by ADEQ.

all applicable water  use and conservation requirements of the Arizona

Department of Water Resources ("ADWR").

December 7, 2001 (4:44pm)
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all applicable water use and discharge requirements of ADEQ.

all applicable noise control standards, and during normal operations the

project shall not exceed applicable (i) HUD or EPA residential noise

guidelines or (ii) OSHA worker safety noise standards, and

all applicable regulations and permits governing storage and handling of

chemical and petroleum products,

In correction with approvals of or permits for Project facilities to be issued by

Cochise County or Graham County, Applicant shall attach a copy of this Decision

and Certificate to any applications or requests it submits to such counties. A courtesy

copy will also be provided to the community of Bowie and the City of Wilcox.

In connection with the engineering, design, construction, operation and maintenance

of the Project facilities, Applicant and its consultants and contractors shall apply recognized and

accepted Geotechnical engineering and civil engineering standards and practices. In addition,

Applicant shall implement the Ground Subsidence and Earth Fissure Monitoring Program agreed

to between Applicant and the Arizona Department of Water Resources, which was received into

evidence as Exhibit No.

In the event of the occurrence of an "alert condition," as defined in the

Monitoring Program, Applicant, ADWR, Cochise County and the United

States Geological Survey ("USGS") shall confer as to the investigative and/or

mitigation progra1n(s), if any, to be undertaken in response to such "alert

condition." In the event Applicant, ADWR, Cochise County and USGS are

unable to agree as to the program(s) or course(es) of action to be undertaken,

December 7, 2001 (4:44pm)
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Applicant shall refer the matter to the Commission for a hearing and decision

to determine the investigative and/or mitigation programs, if any, to be

undertaken in response to such "alert condition."

Commencing with the fifth year of commercial op aeration of the initial power

block of the Project, Applicant shall annually contribute One Hundred

Thousand Dollars ($100,000) to a Subsidence Mitigation Fund ("Fund") to

be established and maintained by Applicant at a national or state-chartered

bank. Such contribution obligation shall be suspended whenever the balance

in the Fund reaches the principal amount of Five Hundred Thousand Dollars

($500,000). Interest earned on the Fund shall belong to Applicant.

Persons claiming property damage as a result of ground subsidence allegedly

directly attributable to Proj act operation may submit a claim for mitigation

payment to Applicant. Applicant shall investigate the circumstances

surrounding the claim and make a determination, if possible, as to the cause

of the claimant 's a lleged property damage.  If it  is determined that the

damage in question has been caused by Project operations, funds shall be

disbursed Hom the Fund to compensate claimant for the amount of damage

determined to be directly attributable to the Project. If the cause or amount

of the alleged damage is in dispute, ApplicaNt agrees to submit the matter to

binding arbitration with the American Arbitration Association, if the person

claiming damage agrees.

December 7, 2001 (4:44pm)
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The Subsidence Mitigation Fund account shall be maintained for three (3)

years after the end of the Project's economic life, as determined by Applicant.

Once the three (3) year period has passed, the account shall be closed, and

any remaining Hinds shall be disbursed back to Applicant.

3. Applicant shall prepare a plan for shutdown, decommissioning and cleanup of the

plant site which shall be filed with the Commission's Docket Control section within one year of

beginning construction. In that regard, the Committee recommends that Applicant work with

Cochise County and/or any other local governing body with jurisdiction over the plant site to ensure

that such plan is reasonable, and is followed or amended as needed.

Applicant's plant interconnection must satisfy the Western Systems Coordinating

Council's ("WSCC") single contingency outage criteria (N-1) and all applicable local utility

planning criteria without reliance on remedial action such as reducing generator output, generator

unit tripping or load shedding.

Prior to construction of any facilities, Applicant must provide the Commission with

technical study evidence that sufficient transmission capacity exists to accommodate the full output

of the plant and that the full output of the plant shall not compromise the reliable operation of the

interconnected transmission system. The technical studies shall include a power flow and stability

analysis report showing the effect of the plant on the existing Arizona electric transmission system.

The technical study repo1t(s) shall document both physical flow capability as well as contractual

schedule capability to deliver full plant output to its intended market. In addition, Applicant must

provide the Commission with updates to the information required in this condition not more than

one year and not less than three months prior to commercial operation of the plant. Prior to

December 7, 2001 (4;44pm)
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commencing operationof a given power block, transmission facilities improvements necessary to

deliver the output of that power block to intended markets, as identified in the aforesaid technical

studies, shall have been completed.

Applicant shall become and remain a member of the WSCC, or its successor, and file

an executed copy omits WSCC Reliability Management System ("RMS") Generator Agreement with

die Commission. Membership by an affiliate of Applicant satisfies this condition only ifApplicant

is bound by the affiliate's WSCC membership.

Applicant shall apply to become, and if accepted, thereafter remain a member of the

Southwest Reserve Sharing Group or its successor, thereby making its units available for reserve

sharing purposes, subj act to competitive pricing.

Applicant shall continue to participate in good faith in state and regional transmission

study forums to identify and encourage expedient implementation of transmission enhancements,

including transmission cost participation as appropriate, to reliably deliver power from the Project

throughout the WSCC grid in a reliable manner.

Applicant shall first offer wholesale power purchase opportunities to credit-worthy

Arizona load-serving entities and to credit-worthy marketers providing service to those Arizona

load-serving entities.

10. Applicant shall offer for Ancillary Services, in order to comply with WSCC RMS

requirements, a total of up to l0% of its total plant capacity to (A) the local Control Area with,

which it is interconnected and (B) Arizona's regional ancillary service market, (i) once a Regional

Transmission Organization (RTO) is declared operational by FERC order, and (ii) until such time

that an RTO is so declared, to a regional reserve sharing pool.

December 7, 2001 (4:44pm)

9.

8.

7.

6.

8



l o

Pursuant to applicable Federa l Energy Regula tory Commission ("FERC"),

regulations, Applicant shall not knowingly withhold its capacity from the market for reasons other

than a forced outage or pre-announced planned outage.

12. Within 30 days of the Commission decision authorizing construction of the Project,

Applicant shall erect and maintain at the site a sign of not less than 4 feet by 8 feet dimensions,

advising:

that the site has been approved for the construction of a 1000 megawatt

(nominal) generating facility,

the expected date of completion of the Project, and

phone number for public information regarding the Project.

In the event that Applicant requests an extension of the term of the Certificate prior to

completion of the construction,  Applicant shall use reasonable means to directly notify all

landowners and residents within one-mile radius of the Project of the time and place of the

proceeding in which the Commission shall consider such request for extension. Applicant shall also

provide notice of such extension to Cochise County, Graham County, the community of Bowie and

the City of Wilcox.

13. Applicant shall pursue all necessary steps to ensure a reliable supply and delivery of

natural gas for the generating facility.

14. In connection with the construction of the Proj act, Applicant shall use commercially

reasonable efforts, where feasible, to give due consideration to use of qualified Arizona contractors.

In addition, Applicant shall encourage the hiring of qualified local employees in connection with

construction and operation of the Proj act facilities.

December 7, 2001 (4:44pm)
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15. Applicant shall participate in workshops to commence during the year 2002 which

shall address both long term and short term gas transportation reliability and capacity issues within

the State ofAl'izona. Applicant shall work with other participants on an ongoing basis to develop

alterative solutions to these gas pipeline issues.

16. Within five days of Commission approval of this CEC, Applicant shall request in

writing that EL Paso Natural Gas Company ("E1 Paso") provide Applicant with a written report

describing the operational integrity ofEl Paso's Southern System facilities through the Bowie and

San Simon areas. Such request shall include:

a request for information regarding inspection, replacement and/or repairs

performed on this segment of EI Paso's pipeline facilities since 1996 and

those planned through 2006, and

an assessment of subsidence impacts on the integrity of this segment of

pipeline over its full cycle, together with any mitigation steps taken to date

or planned in the future.

Applicant shall file El Paso's response under this docket with the Commission's Docket

Control. Should E1 Paso not respond within thirty (30) days, Applicant shall docket a copy of

Applicant's request with an advisory of E1 Paso's failure to respond. In either event, Applicant's

responsibility hereunder shall terminate once it has filed El Paso's response or Applicant's advisory

of E1 Paso's failure to respond.

17. In conjunction with its construction of the Project facilities, Applicant shall

implement the Landscape Plan set forth at Exhibit B-2 to the Application [Ex. #A~l].

r
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18. This authorization to site and construct the Proj act facilities shall expire five (5) years

from the date the Certificate is approved by the Commission unless construction is completed and

the plant is in operation. If construction on a power block has not begun before expiration of the

five-year limit, Applicant shall no longer be authorized to begin construction on such power block.

However, before such expiration Applicant may request that the Commission extend this time

limitation.

GRANTED this day of J 2001.

Arizona Power Plant and Transmission Line
Siting Committee

By:
Laurie A. Woodhull, Chair

Copy of the foregoing e-mailed
this day of December, 2001, to:

Laurie Woodhull, Chair
Arizona Power Plant and
Transmission Line Siting Committee
1275 W. Washington
Phoenix, Arizona 85007

Jason D. Gellman, Attorney
Arizona Corporation Commission
1200 W. Washington Street
Phoenix, AZ 85007

Wayne Bryant
2475 East Water Street
Tucson AZ 85719-3455
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Lawrence V. Robertson, Jr. (001709)
M UNGER CHADWICK, P.L.C.
National Bank Plaza
333 N. Wilmot, Suite 300
Tucson, Arizona 85711
(520) 721-1900; Facsimile (520) 747-1550
E-Mail: lvrobe1tson@niunQerchadwick.com
Attonieys for: Bowie Power Station, L.L.C.

BEFORE THE ARIZONA POWER PLANT AND

TRANSMISSION LINE SITING COMMITTEE

CASE NO. L00000BB-01-0118

(Case No. 118)

IN THE MATTER OF THE APPLICATION OF )
BOWIE POWER STATION, LLC, IN )
CONFORMANCE WITH THE REQUIREMENTS )
OF ARIZONA REVISED STATUTES 40-360.03 )
AND 40-360.06, FOR TWO CERTIFICATES OF )
ENVIRONMENTAL COMPATIBILITY )
AUTHORIZING CONSTRUCTION OF A )
NOMINAL 1,000 MEGAWATT NATURAL )
GAS~FIRED, COMBINED-CYCLE POWER )
PLANT, 345KV and 345KV/230KV )
SWITCHYARDS, 345KV DOUBLE-CIRCUIT )
TRANSMISSION LINE AND 230KV )
INTERCONNECTION AND RELATED )
FACILITIES IN COCHISE AND GRAHAM )
COUNTIES, ARIZONA. THE PROPOSED POWER )
STATION SITE IS LOCATED IN SECTIONS 28 )
AND 29, TOWNSHIP 12 SOUTH, RANGE 28 )
EAST, AND THE PROPOSED TRANSMISSION )
LINE ROUTE IS LOCATED IN TOWNSHIP 12 )
SOUTH, RANGE 28 EAST, TOWNSHIP 11 )
SOUTH, RANGE 28 EAST, TOWNSHIP 11 )
SOUTH, RANGE 27 EAST, AND TOWNSHIP 11 )
SOUTH, RANGE 26 EAST, GILA AND SALT )
RIVER BASE AND MERIDIAN. )

)

DECISION NO :
(TRANSMISSION LINE)

DECISION OF THE ARIZONA POWER PLANT AND TRANSMISSION LINE SITING
COMMITTEE AND CERTIFICATE OF ENVIRONMENTAL COMPATIBILITY

Pursuant to notice given, as provided by law, the Arizona Power Plant and Transmission Line

Siting Committee ("Committee") held public hearings at the Best Western Plaza, 1100 West Rex

Allen Drive, Willcox, Arizona on October l l- la, 2001 , and at the Embassy Suites, l515 North 44th

December 7, 2001 (4:44pm)



1

Street, Phoenix, Arizona on December 10-11, 2001, in conformance with the requirements of

Arizona Revised Statutes §40-360 et. seq., for the purpose of receiving evidence and deliberating

upon the Application of Bowie Power Station, L.L.C. and its assigns ("Applicant") for a Certificate

of Environmental Compatibility ("Certificate") in the above-captioned case.

The following members and designees of members of the Committee were present for all or

portions of the evidentiary presentation during the aforesaid hearings and deliberations and vote on

the Application:

Laurie A. Woodhull Chair, and Designee for Arizona
Attorney General

Ray Williamson Designee for Chainman of
Arizona Corporation Commission

Mark McWhirter Designee for Director of Energy Office of
Arizona Department of Commerce

Richard Tobin Designee for Director of Arizona Department
of Environmental Quality

Jeff McGuire Appointed Member

Mike Palmer Appointed Member

A. Wayne Smith Appointed Member

Sandie Smith Appointed Member

Margaret Trujillo Appointed Member

Mike Whalen Appointed Member

December 7, 2001 (4:44pm) 2
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The Applicant was represented by Lawrence V. Robertson, Jr. The Arizona Corporation

Commission ("Commission") staff was represented by Jason B. Gellman. Wayne Bryant appeared

on his own behalf as an individual intervenor.

At the conclusion of the public hearings, after consideration of (i) the Application and the

evidence presented during the public hearings, (ii) the closing arguments of the parties, acid (iii) the

legal requirements ofArizonaRevisedStatutes §40-360 through §40~360. 13 and A.A.C. R14-3-213,

upon motion duly made and seconded, by a vote the Committee voted to grant the Applicant

the following Certificate.

Applicant is hereby granted a Certificate to site and construct the following facilities, as

requested in the Application: (i) a double-circuit 345 kV transmission line, which shall interconnect

Applicant's Bowie Power Station facilities with the Western Systems Coordinating Council

("WSCC") transmission grid at Tucson Electric Power Company's ("TEP") 345 kV Greenlee-Vail

transmission line and Arizona Electric Power Company's ("AEPCO") 230 kV Red Tail-Dos

Condados Transmission Line, and (ii) the new Willow 345/230 kV switchyard [Sec. 14, T11 S, R26E,

G&SRB&M], through which the aforesaid interconnections will be accomplished. As testified to

by the Applicant during the public hearings, electric power and energy produced at the Bowie Power

Station are intended primarily to serve Southeastern Arizona markets.

The double-circuit 345 kV transmission line hereby authorized shall originate at Applicant' s

Bowie Power Station and follow the route proposed by Applicant in its Application for a distance

of approximately 14.3 miles to the point of interconnection with the proposed Willow switchyard.

In that regard, Applicant is further authorized to use a 2500' wide condor within which it will
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ultimately acquire up to a 250' wide right-of-way for purposes of siting and construction of the line.

Exhibit "A" to this Decision and Certificate sets forth a generalized narrative legal description of the

routing hereby approved for the double-circuit 345 kV transmission line/ Exhibit "B", as attached

hereto, consists of a map depicting the aforementioned 345 kV transmission line corridor.

The authorized double- circuit 345 kV transmission line shall be designed and constructed

on single-pole or monopole structures. The monopole structures shall consist of dulled galvanized

steel. The conductors shall be non-specular. The spans between the transmission structures shall

vary in distance from 800' to 1100' depending upon conductor size, terrain and environmental

mitigation conditions at a given location.

The details of the aforementioned interconnections shall be the subject of contractual

arrangements to be entered into between the Applicant and TEP, and the Applicant and AEPCO,

respectively.

This Certificate is further granted upon the following conditions.

Applicant shall comply with all existing applicable air and water pollution control

standards and regulations, and with all existing applicable ordinances, master plans and

regulations of the State of Arizona, Cochise County and Graham County, the United States

of America, and any other governmental entities having jurisdiction.

A) Applicant shall make every reasonable effort to identify and correct, on a

case-specific basis, all complaints of interference with radio or television

signals from operation of the lines and related facilities. In addition to any

transmission repairs, and depending upon the circumstances, the relevant

December 7, 2001 (4:44pm)
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corrective actions may include, adjusting or modifying receivers, adjusting

or repairing, replacing or adding antennas, antenna signal amplifiers, filters,

lead-in cables, or other corrective actions.

B) Applicant shall maintain written records for  a  period of 5 years of all

complaints of radio or television interference attributable to operation of the

lines, together with the corrective action taken in response to each complaint.

All complaints shall be recorded to include notations on the corrective action

taken. Complaints not leading to a specific action or for which there was no

resolution should be noted and explained. The record shall be signed by the

Project owner and also the complainant, impossible, to indicate concurrence

with the corrective action or agreement with the justification for a lack of

action.

C) Applicant shall advise interested persons how they may express concerns or

submit complaints to Applicant or the Commission when they believe the

transmission line and related facilities herein audiorized are creating noise in

excess  of  a pp l ica b le HUD s t a nda r ds  or  ca us ing int er fer ence with

communications signals in excess of applicable FCC standards. Such

complaints as may be filed with the Commission shall be processed pursuant

to those provisions of A.A.C. R14-2-212 (A) and (C) applicable to service

disputes.

J
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Within 45 days of securing complete easements or rights-of-way, for the entire

alignment of the transmission lines hereby authorized, Applicant shall erect and thereafter

maintain signs providing public notice that such easements and rights-of-way are the site of

future transmission lines. Such signs shall be (i) no smaller than a standard highway

information sign, and (ii) prominently placed at reasonable locations in close proximity to

the proposed centerline of the transmission alignments which are accessible to the public.

Further, such signs shall advise:

A) that the site has been approved for the construction of Project facilities,

including a 345 kV transmission line, as applicable to the individual site;

B) the expected date of completion of the Project facilities, and

C) a phone number for public information regarding the Project.

In the event that the Project requires an extension of the temp of this Certificate prior to

completion of construction, Applicant shall use reasonable means to directly notify all

landowners and residents within a one mile radius of the Project facilities of the time and

place of the proceeding in which the Commission shall consider such request for extension.

A) Applicant shall continue to consult with the Arizona State Historic

Preservation Office ("SHPO") and the Arizona State Land Department

concerning the identification and treatment of those cultural resources, if any,

situated within the area of potential effect from the transmission lines.

Applicant shall comply with existing state laws concerning the treatment of

cultural resources on private and state land, including A.R.S. 41-841 to

41-846, A.R.S. 41-861 to 41-864, and A.R.S. 41-865.

December 7, 2001 (4:44pm)
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B) In addition, Applicant's construction contract(s) for the transmission lines

shall include a provision that (i) Applicant shall cooperate with SHPO to

develop and implement a mitigation plan, and (ii) an archaeologist permitted

by the Arizona State Museum shall conduct on-site monitoring during

construction. Further, to the extent applicable, Applicant shall adhere to and

implement the mitigation measures suggested in SHPO's August 14, 2001,

letter to the Chairman of the Siting Committee, which was received into

evidence as Exhibit No. C-3 .

C) After construction, Applicant shall allow Arizona Site Stewards, a

volunteer-staffed SHPO program, to periodically inspect any archaeological

or cultural resource sites then existing within transmission corridors

controlled by Applicant for vandalism or damage.

A) In connection with the final design, routing and construction of the

transmission lines, Applicant shall, wherever feasible utilize the following

general criteria: use existing or overland access, minimize vegetation

clearing and ground disturbance, revegetate or restoreareas of construction

disturbance, use dulled, monopole transmission structures, and, ifnecessary,

complete Native Plant Inventory and develop plant salvage program prior to

construction.

B) In addition, before construction of the transmission facilities may commence,

Applicant shall file a construction mitigation and restoration plan with the

December 7, 2001 (4:44pm)
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Commission's Docket Control section. The goals of the plan shall be to

avoid environmental impacts where practicable, and where impacts are

unavoidable, to minimize such impacts and focus on-site preparation to

facilitate the natural process ofrevegetation. Other key elements of the plan

shall include the following:

(1) emphasize final site preparation to encourage natural revegetation,

(2) avoid (i.e. preserve), where practicable, mature native trees,

(3) stipulating maximum construction corridor width, preserve topsoil

and plant materials from the right-of-way before grading, and

respread over the right-of-way after construction is complete,

(4) imprint the restored right-of-way, and provide indentations to catch

seed and water;

(5) implement best management practices to protect the soil,

(6) apply restoration methods that have been shown to work in the desert

environment,

(7) prevent the spread obnoxious weeds or other undesirable species, and

(8) implement measures to discourage unauthorized off-highway vehicle

use of right-of-way.

Within one year of completion of the Project, Applicant shall rehabilitate to

its original state any area disturbed by construction of the Proj act, except for

any road that may be necessary to access the transmission lines for

maintenance and repair.
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(C) The edge of each transmission line structure shall be offset at least 100' from

the edge of any natural gas pipe1ine(s) rights-of-way, if any, which the

transmission line(s) may parallel.

Applicant shall be responsible for arranging that all field personnel involved in the

Project receive training as to proper ingress, egress and on-site working protocol for environmentally

sensitive areas and activities. Contractors employing such field personnel shall maintain records

documenting that the personnel have received such training.

Prior to construction of any Project transmission facilities, Applicant shall provide

the Commission with copies of any Agreement(s) it enters into with the entity or entities it selects

to own and operate the 345 kV transmission facilities. Such Agreement(s) shall be tiled with the

Commission within 30 days of execution of such Agreement(s).

Prior to construction of any Prob act transmission facilities, Applicant shall provide

the Commission with copies of the transmission interconnection agreement(s) it ultimately enters

into with any transmission provider(s) with whom it is interconnecting within 30 days of execution

of such agreement(s).

Applicant shall continue to participate in good faith in State and regional transmission

study forums, including the Central Arizona Transmission Study, to identify and encourage

expedient implementation of transmission enhancements to reliably deliver power from the Proj et

through the WSCC transmission grid.

10. This authorization to constnlct the aforementioned facilities shall expire five (5) years

from the date this Certificate is approved by the Commission, unless construction is completed to

the point that the 345 kV transmission line is capable of operating by that time, provided, however,
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that prior to such expiration Applicant may request that the Commission extend this time limitation,

and, provided further that, in any event, Applicant shall complete construction of the aforementioned

facilities prior to the date the Bowie Power Station is ready for operation.

GRANTED this day of 9 2001.

Arizona Power Plant and Transmission Line
Siting Committee

By:
Laurie A. Woodall, Chair

Decision No.

Copy of the foregoing sent via
electronic mail this day of
December, 2001 , to:

Laurie Woodall, Chair `
Arizona Power Plant and
Transmission Line Siting Committee
1275 W. Washington
Phoenix, Arizona 85007

Jason D. Gellrnan, Attorney
Arizona Corporation Commission
1200 W. Washington Street
Phoenix, AZ 85007

Wayne Bryant
2475 East Water Street
Tucson AZ 85719~3455

. 2
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In anticipation of the impact of the Project upon the demand for local pub ic se'r_
prior to the commencement of construction, Applicant shall do the following:

Donate sufficient funds to the Bowie Fire District ("Fire District") as a capital outlay

to enable it to acquire, through purchase or lease, an additional emergency services

vehicle, with the manner of acquisition to be determined by the District. In addition,

funds will be provided to assist the District to train its personnel and/or volunteers

in emergency response and the handling of hazardous materials.

Donate to the Bowie School District ("District") such additional classrooms and

portable classrooms, together with related utility hook~ups, in the event the

Superintendent of the District concludes that fonnally adopted student-teacher ratios

will be exceeded by reason of construction of Project facilities.

Make arrangements with high schools in the Bowie and Willcox area to support

science and vocational academic and training programs.

Make arrangements that state and local employment agencies be consulted in

connection with the hiring of employees for the construction and operation ofProj act

facilities.

Make arrangements with Cochise County to address and resolve traffic control

problems and concerns, including consideration ofpaving roads, adding traffic lights

and/or staggering Project work shift changes.

E.

D.

c.

B.

A.
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saline, Ami contain various :laments and chemical oornpounds. Elements, such ea Selenium,
typically occur in cvaporatinn ponds and have been found to negatively affect survival of young
birds.

The Department rcccsmmends Thai ' 3 3
into the project design 1:\ min'rni'fp. pot¢-mia! festive impacts to migratory birds:

the applila.nt cnnaider incorporating the following measures;

L Locate the panda; clue to the power plant and associated facilities to deter use by
minatory birds. Also, design the ponds to limit or rcuvtirict use by migratory bini.
ouch as ring deeper panda (minimum 4 feet) with steeper sides to prevent
vegetation ft-om becoming enxnhliahed and restricting use by winding birds. The
Departmorii s.;&I1 aasiiii in the design and placement of the ponds.

CUl15'l'1l\»

2. If monitoring indicants use by migatnry birds at the evaporation ponds, we
mrummcnd dffveloping altamata (off-site) wetland habitats to provide foraging and
loaning areas fe migratory hards.

The Depart&m¢m
ativcrse impacts

upplioazion.

ran .
to wllcilite rrztauuruca.

Please .xxniacl ob

789-3605 if you hay: any :;ucst§¢>izs regarding this letter.

with die applicant to develop appropriate mitigation to minimize
We appreciate the opportunity to review this CEC

Broscheid, Project Evaluation Program Supervisor. at (602)B

Sincerely,

I
John Kennedy
Habitat Rranch Use?

CC: Gerry Perry, Regional Supervisor, Region V, Tucson
Bob Brnrzchrid Project Evaluation Program Su1:erv1sor ./
Sam Lawry, Ivhgfatoafy Bird Supervisor, GameBrunch
ft. 1 .my(i-Dfj 8:-.~.\=N,_ ,9iM08i¢;1 Scrvictak Manager, Environmental Planning Group

F4-li P  9 9
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EXHIBIT A

Legal Description: Proposed Route of Bowie 345kV Transmission Line

As shown on General Corridor Map (Exhibit B), a strip of land 2,500 feet in width and being
located in Cochise and Graham Counties, Arizona, the centerline of said strip of lard being
described as follows:

Beginning at the Northwest boundary of the Qowie Power Station's 345kV switchyard, located in
the SE % of the NE % of Section 29, Townsh§3 12 South, Range 28 East, Gila and Salt River
Base and Meridian, Cochise County Arizona, said point being located at Latitude 32° 2 l '54"N,
Longitude l09° 30'8"W,

Thence Northwesterly 959 feet to a point located in the NE % of the NE % of Section 29, T12S,
R28E at Latitude 32°22'2"N, Longitude l09°30' l3"W,

Thence North-northwesterly paralleling the Arizona Eastern Railroad 18,965 feet to a point
located in the NE % of the SE % of Section 6, Tl2s, R28E, Graham County, Arizona, at Latitude
32° 25'3"N, Longi tude l09° 3l ' l l "W ,

Thence Northwesterly crossing the Arizona Easter Railroad 13,653 feet to a point located in the
SE % of the SE VS of Section 26, Tl IS, R27E at Latitude 32° 26'3l"N, Longitude l09° 33'l2"W,

Thence Westerly I 1,901 feet to a point located in the SW % of the SE % of Section 28, Tl IS,
R27E at Latitude 32° 26'29"N, Longitude l09° 35'3I"W;

Thence West-northwesterly 6,079 feet to a point located in the NW 'A of the SE % of Section 29,
TI IS, R27E at Latitude 32° 26'46"N, Longitude l09° 36'39"W,

Thence Westerly 1 1,000 feet to a point in the NE MI of the SW VS of Section 25, Tl IS, R26E at
Latitude 32° 26'47"N, Longitude l09° 38'47"W,

Thence Northwesterly 10,938 feet to a point in the SE % of the SW % of Section 14, Tl IS, R26E
at Latitude 32° 28'20"N, Longitude l09° 39'52"W,

Thence West-northwesterly to a point in the SW % of Section 14, Tl IS, R26F; said point being
the point of terminus at the proposed interconnection of the Bowie 345kV transmission line with
either or both the 345kV Springervil1e Vail and 345kV Green1ee Vail transmission lines at or
near the proposed Willow Switchyard (substation) site.

Proposed Willow Switchyard (substation)

The proposed Willow Switchyard will be located on a parcel of land of approximately 23 acres
within the SW % of Section 14, Township l l South, Range 26 East, Gila and Salt River Base and
Meridian, Graham County, Arizona.
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Lawrence V. Robertson, Jr. (001709)
MUNGER CHADWICK, P.L.C.
National Bank Plaza
333 N. Wilmot, Suite 300
Tucson, Arizona 85711
(520) 721-1900; Facsimile (520) 747-1550
E-Mail: lvrobertson @mun gerchadwickcom
Attorneys for: Bowie Power Station, L.L.C.

BEFORE THE ARIZONA POWER PLANT AND

TRANSMISSION LINE SITING COMMITTEE

CASE NO. L00000BB-01-0118

(Case No. 118)

IN THE MATTER OF THE APPLICATION OF
B OWIE POWER STATION, LLC, IN
CONFORMANCE WITH THE REQUIREMENTS OF
ARIZONA REVISED STATUTES 40-360.03 AND 40-
360.06, FOR TWO CERTIFICATES OF
ENVLRONMENTAL COMPATIBILITY
AUTHORIZING CONSTRUCTION OF A NOMINAL
1,000 MEGAWATT NATURAL GAS-FIRED,
COMBINED-CYCLE POWER PLANT, 345KV and
345KV/230KV SWITCHYARDS, 345KV DOUBLE-
CIRCUIT TRANSMISSION LINE AND 230KV
INTERCONNECTION AND RELATED FACILITIES
IN COCHISE AND GRAHAM COUNTIES,
ARIZONA. TI-IE PROPOSED POWER STATION
SITE IS LOCATED IN SECTIONS 28 AND 29,
TOWNSHIP 12 SOUTH, RANGE 28 EAST, AND THE
PROPOSED TRANSMISSION LINE ROUTE IS
LOCATED IN TOWNSHIP 12 SOUTH, RANGE 28
EAST, TOWNSHIP 11 SOUTH, RANGE 28 EAST,
TOWNSHIP II SOUTH, RANGE 27 EAST, AND
TOWNSHIP 11 SOUTH, RANGE 26 EAST, GILA
AND SALT RIVER BASE AND MERIDIAN.

)
)
)
)
)
)
)
1
1
)
)
)
)
)
)
)
)
)
)
)
)
)

DECISION NO 1
(POWER PLANT)

m

December 10, 2001



DECISION OF THE ARIZONA POWER PLANT AND TRANSMISSION LINE SITING
COMMITTEE AND CERTIFICATE OF ENVIRONMENTAL COMPATIBILITY

Pursuant to notice given, as provided by law, the Arizona Power Plant and Transmission

Line Siting Committee ("Committee") held public hearings at the Best Western Plaza, 1100 Rex

Allen Drive, Willcox, Arizona on October 11-12, 2001, and at the Embassy Suites, 1515 North

44"' Street, Phoenix, Arizona on December 10-11, 2001, in conformance with the requirements

of Arizona Revised Statutes §40-360 et. seq., for the purpose of receiving evidence and

deliberating upon the Application, of Bowie Power Station, L.L.C. and its assigns ("Applicant")

for a Certificate of Environmental Compatibility ("Certificate") in the above-captioned case.

The following members and designees of members of the Committee were present for the

evidentiary presentation during all or portions of the aforesaid hearings and/or deliberation and

vote on the Application:

Laurie A. Woodall Chair, and Designee for Arizona
Attorney General

Ray Williamson Designee for Chainman of
Arizona Corporation Commission

Mark McWhirter Designee for Director of Energy Office of
Arizona Department of Commerce

Patrick Schaffer Designee for Director of Arizona
Department of Water Resources

Richard Tobin Designee for Director of Arizona
Department of Environmental Quality

Jeff McGuire Appointed Member

Mike Palmer Appointed Member

A. Wayne Smith Appointed Member

Sandie Smith Appointed Member

Margaret Trujillo Appointed Member

Mike Whalen Appointed Member

December 10, 2001 2
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The Applicant was represented by Lawrence V. Robertson, Junior. The Arizona

Corporation Commission ("Commission") staff was represented by Jason D. Gellman. Wayne

Bryant appeared on his own behalf as an individual intervenor.

At the conclusion of the public hearings, after consideration of (i) the Application and the

evidence presented during the public hearings, (ii) the closing arguments of the parties, and (iii)

the legal requirements of Arizona Revised Statutes §40-360 through §40-360.13 and A.A.C.

R14-3-213, upon motion duly made and seconded, by a vote the Committee voted to grant

the Applicant the following Certificate.

Applicant is hereby granted a Certificate to site and construct the following facilities

("Project"):

W

A natural gas fired, combined cycle electric generating plant with
an operating capability not to exceed a nominal site rating of 1000
megawatts (MW). The facilities shall consist of up to two (2)
power blocks, each rated up to 500 MW nominal. Each power
block shall consist of (i) two combustion turbine generators (CTG),
(ii) two heat recovery steam generators (HRSG) and (iii) one steam
turbine electric generator. The plant design may also incorporate
supplementary or duct-firing of the HRSG for a given power
block. The duct-firing design would be incorporated in the
HRSG's. The power plant and supporting infrastructure shall be
located in Section 28 and a portion of Section 29, Township 12
South, Range 28 East, G&SRB&M.

The supporting power plant infrastructure shall include (i) an air pollution control system,

(ii) water handling and treatment facilities, (iii) fuel system, (iv) instrumentation and control

system, (v) switchyard and electrical interconnection(s), (vi) chemical and petroleum product

storage facilities, (vii) vehicular access facilities, (viii) evaporation ponds, and (ix) other site

improvements. Each of these infrastructure components is described in some detail in the

Application.

In connection with the design and construction of Project facilities, Applicant shall use

low profile structures, moderate stacks, neutral colors, compatible landscaping and low intensity

directed lighting for the power plant. The transmission facilities shall include the use of non-

reflective conductors and towers. In addition, Applicant shall use a zero discharge system for

cooling water, subject to existing regulatory requirements. Further, Applicant shall operate the

evaporation ponds so that any salt residue(s) contained therein shall not cause damage to crops

December 10, 2001 3



grown on fields adjacent to the Project site.

This Certificate is further granted upon the following conditions.

1. Applicant shall comply with all existing applicable air and water pollution control

standards and regulations, and with all existing applicable ordinances, master plans and

regulations of the State of Arizona, Cochise County and Graham County, the United States of

America, and any other governmental entities having jurisdiction, including but not limited to the

following:

all applicable zoning stipulations and conditions, including but not limited

to landscaping and dust control requirements and/or approvals,

all applicable air quality control standards, approvals, permit conditions

and requirements of the Arizona Department of Environmental Quality

("ADEQ") and/or other State of Arizona or Federal agencies having

jurisdiction, and Applicant shall install and operate selective catalytic

reduction at the level determined by ADEQ.

all applicable water use and conservation requirements of the Arizona

Department of Water Resources ("ADWR").

all applicable water use and discharge requirements of ADEQ.

all applicable noise control standards, and during nominal operations the

project shall not exceed applicable (i) HUD or EPA residential noise

guidelines or (ii) OSHA worker safety noise standards; and

all applicable regulations and permits governing storage and handling of

chemical and petroleum products,

In connection with approvals of or permits for Project facilities to be issued by Cochise County

or Graham County, Applicant shall attach a copy of this Decision and Certificate to any

applications or requests it submits to such counties. A courtesy copy will also be provided to the

community of Bowie and the City of Wilcox.

2. In anticipation of the impact of the Project upon the demand for local services,

and prior to the commencement of construction, Applicant shall do the following:

A. Donate to the Bowie Fire District ("Fire District") as a capital outlay to

enable it to acquire, through purchase or lease, an additional emergency

services vehicle, with the manner of acquisition to be determined by the

D.

E.

December 10, 2001
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Fire District to train its personnel and/or volunteers in emergency response

and the handling of hazardous materials.

Donate to the Bowie School District ("School District") such additional

classrooms and portable classrooms, together with related utility hook-ups,

in the event the Superintendent of the School District concludes that

formally adopted student-teacher ratios will be exceeded by reason of the

construction of Project facilities.

Make arrangements with high schools in the Bowie and Willcox area to

support science and vocational academic and training programs.

Make arrangements that state and local employment agencies be consulted

in connection with the hiring of ernplovees for the construction and

operation of Project facilities.

Make arrangements with Cochise County to address and resolve traffic

control problems and concerns, including consideration of paving roads,

adding traffic lights and/or staggering Project construction work shift

changes.

In connection with the engineering, design, construction, operation and

maintenance of the Project facilities, Applicant and its consultants and contractors shall apply

recognized and accepted Geotechnical engineering and civil engineering standards and practices.

In addition, Applicant shall implement the Ground Subsidence and Earth Fissure Monitoring

Program agreed to between Applicant and the Arizona Department of Water Resources, which

was received into evidence as Exhibit No. A-11.

A. In the event of the occurrence of an "alert condition," as defined in the

Monitoring Program, Applicant, ADWR, Cochise County and the United

States Geological Survey ("USGS") shall confer as to the investigative

and/or mitigation program(s), if any, to be undertaken in response to such

"alert condition." In the event Applicant, ADWR, Cochise County and

USGS are unable to agree as to the program(s) or course(s) of action to be

undertaken, Applicant shall refer the matter to the Commission for a

hearing and decision to determine the investigative and/or mitigation

programs, if any, to be undertaken in response to such "alert condition."

December 10, 2001
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H

Commencing with the fifth year of commercial operation of the initial

power block of the Project, Applicant shall annually contribute One

Hundred Thousand Dollars ($l00,000) to a Subsidence Mitigation Fund

("Fund") to be established and maintained by Applicant at a national or

state-chartered bank. Such contribution obligation shall be suspended

whenever the balance in the Fund reaches the principal amount of Five

Hundred Thousand Dollars ($500,000). Interest earned on the Fund shall

belong to Applicant.

Persons claiming property damage as a result of ground subsidence

allegedly directly attributable to Project operation may submit a claim for

mitigation payment to Applicant. Applicant shall investigate the

circumstances surrounding the claim and make a determination, if

possible, as to the cause of the claimant's alleged property damage. If it is

determined that the damage in question has been caused by Project

operations, funds shall be disbursed from the Fund to compensate claimant

for the amount of damage determined to be directly attributable to the

Project. If the cause or amount of the alleged damage is in dispute,

Applicant agrees to submit the matter to binding arbitration with the

American Arbitration Association, if the person claiming damage agrees

The Subsidence Mitigation Fund account shall be maintained for three (3)

years after the end of the Project's economic life, as determined by

Applicant. Once the three (3) year period has passed, the account shall be

closed, and any remaining funds shall be disbursed back to Applicant.

4. Applicant shall prepare a plan for shutdown, decommissioning and cleanup of the

plant site that shall be filed with the Commission's Docket Control section within one year of

beginning construction. Such plan shall provide for a return of the power plant site to original

pre-construction grade elevation. In that regard, the Committee recommends that Applicant

work with Cochise County ardor any other local governing body with jurisdiction over the plant

site to ensure that such plan is reasonable, and is followed or amended as needed.

5. Applicant, its affiliates, successors and assignees may withdraw groundwater for

electrical generation and related uses, to include but not limited to landscape maintenance, in an

D.

December 10, 2001
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amount not to exceed 55,000 acre-feet per ten-year period as determined by using a ten-vear

rolling average commencing on the date the Bowie Power Station first begins withdrawing

groundwater in connection with the Project.

6. Applicant's plant interconnection must satisfy the Western Systems Coordinating

Council's ("WSCC") single contingency outage criteria (N-1) and all applicable local utility

planning criteria without reliance on remedial action such as reducing generator output,

generator unit tripping or load shedding.

7. Prior to construction of any facilities, Applicant must provide the Commission

with technical study evidence that sufficient transmission capacity exists to accommodate the full

output of the plant and that the full output of the plant shall not compromise the reliable

operation of the interconnected transmission system. The technical studies shall include a power

flow and stability analysis report showing the effect of the plant on the existing Arizona electric

transmission system. The technical study report(s) shall document both physical flow capability

as well as contractual schedule capability to deliver full plant output to its intended market. In

addition, Applicant must provide the Commission with updates to the information required in

this condition not more than one year and not less than three months prior to commercial

operation of the plant. Prior to commencing operation of a given power block, transmission

facilities improvements necessary to deliver the output of that power block to intended markets,

as identified in the aforesaid technical studies, shall have been completed.

8. Applicant shall become and remain a member of the WSCC, or its successor, and

file an executed copy of its WSCC Reliability Management System ("RMS") Generator

Agreement with the Commission. Membership by an affiliate of Applicant satisfies this

condition only if Applicant is bound by the affiliate's WSCC membership.

9. Applicant shall apply to become, and if accepted, thereafter remain a member of

the Southwest Reserve Sharing Group or its successor, thereby malting its units available for

reserve sharing purposes, subject to competitive pricing.

10. Applicant shall continue to participate in good faith in state and regional

transmission study forums to identify and encourage expedient implementation of transmission

enhancements, including transmission cost participation as appropriate, to reliably deliver power

from the Project throughout the WSCC grid in a reliable manner.

l l . Applicant shall first offer wholesale power purchase opportunities to credit-

December 10, 2001 7



worthy Arizona load-serving entities and to credit-worthy marketers providing service to those

Arizona load-serving entities.

12. Applicant shall offer for Ancillary Services, in order to comply with WSCC RMS

requirements, a total of up to 10% of its total plant capacity to (A) the local Control Area with

which it is interconnected and (B) Arizona's regional ancillary service market, (i) once a

Regional Transmission Organization (RTO) is declared operational by FERC order, and (ii) until

such time that an RTO is so declared, to a regional reserve sharing pool.

13. Pursuant to applicable Federal Energy Regulatory Commission ("FERC"),

regulations, Applicant shall not knowingly withhold its capacity from the market for reasons

other than a forced outage or pre-announced planned outage.

14. Within 30 days of the Commission decision authorizing construction of the

Project, Applicant shall erect and maintain at the site a sign of not less than 4 feet by 8 feet

dimensions, advising:

A. that the site has been approved for the construction of a 1000 megawatt

(nominal) generating facility,

B. the expected date of completion of the Project, and

C. phone number for public information regarding the Project.

In the event that Applicant requests an extension of the term of the Certificate prior to

completion of the construction, Applicant shall use reasonable means to directly notify all

landowners and residents within one-mile radius of the Project of the time and place of the

proceeding in which the Commission shall consider such request for extension. Applicant shall

also provide notice of such extension to Cochise County, Graham County, the community of

Bowie and the City of Wilcox.

15. Applicant shall pursue all necessary steps to ensure a reliable supply and delivery

of natural gas for the generating facility.

16. In connection with the construction of the Project, Applicant shall use

commercially reasonable efforts, where feasible, to give due consideration to use of qualified

Arizona contractors. In addition, Applicant shall encourage the hiring of qualified local

employees in connection with construction and operation of the Project facilities.

17. Applicant shall participate in workshops to commence during the year 2002

which shall address both long term and short-term gas transportation reliability and capacity

December 10, 2001 8



issues within the State of Arizona. Applicant shall work with other participants on an ongoing

basis to develop alternative solutions to these gas pipeline issues.

18. Within five days of Commission approval of this CEC, Applicant shall request in

writing that El Paso Natural Gas Company ("EI Paso") provide Applicant with a written report

describing the operational integrity of El Paso's Southern System facilities through the Bowie

and San Simon areas. Such request shall include:

A. a request for information regarding inspection, replacement and/or repairs

performed on this segment of El Paso's pipeline facilities since 1996 and

those planned through 2006, and

an assessment of subsidence impacts on the integrity of this segment of

pipeline over its full cycle, together with any mitigation steps taken to date

or planned in the future.

Applicant shall file El Paso's response under this docket with the Commission's Docket

Control. Should El Paso not respond within thirty (30) days, Applicant shall docket a copy of

Applicant's request with an advisory of El Paso's failure to respond. In either event, Applicant's

responsibility hereunder shall terminate once it has filed El Paso's response or Applicant's

advisory of El Paso's failure to respond.

19. In conjunction with its construction of the Project facilities, Applicant shall

implement the Landscape Plan set forth at Exhibit B-2 to the Application [Ex. #A-l].

20. Applicant shall work with the United States Fish and Wildlife Service and the

Arizona Game and Fish Department to develop screening or other methods to protect wildlife

from harm at the Project's evaporation ponds.

21. This authorization to site and construct the Project facilities shall expire five (5)

years from the date the Certificate is approved by the Commission unless construction is

completed and the plant is in operation. If construction on a power block has not begun before

expiration of the five-year limit, Applicant shall no longer be authorized to begin construction on

such power block. However, before such expiration Applicant may request that the Commission

extend this time limitation.

5

GRANTED this day of g 2001.

December 10, 2001
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Arizona Power Plant and Transmission Line
Siting Committee

By:
Laurie A. Wooda11,~Chair

\

Copy of the foregoing e-mailed
this day of December, 2001, to:

Laurie Woodall, Chair
Arizona Power Plant and
Transmission Line Siting Committee
1275 W. Washington
Phoenix, Arizona 85007

Jason D. Gellman, Attorney
Arizona Corporation Commission
1200 W. Washington Street
Phoenix, AZ 85007

Wayne Bryant
2475 East Water Street
Tucson AZ 85719-3455

December 10, 2001 10



Lawrence V. Robertson, Jr. (001709)
MUNGER CHADWICK, P.L.C.
National Bank Plaza
333 n. Wilmot, Suite 300
Tucson, Arizona 8571 l
(520) 721-1900; Facsimile (520) 747-1550
E-Mail: lvrobeitson@mungei'chadwick.corn
Attorneys for: Bowie Power Station, L.L.C.

BEFORE THE ARIZONA PGWER PLANT AND

TRANSMISSIGN LINE SITING COMMITTEE

CASE NO. L00000BB-01-0118

(Case No. 118)

IN THE MATTER OF THE APPLICATION OF )
BOWIE POWER STATION, LLC, IN )
CONFORMANCE WITH THE REQUIREMENTS )
OF ARIZONA REVISED STATUTES 40-360.03 )
AND 40-360.06, FOR TWO CERTIFICATES OF )
ENVIRONMENTAL COMPATIBILITY )
AUTHORIZING CONSTRUCTION OF A )
NOMINAL 1,000 MEGAWATT NATURAL )
GAS-FIRED, COMBINED-CYCLE POWER )
PLANT, 345KV and 345KV/230KV )
SWITCHYARDS, 345KV DOUBLE-CIRCUIT )
TRANSMISSION LINE AND 230KV )
INTERCONNECTION AND RELATED )
FACILITIES IN COCHISE AND GRAHAM )
counT1;Es, ARIZONA. THE PROPOSED )
POWER STATION SITE IS LOCATED IN )
SECTIONS 28 AND 29, TOWNSHIP 12 SOUTH, )
RANGE 28 EAST, AND THE PROPOSED )
TRANSMISSION LINE ROUTE IS LOCATED )
IN TOWNSHIP 12 SOUTH, RANGE 28 EAST, )
TOWNSHIP 11 SOUTH, RANGE 28 EAST, )
TOWNSHIP 11 SOUTH, RANGE 27 EAST, )
AND TOWNSHIP 11 SOUTH, RANGE 26 EAST, )
GILA AND SALT RIVER BASE AND MQERIDIAN. )
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DECISION OF THE ARIZONA POWER PLANT AND TRANSMISSION LINE SITING
COMMITTEE AND CERTIFICATE OF ENVIRONMENTAL COMPATIBILITY

Pursuant to notice given, as provided by law, the Arizona Power Plant and Transmission

Line Siting Committee ("Committee") held public heatings at the Best Western Plaza, 1100

West Rex Allen Drive, Willcox, Arizona on October 11-12,2001, and at the Embassy Suites,

1515 North 44th Street, Phoenix, Arizona on December 10-11, 2001, in conformance with the

requirements of Arizona Revised Statutes §40-360 et. seq., for the purpose of receiving evidence

and deliberating upon the Application of Bowie Power Station, L.L.C. and its assigns

("Applicant") for a Certificate of Environmental Compatibility ("Ce11i ficate") in the above-

captioned case.

The following members and designees of members of the Committee were present for all

or portions of the evidentiary presentation during the aforesaid heatings and deliberations and

vote on the Application:

Laurie A. Woodall Chair, and Designee for Arizona
Attorney General

Ray Williamson Designee for Chainman of
Arizona Corporation Commission

Mark McWhirter Designee for Director of Energy Office of
Arizona Department of Commerce

Patrick Schaffer Designee for Director of Arizona
Department of Water Resources

Richard Tobin Designee for Director of Arizona
Department of Environmental Quality

Jeff McGuire
Mike Palmer
A. Wayne Smith
Sandie Smith
Margaret Trujillo
Mike Whalen

Appointed Member
Appointed Member
Appointed Member
Appointed Member
AppointedMember
Appointed Member
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The Applicant was represented by Lawrence V. Robertson, Jr. The Arizona Corporation

Commission ("Commission") staff was represented by Jason B. Gellman. Wayne Bryant

appeared on his own behalf as an individual intervenor.

At the conclusion of the public hearings, after consideration of (i) the Application and the
4

evidence presented during the public heatings, (ii) the closing arguments of the parties, and (iii)

the legal requirements of Arizona Revised Statutes §40-360 through §40-360.13 and A.A.C.

R14-3-213, upon motion duly made and seconded, by a vote the Committee voted to grant

the Applicant the following Certificate.

Applicant is hereby granted a Certificate to site and construct the following facilities, as

requested in the Application: (i) a double-circuit 345 kV transmission line, which shall

interconnect Applicant's Bowie Power Station facilities with the Western Systems Coordinating

Council ("WSCC") transmission grid at Tucson Electric Power Company's ("TEP") 345 kV

Greentree-Vail transmission line and Arizona Electric Power Company's ("AEPCO") 230 kV

Red Tail-Dos Condados Transmission Line, and (ii) the new Willow 345/230 kV switchyard

[Sec.14, TI IS, R26E, G&SRB&M], through which the aforesaid interconnections will be

accomplished. As testified to by the Applicant during the public hearings, electric power and

energy produced at the Bowie Power Station are intended primarily to serve Southeastern

Arizona markets.

The double-circuit 345 kV transmission line hereby authorized shall originate at

Applicant's Bowie Power Station and follow the route proposed by Applicant in its Application

for a distance of approximately 14.3 miles to the point of interconnection with the proposed

Willow switchyard. In that regard, Applicant is further authorized to use a 2500' wide condor

within which it will ultimately acquire up to a 250' wide right-of-way for purposes of siting and
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construction of the line. Exhibit "A" to this Decision and Certificate sets forth a generalized

narrative legal description of the routing hereby approved for the double-circuit 345 kV

transmission line. Exhibit "B", as attached hereto, consists of a map depicting the

aforementioned 345 kV transmission line condor.
'e

The authorized double- circuit 345 kV transmission line shall be designed and

constructed on single-pole or monopole structures. The monopole stutctures shall consist of

dulled galvanized steel. The conductors shall be non-specular. The spans between the

transmission structures shall vary in distance from 800' to 1100' depending upon conductor size,

terrain and environmental midgadon conditions at a given location.

The details of the aforementioned interconnections shall be the subject of contractual

arrangements to be entered into between the Applicant and TOP, and the Applicant and AEPCO,

respectively.

This Certificate is further granted upon the following conditions.

Applicant shall comply with all existing applicable air and water pollution control

standards and regulations, and with all existing applicable ordinances, master plans and

regulations of the State of Arizona, Cochise County and Graham County, the United

States of America, and any other governmental entities having jurisdiction.

A) Applicant shall make every reasonable effort to identify and correct, on a

case-specific basis, all complaints of interference with radio or television

signals from operation of the lines and related facilities. In addition to any

transmission repairs, and depending upon the circumstances, the relevant

corrective actions may include, adjusting or modifying receivers, adj Listing

or repairing, replacing or adding antennas, antenna signal amplifiers,

December 10, 2001

2.

1.

4



1

filters, lead~in cables, or other colTective actions.

B) Applicant shall maintain written records for a period of 5 years of all

complaints of radio or television interference attributable to operation of

the lines, together with the colTective action taken in response to each

complaint. All complaints shall be recorded to include notations on the

con'ective action taken. Complaints not leading to a specific action or for

which there was no resolution should be noted and explained. The record

shall be signed by the Project owner and also the complainant, if possible,

to indicate concurrence with the corrective action or agreement with the

justification for a lack of action.

C) Applicant shall advise interested persons how they may express concerns

or submit complaints to Applicant or the Commission when they believe

the transmission line and related facilities herein authorized are creating

noise in excess of applicable HUD standards or causing interference with

communications signals in excess of applicable FCC standards. Such

complaints as may be filed with the Commission shall be processed

pursuant to those provisions of A.A.C. RI4~2-212 (A) and (C) applicable

to service disputes.

Within 45 days of securing complete easements or rights-of-way, for the entire

alignment of the transmission lines hereby authorized, Applicant shall erect and thereafter

maintain signs providing public notice that such easements and rights-of-way are the site

of future transmission lines. Such signs shall be (i) no smaller than a standard highway

information sign, and (ii) prominently placed at reasonable locations in close proximity to

December 10, 2001
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the proposed centerline of the transmission alignments which are accessible to the public.

Further, such signs shall advise:

A) that the site has been approved for the construction of Project facilities,

including a 345 kV transmission line, as applicable to the individual site;

B) the expected date of completion of the Project facilities, and

C) a phone number for public information regarding the Project.

In the event that the Project requires an extension of the term of this Certificate prior to

completion of construction, Applicant shall use reasonable means to directly notify all

landowners and residents within a one mile radius of the Project facilities of the time and

place of the proceeding in which the Commission shall consider such request for

extension.

A) Applicant shall continue to consult with the Arizona State Historic

Preservation Office ("SHPO") and the Arizona State Land Department

concerning the identification and treatment of those cultural resources, if

any, situated within the area of potential effect from the transmission

lines. Applicant shall comply with existing state laws concerning the

treatment of cultural resources on private and state land, including A.R.S.

41-841 to 41-846, A.R.S. 41-861 to 41-864, and A.R.S. 41-865.

B) In addition, Applicant's construction contract(s) for the transmission lines

shall include a provision that (i) Applicant shall cooperate with SHPO to

develop and implement a mitigation plan, and (ii) an archaeologist

permitted by the Arizona State Museum shall conduct on-site monitoring

during construction. Further, to the extent applicable, Applicant shall
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adhere to and implement the mitigation measures suggested in SHPO's

August 14, 2001, letter to the Chairman of the Siting Committee, which

was received into evidence as Exhibit No. C-3.

C) After construction, Applicant shall allow Arizona Site Stewards, a
»

volunteer-staffed SI-IPO program, to periodically inspect any

archaeological or cultural resource sites then existing within transmission

condors controlled by Applicant for vandalism or damage.

A) In connection with the final design, routing and construction of the

transmission lines, Applicant shall, wherever feasible utilize the following

general criteria: use existing or overland access; minimize vegetation

clearing and ground disturbance, revegetate or restore areas of

construction disturbance, use dulled, monopole transmission structures,

and, if necessary, complete Native Plant Inventory and develop plant

salvage program prior to construction.

B) In addition, before construction of the transmission facilities may

commence, Applicant shall file a construction mitigation and restoration

plan with the Commission's Docket Control section. The goals of the plan

shall be to avoid environmental impacts where practicable, and where

impacts are unavoidable, to minimize such impacts and focus on-site

preparation to facilitate the natural process of revegetation. Other key

elements of the plan shall include the following:

(1) emphasize final site preparation to encourage natural revegetation ,

(2) avoid (Le. preserve), where practicable, mature native trees,
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(3) stipulating maximum construction coITido1. width, preserve topsoil

and plant materials from the right-of-way before grading, and

respread over the right-of-way after construction is complete,

(4) imprint the restored right-of-way, and provide indentations to catch

seed and water,

(5) implement best management practices to protect the soil,

(6) apply restoration methods that have been shown to work in the

desert environment,

(7) prevent the spread of noxious weeds or other undesirable species,

and

(8) implement measures to discourage unauthorized off-highway

vehicle use of right-of-way.

Within one year of completion of the Project, Applicant shall rehabilitate

to its original state any area disturbed by construction of the Project,

except for any road that may be necessary to access the transmission lines

for maintenance and repair.

(C) The edge of each transmission line structure shall be offset at least l00'

from the edge of any natural gas pipe1ine(s) rights-of-way, if any, which

the transmission line(s) may parallel.

Applicant shall be responsible for arranging that all field personnel involved in

the Project receive training as to proper ingress, egress and on-site working protocol for

environmentally sensitive areas and activities. Contractors employing such field personnel shall

maintain records documenting that the personnel have received such training.
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Prior to construction of any Project transmission facilities, Applicant shall provide

the Commission with copies of any Agreement(s) it enters into with the entity or entities it

selects to own and operate the 345 kV transmission facilities. Such Agreement(s) shall be filed

with the Commission within 30 days of execution of such Agreement(s).
E

Prior to construction of any Project transmission facilities, Applicant shall provide

the Commission with copies of the transmission interconnection agreement(s) it ultimately enters

into with any transmission provider(s) with whom it is interconnecting within 30 days of

execution of such agreement(s).

Applicant shall continue to participate in good faith in State and regional

transmission study forums, including the Central Arizona Transmission Study, to identify and

encourage expedient implementation of transmission enhancements to reliably deliver power

from the Project through the WSCC transmission grid.

10. This authorization to construct the aforementioned facilities shall expire five (5)

years from the date this Certificate is approved by the Commission, unless construction is

completed to the point that the 345 kV transmission line is capable of operating by that time,

provided, however, that prior to such expiration Applicant may request that the Commission

extend this time limitation, and, provided further that, in any event, Applicant shall complete

construction of the aforementioned facilities prior to the date the Bowie Power Station is ready

for operation .

GRANTED this day of 9 2001.

Arizona Power Plant and Transmission Line
Siting Committee

December 10, 2001
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By:
Laurie A. Woodhull, Chair

Decision No.

'n

Copy of the foregoing sent via
electronic mail this day of
December, 2001, to:

Laurie Woodall, Chair
Arizona Power Plant and
Transmission Line Siting Committee
1275 W. Washington
Phoenix, Arizona 85007

Jason D. Gellman, Attorney
Arizona Corporation Commission
1200 W. Washington Street
Phoenix, AZ 85007

Wayne Bryant
2475 East Water Street
Tucson AZ 85719-3455
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Bowie Power Station Ground Subsidence & Earth Fissure Monitoring Program

O

o

O

o

A groundwater level contour map and groundwater level hydrographs will

be constructed detailing the groundwater level information obtained from the

nine representative groundwater monitoring wells.

Descriptions of ground subsidence trends, ground subsidence measurements,

subsidence rate calculations, and subsidence contour maps.

Earth fissure monitoring observation field reports, and photographs and maps

as appropriate.

A summary of the observations made, analysis and interpretation of the data

gathered, and conclusions and recommendations pertaining to the subsequent

monitoring period and, if necessary, action items to assess anomalous or

unforeseen conditions.

Reports will be distributed to the following organizations:

O

O

0

O

o

Cochise County Planning and Zoning Department

Arizona Department of Water Resources

Arizona Geological Survey

Arizona Corporation Commission

U.S. Geological Survey, Water Resources Branch (Tucson)

A summary of the ground subsidence monitoring report will be published and provided to

the general public through the Bore Power Station internet web site.

2.5 Alert Conditions and Contingencies

Any anomalous conditions will be reported along with an assessment of the anomalous condition

relative to the safe operation of the plant, and recommendations to fully evaluate the conditions

identified. Proposed alert levels for ground subsidence and earth fissures will include:

O Ground subsidence rates that substantially exceed (i) the predicted average rate, of

0.072 feet per year at ground subsidence benchmarks' BOWIE] and BOWIE2 at the

Bowie Power Station, or (ii) the predicted average rate of 0.072 feet per year plus 10

percent or more, at one or more of the off-site benchmarks listed in Tables 2 and 3.

15
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Bowie Power Station Ground Subsidence & Earth Fissure Monitoring Program

O Field evidence of renewed activity along an existing earth fissure within a 5-mile

radius of the plant site or evidence of new earth fissure activity.

The existence of an "alert condition" may be declared by Bowie Power Station, ADWR, Cochise

County and/or USGS, based upon reported data prepared and provided pursuant to Section 2.4

above.
|

Action items in response to an identified anomalous condition will include the following:

O

O

O

O

Develop an investigative program to evaluate the condition.

Notify appropriate jurisdictions regarding the anomalous condition and proposed

program to investigate die condition.

Initiate the investigative program

Based on the results of the investigation, prepare appropriate work plans and

alternatives to mitigate the anomalous condition, which may include but not be

limited to an increase in monitoring frequency and submittal of interim summary

reports to ADWR, an evaluation and possible modification of well field operations,

special inspections of sensitive power plant components, and design engineering

evaluations.

If it is determined that an "alert condition" is caused (or probably caused) by the operation of Bowie

Power Station, the following are examples of mitigation measures that might be considered to

address the situation:

O

O

O

O

O

Acquire or import water from other sources within the basin to mitigate groundwater

drawdown in the project area.

Acquisition of additional properties surrounding the Bowie property to reduce

groundwater drawdown in the project area.

Modify the operation of the power station well field.

Modify the operation of the plant to reduce groundwater consumption.

Other mitigation measures that may be identified.

The mitigation 1neasure(s) selected will depend on the specific circumstances surrounding the

observed "alert condition."
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Applicant shall utilize in the design, construction and operation of the second 500 MW

power block, solar technology for inlet cooling of both combustion turbines. Applicant

shall select such technology based on, but not limited ro, Applicant's evaluation of initial

installed cost, operating cost, and proven performance of the technology itself. Applicant

shall be released from any responsibility to revegetate land associated with installation

and operation of the solar application contemplated by this condition.
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Title 9, Ch. 22 ,vArizona Administrative Code '

Arizona Health Care Cost Containment System (AHCCCS) - Administration
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3. 3.

a. Approval or extension of eligibility,

,bro Disll:o 'near :e of eligibility if the county eligibility
"'T8&""@a wE verification that the applicant:

x. Is an inmate in a public institution or in a public
mental hospital,

i i . Does not reside in Arizona,
i i i . Is eligible for Title XlX coverage in another

state or territory, or
iv. Is deceased, and
Discontinuance of eligibility if the head-of`-house-
hold or an adult household member submits a writ-
ten request for discontinuance.

The county eligibility staff shall communicate a discon-
tinuance of eligibility for any other reasons on the l 6rh
day following the date of determination.
The county eligibility staff shall communicate demo-
graphic changes that do not affect eligibility on the day
that the county eligibility stall' verifies the change.

Historical Note
New Section adopted by final nilemaking at 5 A.A.R.

294, effective January 8, 1999 (Supp. 99-l).

R9-22-1619. Rights Following Receipt of a Notice of Denial or
Discontinuance of Coverage
A member or head-of-household may take the following actions in
response to an adverse action by the county eligibility staff:

l . Apply again for eligibility under this Article;
2. Appeal the denial or discontinuance under R9~22-802; or
3. Stop a proposed discontinuance by providing proof of eli-

gibility to the county eligibility staff within 15 days alter
the date of the Notice of Action.

4.

b.

c.

Historical Note
New Section adopted by final Rulemaking at 5 A.A.R.

294, effective January 8, 1999 (Supp. 99-l).

R9-2z-i6z0. Retroactive Coverage for MIIMN, ELIC, and
SESP
The Administration or contractors shall be responsible for covered
emergency medical services as defined by R9-22-l02 which are
provided to a MI/MN, ELIC, or SESP eligible person during the 2
days before the date that a county eligibility staff determines a per-
son eligible and the county communicates the eligibility determina-
tion to the Administration as specif ied in R9-22-1618. The
Administration shall not be responsible for the costs of emergency
medical services that are deducted from the household's annual
income under R9-22-1626.

D.

The county eligibility staff shall let request documented
verification that is available Ar the time of the interview.
Documented verification is evidence in written form pro-
vided on an official document from an applicant qualified
to have lmowledge of the' information provided. Docu-
mented verification shall be secured from the applicant or
from a 3rd-party.
If documented information is not. immediately available
at the time of the interview, the county eligibility staff
shall accept collateral verification. Collateral verification
is information presented other than on an official docu-
ment arid obtained from a person who has knowledge of
the information. The applicant shall identify potential
sources of collateral verification for each item of infor-
mation.
If sources of collateral verification are not available, the
county eligibility staff shall request that the applicant
obtain documented information that is not immediately
available at the time of the interview.
If the county eligibility staff and the applicant exhaust all
potential sources of collateral and documented verifica-
tion and determine that documented and collateral verifi-
cation are not available, the county eligibility stat? shall
accept a written declaration as verification. The written
declaration shall be signed and dated by the head~of`-
household.
a. Verification is not available if:

i. A record does not exist for the information that
needs to be verified, or
A record exists but the person or entity able to
provide the information reiiises ro provide it to
both the county eligibility stay and the appli-
cant.

Verification that is available only upon payment of a
fee is not considered unavailable.

Reverification waiver. The county eligibility staf'i` shall not
reverify information for determinations or redeterminations of
eligibility if information that is not subject to change is con-
tained in case records and verified under this Anicie.
Resolution of inconsistencies required. The county eligibility
staff shall reconcile any inconsistencies between the verified
information and the case file before approving eligibility
unless the inconsistencies have no effect on the eligibility
determination.

Historical Note
New Section adopted by final Rulemaking as 5 A.A.R.

294, effective January 8, 1999 (Supp. 99-l).

R9-22-l62l. Reserved

Historical Note
New Section adopted by final Rulemaking ax 5 A.A.R.

294, effective January 8, 1999 (Supp. 99-I).

R9-22-1623. Residence Requirements for Ml/MN Eligibility
A. General Requirements. To be eligible for MI/MN coverage, an

applicant shall be a resident of Arizona. An MI/MN applicant
may establish Arizona residency on behalf of all members of
the household by:
l . Signing an affidavit attesting to:

a. Current residence in Arizona and intent to remain

2.

2. B.

R9-22-1622. Verification of Information for Ml/MN Eligibility
A. Verification. The applicant shall provide the county eligibility

staff with verification of all information necessary to complete
the determination of eligibility in the initial application pro-
cess or at the time of a redetermination or interim change.
1. The county eligibility staff shall not approve an appli-

cant's eligibility until all required verification is received.
The county eligibility staff shall oFfer to assist the appli-
cant in obtaining verification and shall provide assistance
if authorized by the applicant.

Procedure for obtaining verification. Except where otherwise
indicated in this Article, the county eligibility staff  shall
adhere to the following procedure for requesting and obtaining
verification:

B.

indefinitely, and
b. Abandonment of residency outside of Arizona, and
Meeting the Arizona residency requirements under
A.R.S. § 36-z903.01.

Residency of household groups. If the head-of-household
meets the requirements of subsection (A), the county eligibil-
ity staff will consider the residency requirements met for all
household members unless the county eligibility staff has evi-
dence chat:
l . A dependent child household member may not meet the

requirements of subsection (A). The head-of-household

wt
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PUBLIC HEALTH AND SAFETY

The director shall adopt e by the counties in de'1nin8i
is a resident of this state and fife count] and is -- . . `

__ prescribed 'm § 38-2903.03 or Tate assisted =.r:'.e."°'en¢:y care
Lmder§ 86-2905.05. The rules shall require that state residency is not wzabiisha unless the

1 and 2 of :his subsection are met or udess residency' is proved

I
.he completion
Jled. The audlcor

economic secuncy
be department of

agronomic security or

stare
lease a motor vehicle registered outside

public assistance outside this state. As used in this
include unemployment insurance benefits

§1aue46, chapter
federal ?old stamp

1. The applicant produces one of the following:

(a) A recent Arizona rent: or mortgage recap: or

(̀ o) A current Arizona motor vemcie

(c) A Current Arizona motor vetucae

(d) A document showing dirt the applicant is employed in this state

(e) A document showing that the applicant has z~ea'1steze~:i with a public or private
employment service 'm this state

(8 Evidence that the applicant has led the applicant's in a school in this state

) Evidence that the applicant is public assistance 'm this state
violence of registration to vote in this state

2. The applicant signs an affidavit actesdng that all of the following apply :a :he applicant

(a) The applicant does not own orlease a residence outside thisSta

(b) The applicant does

(c) The applicant is not rec
subdivision, "public assistance"

(cl) The applicant is actively seeking elnpioyment in this state if he
not employed '

An applicant who
may apply to have

be appointed

riders, nonprovidez-s

to be providers an
lm determined to be

A detzerrruna
credible evidence
of a determination of
eligibility for the system

t the requirements of paragrepn t
_ special eligibility owner

of supervisors The special eligibility officer
the applicant and relevant to aha question

ruination of oreccnderance of the
indefinitely 'm this stone `

annealed 'm the same manner as any

refed to the
decisions, complaint relomlzed so this state &om another stare or foreign

within six months before the date of application for the purpose
medical care pursuant
special eligibility appointed pursuant to

nicer shall require . . .
The special elisihility oncer shall- also

Eal and each member
request i'qr

»f all of the parties
If a. decision is not

'1 shaLl be considered
a Ne:-son may file for

ulditional proof or
y the applicant and may 'm,- - into any facts relevant to the question or

f a preponderant ` "'
evidence supports the applicant intent so remain indefinitely in this

mpporn of the system

A. determination of resident shall not be made'unless
sara. A denial Of the

determination of residency may' be annealed 'm the same. manner ea any other denial of
eligibility for the system

E. In accordance with constitutional standards and pursuant no subsection- D of this
section. the director of the devarunent of-economic security shall establish
residency standards
which are equivalent to those resident

F. The director may adopt rule to do the following:

estimated liability to- a orovide: or. a nonnrovider
has submitted a claim for services and 'eeioxe the claim is

that any advance payment conditioned on
with the provider or

related no eligibEi"" in the system
for the purposes of this article

I . "ale for the support or
I - Jnisiz-ation and opera

siration :Md operation
WAS pursuant to this

:Rem the provider or
udtimabely resolved
the a:<ecution prior to
the administration to retain a
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RESOLUTION no. 2000.73
1 f ; . I

LH.. Lb,

Nov 9 2001
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CAL #74
Q\

all;
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I

A RESOLUTION OF THE CITY COUNCIL OF THE CITY
OF TEMPE, ARIZONA, REQUIRING THE PROVISION
OF HEALTH INSURANCE BENEFITS FOR ALL PUBLIC
WORKS CONTRACTS THAT REQUIRE CITY COUNCIL
APPROVAL /

WHEREAS, the need for health insurance is essential to an individual's quality of life;
and

WHEREAS, countless Americans are without health insurance, and

WHEREAS, as a society we should ensure equal access to health care for all, and not
neglect those who may not have coverage due to economic circtunstances or due to employer
who may not provide coverage for their employees.

NOW, THEREFORE, BE IT RESOLVED BY THE CITY COUNCIL OF THE CITY
OF TEMPE, ARIZONA, AS FOLLOWS :

1. That all public works construction and consultant contracts that require City
Council approval will require that the consultant, general contractor, and all major
subcontractors, M determined at the Starr of each project, provide health insurance
to their employees and dependents of their employees as verified by affidavit.

2. Health insurance will be required for all employees, except for those employees
who work less than one hundred and twenty (120) days in any calendar year.

3. The health insurance requirements will apply to all applicable contracts that are
advertised for bid and entered into after January 1, 2001. Contracts that have
already been advertised for bid, have currently been entered into, or current
contracts that may have amendments or addendums oNer January 1, 2001 will not
be subject to this resolution.

4. The procedures for implementation of this Resolution
guidelines established by the Public Works Manager.

will be identified in

5. Staff is directed to provided a preliminary report to Council regarding the
implementation of this program within six months from the date of this
Resolution and a full report within one year.
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THE CITY COUNCIL OF THE CITY OF TEMPB,
,2000.
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A

Guidelines for Implementation of Resolution No. 2000.73

These Guidelines are provided for purposes of implementing Resolution No. 2000.73 which
requires dirt health insurance be provided by all consultants, general contractors and major
subcontractors, as determined at the start of each project, for employees and dependents of
employees. Questions regarding this procedure should be addressed to Howard Harris, Public
Works Manger for the City of Tempe, (480-350-8373).

1. A11 consultants and general contractors, who bid on projects or enter into public works
contracts in excess of $30,000 with the City of Tempe, aler January 1, 2001, are required
to sign an aff idavit in the form attached hereto. The general contractor shall be
responsible for ensuring that the subcontractors comply with the health insurance
requirements.

2. Health insurance is required for all employees, except for those employees who work less
than one hundred and twenty (120) days in any calendar year. A "work day" consists of
any time within a twenty-four hour period, regardless of number of hours, that the
individual is paid.

3. The level of health insurance provided shall be determined by each employer, but should
be no less than that provided by the Arizona Cost Containment Health System.

4. A11 complaints concerning violations of the health insurance requirements shall be filed,
in writing, with the Public Work's Department, within five (5) days from discovery of the
violation. An administrative heading will be held before the Public Work's Manager, and
a written decision of findings will be provided to the parties to the hearing within ten (10)
days thereafter. Appeal from the decision of the Public Work's Manager may be made
within ten (10) days of the date of the decision by filing a notice of appeal in writing with
the Public Work's Department. If an appeal is timely filed, an administrative hearing will
be held before an administrative hearing officer appointed by the City Manager. The
decision of the administrative hearing officer shall be final.

5. In the event of a finding of violation of the insurance provisions, the company in
violation of the provision shall be barred from bidding on, or entering into, any public
works contract with the City for a period of dirge (3) years.

A11 consultants and contractors subject to the health insurance requirements shall post, in
English and Spanish, notice of the health insurance requirements at the job site. Signs for
posting will be provided by the City.

Dated this day g'§De9ernber, 2000. #~/'fl
Rx

2
"Howard Harris, Public/Works Manager
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Tempe Councilman Dennis J. Cahill
Phone: 602-968-1959 FAX: 602-968-6564

1
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Ensure to Insure

We have all seen the headlines lately: Arizona 41st in the Country in Health
Coverage for Kids...200,000 Arizona Children Without Medical
Insurance...Unemployment in Arizona the Lowest in 25 years... How can we
explain this contradiction? How can we stand by and watch children suffer? How
can we stand by and watch tax payers suffer? The latter of the three headlines that
I mentioned is the key to solving the dilemma of the first two headlines.

- ~=~;.-»=--»~~»/

I have a way to cut down the number of uninsured children in Arizona. I call it
Ensure to Insure. with the reform of welfare, America is changing it's social
contract with her citizens. Likewise, many businesses are changing the social
contract that they have with their employees by eliminating or reducing insurance
coverage. The intent of welfare reform is to transition people from government
dependency to self-sufficiency through employment. But if the private sector does
not uphold its' end of the social contract by providing benefits for those entering the
job market, large segments of the population will not be protected from debilitating
circumstances that such insurance was designed to cover. The social and economic
costs of those suffering uninsured calamities will ultimately be paid by the taxpayer,
who will find themselves caring for those emllloVees businesses nO longer protect.
This will ultimately increase the costs Americans pay to uphold the general welfare.

For example, families without adequate medical insurance or daycare will find acute
illnesses becoming chronic, and uncared for children becoming problem adults.
Likewise, wage earners without adequate provisions for sick or emergency leave will
find themselves unable to hold on to jobs when emergencies arise and will
potentially become homeless. As government reforms welfare with the
expectations that those who can work should work, it must ensure that those who
do work receive adequate coverage from their employers. If not, the taxpayer will
find him or herself subsidizing a cost that should be carried by those who buy the
goods or services the employees produce. In other words, when possible, the true
cost of a good or service should be reflected in its price, and this price should
include the cost of providing adequate health care and other basic benefits.

Government can and should play an important role in ensuring that businesses
shoulder their responsibility and not opt out of the social contract. Here is where
gove.rnment can use the carrot and not the stick. Government can require that
those with whom government does business provide adequate benefits to
their employees.

The current system most governments employ for awarding contracts to businesses
is structured so that the incentive is for businesses not to provide benefits. Most
contracts are awarded to those willing to provide the required service or good at the
lowest cost. One of the easiest ways for a business to reduce costs is not to provide
benefits to employees and /or pay employees the lowest wages possible. This can
be accomplished by either minimizing compensation for full time employees or
hiring only part time employees.. A company that gives its employees adequate



Such a program has similarities to programs for the use of alternative fueled
vehicles and recycling. Both of these programs place the user in a leadership role
in promoting a societal good and improving the environment. It should also be
noted that both these programs cost more than the traditional methods of vehicle
fueling and waste removal, but only in the short term. In the long term they save
money. Governments now have programs that improve the physical environment.
I t is time to have programs that improve the human environment. It is the
responsibility of both the public and private sectors to join in a partnership to
uphold the social contract with the American people. Let us Ensure to Insure the
worker of Arizona who deserves a decent compensation for a decent day's work.
Let's end the era of taxpayers subsidizing companies that cut corners with
employees' benefits.

I propose that all social service providers, such as government, churches, and
others use my carrot approach to ensure that the taxpayers' burden will not grow
as a result of welfare reform. This program -- Ensure to Insure -- will create a
level playing field for all those who bid for contracts with these organizations. It
will ensure that employees who work for a company, that wins the contract, will not
be an added burden to the taxpayer.

benefits actually puts itself at a competitive disadvantage when it bids against
companies that cut costs by reducing employee benefits.
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ARIZONA DEPARTMENT OF WATER RESOURCES
HYDROLOGY DIVISION

MEMORANDUM

Power Plant and Transmission Line Siting Comntjlttee

THROUGH: Greg Wallace, Chief Hydrologist
Arizona Department of Water Resources

Pat Schaffer, Siting Committee Member

FROM : Dale Mason, Supervisor
Groundwater Modeling Section
Hydrology Division

DATE : October 10, 2001

RE: Hydrologic Review of Bowie Power Station Application for a Certificate of
Environmental Compatibility, A.C.C. Docket No. L-00000BBO 1 -0118

This review consists of two sections, the first is an analysis of recent water level and stumpage
records for the area around the proposed plant site. The second section is a review of the
applicant's hydrologic analysis of potential water level impacts near the plant site.

General Back,qrou11d

The proposed plant site is located in Sections 28 and 29 of Township 12 South, Range 28 East
located in the San Simon sub-basin of the Sanford groundwater basin. The plant will be a
combined-cycle base load plant with a proposed generating capacity of 1,000-megawatt. Water
use by the plant is estimated to average about 5,500 acre-feet per year. The only source of water
available for the plant is groundwater to be pumped from existing wells on the plant site. CAP
surface water or effluent is not available for plant cooling.

The proposed plant site is in an active agricultural area that has a long history of large-scale
agricultural activities. Some of the initiation wells have water level records dating back to the
early 1950's, and two wells located on or near the plant site are ADWR index wells. The U.S.
Geological Survey measured water levels in the San Simon sub-basin area to support
geohydrologic investigations that were undertaken by that agency prior to the creation of the
ADWR. The ADWR conducted water level sweeps of the San Simon sub-basin in 1987 and
1997 as part of an ongoing water level data collection program.
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Geohvdro1o,qv

The San Simon sub-basin is a north to northwest trending valley about 75 miles long and 6 to 25
miles wide (Barnes, 1991). Bowie and the proposed plant site are located near the northwestern
end of the sub-basin. There are three geologic units that make up the regional aquifer system in
the San Simon sub-basin. They are an upper unit, which consists of sand, silt, and gravel, a
middle confining unit consisting of silts and clays, and a lower unit under artesian pressure,
which is a series of interfingered sands, silts, and gravels.

Agricultural Development

Agricultural development in the San Simon sub-basin area began in 1910 with the discovery of
the lower artesian aquifer. The early deep wells completed in the lower aquifer flowed at the
surface and led to extensive agricultural development near the towns of Bowie, Ol g a , and San
Simon (Barnes, 1991). By the l940's there were about 140 artesian wells in use in the San
Simon sub-basin. However, loss of pressure due to overdrafting of the lower aquifer caused most
wells to be pumped to produce water. By 1991 there were only 10 flowing wells left, and these
were very deep wells, 1,500 feet deep or greater. Most imlgation wells in the Bowie area are
completed in the lower confined unit. Some shallow inflation and domestic wells are completed
in the upper aquifer. The wells for the proposed plant will withdraw water from the lower
confined aquifer unit.

Groundwater stumpage for agricultural development in the San Simon sub-basin began in the
early 1900's and by the mid-l940's there were over 140 initiation wells in operation. Irrigation
withdrawals were generally less than 10,000 acre-feet per year until the early l950's. Groruid-
water withdrawals peaked in the l970's, with stumpage estimated to have exceeded 100,000 acre-
feet per year through most of the l970's (see attached estimated stumpage graph). Groundwater
withdrawals have declined in the l980's and l990's to generally less than 50,000 acre-feet per
year, and by the late l990's had declined to less than 5,000 acre-feet (USGS, 2000). Since 1995
the U. S. Geological Survey has not reported estimated stumpage for the San Simon sub-basin of
the Sanford groundwater basin.

Water Levels

The results of the large-scale groundwater stumpage from the l950's to the l980's were water
level declines in the lower aquifer of as much as 300 feet in some areas of the San Simon sub-
basin. Hydrographs from wells with historic water level data in the vicinity of the proposed
Bowie plant show large water declines starting in the l950's (see attached well hydrographs). A
number of the wells near or on the Bowie plant site have recorded water level declines in excess
of 200 feet, with one well having a total recorded decline of 293 feet. During the peak stumpage
years of 1955 to 1980, annual water level declines in many of these wells ranged from 6 to 10
feet per year.

In the early-l980's as agricultural stumpage decreased, the water levels declines began to slow
and water levels began to stabilize in the Bowie area. Currently, water levels in the lower aquifer
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and water levels began to stabilize in the Bowie area. Currently, water levels in the lower aquifer
in the vicinity of Bowie are generally stable. However, from 1987 to the present, several wells
on the proposed plant site are showing long-term declines of between 0.5 foot to about 1.0 foot
per year. The most recently available water levels from the lower aquifer near the proposed plant
range from about 280 feet below land surface to about 400 feet below land surface.

Water Level Impact Analysis

The analytic method used to predict the water level impact of plant stumpage used reasonable
hydrologic parameters derived from aquifer tests conducted by the URS Corporation for the plant
proponent. The analytic model used a standard Theis solution to predict drawdowns of
approximately 50 feet over 30 years on or near the plant property. The model analysis indicates
that annual drawdown due to plant withdrawals may approach about 2 feet per year over the 30
years of the plant. The hydrologic parameters used in the analysis are conservative and the
resulting drawdowns represent a higher value than what may actually occur due to plant
withdrawals.

However, the Thees solution does not take into consideration the current regional water level
declines of about I feet per year that has been observed in the area, nor does it take into account
other future groundwater withdrawals in the area. Future groundwater use by agriculture may
not reach the significant levels of the past, but the cumulative impact of increased future
agricultural stumpage and stumpage for the proposed plant may increase water level declines in
Bowie area beyond those predicted by the analytic model.

Land Subsidence

Past agricultural stumpage has resulted in land subsidence and earth fissure formation in the San
Simon sub-basin. By 1980, 6 feet of land subsidence had been measured near Bowie and a little
over l foot near San Simon. According to the applicant's hydrologic report, historic subsidence
rates in the Bowie area were calculated to be about 0.2 feet per year during the period of greatest
groundwater stumpage. URS Corp. has requested historic water level data from the Department
for use in preparing a more detailed subsidence report. However, to date the Department has not
received this report.

Conclusions:

The impact on local water levels by Bowie power plant will be controlled by the amount of
groundwater pumped for cooling, and by groundwater use in the surrounding agricultural areas .
Using the best case scenario of continued low agricultural stumpage, there would be only a slight
increase in the current rate of water level decline in the Bowie area. Under this scenario the
currently observed water level declines will continue or increase slightly.

Under a worst case scenario of increased future groundwater use by agricultural, water level
declines can be expected to increase as the volume of agricultural stumpage increases. In fact, the
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applicant's hydrology report indicates that agricultural production on a number of acres near the
plant site is expected to resume in the near future.

Land subsidence in the Bowie area needs to be reported on more fully. The applicant's
hydrologic report has not yet been supplemented with the most current subsidence data. The
latest data available is from the 1980's. In the applicant's slide presentation, received by the
Department on October 3, 2001, predicted subsidence rates were referenced. The data supporting
these values needs to be reviewed by our staff and by the committee in order to properly evaluate
subsidence issues.

References :

Barnes, R.L., 1991. Maps Showing Groundwater Conditions in the Sam Simon sub-basin of the
Sanford Basin, Graham and Cochise Counties, Arizona Hildalgo County, New Mexico -
1987, Arizona Department of Water Resources, Hydrologic Maps Series Report No. 19.

United States Geologic Survey, Annual Water Year Data, Various Reports
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Cadastral Reg No. Well Depth Drawdown Calculations
770D-12-28 13BCD 55-625871 -67.4 Total Decline 1951-1980

-2.3 Annual Avg.

-63.9 Decline 1951-1975
-2.7 Annual Avg.

D-12-28 15BCB 1,00055-625831 -245.1 Total Decline 1954-1992
-6.5 Annual Avg.

-160.3 Decline 1954-1975
-7.6 Annual Avg. 1954-1975

-228.8 Decline 1954-1982
-8.2 Annual Avg. 1954-1982

83055-625832D-12-28 16ACB -111.1 Total Decline 1962-1997
-3.2 Annual Avg.

-47.9 Decline 1962-1974
-4.0 Annual Avg.

-100.1 Decline 1962-1987
-4.0 Annual Avg.

75055-625833D-12-28 16CCC -261.4 Total Decline 1953-1997
-5.9 Annual Avg.

-110.3 Decline 1953-1964
-10.0 Annual Avg.

-259.0 Decline 1953-1987
-7.6 Annual Avg.

56755-609816D-12-28 17DDD -180.5 Total Decline 1947-2000
-3.4 Annual Avg.

-126.1 Decline 1951-1965
-9.0 Annual Avg. 1951-1965

-215.6 Decline 1951-1975
-9.0 Annual Avg. 1951-1975

36.9 Decline 1975-2000
1.5 Annual Avg. 1975-2000

660D-12-28 22CDC -30.6 Total Decline 1951-1997
-2.4 Annual Avg.

-143.3 Decline 1951-1964
-11.0 Annual Avg.

Historic Drawdown Calculations
Bowie Power Plant Area



Cadastral Reg No. Well Depth Drawdown Calculations

D-12-28 25DCC 1 ,700 -147.7 Total Decline 1963-2001
-3.9 Annual Avg. 1963-1990

-102.0 Decline 1963-1975
-8.5 Annual Avg.

-60.7 Decline 1975-1990
-4.0 Annual Avg.

15.0 Decline 1990-2001
1.4 Annual Avg.

687D-12-28 26DCC -40.2 Total Decline 1953-1964
-3.7 Annual Avg.

500D-12-28 28CCC1 -273.0 Total Decline 1954-1987
-8.3 Annual Avg.

600D-12-28 32ACC 55-615877 -170.0 Total Decline 1963-1987
-7.1 Annual Avg.

600
D-12-28 32DAA
D-12-28 32DCC1 55-606341 -159.7 Total Decline 1963-1987

-6.7 Annual Avg.
55055-606333D-12-28 33ABC1 -277.8 Total Decline 1951-1989

-7.5 Annual Avg.

-135.7 Decline 1951-1964
-10.4 Annual Avg. 1951-1964

-240.4 Decline 1951 -1975
-10.0 Annual Avg. 1951 -1975

-37.4 Decline 1975-1989
-2.7 Annual Avg. 1975-1989

620D-12-28 35CDC2 -245.6 Total Decline 1951-1975
-10.2 Annual Avg. 1951-1975

-138.5 Decline 1951-1964
-10.7 Annual Avg.

4

Historic Drawdown Calculations
Bowie Power Plant Area
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October 10, 2001 EXHIBST

Ms. Laurie A. Woodhull, Chairman
Power Plant 8: Transmission Line Siting Committee
Office of the Attorney General
1275 West Washington
Phoenix, Arizona 85007

AcLm+l»e(

Re: Power Plant and Transmission Line Projects

Dear Ms. Woodallz

Thank you for tdcing the h`me to meetwith the Arizona Game and FishDepartment to discuss issues
associated with addressing impacts to wildlife resources during the review of proposed power plant
Md transmission line prob acts. The Department is very interested in participating in the review of
proposed projects and providing information regarding potential impacts to wildlife resources early
in the planning stages and consistent with the Cornrnittee's authority and the Department's mission.
As we discussed, the Department focuses on several wildlife resource issues when reviewing initial
power plant and transmission line project proposals. Addressing these issues early in the process
would help to ensure that potential impacts to wildlife resources be considered and addressed to the
greatest extent possible.

The Department understands that the Committee has responsibility in evaluating an application to
consider the impact of a proposed project on is and wildlife and its habitat, and in doing so, the
Committee must give special consideration to the protection of unique areas that have "biological
wealth" or are habitats for rare and endangered species. To assist the Committee in this
responsibility, the Department recommends that an applicant provide the following information as
part of the Department's review of the application for the committee: -1

To provide meaningiill comments early in the process, we need an accurate description of the
prob act area, including exact location, land use and ownership of the project area and adj agent
lands, overall condition of the prob act area (e.g., has the area been previously disturbed, is the
project area surrounded by development or undisturbed habitat), topography, including
drainages within or in proximity to the project Asa and depth to groundwater.

Presence ollThreatened and/or Endangered Species and Critical Habitat(s), and other special
status species, located within or in proximity to proposed project area The project proponent
should contact the U.S. Fish and Wildlife Service and AGPD early on in the planning process
to obtain special status species information pertinent to the project area.

Presence ofn'paria.n or other high-quality wildlife habitats (e.g., native vegetation, wetlands,
previously undisturbed habitats, bighorn sheep lambing habitat, etc.) that may be directly or

l

2.

3.

1.

AN EQUAL OPPORTUNITY REASONABLE ACCOMMOOATRONS AGENCY
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Laurie A. Woodhull, Chairman
October 10, 2001
Page 2.

indirectly impacted as a result of the project. This analysis should include consideration of
potential impacts to Waters of the U.S., as regulated by the U.S. Army Corps of Engineers
(Clean Water Act).

Whether groundwater pumping could adversely impact surface and sub-surface water Hows,
and high-value wildlife habitats that these flows may support within or in proximity to the
prob et area.

5. Presence of big game (e.g., deer, desert bighorn sheep) and small game (e.g., quail) within or
in proximity co the project area (i.e., general wildlife resources description).

6. Size and location of evaporation ponds (if applicable), as well as the anticipated quality of
the water in the ponds.

Type, location, and timing associated with construction of pip elites/power lines. Will power
lines include features to eliminate or minimize electrocution to raptors; will the location of
power lines permanently impact wildlife through actual habitat loss and &agnentation; and
will construction activities displace wildlife during critical months/seasons (nesting and
lambing/fawning periods).

I

Whether proposed project area maintain opportunities for wildlife-related recreation.

Whedmr the proposed project area is within an important wildlife movement condor.

We understand that much, if not all, ofdiis iriforrnation should be contained within the application,
as specified by A.A.C.R. 14-3-2.19. We understand we can review applications at the Corporation
Commission. We believe, however, that receipt of a copy of the application and conferences with
the applicant can expedite the process. The Department can provide more detailed comments
regarding potential impacts to wildlife resources, and potential alternatives and mitigation measures
to avoid or minimize these impacts, when actual proposals are developed. Pleasecoordinate with
John Kennedy, at (602) 789-3602. Thank you again for interest in wildlife related issues.

4 Sincerely,

]U..0,,.g-

Duane L. Shroud
Director

DLS mk

cc: I
,_&,

4.

7.

9.

8.

John Kennedy, Habitat Branch Cldei A.tizona Game and Fish Department
Jim Odenkirk, Assistant Attorney General

216929
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In reply, please refer co
sHp0-2001-1129 (7511) us'

no adverse effect
r
Q Q

8
! I

Jane Dee Hull

Governor
RE: Certificate of Environmental Compatibility: The Proposed Bowie Power Station and
Transmission Line, Graham and Cochise Counties, Arizona

State Parks
Board Members Dear Ms. Woodhull:

Chair
'alter D. Armer Jr.

Benson

Vice-Chair
Suzanne Pfister

Phoenix

Thank you for having the committee's applicant (i.e., Bowie Power Station LLC) initiate
consultation with this office regarding the above-mentioned state plan and associated
certificate of environmental compatibility, The proposed construction plan includes a
generation station, a transmission line, and a switchyard facility on private land and
portions of Arizona State Land Department land. Historian Bill Collins and I have
reviewed the documents submitted and offer the following comments pursuant to the State
Historic Preservation Act (i.e., A.R.S. § 41-861 to 41-864) and the committee's factors to
be considered (i.e., A.R.S. § 40-360.06.A.5).

eph H, Holm wood
Mesa

John U. Hays

Yarnell

According to the cultural resources survey report, a historic-period linear site (AZ
CC:l0:l09 ASM), a historic-period and currently in-use railroad track (Arizona Eastern
Railroad), and 12 isolated artifact and/or feature occurrences were identified within the
geographic area affected by the plan. The report was professionally prepared and well
written.:beth J. Stewart;

Tempe

'error Roudebueh
Stafford

The eligibility status of AZ CC: 10: 109 (ASM) and the railroad is unclear at this time. We
suggest treating them as if they were eligible for inclusion in the State Register of Historic
Places rather than conduct additional studies to positively determine their eligibility status.
We agree that the isolated artifact and/or feature occurrences are not eligible for inclusion
under any criterion.Michal{ E. Arable

State Land
Commissioner

Kenneth E. Travou8

executive Director

Both AZ CC: 10: 109 (ASM) and the railroad are situated within the proposed transmission
line corridor, and can be easily avoided by ground-disturbing activities. The transmission
lines will visually impact both properties, but this impact will likely be small. No
preservation treatment of the isolated artifact and/or feature occurrences is necessary.

f

- .be .*----./

Arizona State Parks
13OO W, Washington
Phoenix, AZ 85007

; : 6025424174
www,pr.5tate.az,us

Based on the above, this office conditionally concurs with a finding of no impacts (i.e., no
adverse effect) for this plan provided that ground-disturbing activities avoid AZ CC: 10: 109
(ASM) and the railroad and that the visual impacts to these properties be minimized to the
extent possible. Please also taken into account any comments from Arizona State Land
Department regarding historic properties,

800.285.3703
'ram (520) area code

General Fax:
602.542.4150

If a federal permit is required for any developments on the subject parcel (Ag, a Section
404 permit from the Amy Corps of Engineers, or a National Pollutant Discharge
Elimination System [NPDES] permit from the U.S. Environmental Protection Agency), the
project proponents should be aware that the undertaking will need to be reviewed by theDirector'5 Office Fax:

6025424188



Letter to Siting Committee, 9/14/01, Page 'Z
Certificate of Environmental Compatibility: The Proposed Bowie Power Station and Transmission Line,
Graham and Cochise Counties, Arizona

appropriate federal agency and this office pursuant to Section 106 of the National Historic
Preservation Act as implemented by 36 C.F.R. 800. If federal assistance or permitting is
anticipated, we strongly urge the applicant to contact the agency as soon as possible to
obtain information on the consultation process, Federal involvement entails compliance
and review considerations different from the State Historic Preservation Act.

We offer the following conditions for the committee's consideration:

1) The applicant will avoid conducting ground-disturbing activities within the boundaries
of AZ CC:l0:l09 (ASM) and the in-use railroad grade other than the use of established
vehicular crossings.

2) The applicant will minimize visual impacts ro the existing railroad to the extent
possible. This could be accomplished by using the largest feasible spacing between
transmission line towers, and thus minimizing the number of towers situate adjacent to the
railroad.

3) If a federal agency determines that all or part of this state plan represents a federal
undertaking subject ro review under the National Historic Preservation Act, the applicant
will participate as a consulting party, on committee's behalf, in the federal compliance
process (i.e., 36 C.F.R. 800) to reach a finding of effect and to resolve adverse effects, if
any.

4) Should cultural features and/or deposits be encountered during ground-disturbing
activities related to the proposed plan, the applicant will comply with A.R.S. § 41-844,
which requires that work cease in the immediate area of the discovery and that the Director
of the Arizona State Museum be notified promptly.

We appreciate the cornrnittee's cooperation with this office in considering the effects of
state plans on cultural resources situated in Arizona. If you have any questions, please
contact me at (602) 542-7137 or electronically via mbilsbarrow@pr.state.az.us.

Sincerely,

(4 Hz' LL--»
Matt aw H. Bilsbarrow, RPA
Compliance Specialist/ Archaeologist
State Historic Preservation Office

cc.
Kris Dobschuetz, Environmental Planning Group, 4350 E Camelback Rd, Suite G-200, Phoenix, AZ 85018
Steve Ross, Arizona State Land Department, 1616 W Adams St, Phoenix, AZ 85007
Bill Collins, St-IPO

I
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ARIZONA DEPARTMENT OF WATER RESOURCES
HYDROLOGY DIVISION

MEMORANDUM

Power Plant and Transmission Line Siting Committee

THROUGH : Greg Wallace, Chief I-Iydrologist
Arizona Department of Water Resources

Pat Schaffer, Siting Committee Member

FROM: Dale Mason, Supervisor
Groundwater Modeling Section
Hydrology Division

DATE : December 7, 2001

RE: Preliminary Hydrologic Review of Bowie Power Station Application,
Certificate of Environmental Compatibility,
A.C.C. Docket No. L-00000BBOl-0118

This hydrologic review consists of two sections, the first is an analysis of recent water level and
stumpage records for the area around the proposed plant site. The second section is a review of
the applicant's hydrologic analysis of potential water level and land subsidence impacts near the
proposed plant site.

General Background

The proposed Bowie Power Station is located in Sections 28 and 29 of Township 12 South,
Range 28 East located in the San Simon sub-basin of the Sanford groundwater basin. The station
will be a combined-cycle base load plant with a proposed generating capacity of 1,000-megawatt.
Water use by the plant is estimated to average about 5,500 acre-feet per year. The only source

of water available for the plant is groundwater to be pumped from existing wells on the plant site.
CAP surface water or effluent is not available for plant cooling.

The proposed site is in an active agricultural area that has a long history of large-scale initiation
withdrawals. Some of the initiation wells have water level records dating back to the early
l950's, and two wells located on or near the plant site are ADWR index wells. The U.S.
Geological Survey measured water levels in the San Simon sub-basin area to support
geohydrologic investigations undertaken by that agency prior to the creation of the ADWR. The
ADWR conducted water level sweeps of the San Simon sub-basin in1987 and 1997 as part of an
ongoing water level data collection program.

Page 1 of 4
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The San Simon sub-basin is a north to northwest trending valley about 75 miles long and 6 to 25
miles wide (Barnes, 1991). Bowie and the proposed plant site are located near the northwestern
end of the sub-basin. There are three geologic units that make up the regional aquifer system in
the San Simon sub-basin. They are an upper unit, which consists of sand, silt, and gravel, a
middle confining unit consisting of silts and clays, and a lower unit under artesian pressure,
which is a series of interfingered sands, silts, and gravels.

Agricultural Development

Agricultural development in the San Simon sub-basin area began in 1910 with the discovery of
the lower artesian aquifer. The early deep wells completed in the lower aquifer flowed at the
surface and led to extensive agricultural development near the towns of Bowie, Olga, and San
Simon (Barnes, 1991). By the l940's, there were about 140 artesian wells were in use in the San
Simon sub-basin. However, most wells required pumps to produce water due to loss of pressure
caused by overdrafting of the lower aquifer caused. By 1991, there were only 10 flowing wells
left, and these were very deep wells, 1,500 feet deep or greater. Most initiation wells in the
Bowie area are completed in the lower confined unit. A number of shallow initiation and most
domestic wells are completed in the upper aquifer. The wells for the proposed plant will
withdraw water from the lower confined aquifer.

Irrigation withdrawals in the San Simon sub-basin were generally less than 10,000 acre-feet per
year until the early 1950's. Ground-water withdrawals peaked in the 1970's, with stumpage
estimated to have exceeded 100,000 acre-feet per year through most of the 1970's (see attached
estimated stumpage graph). Groundwater withdrawals have declined since 1980 to generally less
than 50,000 acre-feet per year, and by the late 1990's had declined to less than 5,000 acre-feet per
year (USGS, 2000). Since 1995 the U. S. Geological Survey has not separately reported
estimated stumpage for the San Simon sub-basin of the Sanford groundwater basin.

Water Levels

The results of the large-scale groundwater stumpage from the l950's to the 1980's were water
level declines in the lower aquifer of as much as 300 feet in some areas of the San Simon sub-
basin. Hydrographs from wells with historic water level data in the vicinity of the proposed
Bowie plant show large water declines starting in the l950's (see attached well hydrographs). A
number of the wells near or on the Bowie plant site have recorded water level declines in excess
of 200 feet, with one well having a total recorded decline of 293 feet. During the peak stumpage
years of 1955 to 1980, arial water level declines in many of these wells ranged from 6 to 10
feet per year.

In the early-1980's as agricultural stumpage decreased, the water levels declines began to slow
and water levels began to stabilize in the Bowie area. Currently, water levels in the lower aquifer
in the vicinity of Bowie are generally stable. However, from 1987 to the present, several wells
on the proposed plant site show long-term declines of between 0.5 foot and 1.0 feet per year.

Page 2 of 4
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The most recently available water levels near the proposed plant range from about 280 feet below
land surface to about 400 feet below land surface.

Water Level Impact Analysis

The analytic method used to predict the water level impact of plant stumpage used reasonable
hydrologic parameters derived from aquifer tests conducted by the URS Corporation for the plant
proponent. The analytic model used a standard Theis solution to predict drawdowns of
approximately 50 feet over 30 years on or near the plant property. The model analysis indicates
that annual drawdown due to plant withdrawals may approach about 2 feet per year over the 30
years of the plant. The hydrologic parameters used in the analysis are conservative and the
resulting drawdowns represent a higher value than what may actually occur due to plant
withdrawals.

However, the Theis solution does not take into consideration the current regional water level
declines of about 1 foot per year that has been observed in the area, nor does it take into account
other future groundwater withdrawals in the area. Furore groundwater use by agriculture may not
reach the significant levels of the past, but the cumulative impact of increased future agricultural
stumpage and stumpage for the proposed plant may increase water level declines in Bowie area
beyond those predicted by the analytic model.

Land Subsidence

Past agricultural stumpage has resulted in land subsidence and earth fissure formation in the San
Simon sub-basin. Measured land subsidence near Bowie between 1952 and 1980 was about 6
feet (Geological Consultants, 2001). The project proponent undertook a land subsidence
investigation in September and October of 2001. This investigation measured an additional 1.4
feet of subsidence between 1980 and 2001 in the Bowie area (Geological Consultants, 2001).
The total measured land subsidence in the Bowie area from 1952 to present is about 7.4 feet.
Land subsidence on the plant site itself has been estimated at about 5 feet based the site's
position relative to survey stations with measured subsidence (Geological Consultants, 2001).

The rate of land subsidence in the Bowie area has declined from the 1950's to the present,
probably reflecting the decrease in agricultural pumping with time. From the 1952 to 1974,
which includes the period of greatest groundwater stumpage, the subsidence rate in the Bowie
area was about 0.2 feet per year. The subsidence rate between 1974 and 1980 declined to about
0.16 feet per year, and recent data presented in the subsidence report suggests that subsidence
from 1980 to the present has declined to about 0.065 feet per year (Geological Consultants,
2001).

It is difficult to predict future subsidence rates, however, the subsidence report submitted by the
proponent suggests that there could be an additional 2.2 feet of residual land subsidence in the
Bowie area by 2030, even if the proposed plant is not built. If the plant is built the rate of
subsidence through 2030 is predicted to be similar to the current rate because groundwater
withdrawals by the plant are expected to be similar to present withdrawals for agricultural lands

Page 3 of 4
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on the plant site.

Conclusions:

Maj or areas of concern to ADWR staff are future water level declines and potential subsidence
rates. The impact on local water levels and land subsidence rates by the proposed Bowie power
plant will be controlled by the amount of groundwater pumped for cooling, and by groundwater
use in the surrounding agricultural areas. Using the best case scenario of continued low
agricultural stumpage, there would be only a slight increase in the current rate of water level
decline in the Bowie area. Under this scenario the currently observed water level declines will
continue or increase slightly. Land subsidence rates may also remain at or near the current rate of
0.065 feet per year.

Under a worst case scenario of increased future groundwater use by agriculture, water level
declines can be expected to increase as the volume of agricultural stumpage in the surrounding
area increases. In fact, the applicant's hydrology report indicates that agricultural production on
a number of acres near the plant site is expected to resume in the near future.

If total water use in the area surrounding the proposed plant increases it is likely that subsidence
rates may also increase. Therefore, ADWR staff recommended to the proponent that land
subsidence and water levels near the proposed plant site be monitored. The proponent developed
and submitted to ADWR a land subsidence and water level monitoring plan that ADWR staff has
reviewed. The plan contains sufficient monitoring and mitigation provisions, including reporting
of data from the monitoring activities to ADWR staff, Arizona Corporation Commission staff,
and other interested agencies for independent review. ADWR staff recommends that the
Committee incorporate the monitoring plan into a stipulation to be attached to the Certificate of
Environmental Compatibility.

References :

Barnes, R.L., 1991. Maps Showing Groundwater Conditions in the Sam Simon sub-basin of the
Sanford Basin, Graham and Cochise Counties, Arizona Hildalgo County, New Mexico .-.
1987, Arizona Department of Water Resources, Hydrologic Maps Series Report No. 19.

United States Geologic Survey, Annual Water Year Data, Various Reports

Geological Consultants Inc., 2001, Ground subsidence and earth fissure evaluation, Bowie Power
Station Cochise County, Arizona, 39 p.
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Information in this document will add further detail to the presentation on transmission system
.limitations that was briefly discussed with the RUS at a meeting held at the RUS's offices on
August 9, 20012 Based on the discussions at the meeting on August 9"', Southwest understands
.that the irifomiation' contained in this document will help the. RUS in its review of Al-8P£G's
proposed construction of a new 38 MW aero-derivative combustion turbine at Apache
Generation Station.

This document has been prepared to provide the Rural Utilities Services (RUS) information on
the transmission system limitations that exist in the State of Arizona as it affects the ability of
Southwest Transmission Cooperative, Inc. (Southwest) to import power on behalf of AEPCO to
its Class A Member load centers from new generation sources that are being sited in the state.

INTRODUCTION

As of the date of this document, approximately 22 power plants are proposed or under
construction in the state of Arizona. The cumulative output of these 22 plants is approximately
19,235 MW. The majority of these plants are classified as "merchant plants," meaning that the
developers of the plants have secured funding to construct these plants based upon a reasonable
assumption that they will be able to sell their power into the "market." Indeed, recent experience
with the shortage of power in California has spawned a growing awareness throughout the
Southwest, for the need to add generating capacity to the existing transmission system grid. The
developers of these merchant plants within the state of Arizona have become very active because
of the California situation, and are confidant that because of less restrictive regulatory practices
in the state, they will be able to quicldy site their plants, sell their generation to entities within the
state and outside of the state, specifically to markets in California. Some of these developers
teamed up with the transmission owning entities in the state for their planned generation heeds.
AEPCO also has a need for additional generation, as do many entities throughout the Southwest,
and these have been sufficiently delineated in the document entitled "Study Documents to
Support the Current Resource Choice," which was provided to the RUS on August 9th.

GENERAL DISCUSSION OF POWER PLANTS PROPOSED OR UNDER CONSTRUCTION

While it is true that there is a recognized need for additional generation throughout the
Southwest, it is interesting to note that within the state of Arizona, there has not been any
announced transmission system expansion projects, to accommodate access to major hubs or
common entity-owned buses from the proposed 19,235 MW of proposed generation system
additions; The developers of these merchant projects, with their desires to get their generation to
the marketplace, have merely proposed interconnections to the existing bulk transmission
system, without looldng at any major infrastructure changes to the bulk system.

TRANSMISSION SYSTEM LIMITATIONS IN THE STATE OF ARIZONA
AS IT AFFECTS THE SOUTHWEST TRANSMISSION SYSTEM AND

FUTURE RESOURCES OF AEPCO
m

in?
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11 The Arizona Corporation Commission (ACC), which has siting approval for the construction of
generation and transmission projects within the state of Arizona, has approved several of the
generation projects, even though these plants simply interconnect with the existing Extra High
Voltage (EHV) system. However, in performing the recent assessment of the EHV transmission
system within Arizona, the ACC staff pointed out that "the State of Arizona does not have
:adequate existing or planned transmission facilities to deliver the energy needs of the state in ~a
reliable fmanner." (Biennial Transmission Assessment 2000-2009,February 2001, p. iii) The
ACC staff is concerned that without additional transmission lines to accommodate the full output
of these proposed plants, "curtailment and scheduling restriction procedures will have to be
developed' (Ibid)

In a similar vein, the Western Governor's Association issued a report on transmission expansion
in the West, and concluded that even with the generation and transmission facilities that are
planned through 2004, '11t= should be noted that 'without these expansion projects, the existing
:UansMssion system may not be adequate to meet peak load, integrate new planned generation
and maintain sufficient levels of reliability' (Conceptual Plans for Electricity Transmission in
the West,Report to the Western Governor's Association, August 2001, p. 5)

TRANSMISSION UVHJQRT CONSTRAINED ZONES HIN ARIZONA

Historically, Arizona's EHV system was developed to interconnect large generating resources to
the major load centers. With the growth that has occurred in the state over the last several years,
these lines, which also provided strong ties to neighboring states such as New Mexico, Colorado
and Utah, have become constrained in their ability to serve the metropolitan areas of Phoenix and
Tucson. The electric utilities within these constrained areas have long relied upon their own
internal generation to cover their loads under peak periods. It is now generally recognized that
within the state of Arizona, there are three major transmission import constrained zones: The
Phoenix metropolitan area, Tucson and Yuma. As pointed out above, most of these proposed
power plants are seeking interconnection to the existing EHV system, which has become
constrained. Several of the proposed plants are located south of Phoenix in the Casa Grande,
Coolidge, Gila Bend area, where there is not sufficient transmission capability on the existing
transmission system to get the generation to the marketplace. The relationship of these proposed
plants to the Southwest system will be discussed below from a current and future perspective.

In addition to the proposed plants which are sited near the Phoenix area and between Phoenix
and Tucson, several are also proposed for Northwest Arizona, which has a bearing on the ability
of AEPCO to serve its customers in Norwest Arizona'.

LIMlTAT1ONS inTo THE S ANSCO TRANSMISSION SYSTEM

Because the Southwest transmission system ties either directly or indirectly to various buses in
the transmission import constrained zones enumerated above, it will be instructive to list these.
Southwest ties indirectly to most of those buses through its contracts with the Western Area
Power Administration (Western). The listing is as follows:

1 .

1 .
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Import Constrained Zone Bus Southwest connection

Phoenix metropolitan area Westwing
Liberty
Kyrene
Pinnacle Peak

Direct tie
Indirect tie through Western
Indirect tie through Western
Indirect tie through Western

Tucson area Saguaro/Tonolita
Vail/South

Indirect tie through Western
Direct tie

Yuma area North Gila No ties

Northwest Arizona Davis
Mead
Topock

Indirect tie through Western
Indirect tie through Western
Direct tie to South Pointe

As the Yuma area has no direct bearing on the Southwest transmission system, it will be not
discussed further in this document. At the present time, there is little available transmission
system capacity to the above-mentioned buses. The 345 kV line from Vail/South to Westwing
that is the mainstay of Southwest's ability to export and import power on behalf of AEPCO and
the Class A Members in Northwest and Southeast Arizonagis fully subscribed. Southwest owns
24% of this line, with Tucson Electric Power Company (TEP) owning the remaining76%. The
ability to deliver to Northwest Arizona through Wester's Parker Davis and Intertie Transmission
systems is also constrained, as these transmission systems are also fully subscribed.

CURRENT EXPERIENCE GETTING AEPCO POWER DELIVERED

This section will discuss the experience of Southwest/AEPCO in getting power delivered over
the existing bulk transmission system from newly constructed power plants that are located away
from the Palo Verde area. Prior to it efforts to secure the purchase of GT4, AEPCO .
unsuccessfully explored PPA possibilities with the developer's of these plants that were the
closest to being on line to meet AEPCO's needs in 2002 and 2003, for which existing
transmission capability may be available.

Plant Location Size Status

Griffith Energy Project
SOuth Pointe Project
Sundance Energy
UhiSource Energy (TEP)

Northwest Arizona
Northwest Arizona
Coolidge Area
Springerville Area

530 MW
5 0 0  my
450 MW
760 MW

In testing
Operational
Not yet permitted
Not yet permitted

With respect to the Griffith and South Pointe projects, Southwest might have been able to
arrange with Western to deliver this power intoMohave's area, but not to its other Class A
Members in Southeast Arizona as Western no longer has any available transmission capability
on its Parker-Davis or Intertie transmission systems. Indeed, Western has recently discussed
with Southwest ways in which to make procedural changes to Southwest's existing contract

I
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paths into Northwest Arizona due to operational difficulties now being encountered as a result .of
the addition of the Griffith Project to Western's Intertie system. '

AEPCO discussed with the developers of Sundance Energy purchasing supplemental capacity
and energy both for the short term needs (2002) and for longer term needs, possibly to the year
2020. AEPCO proposed a PPA for 15 to 25 MW for the summer of 2002, which would be
served over Western's existing transmission system to Class A loads at Oracle Junction and
Marina. At an initial amount of 13 MW, Sundance could displace the current transmission
service arrangement with Western, but any amounts beyond that would need additional
capability to that area from Southwest's rights from Westwing' While Western was initially
favorable to amending the contracts with Southwest for both the short and long term needs of
AEPCO, Sundance Project was unwilling to offer such a small PPA.

In late 2000, TEP's parent UniSource Energy cOntacted AEPCO about the potential development
of .units 3&4 at the Springerville generating statioN. At the time of construction of the
Springewille plant, only two of the original four units were constructed. The last two units are to
be placed in service in 2004 and 2005. TEP constructed two 345 kV transmission lines on
separate structures from the Springerville generating station into the Tucson area, with one of the
structures being constructed to handle an additional circuit. AEPCO has been in discussion with
TEP about being an off-taker of 5OMW of the output of the new units, as well as participating in
the construction costs of the additional 345 kV circuit, at a proportionate share of the project
costs of $59M, with Southwest's share being approximately $8 M. This Springewille resource is
continuing to be evaluated by AEPCO/Southwest.

This section will discuss the efforts of Southwest to secure future new transmission capability for
AEPCO power deliveries to the Class A Members. .

Early in 2001, Southwest was invited to participate with utilities and other market entrants from
across the state in the development of the Central Arizona Transmission System (CATS) study.
Because many of the proposed power plants are sited between Phoenix and Tucson, CATS was
developed to study future EHV transmission ties between these two import-constrained zones.
The CATS group has recognized that when the transmission system for the Palo Verde
Generating Station was originally planned, consideration was given for a 500 kV line to be
constructed from Palo Verde to the Tucson area (Saguaro Switchyard). However, the final Palo
Verde transmission system resulted in the construction of the second Palo Verde to Westwing
500 kV line instead. Based on input received from CATS members, there is significant interest
to support the construction of a 500 kV line from Palo Verde to the Tucson area, along with
additional lines that will provide the market entrants with transmission alternatives for delivery
of their generation to existing and future markets;

EFFORTS TO SECURE FUTURE TRANSMISSION CAPABILITY

Many of the new power plants are to be sited at or near the Palo Verde Switchyard. Palo Verde
is recognized as a major trading hub in the Southwest U.S. And, while Southwest'stransmission
system does not tie directly to the Palo Verde Switchyard, the study of future additions to the
bulk transmission system at Palo Verde, extending to Central Arizona, could make it possible for
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Southwest to deliver to and from Palo Verde. However the proposed transmission facilities
being studied at CATS will not be available until at least 2004..Southwest is hopeful that
through the addition of new transmission enhancements to the EHV system that will be proposed
through CATS, it'will be able to secure future transmission capability to meet AEPCO's needs
for resources.

The following is a listing of the proposed power plants that are sited at other than Palo Verde:

Big Sandy Project
Desert Basin
Toltec Power Station
Bowie Power Station

Plant

AS of this writing, Western is still determining the impact of the Big Sandy Project to its Intertie
system. {Wester'n believes it can provide for deliveries of power into the Northwest Arizona and
Phoenix areas. Future deliveries from these areas to AEPCO's customers could then be realized
in conjunction with the transmission elements under consideration in the CATS study.

The Toltec plant proposes to interconnect to Southwest's and TEP's Vail/South to Westwing 345
kV line, but as discussed earlier, this 1ine'is fully subscribed for both Southwest and TEP. in
order to provide for the output of this plant, one possibility is to construct a second Vail/South to
Westwing .345 kV line° The cost to construct this 178 mile line is approximately $90M. Toltec
has not yet initiated any service request.

The Southwester Power Group H LLC, the developers for the Toltec Power Station, are also the
developers for the recently announced Bowie Power Station. The Bowie plant material suggests
interconnecting with Southwest's Apache to Redtail 230 kV line and with TEP's Vail to Greenlee
345 kV line. However, Bowie has not yet contacted TEP or Southwest to develop a System
Impact Study as required by the Open Access Transmission Tariffs (OATH) of both entities: Our
preliminary assessment is that transmission capability is not available to deliver Bowie power to
Tucson or other markets without additional transmission line construction;

In conclusion, Southwest is currently unable to provide ardor procure transmission for the
delivery of power from any of the merchant plants that are in operation, currently under
construction, or planned for construction in Arizona. Southwest is participating in studies by
transmitting utilities to determine improvements necessary to facilitate the deliveries of such
power. The transmission projects under study will not be in service until 2004 and possibly even
later.

C2\WINN'T\Pro6lcs\brucee\Pcrsoual\TransSysLimitationsinArizonaforRUS.doc

Location

Northwest Arizona
Casa Grande Area
Casa Grande Area
Tucson Area

720 MW
500 MW
2,000 MW
1,000 MW

Size

Not yet permitted
Operational/sold to SRP
Not yet permitted
Not yet permitted

Status
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