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EXECUTIVE SUMMARY

Hualapai Valley Solar LLC (HVS or Applicant) is developing the Hualapai valley
Solar Project in Mohave County, approximately 27 miles north of Kingman,
Arizona and 80 miles southeast of Las Vegas, Nevada (see Figure ES-1).

This Application, with accompanying exhibits, seeks a Certificate of
Environmental Compatibility (CEC) allowing the construction of a 340 megawatt
(MW) concentrating solar power (CSP) generating facility and two transmission
line interconnections.

As an alternative, the Applicant may build a 500 MW photo-voltaic (PV) project
using the same interconnections. In light of this possibility, this application is
organized to address each environmental compatibility issue assuming the
Project will use CSP technology or PV technology. The Project will require about
4,233 acres of land. The solar field and ancillary facilities for either the CSP or
PV technology are referred to as the 'Generating Facility'. Unless otherwise
noted, the environmental impacts presented in this application refer to the CSP
technology. The Project using the CSP technology is referred to as the 'CSP
Project' and that using the PV technology as the 'PV Project'.

The Applicant will interconnect the Project via one of two interconnections:

�‡ Interconnection #1, an approximately 3-mile long electric
transmission line that will interconnect to either the existing Mead-
Phoenix 500kV electric transmission line, or the existing Mead-
Liberty 345kV transmission line at a switchyard to be built by
Western Area Power Administration (Western), or

�‡ Interconnection #2, an approximately 6.5-mile long electric
transmission line that will interconnect to the existing Mead-Phoenix
500kV electric transmission line, the existing Mead-Liberty 345kV
transmission line, or the existing Moenkopi-El Dorado 500kV
transmission line at a switchyard to be built by Western.

Both of the interconnections are referred to as the Gen-Tie. The application's
environmental analyses apply to both interconnections.

The CSP Project will use proven parabolic trough solar thermal technology to
produce electrical power using a steam turbine generator (STG). Steam to drive
the STG will be supplied from a solar steam generator (SSG). The SSG receives
heated heat transfer fluid (HTF) from solar thermal equipment comprised of
arrays of parabolic mirrors that collect energy from the sun. The CSP Project will
be designed to produce 340 MW .
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The PV technology will utilize crystalline silicon or thin film PV panels on single-
axis trackers, or fixed tilt supports. The PV Project will produce up to 500MW .

The following characteristics associated with the Project site make it ideal for a
solar project:

�‡ High incoming solar radiation (insulation) value,

�‡ Minimal slope on the Project site;

�‡ Close proximity to electric grid minimizing the length of the required Gen-
Tie,

�‡ Water availability,

Proximity to transportation corridors,

�‡ Located on available private land, and

�‡ Nearest existing residence is located approximately 2.5 miles from the
Project site with no active residential development near the Project site.

The analyses for this application also show that several critical elements of
concern are not present or will not be affected by the siting, construction, or
operation of the Project, including: wild and scenic rivers, areas of critical
environmental concern (ACEC), or solid and hazardous waste.

The analyses also show there will be no significant direct, indirect or cumulative
adverse effects on land use, cultural resources, wilderness areas, biological
resources, special interest wildlife and plant species, ground or surface water
quality, earth and soil resources, air quality, or noise. No significant impacts to
minority or low income populations are expected to occur.

There will be socioeconomic benefits derived from the Project. The Project will
create numerous economic impacts and benefits for Mohave County and the
State of Arizona:

�‡ Up to a maximum of 1,500 jobs created during the 2.5-3-yr
construction period,

�‡ Over 100 full-time jobs for plant operation ,

�‡ County and State will see additional benefits from goods and services
purchased for the Project, taxes generated by employment, and other
taxes paid to state and local governments,

�‡ Project will add to the county's and state's experience in promoting and
attracting projects that generate renewable energy as well  as
industries and companies that support the development, construction,
and operation of these projects (e.g., parabol ic trough mirror
suppliers); and
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�‡ The available power interconnecting to the local electric transmission
system will provide a more robust and reliable electric service system
and will help meet the demand for renewable energy and lower the
dependence on fossil fuels.

The Applicant therefore requests approval of this application and submits that the
Project and its location are environmentally compatible.

HVS Project--Executive Summary Page 3
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In the matter of the Application of Hualopai
Valley Solor LLC, in conformance with The
requirements of Arizona Revised Statutes 40-
360.03 and 40-36006, for a Certificate of
Environmental Compatibility authorizing
construction of the HVS Project, a 340 MW
parabolic trough concentrating solar thermal
generating facility and an associated Gen-Tie
line interconnecting the generating facility to
the existing Mead-phoenix 500kV transmission
line, the Mead-Liberty 345kV transmission line,
or the Moenkopi-El Dorado 500kV transmission
line.

)
)
)
)
)
)
)
)
)
)

Case No.

BEFORE THE
ARIZONA POWER PLANT AND TRANSMISSION LINE SITING

COMMITTEE
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1. Name and address of the applicant:

Hualapai Valley Solar LLC
85 Hamilton Street
Cambridge, MA 02139

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

Michael LaRow and Greg Bartlett
Hualapai Valley Solar LLC
85 Hamilton Street
Cambridge, MA 02139
tel: (978) 266-0220
email: Mike@MohaveSun.com

3. Date on which the applicant filed a Plan in compliance
with ARS §40-360.02, in which the facilities for which
this application is made were described:

The Applicant filed a Plan in compliance with ARS 40-360.02 on August 11,
2009.

4. Description of Proposed Facility

Hualapai Valley Solar LLC (HVS or Applicant) is developing the Hualapai Valley
Solar generating facility and associated transmission lines (Project) in Mohave
County, approximately 27 miles north of Kingman, Arizona and 80 miles
southeast of Las Vegas, Nevada (see Figure 4-1, Project Area).

This Application, with accompanying exhibits, seeks a Certificate of
Environmental Compatibility (CEC) allowing the construction of a 340 megawatt
(MW) concentrating solar power (CSP) generating facility and two transmission
line interconnections.

As an alternative, the Applicant may build a 500 MW photo-voltaic (PV) project
using the same interconnections. In light of this possibility, this Application is
organized to address each environmental compatibility issue assuming the
Project will use CSP technology or PV technology. The Project will require about
4,233 acres of land. The solar field and ancillary facilities for either the CSP or
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PV technology is referred to as the 'Generating Facility'. Unless otherwise noted,
the environmental impacts presented in this application refer to the CSP
technology.

The Applicant will interconnect the Project via one of two interconnections:

�‡ , long
transmission line that will interconnect either the existing Mead-
Phoenix 500kV electric transmission line, or the existing Mead-
Liberty 345kV transmission line at a switchyard to be built by
Western Area Power Administration (Western), or

Interconnection #1 an approximately 3-mile electric

�‡ Interconnection #2, an approximately 6.5-mile long electric
transmission line that will interconnect to the existing Mead-Phoenix
500kV electric transmission line, the existing Mead-Liberty 345kV
transmission line, or the existing Moenkopi-El Dorado 500kV
transmission line at a switchyard to be built by Western.

Both of the interconnections are referred to as the Gen-Tie. The application's
environmental analysis applies to both interconnections.

4.a) Electric Generating Plant

This section of the application is organized to describe both CSP and PV
technologies that could be developed on the Project site. Therefore, two versions
of section 4.a are provided below, one to describe each technology. The Project
using the CSP technology is referred to as the 'CSP Project' and that using the
PV technology as the 'PV Project'.

4.a.i) Type of Generating Facility (CSP Project)

The generating facility will utilize CSP technology, a proven technology that uses
arrays of parabolic mirrors to collect energy from the sun to produce electricity
using a steam turbine generator (STG). The solar field increases the temperature
of a heat transfer fluid (HTF) by routing the HTF along the focal points of the
parabolic mirrors. A solar steam generator (SSG) then transfers heat from the
HTF to water where its heat energy is used to generate steam. The steam
produced in the SSG is then routed to the STG to produce electricity using the
standard Rankine cycle. The CSP Project also includes a thermal energy storage
system that stores solar energy in molten salt storage tanks so that energy can
be used at a later time for generation of electricity during peak load periods of the
day.

4.a.ii) Number / Size of Proposed Units

The CSP Project will be designed to produce a nominal gross electrical output of
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340 megawatts (MW) using a single steam turbine. The Applicant may develop
the CSP Project in two approximately 170 MW phases using two turbines.

4.a.ii.A) Site Layout and Arrangement

The majority of the Project site will be occupied by the solar field. Equipment and
facilities have been arranged for maximum and best use of the Project site as
well as to ensure efficient operability and maintainability. Conceptual engineering
has been conducted to define the specific equipment requirements and to
confirm the suitability of the proposed Project site.

The overall Project site layout is included on Figure 4-2, CSP Project Layout. A
more detailed general arrangement of the Power Block is shown on Figure 4-3,
Power Block.

Power Block

The Power Block will include one generator with a gross output of 340 MW,
heat transfer fluid (HTF), heated by the solar field, will boil water that will power a
conventional steam turbine generator, a molten salt-based thermal energy
storage (TES) system (approximate capacity of 4-8 hours), cooling system, water
system, electrical system, control system, and all other ancillary systems. The
Power Block will be located in the middle of the site, and will cover an area of
approximately 100 acres. Boilers burning either fossil fuel or biofuel within the
Power Block will be used to provide maintenance steam for the turbine when it is
not operating, freeze protection for the HTF, and possibly supplemental power
production for portions of the year.

The major Power Block components are described in more detail in the sections
below.

Solar Steam Generator System (SSG)

The SSG system includes feedwater heaters, deaerators, economizers,
evaporators/boilers, steam superheaters, and reheateds. All heat transfer
components are designed as shel l  and tube heat exchangers. The
evaporator/boiler design is similar to any "kettle boiler" shell and tube heat
exchanger in that the hot HTF is circulated through tubes and the steam is
produced on the shell side.

Steam Turbine-Generator (STG)

Steam from the SSG expands through the STG turbine blades to drive the steam
turbine, which in turn drives the generator. The STG is expected to be a multi-
case reheat type, which could be supplied by Mitsubishi, Toshiba, Siemens,
Alston, General Electric, or other manufacturers. The STG is equipped with
accessories required to provide efficient, safe, and reliable operation.

HVS Project-CEC AloplicoTion Page 4



HTF Freeze Protection HeatExchanger

To eliminate the potential problem of HTF freezing, steam-fed shell and tube heat
exchangers wil l  be used to keep the HTF at or above about 100°F whenever the
faci l i ty  is  off l ine.The  aux i l i a r y  bo i le r  w i l l  p rov ide  the  s team to  these  hea t
exchangers when necessary to perform this function.

HTF Expansion Tanks

Approx imate ly  th ree  (3 )  expans ion  tanks  and  s ix  (6 )  over f low  tanks  to ta l ing
approx imate ly  3  mi l l ion  ga l lons  o f  s to rage  are  requ i red  to  accommodate  the
v o l u m e t r i c  c h a n g e  t h a t  o c c u r s  w h e n  h e a t i n g  t h e  H T F  t o  t h e  o p e r a t i n g
temperature. N i trogen wi l l  be used to b lanket the headspace of these tanks to
p reven t  ox ida t ion  o r  con tamina t ion  o f  the  HTF by  reduc ing  i t s  exposu re  to
atmospheric air.

The HTF system is a closed-loop system. This area wil l  be equipped with a berm
of suffic ient height to enable 110% storage capacity of the largest tank in case of
a leak.

HTF Ulloge/Flash System

During operation, the HTF wil l  degrade over time into components that have high
and low bo i l ing  po in ts .  Those components  are  captured as  vapors  and e i ther
condensed and re- injected back into the closed HTF loop, or removed by carbon
filters, waste drain tanks, and other emission control systems.

4.a. i i .B)  Solar  Generat ionSy s te m

The CSP Project solar field wil l  cover approximately 2,791 acres and wil l  include
approximately 3,852 solar collector assemblies (SCA).

The  SC As  a r e  s ing le  ax i s  t r ac k ed  and  a l i gned  on  a  no r th  s ou th  ax i s ,  thus
tracking the sun from east to west. An SCA consists of parabol ic- trough mirrors
that concentrate the sun's energy (around 80 times) onto heat collector elements
(HCE). The HCEs are col lector  tubes that are placed exactly  in the focal l ine of
the mir rors . T h e  tu b e  i s  e n c l o s e d  b y  a  g l a s s  c y l i n d e r ,  w h i c h  e n a b le s  a n
insulating vacuum between the black tube and the atmosphere. The mirrors and
HCEs are mounted on a metal support structure or frame. Each SCA is provided
w i th  loca l  con t ro l  and  secur i ty  ins t ruments  as  we l l  as  an  ac tua t ing  sys tem,
enabl ing i t  to fo l low the sun, independently  concentrat ing or  avoiding the sun's
rays  on the focus  o f  the  parabo la  thus  prevent ing  the  HTF f rom overheat ing .
Additional equipment protects the system from mechanical damage.

During operation, 'cold' HTF at approximately 295°C (563°F) is pumped from the
Power Block through a cold header pipeline that distr ibutes it to the parallel SCA
loops in  the solar  f ie ld .Each  loop  i s  made  up  o f  fou r  SCAs  g rouped  in  two
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adjacent rows and connected by a header pipe, The HTF is heated in the field
loops and collected in a hot header pipe, where it is returned to the Power Block
at approximately 395° C (743° F).

Access to the solar field will be from the south where the visitor's center and
administration areas will be located. The Power Block access road will continue
across the solar field, dividing it into east-west and north-south sections. A
service road will surround the solar field, running inside the Project fence line.

In addition to the SCAs, the major equipment for the Project's solar field is
described in more detail in the following sections:

Heat Collection Element (HCE)

The HCEs consist of a steel tube with a selective coating, surrounded by an
evacuated glass tube insulator. The coating gives it excellent Oni-directional heat
transfer properties, and the evacuated glass tube enclosure protects the
selective surface and reduces heat loss by insulating it.

The outer glass cylinder has anti-reflective coating on the inner and outer
surfaces to reduce reflective losses (increasing the trans missivity). Typically,
"getters" (metallic substances that are designed to absorb gas molecules) are
installed in the vacuum space to maintain its insulating properties by absorbing
hydrogen and other gases that permeate into the vacuum annulus over time.

Mirrors

The Project will use low-iron glass mirrors that are reliable components exhibiting
no long-term degradation in reflective quality. Mirrors can be cleaned and
brought back to like-new reflectivity. Mirrors have been shown to have long term
endurance, as evidenced at the SEGS CSP plants in southern California, parts of
which have been operating since 1984. SEGS experience shows that a mirror
life of 30 years or more can be expected for the CSP Project.

The mirrors would be regularly monitored to ensure that they maintain their
optimal reflectivity. This continuous monitoring of mirror reflectivity provides a
valuable quality control tool and helps to minimize wash labor and the amount of
water used for cleaning. Each mirror would be washed as needed using
demineralized water.

Heat Transfer Fluid (HTF)

The HTF that will likely be used for the CSP Project is TherminolTm (VP-1), or
equivalent, an aromatic hydrocarbon, biphenyl-diphenyl oxide manufactured by
Solutia. Therminol is a high-temperature synthetic oil with an excellent operating
history. It is used in many heat transfer processes, including the SEGS solar
facilities currently in operation. DOWTHERM A - manufactured by Dow Chemical
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has similar properties to TherminolT'v' (VP-1) and is an example of an
acceptable alternative.

Ball Joint Connectors

A hard-piped assembly with ball joints is proposed to be used to connect the
SCAs to each other and to the headers. The ball joint assembly has a number of
advantages over previous designs using flexhoses, including lower cost, lower
head loss, and reduced heat loss.

HTF Piping Header

Supply and return piping of HTF is routed to maintain balanced flow through all
the HCEs. Expansion loops will be located as required to minimize pipe stress.
The SCA array will be designed and constructed to allow movement from thermal
expansion without damage to the piping by connecting the steel piping in the
mirrored trough sections of the array with ball joints and not rigidly mounting the
piping to foundations or other structures.

4.a.ii.C) Thermal Energy Storage (res)

A TES system will be installed as part of the CSP Project to allow longer daily
runtime, to support the shifting of morning solar resource to generation during
afternoon and evening hours when electricity demand is higher, and to reduce
effects of local cloud cover (intermittency).

The proposed TES system is designed to store approximately 3,000 megawatt-
hours thermal (Mwht) of solar thermal energy, which represents approximately
four (4) hours of full load STG operation. The TES will be an indirect storage
system using molten salt as the energy storage material.

A "two tank per module" system will be used, which is the most proven TES
technology to date and consists primarily of the following:

Hot salt storage tank
Cold salt storage tank
Salt-to-HTF heat exchangers
Molten salt transfer pumps.

During the "storage" process, the TES system transfers molten salt from the cold
salt storage tank (approximately 550°F) through the heat exchanger to the hot
salt storage tank (approximately 720°F) gaining energy from the hot HTF (740°F).
This process is reversed to generate electricity from thermal storage. During this
process, the hot HTF temperature will be approximately 700°F as compared to
740°F during normal operation, resulting in lower steam temperatures and thus
lower STG efficiency when compared to direct operation without storage.
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4.a.ii.D) Auxiliary Boilers and HTF Heaters

An auxiliary steam boiler burning either fossil fuel or biofuel will also be included
in order to provide steam as needed for the steam turbine seal steam system
while the STG is offline and during start-up. Sealing steam is used to prevent air
from entering the steam turbine while the condenser is under vacuum. Once the
Generating Facility commences generation of electricity for delivery to the
electrical grid, the use of the auxiliary boiler ceases and it is held in stand-by
mode until auxiliary heat is again required for STG maintenance.

Freeze protection heat for the HTF will be provided by about ten (10) HTF
heaters, each having a capacity of about 10 Mwt. These HTF heaters will heat
the HTF directly to prevent the HTF from falling below about 100° F. They may
also be used to provide heat for electricity generation for short periods when
energy demand is high and there is insufficient solar energy available. These
HTF heaters will burn the same fuel as the auxiliary steam boiler.

4.a.ii.E) Emergency Generator

During normal operation, station service power is provided by the CSP Project, or
from the transmission system (back fed through the transformer to the
Generating Facility electrical system) when the Project is not generating
electricity. A diesel powered generator and designated uninterruptible power
supply (UPS) will be required for safe shutdown of the solar field SCAs in the
case of a transmission failure. The UPS system is designed to rotate all SCAs
approximately three (3) degrees to the east to focus the solar energy away from
the HCE tubes thus preventing vaporization of the HTF fluid in a non-circulating
state. The emergency generator will then be used to place the solar field SCAs
into the stowed position. Each of the solar field sections will be stowed
separately thus reducing the required size of the diesel generator. The
emergency generator will also operate other power island equipment necessary
for a safe system shutdown including the HTF pump at minimum flow, STG lube
and jacking oil pumps, instrument air compressor, UPS battery charger, and
emergency lighting. The generator size is estimated to total approximately
12 MW.

4.a.ii.F) Auxiliary Cooling System

The auxiliary cooling system provides cooling for plant equipment including the
STG and lube oil. The auxiliary cooling system includes a closed cooling water
system that rejects heat to the plant cooling tower system.

4.a.ii.G) Electrical System Description

An overall one-line diagram of the major electrical systems is presented in
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Figure 4-4, Single-Line Diagram.

Electrical Generation

Three-phase power will be generated by the STG at 21kV and stepped up by a
fan-cooled generator step-up (GSU) transformer to transmission voltage. Power
will be transmitted through an approximately three-mile Gen-Tie line.

Within the Project switchyard, the generator circuit breaker will be rated to carry
the full load current of the generator. A disconnect switch will be included on the
load side of the generator circuit breaker for generator disconnect and
transformer maintenance. An isolated phase bus duct will connect the generator
to the generator circuit breaker and the generator circuit breaker to the GSU
transformer.

The transformer will use non-PCB-containing insulating oil and will be set on a
concrete pad with a perimeter berm designed to contain the oil in the event of a
leak or spill.

Auxiliary Electrical System

Start-up and station-service power will be back-fed through the 21 kV to 13.8 kV
then to 4.16 kV step-down transformers referred to as the unit auxil iary
transformers (UATs). The system will be configured to allow power for auxiliaries
to be supplied through the GSU transformer and the UAT regardless of whether
the STG is online or offline. The stand-by electrical power requirements will be
supplied in this manner.

A DC power supply and an essential service AC system will provide power to
ensure that critical safety and equipment protection control circuits are always
energized and able to function in the event of unit trip or loss of grid power. The
battery bank will be sized to power the DC loads and essential service AC loads
through an inverter for a sufficient amount of time to provide for safe and
damage-free shut down of the power plant.

Grounding

The electrical system is susceptible to ground faults, and lightning and switching
surges that can pose hazards to site personnel and electrical equipment. The
station grounding system provides an adequate path to ground to permit the
dissipation of current created by these events. The station-grounding grid will be
designed for adequate capacity to dissipate heat from ground current under the
most severe conditions in areas of high ground fault current concentration.

On-Site Electrical Use

Roughly 150 GWh per year will be used onsite for auxiliaries such as pumps,

HVS Project--CEC Applicoiion Page 9



control systems, and general facility loads including lighting and heating,
ventilation, and air conditioning (HVAC). Some of the power needed for on-site
uses will be converted from alternating current (AC) to direct current (DC) for
power plant control systems and emergency backup systems .

4.a.ii.H) Operations

It is anticipated that approximately one hundred (100) individuals will be required
to support CSP Project operations and maintenance.

Emissions Profile

The CSP Project will generate very low emissions of air pollutants and will obtain
an air permit from the Arizona Department of Environmental Quality (ADEQ). It
is anticipated the CSP Project will not require a Prevention of Significant
Deterioration (PSD) or Title V permit given that the profile of annual emission of
all pollutants is below the regulatory thresholds. The Project will be operated
within the limits of the air permit issued by ADEQ.

Noise Profile

The primary noise sources anticipated with the CSP Project include the cooling
tower unit, circulating water pumps, boiler feed pumps, HTF circulating pumps,
STG, and auxiliary boiler. Secondary noise sources are anticipated to include
the GSU transformers, and miscellaneous pumps, fans, and compressors.

Equipment purchased for the CSP Project will be specified to meet OSHA
requirements. The noise analysis is presented in Exhibit I.

4.a.ii.I) Balance of Plant

The major balance of plant equipment and systems for the CSP Project are
described in the following paragraphs.

4.a.ii.l.l) Water Treatment

The raw water, circulating water, process water, and mirror washing water used
by the CSP Project all require on-site treatment. This treatment varies according
to the quality required for each of the following uses.

Raw Wafer Treatment

Given the preliminary water analysis conducted for the CSP Project, raw water is
expected to be treated prior to feeding to the circulating water system so as to
increase the cycles of concentration at the cooling tower, and thereby minimizing
water consumption and reducing the size of the evaporation ponds. Multiple
water parameters require treatment to permit the higher cycles of concentration,
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including alkalinity, total dissolved solids, total suspended solids, and silica.

The raw water treatment system may consist of various components including
multimedia filters, strong acid cation exchangers, an interstage degasifier, and
strong base anion exchangers. Chemical regeneration of ion exchange resins
will likely take place on-site. The components of the water treatment system will
be specified during the detailed engineering of the CSP Project, after more
exhaustive water analysis has been conducted.

Circulating Wafer Treatment

Water conditioning chemicals may be fed into the makeup water to minimize
corrosion and to inhibit mineral scale formation and bio-fouling. All chemical
systems will include bulk storage tanks (or chemical tote for smaller systems)
and redundant, full-capacity metering pumps. The anticipated chemical systems
include the following:

�‡

�‡

�‡

Sulfuric acid fed in an amount proportional to the circulating water makeup
flow to adjust alkalinity and reduce mineral scaling,
An organic phosphate inhibitor solution fed in an amount proportional to
the circulating water slowdown flow to further inhibit scaling, and
Sodium hypochlorite shock-fed into the circulating water system as a
biocide to reduce bio-fouling.

SteamCycle Process Wafer

Makeup water for the steam cycle must meet stringent specifications for
suspended and dissolved solids. To meet these specifications, water is
processed through a demineralized water makeup system. This system is
anticipated to consist of multiple unit operations, concluding with leased mixed-
bed demineralizers. The leased demineralizer trailers will be taken off-site for
regeneration, and all waste product contained in the trailer will be disposed of at
off-site facilities by the vendor, in accordance with applicable regulations. Water
produced by this system will also be used for the mirror washing as described
below.

Additional conditioning of the condensate and feed water circulating in the steam
cycle will be provided by means of a chemical feed system. All chemical
systems will include a bulk storage tank (or chemical tote for smaller systems)
and full-capacity metering pumps. The chemical systems may include the
following:

An oxygen scavenger for dissolved oxygen control to minimize corrosion,
An alkaline solution for pH control, and
A solution of disodium phosphate (DSP) and trisodium phosphate (TSP) to
minimize scale formation in the SSG heat exchangers .

HVS Project (`EC Application Powell



A steam cycle sampling and analysis system will monitor the water quality at
various points in the Generating Facility's steam cycle. The water quality data
will be used to guide adjustments in water treatment processes and to determine
the need for other corrective operational or maintenance measures. Steam and
water samples will be routed to a sample panel where steam samples will be
condensed and the pressure and temperature of all samples reduced as
necessary. The samples will then be directed to automatic analyzers for
continuous monitoring of conductivity and pH. All monitored values will be
indicated at the sample panel and critical values will be transmitted to the control
room. Grab samples will be periodically obtained at the sample panel for
chemical analyses to provide information on a range of water quality parameters.

Solar Mirror Washing Wafer

To facilitate dust and contaminant removal from the solar field, demineralized
water will be used to spray clean the solar mirrors on a periodic basis, as
determined by a reflectivity-monitoring program. This operation will generally be
done at night and will involve a specialized mirror-washing water truck spraying
demineralized water at the mirrors in a drive-by fashion. Demineralized water for
mirror washing will be generated by the steam cycle makeup water treatment
system. This process is designed to use the minimum water necessary for
washing.

4.a.iiJ.ll) Wastewater Management

Process Wastewater

CSP Project process wastewater will be produced by the cooling tower slowdown
and neutralized wastewater from the ion exchange pretreatment system.
Process wastewater will be piped into lined, on-site evaporation ponds. The
ponds will be sized to retain all solids generated during the life of the Project.
However, if required for maintenance, dewatered residues from the ponds will be
sent to an appropriate offsite landfill as non-hazardous waste.

As shown in Table 4-1, Water Uses, the average flow to the evaporation ponds
is approximately 80,000 gallon per day (god). The CSP Project will also
generate a small waste stream from drains that will be directed to an oil/water
separator. The oil-free water will then be returned to the raw water storage tank
at the inlet for reuse. Any residual oily fluid will be stored in the oil/water
separator prior to hauling off-site.

Evaporofion Ponds

Evaporation ponds are a necessary component in the brine treatment process.
The purpose of the brine treatment is to minimize the effluents and to recycle the
water as much as possible. The cooling tower slowdown, regeneration effluents,
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and concentrate from reverse osmosis will be collected in a buffer tank. The first
step of brine treatment is the precipitation of all salts that could disturb the
concentration of the effluents in the reverse osmosis system. The reverse
osmosis system, designed for high salt content, will split the effluents into a high
salinity concentrate and a permeate, which can be reused in the cooling tower.
The high salinity concentrate will be discharged into evaporation ponds where
the water will evaporate naturally. The salts that remain after evaporation will be
retained for the life of the project and disposed during decommissioning in
approved landfills as non-hazardous waste.

Multiple evaporation ponds covering up to 75 acres are planned to allow project
operations to continue in event that a pond needs to be taken out of service.
Each pond will have enough surface area to maintain an evaporation rate that
exceeds the cooling tower slowdown rate at maximum and annual average
design conditions. Pond depth will be sufficient to insure that the ponds will not
need to have residual solids removed during the life of the Project.

The evaporation ponds wil l be designed to meet the Best Avai lable
Demonstrated Control Technology (BADCT) required to comply with the Aquifer
Protection Permit (APP) that will be obtained from the ADEQ.

Sanitary Wastewater

The CSP Project's sanitary system will collect wastewater from sanitary facilities
such as sinks and toilets. This waste stream will be sent to an on-site sanitary
waste septic system and leach field. During any major maintenance events,
portable facilities will be provided to accommodate the additional maintenance
workers.

4.a.ii.l.lll) Grading and Drainage

The Project is located on property currently used for grazing cattle. The
Generating Facility will be graded into a series of leveled solar subfields that are
separated by roads and ditches, with elevation drops between each of the
individual subfields. On a whole, the elevation drops represent a general fall in
elevation from the southeast to the northwest of about 0.5%. The CSP Project
site will be graded to take advantage of the existing slope, while eliminating any
abrupt grade changes at the edges of the solar subfields.

Maintenance roads will be constructed in an east west direction within the solar
field. The roads will be spaced at intervals of about 2,000 feet to coincide with
the separation between the SCAs. interceptor ditches will be constructed along
the south edge of these roads to collect storm water runoff. These ditches will
slope to the west and will discharge into a collection ditch located on the
northwest side of the site. This ditch will be configured, through slope
considerations and construction materials to provide for efficient infiltration of
storm water into the ground. Storm water that does not infiltrate will be directed,
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via the collection ditch on the north side of the site, into a detention pond located
in the northwest area of the Project.

A preliminary grading and drainage plan for the Generating Facility is presented
in Figure 4-5, Drainage Layout.

4.a.ii.l.lw Stormwater Management

The storm water system will consist mostly of open ditches, including all
necessary gutters, gull ies, traps, catch pits, etc., for the collection and
evaporation/discharge of the clean storm water from the surface of the
Generating Facility. For the design of the drainage system, the rates of rainfall
indicated by the local meteorological conditions as well as the effective runoff
coefficient for different surfaces of the site (roofs, roads, paved areas, free
uncovered areas, etc.) will be considered. The final volume of the stormwater
ponds, located on the north side of the Generating Facility, will be determined in
the detailed design phase.

Off-site stormwater will be directed to channels along the Generating Facility
boundary then back into their natural drainages so that they do not mix with on-
site stormwater. All of the disturbance and earthwork for these channels will be
on privately held project property.

Domestic wastewater will be collected and treated in septic tanks located near
the site entrance as well as the administration buildings in the Power Block.

4.a.ii. v) Auxiliary Systems

The following auxiliary systems control, protect, and support the CSP Project and
its operation. The CSP Project auxiliary systems include fire protection,
distributed control system, communications, compressed air, lighting, and
cathodic and freeze protection systems as described in the following paragraphs.

Fire Protection

The CSP Project's fire protection water system is anticipated to be supplied from
dedicated raw/fire water storage tanks located in the Power Block. The storage
tanks will hold full flow runtime. One electric and one diesel-fueled backup
firewater pump, will deliver water to the fire protection water-piping network. The
piping network will supply fire hydrants located at intervals throughout the CSP
Project site as well as a sprinkler deluge system at each unit transformer, HTF
expansion tank, and circulating pump area, and sprinkler systems at the STG
and in the operations and administration buildings. A smaller electric motor-
driven jockey pump will maintain pressure in the piping network.

The piping network will be configured in a loop so that a piping failure can be
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isolated with shutoff valves without interrupting the supply of water to a majority
of the loop. The piping network will supply fire hydrants located at intervals
throughout the Power Block and sprinkler systems as needed in the Power Block
and in the operations and administration buildings. Portable fire extinguishers of
appropriate sizes and types will be located throughout the Generating Facility.

The fire protection system wil l  be designed per NFPA standards and in
compliance with all appropriate Mohave County and/or State of Arizona
regulations (and approved by the designated Fire Marshall), utilizing equipment
approved by Underwriters Laboratories/Factory Mutual Research Corp (UL/FM).

Distributed Control System (DCS)

The microprocessor-based Distributed Control System (DCS) will provide control,
monitoring, alarm, and data storage functions for power plant systems.
Redundant capability will be provided for critical DCS components such that no
single component failure will cause a plant outage. The DCS will consist of the
following major components:

Computer monitor-based control operator interface (redundant),
Computer monitor-based control engineering work station,
Multi-function processors (redundant),
Input/output processors (redundant for critical control parameters),
Field sensors and distributed processors (redundant for critical control
parameters),
Historical data archive, and
Printers, data highways, data links, control cabling, and cable trays.

The DCS will be linked to the control systems furnished by the STG supplier and
to the solar field controls. These data links will provide STG control, monitoring,
alarm, and data storage functions via the control operator interface and control
technician workstation of the DCS.

Communications

Multiple communication systems will be required for construction and operation.
During construction, use of hard-wired communications will be minimized and
cellular or satellite methods will be used to the extent possible for Internet and
phone access. Hard-wired systems required for operation communications will
be installed on-site as part of the electrical construction activities. These items
will include hard-wired phone, fiber optics, and Internet. External
communications systems will use existing lines and rights-of-way to the greatest
extent possible, or will use radio towers.
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Compressed Air

The compressed air system will provide both service air and instrument air
throughout the CSP Project. Service air will be provided at a regulated pressure
to hose connections placed at intervals throughout the Power Block and will be
used primarily for maintenance activities. The instrument air system will provide
dry, filtered air for operation of control systems, primarily pneumatic valves. Two
(2) 100-percent capacity compressors will be provided for the CSP Project.

Lighting System

Outdoor area lighting for the Power Block will consist of permanently mounted
fixtures secured to structures, equipment, walls and poles as required to provide
access lighting for operations and maintenance. Outdoor l ights wil l  be
automatically controlled by photocells with manual override capability. The
lighting system will be designed to provide nighttime lighting levels consistent
with the illuminating Engineering Society (ITS) standards to allow basic operator
movement throughout the Power Block.

Lighting will be designed to provide the minimum illumination needed to achieve
safety and security objectives and will be downward facing and shielded to focus
illumination on the desired areas only. There will be no lighting in the solar field,
so light trespass on surrounding properties will be minimal. If lighting at individual
solar panels or other equipment is needed for night maintenance, portable
lighting will be used.

Cathodic and Freeze Protection Systems

Underground metal structures will have cathodic protection as necessary based
on soil conditions. Freeze protection systems (heat tracing) will be employed to
protect small water and condensate piping systems that cannot be easily
drained.

HTF Leak Defection

Small leaks, possible at ball joints or other connections, will be located based on
a daily visual inspection of the solar field. Those small leaks can then be
corrected via repacking of joints or valves, or by minor repairs if needed. The
ability to isolate loops and sections of the field will allow for quick repairs.

4.a.ii.J) Site Access

US 93 is one of the major north-south transportation routes in Arizona. The
Project is located approximately 27 miles from US 93. Heavy equipment,
construction materials and supplies, and labor required for CSP Project
construction will be brought to the site via US 93. Stockton Hill Road will be used
to access the site from US 93. Site access will require construction of a new 3.5-
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mile road from Stockton Hill Road running east to the Site.

For contingency purposes, the CSP Project will develop a second means of
access. The secondary access road will access the site from the east, via
Antares Road. HVS anticipates that the access road between the site and
Stockton Hill Road will be assigned to Mohave County in the future.

Locked man-gates will be provided in the CSP Project perimeter fencing.

Inferior Roads and Fencing

The main access road from Stockton Hill Road as well as some of the roads in
the Power Block will be paved. The remaining portions of the Power Block will
be gravel surfaced or treated with a surfactant material to control dusting. The
access roads in the solar field will remain unpaved and without a gravel surface
to prevent damage to the mirrors.

The solar field and support facilities will be secured with a minimum 8-foot tall,
chain link metal-fabric security fence with 1-foot barbed wire or razor wire on top.
Controlled access gates will be located at the CSP Project entrance.

4.a.iii) Source I Type of Fuel

The primary fuel source for the CSP Project is solar. A supplementary fossil fuel
or biodiesel will be used in the Generating Facility for supplementary firing, up to
2% of the annual solar energy input. This fuel will also be used for freeze
protection firing as well as for maintaining conditions at the steam turbine during
down time of the water/steam cycle. It will be stored in tanks with appropriate
leak and spill control facilities, including 110% secondary containment, and all
other provisions (e.g., Spill Prevention Control and Countermeasure Plan)
required by the Aquifer Protection Permit that the Project will acquire from the
ADEQ.

4.a.iv) Amount of Non-Solar Fuel Utilized

The Project will utilize up to approximately 180,000 Million British Thermal Units
(MMBtu) of either a fossil fuel or biofuel per year. This will be allocated to turbine
maintenance steam, HTF freeze protection, and energy generation. Assuming
about 5000 hours per year for turbine maintenance steam and 400 hours per
year of HTF freeze protection results in an annual use of about 70,000 MMBtu
per year. The remaining approximately 110,000 MMBtu per year will be available
for generation of electricity during high demand periods when solar energy is not
sufficient.

Current design anticipates about 225,000 gallons of storage for fuel oil or biofuel.
The Project is also studying the use of natural gas, which would not require any
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storage on-site.

4.a.v) Type of Cooling / Sources of Water

4.a.v.A) Cooling

The Project includes two cooling systems, (i) the steam cycle heat rejection
system, and (ii) the closed cooling water system (equipment cooling).

Steam Cycle Heat Rejection System

The cooling system for steam cycle heat rejection will consist of a surface
condenser, circulating water system, and a wet cooling tower. The surface
condenser will be a shell-and-tube heat exchanger with wet, saturated steam
exhausted from the LP section of the STG condensing on the shell side and
circulating water flowing through the tubes to provide cooling. The warmed
circulating water will exit the condenser and flow to the evaporative cooling tower
to be cooled and reused.

The mechanical draft cooling tower will employ electric motor-driven fans to
move air through each cooling tower cell. The cascading circulating water will be
partial ly evaporated, and the evaporated water wil l  be dispersed to the
atmosphere as part of the moist air leaving each cooling tower cell. Because of
climatic conditions at the site, visible moisture plumes are expected to occur
relatively infrequently and typically only in winter months. No need is expected
for a plume-abated cooling tower.

Auxiliary Cooling Wafer System

The auxiliary cooling system provides cooling for equipment, including the STG
and lube oil. The auxiliary cooling system includes a closed cooling water
system that rejects heat to the cooling tower circulating water system. Heat is
gathered from the equipment and rejected via a heat exchanger.

4.a.v.B) Source of Water

The CSP Project will require approximately 2400 acre-feet per year (AF/Y) of
water on average, with approximately 2200 AF/Y required for cooling and boiler
slowdown, 130 AF/Y for mirror washing, and the remainder for potable water,
steam makeup, and general use.

The anticipated source for the majority of this water is effluent from the City of
Kingman's Hilltop wastewater treatment plant (WWTP), located approximately 25
miles south of the Project.' Depending on the route selected, the effluent

1
The WWTP presently produces about 1800 AFN of treated effluent that could be used by the Project.

Within about a year, the City will complete an upgrade of this plant that will provide this water as a mixture of
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pipeline will be 25 to 35 miles long. The effluent pipeline will be located in
easements negotiated with the landowners or with the county.

The CSP Project is expected to have four on-site wells to provide potable water
and possibly mirror washing water. These wells will be sized such that three of
them can provide for the entire project water needs in the event that the supply of
WWTP effluent is interrupted or becomes unavailable.

Table 4-1, Water Use lists flow rates and annual water uses for both an average
year and a maximum use year. Usage rates will vary during the year and will be
higher in the summer. Equipment sizing will be consistent with peak daily rates
to ensure adequate design margins. Exhibit B-1 provides a hydrogeological
analysis based on the projected water use during the CSP Project's operating
life.

Water for domestic uses by CSP Project employees will be provided by on-site
groundwater and will be treated to potable water standards by a package
treatment unit if necessary.

Groundwater well depths are in the range of 700 to 1,000 feet.

Preliminary ground water quality is shown in Table 4-2, Groundwater
Water Quality.

Well

Any unused wells located within the Project site will be taken out of service and
closed in accordance with ADWR requirements.

4.a.vi) Proposed Height l Number of Stacks

The CSP Project is expected to have eleven (11) small stacks - one (1)
associated with the auxiliary boiler and the other ten (10) associated with the
HTF heaters. Each of these stacks will be approximately fifty (50) feet high.

4.a.vii) Dates for Scheduled Start-up I Operation

One primary construction contractor will perform the engineering, procurement,
and construction (EPC) of the Project. The EPC contractor will be responsible
for the final design of the Project, procurement of equipment (except for some
owner-procured major equipment) and permanent materials, construction of all
civil works, foundations and structures, and startup and testing of the generation
facility.

A and B quality. It is anticipated that more existing users will tap into the sanitary sewer system when the
upgrade is completed and capacity is increased, and that the City will continue to grow. These factors
together could result in all of the Project's cooling water requirements being met by effluent from the WWTP
within 3 years of beginning operation.
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Construction of the CSP Project is scheduled to commence in the 4th quarter of
2010 and will take 2% to 3 years, allowing the CSP Project to commence
commercial operations in late-2013. The CSP Project will operate year-round.

The key schedule milestones are presented in Table 4-3, Anticipated CSP
Project Schedule.

The anticipated monthly construction labor force requirements for the CSP
Project are presented in Figure 4-6, Construction Workforce Projection. This
projection includes all personnel required to complete construction of the CSP
Project including overall site management, laborers, skilled craft, and startup
personnel. Skilled craft and laborers will be drawn from the local area wherever
possible, with construction management and startup functions provided (most
likely) by relocated personnel from the EPC contracting firm.

4.a.viii) Estimated Costs of Facilities I Site

4.a.viii.A) Project Costs

The cost of the CSP Project is estimated to be $2.2 billion.

The cost includes the solar collectors, steam turbine generator, transformers,
water, Gen-Tie interconnection facilities and all ancillary balance of equipment as
well as all civil works, construction labor, construction materials, engineering,
interest during construction, financing fees, utility deposits, insurance, and
overhead.

4.a.viii.B) Site Costs

The cost of the land is included the total provide above.

4.a.ix) Legal Description of Proposed Site

The CSP Generating Facility is located entirely on private land. However, due to
the checkerboard nature of the land in this area, both the access roads and Gen-
Tie for the Project will need to cross some federal land that is administered by
the BLM.

The private land for the Generating Facility includes Sections 19, 20, 21, 28, 29,
30, and the north half of Section 31 all within Township 26 North, Range 16
West, Gila and Salt River Baseline and Meridian.
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4.a) PV Electric Generating plant

4.a.i) Type of PV Generating Facility

If the Project ultimately uses PV technology, the PV Project will most likely utilize
crystalline silicon or thin film PV technology on single-axis trackers, or fixed-tilt
supports. Actual equipment will be similar to this technology, and will be selected
based on cost and market availability of the equipment.

The PV modules are non-reflective and convert sunlight into DC electricity. The
DC output of multiple rows of PV modules is collected through one or more
combiner boxes and directed to an inverter. The inverter converts the DC
electricity to AC electricity, which then flows to transformers within the
Generating Facility, where the power is stepped up to transmission voltage.

The Gen-Tie will be identical for the CSP Project and the PV Project.

The major differences between the CSP Project and PV Project are further
described in the following sections.

4.a.ii) PV Project Description

Based on the available site acreage and the technology option selected, at the
highest instantaneous peak output, the PV Project will produce a maximum
instantaneous electrical rating of 500 megawatts direct current (MWdc), which
would represent about 375 to 425 megawatts alternating current (MWac),
depending on the technology selected. Unlike a single source turbine generator
that can maintain a relatively constant energy output over ranges of ambient
conditions, the average annual capacity rating for a PV facility is a function of the
DC to AC conversion that varies considerably with ambient temperature and
solar insulation .

The PV Project's overall annual availability is expected to be in the range of 99
percent excluding non-daylight hours. The PV Project's annual energy production
will range from 650,000 to 900,000 net megawatt hours (Mwh ac) per year.
Annual generation will depend on the PV technology selection, density of
modules on the site, project availability, and the local solar insulation during that
given year. Optimization of the peak rating and the annual energy production will
be conducted during the detailed engineering and procurement phase of the PV
Project.

HVS Project CEC Application Pole 2 I



4.a.ii.A) PV Project Site Layout and Arrangement

The proposed facility layout of the PV technology for the PV Project is shown on
Figure 4-7, PV General Layout.

Most of the site will be disturbed by construction of the PV Project. Temporary
construction lay down, construction trailers and parking areas will be provided
within the Project site. Due to the size of the site, the solar field lay down area
will be relocated periodically within the solar field as the solar field is built out.

4.a.ii.B) PV Solar System / Process

Photovoltaic panels will produce all of the electricity generated by the PV Project
facilities. PV panels convert sunlight directly into a DC voltage. The major
equipment includes the following:

PV solar panels
Single-axis trackers, or fixed-tilt supports
Inverters
Three phase pad mounted transformers and circuit breakers.

4.a.ii. C) PV Project Electrical System Description

The wiring from the solar panels delivers DC power along an underground trench
or above ground conduit to the inverters located on the electrical equipment
pads. The inverters convert the DC power to AC that is then stepped up to
medium voltage via 480 Volt to 34.5kV transformers. The medium voltage
transformers deliver power along an overhead collection system to the PV
Project switchyard where the power is stepped up to transmission voltage for
interconnection to the electrical grid.

The PV Project will have a Supervisory Control and Data Acquisition (SCADA)
system that will allow for remote monitoring and control of inverters and other PV
Project components. The SCADA system will be able to monitor PV Project
output and availability, and to run diagnostics on the equipment.

Electrical System for Generating Facility Auxiliaries

During daylight hours, power for Generating Facility auxiliaries will be provided
by the PV Project's electrical generation. During non-daylight hours, the PV
Project will require small amounts of power from an external source for the O&M
building, to keep transformers warm during non-daylight hours, to realign the
trackers to the east at night so that they are properly oriented to catch the
morning sun the following day, and for Generating Facility lighting and security.
This power will be provided by either back feed from the electrical grid or from an
on-site emergency generator (during grid outages). Power from the grid will be

HVS Project CÈC Application �3�&�,�4�¼������



stepped down to an appropriate voltage to support Generating Facility auxiliaries
and will be connected to the station service power switchgear.

An emergency diesel powered firewater pump will provide power for fire
protection in the event that power from the electrical grid is unavailable.

4.a.ii.D) PV Generating Facility Auxiliaries Description

The following subsections describe the various Generating Facility auxiliary
systems associated with the PV Project.

During operations, approximately 30 acre feet of water per year will be required
by the Generating Facility for domestic use, process water, and fire protection.
Domestic use will include restrooms, showers, and other employee uses.
Process water will be required for washing solar panels and maintenance uses.
Water wil l be sprayed on the PV panels periodically to remove dust and
contaminants to maintain efficient conversion of sunlight to electrical power. The
cleaning interval will be determined by the rate at which electrical output
degrades between cleanings and will vary depending upon weather conditions.

The PV Project would not use the effluent from the City of Kingman's Hilltop
wastewater treatment plant due to the relatively small quantity of water required
and high cost of the pipeline required to deliver that water. A single on-site raw
water storage tank, with a nominal 10,000 gallon capacity, will provide raw water
storage.

Fire Protection

Fire protection is generally the same for both the PV Project and the CSP Project
and has been previously described in the CSP Section.

Plant Control System

The microprocessor-based Plant Control System (PCS) will provide control,
monitoring, alarm, and data storage functions for plant systems as well as
communication with the PV Solar Field SCADA system. Redundant capability will
be provided for critical PCS components so that no single component failure will
cause a facility outage.

All field instruments and controls will be hard-wired to local electrical panels.
Local panels will be hard-wired to the plant PCS system. Wireless technology will
be reviewed as a potential alternative during final PV Project design.
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Compressed Air

The PV Project will have a small service air system located in the O&M building
to operate small hand tools. One or more commercial grade air compressors will
be provided for the Project.

Lighting System

The PV Project's lighting system will provide operation and maintenance
personnel with illumination for both normal and emergency conditions. Lighting
will be designed to provide the minimum illumination needed to achieve safety
and security objectives and will be downward facing and shielded to focus
illumination on the desired areas only. There will be no lighting in the solar field,
so light trespass on surrounding properties will be minimal. If lighting at individual
solar panels or other equipment is needed for night maintenance, portable
lighting will be used.

Roads, Fencing, and Security

A small portion of the overall PV Project site will be paved, including the site
access road, parking area, and portions of the area around the O8¢M building.
The PV solar field and support facilities perimeter will be secured with security
fencing with controlled access as described for the CSP Project.

Site Drainage and Earthwork

Grading of the Project site will be required as described for the CSP Project.

4.o.ii.l.D) PV Project Auxiliary Electrical System

Power for the auxiliary system will be provided by the PV Project during the day
and back fed from the grid when the Generating Facility is not operating. In either
case the power will be stepped down to an appropriate voltage (typically 480V) to
support Generating Facility auxiliaries and will be connected to the station
service power switchgear.

A DC power supply and an essential service AC system will provide power to
ensure that critical safety and equipment protection control circuits are always
energized and able to function in the event of unit trip or loss of AC power. The
battery bank is sized to power the DC loads and essential service AC loads
through an inverter for a sufficient amount of time to provide for safe and
damage-free shut down of the power plant.

4.a.ii.D.D Grounding

The electrical system is susceptible to ground faults, and lightning and switching
surges that can pose hazards to site personnel and electrical equipment. The
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station grounding system provides an adequate path to ground to permit the
dissipation of current created by these events. The station-grounding grid will be
designed for adequate capacity to dissipate heat from ground current under the
most severe conditions in areas of high ground fault current concentration .

4.a.ii.E) PV Operations

O&M activities associated with a PV Project are minimal. Long-term maintenance
schedules will be developed to include periodic maintenance and equipment
replacement in accordance with manufacturer recommendations.

No heavy equipment will be used during normal PV Project operation. Operation
and maintenance vehicles will include trucks, forklifts, and loaders for routine and
unscheduled maintenance, and water trucks for solar panel washing. Large
heavy-haul transport equipment may be brought to the site infrequently for
equipment repair or replacement.

4.a.ii.F) PV Site Access and Transportation

Access to the PV Project site and the transportation of personnel and materials
will be the same as that described for the CSP Project.

4.a.iii) PV Project Source I Type of Fuel

The PV Project is fueled by solar energy and only a very small quantity of fossil
fuel would be used to heat the O&M building. The fuel will be stored in a bulk
storage tank onsite and will be filled regularly by a local supplier.

4.a.iv) PV Project Amount of Fuel Utilized

The PV Project would be expected to utilize an insignificant amount of fossil fuel
per year.

4.a.v) PV Project Type of Cooling I Source of Water

If the PV Project is developed, it would not require a cooling process and,
therefore, no water for cooling.

4.a.vi) PV Project Proposed Height I Number of Stacks

The PV Project would not have any stacks.

4.a.vii) PV Project Dates for Scheduled Start-up I Operation

The schedule for the PV Project is similar to the description in the CSP Project
description.
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4.a.viii) PV Project Estimated Costs of Facilities I Site

4.a.viii.A) PV Project Costs

The cost of the PV Project is estimated to be approximately $1.75 billion. The
cost includes the PV panels, electric transmission interconnection facilities, and
all ancillary balance of plant equipment as well as all civil works, construction
labor, construction materials, and engineering.

4.b.viii.B) Site Costs

The cost of the Property is the same as described for the CSP project.

4.a.ix) Legal Description of Proposed Site

The legal description for the PV Project site is the same as that described for the
CSP Project.

4.b) Electrical Interconnection

The electrical interconnection is the same for both the CSP Project and the PV
Project.

4.b.i) Nominal Voltage

The Project interconnection voltage is 500kV or 345kV. The one-Iine diagram of
the Project for the 500kV interconnect on is shown on Figure 4-4.

4.b.ii) Description of Endpoints

Interconnection #1

Interconnection #1 termination is approximately 2 miles north of the solar field
located entirely in Township 26 North, Range 16 West. The termination would be
located in the northeast corner of Section 09, on private land. The Gen-Tie
alignment for Interconnection #1 is depicted on Figure 4-8.

The Interconnection #1 Gen-Tie alignment would run as follows:

�‡

�‡

from the Generating Facility's Power Block to the property boundary,
then
north for 1.25 miles within a 1320-foot wide corridor from the property
boundary along the east boundary of Section 17 (private property) and
08 (BLM land); then
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�‡

�‡

north for 1.25 miles within a 1320-foot wide corridor along the west
boundary of Section 16 (BLM land) and Section 09 (private property)
until it reaches the north boundary of Section 09, then
east for about 0.75 miles within a 1320-foot wide corridor along the
north boundary of Section 09 (private property) until it reaches the
termination.

Interconnection #1 is approximately 2.75 miles in length from the property
boundary and has a total ROW acreage of 66.7 acres.

Interconnection #2

Interconnection #2 termination is approximately 6 miles north of the solar field
and is located in the northeast corner of Section 25 of Township 27 North, Range
17 West on private land. The Gen-Tie alignment for Interconnection #2 is
depicted on Figure 4-8.

The Interconnection #2 Gen-Tie alignment would run as follows:

�‡

�‡

from the Generating Facility's Power Block to the property boundary,
then
north for 1.25 miles within a 1320-foot wide corridor from the property
boundary along the east boundary of Section 17 (private property) and
08 (BLM land); then
north for 1.25 miles within a 1320-foot wide corridor along the west
boundary of Section 16 (BLM land) and Section 09 (private property)
until it reaches the north boundary of Section 09; then
north for one mile within a 1320-foot wide corridor through Section 04
until it reaches the west boundary of the existing transmission line
corridor, which it will parallel on a generally northwest heading,

and from there, it will run within a 2640-foot wide corridor measured from the
centerline of the Mead-Liberty transmission line west of and parallel to the
existing transmission line for approximately 3.5 miles:

�‡

�‡

�‡

s

through the northeast corner of Section 05 in Township 26 North,
Range 16 West (BLM land);
through Sections 32, 31, and 30 in Township 27 North, Range 16 West
(BLM land),
through Sections 25 (private land) and 24 (BLM land) in Township 27
north, Range 17 West, and
terminate in Section 23 (private property) in Township 27 North, Range
17 West.

Interconnection #2 is approximately 6.5 miles in length from the Generating
Facility boundary and has a total ROW acreage of 157.6 acres.
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4.b.iii) Right-of-Way Width

The Gen-Tie will be located along the centerline of a 200-foot wide ROW. It will
be built to utility standards as required by Western and the ACC to ensure
reliability and to match the existing lines.

4.b.iv) Estimated Costs

The costs for the Gen-Tie are included in the overall Project costs provided in
section 4.a.viii above.

4.b.v) Description of Proposed Route and Switchyard Locations

This is provided in the section 4.b.ii s above.

4.b.vi) Ownership Percentages of Land Traversed by the Route

Interconnection # 1 is approximately 97% on private land and 3% on public land.
Interconnection #2 is approximately 30% on private land and 70% on public land.

5. List the areas of jurisdiction [as defined in A.R.S. §40-
360(1)] affected by each alternative site or route and
designate those proposed sites or routes, if any,
which are contrary to the zoning ordinances or master
plans of any of such areas of jurisdiction.

The Project site and surrounding area falls under the jurisdiction of Mohave
County and BLM. The majority of Interconnection #2 is within a BLM-dedicated
utility corridor.

The Project site is currently under a Rural Development Area (RDA) land use
designation. In November 2009, Mohave County Planning and Zoning
Commission and the Board of Supervisors unanimously approved a Major
Amendment to the Mohave County General Plan for the Project site to change
the land use designation from a RDA land use designation to an RDA, Rl (Rural
Development Area, Rural Industrial) land use designation.

6. Describe any environmental studies applicant has
performed or caused to be performed in connection
with this application or intends to perform or cause to
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be performed in such connection,
contemplated date of completion.

including the

The Project is subject to NEPA compliance for two reasons, first, because the
generation is planned to interconnect with federal electric transmission line
system managed by the Western and second, because the Gen-Tie, the access
road, and possibly, a wastewater effluent pipelines will cross public Land
managed by the BLM. NEPA compliance has been initiated and an ElS is being
prepared. Western is the Lead federal agency and the BLM is a Cooperating
agency. A NEPA document, although underway, is not complete and therefore
not included in the application.

The Project has concluded the federal scoping phase and resource studies are
being prepared. A complete copy of the Draft Scoping Report is contained in
Exhibit J-2.

Contained in Exhibit B-1 and Exhibit B-2 are reports prepared for Hydrogeology
& Water Quality, and Air Quality, respectively.

The Project is pursuing the purchase of effluent from the City of Kingman's wastewater
treatment facility to use as replacement for groundwater, and is analyzing routing options to bring
that effluent to the Project site by pipeline.

2
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r

By:

ORIGINAL and 25 copies of the foregoing hand delivered and filed with the
Director of Utilities, Arizona Corporation Commission, this day of
November, 2009.

2249
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Table 4-1 CSP Water Use

Project Component

Average Year Maximum Year

Tota I Flow
Rate Tota I Flow

Rate
AF rpm AF rpm

gCollin Towers 2,1 15 1 ,312 2,644 1 ,640
CT Blowdown lnoru recyclable) 89 54 1 1  1 67

team akeup 57 71 72 89
Mirror Washing 130 81 162 101

Potable Water 4 2 4 3

Service cleaning, etc.) *I 4 9 18 1 1

TotaI 2,409 1,734 3,011 1,910
Average Flows based on generation from TypicalMeteorologicalYear

OMaximum Year based on 25/Oincrease above average
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Table 4-3 Anticipated CSP Project Schedule

Activity
Start
Date End Date

Obtain Permit Au 9-2009 Ma 2009
Material Construction Permits As 2009 Oct-2009
Order Major Equipment l]eC-201 O Dec 201 1
Star t On Site Construction (ea ) Dec 2010 Dec 2010

e a rt yC o mmer c ia l Operation Jun 2013 Jun~201 3
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Legend Project Area

Hualapai Valley Solar Project
Solar Facility

V/A Interconnection #1 Gen-Tie
Interconnection #2 Gen-TieM

Ownership
I = 3 BLM
1 Hualapai Indian Reservation
I  P r i v a t e
1 State Trust

Figure 4-1

l

4 1:250,000
N

0 5

Ownership information from ALRIS (2006)
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List of Acronyms

Alternating current (AC)
Aluminum Conductor Steal Reinforced (ACSR)
Arizona Corporation Commission (ACC)
Arizona Department of Environmental Quality (ADEQ)
Arizona Game and Fish (AGF)
Arizona State Historic Preservation Office (SHPO)
Arizona State Museum (ASM)
Aquifer Protection Permit (APP)
Best Available Management Practices (BMP)
Bureau of Land Management (BLM)
Comprehensive Plan Amendment (CPA)
Concentrating Solar Power (CSP)
Direct Current (DC)
Disodium Phosphate (D SP)
Distributed Control System (DCS)
Draft Environmental Impact Statement (DEI S)
Engineering, Procurement, and Construction (EPC)
Environmental Impact Statement (EI S)
Gallons Per Day (GPD)
Gallons Per Minute (GPM)
Generator step-up transformer (GSUT)
Heat Collection Elements (HCE)
Heat Transfer Fluid (HTF)
Illuminating Engineering Society (ITS)
Institute of Electrical and Electronic Engineers (IEEE)
Intermediate Step-up Transformer (IT)
KiloVolts (kw
Leak Collection and Recovery System (LCRS)
Local Area Network (LAN)
Low Pressure (LP)
Megawatts (MW)
Millions Gallons per Day (MGD)
National Environmental Policy Act 0\IEPA)
Off Highway Vehicles (OHV)
Operation and Maintenance (O&M)
Planned Area Development (PAD)
Photovoltaic (PV)
Prevention Significant Deterioration (PSD)
Solar Collector Assemblies (SCA)
Solar Steam Generator (SSG)
Station Service Transformers (SSTs)
Steam Turbine Generator (STG)
Supervisory Data Acquisition and Control (SCADA)
Thermal Energy Storage (TES)



Total Dissolved Solids (TDS)
Trisodium Phosphate (TSP)
Underwriter's Laboratories/Factory Mutual Research Corp (UL/FM)
Unit Auxiliary Transformer (UAT)
United States Fish and Wildlife Service (USFWS)
Volt (V)
Visual Resource Management (VRM)



EXHIBITA - PROJECT LOCATION AND LAND USE

As stated in Arizona Administrative Code R14-3-219:

Where commercially available, a topographic map, 1.'250,000 scale,
showing the proposed plant site and the achacent area within 20 miles
thereof If application is made for alternative plant sites, all sites may be
shown on the same map, if practicable, designated by applicant's order of
preference.

Where commercially available, a topographic map, 1:62,500 scale, or
each proposed plant site, showing the area within two miles thereof. The
general land use plan within this area shall be shown on the map, which
shall also show the areas ofjurisdiction affected and any boundaries
between such areas ofjurisdiction. If the genera/ land use plan is uniform
throughout the area depicted, it may be described in the legend in lieu of
an overlay.

Figure A-1 depicts the Project site and jurisdictions within a 20-mile area on a
topographic map (1 :250,000 scale).

Figure A-2 depicts the Project site and jurisdiction within 2 miles on a
topographic map (1262,500 scale).

Figure A-3 depicts existing land use within a 2-mile radius of the Project site on
aerial photograph (1 :62,500 scale).

Project Location

The HVS Project is located in Mohave County, approximately 27 miles north of
Kingman, Arizona and 80 miles southeast of Las Vegas, Nevada (see Figure A-
1).

JurisdictionlOwnership

Land use within the Project site and surrounding area falls under the jurisdiction
of Mohave County and BLM.

The Generation Facility (approximately 6.5 square miles in area) will be located
entirely on private property (see Figure A-2). The Project will require a butterfly
crossing of BLM lands for the Gen-Tie as well as a butterfly crossing of BLM land
for its access road .

HVS Project-Exhibit A Page I



Land Use and Zoning

The Project is currently under a Rural Development Area (RDA) land use
designation (see Figure A-3). in September 2009, the Mohave County Planning
and Zoning Commission unanimously approved a Major Amendment to the
Mohave County General Plan for the Project site to change the land use
designation from a RDA land use designation to an RDA, Rl (Rural Development
Area, Rural Industrial) land use designation.

The Major Plan Amendment was granted by the Mohave County Board of
Supervisors on November 16, 2009.

The County is currently reviewing the zoning requirements for solar
developments in Mohave County. Once the zoning requirements are approved,
the Project will apply for appropriate zoning permits, if required.

Potential Effects

The HVS Project would be consistent with the land use designation for the
Project Site, and associated Gen-Tie and access road.

References

County of Mohave, Arizona. General Plan. March 10, 1995
Revised December 5, 2005. http://www.co.mohave.az.us/

County of Mohave, Arizona. Zoning Ordinance. Adopted: September 7, 1965
Revised: October 23, 2008. http://www.co.mohave.az.us/

HVS Project-Exhibit A Page 2
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EXHIBIT B: ENVIRONMENTAL STUDIES

As stated in Arizona Administrative Code R14-3-219:

"Attach any environmental studies which Applicant has made or obtained in
connection with the proposed site(s) or route(s). If an environmental report has
been prepared for any federal agency or if a federal agency has prepared an
environmental statement pursuant to Section 102 of the National Environmental
Policy Act, a copy shall be included as part of this Exhibit. "

The Project is subject to National Environmental Policy Act (NEPA) compliance for two
reasons, first, because the generation is planned to interconnect with federal electric
transmission l ine system managed by the Western Area Power Administration
(Western) and second, because the interconnecting electric transmission line, the
access road, and possibly, a wastewater effluent pipelines will cross Public Land
managed by the Bureau of Land Management (BLM). NEPA compliance has been
initiated and an Environmental Impact Statement (ElS) is being prepared. Western is
the lead federal agency and the BLM is a cooperating agency. A NEPA document,
although underway, is not complete and therefore not included in the application.
Federal agencies are prevented from concluding their decision until the NEPA process
is complete and therefore including federal opinions on impacts is not appropriate. It is
reasonable, however to make determinations regarding impacts and compatibility
pursuant to the requirements of the Certificate of Environmental Compatibility (CEC)
application process. The disclosure of impacts in this and other Exhibits to the Project's
CEC application is intended to meet standards for the state process. A Draft of the ElS
(DEIS) is expected in first quarter of 2010.

The Project has concluded the federal scoping phase and resource studies are being
prepared. The scoping phase is one of the first steps in the NEPA process and engages
both the public and resource agencies to determine issues for examination and study.
This step ensures that the NEPA document will sufficiently cover the various topics and
involve the appropriate agencies and people. A complete copy of the scoping report is
contained in Exhibit J-2.

Many studies have been prepared in connection with this Project and previous planned
Projects. These studies are under review by members of the NEPA technical team in
order to assemble a DEIS. Additional studies and research were prepared specifically
for this application. Some of the baseline technical studies are included in this and other
relevant exhibits in the application.

1 The Project is pursuing the purchase of effluent from the City of Kinglnan's wastewater treatment facility to use as
replacement for groundwater, and is analyzing routing optionsto bring that effl uent to the Project Site by pipeli ne.

HVS Project-Exhibit B Page I



The Project area has been the subject of at least two large scale previous proposals.
First was a gas storage facility, which intended to use the subsurface salt deposits and
create caverns capable of storing natural  gas, the second was a residential
development, which included most of the land to be used for this Project. Research on
water and other resources was prepared as part of these previous studies and as
previously mentioned is under review as part of this Project.

Contained in Exhibit B-1 and Exhibit B-2 are reports prepared for Hydrology & Water
Quality, and Air Quality, respectively.

HVS Project-Exhibit B Page 2
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rel MONTGOMERY
8 ASSOCIATES

November 16, 2009
TECHNICAL MEMORANDUM

GROUNDWATER FLOW MODEL FOR
HUALAPAI VALLEY SOLAR PROJECT

MOHAVE COUNTY, ARIZONA

SUMMARY OF CONCLUSIONS

Montgomery & Associates (M&A) has prepared this technical memorandum under

contract with Hualapai Valley Solar LLC (HVS). Figure 1 is a location map for the

Hualapai groundwater basin. The principal conclusions and recommendations from this

investigation include:

1. The Hualapai Valley is a north- to northwest-trending structural basin,

separated into three sub-basins at depth by areas of relatively shallow

bedrock, from south to north these sub-basins are the Kinsman, Red Lake,

and Gregg sub-basins (Figure 1). Groundwater in Hualapai Valley

generally flows from the Kinsman sub-basin northward beneath the Red

Lake playa and over the bedrock high north of Red Lake, where it continues

north through the Gregg sub-basin and eventually discharges into Lake

Mead. Depth to groundwater is in the range from about 250 feet before land

surface (bis) north of Red lake to more than 900 feet near Kinsman; depth to

water in the vicinity of Red Lake is in the range from about 260 to 360 feet.

The U.S. Geological Survey (2007) reported that there has been a

predominantly stable or rising trend in groundwater levels from the late

1950s to 2006 in the Red Lake sub-basin. Except for the area near

Kinsman, contours for altitude of groundwater level in winter 2005-2006
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are generally similar to those for 1967 and 1980. This similarity indicates

that the amount of groundwater removed from storage in the basin has been

negligible, except near the City of Kingman welltield.

2. The volume of groundwater in storage in the principal Hualapai Valley

aquifer system far exceeds the annual volume of recharge and discharge of

groundwater in the basin. Based on the information compiled for this

investigation for the area, depth, and porosity of saturated sediments, total

volume of groundwater in storage in the Hualapai basin is calculated to be

about 27.7 million acre-feet (AF) to the base of the sediments. This value

was obtained by using a basin-wide numerical groundwater flow model to

calculate the volume of sediments between the buried surface of the bedrock

(or evaporate deposits where they occur) and the winter 2005-2006

groundwater surface. Specific yield used in the model was distributed in the

basin according to lithology reported for wells and cross-sections of the

basin, and ranged from 2 to 12 percent. Weighted average specific yield

used in the model was 9.86 percent. Following a similar procedure, volume

of groundwater in storage above a depth of 1,200 feet bis was calculated to

be about 15.8 million AF. This value is appropriate and is comparable to

the volume of 21 million AF given in a U.S. Geological Survey (USGS)

report by Gillespie and Bentley (1971) for the saturated sediments to depths

of 1,000 feet bis in the Red Lake area and 1,500 feet bis in southern

Hualapai Valley.

The numerical  groundwater f low model  dev eloped by M&A for the

Hualapai Valley was originally constructed and calibrated in 2006 and 2007,

and was approved by the Arizona Department of Water Resources (ADWR)

in 2007, details of the model construction were reported by M&A (2006 and

2007). The proposed groundwater pumping for HVS was added to the

existing model to simulate the impact of the proposed facility over its

Mod elTechMemo-FI NALwrv.doc
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projected 30-year life. Maximum pumping rate for HVS was assumed to be

3,000 acre-feet per year (AF/yr), which is equivalent to a constant pumping

rate of  about 1,869 gallons per minute. This rate was the maximum

estimated by HVS engineers when they were considering several plant

design alternatives and, therefore, was used in the model to be conservative.

The current groundwater use est imated by HVS for the wet-cool ing

alternative is 2,400 AF/yr, not taking into account reuse of other water

sources that may become available to the project.

The Hualapai model was constructed using MODFLOW (Harbaugh and

McDonald, 1996) and Groundwater Vistas, a graphical modeling interface

(Rumbaugh and Rumbaugh, 2004). The model includes a steady-state

simulation calibrated to match observed pre-development groundwater

levels for the period from 1965 to 1970. Simulated groundwater conditions

from the steady-state simulation are used as initial conditions for the

transient simulation. The model includes a transient simulation for the

period from January l, 1970 through December 31, 2042. The transient

model was calibrated to observed conditions for the period from 1970

through 2005. Model parameter sensitivity analyses were conducted for

both the steady-state simulation and the transient simulation (from 1970

through 2005). Results of the model calibration indicate that simulated

groundwater levels compare well with observed data in most of Hualapai

Valley.

The model simulates future pumping for the period from 2006 through

2042. Simulated pumping rates are summarized in Table 2. Future

domestic well pumping is simulated at approximately 34 AF/yr, unchanged

from the 2006 rate. Simulated pumping for City of Kinsman wells increases

from approximately9,297AF/yr in 2006 to approximately 12,076 AF/yr in

2014, and is constant from 2014 through 2042.The 2014 Kinsman
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pumping rate of approximately 12,076 AF/yr represents the Designation of

Adequate Water Supply reported by ADWR. Other committed demands are

simulated using additional wells with total pumping of approximately

3,893 AF/yr from 2006 through 2042, which was provided by ADWR.

The committed demand for the large residential developments proposed by

the Rhodes Homes and Mardian Ranch projects were not used in this

analysis due to the uncertainty of these projects proceeding, It is not known

how or when these projects and the associated water use will be phased in.

For perspective, the unused committed demand for these projects over the

last two years since ADWR issued its analyses far exceeds the entire

30-year water demand for the HVS project, yet no homes have been built.

In any event, the projected incremental groundwater impact of the HVS

project would not be significantly different if the committed demand for the

Rhodes Homes and Mardian Ranch projects had been included in the

analysis. If the HVS facility is constructed and operated, ADWR will take

the HVS committed demand into account when determining groundwater

availability for future phases of these developments at such time as they are

proposed.

6. Proposed pumping for the HVS plant is approximately 3,000 AF/yr for the

period from 2013 through 2042. The simulated pumping is distributed

among four wells, HVS-1 through HVS-4, with a pumping rate of

750 AF/yr at each well. Total simulated pumping for the proposed plant is

90,000 AF for the 30-year life of the project. Total simulated pumping for

Hualapai Valley is 13,224 AF/yr in 2006, increases to 19,003 AF/yr in 2014,

and is constant from 2014 through 2042.

7. Projected groundwater level altitudes at the end of the HVS plant life in

2042 are shown on Figure 27. Inspection of Figure 27 indicates that,
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although groundwater continues to move northward through the basin, cones

of depression in the water table are projected to occur at the pumping

centers near Kinsman and at the HVS site. These cones of depression are

areas where groundwater moves toward the pumping wells from all

directions. When pumping is terminated at a cone of depression,

groundwater levels in the dewatered area recover relatively rapidly to some

depth below the pre-pumping level, the difference between these levels

represents groundwater removed from storage. Comparison of Figures 21

and 27 indicate that, except for the immediate areas of Kinsman and the

HVS site, the pre-HVS and post-HVS contour maps are similar.

8. Projected groundwater level declines due solely to the HVS plant alter the

30-year project life are shown on Figure 28. This map was constructed by

taking the difference between the projected groundwater level altitude maps

for 2042 with and without HVS pumping. Inspection of Figure 28 indicates

that projected groundwater level decline due to HVS pumping is less than

l foot north and south of the Red Lake sub-basin. Maximum projected

decline at the HVS pumping center is about 38 feet. The 20-foot

groundwater level decline contour is roughly coincident with the HVS

property boundary; therefore, off-site declines in the vicinity of the plant are

generally projected to be less than 20 feet.

9. For the period from 2006 through 2042, the simulated model water balance

projects a decrease in aquifer storage of 672,098 AF, based on a total

simulated recharge volume of 140,599 AF, a total simulated pumped

volume of 672,337 AF, and a total outflow volume via the Lake Mead

constant head cells of 140,360 AF. Simulated discharge at the constant head

cells decreases from 3,804 AF/yr in 2006 to 3,760 AF/yr in 2042. For the

period from 2013 through 2042, the simulated contribution from HVS

pumping projects a decrease in aquifer storage of 90,000 AF, based on total
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simulated pumped volume of 90,000 AF. The simulated contribution from

HVS of outflow volume via the Lake Mead constant head cells is 0 AF.

10. Results of modeling indicate that proposed groundwater pumping for the

HVS plant, combined with pumping for City of Kinsman wells, domestic

wells, and other committed demands, is projected to cause maximum total

groundwater level decline of about 48 feet in the vicinity of the HVS plant

for the 30-year period from 2013 through 2042. Pumping for the HVS plant

alone is projected to cause groundwater level decline of a maximum of

about 38 feet in the vicinity of the HVS plant during the 30-year simulation

(Figure 28), or about 1.3 feet per year.
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November 16, 2009

TECHNICAL MEMORANDUM

GROUNDWATER FLOW MODEL FOR
HUALAPAI VALLEY SOLAR PROJECT

MOHAVE COUNTY, ARIZONA

INTRODUCTION

This technical memorandum was prepared by Montgomery & Associates (M&A)

under contract to Hualapai Valley Solar LLC (HVS) to assess potential impacts to

groundwater levels in the Hualapai Valley groundwater basin due to planned pumping to

supply the proposed HVS thermal solar power plant, located southeast from Red Lake,

Mohave County, Arizona, The site encompasses all or part of Sections 19, 20, 21, 28, 29,

30, and 31 in Township 26 North, Range 16 West. This site is in a remote desert area where

surface water is ephemeral and municipal water supplies are distant, groundwater supplies

are the most readily available source of water at the proposed site. Figure 1 is a location

map for the Hualapai groundwater basin.

M&A constructed and calibrated a basin-wide numerical groundwater flow model in

2006 and 2007 to simulate historic groundwater conditions from 1965 through 2005, and to

project groundwater conditions into the future. This model was approved by the Arizona

Department of Water Resources (ADWR) in 2007, details of the model construction and

previous use were reported by M&A (2006 and 2007). This technical memorandum

summarizes construction of the model and results of use for the current investigation for

HVS.
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AVAILABLE DATA AND REPORTS

Data and reports from the following sources were used for this technical

memorandum: ADWR, Arizona Oil and Gas Conservation Commission; Arizona Geological

Survey (AZGS), U.S. Geological Survey (USGS), and various consultants. Many of these

sources provide information regarding general hydrogeologic conditions and wells in

Hualapai Valley. Much of this information was previously summarized by M&A (2006 and

2007). Appendix A describes the well numbering and location system used in Arizona. A

summary of general information for wells in Hualapai Valley is provided in Appendix B;

Table B-1 is a well inventory compiled from all available well information databases.

Records of all wells within 1.5 miles of the proposed project site and other wells described in

this memorandum are highlighted in Table B-1 for quick reference.

PREVIOUS INVESTIGATIONS

Significant interest in the Red Lake area was generated in the late 1950s by reports of

saline groundwater and subsequent discovery of thick halite (rock salt) deposits in the area

(Faulds and others, 1997). From 1958 to 1989, four deep wells were drilled into the salt

deposit to determine the nature of the deposits and their economic potential (Rauzi, 2002).

In the late 1970s and early 1980s, the area was investigated for potential storage of natural

gas in caverns to be leached from the salt using local groundwater supplies (Wester, 1980).

Several mid-depth water exploration wells and water production wells were drilled south of

Red Lake for this project, referred to as the Pataya Gas Storage Project. The Pataya project

was never approved by the Federal Energy Regulatory Commission (Rauzi, 2002). From

2001 through 2004, the project was revived under the name Red Lake Gas Storage, L.P.

(Arcadis, 2002). An additional deep well (SWE-ID) was drilled for that project north of the
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Red Lake salt deposit to assess the potential for injection of brine generated iron the cavern

leaching process. In 2005, the property related to the Red Lake Gas Storage Project was

acquired by Rhodes Homes of Arizona, studies were conducted by M&A (2006 and 2007) to

assess water availability for residential development of the property. HVS recently obtained

an option to purchase a portion of the Rhodes Homes land for construction of a thermal solar

power plant.

In 2005 and 2006, M&A conducted field investigations for selected wells located on

Rhodes Homes property in the vicinity of Red Lake. Wells drilled for stock or domestic use

were investigated, together with wells drilled for the Pataya Project (M&A, 2006). Of the

wells identified in the field, two wells referred to as RL-l (formerly CER-3) and RL-2 were

selected for further investigation and were tested using temporary pumps. Available data for

the basin were compiled by M&A (2006 and 2007) to construct and calibrate the

groundwater flow model. Further work to assess chemical quality of groundwater in the Red

Lake sub-basin was conducted for HVS by M&A (2009).
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HYDROGEOLOGIC CONDITIONS

The Hualapai Valley is a north- to northwest-trending structural basin, separated into

three sub-basins at depth by areas of relatively shallow bedrock; from south to north these

sub-basins are the Kinsman, Red Lake, and Gregg sub-basins (Figure 1) (M&A, 2006). The

Red Lake sub-basin is bounded on the east by the Grand Wash Cliffs and on the west by the

Cerbat Mountains. Figure 2 is a geologic map for Hualapai Valley showing the lines for

hydrogeologic sections A-A', B-B', and C~C', which are shown on Figures 3, 4, and 5,

respectively. A more detailed summary of hydrogeologic conditions in I-Iualapai Valley is

given by M&A (2006 and 2007).

The basin structure is a half-graben developed in the headwall of the steeply west~

dipping Grand Wash Fault, located along the eastern margin of the basin, the Cerbat

Mountains comprise the exposed portion of the downthrown fault block and the Grand Wash

Cliffs comprise the upthrown fault block (Faulds and others, 2001) (Figure 5). The

mountains that bound the basin are comprised primarily of igneous, metamorphic, and

volcanic rocks, sedimentary rocks of the Colorado Plateau form a cap rock above the Grand

Wash Cliffs (Gillespie and Bentley, 1971) (Figure 2).

Inspection of the depth to bedrock contours shown on Figure 2 and hydrogeologic

sections shown on Figures 3, 4, and 5 indicates the Hualapai Valley structural basin is filled

with thick alluvial deposits consisting of sand, gravel, silt, clay, and evaporates, volcanic

rocks are locally interbedded with the alluvium in some areas (Gillespie and Bentley, 1971).

Relatively coarse-grained alluvial-fan deposits, formed at the foot of the basin~bounding

mountain ranges, coalesce toward the axis of the basin and are believed to extend at depth for

some distance from the present location of the mountain fronts (M&A, 2006, Gillespie and

Bentley, 1971). The Red Lake sub-basin is characterized by internal surface water drainage,

which terminates at the Red Lake playa. Extensive fine-grained deposits and minor
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evaporates are associated with the playa, these deposits extend laterally and vertically beyond

the current area of the playa(Figures 3 and 5)(M&A, 2006 and 2007).Aquifer hydraulic

properties for Hualapai Valley are summarized in Table 1.

The Red Lake halite deposits lying below the alluvium, described earlier in this

memorandum, are capped by as much as 400 feet of gypsum and anhydrite. The upper

contact of these deposits is known from drillhole data to occur at a depth between about

1,300 to 1,850 feet below land surface (bis) and their total thickness may be in excess of

8,000 feet (Faulds and others, 1997). Recent interpretation of seismic and gravity data

suggests that the evaporate deposits in the Red Lake sub-basin are very extensive and

encompass most of the sub-basin area (Figure 2) (Arcades, 2002).

Groundwater in Hualapai Valley generally flows from the Kinsman sub-basin

northward beneath the Red Lake playa and over the bedrock high north of Red Lake, where

it continues north through the Gregg sub-basin and eventually discharges into Lake Mead

(Figure 3) (M&A, 2007, Gillespie and Bentley, 1971). Depth to groundwater is in the range

from about 250 feet bis north of Red lake to more than 900 feet near Kinsman, depth to

water in the vicinity of Red Lake is in the range from about 260 to 360 feet (M&A, 2006).

The U.S. Geological Survey (2007) reported that there has been a predominantly stable or

rising trend in groundwater levels from the late l950s to 2006 in the Red Lake sub-basin.

Except for the area near Kinsman, contours for altitude of groundwater level in winter

2005-2006 are generally similar to those for 1967 and 1980 (M&A, 2006). This similarity

indicates that the amount of groundwater removed from storage in the basin has been

negligible, except near the City of Kingman wellfield.
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GROUNDWATER IN STORAGE

The volume of groundwater in storage in the principal Hualapai Valley aquifer

system far exceeds the annual volume of recharge and discharge of groundwater in the basin .

Based on the information compiled for this investigation for the area, depth, and porosity of

saturated sediments, total volume of groundwater in storage in the Hualapai basin is

calculated to be about 27.7 million acre-feet (AF) to the base of the sediments. This value

was obtained by using a basin-wide numerical groundwater flow model to calculate the

volume of sediments between the buried surface of the bedrock (or evaporate deposits where

they occur) and the winter 2005-2006 groundwater surface. Specific yield used in the model

was distributed in the basin according to lithology reported for wells and cross-sections of

the basin, and ranged from 2 to 12 percent. Weighted average specific yield used in the

model was 9.86 percent. Following a similar procedure, volume of groundwater in storage

above a depth of 1,200 feet bis was calculated to be about 15.8 million AF. This value is

appropriate and is comparable to the volume of 21 million AF given in a U.S. Geological

Survey (USGS) report by Gillespie and Bentley (1971) for the saturated sediments to depths

of 1,000 feet bis in the Red Lake area and 1,500 feet bis in southern Hualapai Valley.

GROUNDWATER INFLOW AND OUTFLOW

The principal inflow to the basin occurs via groundwater recharge. Groundwater

underflow into the basin is believed to be negligible (Gillespie and Bentley, 1971). The

principal outflow from the basin occurs via discharge to Lake Mead and pumped wells.

Groundwater discharge via evapotranspiration is negligible because groundwater level in the

alluvial deposits occurs at large depths, and spring areas are small and limited to the basin
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margins. Groundwater underflow out of the basin at locations other than Lake Mead is

believed to be negligible.

Prior to 1970, the volume of groundwater pumped from wells in the Hualapai basin

was very small (Renwick, 1981, Babcock, 1974), and the groundwater system was in a state

of dynamic equilibrium. Therefore, the average amount of groundwater entering the basin

(inflow) was approximately equal to the average amount of groundwater exiting the basin

(outflow).

Groundwater Discharqe

Previous studies of the Hualapai basin indicate that estimated annual discharge rate

ranges from 2,000 to 4,000 AF/yr, as cited in the following table:

*
Calculation is based on aquifer transmissivity and hydraulic gradient at a cross
section immediately north of  Red Lake and, therefore, does not include
recharge in the Hualapai Wash and Dolan Springs areas.

Based on review of available data, a discharge rate of approximately 3,800 AF/yr was

assumed for the Hualapai basin for the purposes of this investigation. This rate is consistent
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with the most recent studies by Anderson and others (1990 and 1992) and is near the median

of the reported values.

Groundwater Recharqe

Groundwater recharge occurs principally at the mountain fronts along the east, west,

and south margins of the valley. Less recharge occurs along ephemeral streams, including

Truxton Wash, Hualapai Wash, the unnamed wash east of Dolan Springs, and the Kinsman

sub-basin. Gillespie and Bentley (1971) concluded that recharge was negligible along

surface water drainage channels on the valley floor. Therefore, it is appropriate for modeling

purposes to simulate more of the recharge at the mountain fronts than on the valley floor.

For the groundwater flow model, mountain-front recharge was estimated to be about

70 percent of basin recharge, the remaining 30 percent was estimated to recharge along

principal surface water drainage channels on the valley floor. Hualapai basin recharge is

assumed to be equivalent to groundwater discharge prior to 1970, which is estimated to be

about 3,800 AF/yr (Anderson, 1990 and 1992).
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GROUNDWATER FLOW MODEL

The numerical groundwater flow model developed by M&A for the Hualapai Valley

was originally constructed and calibrated in 2006 and 2007, and was approved by ADWR in

2007, details of the model construction were reported by M&A (2006 and 2007). The

proposed groundwater pumping for HVS was added to the existing model to simulate the

impact of the proposed facility over its projected 30-year life. Maximum pumping rate for

HVS was assumed to be 3,000 acre-feet per year (AF/yr), which is equivalent to a constant

pumping rate of about 1,869 gallons per minute (rpm). This rate was the maximum

estimated by HVS engineers when they were considering several plant design alternatives

and, therefore, was used in the model to be conservative. The current groundwater use

estimated by HVS for the wet-cooling alternative is 2,400 AF/yr, not taking into account

reuse of other water sources that may become available to the project.

The Hualapai Valley numerical groundwater flow model was originally developed to

project potential impacts of proposed groundwater pumping for land development.

Construction of the model was based on available hydrogeologic data for Hualapai Valley

and on modeling studies conducted for similar alluvial basins in Arizona. The Hualapai

model was constructed using MODFLOW (Harbaugh and McDonald, 1996) and Groundwater

Vistas, a graphical modeling interface (Rumbaugh and Rumbaugh, 2004).

The Hualapai model is constructed to simulate pre-development equilibrium

conditions in the 1965 to 1970 timeframe, past transient groundwater conditions for the

period from 1970 through 2005, and future transient conditions. Past transient conditions for

the 1970 through 2005 period were dominated by groundwater withdrawals for the City of

Kinsman. Projected transient conditions are impacted by committed groundwater

withdrawals for the City of Kinsman, domestic wells, assumed other committed demands,
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and proposed groundwater withdrawals for the HVS plant during the 30-year period from

2013 through 2042.

1

MODEL GRID AND BOUNDARY CONDITIONS

The Hualapai Valley model area encompasses the Gregg, Red Lake, and Kinsman

sub-basins, covering an area of about 441 square miles (56 miles from south to north and

28 miles from east to west). The model grid consists of two layers with 306 rows and

158 columns. Grid cell dimensions are a uniform 1,320 feet by 1,320 feet, which is % square

mile. Of the 96,696 total model cells, 12,553 are simulated as active flow cells. The model

grid is shown on Figure 6.

Lateral boundaries for the two model layers are shown on Figure 6. For each layer,

model cells outside the boundaries are specified as inactive. Groundwater underflow into the

model domain is believed to be minimal and, to provide conservative results, is not simulated in

the model. with the exception of the Lake Mead outflow boundary, model boundaries are

specified as no-How hydrogeologic barriers corresponding to mountains and hills surrounding

the three sub-basins. Outflow to Lake Mead occurs via a constant head boundary specified at

1,200 feet above mean sea level (mal).

MODEL STRESS PERIODS AND INITIAL CONDITIONS

The Hualapai Valley model includes a steady-state simulation calibrated to match

observed pre-development groundwater levels for the period from 1965 to 1970. Simulated

41
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groundwater conditions from the steady-state simulation are used as initial conditions for the

transient simulation. The model includes a transient simulation for the period from

January l, 1970 through December 31, 2042. Duration of transient stress periods is

365.25 days.

MODEL LAYERS AND AQUIFER PARAMETERS

Model layers were constructed based on hydrogeologic conditions for the basin

(M&A, 2006 and 2007). Aquifer parameters specified for model layers are hydraulic

conductivity, specific yield, and storage coefficient. Hydraulic conductivities specified in the

model are based on values determined from measured aquifer test data and calculated

specific capacity in Hualapai Valley, as shown on Figure 7 and given on Table 1. Storage

values are based on studies conducted by M&A and others for similar alluvial basin aquifers

and are considered to be conservatively small for purposes of this study, Specific yield is

based on values reported for Arizona basins, including values reported for I-Iualapai Valley

by Gillespie and Bentley (1971). Both hydraulic conductivity and specific yield were

evaluated and modified as part of the model calibration process.

Model Layer 1

Model Layer 1 generally comprises an upper layer that includes coarse-grained

sediments, but is distinguished from the underlying layer chiefly by the relative abundance of

finer-grained sediments, particularly playa and other fine-grained deposits in the Red Lake

sub-basin. The approximate base of Layer 1 is shown on hydrogeologic sections A-A',

B-B', and C-C' (Figures 3, 4, and 5). Altitude of the base of Layer l is shown on Figure 8.
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Based on simulated groundwater levels for winter 2005-2006, saturated thickness of Layer 1

ranges from 0 feet at the bedrock boundaries to more than 500 or 600 feet in the Gregg, Red

Lake, and Kinsman sub-basins. Initial saturated thicknesses in Layer 1 prior to start of the

predictive pumping period are shown on Figure 9.

Layer 1 is simulated as unconfined with hydraulic conductivity and specific yield

specified. Distribution of model horizontal hydraulic conductivity and specific yield for

Layer 1 is shown on Figure 10. Simulated horizontal hydraulic conductivity ranges from

less than 1 to 100 feet per day (8/day), as described in the following summaries:

1. Conductivity values of 1.0 ft/day (zone 9) and 4.0 ft/day (zone 4) are
simulated for the Tmxton Wash and Dolan Springs areas, respectively.
The value for Truxton Wash is based on observed groundwater conditions,
and the value for Dolan Springs is consistent with specific capacity data
from wells, we believe the 109.4 ft/day value derived from specific
capacity is not representative for the Dolan Springs alluvial aquifer
because the well appears to be completed in bedrock.

2. A conductivity value of 2.0 ft/day is simulated for the playa deposits
(zone 6). The value for the shallow playa deposits is consistent with the
0.8 ft/day measured conductivity value calculated from a pumping test at
well B(26-l6)29bbb. The eight other calculated conductivity values in the
Red Lake sub-basin, including two located north-northwest from Long
Mountain, do not correspond to the playa deposits represented by
conductivity zone 6 in model Layer 1. Based on lithology data, it is
believed the eight calculated hydraulic conductivity values are more
representative of the underlying basin-till sediments (zone 24 in model
Layer 2 in this area), rather than the shallower playa deposits (model
Layer l in this area). Two of the northern wells, B(26-17)23cdd
{RL-l}[55-086253] and B(26-l7)23ccc1{Big Well Neal #l}[55-600495]
(Table 1), support this concept. As shown on hydrogeologic section C-C'
(Figure 5), wells 55-086253 and 55-600495 are both substantially
completed in the underlying basin-fill deposits. The two southern wells,
B(24-16)10aaa[55-525380] and B(24-l6)lOcaa[55-52538l] (Table 1), are
also substantially completed in the underlying basin-fill deposits, with
perforations from depths of approximately 400 feet to 1,100 feet bis.
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3. A conductivity value of 2.1 ft/day is simulated for the approximate
northern half of the Kinsman sub-basin (zone 7). This value is consistent
with pumping tests and specific capacity data in the area.

4. A conductivity value of 6.5 ft/day is simulated for the alluvial deposits
adjacent to Long Mountain (zone 10). This value is consistent with
specific capacity data.

5. Conductivity values of 6.6 Pt/day (zone 1) and 18.0 ft/day (zone 21) are
simulated for alluvial deposits north from Gregg sub-basin. These values
are consistent with values from pumping tests.

6. A conductivity value of 4.8 11/day (zone 22) is simulated for alluvial
deposits in the Gregg sub-basin. This value is consistent with values from
pumping tests.

7. A conductivity of 100 ft/day is simulated for the alluvial deposits Gouda
from Gregg sub-basin (zone 3). This value is consistent wi th the
118 ft/day value calculated from a pumping test in the area. It should be
noted the model is not sensitive to hydraulic conductivity changes for this
zone (Figure 18).

8. A conductivity value of 30 ft/day is simulated for the alluvial deposits in
the east and west margins of the Red Lake sub-basin (zone 24), outside of
the playa deposits area. There are no aquifer test or specific capacity data
available for the zone 24 area in Layer 1, however, this conductivity is
reasonable for the coarse-grained sediments found in those parts of
alluvial fans that are near the mountain fronts. Zone 24 in model Layer 1
represents the continuation of zone 24 simulated in model Layer 2.

9. A narrow hydraulic conductivity zone of 1 ft/day (zone 5) was specified
along the northeast margin of the Red Lake sub-basin, outside of the
zone 6 playa deposits. There are no aquifer test or specific capacity data
available for this area. Zone 5 in model Layer 1 represents the
continuation of zone 5 simulated in model Layer 2.

10. A conductivity value of 15 it/day is simulated for the approximate
southern half of the Kinsman sub-basin (zone 8). This value is consistent
with values from pumping tests and specific capacity data.

Vertical hydraulic conductivity of Layer 1 is specified as 10 percent of horizontal hydraulic

conductivity. This value is consistent with the typical range assumed for interbedded alluvial

deposits of varying texture in the southwest United States.
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Simulated specific yield for model Layer l is 0.08 for the playa deposits and 0.12 for

the remainder of the model layer (Figure 10). Gillespie and Bentley (1971) estimated that

specific yield ranges from 0.05 to 0.10 for the older alluvium aquifer in Hualapai Valley.

Model Layer 2

Model Layer 2 comprises a layer that has a smaller relative abundance of fine-grained

sediments in the Red Lake sub-basin and is somewhat more indurate than overlying

Layer 1. Layer 2 does not extend into the Dolan Springs area or into the groundwater

outflow area north of the Gregg sub-basin. The approximate base of model Layer 2 is shown

on hydrogeologic sections A~A', B-B', and C-C' (Figures 3, 4, and 5). Altitude of the base

of model Layer 2 is shown on Figure 11. Saturated thickness of Layer 2 ranges from 0 feet

at the bedrock boundaries to more than 1,800 feet in the Gregg sub-basin, to more than

600 feet in the Red Lake sub-basin, and to more than 3,800 feet in the Kinsman sub-basin.

Initial saturated thicknesses in Layer 2 prior to the start of the predictive pumping period are

shown on Figure 12.

Layer 2 is simulated as semiconfined with hydraulic conductivity, specific yield, and

storage coefficient specified. Distribution of model horizontal hydraulic conductivity and

specif ic yield for  Layer  2 is  shown onFigure 13. Simulated horizontal hydraulic

conductivity ranges from less than 0.5 ft/day to 30 it/day. In most areas, hydraulic

conductivities are generally consistent with overlying zones specified for Layer 1, with the

following exceptions:

1. In the Red Lake sub-basin, extent of playa deposits is substantially smaller
than in overlying Layer 1. As shown on Figure 13, with the exception of
a single pumping test shown on Figure 10, pumping test and specific
capacity data are for wells screened completely or predominantly below
the shallow playa deposits. The 30 ft/day conductivity specified for the
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alluvial deposits (zone 24) underlying the shallow playa deposits is
consistent with pumping tests and specific capacity data.

2. A conductivity of l ft/day was specified in the region immediately north
from Red Lake (zone 5). There are no aquifer test or specific capacity
data available for the zone 5 area, the specified conductivity was adjusted
to match observed groundwater levels and groundwater level changes in
the area.

3. A conductivity value of 0.5 ft/day is simulated for the alluvial deposits
adjacent to Long Mountain (zone 20). This value is consistent with
specific capacity data, and was reduced from overlying Layer l
conductivity to better match observed groundwater levels and groundwater
level changes in the area.

As for Layer 1, vertical hydraulic conductivity of Layer 2 is specified as 10 percent of

horizontal hydraulic conductivity.

Simulated specific yield for model Layer 2 is 0.02 for the Tertiary volcanic deposits

interbedded with alluvial deposits in the western Kinsman sub-basin, 0.08 for the playa

deposits, and 0.10 for the remainder of the model layer (Figure 13). Specific yield for most

of the alluvial sediments was decreased from 0.12 in Layer l to 0.10 in Layer 2 to account

for compaction of aquifer material with depth. Simulated storage coefficient for model

Layer 2 is 0.005, which is consistent with values used for similar alluvial basin studies in

Arizona. The model uses specific yield for Layer 2 cells where water level is below the top

of Layer 2. The model uses storage coefficient for Layer 2 cells where water level is above

the top of Layer 2.

HISTORIC GROUNDWATER DISCHARGE (pre-1970 through 20051

Simulated groundwater discharge from 1970 through 2005 includes groundwater

underflow to Lake Mead and pumping of wells. Groundwater underflow from Hualapai
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Valley to adjacent basins is assumed to be negligible based on available hydrogeologic data,

and is not simulated in the model. Evapotranspiration of groundwater is assumed to be

negligible in Hualapai Valley and is not simulated.

Groundwater discharge to Lake Mead for the steady-state simulation is 3,800 AF/yr.

Simulated discharge to Lake Mead increases to 3,812 AF/yr by end of year 2005.

Groundwater pumping in Hualapai Valley for the steady-state simulation is assumed

negligible and is not simulated. Details for individual well pumping for the period from

1970 through 2005 are summarized in Table 2. Simulated groundwater pumping for the

period from 1970 through 2005 includes City of Kinsman wells and domestic wells, and

increases from 0 to 8,982 AF/yr. City of Kinsman municipal well pumping is simulated as

increasing linearly from 0 to 8,950 AF/yr, and domestic wells are simulated as increasing

from 0 AF/yr for 1970 to approximately 2.5 AF/yr for 1971, then to approximately 32 AF/yr

for 2005 (Table 2). All simulated domestic wells are assigned a pumping rate of

approximately 0.25 AF/yr and start pumping the year that they are recorded with ADWR as

being installed. Locations for simulated pumping wells are shown on Figure 14.

BASIN RECHARGE

Recharge in the Hualapai Valley model is simulated as mountain-front recharge and

recharge Hom ephemeral streams. For both the steady-state (pre-1970) and transient (1970

through 2042) model simulations, combined mountain-front and ephemeral stream recharge

is simulated as 3,800 AF/yr, which is equal to the total estimated basin discharge.

Distribution of simulated recharge is shown on Figure 15 and is summarized in the

following table:
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SIMULATED M8CHARGE RATE
(AF/yr) RECHARGE LOCATION

600 Hualapai Wash*

300 Dolan Springs area*

775 Grand Wash Cliffs Mountain Front

575 Cerbat Mountain Front

550 Truxton Wash

700 Kinsman Mountain Front

300 Kinsman washes

3,800 TOTAL

-4* Gil*1 MONTGOMERY
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* Value includes both mountain-front and ephemeral stream recharge.

Based on studies by Gi l lespie and Bent ley (1971),  mountain-fron t  recharge was

speci fied as approximately 70 percent of basin  recharge,  the remain ing 30 percent was

specified as ephemeral stream recharge. Mountain-front recharge is specified in locations

where Layer 2 model cells are active, which allows recharge in the cases where over lying

Layer 1 recharge cells are initially dry (inactive) or become dry due to projected dewatering.

MODEL CALIBRATlON AND SENSITIVITY ANALYSES

The steady-state model was cal ibrated to condit ions observed in the 1965 to 1970

timeframe and the transient model was calibrated to observed conditions for the period from

1970 through 2005. Model parameter  sensi t ivi ty analyses were conducted for  both  the

steady-state simulation and the transient simulation (from 1970 through 2005). Results of
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the steady-state and 1970 through 2005 transient simulations, model calibration, and

sensitivity analyses are summarized in the following sections.

Steady-State Model Simulation. Calibration. and Sensitivity Analysis

Contours of simulated groundwater level altitude for the 1970 steady-state conditions

and observed groundwater levels used for model calibration are shown together for

comparison on Figure 16. Observed groundwater levels are for the period from 1965

through 1970. Residuals of observed minus simulated groundwater levels are shown on

Figure 16, simulated groundwater levels compare well with observed data in most of

Hualapai Valley. The largest difference between simulated and observed groundwater levels

occurs in Truxton Wash at well 33ada, where the simulated groundwater level is

approximately 52 feet less than the observed (Figure 16).

A graph comparing steady-state simulated and observed groundwater levels is shown

on Figure 17. The model simulation compares well to observed groundwater levels with a

residual mean error of 13.92 feet, a residual standard deviation of 23.64 feet, and a residual

standard deviation divided by the range of observed data of 2.5 percent. Acceptable values

for the residual standard deviation divided by the observed data range should be less than

10 percent (Rumbaugh and Rumbaugh, 2007),

Analyses were conducted to evaluate sensitivity of the model calibration to variations

in model parameters. Sensitivity was measured as the average absolute groundwater level

residual (observed minus simulated). The average absolute residual for the calibrated steady-

state simulation is 17.92 feet. The following parameters were varied for the steady-state

sensitivity analysis:
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�‡ horizontal hydraulic conductivity for each simulated conductivity zone
(conductivity zones are shown onFigures 10 and 13),

vertical hydraulic conductivity for the entire model; and

recharge for the entire model.

Results of varying horizontal hydraulic conductivity for each model zone are shown on

Figure 18. Conductivity was decreased and increased by 50 percent for the analysis.

Results indicate the model calibration is relatively insensitive to changes in conductivity in

most model zones. The model is most sensitive to decreases in conductivity in zone 1, and

less sensitive to increases in zone I. The model is also sensitive to decreases and increases in

conductivity in zone 21. Zones 1 and 21 are the northernmost zones in the model domain.

Because simulated groundwater level gradients in model zones 1 and 21 substantially affect

gradients throughout the entire model domain, it is expected the calibration would be

sensitive to conductivity changes in zones l and 21. The model is also sensitive to changes

in conductivity in zone 9, the Truxton Wash area, however, with the steep hydraulic

gradients in this area and two observed groundwater level calibration points, conductivity

changes would be expected to result in substantial local calibration changes that have

negligible effects on the rest of the model.

Results of varying vertical hydraulic conductivity for the entire model are shown on

Figure 19. The variations are shown as the change in ratio of horizontal to vertical

conductivities, with horizontal conductivity held constant. The ratio is decreased to 1:1 and

increased to 50:1. Results show the model is relatively insensitive to changes in the vertical

hydraulic conductivity.

Results of varying recharge for the entire model are shown on Figure 20. Recharge

was increased and decreased by 50 percent for the analysis. The average absolute residual

increases approximately 480 and 170 feet for the 50 percent decrease and increase,

respectively, indicating the model calibration is very sensitive to changes in total recharge.
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Because recharge is the only inflow source to the model, it is expected the calibration would

be sensitive to recharge variations.

Transient Model Simulation (1970-2005)l Calibration. and Sensitivity Analysis

Transient conditions in Hualapai Valley were simulated for the period from 1970

through 2005. Simulated changes in groundwater stresses during this period included

increase of pumping for City of Kingman municipal supply wells from 0 AF/yr in 1970 to

8,950 AF/yr in 2005, and simulation of domestic wells as increasing from 0 AF/yr for 1970

to approximately 2.5 AF/yr for 1971, then to approximately 32 AF/yr for 2005 (Table 2).

These groundwater pumping stresses are consistent with groundwater level change measured

in wells in the Kingman sub-basin and negligible change measured in wells in areas north

from the Kinsman sub-basin (M&A, 2006 and 2007).

Simulated and observed data for the transient calibration period were compared for

the Kinsman sub-basin, Long Mountain area, and Red Lake area. Locations of wells for

which hydrographs were constructed are shown on Figure 21. The hydrographs include:

�‡ Hydrographs for nine wells in the Kinsman sub-basin, B(22-l6)03cbb,
B(22-16)27ddd, B(22-l6)28bad, B(21-15)05bbb, B(22-l6)01dcc,
B(22-16)15ccc, B(22-l6)26bac, B(22-l6)34cbc, and B(22-l6)33cdc, are
shown on Figures 22a through 22c,

�‡ Hydrographs for two wells near Long Mountain, B(23-15)08ddd and
B(24-].4)28cad, are shown onFigure 2nd, and

�‡ Hydrographs for three wells near Red Lake, B(24-16)0lddd1,
B(26-17)35aaa, and B(27-16)33baa, are shown on Figure 22e.

Contours of simulated groundwater level altitude for I-Iualapai Valley at the end of

2005 and observed groundwater levels used for model calibration are shown together for
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comparison on Figure 21. Observed groundwater levels are for the period from October

2005 through February 2006. Simulated groundwater levels compare reasonably well with

observed data. The largest difference between simulated and observed groundwater levels

occurs in the upper reaches of Truxton Wash and in Dolan Springs. In these areas, the steep

observed gradients are difficult to simulate, however, the overall gradients for these areas are

considered acceptable for the calibration.

A graph comparing simulated versus observed groundwater levels is shown on

Figure 23. The model simulation compares well to observed groundwater levels with a

residual mean error of 13.54 feet, a residual standard deviation of 54.88 feet, and a residual

standard deviation divided by the range of observed data of 5.2 percent. Acceptable values

for the residual standard deviation divided by the observed data range should be less than

10 percent (Rumbaugh and Rumbaugh, 2007).

Analyses were conducted to evaluate sensitivity of the transient model calibration to

variations in model parameters. Parameters were selected that would cause changes in the

transient calibration and that had not already been adequately evaluated in the steady-state

sensitivity analysis. Sensitivity was measured as the average absolute groundwater level

residual (observed minus simulated). The average absolute residual for the calibrated

transient simulation is 26.77 feet. The following parameters were varied for the transient

sensitivity analysis:

�‡ horizontal hydraulic conductivity for zones in the Kinsman sub-basin
(conductivity zones are shown onFigures 10 and 13),

specific yield for the volcanic, playa, and alluvial deposits (specific yield
zonesare shown onFigures 10 and13), and

�‡ storage coefficient for the entire model.

Results of varying horizontal hydraulic conductivity for Zones 7, 8, 10, and 20 are

shown on Figure 24. Conductivity was decreased and increased by 50 percent for the
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analysis. Results indicate the model calibration is marginally sensitive to decreases in

conductivity in zone 8, located in the approximate southern half of the Kinsman sub-basin.

Model sensitivity to other changes is negligible.

Results of varying specific yield for the volcanic, playa, and alluvial deposits are

shown on Figure 25. Specific yield for the analysis was decreased and increased by

50 percent for the volcanic deposits and by 25 percent for the playa and alluvial deposits.

Results indicate the model calibration is relatively insensitive to changes in specific yield for

the Kinsman pumping stresses simulated in the model. Larger pumping stresses during the

calibration period would be expected to result in the model being more sensitive to changes

in specific yield. However, specific yield values specified in the model are believed to be

appropriate for purposes of this analysis.

Results of varying storage coefficient for the entire model are shown on Figure 26.

Storage coefficient was decreased to 0.001 and increased to 0.01. Results indicate the model

calibration is relatively insensitive to changes in storage coefficient.

SIMULATED FUTURE PUMPING THROUGH 2042

The model simulates future pumping for the period from 2006 through 2042.

Simulated pumping rates are summarized in Table 2. Future domestic well pumping is

simulated at approximately 34 AF/yr, unchanged from the 2006 rate. Simulated pumping for

City of Kinsman wells increases from approximately 9,297 AF/yr in 2006 to approximately

12,076 AF/yr in 2014, and is constant from 2014 through 2042. The 2014 Kinsman

pumping rate of approximately 12,076 AF/yr represents the Designation of Adequate Water

Supply reported by ADWR. Other committed demands are simulated using 14 additional

wells with total pumping of approximately 3,893 AF/yr from 2006 through 2042, which was
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provided by ADWR. ADWR recommended both the Kinsman and the other committed

demand pumping rates during a meeting on January 24, 2007. Pumping for the proposed

HVS plant is simulated for the period from 2013 through 2042. Locations for simulated

pumping wells are shown on Figure 14.

Proposed pumping for the HVS plant is approximately 3,000 AF/yr for the period

from 2013 through 2042. The simulated pumping is distributed among four wells, HVS-1

through HVS-4, with a pumping rate of 750 AF/yr at each well. Total simulated pumping for

the proposed plant is 90,000 AF for the 30-year life of the project.

Total simulated pumping for Hualapai Valley is 13,224 AF/yr in 2006, increases to

19,003 AF/yr in 2014, and is constant from 2014 through 2042.

The committed demand for the large residential developments proposed by the

Rhodes Homes and Mardian Ranch projects were not used in this analysis due to the

uncertainty of these projects proceeding. It is not known how or when these projects and the

associated water use will be phased in. For perspective, the unused committed demand for

these projects over the last two years since ADWR issued its analyses far exceeds the entire

30-year water demand for the HVS project, yet no homes have been built. In any event, the

projected incremental groundwater impact of the HVS project would not be significantly

different if the committed demand for the Rhodes Homes and Mardian Ranch projects had

been included in the analysis. If the HVS facility is constructed and operated, ADWR will

take the HVS committed demand into account when determining groundwater availability

for future phases of these developments at such time as they are proposed.
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Protected Results for 2006 through 2042

Projected groundwater level altitudes at the end of the HVS plant life in 2042 are

shown on Figure 27. Inspection of Figure 27 indicates that, although groundwater

continues to move northward through the basin, cones of depression in the water table are

projected to occur at the pumping centers near Kinsman and at the HVS site. These cones of

depression are areas where groundwater moves toward the pumping wells from all

directions. When pumping is terminated at a cone of depression, groundwater levels in the

dewatered area recover relatively rapidly to some depth below the pre-pumping level, the

difference between these levels represents groundwater removed from storage. Comparison

of Figures 21 and 27 indicates that, except for the immediate areas of Kinsman and the

HVS site, the pre-HVS and post-HVS contour maps are similar.

Projected groundwater level declines due solely to the HVS plant after the 30-year

project life are shown on Figure 28. This map was constructed by taking the difference

between the projected groundwater level altitude maps for 2042 with and without HVS

pumping. Inspection of Figure 28 indicates that projected groundwater level decline due to

HVS pumping is less than l foot north and south of the Red Lake sub-basin. Maximum

projected decline at the HVS pumping center is about 38 feet. The 20-foot groundwater level

decline contour is roughly coincident with the HVS property boundary; therefore, off-site

declines in the vicinity of the plant are generally projected to be less than 20 feet.

Areas where the aquifer was unsaturated in 2005-2006, together with areas projected

to be dewatered due to pumping until 2042, are shown in black on Figures 27 and 28. Only

a small inaction of the black area is due to additional dewatering from 2006 to 2042. To

enable the model to continue simulating City of Kinsman demand where wells are located in

areas that become dewatered during this period, the pumping cell representing Kinsman well

B(22-l6)19baa (Figure 14) was moved approximately 8 model grid cells, or 2 miles, to the

east for the period from 2007 to 2042. With the exception of small simulated pumping

ModelTechMemo-FlNALwrv.doc



WJ'
K * MONTGOMERY 31

&ASSOCIATES

centers located in dewatered model cells, other simulated pumping is unaffected by

dewatering and continues through 2042 for all wells shown on Figure 14 and Table 2.

Future simulated pumping losses due to dewatering of model cells is about 5 AF/yr, or

0.07 percent of total future pumping for 2006 through 2042, therefore, these losses have

negligible effect on the overall projected water level drawdown for the basin. Simulated

recharge was also unaffected by dewatering.

For the period from 2006 through 2042, the simulated model water balance projects a

decrease in aquifer storage of 672,098 AF, based on a total simulated recharge volume of

140,599 AF, a total simulated pumped volume of 672,337 AF, and a total outflow volume

via the Lake Mead constant head cells of 140,360 AF. Simulated discharge at the constant

head cells decreases from 3,804 AF/yr in 2006 to 3,760 AF/yr in 2042.

For the period from 2013 through 2042, the simulated contribution from HVS

pumping projects a decrease in aquifer storage of 90,000 AF, based on total simulated

pumped volume of 90,000 AF. The simulated contribution from HVS of outflow volume via

the Lake Mead constant head cells is 0 AF.
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MODELING SUMMARY

The Hualapai groundwater flow model was constructed for the purpose of

demonstrating 30-year groundwater availability for the proposed HVS plant in Hualapai

Valley. Conservative assumptions were used in construction of the model, including:

simulation of a closed aquifer basin, other than the Lake Mead outflow, which
precludes capture of groundwater from adj agent basins,

�‡ simulation of other committed demands begins in 2006, though much of this
use has not actually started as of 2009, and

.simulation of 3,000 AF/yr for HVS groundwater demand, though current
projection is a demand of 2,400 AF/yr, not counting the use of about
1,800 AF/yr of treated effluent from City of Kinsman instead of groundwater.

Results of modeling indicate that proposed groundwater pumping for the HVS plant,

combined with pumping for City of Kinsman wells, domestic wells, and other committed

demands, is projected to cause maximum total groundwater level decline of about 48 feet in

the vicinity of the HVS plant for the 30-year period from 2013 through 2042. Pumping for

the HVS plant alone is projected to cause groundwater level decline of a maximum of about

38 feet in the vicinity of the HVS plant during the 30-year simulation(Figure 28), or about

1.3 feet per year.

.8
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1 SUMMARY OF AQUIFER HYDRAULIC PARAMETERS FOR HUALAPAI
VALLEY

2 SUMMARY OF SIMULATED GROUNDWATER PUMPING FOR 1971
THROUGH 2042, HUALAPAI VALLEY MODEL
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Transmissivity reported by Montgomery a Associates

Transmissivity_ in gallons per Say per foot
Hydraulic Conductivity, in feet per day

Transmissivity calculated using specific capacity dataspun
1.0

u Transmissivity reported by others44.080
12 3

-'~==- = Groundwater Basin Boundary (ADWR, 2DO5a)

Bedrock Boundary (AZGS, 1998, Renwick, 1981, Gillespie and Bentley, 1971 )

Note: We! idendltcations for transmissivity and hydraulic
conductivity data Ar included in Table 1.
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APPENDIX A

WELL NUMBERING SYSTEM

The well numbers used in this report are in accordance with the Bureau of
Land Management's system of land subdivision. The land survey in Arizona is
based on the Gila and Salt River meridian and base line, which divide the state into
four quadrants. These quadrants are designated, counter-clockwise, by the capital
letters A, B, c, and D. All land north and east of the point of origin is in quadrant A;
all land north and west of the origin is in quadrant B; all land south and west of the
origin is in quadrant C, and all land south and east of the origin is in quadrant D.
The first digit of a well number indicates the township, the second digit the range,
and the third digit the section in which the well is located. The lowercase letters a. b,
c. and d after the section number indicate the well location within the section. The
first letter denotes a particular 160-acre tract or quarter section, the second letter
denotes the 40-acre trace or quarter-quarter section, and the third letter denotes the
10-acre tract or quarter-quarter-quarter section. These letters are also assigned in a
counter-clockwise direction, beginning in the northeast quarter. As shown on
Figure A-1, well number (B-05-03)15aaa designates the well as being located in the
Northeast %, Northeast %, Northeast % of Section 15, Township 5 North, Range 3
West. Where more than one well is located within a 10-acre tract, consecutive
numbers beginning with "1" may be added as suffixes.

Appendix A_Well Numbering System,doc/D7-14-2009
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APPENDIX B

Table

B-1 WELL INVENTORY FOR HUALAPAI VALLEY, MOHAVE COUNTY,
ARIZONA (MODIFIED FROM M&A, 2007)

Shading:
Water well on or adjacent to Hualapai Valley Solar (HVS) site

Non-water well on or adjacent to HVS site

Water well within 1.5 miles of HVS site

Selected wells with water quality data more than 1.5 miles
from HVS site
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