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Executive Summary

ES.1 Key Findings

e This analysis determined that over 7,000 megawatts {M\M solar energy
development is technicglfeasible and financially viable aéveral Department of
Defense (DoD) installations in the Mojave and Colorado Deserts of California.
e Approximately 25,000 acres are fAsuitabl eo
acres are ddt ikedgml wyod dHAwyiut abl e for sol ar.
¢ This level of slar potential exists even though 96 perceithe surface area of the
installationds unsuitable for solar energy developméduoe to conflicts between solar
energy development and military mission activibesurring at the installatiore due to
ste@ slope, flash flood hazards, biological resource conflicts, cultural resource conflicts,
and other factors.
e Private developers cdap the solar potential with raapital investment requirement
from the DoD
e The Federal Governmenbuld potentially receie approximately $00 million/year in
the form of rental payments, reduced cost powekjnd considerations, or some
combination among them.
e There are a range of technical, policy and programmatic barriers that can slow or, in
some cases, stop solar deygnent. Transmission capacity and the management of
withdrawn lands are the two most important issues.

ES.2 Report Purpose

This study addresses current solar development activities and includes an evaluation of the
potential for solar energy developmémgide the boundaries of nine large military installations
located in the Mojave and Colorado Deserts of southern California and Neva#&(seeES1
andTable ESL). In addition to assessing the solar energy potential of the military installations,
this report also discusses the potential mission compatibility and energy security impaets of on
installation solar energy development and the broader context for solar energy development in
the Mojave and Colorado Deserffie Department initiated the stusiyresponse to a
congressional request.
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Figure ES17 DoD Installations Addressed by this Study

Maval Air Facility El Centro

The nine installations are diverse, and each needs to be considered in the context of its unique
mission role, land endowmenttility service arrangements, and solar development flexibility.

The installations include representation from the Army, Air Force, Navy and Marine Corps.

Their mission roles span a wide range of activities, including air, ground and combined arms
training; weapons system research and development; Ruamdnechnicafactor weapons

system testing and evaluation; and logistics support and management. Most of these installations
already have -2 megawatts (MW) of solar energy systems in operation, antsIM&IB is host

to the largest photovoltaic (PV) system sited on a military facility in the U13L,2aMW solar

PV facility completed in 2007

Table ES171 U.S. Department of Defense Installations Reviewed in Study

Installation Service State Geographic Region

Marine Corps AitGround Combat Center . .

(MCAGCC) Twentynine Palms Marine Corps CA Mojave Desert
Marine Corps Logistics Base (MCLB) Barsto] Marine Corps CA Mojave Desert
Chocolate Mountain Aerial Gunnery Range .

(CMAGR) Marine Corps CA Colorado Desert
F:IL/:I Air Weapons Station (NAWS) China Navy CA Mojave Desert
Naval Air Facility (NAF) EI Centro Navy CA Colorado Desert
Edwards Air Force Base (AFB) Air Force CA Mojave Desert
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Fortlrwin Army CA Mojave Desert
Creech Air Force Base (AFB) Air Force NV Mojave Desert
Nellis Air Force Base (AFB) and the Nevada Air Force NV Mojave and Great
Test and Training Range (NTTR) Basin Deserts

ES.3 Mission Compatibility

The military services use the nine militangtallations as key assets for training, test and

evaluation, and research and development. Their size and relatively remote locations offer the
military the ability to train personnel and conduct research and development on technology in

ways thatwoulh ot be possi ble at other | ocations. Thi
landholdings has increased in recent years because modern systems and [jlatifenafs,

missiles, sensors, efichave effective ranges and impacts vastly larger thanphediecessors

from the 1940s, when most of the installations in this study were established. Large areas are

needed to test, evaluate and train with these systems, both to exploit their full capabilities, and to
ensure that any unanticipated incidents oomer controlled ranges, rather than populated areas.

Al t hough the effective battlespace requiremen
Because it is unlikely that any new major installations will be created in the region, the existing
installations should be considered irreplaceable, and any degradation of their ability to perform

their missions has an impact on both the near and long term capabilities of the military to protect

and defend the U.S. Any plan for largeale solar developmeon these installations needs to
acknowledge and start with that premise.

There are two broad categories of conflict between solar technology and mission activities. The
first category comprises fAspectrum@yandsues, W
military activities occurs through interactions in the radio frequency, infrared or visual spectra
(seeTableES2).

Table ES2 1 Function and Band of Military EM Spectrum Use

Spectrum Sensors Weapons \ Communications
uv Threat Warning Missile Guidance Data Link
Visible Optical, Telescopic Aiming and Guidance, | Light signals,
sights, NVD, Electre Fuzing Navigation lights

Optical imaging,
precision tracking

IR Threat warning, NVD, | Active and passive IR beacons, Modulated
IR Imaging, Laser Laser guidance, IR Laser Data link, voice
warning, Laser ranging,| passive guidance, Lase
Precision tracking Proximity fuzing, High

Power Laser

Radio Threat Warning, HPM, Electronic Attack | AM, FM, HF Voice,
Electronic Support, (Jammers), Anti Data Link, SATCOM,
Radar, IFF, GPS, Radiation Missiles, Telemetry, UAS Control

Navigation, Telemetry, | Radar and Radio guidec
Precision measurement| Missiles, Proximity
Fuzing

See Appendix C for full names of the acronyms in the table.
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The second category comprises Aphysical o issu
destructive interaction between military vehicles, ordnance, and other harolvtire one hand,

and solar technology on the other (Sable ES3).

Table ES37 Summary of Training and Testing Activities on Bases and Ranges
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Live Training X X X X X X | X X X
Dismounted Maneuver Training X X X X
Mounted Maneuver Training X X X
Air Operations Training X X X X X
Indl_\/l_dual & Unit Live Fire Weapons X X X X
Training
Jomt{Combmed Arms Maneuver x |x | x | x X
Training
Jom'r/Combme_d.Arms Live Fire and X X X X X X
Maneuver Training
Test and Evaluation X X X | X | X
Support Facilities X X X X X X X X
Because the installations support the compl ex

of interactions between their activities and solar development is also complex afdngohe.
Certain issues are more prevalent on some installationke @thers are present at all of the
installations. Some conflicts can be mitigated, while others cannot. It is also important to note
that each installation is home to a diversity of activities, so that while mission conflicts may
exclude solar developmefmbm active range areas, other areas of the installation may be free of
mission conflicts. Each proposed facility needs to be evaluated in the context of its specific
location and the current, and potential future, mission activities occurring there.

Although the study provides a screening level review of potential mission confieresaite

gaps in data and analysis on mission compatibMgry few detailed studies of conflicts

between mission activities and solar developnaeatavailable in the public domain.
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ES.4 Solar Potential Assessment
Results

Because the two installations in Nevada lack significant solar development pateatidition

to projectsalready developed or planned, the solar potential assessment portion of this study
focusen the seven military installations located in southern Califofaathe seven

California installations, 96 percent of the land surface, largely active rardyadamsuitable for

solar development. About ZB0 acresrefisuitable for solar developmerand another 100,000
acres are fAlikelyo or fAquestionablyodo suitable

Assuming that 100 percent of the disand abl eo0o a

Aguestionabl eo acreage is availabl ever7, @0 sol ar
MW ac of technically and economically feasitdelar capacitgould be sited on these lands. In
this study fAeconomi cal |l yjectswauld helfifarcially atteactives t h a't

from the perspective of the project investor. However, the study found that only private investors
would find it attractive to invest in these projects because private investors have access to
Federal and State tdbased incentives, which permit them to earn an attractive rate of return on
their investments. The study found that government investment (e.g., direct DoD funding of
construction) would be financially unattractive in all cases. The most important fedarabsol
incentive is mandated to be available through the end of 2016, but it is possible that legislative
action in the interim could phaseit or eliminate this incentive, which would make private

project investment less viable.

Assuming private developent and ownership of economicaihable solar capacity on the

seven California installations, the Federal Government could expect to receive over $100 million
of annual value, in the form of rental payments, discounted powkindnconsiderations, or

same combination thereof. Full development would also result in the avoided emissions of
millions of tons of greenhouse gases and criteria air pollutants.

These available acreage and solar capacity figures represemitireum mtential for solar
electriagty development, if one placed solar on all sites that could feasibly host it from the
technical and economic perspectives. The actual level of solar energy development on these
military installations is likely to remain well below the maximum potentiahber for a wide
variety of reasons, including a shortage of available transmission in the region, environmental
constraints that could not be incorporated into this study, administrative and legal complexity,
and competition from other generation sources.

The potential annual electricity generation from this solar energy capacity would be equivalent to
two-thirds of the current annual electricity consumption of the entire DoD, nationwide. While
complete development of all of the identified solar energgmi@l is unlikely, allowing full

solar development on approximately 6% of the identified, economigialbe lands would
generate enough electricity to meet all of th
solar development on less than halthed identified lands would be sufficient to meet all of the
DoD6s NDAA 2010 renewabl e energy goals (25% o
energy sources in 2025).

Executive Summary XXii



SolarEnergyDevelopment ooD Installations in the Mojave &oloradoDeserts January 2012

It is important to note that the geographical and technical aspects of this awalgsisot

designed to be a detailed engineering analysis of specific solar projects, nor was the economic
analysis intended to be of sufficient detail for investment decisiaking for any particular site.

Rather, this process provides a reasonable estiaidhe technical and economic potential for

solar development across millions of acres of complex landscape within a constrained study
schedule and budget. However, while bearing this disclaimer in mind, it is reasonable to treat the
results of this stuglas a robust screening of potential solar development areas. Each installation
and each Servicebds center of expertise for so
of Engineers, MCI, etc.) can use the outputs of this analysis as inputs to therocesspof

solar site selection and development.

Methodology

The study organizkthe many issues affecting solar viability into three categorgographic,
technological, and economic.

Geographic Analysis

The study analyzkthese issues in a stéy-step manner, witlgeographicscreening analyses

occurring first.The geographic analysis identdipotential sites for roof, parking, and ground

mounted solar projects from among thiitary installation® t ot al inventory of
parking facilitiesand landsFi ve di stinct HAsite typeso were us
structures over paved parking lots; shading structures over unpaved parking lots; caftonment

ground sites; and, range ground sites. Hundreds of layers of Geographic Inforngateon S

(GIS) data were obtained from public, Service and installation databases in support of this study
(seeFigure E2).

! Each installation except for Chocolate Mountain A@Rs segmented into a cantonment area representing the

developed zone of the installation, and a range area representing the undeveloped zone. The study applied different
criteria and decision rules for solar projects in the two zones, except Edwardshsf®tvansmission calculations

for the installationés cantonment and r-mmge zones were
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AObtain Regional GIS Data (e.g., from Desert Renewable Energy Conservation|
Plan)

v

AObtain GIS Data (many data layers) from Individual Military Installations and )
from Service-Level or Regional Military Sources

v

AGenerate Integrated GIS Model and Map of Solar Suitability for each
Installation

v

AReview Initial GIS Map with Installation Staff and Other Military Stakeholders

v

AObtain and Formally Integrate Installation Feedback (including additional data |
layers) into GIS Model

v

~

AGenerate Final GIS Model and Map of Solar Suitability for each Installation

v

-G C-C-S- 4

Figure ES2 71 GIS Data Collection Methodology

For the ground sites that comprise the vast majority of this s@iBtechniquesvereused to

overlay 20 to 40 independent variables ipstallationto identify areasvhere solar development

can and cannot occurhe GIS variablesveretypically in the categories of built infrastructure,
construction plans, biologatresources, cultural resources, environmental resources and hazards,
military mission and operational activities including explosive arcs, topograpaging, and

buffers around various ared&3sgure ES3 summarizes the GIS analysis process.

| Source Data Layers I Intermediate Geoprocessing Operations | Rated Data Layers |

Milita N Apply Suitability

Operati(r)vns / 3 / feature selection / Ratings -p /

Land Use / ‘ P ) 1= suitable ‘ /

Recreation /' - / SR 2= likely g y4
Structures / - / buffer R - /

- 3 = guestionably ‘
Biology / suitable /
slope _ .

Elevation / o / / 4 = unsuitable - /

... and many others

| Composite Suitability Layer | Potentially Suitable Areas |

Composite Selegt Perform_
- Potentially mmp Geometric
Map Overlay Suitable Test on -
Areas Areas

Figure ES371 Geographic Information Systems Analysis Flow
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As shown inFigure E below (an example drawn from NAWS China Lake), at most of the
installations studied, the vast majority of the landazafwas screened out during the geographic
analysis phase due to mission compatibility conflicts.
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Figure ES4 71 Mission Compatibility at NAWS China Lake
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However, as show iRigure ES5, even the relatively small area surviving this screening process

still has significant solar potential.

| Legend

| 77 Suitable
Likely suitable
Questionably suitable
1 Unsuitable

Note:

All suitability categories
may not be represented
by the data shown on map.

A 0 1 2 Miles Cantonment Land Suitability
M — NAWS China Lake

Figure ES51 Solar Suitability at NAWS China Lake

The geographic analysis calculatke acres of roof, parking, and ground sites that are suitable
for solar development on eattstallation TableES4 presents the tal number of acres for each
military installation that passed all the
(suitability score = 1) for solar development for each type of solar site.
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Table ES41 Acres Suitalle for Solar Development(Suitability Score = 1 after minimum parcel size test)
(D)=

(G)=
(B)+(C) (E) +
y (A) (B) (®) Subtotal i Canton- Rg;)ge S(ui)tz(tZI)'r (Az (G()D )
Military Rooft Paved Unpaved | All (Paved ment G d All All Site
Installation oottop Parking Parking & Ground roun
; Sites Ground Types
(acres) (acres) Unpaved) Sites (acres) Sites (acres)
Parking (acres)
(acres)
MCAGCC
Twentynine 8 110 N/A 110 461 0 461 579
Palms
MCLB Barstow 13 17 2 19 660 0 660 692
'C'aAlzg’ S China 3 43 N/A 43 3,930 | 1,339 5,269 5,315
Chocolate
Mountain AGR N/A N/A N/A N/A N/A 3,768 3,768 3,768
NAF El Centro 0 14 N/A 14 377 0 377 391
Edwards AFB 17 104 38 142 6 1,760 1,766 1,925
Fortlrwin 4 121 230 351 5,757 12,091 17848 18,203
Total Acres of
All Installations | o 409 270 679 11,191 | 18,958 | 30,149 | 30,873
by Solar Site
Type

N/A = Not applicable (i.e., the site type is not present at the installation)

The 30,873 acres found to be fisuitableo for s
surfacearea of the seven California installations. Additional areasat ed as Al i kel y s
(23,389 acres all seven California installatd:i
also identified at each installation; these represented a furthef 88 surface area of the

installations’ The other 96% of the surface area was found to be unsuitable due to mission
incompatibility, biological resource conflicts, excessive slope, cultural resource conflicts, and

many other reasons.

Key implications of the solageographicanalysis

e The ranges of mogtstallatiors wer e d e e mebdcauSaiobosflicts with b | e 0
military mission activitiesas detailed in the chapter on Mission Compatibility.

e The GIS modeling results indicated thalas development potential exists within or
adjacent tanearly allinstallationcantonment areas.

e Even though extensive range areas were found to be unsuitable, there were still
substantial areas suitable for groemdunted solar development in other raageas and
in installation cantonments.

¢ Rooftop installations are familiaeconomicallyviable,and seen by many people, but
ground sites offer the vast majority of the acreage available for solar development.

0Only 25% of the Alikely suitabled and fAquestionably su
analytical stps, to account for the probability that much of this area would be found to be unsuitable ditieg on
ground investigations.
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Technological Analysis

The second steptechnological analysisi defined the characteristics faach of six solar

technology packages on arehat survived the geographic screening procBisese packages

included crystalline PV, thin film PV, solar trough and Dish/Stirling engine technoldgy.

technological analysisalculated he maxi mum fAtechnical potenti al
sitei i.e.,the potential, in capacity and annual electricity output, for solar development

unconstrained by project economics.

EconomicAnalysis

The capaity and outputesultsfrom the technological analysigas therpassed on to lastep in

the analytic processeconomic analysisThe heart of the economic analysiasa financial

model that calculatkthe 28year investment returns for each poterdgdar project under

private ormilitary ownership.The analysis assumed that all construction would occur in 2015 (to
allow the DoD sufficient time to complete program planning, site studies and procurement
actions), and that PV prices would fall approxiema20% from their Spring 2011 levels.
Concentrating solar technology prices in 2015 were assumed to remain level with 2011 prices.

The model included a wide range of other cost inputs:

e Capital costs (e.g., panels, racking, trackers, balance of systailation labor)

¢ Running costs (e.g., O&M labor, insurance, inverter replacement accrual,
decommissioning accrual)

e Water cost (for concentrating solar power plants only)

e Land lease rates for 3rd party owned projects

e Transmission extension costs

The folowing revenue and taselated incentives were included in the model:

e Electricity prices (26year wholesale and sefeneration projection)
e Renewable Energy Certificate (REC) prices-y2@r projection)
e Solar incentives taken by private developers (Wlaie not available if funded by
MILCON)
0 Business Investment Tax Credit (30% of installed cost)
o0 Modified Accelerated Cost Recovery System (MACRS) Depreciation

The 20year discounted cadtow model calculated the Net Present Value (NPV) and Internal

Rate of Return (IRR) for each technology on each parcel of land for which it was technically
suitable. Those fAprojectso whaewerddBeRiesd exceede
financially feasible.

Table ES5 shows the total economicallyable acreage available for development on

cantonment and range gr ounreflecsl00%eoftheitittig e t abl e 6
installation acreagewith sui tabi lity rating of 1 (fisuitabl
acreage with a suitability rating dhta2 (Al i ke

also economicallyiable.
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Table ES51 Total Economically-Viable AcreageAvailable for Solar Development on
Cantonment and Range Ground Sites

Military Installation g%rgggrgigg Range Sites R fgirteGSround
MCAGCC Twentynine Palms 553 0 553

MCLB Barstow 0 0 0

NAWS China Lake 3,930 2,847 6,777
Chocolate Mountain AGR 0 0 0
NAF El Centro 0 0 0

Edwards AFB 933 23,394 24,327

Fort Irwin 5,757 12,971 18,728

Total 11,173 39,212 50,385

Table ES6 show the results of the economic analysis by military installation for the five site
types using a private project ownership model. (The economic analysis found that no solar
energy projectsvould be economicallyiable under military ownership, which demonstrates the
importance of the many tebased incentives for solar energy development that private
developers can utilize and the dependence that the DoD will have on those incentiveshést w
to achieve favorable rates of return from solar projects on its installations.)

Table ES61 Capacity of Solar Technology with HighestRR for Economically-Viable Solar Development
Sites, under Private Project Ownership(MW ¢ in Installed Solar Capacity)

Paved Unpaved Total
Parking  Parking (All Site
Canopies Canopies Types)

Cantonment Range Building

Military” lInstallation Ground Sites® Ground Sites Roofs’

MCAGCC Twentynine Palmsg 77 0 3 0 N/A 80
MCLB Barstow 0 0 5 0 0 5
NAWS China Lake 557 403 1 0 N/A 961
Chocolate Mountain AGR N/A 0 N/A N/A N/A 0
NAF El Centro 0 0 N/A 0 N/A 0
Edwards AFB 134 3,347 7 0 0 3,488
Fort Irwin 808 1,821 1 0 0 2,630
Total 1,576 5,571 17 0 0 7,164

3 Crystallinesilicon PV on singleaxis tracking had the highest overall internal rate of return (IRR) among the six
solar technimgies evaluated on large ground sites. CrystaBitieon tracking capacity results are reported
uniformly in this table for economicaHyiable sites. However, there was one site at which a different technology
had the highest IRR at the NASA Goldstomrange at Fort Irwin, thifilm tracking had a slightly higher IRR than
crystallinetracking and the highest IRR among the three technologies that were econewiadaéyon the

Goldstone range.

* Crystallinesilicon PV fixedaxis had the higher interhaate of return among the two solar technologies evaluated
on building roofs.
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Table ES7 shows the significant difference in the economic viability between solar energy

technologies assessed in the study. While fixedint crystalline silicon PV resulted in the most

MW of economicallyviable installed capacity, singkxis tracking crystallia silicon PV had the
highest overall internal rate of return (IRR) among the six solar technologies evaluated on
ground sites. In comparison, the economic viability of concentrating solar power (CSP)
technologies was limited, because of higher installatasts, fewer parcels of land within the

military installations that met the size, shape, and continuity requirements for these technologies,

and special mission conflicts for Dish/Stirling technology at one installation.

Table ES7 1 Capacity for Economically-Viable Solar DevelopmentAcross Installations by Solar
Technology under Private Project Ownership (MWac)

| Crystalline-
Silicon
Fixed-Mount

Military Installation

PV Technologies

Thin-Film
Fixed-Mount

Crystalline-
Silicon
Tracking

\ CSP Technologies

Thin-Film
Tracking

Dish/Stirling

Trough

MCAGCC Twentynine Palm: 116 72 77 49 88 0
MCLB Barstow 5 3 0 0 0 0
NAWS China Lake 1,452 901 960 602 0 0
Chocolate Mountain AGR 0 0 0 0 0 0
NAF El Centro 0 0 0 0 0 0
Edwards AFB 5,338 3,2% 3,481 2,18 0 0

Fort Irwin 3,930 1 2,62 1,144 0 0

Total 10,811 4,272 7,147 3,979 88 0

The lkey implications of the economanalysis include:

e Large ground sites ahe installations in California aeconomically viable for PV

technologiesDepending on installation specifics, solar development potential may exist
i nst al

in an i

ati

onos

cantonment

and/ or

e Solar development on building roof sites is economically viable, but cannot nekea
scalecontribution to thenstallation®utility scalesolar development compared with

ground sites.

e Solar development opportunities on paved and unpaved parking facilitessadiaitions
are significantbut their economicarecurrently poor du¢o the added cost of metal

parking canopies.

e Crystallinesilicon PVwith single-axis trackng is the solar technology with the highest
projected investment returns in the study, due to its combination of low cost of

installation and high electricity outpuThe other PV technology packages analyzed also

generate attractive financial returns on many large ground sites.

e The CSP technologies studied were not economically viable in most cases due to their

higher installed costs, though great uncertainty egistsitpresent and futur€SP costs
due to the scarcity of recent CSP projects in the U.S.
¢ Only privatdy developed projects were economically viable. Projects funded by the
government (e.g., using military construction funds) were not viable, given tteatcur

costs of the technologgnd the taxbased nature of federal solar incentives.
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ES.5 Energy Security

Energy security for the DoD means having assured access to reliable supplies of energy and the
ability to protect and deliver sufficient energy to ineeerational needs. Solar energy can
potentially address one key facet of the ener
disruptions of the public electricity grid that powers the installation.

Currently, the DoD relies on individualetiel generators tied to individual critical loads to insure

power in case of a grid outage. As the DoD moves toward using securegmis oo meet

energy security needs, solar power on the installations can play an increasingly important role.

Due to thentermittent nature of solar it is unlikely to provide 100% of the required energy and

will require energy storage to fully integrate into a migral. The cost and value of solar energy

to meet DoDO6s install ati on deiduadingaljfatomecuri ty ne
requirements, the future costs of energy storage, and the design and value of the required micro
grid.

ES.6 Solar Development Context

Solar development on the nine DoD installations addressed by this study is governed by a
complex veb of laws, regulations, and market rules, administered by public andpgirisi

entities at the Federal, State, and local levels. Few if any of these rules were designed with solar
in mind; several were promulgated long before solar energy began penedration in the
marketplace in the past 10 years. DoD staff and the private developers they increasingly work
with need to fully understand these rules to avoid or mitigate policy barriers and to maximize the
benefit of any available incentives.

TheFederal Government has challenging goals for renewable energy development on DoD
installations. In addition, Federal and state governments created a number of incentives for the
development of solar energy. These incentives can reduce the installedacestasfenergy

facility by half or more depending upon the size and location of the facility. In addition, the DoD
has more flexibility than other Federal agencies to enter intetimng contracts with third

parties; under these contracts, the Hpiadty developer builds, owns, and operates the solar
facility, and the DoD purchases the electricity generated by the solar facility and/or leases the
DoD land used for solar development. However, a number of challenges tedalgesolar
development on Feda lands exist, most notably the lack of transmission capacity in the
Mojave and Colorado Deserts.

A second challenge is the uncertainty related to developing solar projects on withdrawn lands
within the boundaries of the nine installations (§able ES3). These lands are part of the public
domain supervised by the Bureau of Land Management (BLM), but have been withdrawn from
the operation of public land laws targe military mission needs. There is disagreement among

the DoD, the Services, and the BLM regarding which organization has the lead for authorizing
and managing renewable energy development on withdrawn lands; this creates uncertainty in the
development pcess and leaves privagector developers unclear as to who their counterparty

is.

In addition, the large footprint of utilitgcale solar energy facilities means that greomodinted
systems must be individually reviewed to determine their impact dogigal, cultural, and
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visual resources and a wide variety of construction, interconnection, and other permits must be
acquired before a potential solar development can move forward. Finally, there is inconsistency
within the DoD, and between the DoD arttler Federal agencies, in how certain laws,

mandates, and processes should be applied; these inconsistencies slow the solar development
process and create uncertainty for private sector solar developers.

Table ES87 Withdrawn Lands®

Acres Withdrawn Total Acres Withdrawn %
Edwards AFB 83,110 308,123 27%
Fort Irwin 725,062 754,134 96%
China Lake 1,108,956 1,108,956 100%
Chocolate Mtn. 226,711 463,623 49%
El Centro 47,870 56,289 85%
29 Palms 472,649 595,578 79%
MCLB Barstow 3,683 6,176 60%
Nellis AFB 10,290 14,000 74%
NevadaT& TR 2,919,890 2,919,890 100%
Creech AFB 2,940 2,940 100%
Total 5,601,161 6,229,709 90%

Source (Pease, 2011)

ES.7 Conclusions and Recommendations

The study quantifies the technically feasible and economically viable solar potential on several
DoD installations. This potential can be harnessed without impact on mission performance and
can result in substantial value delivery to the DoD. Howevegdlize this opportunity, the DoD
would need to develop a thoughtful program, with the necessary funding, leadership support, and
capacity building to see it to fruition. The following actions may improve the opportunities to
develop solar energy in a manmensistent with the military mission:

1 Clarify withdrawn lands policy with the Departmentof the Interior (DOI)
Withdrawn lands make up the majority of the lands within the boundaries of the nine
installatiors considered in this studgnd resolvingheir status and potential use in third
party financed projects witthe DOI is critical ifthe DoDintends to developtility-scale
solar energy projects.

2 Work with stakeholders to accelerate transmission development
The lack of transmission capacity is the single largest barrier tcdaege solar
development on theevenCalifornia installationsThe DoD and the many other
stakeholders affected by this constraiotildincrease their efforts to encourage
transmisn owners and plannersaapand capacity on existing transmission lines and
expedite the necessary transmission battl

® The withdrawn land acreage figures reported in this table are currently under review by the DoD/DOI Interagency
Land Use Coordinating Committee and should be considered prafiyrdata only. For example, other sources
indicate that 8% of China Lake is DoD fee land and 92% is withdrawn land.
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3 Clarify DoD policy on REC ownership and accounting
In the thirdparty finance model that will likely dominate renewable energyldpueent
on military installations, it is the developer, not the installation that is the initial owner of
any RECs arising from a projedthile an added expense, theD will likely have to
join the larger renewable energy market in retaining or purcp&Cs in order to make
progress towards complying with its renewable energy mandates and goals.

4 Clarify and develop programs to achieve energy security goals
The DoD should continue to demonstrate secure Agdrbtechnologies on military
installations.The DoD could also develgpidance about what types of energy security
challenges military installationseed to be prepared to overcortine types of actions
that can be taken to improve energy securityand t he Apriceod or val
assignedd energy security benefits in the investment process sth#@abD can launch
targetedorograms to address its energy security needs

5 Increase coordination and integration of renewable energy projects and initiatives
between military installations and Srvices
The DoDshould consider making greater effort to keep energy managers and other key
personnel involved in renewable energy project planning at each military installation
informed about the efforts, initiatives, and lessons learned by oth&arynifistallations
and ServicesThis could be one element of a broader effort to build renewable energy
analysis and development capacity at the installation and support organization levels. As
part of this activity, the DoD could also identify and worlatidress the inconsistent
interpretation of goals, rules, and procedures that currently exists across installations and
Services.

6 Develop a consistent and incentivéocused formula to allocate project benefits and
costs between the host installation and pant organizations
Providing clear incentives for military installations to invib& considerable time and
effort required tdhost renewable energy projects will likely generate increased interest
and support from military installation staff.

7 Work with BLM to ensure that the Federal Government is maximizing its
compensation from land rentalsconsistent with fair market valuewhile allowing
solar develogers to make an attractive rateof return
BLMG6s solar | and | ease r adlepsvide anattractive ncr e a s
rate of return for private developers wunde
consider working with BLM to evaluate whether Federal compensation could be re
cali brated under the BL MO s ptarefairamarket valnet a | f o
for the Federal Government against the backdrop of rapltdypging and regionaHy
variable solar economics. The DoD and BLM should maintain a cooperative approach so
t hat private solar devel opbonsagenoyrovetthehave a
other because of more attractive land rental rates.
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8 Develop and apply a consistent methodology for mission compatibility analysis
within DoD installations, and analyze DoD lands in dvance of programmatic scale
up
AConflicts with mission performanceo was t
potential for solar development across the nine installations evaluated. This study relied
on discussions with range operators and training managers for most of tioe miss
compatibility analysis. Because the results relied, to a great degree, on the best
professional judgment of range management staff, they wereepooducible and
difficult to generalize to other installations or to communicate to the solar development
community. In the future, the DoD should consider developing a mission compatibility
assessment methodology that can be applied within its own installations to address the
full range of renewable energy technologies and the full range of mission agtivitie
Developing this methodology will require coordination of representative instaliatieh
staff; managers in the Servitee v e | range management offices
Readiness, Test and Evaluation offices; OSD's Facilities Energy office; as thal as
existing DoD Siting Clearinghouse.

The steps listed above may greatly improve the implementation environment for solar energy on
DoD |l ands. The results of the studyds Solar P
from which each installain can identify high priority areas for further investigation. Private

developers could respond to competitive solicitations to conduct the necessary due diligence and

to offer the DoD some combination of rental payments, discounted povkéndiconsideation,

and/or energy security capability in return for access to these lands.

It is clear that solar developers are highly motivated to develop projects under present conditions,
and those conditions are only expected to improve through 2016 as solar prices continue their
expected decline. However, at the end of 2016 the most iamp@dlar tax incentive will

decrease by two thirds. The DaoD is in the position to take advantage of the value offered during
this 5year window. It will take time to address the preparatory steps suggested above and to
create and launch a focused solarad@oment program. By pursuing these challenging
opportunities, the DoD may be able to take advantage of solar resources on military installations
in a manner consistent with the military mission.
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1 Introduction

This study was written in respongethe FY 2010 Congressional direction to conduct an

AAl ternat i ve rdviawecurgent solartdavdlgpment activities and to evaluate the
potential for solar energy development insidelibendaries of nine large military installations
located in the Mojave and Colorado Deserts of southern California and Nevada. In addition to
assessing the solar energy potential of the military installations, this report also discusses the
potential missia compatibility and energy security impacts ofinstallation solar energy
development and the broader context for solar energy development in the Mojave and Colorado
Deserts.

Thestudy addresses the following issues

¢ evaluate the technical and econofieasibility of locating solar energy generation within
the identified military installations and identify potential areas for solar energy
development;

e evaluate limitations on the use of solar energy because of military mission,
environmental, and jusdictional constraintand,

e analyze the feasibility and potential for-mstallation solar energy generation to provide
additional security benefits for the military installations

Chaper 2, Geographic Setting Characterization provides a geogragndewv of the Mojave
and Col orado Desert regions followed by a dis
land usesChapter 3, Mission Compatibility, reviews the various ways that solar projects and
military mission activities can conflic€hapter 4, Technology Characterization, provides a
technical description of major existing concentrating solar poweP&tdchnologies, including
a discussiomf important system components afticiencies. Chater 5, Solar Potential
Assessmengescrilesthe analyticprocesemployed taletermine bw much solar generation
could be developed on military installations in the Southern California Degiedn,real world
technical and economic constrain@hapter 6, Energy Securityeviews the range ofgsues to be
considered in evaluating installatitevel energy security risks and solutions, and dessribe
technologies that can provide-orstallation energy securitfhe chapter concludes with a
description of optionfor the use of diesel generatorgddargescale solar located on a
microgrid-equipped installatiorChapter 7, Solar Development Context, addrelesierally
mandated renewable energy goals that are a major driver for solar developmeit on D
installations followed by a review othe prihcipal challenges confronting largeale solar
developmentFinally, Chapter 8 provides a summary of conclusions and recommendations,
including key findings, and recommended policy and programmatic actions.

Solar energy development can be a complex uakieg in any setting, affected as it is by an
evolving policy framework, a geographicalaried economic environment, a dynamic
technology market, and a range of motivations for installing the techn@otgr. development
is even more complex within ailitary installation, where preservation of mission capability is
the paramount consideration, and where solar projects must be implementedmwithiicate
framework of Federal, Do[and Service rules and requirements.
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This report demonstrates that there is significant potential to develop solar energy on the nine
installations with no capital investment the DoD and without impinging upon mission

performanceDoing so would create considerable value for the installations, ServicesaBdD
the country as a whole.

Introduction 1-2



SolarEnergyDevelopment ooD Installations in the Mojave &oloradoDeserts January 2012

2 Geographic SettingCharacterization

2.1

The Mojave and Colorado Desert habitats are home to a wide variety of resources and biological
communities, which are under increasing pressure by the growing number of stakeholders in the

General Characteristics

area. This chapter provides a geographic overview of the Mojav€@arhdo Desert regions

foll owed

by

2.1.1 Mojave Desert

di scussi amlprimarylantd Uses. ar ea 0 s
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The Mojave Desert covers over 32 million acres, extending from southern California and Nevada
into Utah and Arizona. Approximately 20 million acres of the Mojave lie in California,

comprising approximately orfgth of the state (CDFG, 2011), and approxteig 6.5 million

acres of the Mojave lie in Nevada. Militanstallatiors located in the Mojave includéreech

AFB, NAWS China Lake, brt Irwin, Edwards AFB, MCAGCC Twentynine Palms, Nellis AFB,
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Figure 2.17 Mojave Desert Ecaregion
(CalPIF, 2009)

meets the Great Basin

and MCLB Barstow. The Mojave israin
shadowdesert, meanmnthat it was
formed because Californ
mountain axis, which bounds the desert in
the west, prevents moistureh clouds

from the Pacific Ocean from reaching the
protected eastern side of the range. As air
rises over the range, water is precigtht
and the air loses its moisture content,
resulting in a desert on the leeward side of
the mountains (USGS, 1997). The desert
extends north from the northern boundary
of the Colorado Desert in California along

the eastern face of Cal
mountin axis (e.g. the Sierra Nevada,

San Bernardino, and San Gabriel

Mountains) to the Owens Valley, where it
Desert to the north. Th

through a succession of desert basins and mountain rantesdast, where it meets an abrupt
boundary with the Colorado Plateau and Apache Highlandeggions of Utah, Nevada, and

Arizona (sedrigure2.1) (CalPIF, 2009).

The Mojave exhibits a wide variety of topography, with elevations ranging from 280 feet below
sea level in Death Valley to approximately 11,000 feet above sea level in the Panamint
Mountains (CDFG, 2011). The Mojave experiences a wide rafhiggnperatures: the

temperature in Death Valley can exceed 130° F (54° C) in late July and early August while
temperatures may drop as low as 02I8{ C) at higher elevations (Randall et al. 2010).
Precipitation in the desert is typically between 65 3@ mm (2.5 7.5 inches) annually, most

of which falls during the winter season. Snow is not uncommon in the Mojave during the winter.
Precipitation levels vary depending on topography and elevation (USGS, 2006).

Geographic Setting
Characterization
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2.1.2 ColoradoDesert

The Colorado Desert, omé the six sukbsections of the Sonoran Desert, spans approximately
severmillion acres in southeastern CaliforriseeFigure2.2). The Colorado Desert is also a

rain shadowdesert, extending from the Peninsular mountain range in the west to the Colorado
River in the east (CDFG 2011a). It extends south of théidSican border and extends north to
the Mojave Desert. Militarynstallatiors in the Colorado Desert inclad€Chocolate Mtn. AGR

and NAF EIl Centro.

The majority of the Desert lies at a relatively
low elevation (below 1,00feet) with the

lowest point of the desert floor at approximate
275 feet below sea level in the Salton Trough
Most of the regionods
3,000 feet, although the highest peaks of the
Peninsular Range (along the western border «
the desrt) can reach appximately 10,000 feet.
(CalPIF, 2009). Summer daily high
temperatures in the Colorado Desert are
regularly above 104° F (40° C). The winter
season isooler, with daily high temperatures
averaging around 72° F (22° C) and nighttime
lows reaching approximately 41° F (5° C). Sul
freezing temperatures are uncommon and snu
is very rarg Michaelsen, 2009). The Colorado
Desert has two rainy seasons per year (winte
and late summer) as opposed to the Mojave,
which for the most part only expeniees winter
rains. The majority S o
annual precipitation comes from sporadic B e el
winter storms that are strong enough to
overcome thenountain ranges to the west, bui and land ownership distribution
it also receives occasional bouts of monsoon: (CADFG, 2011a)
moisture in the summerdm the southeast ’

(CalPIF, 2009). Annual rainfall amounts range froi iaches (USDA, 2011).

Colorado Desert Region

Land Ownership

exceed

2.1.3 DesertHabitats

Mojave and Colorado Desert habitats are home to a wide variety of plant life and habitat types.
The Mojave Desert ee@gion contains approximaye230 special status plant spefjebe

majority of which are endemic to the region (Randal et al., 2010). Creosote Bush Scrub is the
most extensive cover type, covering approximately 57% of the land surface (Thomas et al.,
2004). There are relatively fetreedominated communities in the region with the exception of

® Special status plant species are those plants found on public lands administered by BLM and determined to be
either (a) federal endanget, threatened, or proposed plants, or (b) BLM sensitive plants, which have been listed by
the BLM State Director for special management consideration (B0¥Q).

Geographic Setting 2-2
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the Joshuatredehe Joshua tree occurs in approximately
threatenedo by the Cal i f o (CbrFGiNatDral pleritage Digision of F
(Randall et al., 2010). Small patches of piryoniper woodland habitats also occur in the

Mojave Desert, covering approximately 2% of the region (Thomas et al., 2004).

The Col orado Desertodés terrestrial hdubingt at s i n
yucca and cholla cactus); desert saltbush; sandy soil grasslands; and desert dunes. Higher
elevations are dominated by pinyon pines and California juniper, and in the southern portion of

the desert, additional moisture from summer rainfall supgantsketree, ironwood, and palo

verde trees. I n this Desertés arid environmen
desert washes, freshwater marshes, streams, and desert riparian vegetation communities) are
limited in extent but criticallymportant to wildlife.

Below are descriptions of common and notable habitats found in the Mojave and Colorado
Deserts:

Desert Riparian

Desert Riparian habitats are located adjacent to permanent surface water (e.g. rivers, streams,
seepsand springs) ithe Mojave and Colorado Deserts. These habitats are generally found at
elevations below 3,000 feet and are characterized by dense groves of lowikehitges or tall

shrubs. They are composed of overstory species such as tamarisk and willows acaregyb

with species such as desert lavender and seep willow. There is often an abrupt transition between
these habitats and the more open desert habitats (e.g., desert wash and desert cactus scrub).
Given the desert 6s ¢e naianddbitayis ohutmost impootanckitot i on s ,
wildlife populations, and sersas important layover spots for migratory birds. With the

exception of some palm oasis habitats, these habitats support more bird species at greater
densities than other desert hatst(NDOW, 2006).

Creosote Bush Scrub

Creosote bush scrub, an ecological system also referred to as warm desert scrub, is characterized
by low-lying expanses and widely spaced shrubs with bare ground in between. Growth in this
habitat occurs during the ipg if rainfall is sufficient. Growth is prevented by cold weather in

the winter and by drought in other seasons (Holland, 1986). Creosote bush scrub is home to the
threatened desert tortoise, which digs burrows in the sandydvegtied soils (NDOW, 2G8).

Desert Dunes

Prevailing winds carry sands from dry lakes and other areas in desert sinks and washes to form
desert dune habitats. Sand dunes can rise up to 800 feet in height. Sand dunes may appear to be
barren, but they support a variety of pland avildlife species, including evening primrose,

kangaroo rats, kit foxes, and the Mojave frisiged lizard (Feller, 2011).

Joshua Tree Woodland

Joshua tree woodland is associated only with the Mojave Desert and is especially prominent in
the Joshua Treldational Monument area. The Joshua tree, a species of yucca that may grow up
to 50 feet tall, is commonly found in flat and gradually sloping areas. Joshua trees support a

Geographic Setting 2-3
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range of wildlife species, such adesetthight Scott o
lizard, which lives in decaying plant matter, such as downed Joshua trees (Feller, 2011).

Desert Fan Palm Oasis

Desert fan palm oases are rare ecological communities located predominantly in the Colorado
Desert region. Palm oasis habitagmgrally occupy sites with permanent water sources (e.g.,

seeps, springs, and streams) and may be found next to desert riparian and desert wash habitats.
The largest desert fan palm oases are along permanent streams or at large springs. Palm oases are
alsolocated on hillsides or in canyons. Many sites are adjacent to earthquake faults, especially
along the San Andreas Fault, where underground water frequently emerges. This habitat provides
unique islands of shade, moisture, vegetation in an otherwisaratisparse landscape.

Therefore, many wildlife species (e.g. bighorn sheep) inhabit palm oases (CDFG, 2011).

Desert Wash

Desert wash habitats form when water flows intermittently after heavy rains, especially late
summer thunderstorms. Desert wash seitgltto be sandy to gravelly. Plant life is typically lush
and deepooted, ranging from catclaw acacia and faimg saltbush to taller desert willow and
cottonwood trees. Washes attract many birds (e.g. migratory finches and tanagers), mammals
(e.g. blackail jackrabbit) and other wildlife (e.g. respotted toad, desert tortoise) (Baxter, 1988;
Laudenslayer, 2011).

2.1.4 ProminentEcologicalFeatures

Ecological features found throughout the Mojave and Colorado Deserts, both on-and off
installation includedesert pavement, underground water stores, and dry lakes. These prominent
features are described below.

DesertPavement

Desert pavement is a surface armor that forms on the ground in hot desert environments, such as
those covering the Colorado and Mojd¥eserts. Desert pavements generally consist of a thin
layer of densely packed, angular tosobnded coarse rock fragments overlying a soft, silty

layer, commonly referred to as a vesicular horizon (Webb et al., 2009). They typically occur on
surfaces wh very little relief and lie above a layer of well developed soil; their exposed surface
is often characterized by a dark and shiny coating or varnish of minerals (e.g., iron oxide) and
organic carbon (McFadden et al., 1987). Desert pavements are lesstigles¢o disturbance

than biological soil crusts, but both plant growth (especially perennial shrubs) and burrowing by
rodents can cause disruption of pavement development (Quade, 200Bnactivities, such as
military maneuvers and operation of ta@ksl other vehicles, can also disrupt desert pavement.
Once disturbed, pavements lose their armoring function, and soil loss due to surface runoff or
wind erosion becomes much more likely (Thomas et al., 2004).

Aquifers

Beneath the Mojave Desert is an extensive system of aquifers comprised of underground layers
of unconsolidated, porous, or fractured rock capable of containing water. The water tables of
these basin aquifers are often tapped for municipal, agricultudhinduastrial use. Perched

aquifers, which occur on hillsides above the regional water table, are primarily recharged by
local rain and snow melt. These aquifers feed the natural springs and seeps in the mountains of

Geographic Setting 2-4
Characterization



SolarEnergyDevelopment ooD Installations in the Mojave &oloradoDeserts January 2012

the deserts. Because the aquifers dependcal precipitation, the location of resulting springs
and seeps may vary throughout the year, and from year to year. Summer monsoons are
unpredictable, so late summer through 4fiailllis usually the time of year with the least available
surface wateat desert springs and seeps. In years with winter droughts preceded by summers
without monsoon rains, it is common for these ephemeral springs to dry up (NPS, 2011).

Dry Lakes

Numerous playa lakes, also referred to as dry lakes, are interspersed throlgllesert

mountain ranges. Dry lakes form when water drains into basins with no outlet and then quickly
evaporates under arid conditions. In wet years, some playas may hold standing water. In the
more common drier periods, water that lies very neasuhiace of the playa is drawn upward by
capillary action and then evaporates, leaving a white crust of evaporite minerals, such as sodium
carbonate and sodium bicarbonate (USGS, 2004). There are a number of dry lakes located on
Mojave and Colorado Desertstallatiors, including:

¢ Rogers and Rosamond Lakes (Edwards AFB);

e Emer son, Mesquite, Dead Mands, Gal way, Me |
Twentynine Palms with proposed expansion);

e Goldstone, Red Pass, Nelson, Bicycle, Leach, and Drinkwater [fabwdrwin);

e China and Airport Lakes (NAWS China Lake); and

e Groom, Dog Bone, Mud, and Antelope Lakes (NTTR).

2.1.5 CrossCutting Ecologicalssues

The Mojave and Colorado Deserts are characterized by severatuattisg ecological issues,
including wind ero®n, invasive species, and habitat fragmentation. These issues have been
exacerbated by the increased demand for land and resources in the area for urban development,
military maneuvers, grazing, mining, recreation, and energy infrastructure developevenal S

of theprimaryregionalissues are outlined below.

Human Soil Disturbance and Wind Erosion

As mentioned above, when desert pavement and othestabilizing factors (e.g., rock cover

and physical crusts) are disturbed by vehicles and the tragrgffiects of livestock and humans,

the desert soils are highly vulnerable to wind erosion. Wind forces that exceed the ability of
stabilizing factors to hold soil in place generate airborne dust. Once airborne, the soil becomes a
nonpoint source of air dlution with potentially significant health effects. Deposition of this soil
may also be problematic because it reduces the fertility of plants and contributes to
sedimentation in surface water bodies (Belnap et al., 2007).

Habitat Fragmentationand Migration Corridor Disruption

Conservation efforts have helped to maintain habitat connectivity in the region, especially in the
Mojave Desert, where private conservation organizations (e.g., the Conservation Fund, the
Nature Conservancy, and Preserving Wikllifornia) have worked to protect thousands of acres

of essential habitat (CDFG, 2011c). Nonetheless, urban growth and resulting infrastructure
development (e.g., power lines and road constructionjjigfiway vehicle (OHV) activity

(which adds dirt roadand trails), and renewable energy development have all resulted in habitat
fragmentation and migration corridor disruption in the region (CDFG, 2011c). The construction
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and expansion of militarystallationfacilities as well as field training (includirtignk

maneuvers and aip-ground bombing) have also contributed to habitat fragmentation and
corridor disruption (CDFG, 2011c). Bighorn sheep depend on established migration corridors
between habitats with adequate water and protection. Disruption efdbeglors catlock

access to these habitats and separate populations, which limits the potential for natural
colonization and gene exchange and threatens the health of bighorn sheep populations
(Wehausen, 2006). Habitat fragmentation has also been @datednas posing a substantial
threat to desert tortoise and Mohave ground squirrel populations (CDFG, 2011c).

Invasivespecies

At present, there are approximately 232 -mative taxa in the California deserts (Baldwin et al.,
2002). The early proliferatioof nonnative species was associated with agriculture and grazing,
which introduced nommative species such as tumbleweed and annual beard grass (Pavlik, 2008).
Current human activities and land uses in the desert regions that can promote the invasion of
non-native species include utility and transmission line access roads; mining; illegal dumping;
grazing; and OHV activities that disturb soils. Additionally, fmative invasive plants have been
associated with altered fire regimes on militeastallatians in the region (SERDP, 2011).

Invasive plant species are common in desert wetland and riparian communities (approximately
20% of the plant species in territory along the Mojave River arenative) (Dudley, 2009). The
most damaging and widespread irivasn desert riparian habitats is tamarisk (also referred to as
salt cedar), which is common along the Mojave and Amargosa rivers in the Mojave Desert
(Dudley, 2009; Pavlik, 2008) and along the lower Colorado River (Pavlik, 2008). Tamarisk is
extremely dought tolerant and is capable of explosive reproduction, which provides it a
competitive advantage over many native riparian species such as cottonwoods and willows.
Dense stands of tamarisk can exacerbate overbank flooding and efakldgionally, tamaisk

sends it roots down into the water table, resulting in the extreme loss of water resources for
native riparian species, and a reduction of the diversity and abundance of native wildlife
(Dudley, 2009).

2.1.6 Species

While they appear to be barren, the Catlir and Mojave Deserts are home to a wide variety of
wildlife, most of which exhibit morphological, physiological, or behavioral adaptations that
allow them to survive hot, arid conditions. Over 439 vertebrate species inhabit the Mojave at
some point in thir life cycle (including 252 species of birds, 101 mammals, 57 reptiles, 10
amphibians, and 19 fish species), and over 481 vertebrate species inhabit the Colorado Desert at
some point in their life (including 282 bird, 82 mammal, 66 reptile, 16 amphéomah35 fish
species) (Randall et al., 2010; CDFG, 2011b). A major challenge for militstgllatiors has

been to develop land management plans that protect the species inhabitistattagiors while
allowing for necessary missions and training aiéis. Of primary concern have betre

sensitive and special statggecies that inhabit thestallatiors (seeTable2.1 for installatiors

where these endangersgecies may be foundJhis section describes several of these species as
well as the impacts the military has had on the species.
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Desert Tortoise(Gopherus agassizii

The Desert Tortoise, which ranges in size from 2 to 15 inches in length, may be found in the
Mojave and Sonoran Deserts in southwestern Utah, southern Nevada, southeastern California,
and western Arizona at elevations ranging from sea level to approxi3z86D feet (NFWO,

2011). The desert tortoise spends up to 95% of its life in underground burrows, which range from
18 inches to over 8 feat length.Spring and summer burrows are much more shallow compared

to winter burrows, which are usually locate@ #eet below the surface (NFWO, 2011). The

desert tortoise inhabits a variety of habitats but commonly lives on flats and alluvial fans, where
soils are suitable for den construction (Baxter, 1988; BLM, 2007). Because the desert tortoise
derives most ofts water from the plants it eats, access to water resources is not essential. They
depend on shrubs for shade and protection from predators such as ravens and coyotes, and their
diet generally consists of wildflowers, grasses, and cacti. In the mostypopelated areas,

there may be 1 tortoise per 2.5 acres. However, densities are typically closer to 1 tortoise per 100
acres (NFWO, 2011).

The desert tortoise walpFs
the California Endangered Species ACESA)in '
1989 and the Federal Endangered Species Act
(FESA)in 1990 (BLM, 2007)TheBureau ofLand
Management (BLMhas since taken the lead role i
tortoise habitat management, administering
approximately 75% of theemaining highquality
desert tortoise habitat (Feller, 2011). TheD and
the militaryserviceshave also actively participated &
in tortoise population management efforts. Primars
threats to desert tortoises include lost, degraded,
fragmented habitat @ito human activities (e.qg.,

.

off-highway vehicles, militarynstallationtraining, oo A S i S e

sheep and cattle grazing, and mining), and predatpesert Tortoise

of young tortoises by ravens and coyotes. Additiolmage courtesy of the Los Angeles Times

threats include disease, fire, collection, poachers, mining, drcauggh invasion of nenative

grasses and weeds. Scientists suspect that there is not one threat that impacts tortoises more than
another it is an accumulation of threats that takes a toll on the population (NFWO, 2011).

Military Impact on theDesertTortoise

Desert tortoises have been identified on numerous miiiatgllatiors, including Edwards

AFB, Nellis AFB, Chocolate Mtn. AGRFort Irwin, NAWS China Lake, MCAGCC Twentynine
Palms, and MCLB Barstow (Duncan, 2011). The decline of desert tortoise populations has been
a continual challenge on militanystallatiors, where aHto-ground bombing, tank maneuvers,

and explosives testing ahusesignificant habitat disturbancResulting changes in plant
communities can adversely affect the desert tortoises. Noise from vehicles, military aircraft, and
explosions may also damage their hearing (USFWS, 2010a). Milistaflatiors are require to
employ ecosystem management principles@oD installations in the western Mojave Desert
initiated and continued many conservation programs for the desert tariolading creating
orrinstallation protected lands for desert tortoise habitafaiditionally, the DoDhas

conducted numerous research projects on disease, predation, head(staostimpn the
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following pagg, and population monitoring and demographics, some of which have broad
applications beyond militarystallationboundaries (Hemeet al., 2011).

Juvenile Hatchery at Edwards Tortoise Study Site (JHETSS)
Image courtesy of Don Clark

Mohave Ground Squirrel (Spermophilus mohavensjs

The Mohave ground squirrel is found primarily in the western Mojave Desert. The species
occupies degert scrub habitats in the eastern foothills of the Sierra Nevada up to 5,600 feet in
elevation. Food resources and the existence of soils with good composition for burrow
construction are the most important characteristics for ground squirrel habitaesvéviground
squirrels often maintain several home burrows for use at night, as well as additional burrows
used for temperature control and predator avoidance. Their burrows are typinatiyicted
beneath large shrublh general, ground squirrel dietnes based on season and resource
availability. However, it is primarily comprised of leaves and seeds from forbs and shrubs as
well as the leaves, flowers, and seeds of annual wildflowers (Laabs, 2001).

The Mohave ground squirrell
under theCESAIn 1998 buthas beemletermined to not
warrant a federal listing by the USFVdSthis time The
primary threat to the Mohave ground squirrel is loss, :
degradation, and fragmentation of habitat. Causes of this

degradation and fragmentation include urban/suburban
development, ofhighway vehicle use, agriculture, and (4%
livestock grazing. Military oprations have also contributecligs
to habitat degradation and fragmentation, especially in thg
area surroundingort Irwin. Additionally, energy

development, including geothermal and solar energy B S = &
development, has contributed to habitat loss for Mohave \johave ground squirrel
ground guirrel (Laabs, 2001). Image courtesy of Smitbsian

Military Impact on the Mohave Ground Squirrel

Mohaveground squirrels have been detected on several miiitatgllatiors in the Mojave

region, including~ort Irwin, Edwards AFB, and NAWS China Lake (Duncan, 20Ebyt Irwin

training areas encompass over 350,000 acres of ground squirrel habitat (Stewart 2005). Military
maneuvers have been associated with ground squirrel deaths both directly and indirectly.
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Additionally, fragmentation of ground squirrel habitat by militarstallaions (e.g.FortIrwin

and NAWS) has been a subject of increasing concern for conservationists and government
entities (i.e., th€ DFG) (DMG, 2011). In an effort to mitigate the deleterious effects of
installationvehicles and maneuvers, Edwards AFB Ingslémented an extensive ground
squirrel monitoring program to document population distribution withinrtiallationand has
developed conservation plans for letegm protection of ground squirrel habitat (Leitner, 2008;
DMG, 2011).FortIrwin has alsshown interest in conservation partnerships that will both
protect ground squirrels and prevent future development encroachment that might restrict its
training mission (Defenders of Wildlife, 2011).

DesertCymopterus (Cymopterus deserticoja

Desertcymoper us i s found in the western Mojave Des
Plan Area. An earbgpring flowering, herbaceous perennial in the carrot family, desert

cymopterus sprouts purple flowers in a clustered globe at the end of each leafless glalk (Ba

2011). The plant typically grows in the cool, moist weather conditions of winter and spring and

flowers from March to early May. It then quickly dries out and goes dormant with the end of the

rainy season and the onset of hotter summer weather avtayndrhere is therefore a long

period of dormancy when the plants are not visible above ground (Bagley, 2011).

Desert cymopterus is known to occur in deep, -« ¥ gk o S SR R

loose, weHdrained soils of alluvial fas and Gr ‘% NI R T
basins, often in stabilized low sand dunes or 5o
sandy slopes. It also occurs in Mojave creosote - *
bush scrub, desert saltbush scrub, and Joshua *
woodland with scrub understory (Bagley, 2011). .
The plant generally inhabits elevations of 2,000" =~ =
3,000feet. Threats to desert cymopterus are no{. s -
well known but are thought to include sheep
grazingand human land use disturbance activitic;
(e.g. on and ofhighway vehicles, urbanization,
military operations, etc.) (Bagley, 201Desert & = :
cymopterus is currly desgnated as a Federal pesert cymopterus plant
Species of Gncern but the USFWS has Image courtesy of Don Clark
determined that it does not warrant a FESA listing at this time.

74

Military Impact on the Desert Cymopterus

Desert Cymopterus has been identified at Edwards ABR Jrwin, and NAWS China Lke
(Duncan, 2011). Edwards AFB has taken the lead thus far in surveying desert cymopterus
populations. Efforts to inventory the species on Edwards AFB have far exceetted@#fforts.
This is one explanation proposed for the skewed species populaiobuiioni approximately
97% of reported desert cymopterus plants are known to occur on Edwards AFB, with 2% on
private land and 1% on BLM land (Bagley, 2011).

Barstow Woolly Sunflower (Eriophyllum mohavense)
The Barstow woolly sunflower is endemictothewest nt r al porti on of Cal i
Desert, preferring sandy or rocky areas within chenopod scrub, Mojave desert scrub, and
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creosote bush scrultt also occurs on desert
playas (NatureServe, 2010). Barstow woolly
sunflower is very small (0-4.0 inch) and tends to
be clumped together. Once the flower goes to fr
around the month of May, it can be very difficult
to detect, whichmay impact population records
and estimates (NatureServe, 2010). This was
evidenced in 1993, when the U.S. Fish and
Wildlife Service(USFWS)determined that the
proposal to list Barstow woolly sunflower as
endangered or threatened may have been
appropriatebut sufficient data on biological
vulnerability and threats were not available to

support a proposed rule (DRECP, 2011a). Barstow Woolly Sunflower
’ Image courtesy of Bureau of Land Management

7 4

Threats to Barstow woolly sunflower include energy development, graziagauffvehicle use,
highway and road improvements antlethuman activities, such as urban development
(NatureServe, 2010; CNPS, 2011).

Military Impact on the BarstowVoolly Sunflower

Barstow woolly sunflower has been identified on Edwards AFB.e E d AFRB inttgraged
Natural Resources Management pdatablishes conservation areas for the sunflower (Edwards
AFB, 2008).

Southwestern Willow Flycatcher (Empidonax traillii extimus)

Southwestern willow flycatcher is generally found in southern California, southern Nevada,
southern Utah, Arizona, New Mexicand southwestern Colorado. The southwestern willow
flycatcher is rare in the Mojave and Colorado Desert regions and is generally restricted to lower
elevation riparian habitats occurring along streams or wetlands. However, it does show some
adaptabilityto occupy riparian habitats composed of either native broadleaf species, a mix of
native and exotic species, or solely exotic species (DRECP, 2011c). Their diets therefore
generally consist of bees, wasps, flies, leaf hoppers, and beetles, but may eaiingdo

territory and prey availability.

The CDFGandUSFWSilisted the southwestern willow
flycatcher as endangered in 1992 and 1995, respectively (OC
2008). TheJSFWSalso designated approximately 120,824 acr
of critical habitat in 2005, including some areas of the Mojave
Desert (USFWS, 2005). The primary threat to the southweste
willow flycatcher is loss, modification, and fragmentation of
riparian habitat, wich the species requires. Habitat disturbance
has facilitated brood parasitism by the breleaded cowbird,
which can contribute to nest failure. Anthropogenic disturbanc
have also facilitated the invasion of tamarisk into riparian
habitats. Because tanigk is highly flammable, it poses a threat Southwestern Willow Flycatcher

. A . Image courtesy of Arizona Game ai
to the specieso habitat ( USIggpepartment
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Military Impact on the Southwestern Willow Flycatcher
The southwestern willow flycatcher has not been identified on any of the mitisaajlatiors in
the Mojave andColorado Desert regions (Duncan, 2011).

Nel sonds Bi(@Qvls canadenSsmelso)p

Nel sonds bighorn sheep (pmm “Yr“v‘iﬂ"if joccurs
desert mountain ranges o€tiColorado and Mojave : '5"\‘43‘*: e :

Deserts. Critical habitat has been designated for the | = d N

in the Peninsular Ranges of southern California, and |
Nel sonds bighorn sheep i
western Mojave Planing Area (DRECP, 2011b).
Bighorn sheep are generalist foragers and feed on a |\
wide variety of plant species, and diet composition mili "
vary with season and location (Wehausen, 2006). Ne | s on amsShé&p gh o
Although bighorn sheep have a large range, individuge!™age courtesy of California Department of Fis

h . . and Game
subpopulations maype widely scattered and discrete
from one another. Bighorn sheep require specific habitat characteristics in terms of topography,
visibility, forage resources, and water availabiliiheygenerally inhabit palm oases, desert
riparian, desert scrub, pingguniper woodland, and perennial grassland habitats (Zeiner et al.
1990; Wehausen 2006). They do not migrate regionally, but bighorn sheep depend on local
migration corridors between areas with adequate water, which they inhabit during the summer
months,and alternative habitats, to which they venture in the cooler, wetter season (DRECP,
2011b).

A broad survey by thEDFGindicates a stable bighorn sheep population overall, but local
populations have shown more variability with some in decline (DRECR, RO . Nel sonds
bighorn sheep are threatened by loss and fragmentation of important habitats as well as
disruption of migration corridors, disease, drought, and other negative human interactions.
Historically, disease contracted from domestic sheep hasabggnificant factor in population

declines (Wehausen, 2006). Negative human interactions are also an increasing threat to

Nel sonds bighorn sheep popul ations. Urban dev
habitat loss, fragmentation, atite disruptio of local migration. These physical obstacles limit

the potential for natural colonization of vacant areas and contribute to reduced genetic diversity
(CDFG, 2010a). Additionally, on and efbad vehicle and aircraft activities (both military and
norrmilitary) can affect bighorn behavior by disrupting foraging and use of important areas (e.g.
water sources, lambing areas, and traditional migration corridors).

Military I mpact Steep Nel sonbés Bighorn

The majority of bighorn sheep herds are located on militestallatiors, especially NAWS

China Lake and MCAGCC Twentynine Palms. Therefore, as urban and rural development, road
construction, disease, and mining all pressure bighorn sheep populatieeyaton and
management plans on thesstallatiors are increasingly important to species survival (BLM,
2005).
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Flat-tailed Horned Lizard (Phrynosoma mcallii)

The flattailed horned lizard is generally found south of the Coachella Valley into Baja
California. Flattailed horned lizard ranges from AnBarrego Desert State Park in the west
through the lower Colorado Desert in Arizona. Thetiéled horned lizard has one of the most
restricted ranges of all North American horned lizards. It inhabitsdtiest, most barren areas

of the Sonoran Desert, such as stabilized sand dunes and creosote bush scrub, and is found at
elevations ranging from below sea level to approximately 820 feet above sea level. During the
winter months (mieDctober to mieFebruay), the flattailed horned lizard hibernates in burrows
approximately 5 inches below the surface (DRECP, 2011d). It feeds almost exclusively on
harvester ants but will eat small beetles, caterpillars, or termites if necessary (FTHL ICC 2003).

There are three discrete populations of thetéiaed
horned lizard in California, which are located in the £,
Coachella Valley, the west side of the Salton Sea, and tf&:
east side of #n Imperial Valley (NatureServe, 2010). iy
Major threats to the spessiinclude: agricultural N
development, urbanization, dfighway vehicle use, road g
construction, military activities, renewable energy :
development, cattle grazing, and other human activities SN
that disturb the ground (FTHICC, 2003). The flatailed o .
horned lizard has begmoposed for listing by theSFWS :;I%eT ‘Z‘(')'Sﬁe?;’ L?E‘i&;ﬁ;‘;?ed Species Le

on four separate occasions (1993, 2001, 2005, 2010) Policy

(USFWS, 2010). TheFSFWSwithdrew the most recent proposal with the explanation that
available data did not indicate that threats, as analyzed E&&X will endanger the species in
the foreseeable future in a significant portion of its habitat range (U.S. Federal Register, 201
However, thdJSFWShas signed the Fiatailed Horned Lizard Rangewide Management
Strategy (RMS) with the following tate and~ederal agenes:

BLM (California and Arizona State Offices),
Bureau of Reclamation (Lower Colorado Region),
Arizona Game aoh Fish Department,

California Department of Fish and Game, and
California Department of Parks and Recreation.

The goal of the RMS is tprovide guidance for the conservation and management of the habitat
for flat-tailed horned lizards (FTHL ICC, 2003).

Military Impact on the FlafTailedHornedLizard

FlatTailed Horned Lizardarefound onNAF El Centreadministered rangdsut are not known

to inhabit any of the other Mojave or Colorado Desert militasyallatiors (FTHL ICC, 2003;
Duncan, 2011). Flaiiled horned lizards experience negative impacts primarily as a result of
installationactivities related to ground disturbance frommf&d vehicles and other mission

related activities. However, explosions and aircraft noise can cause deafnesdsn liza
Additionally, fires resulting from military activities (e.g., use of flares and bombing) can destroy
lizard habitat (FTHL ICC, 2003).
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Table 2.17 Military Installations On Which SeleciSpecial Status SpciesMay Be Found

Desert Mohave Desert Barstow Southwestern Flat-Tailed
Tortoise Groynd Cymopterus Woolly Willow Hprned
Squirrel Sunflower  Flycatcher Lizard
Edwards AFB X X X X None None
Twel\r/:tf/ﬁﬁggalms X None None None None None
ChocolateMtn. AGR X Unknown None None None None
FortIrwin X X X None None None
NAWS China Lake X X X None None None
Nellis AFB X Unknown| Unknown Unknown Unknown Unknown
MCLB Barstow X None None None None None
NAF El Centro None None None None None X
CreechAFB None None None None None None

Source: Duncan, 2011.

2.2  Legal Regime governing Mojave andColorado Deserts

Given the demand for the use of Mojave and Colorado Desert resources, ownership patterns in
the Mojave and Colorado deserts provide a blerappbrtunities and challenges for

stakeholders in the area. The Mojave Desert has the highest proportion of public ownership of
any eceregion in North America, with approximey 85% of the land managed bgderal and

State agencies (Randall et al., 201%8eTable2.2 andFigure2.3 for a breakdown of land

ownership typesTheBLMi s t he regionds | argest | and manag
Mojave Desert. The National Park Service (NPS) administers approximately 20% of the Mojave,
including Death Valley National Park, Mojave National Preserve, Joshua Tree National Park,
and L&e Mead National Recreation Area (Randall et al., 2010). The Department of Defense
(DoD) manages approximately 12% of the Mojave, including Irwin, NAWS China Lake,
MCAGCC Twentynine Palms, MCLB Barstow, Edwards AFB, and Nellis AFB. Additional
governmat entities managing Mojave lands include:

U.S. Department of Agricultur@JSDA) Forest Service,

USFWS,

U.S.Department of the Interior (DQI)

California Department of Parks and Recreation (State Parks), and
California Department of Fish and Game (CDFG).

In the United States, nearly 70% of the gge&onoran Desert is owned bgderal orState

agencies (Marshall et al., 2000). Similar management patterns can be found in the Colorado
Desert, with BLM managu approximately 43.1% of the region andD lands accounting for

7% of the region. The USFWS, NPS, CDFG and State Parks also manage Colorado Desert lands.
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Table 2.2 Land Ownership in the Mojave and Colorad Deserts (thousand acres

Mojave Desert Colorado Desert
NV

BLM 8,821 3,410 2,911
National Park Service 5,205 539 363
USFWS 6 850 52
DoD 2,624 465 529
Bureau of Reclamation 0 34 61
US Forest Service 190 318 13
Private 2,873 625 1,688
NGO 27 0 23
Other 310 262 948

Note: Totals based on data from Protected &Btabase 2010, Conservation Biology Institute edition.

51_\1'520 ® Bureau of Land
Management
® National Park Service

5,186 m US Fish and Wildlife

Service
m Dept of Defense
® Bureau of Reclamatior
= US Forest Service
Private

NGO

Other

Note: Totals based on data from Protected s\Bstabase 2010, Conservation Biology Institute edition.
Figure 2.37 Land Ownership in the Mojave and Colorado Desert (thousands of acres)

The primaryFederal agenes managing desert lands include the BLM, USFWS, and NPS.

BLM: The BLM manages over 245 million acressafface land in the United States, most of

which is located in the 12 WestewsesmatssesonTl
which was set forth in the Federal Land Policy and Management Act of 1976 and mandates that

the BLM manage public land ragrces for a variety of uses, including energy development,

recreation, livestock grazing, and timber harvesting, while protecting the natural, cultural, and
historical resources provided by the land. In order to develop management strategies for these

lands, BLM coordinates with local, state and tribal governments as well as the public, and
stakeholdegroups (e.g., N-GovernmentaDrganizatiors (NGOs) (BLM, 2011b.
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USFWS:The USFWS acts as the principal federal partner responsible for adminiS§tE&Ag
Therefore, it takes a leading role in coordinating with public and private landowners to recover
and conserve species identified as threatened or endangered (USFWS, 2011). In the effort to
conserve endangered species, USFWS is responsible for deggmaioal habitat. Once land is
designated as such, activities involving a Federal permit, license, or funding, and are likely to
adversely modify an area of critical habitat must be modified as seen fit and approved by the
USFWS (USFWS, 2011a).

NPS: The National Park service (NPS) has taken responsibility for the National Park System

since 1916 and currently manages approximately 84,000,000 acres of land in the United States.
The NPS mission, as signed by Pr engeithdsenery Wi | s o
and the natural and historic objects and the wildlife therein and to provide for the enjoyment of

the same in such manner and by such means as will leave them unimpaired for the enjoyment of
future generationso (NPS, 2010).

DoD: TheDoD has also taken an active role in Mojave and Colorado Desert management. For
example, Edwards AFB manages over 300,000 acres of desert lands, most of which have only
been partially grazed or farmed and supports a relatively healthy, undisturbed, anéd siasab

of diverse plant and animal communiti8sit the impacts vary from installation to installation

and alsawithin each installationAt some installations, the land surface is heavily used for
maneuver training, gunnery practiemd other activitiethat can have deleterious impacts on
habitat over extensive areds othercasesthe military uses their ranges for activitmsch as

the testing of new aircraft, rocket engines, and weapon sysignc tend to have a much

smaller impacbn habitat o have an impact on a much smaller area of (&@Ww, 2007).

In many cases, the various managing governmental agencies coordinate through
intergovernmental partnerships and conservation plans in order to achieve cohesive and
appropriate land managemenmastgies. Other groups, such as NGOs, have also taken an active
role in the management of the region. For example, over 100 NGOs participated in the
development of the West Mojave Plan (BLM, 2005). Active NGOs in the region include the
Mojave Desert Landlist, The Nature Conservancy, and California Partners in Flight.

This section addresses notable conservation plans and legislation as well as major
intergovernmental partnerships in the region.

2.2.1 CaliforniaDesert Conservation Area (CDCA)

The CDCA is a 2%nillion acre expanse of land in southern California, which was designated by
Congress in 1976 through the Federal Land Policy and Management Act. BLM manages
approximately 10 million acres in the ar@a shown by the yellow colored area§igure2.4.
Because of the |l anddéds value and proximity to
develop and implement a comprehensive plan for the management, use, deviglapden

protection of the land that emphasized the concepts of multiple use, sustained yield, and
maintenance of environmental quality (BLM, 2@1.0
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BLM6s management pr=— e o
designates distinct multiple use classes %\ California Desert Conservation Area
for the area and establishes a framewc ,: BN Within the California Desert District

to manage the resources within the ”
different classes. Approximely 4
million acres are
These lands include 69 wilderness are:
and are generally limited to nen
motorized means of transportation.
Approximately 4 million acres are
ACl ass LO (Il imite:i
managed to protect sensitive audnic
ecological and cultural resources. L-ow | ——all ;
intensity, controlled multiple uses may | & =" o
be allowed. Approximately 1.5 million | .
acres are fACl| ass |
are managed to balance highhaensity
use (e.g. mining, livestock grazing, TR\ , Y
recreation, ermgy and utility Vol iy T, -
development) and protection. Toormeey NN o
Approxi mately 500}]
l 0 (intensive usefl ',
meet human needs (BLM, 2090 5 N,q,_ .,

California Desert ) "
District

The DoDhas also taken an active — o
management role inthe CDCA,asa  Figure 2.41 Land Ownership in the California
number ofinstallatiors are locateth the Desert Conservation Area (BLM, 2006)

area, including NAWS China Lake, Fort

Irwin NTC, MCAGCC Twentynine Palms, Edwards AFB, and the Chocolate Mountains AGR.
Other agencies managing land in the CDCA include the USDA Forest Service, NPS, USFWS,
and California State Lands (BLM, 2006).

2.2.2 CaliforniaDesertProtection Act (CDPA) of 1994

The CDPA of 1994 (Act) protects approximately 6.37 million acres of desert lands in southern
California managed by tH&LM, including the Mojave and Colorado Deserts. Passed with the
goal of preserving the snic, geologic, and wildlife values of the California desert, the Act
designated nearly 3.5 million acres of BLM land as wilderness (Feinstein, 2011). The main
establishments resulting from the Act include:

e Death Valley National Park
The Act abolishedeath Valley National Monument (established in 1933) and
incorporated its lands into a new, larger 3,372,800 acre Death Valley National Park,
which is administered as part of the National Park System. A Death Valley National Park
Advisory Commission was &lished to assist in the development and implementation
of a management plan for the parkds | ands
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e Joshua Tree National Park
The Act abolished Joshua Tree National Monument, established in 1936, and
incorporated its lands into the 789, 7&&e Joshua Tree National Park. A Joshua Tree
National Park Advisory Commission was established to assist in the development and
implementation of a management plan for the park (USGPO, 1994).

e Mojave National Preserve
The Act abolished the East Mojave Netal Scenic Area, designated in 1981, and
incorporated its lands into the 1,534,819 acre Mojave National Preserve. Park lands were
to be managed in accordance with National Park System laws, meaning that grazing was
permitted at current levels and huntifighing, and trapping were permitted (USGPO,
1994).

Additionally, the Act required that Tribal groups have access to the lands designated under the
Act for traditional cultural and religious purposes in recognition of their prior use of the lands for
sud purposes (USGPO, 1994).

In 2009, Senator Feinstein of California presented the California Desert Protection Act of 2010
to provide for the conservation, enhanced recreation opportunities, and development of
renewable energy in the California Desert Gouaation Area (PPF, 2011). The proposed Act

was not passed in 2010 but was reintroduced in January of 2011 as the California Desert
Protection Act of 2011 (CWC, 2011). The proposed legislation has been referred to the Senate
Committee on Energy and NatuRssources (Library of Congress, 2011).

The CDPA of 2011 would extend protection to 1.6 million acres of desert landscape in addition
to the area already protected by CDPA of 1994, including:

e Establishment of 2 new national monuments
0 Mojave Trails National Monument
This Monument would consist of approximately 940,000 acres between Joshua
Tree National Park and the Mojave Preserve managed by the BLM. Existing
recreation as well as construction of transmission lines and development of
renewable energy woulae permitted. An advisory committee with local, state
andFederalGovernment, conservation and recreation groups, and local Native
American Tribes would develop a management plan for the Monument (USGPO,
2011).
o Sand to Snow National Monument
This Monumehwould consist of over 130,000 acredrefderal landbetween
Joshua Tree National Park and San Bernardino National Forest that would be
jointly managed by the BLM and USDA Forest Service (USGPO, 2Figyre
2.5 depicts the proposed Sand to Snow National Monument boundaries and the
surrounding area.
Designation of Wilderness (approximately 394,807 acres) (CWC, 2011)
Death Valley National Park expanasi (approximately 41,000 acres) (USGPO, 2011)
Joshua Tree National Park expansion (approximately 2,900 acres) (USGPO, 2011)
Mojave National Preserve expansion (approximately 30,000 acres) (USGPO, 2011)
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[ Proposed National Monument B Indian Reservation I Coachella Valley Conservation Commission L4 s o)
i~~~} San Gorgonio Wildemess Boundary I Coachella Valley Mins Conservancy [l Metropolitan Water Dist
Area of Critical Environmental Concern I University of CANRS B Center for Natural Lands Mgmt N
[~ Santa Rosa-San Jacinto Mins National Monument [l CA Fish and GameWCB I Friends of the Desert Mins
N National Park Service B Riverside Co. Flood Control Wl The Wildlands Conservancy A
Bureau of Land Management

Figure 2.57 Proposed Sand to Snow National Monument, BPA of 2011 (CCD, 2011)

The proximity of the proposed CDPA protected lands to a number of milistgilatiors in the
Mojave Desert, including Fort Irwin, MCAGCC Twentynine PaJrand NAWS China Lake, can
be seen irfrigure2.6.
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Additionally, the CDPA of 2011 would requiFeederal agenes managing the lands (e.g. BLM,
DoD, and USFWS) to study the viability and potential environmental impacts of renewable
energy development in the region (USGPO, 2011).

2.2.2.1DoD Involvement wh theCDPAof 2011

TheDoD has been heavily involved in the congressional discussions surrounding this legislation.

The bill incorporates many provisions that would protect military operations and renewable

energy development interesthe CDPA of 2011 alsproposeghat248,000 acres of land be

designated as national park wilderness areas, much of which is located directly adjacent to

military installations such as Fort Irwin and NAWS China Lakee DoDhas noted the

importance of the leglation, given its commitment to developing renewable and alternative

energy resources. However, whitee DoDsupports environmental protection and a strategic
approach to energy and climate change, it has
unavoidable, and sustaining our ability to conduct ourrent and projected mission
requirements must be our overriding considera

2.2.3 WestMojavePlan

The West Mojave Plan (Plan) is a multiple species habitat conservation plan (MSHCP) and
CDCA Plan amendment. The goals of the Plan are to conserve sensitive plant and animal species
(e.g. the desert tortoise and Mohave ground squirrel) and the communities on which they depend
and to streamline tHEESA permitting process (Haigh & Scott, 200Beveloped through a
collaboraive effort of BLM and 27 other Federal anthf® agencies, cities, and counties, the

Plan applies to approximately 9.3 million acres of the western portion of the Mojave Desert in
southern California (BLM, 2005; BLM, 2011). Kélan participants in addition to BLM

include: San Bernardino, Kern, and Inyo Counti¢SFWS CDFG, California Department of
Transportation, anthe DoD(Haigh & Scott, 2004).

2.2.3.1DoD Involvement with the West Mojave Plan

The West Mojave Plan was desigriece consistent with the integrated natural resource
management plans that have been adopted Hivthmstallatiors in the planned area. Given the
largemilitary presence in the Plan area, the west Mojave Plan emphasizes the importance of
coordinatingwith theinstallatiors, particularly with regard to species management (BLM, 2011).

2.2.4 California DeserRenewabldEnergyConservation Plan (DRECP)

The goal of the DRECP is to provide binding, ldegn endangered species permit assurances

and facilitate reeawable energy project review and approval procegseshown inFigure2.7,

the DRECP covers an area of over 35,000 square miles (23 million acres) in southeastern
California, spanning the regionds deserts and
Baja California, Mexico to the south, Arizona and Nevada to the east, the [Sexada and

Tehachapi Mountain Ranges to the northwest, and the Peninsular and Transverse Mountain

Ranges to the southwest. The DRECP has been designed to support the public lands and

managed conservation areas already in place in the Plan Area.
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The Renewable Energy Action Team
(REAT) oversees the implementation of this
DRECP. REAT consists of the California ) o |
Natural Resources Agency, California '- ; :

Energy Commission(CEC), CDFG, BLM,
and USFWSThe Team has developed a
best practices manual, Best Management
Practices and Guidance Manual: Desert
Renewable Energy Projects, and is now ins
the process of developing three additional
products(REAT, 2009)

Nevaca

Amargosa

e Draft Conservation Strategy (which | ™ W ?
identifies and maps areas for e T
renewable energy project L y
development and areas intended fol . \g_"Fa_| /-
long-term natural resource e L S
conservation as a foundation), ‘ ﬁ_ g mg« © < g

e Desert Renewable Energy R :
Consevation Plan (a joint State and
Federal NaturaCommunities
Conservation Plan (NCCP) that will
be part of other Habitat T

i o .
C(_)n_servatlon Plans), and Figure 2.7 17 Boundaries of DRECP Area

e Ajoint State and &deral DRECP (DRECP 2011)
Environmental Impact
Report/Environmental Impact Statement.

Sax berardoo B9
3 C‘h-muynlm Palms. <55

Ban Lule Bes
Colorado

2.25 DesertMa n a gGrau® S

The Desert Manager 0dtheGalecolicpordindding@gsertrcanservaieny v e
visitor services, public outreach, and public safety in the region since 1994. Initially, the DMG
represente@tate and~ederal land management, recreation, and wildlife agencies. In 2005, the
Group also expaded to include participants from the desert counties (CDFG, 2011). Today the
DMG consists of:

e DoD (NAWS China Lake, Edwards AFB, NTEbrt Irwin, MCAGCC Twentynine
Palms, MCLB Barstow, and Marine Corps Air Station Yuma),

o DOI (Bureau of Indian AffairsBLM, USFWS National Park Service, andlS.
Geological Survey),

e State of California (Department of Fish and Game, Department of Transportation, State
Parksi Colorado Desert Sector and Mojave Desert Sector), and

e California State Counties (Kern Countyyperial County, and San Bernardino County)

e USDA Forest Service (DMG, 2011)

The DMG is an important regiewide forum for facilitation of conservation and cooperation in
solving the conflicting demands for use of California desert lands. The Group has\ageed
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in identifying research needs, conservation planning, restoration projects, and conservation
programs. The DMG also helps secure funding for efforts once specific needs have been
identified (CDFG, 2011).

2.2.6 NevadaWildlife Action Plan

N e v a d a prehen€ivee Wildlife Conservation Strategy, now known as the Wildlife Action

Plan, is a roadmap designed by the Wildlife Action Plan Team at the Nevada Department of
Wildlife. The goalofthe®l an i s t o conserve the sipadatioasds wi |
and preventing species from becoming threatened or endangered. The plan covers the entire state
but effectively targets certain regions (such
species of greatest conservation need as well akthelrabitats (WAPT, 2006). Targeted

wildlife includes 72 bird, 52 mammal, 34 fish, 2 mollusk, 7 amphibian, and 18 reptile species.

The Plan also targets 27 habitath at have been determined as fdke
addressed. Because the Moj@esert characterizes much of southern Nevada, its habitats and
species are addressed in the Plan. Specifically, Mojave/Sonoran warm desert scrub, Mejave mid

el evation mixed desert scrub, and Mojavebds ri
halitats (WAPT, 2006).

2.2.7 Clark County MultiSpecies HabitafonservatiorPlan (MSHCP)

Clark County, which contains the metropolitan area of Las Vegas,|
the southerfmost county in Nevad@eeFigure2.8). With a
population of nearly 2 million living in close proximity to the delicat
ecosystems of the Mojave Desert, Clark County faces various lan
management challenges (U.S. CerBuseau, P11a).The Clark
County Desert Conservation Program, which man&gsA
compliance for notrederal activities in Clark County, developed th
Clark County MSHCP in response to these challenges. Its goal is
address the conservation needs of all biologiesdurces in the
County. The plan covers 79 species and their associated habitats
an additional 103 species |is
species | isted as AWatch List

Y
o—
O <
oo
o Ra
- —

Figure 2.87 Map of

Additional conservation plans in the region include but are not lim Clark County,

to: The Desert Bird Conservation PlarmeNorthern and Eastern Nevada (shaded
Mojave Desert Management Plan; The Northern and Eastern role) (BLM. 2011b
Colorado Desert Coordinated Management Plan; The Lower purple) ( ’ )
Colorado River MultiSpecies Conservation Program; and the Coachella Valley Multiple Species
Habitat Conservation Plan.

2.3  Land Usein the Mojave and Colorado Deserts

The question of renewable energy development on milimsigllatiors is bound in the context
of the larger desert ecosystem and the numerous stakeholders competing for use of the
ecosystemds r exmanyioterestsarddmong t hes

Geographic Setting 2-21
Characterization



SolarEnergyDevelopment ooD Installations in the Mojave &oloradoDeserts January 2012

natural resource conservation,
recreation,

agriculture, and

urban development.

This section will describe the land uses in the Mojave and Colorado Desert region as well as how
these various uses interplay. In describing desertdaadthe chapter will also portray how the
installatiors have the power to both protect and degrade desert resources throughout the deserts.
Because of their central role in desert resource management, the decisions made on each
installationcan affect tl quality of natural resources throughout the deserts.

2.3.1 HistoricLandUse

Evidence of human existence in the Mojave and Colorado Desert region extends back to the
close of the Pleistocene, nearly 10,000 years ago. Evidence of human inhabitation has been
found along the shorelines of pluvial lakes in the area. However, the size of these early human
populations is thought to be minimal. It is likely that human predation and Holocene climate
change caused the disappearance of large mammals (e.g., Calitarngabetoothed cat, dire

wolf) from the area (USGS, 2009).

Small numbers of Native Americans inhabited the Mojave and Colorado Desert region at the
time of European arrival in the 1600s and 1700s. Tribes in the area included the Mojave,
Halchidmoma, anh Paiute tribes as well as the Cahuilla, Shoshone, and Serrano tribes (USGS,
2009; NPS, 2011). When the Spanish arrived in the region in theehfury, the Mojave tribe
represented the largest concentration of people in the Southwest (NPS, 2011) javeeadid

other tribes were typically organized into small, mobile clans that traveled between established
summer and winter locations where water and food resources were available (Randall et al.,
2010). Natives of the Mojave and Colorado Deserts oftectipea a dry farming method,

relying on the regular overflow of the Colorado River to irrigate crops planted along the banks.
These crops were supplemented with wild seeds and roots as well as game and fish from river
systems in these deserts (NPS, 2011).

The earliest European migration into the Mojave and Colorado Desert region began with Spanish
explorers in the late 1'%century. Two early travel routésthe Old Spanish Trail and the Mojave
Roadi crossed portions of the current Mojave National Presand are suspected to have used
older Indian trails connecting water sources (USGS, 2009). Although the Spanish arrived in the
Mojave and Colorado Deserts in thé"x&ntury, most Europeans and Americans avoided

settling in the inhospitable region urttile mid19" century, viewing the land as an obstacle to

cross in order to gaining access to more livable areas in western California. Jedediah Smith, who
arrived in the region in 1826 while investigating a route from the Colorado River to San
Bernardinojs thought to have been the first American to actively explore the Mojave (Pike,

2005). However, settlers were still not drawn to the region until the discovery of gold in the mid
19" century.

Foll owing James Wil son Marshall s discovery
to the Mojave Desert, and communities began to develop (CADC, 2005). The General Mining
Law of 1872 further encouraged settlement in the region by allowingdiudils to stake a claim
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on an area of land where a mineral deposit was discovered (NPS, 2011). Miners flocked to the
area to extract gold as well as silver, lead, copper, and iron, among other materials. During this
period, a small number of ranchers,ppied by the Homestead Act of 1826, also settled in the
region to graze cattle and sheep on public livestock allotments (Randall et al., 2010). Although
most of the arable land in the western half of the US was occupied by the early 1900s, the
momentum othe Homestead movement continued to draw settlers west. As a result, the dry
Mojave and Colorado Desert lands were homesteaded in the early 1900s. Water demand proved
to be a source of controversy between homesteaders and ranchers, both of whom depended on
water resources for crops and livestock. The lack of water resources and other challenges, such
as extreme temperatures, caused many farms and small homesteads to be abandoned. The
abandoned small homestead cabins are still scattered throughout thesdesedf which are

located on existin@poD lands (Feller, 2011).

The military entered the region in 1850 and has had a strong presence in the region since (NPS,
2011). The U.S. Armed Services operate a numbiaistdllatiors in the region and have take
an active role in land management strategies in both deserts.

2.3.2 Timeline of Land Use Developments in Mojave and ColoraderEgmn

e 16047 Juan de Onate is the first European to meet the Mojave Indians while in search of
the ASouthern Henap (the Gulf of Ca

e 177417751 Juan Bautista de Anza expedition from Mexico to today's San Francisco

passes through presady Yuma, AZ and the Imperial valley

18261 Jedediah Smith explores the Mojave territory

1848i Discovery of gold in California

18501 California territory acquired by the United States

18621 Gold Rush substantially increased steamboat trade; Homestead Act opens public

lands to ranchers and farmers

18771 First diversion of water for agricultural uses in the Palo Verde Valley in Blythe

e 19017 Completion of Alamo Canal to divert water for agricultural uses in the Imperial
Valley, with additional expansions of diversions to agricultural areas in California and
Arizona in 1909, 1913, 1927, 1948, 1957

e 19051 Breaching of temporary diversion stture, flooding of Salton Sink and
subsequent creation of the presday Salton Sea

e 190919661 Series of dams completed

e 19331 Muroc Lake Bombing and Gunnery Range (predecessor to Edwards AFB)
established near Lancaster, CA

e 19351 Boulder (Hoover) Dam cupleted
19361 Desert National Wildlife Refuge established

e 194071 Fortlrwin established near Barstow, CA and Nellis AFB established northeast of
Las Vegas, NV

e 19427 MCLB Barstow established near Barstow, CA (comprised of 3 sites), and
Chocolate Mtn. AGRestablished

e 19431 NAWS China Lake established near Ridgecrest, CA and Creech AFB established
northwest of Las Vegas, NV

e 194671 NAF El Centro commissioned in El Centro, CA as a Naval Air Station
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e 19461 BLM established by combining the U.S Grazing Serviue the General Land
Office.

e 19521 MCAGCC Twentynine Palms established in response to need fefirkvizaining
site.

e 19941 Joshua Tree National Park, Mojave National Preserve established by the
California Desert Protection Act.

2.3.3 Current Land UseandImpacts

The military is one of an increasing number of the stakeholders vying for Mojave and Colorado
Desert land and resources. This section addresses land use patterns in the Mojave and Colorado
Deserts, including urban development, conservation, gyazibal reservations, mining,
transportation, infrastructure development, and renewable energy development.

Urban Development

Approximately 6% of the region is used for urban development, includingddigh intensity
urban development, rural developnt, and open space associated with developed areas (e.g.
golf courses, urban park&ee reehighlighted regions ifrigure2.9) (DRECP, 2011). This
development began with the establishment of mining settlements in tHeSthantury.

In 2000, an estimated 2.36 million people resided in the Mojave Desergion of which
approximately one million resided in California. In 2009, the population estimate for the main
population centers in the Western Mojave Desert was more than 500,000 people (U.S. Census
Bureau, 2011)The single largest urban area within the Mej®esert is Las Vegas, NV which

lies in the northeastern section of the desert and has seen rapid population growth and geographic
expansion in recent decades. With the addition of almost 600,000 resadltgd as Vegas
metropolitan arebetween 2000rad 2010the current population within the Mojave Desert-eco

region is likely near 3 million people (U.S. Census Bureau, 2011b).

The main population areas in the Colorado Desert regionteadher border the Los Angeles

metro area or aresaociated wh thelargescale agricultural activities in the Imperial Vall@iie
pink-colored regions surrounding the Salton Seligure2.9). Although the Colorado Desert is
significantly less urbanized than the Mojave and other surrounding deserts, the urban

development and other human activities (e.g. agriculture) that have occurred in the Colorado
Desert have substantially i mpacttehde t[hees erretgd so n
ecological communities, particularly aquatic and dune systems, are limited in distribution and
separated by vast expanses of inhospitable desert terrain. Therefore, even limited human
disturbances can have significant impacts on the endgmiies supported by these habitats

(CDFG, 2011).
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Mojave and Colorado Desert Habitat Distribution
(CA G3p Ansiysis Project 1998)
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Figure 2.97 Habitat Distribution and Urban/Agricultural land use in the
Californian Mojave and Colorado Deserts (CalPIF, 2009)

Impacts of urban development include direct habitat loss, degradation, and fragmentation. Water
use can also be a significant issue. Some of the most significant fvansed effects on the
Colorado Desert region havesulted from water diversions and flood control measures along
the Colorado River These measures have al
water supply to metropolitan coastal areas and large expanses of irrigated agriculture areas

(CDFG, 2011).

ter

Table 2.31 Historical Population for 5 Major Counties of Mojave and Colorado Deserts

Kern (CA) San B(gr:)ardlno RI\(/CeIE)Ide In"E[c):(Zr;al CouCri]IsrlzNV) Total
1990 543,477 1,418,380 1,170,413 109,303 741,459 3,983,032
2000 661,645 1,709,434 1,545,387 142,361 1,375,765 5,434,592
2010 839,631 2,035,210 2,189,641 174,528 1,951,269 7,190,279

Source: U.S. Census Bureau, 1990, 2000, 2010.

Conservation
Despite agricultural and urban development in the region, many areas remain undeveloped as
shown by the green, yellow, and black colored regiomsgare2.9. As disussed earlier in this
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section, given the delicate ecosystems of the Colorado and Mojave Deserts, there have been
extensive conservation efforts in the region both on anohsféllationto preserve tree
undeveloped ecosysterasd the wildlifeinhabitingthem Primary conservation areas include:
Death Valley National Park, Joshua Tree National Park, Mojave National Preserve, and the
Desert National Wildlife Refuge (NWR).

Water Resources

Due to low levels of precipitation, Colorado and Mojave Dasédbitants rely on intact
watersheds and groundwater resources for adequate water supplies. Therefore, maintaining the
integrity of watersheds is critical to the health of both the aquatic and terrestrial habitats in the
region (Randall et al., 2010). Gim the importance of these aquatic habitats, water resources
such as the Salton Sea, Colorado River, and Mojave River are of special concern, particularly
given the additional human demand for these resources (Thomas et al., 2004). While outside
sources ofvater from northern California, northern Nevada, and the Colorado River are
commonly used to sustain urban development, agriculture, and mining activities in the area,
these resources are utilized only after regional resources have been depletedawr are ne
depletion. Such depletion can have negative impacts on riparian habitat areas and the wildlife
populations reliant on such water sources (Randall et al., 2010). Water diversions and
groundwater pumping can also facilitate alterations that encourage/étseon of nomative

plants that can withstand periods of drought (DRECP, 2011).

Grazing

Grazing was introduced to the Colorado and Mojave Deserts following the gold rush years in the
mid-1800s and the Homestead Act of 1862. By the turn of the cetgns/pf thousands of cattle

and sheep and smaller numbers of horses were grazing in the region (Pavlik, 2008). While
livestock numbers have been declining since World War Il, grazing still occurs on privately

owned land and on several large grazing alloti:écated on BLM and U.S. Forest Service

lands. Grazing animals in the desert include cattle, sheep, horses, and feral burros (Randall et al.,
2010).

If unmanaged, grazing can alter the composition and productivity of native plant cover.

Alterations intude the introduction or facilitation of nemative species. When these vegetation
communities are modified, there may be negat.i
wildlife species, many of which depend on relatively undisturbed condifidvesimpact of

livestock hooves can also damage the soil itself (in the form of soil compaction) and disturb

desert pavement, which facilitates wind erosion (Randall et al., 2010).

Farming/Agriculture

Agriculture occurs on approximately 3% of the Mojane &olorado Desert lands (DRECP,
2011). Farming is primarily concentrated in three regions: the Imperial Valley (south of the
Salton Sea), the Palo Verde Valley, and Antelope Valley (in the western M(gaes)ink
highlighted regionsk-igure2.9). Agriculture in all three areas provides important wintering and
migration habitat for many bird species. However, agriculture has also introducednaen
species into theegion and is responsible for habitat fragmentation and significant water
diversion (DRECP, 2011).
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Military

Military presence in the Mojave and Colorado Deserts dates back to 1850, when military
companies travelled west to newly annexed territory teesuand map a railroad route from
Fort Smith, Arkansas to the Pacific Ocean (NPS, 2011) Diizcurrently administers
approximately 13% of the Mojave and Colorado Deserts (DRECP, 2011). Mifisaajlatiors
in the area include:

FortIrwin NTC (754134 acres)

NAWS China Lake (1,10856acres)

NAF El Centro (56,289 acres)

MCAGCC Twentynine Palms (5%/8acres)
MCLB Barstow g,176acres)

Chocolate Mtn. AGR (46823acres)
Edwards AFB (308,128cres)

Nellis AFB (14,@0 acres)

Creech AFB (2,940 acres)

NTTR (2,919,890 acre5)

Nevada

|- - YNO\WUS Teat & Trainl Ing Rangn Umh
California

= Mallls Alr Force Sage

Cresch AlrForcs Base

China Laks Naval Weapons Canter |

J Maojave Desert Region
L

o

China Laks Naval Waapons Cenfer

Fort Irwin Naflonal Tralning Canter
Edwards Alr Force Sass’ -

| Arizona
Marins Gorﬂa Loglstll.:a Base Barstow |

Twentynine Paims Maring Corps Sags

Colorado Desert Region L____ Chocolate Mountaln Asrial Gunnery Rangs
L

M

A

1] ED 120

MNaval AIr Facllity El Cantro

Miies

Figure 2.101 Military Installations of the Mojave and Colorado Deserts

" Note: This acreage is split across the Mojave and Great Basin Deserts
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Military training activities at southwestemmstallatiors include ground troop activities, tracked
vehicles bombing strikes and other explosives and Combined Armed Exercises (CAX). The
resultant military training, maneuvers, and bombing practice can have impacts on desert
ecosystem processes and inhabitants. For example, the effects of the original maneuvers
corducted by General Patton almost 70 years ago are still visible as soil erosion, surface scarring
and vegetation removal (Pavlik, 2008). There have mwhcontinue to befforts atFort Irwin

to trandocate desert tortoises, which can also be affeggaddneuversThe Army is currently

working with the USFWS to address challenges with the initiative suitte dsgh level of

desert tortoise mortality thatsresulted from high predation by coyotedhe release sites

(Pavlik, 2008; Randall et al., 201

Alternately, military land use can also benefit desert ecosystems by restricting public access and
buffering against encroaching developments (Randall et al., 2010). For exaromaemote

areas of Fort Irwin, Edwards AFB, and NAWS China Lake amesof the best representative
habitats of the Mojave Desert region as a direct result of their limited land use over the last fifty
years and inaccessibility to the general public (CDFG, 2011c).

Tribal

Tribal lands comprise approximately 0.6% of thejde and Colorado Deserts and are primarily
concentrated along the Arizona border near the Colorado River (DRECP, 2011). Reservations
are listed below:

Chemehuevi Reservation (29,209 acres)
Colorado River Reservation (40,300 acres)

Fort Independence Resation (347 acres)

Fort Mojave Reservation (6,045 acres)

Fort Yuma (Quechan) Reservation (49,399 acres)
Lone Pine Reservation (230 acres)
TorresMartinez Reservation ( 6,7@&ktres)
Twentynine Palms Reservatiofi02 acres).

Mining

Following the discoveryfagold in the region in 1848, miners were some of the firstindian

settlers in the region. Since then, mining has continued to impact tiegton both directly and
indirectly. Resources mined from the Mojave Desert include: borates, copper, headpal,

calcite, tungsten, uranium, precious metals (e.g. gold and silver), gem qualityetais, and

building materials (e.g., sand, cinders, decorative rock, and gravel) (Randall et al., 2010). Many
active mining operations and abandoned mines rethesnghout the deserts.

Mining impacts water resources because many operations require large amounts of water for
processing. Additionally, mi ni ngbs surface di
which in turn may result in wind erosion. @pgit and abandoned mines also provide ideal

disturbance conditions for invasion of Apative plants, and mining access roads may damage

and fragment habitat.
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Recreation

Recreation represents a major land use in the Mojave and Colorado Deserksairijole, over
1.25 million people visit Joshua Tree National Park and nearly 1 million people visit Death
Valley National Park each year. Recreational activities in the area include backpacking,
camping, hiking, horseback riding, rock hounding, and huniihg environmental impacts of
different recreational activities vary in severity. However, recreation has the potential to
significantly affect desert ecosystems, as described in the discussiorhaftatlay vehicle
(OHV) use, below

Off-Highway Vehicle Use

OHV recreation has become an increasingly popular form of recreational land use in recent
decades. OHYV recreational areas in the Mojave include Dove Springs, Dumont Dunes, El
Mirage, Jawbone Canyon, Johnson Valley, Rasor, Spangler Hills, atida®d ValleyTable

2.4 shows the OHYV recreation areas (including area acreage) in the Californian Mojave and
Colorado DesertAs mentioned above, Johnson Valley Dkecreational area has received
significant attention, as the military is looking to acquire over 146,000 acres of the area for live
fire exercises.

Table 2.47 OHV Areas in the Californian Mojave and Colorado Deserts
Location County

Acreage

OHV Area Manager

Heber Dunes Cal State Parky W of Calexico, CA Imperial 343
Ocaotillo Wells Cal State Parky E of Ocotillo Wells, CA | Imperial, San Diegol 80,000
Dove Springs BLM N of Mojave, CA Kern 5,000
JawboneCanyon BLM N of Mojave, CA Kern 7,000
Dumont Dunes BLM N of Baker, CA San Bernardino 8,150
El Mirage BLM NW of Adelanto, CA San Bernardino 24,000
Johnson Valley BLM ngt?/];lmgg(aglfni, CA San Bernardino | 188,000
Imperial Sand Dunes BLM E of Brawley, CA Imperial 118,000
Plaster City BLM Plaster City, CA Imperial 41,000
Superstition Mountain BLM W of Imperial, CA Imperial 13,000
Spangler Hills BLM SE of Ridgecrest, CA Kern 57,000
Rasor BLM SW of Baker, CA San Bernardino 22,500
Stoddardvalley BLM S of Barstow San Bernardino 53,000

Source: CSP, 2011; BLM, 2011c

OHYV use can significantly impact desert ecosystem processes, especially where trails are dense
and occupy a large portion of the landscape (Webb et al., 2009). Althoughndamnual OHV

trails may have low travel frequency, even minimal vehicular passes can cause significant
surface disruption, including soil compaction, and alteration of soil compo<ittévi.travel off

trails can result in the destruction of biologicalsis, and desert pavemedl. of these may lead

to greater wind and water erosion and facilitate the invasion ehative plant species (Webb et

al., 2009; Randall et al., 2010). OHVs may also contribute to habitat loss and fragmentation,
disruption ofmigration corridors, destruction of burrows, and mortality from collisions (Randall

et al. 2010). Prior to 1980, almost all of the 12.1 million acres of BLM land in the desert was
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open to various intensities of OHV use (Pavlik, 2008). Since the signithg aB80 California
Desert Conservation Area (CDCA) Pl an, BLM | an
or ficlosed, 0 depending on the type and intens

Utilities, Infrastructure, andTransportatian

Transportation

Paved and maintained dirt roads are among the most pervasive forms of anthropogenic
disturbance in the Mojave and Colorado deserts, resulting in habitat loss and fragmentation as
well as animal mortality and injury from vehiculeollisions. Major transportation corridors in

the Mojave Desert include Interstate 15 (Cajon Pass to Las Vegas), Interstate 40 (Barstow to
Needles), and Highway 395 (Adelanto to the Owens Valley), Highway 58 (Mojave to Barstow),
and Highway 14 (Palmdale téighway 395). Fewer major transportation corridors exist in the
Colorado Desert. Corridors include: Interstate 10 (Coachella Valley to Blythe), Interstate 8 (San
Diego County to Yuma, AZ), Highways 86 and 111 (paralleling the Salton Sea to the El Centro
area), and Highway 78 (Brawley to Blythe) (DRECP, 2011).

Infrastructure and Utilities
Industriatscale electrical power plants generate electricity t| ~
is transmitted through transmissions lines, which extend ag
Mojave and Colorado deserts to urban centers. Increased
development of utilityscale electrical generation plants in th{
deset requires additional transmission lines to distribute thegs
electricity generated. These lines require construction of
access roads, which may cause soil disruption, plant Bl &
uprooting, habitat fragmentation, and other negative impacijigh voltage Power Lines
[see transportation inggts, above] (Webb et al., 2009). Crossing the Mojave Desert

Image courtesy of Associated Press
Construction, operation, and maintenance of the transmission lines themselves may also cause
habitat loss, degradation, and fragmentation (Randall et al., 2010). Additionally, transmission
towers may serve as perchinglaresting sites for ravensioviding ideal vantage points for
hunting. The towers facil it éehatehediddserttortaseseamds 6 ¢ a
other small animals (e.g. the fiatiled horned lizards, fringmed lizards). Structures suahl
transmission lines, wind turbines, and power towers, also pose a direct threat to flying birds and
bats from strikes and collisions. Routine maintenance and repair operations along transmission
corridors can also result in collisions between wildlifid @atrol and maintenance vehicles.
Because many of these facilities are remote, utilities and infrastructure development are
accompanied by associated infrastructure and access roads that facilitate public access to
otherwise remote and relatively prisgtiareas (DRECP, 2011).

Solar Energy Development

Renewable power sources are increasingly gaining importance in the United States and
particularly in California, where one third o
renewable sources by 2020KR, 2010). Because of the vast expanses of open land and valuable

solar resources in the Mojave and Colorado Deserts, the development of renewable energy in the
region has become a popular topic of debate. Projects, such a&STemab s Al t a Wi nd Er
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Center (AWEC), have already begun construction in the region. The AWE& akaCreek

Mojave Project will consist of over 300 wind turbines, ancillary facilities, and support
infrastructure, generating up to 88@gawatts (MWpnce completed (Tern@en, 200%. Solel

Solar Systems, a solar company now owned by Siemens, is also developing the Mojave Solar
Park on 6,000 acres of Mojave Desert lands. The Park will provide ovén\B50f solar power
annually to Pacific Gas & Electric (PG&E), a major Californiditytiwhen complete (MSNBC,
2007).

Renewable energy development has also begumilgary installatiors in the region. A 1MW
photovoltaic(PV) solar energy system at Nellis AFB saves approximately $1 million annually,
and NAWS China Lake has been cgterg a 2760MW geothermal plant since 1987 (Carden,
2010). TheDoD is also researching the feasibility of installing additional renewable energy
facilities at severatites in the Mojave and Colorado Deserts

While renewable energy projects in the rediawe the potential to generate significant amounts

of energy, many stakeholders are concerned about the significant impacts thesemigigcts

have on the surrounding land and wildlife species. Vegetation removal and soil disturbance from
grading, rainfl obstruction, accidental chemical discharges or leaks, and resulting increases in
vehicle trafficare potential impacts that may occur due to solar development (Swartley, 2010).
Further discussion of solar energy developments and their impact on theeNMafh Colorado

Deserts can be found in the Solar Development Context Chapter.
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3 Mission Compatibility

3.1 Introduction

Solar energy is diffuse and existing sdkhnologies require a substantial surface area to

generate significant volumes of electricity. Solar developers need hundreds of square feet for
kilowatt-scale solar development and many acres to site projects of the megawatt scale. The need
for surface esources can bring solar development into conflict with other, higher priority uses

for that same surface area.

For both civilian and military site owners, an ideal solar project creates no interference with the
primary use of the building or ground sttt will host the project. The best site for a solar
project is real estate where there is no othe
ground sites with no planned uses or competing needs; brownfields (such as capped landfills and
remedated hazardous waste sites) that are otherwise in low demand; etc. If a proposed solar

project begins to impinge upon the primary function of the building or ground site that it is

proposed for, the solar project can, in some instances, be modified ittagdinme impingement.

In other cases, mission activities can be modified, although site hosts justifiably expect that the
solar projectds real estate demands wi l |l be s
resolved, the military mission wilake priority over the solar project being built.

The nine military installations covered by this report are key assets of the military sersexts
extensively for training, test and evaluation, and research and development. Their size and
relatively ranote locations offer the military the ability to train personnel and conduct research
and development on technology in ways that would not be possible at other locations. The
demands placed on the installations have increased in recent years becausasystatasnand
platformsi aircraft, missiles, sensors, etchave effective ranges and impacts vastly larger than
their predecessors from the 1940s, when most ahihiry installatiors in this study were
established. Large areas are needed to testjae and train with these systems, both to exploit
their full capabilities, and to ensure that any risk of unanticipated incidents occurs over
controlled ranges, rather than populated areas.

Al t hough the effective b dandhdldngsmra oot Becasisedis o wi n g
unlikely that any new majanilitary installatiors will be created in the region, the existing

installatiors should be considered irreplaceable, and any degradation of their ability to perform

their missions degrades bhahe near and long term capabilities of the military. The custodians

of thesanstallatios ar e aware of these issues and are cl
continuing ability to serve mission requirements. Any plan for laggde solar devepment on
theseinstallatiors needs to acknowledge and start with that premise.

This chapter reviews the various ways that solar projects and military mission activities can

conflict. There are two broad cateogflmtri es of ¢
between solar technology and military activities occurs through interactions in the radio
frequency, infrared or visual spectra; and fp

potential of hazardous or destructive interaction betweditary vehicles, ordnance and other
hardware on the one hand, and solar technology on the other. While a number of conflict types
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can be identified (and are further described
mission compatibility hasot been thoroughly studied. Thusilitary installationstaffs have to

make decisions about solar development, in some cases, without solid scientific and engineering
criteria but with a natural caution about any possible mission conflict.

Because thailitary installatiors s upport the complex scope of t
the range of interactions between their activities and solar development is also complex and
wide-ranging. Certain issues are more prevalent on sostalatiors, while dhers are present at

all of theinstallatiors. Some conflicts can be mitigated, while others cannot. It is also important

to note that eacimstallationis home to a diversity of activities, so that while mission conflicts

may exclude solar developmentriactive range areas, other areas ofrik&llationmay be

free of mission conflicts.

There are no simple rules that can guide the identification of potential conflicts nor are there
simple methods for conflict mitigation. Each proposed facility neete tevaluated in the
context of its specific location and the mission activities occurring there.

As discussed in greater detail in the Solar Potential Assessment chapter, mission incompatibility
precludessolar deelopment on the vast majoritf the land area of the ninmilitary

installatiors covered by this stud¥he basis for this observation relates to the assumption that
solar development should only be permittednaititary installation range landéthe

incompatibility issues can be resolvediaanges can continue their mission at 100% of their
current operational tempo and training, test and evaluation output, and with sufficient allowance
for future uses of the rang@&suture research may determine that some of this acreage can in fact
beop@med to solar development without di minishir
also possible that in this case, as in so many others, that solar development cannot be permitted
because it conflicts with the primary use of seemingly barrendseeeingly valuable real

estate.

3.2 Overview of Mission Compatibility Issues

The need to train as they fight is fundamental to the U.S. armed forces. Tineilitarg

installatiors and range areas considered by this study are some of our most valuaditarg.
assetsproviding contiguous, unencumbered space pbaate, as closely as possilbhe

operational environment of an assigned mission. These installations and ranges are considered
critical to maintaining the readiness and mission effectivenfets® DoD and must be available
when and where needed with the capabilities to support current and future military mission
requirements.

Access to military installations, ranges, operating areas, and other lands, seaspace, airspace, and
frequency speatim is essential to providing the realistic training and testing environments to
prepare soldiers, sailors, airmen, and Marines, and their associated equipment for the diverse
peacetime and wartime missions they are called upon to support around th& lgésieetraining

and testing resources are being increasingly challenged by external factors that inhibit the ability
of the military to use its installations, ranges, airspace, and other operatin(Par®a2010)
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TheDoD faces incompatibility and enaohment challenges that impact its ability to conduct
military readiness activities, generally falling within three categories: competition for resources
(e.g., access to land, water, airspace, and frequency spectrum); developoramtammilitary

training areasand environmental enforcement and compliance issues. This chapter will
specifically discuss the potential conflicts between the military mission and solar development at
each of the nine installations considered by this study.

3.3  Mission Compatibility Challenges

The interaction between solar technology and mission activities can present challenges in four
distinct categories: Sensitivity; Activity; Access; and, Environs and ShasedSpace.

Table 3.11 Mission Compatibility Challenges

1 Sensitivit The dassificationlevel of mission activitiesn these areas forthé any solar

' y development, without exception

- The military activities performed in these areas severely limit any solar
2. Activity o L : .
development or limit periodic operations and maintenance access

3 Access Military activities may require periodic access through an area or corridor for

' transit purposes, and thereby conflict with solar development
4.Environs and Shared Certain areas may potentially be host to solar projects, but could be limited k&
Use Space mission activities in adjacent areas.

The remainder of this chaptisrorganized byxaminng mission compatibility issues and
conflicts related to these foahallengesWhere possible, this analysis will also include a
breakdown by installation or rangeithin the limitations of the dclassified sensitivity level of
this report and deperndton the data made available Bgrvice and installation representatives.

3.4  Sensitivity

Limitations and exclusions to solar development due to sensitivity of an area is the simplest
exclusion to understand. These are areas that
classification assigned liie DoDand enforced by the instdil@an or range commander.

Prohibited areas and prohibited airspace are examples of this exclusion. Such areas are
established for security or other reasons associated with the national welfare, and these areas are
published in the Federal Register and aeicted on aeronautical cha(Eederal Aviation

Administration (FAA), 2010)Another example is a restrictedcess test area.

Several of the installatiornsidered in this stugguch as Nellis AFB, Edwards AFB and
NAWS China Lake, hostecuritysengtive areas. These areas welininated fronfurther
consideration during the suitability revieasnductedvith the representatives from each
installation

3.5 Activity

Potential direct conflicts between military activities andmstallationsolar energy development
are the primary limiting factor for locating solar energy facilities on the militestallatiors
analyzed in this studythe issues of these activitglated conflicts can best be examined in two
broad categorie§pectrumandPhysical Section3.5.1will examine some of the known
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technical and spectrum issues related to solar technology and the military mission and the
possible mitigatiorio resolve mission incompatibilities.

3.5.1 TechnicalandSpectrum Mission Conflict

Military operations rely heavily on equipment using the limitedusses of the electrmagnetic
(EM) spectrumEfficient use and control of theMEspectrum is critical to national security in
terms of Information Operations (10), combat operations, and command and earteok
(C2W) (Chairman, Joint Chiefs of Staff, 2000)he rapidgrowth of sophisticated weapons
systems, sensorandintelligence and communications systems greatly increhgedemands
for slices of the B spectrum. Thisection will discuss theME spectrum in depth, outlining the
uses and conflicts betweenlar energy technologiesnd military operations.

The EM spectrum igherange of all possible frequencies of electromagnetic radidtien'EM
spectrum” of an object is the characteristic distribution of electromagnetic radiation emitted or
absorbed by that particular object. Generally, EM radiation is classified byemgtielinto radio
wave, microwave, infrared, the visible region perceéiae light, ultraviolet, Xrays and gamma
rays.Figure3.1 showsthe BEM spectrum.

lisible

Radio Microwaves Infrared Wtraviolet H-ray Gamma Ray

Low Frequency High Frequency

RVAVAVAVANAVNAVAICR R

Long Wavelength Short Wavelength

Figure 3.17 Electromagnetic Spectrum (LCSE, 2011)

3.5.1.1Solar Energy Systems and the EM Spectrum

Solarenergy systems haest solaenergyprimarily in the visible Ight portion of the EM

spectrum. Slar arrays may be stationary linear arrays, tilted to maximize the collection of solar
energy averaged throughout the day, or they may be tracking arrays that follow the sun.
increase the efficiency of the system, manufacturers strive to maximize the transmission of light
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to the array through the use of very low reflectivity glass or coafiffgsse glass compounds
and coatings typically are very effective in the visible sp@ct but also may be highly reflective
in portions of the infrared (IR) spectrum.

Concentrating solar thermal systems also harvestsaation in thevisible light spectrum but
convert the energy to heat to drive elestrechanical systems to generatectricity.The

collection and concentration of the energy varies by type of system, but generally relies on a
highly reflective sun tracking mirror system focusing the visible light energy onto a re@diver.
the receiver the energy is absorbed andredrd to heat by a ceramic or metallic heat exchanger
where it is transferred to a working fluilhese receivers heat to 5002 F100° F, and lose

some of that energy to emissions across the IR,aitldlt he peak emi ssions r an
t o 3In commerciakolarthermal power plantspmeof the solar thermanergyabsorbed

by the receiveis not convertedhto electricityand must be rejected to the environm&iis

rejected energwill take the form of a thermal plume argdalso emissive in the IR spectrum,

with peak emissivity arounds& nat the source and extending to longer wavelengths as it cools
and mixes with the ambient giKearney and Associates, 1992)

Solar thermal plants requiring manned operationatsmbe expected to bét, though the light
footprint can be minimized by adhering to theminating Engineering Society of North
America (IESNA) LZ1protocol for lighting(State of California, 2008 Concentrating Solar
Power CSP systems with towers exceedi 200 feet in height must bie ih accordance with
Federal Aviation AdministrationrHAA) regulationgFAA, 2000)

RadiofrequencyRF) emissions from solar facilities fall into two primary categories, intentional
and unintentionalntentional RF emissns from a largecale solar facility encompass RF
controllersandtelemetry equipment used to control the arrays and other communication
electronicsUnintentional RF emission sources are those fgemerators, DE\C invertersand
array control motors ahpower transmission equipmeimcluding anysubstations and high

tension power lineassociated with the solar facilitfhe effects these contributors have on the
RF background environment vary depending on the locatiothasgpecific piece o&mitting
equipmen{Welsh, 2011)Intentional RF emissions can be mitigated somewhat through the use
of RF frequency management or other methods such as fiber optic cable control of PV arrays and
other equipmeniU.S. Navy, 201Q)Unintentional RF emissions cae mitigated by shielding,
cancellation, filtering and suppression.

3.5.1.2Military Uses of the EMspectrum

The military is a heavy user of the EM spectrum for a wide variety of Beeshe purposes of

this studyone carclassify the uses by systems functamd EM operating ban@he three

principal systems functions are Sensors, Weapons, and Communic&&osers are used to
sample the surrounding environment and enable a wide range of target detection, navigation,
ranging, and measuremex{eapons systemsclude the guidance and fusing of explosive
devices and projectiles, directed energy systamselectronic systems that deny portions of the
EM spectrum to enemies aral/create deception within enemy Command and Control systems.
Communications systenisclude any form of data transmission from simple light signals to
complex data linksTable3.2 lists functionand band of military EM spectrum use.
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Table 3.27 Function and Band of Military EM Spectrum Use

Spectrum Sensors Weapons Communications
uv Threat Warning Missile Guidance Data Link
Visible Optical, Telescopic Aiming and Guidance, | Light signals,
sights, Night Vision Fuzing Navigation lights
Devices(NVD),

Electro-Optical imaging,
precision tracking

IR Threat warning, NVD, | Active and passive IR beacons, Modulated
IR Imaging, Laser Laser guidance, IR Laser Data link, voice
warning, Laser ranging,| passive guidancéaser
Precision tracking Proximity fuzing, High

Power Laser

Radio Threat Warning, High Power Microwave | AM, FM, HF Voice,
Electronic Support, (HPM), Electronic Data Link, SATCOM,
Radar, IFF, GPS, Attack (Jammers)Anti- | Telemetry, UAS Control

Navigation, Telemetry, | Radiation Missiles,
Precision measurement| Radar and Radio guidec
Missiles, Proximity
Fuzing

3.5.1.3Conflicts across the Egpectrum

The properties of largscale solar infrastructuanconflict with military use oflhe EM

spectrum in many way$he magnitude and mitigation of the confiehighly dependent upon

the use of the particular range and the placement of the infrastructure relative to the sensor,
weapon, or communication equipment in use by the milifegre is also variability of the
potential impacts between the test community and the operational forces due to the nature of
their missions. In the followingectiors, the physical and operational conflicts will teetailed,
along withgeneric recommendatison how tonegate or mitigate the effec&ach factor will be
crossreferenced to a scientific study, military reference, or Subject Matter Expert opinion.

3.5.1.4Conflicts in theVisible Spectrum

Solare ner gy t eeffebtsimtheovigibfeGsgectrum arkaracterized as glint, the

momentary flash of a reflection, and glare, a more prolonged reflection of the sun. Each can
causepotentiallyserious interference with aircraft and ground vehicle operation, air traffic

control, and other activities requiringsual referenceReflection from lhe sun and moon can

cause glintandglaye wi t h t he | att er 0s.Suadies efdantandghreni g ht
for both CSP and PYave been completdtiio, Clifford, Ghanbari, Cheryl, Diver, & Richard,

2009) USAF, 2011)

CSP systems employ highly reflective mirrors

therefore are nte capable of producingotentially harmful or disruptivglint and glarghan PV
systemsHowever, he dangers to the unprotected &pen CSP systemare limited to exposures
within one focal length of the concentrating mirrors, typically tens of métersClifford,
Ghanbari, Cheryl, Diver, & Richard, 2009ne study found that moderate or severe glint
extendout to ranges of thremiles from aCSPTrough type syster(Blow, 2010)
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PV systems are far less problematic and have already been deployed close to or on airfields,
includinga system on the southespproach corridor to Nellis AEB he following description is
from the Nellis AFB Solar Energy Final Environmental Impact Assess(SAF, 2011)

AThe results of the study indicated that wunde
potential for an afterimage or flash glaresudting from reflected direct sunlight. This

afterimage or flash glare is similar to the potential for flash glare due to water and less than that

due to weathered, white concrete and snow. Since this represented the worst case scenario, it
would be expeet that pilots would typically mitigate glare using glare shields and sunglasses;

these typically reduce radiation by approximately 80 percent and would make any reflected

sunlight from solar panels insignificant.

A review of FAA Regulations and compleséutiies determined that there are no regulations
associated with reflected sunlight around airports. A study completed by the California
Department of Transportation, Division of Aeronautics at the Southern California Logistics
Airport in Victorville, found no objection to a proposed soRY system based on aircraft
operational safety. (State of California 2008b) Further, Denver International Airport, San
Francisco International Airport, Fresno International Airport, San Jose International Airport,
Buckley Air Force Base, and Luke Air Force Base all have solar panels in proximity to active
runways.

The proposed PV system would not alter Nellis AFB land uses and would be a passive system

that would not impact land use on adjacent properties. Solar pareldesigned to absorb solar
radiation; therefore, flat plate panels have little reflectivity. Because the land use change would

be consistent with Nellis AFB land use plans, and the operation of the PV system would not

cause a substantial increase in sotadiation reflectivity (compared to sparsely vegetated

desert soils and weathered, white concrete currently present at the site), there would not be a
significant impact on land use. Reflectivity of the metal stands and frames would be further
subdued,ihecessary, by painting the frames with a

Mitigation

The effects of glint and glare have the potential to deny airspace and impact mission
performance and safetiyuture development of CSP should be carefully pldrageto not create
safety hazards or deny training or test areas due to the effects of glint and glare. The effects of
glint and glare are best mitigated by distance, and CSP systems should not be placed close to
airfields orLanding Zonesl(Z). Once devaped, military operations should avoid ovVight

within 3000 feet of CSP systerftdo, Clifford, Ghanbari, Cheryl, Diver, & Richard, 2009)

Trough concentrators at Kramer Junction, located on the southern boREstofted Area 2508
(R-2508)%and awayrom low-level training and test areas, have operate@@oyears with no
complaints of glare frorkdwardsRange Operations or General Aviatigt#o, Clifford,

Ghanbari, Cheryl, Diver, & Richard, 2009)

8 The R2508 Complg includes all the airspace and associated land presently used and managed by the three
principal military activities in the Upper Mojave Desert region, Air Force Flight Test Center, Edwards AFB;
National Training Center, Fort Irwin; and Naval Air Weap&tation China Lake. (NAWC, 2011).
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The experiences of Nell&FB and other ofairport gplications show PV solar to be compatible
with visual operations such as flight operations and air traffic control.

System:Night Vision Devices (NVD)

Light pollution and encroachment is identified as a standing threat to military training,ranges
andsolarinfrastructure sites can be problematic for ground and air operations using night vision
devices (NVD)(State of California, 200§Jrban Land Institute (ULI), 2006NV D& s fya mp | i
ambient light many thousarfdld and produce a representative scertbeoviewer through a

phosphorous ocular devicEhe amplification, or gain, of the device constantly and rapidly

adjusts automatically in response to the amount of light sensed by the Shis¢ewisual acuity

of the NVDs is affected in large part by thignal to noise rati¢S/N) of the scene within the
fieldofviewThe desired scenebds | ight i1s the fAsignal
artifacts of amplification are the fAnoise. o |
collector, the gin of the NVD will rapidly adjust downward during the event in response to an

increase in received light. The effect is a momentary loss in the case of glint, or prolonged loss in

the case of glare, of visual acuity as the remainder of the desired theesignal, is lost due to
underamplification.Fr om t he wuser és perspective, glint an

The effects of the intentional lighting of solar infrastructure are much more readily identifiable
and predictable.ighting in and among other existirfgcility lighting will be indistinguishable
from preexisting lighting if it conforms to Dark Skies guidelingtate of California, 2008Yhe
gains of the NVD system are already low in areas of facility lighting, and the saeméorsnly
bright, so the added effect of the solar infrastructure is negligible. NVD operations, especially
those of aviation, plan for this cultural lighting. Aviation units wyjically avoid lowlevel
overflight of well-lit areas knowing there willda decrease in their ability to see terrain and
obstructions. When isolated in undeveloped areas currently free of artificial lighting, however,
the effects of light will be much more disruptivie.low light conditions the NVDs operate at a
very high gam to render the terrain visiblAny artificial light, no matter how Dark Skies
compliant, will appear exceptionally bright to the NVD&e effect will again be a loss in detall
available to the wearefFor ground operations, vehicle drivers will needltow their vehicles

while accepting a higher chance of collisidwiators must change course to remove the
offending light from theifield of view (FOV)or elevate sufficiently to remove the possibility of
hitting the ground, known in aviation asntroled flight into terrain.

Mitigation

The encroachment of light onto the training ranges threatens to deny US forces the ability to train
effectively in night tacticslighted facilities are incompatible with all of the Western training

ranges excepttlcantonment areag\ll lighted facilities should be in strict compliance with dark

skies lighting protocoldn the eventhattemporary lighting is required for construction or repair

of normally dark facilities, coordination with the range operations eneduling personnel is

required to minimize operational conflicts.

System: Optical Telescopic Sights and Trackers

Optical telescopic sights and trackers are used extensively for test and evaluation, threat
simulation, target scoring, and range saféhermal plumes from concentrating solar plants will
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create a difficult environment for optical trackers and telescopic sights in the visible spectrum.
Whenair parcels of dissimilar densities mixa rapidly rising andurbulent column of hot air,

light rays are distorteatreating blurring, shimmer, miragieand reductions in the resolution and
accuracy of optical systemdnlike the transient nature of optical distortdomought about by

solarheating of the desert floor, the turbulent flow of airfram CSP t rough or towe
cooling towe(s) would be a permanent obstacle during the operatian@$P facility The

turbulent air created by any cooling towers wdodgdbent by the winds aloft and dad

downwinda consicerable distance before dipating(U.S. Navy, 201Q)

Mitigation

The test community would be most severely impacted by the thermal plume ofrestadiation
cooling system. @nstruction of CSP on or along the west@anerally upwindporders of the
NAWS China Lake and EdwardsFB test ranges auld degrade the pristine test environment
required by the hosted test activiti#reat simulation @ivities atthe Nevadd est and Training
Range NTTR) might also be negatively affected. Placi@&P facilities and their associated
cooling towers on the leeward sidéthesanstallatiors, and well away from test and target
ranges involving ground based trackers ott@iground optical sensor testirig the only way to
ensure compatibilityBecause the ranges within the other inatadhs considered by this study
do not support the same level of test and evaluation operatiess, negative effects are not
expectedo impactthe other ranges considered in this stiodgny appreciable degree

3.5.1.5Conflicts in the IRSpectrum

Solar themal plants have a large IR signature across the bands used in military opeGitiess.
PV panels anthemirrors of CSPplantswill reflect IR lasers used in ground and airborne
operationsThermal solar plants will exhibit a strong signature in the bomdymid wave bands
used by IR imaging devices, and solar towers, due toltrge, very high temperature collector,

will emit stronglyinthe2zs e m band used by IR tracking missi
systems, with peak beweakerdiha-Hroi@on emnge due té thesarm, wi | |
| ower coll ector temperature, but their | arge

plume, discussedbove creates shimmer and optical haze in the long wave IR regions and is
particularly problemtc for the test communities sharingZ808and the NTTR

System:Imaging IR

IR Imagers, such as Forward Looking IR (FLIR) systems used for target acquisition, tracking,
and weapon designation and guidaoae befound on ground vehiclesptarywinged arcraft,
fixed-winged aircraftunmanned aerial vehiclegAVs), and test and target range infrastructure.
These sensorsgitkemi | i t ary the ability to fAswwmed8i n dar
em) or | eln0g ewna)vaadog(gRiting e radiated heat of an object to form an
image.One negative characteristic of the current generation of IR sensors igiited

dynamic rangeThat is,the sensor cannot render a clear image of both a bright and dim IR

source at the same timEhe stong IR signals generated by objects much hotter than their
background overwhelm the sensor, washing out the image of objects much closer to background
temperatureAn example of theffect isthe white out image that results on a previously clear IR
videoafter a bomb detonateBhermal plumes also affect these sensbegradhg IR system
performance by introducing shimmer and some obscuration of the aadjdfecting the

resolution and contrast of the image.

Mission Compatibility 39



SolarEnergyDevelopment ooD Installations in the Mojave &oloradoDeserts January 2012

The dominant effects gfotential CSP IR sjnak on IR imaging sensors will only be problematic

when the CSP is in the same FOV as the intended point or object of infaeeability of the IR

system to cope with the unwanted IR energy from CSP systems will also vary with the
percentage of FOV $&tended by the CSP and the properties of the particular system in use.
Generally, if the IR image of the CSP takes up a smaller percentage of the IR imager (longer

di stances and wider FOVO6s) the operat ature wi | |
ranges of interesthis adjustment takes time, practice and experience.

Mitigation

IR clutter threatens to deny the military operator use of a critical portion of the EM spd&rum.
clutter of all types must be kept clear of all target areaist@gerence in this band significantly
degrades training and test activiti@s. discussed in the optical mitigation paragraph, IR pkime
can bemitigated byplacing CSP facilities on tHeewardside ofinstallatiors and well away

from IR optical devicesThe Joint Mission Planning Suite (JUMPS) can be used to model
current air tactics and sendge®V to evaluate proposed sites for IR interference.

System: Imaging IR Trackers

Many IR imaging systemstilize automatic tracking systems to ease the opéyador wor k|1 oad.
Automatic trackingsystems are especially important to airborne systesmsre aircrew

workload is already very higiuto trackers work by comparing the IR picture frame by frame

(scene trackers) or by tracking a very narrow portion of thgid®Rire by signal strength (gate

trackers) and adjusting the systenentationappropriatelylnadvertent IR overload, such as that

of the IR energy emitted kyyCSPfacility, increases the risk that atti@ckerswill lose track of

the object ointerest.

Mitigation

As discusseth the Imaging IR sectigrihe effects of competing IR signals canrbiigated by
distance and careful placement of J8é&llities away from weapons and test ranges. Interference
of this type is more benign in trainimgvironments not involving weapons targeting or
guidance.

System: Airborne IR Search and Track

IR Search and Tracking Systems (IRST) are a class of IR sensor used for passivegsaaich
tracking of airborne targetdRST devices typically work in naw slices of the IR spectrum,

which aics in rejection of clutter from the IR signature of the ground and clolius hot metal

of a CSHacility mimics the hot metal of an aircraft engine and will be visibRSTs as a false
target.The rangecapabilites, and exact spectral windows of the IRST are classified, however it
is a safe assumption that the angular size and energy emitted by the CSP fields is greater than
that of the intended targefsghter sized aircraftand therefore will be visible atmges greater

than that expected for detection of aircraft in a fdokvn scenario.

Mitigation

This is a pure spectral conflict atite effects on IRSTareassessed aslatively benignHo,
Clifford, Ghanbari, Cheryl, Diver, & Richard, 2009he areasnost affected are the-B508
complexandNTTR, where test activities and fighter tactics development take place.
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System: IRHoming Missile Seekers

The seeker systemson-tirai r fiheat seekingo missiles track
aircraft inmultiple IR bandsSeekers generally seard¢tet24  eragionslooking for the heat

from the propulsion systems of potential targ8tame IRseekerslso lookin the vicinity of6

¢ nfor the radiation emitted from the plume of jet engiffémse systemsse a variety of
techniques to reject clutter from unwanted souatesIR countermeasuresuchas clouds and
flares.These techniques include multispectral target discrimination and angular meassirement
among othersThe spectral signature of C&eilities mimics that of valid airborne targdty
strongly emitting heat in the IR bandsed in target tracking\dditionally, their large angular

size may fool the clutter rejection methodology adopted originally to rejectgminte IR
countermeaseslike flares. IR trackindglizing is also used on some types oftaiground and
artillery delivered munitionsandthe nature of operations for these weapons presluskenear

any infrastructure, solar or otherwise.

Mitigation

Future development @ SPfacilitiesin close proximity to live fire aito-air ranges jeopardizes
this critical range assefhe signature o CSPfacility is such that modern IR missiles can track
thef a c i heat sighdtg,ecreating the possibility of a weapons impacttmnsolar
infrastructureThis risk will deny the range for frefight IR Missile test, and for this reason
CSPtechnology isunsuitable for deployment near-&irair live-fire ranges in the 508

complex and NTTRFor all other rangeshe effects arbenign andaircrew training and
awareness is a sufficient mitigation strategy.

System:Laser Designatorsand Pointers

Unlike the passive nature of Imaging IR systelaserdevices are active emitten§ energy in

the IR regionPointers are either viddor nearlR deviaes used at night to transfer a visual of a
target or to confirm the aiming of a weapon systBesignators are very narrow band, pulse
codedlases used for marking, or designation, of targets and the terminal guidanceaf air

ground veapons. The power of these devices varies greatly, but generally pointers-saiéeeye
devices, both because radiated power is relatively low and the visible nature of the beam creates
a natural aversion response if viewed diredthser Designators, hower, are extremely

hazardous as they are both powerful,ando p e r a t i n ginvigibleotatinedhakdd.ey®ee m,
During peacetime training, lasers are never intentionally pointed at humans or abasais.

are used with the expectation of a diffuse reitecof energy, greatly diminishing the laser

energy that reaches the unprotected &ije.chance exists, however, for the specular reflection

of laser energy from smooth, glassy objects. The military manages tademoperations

through a laser safeprogram.For each laser, a Nominal Ocular Hazard Distance (NOHD) is
publishedThe NOHD is a distance at which the laser can be viewed without causing any
permanent retinal damage. Nominal Hazard Zones (NHZ) are calculated for laser operations on
all lase certified ranges, and take into account topography and surface comp@3iteon.
requirement for laser range certification is that it be clear of specular refl@dtStNavy,

2008) Standing water, due to its specular reflectance qualities, greatleilcs es a | aser 0 s
and requires much greater safety margliie installation of ass covered PV and all CSP
heliostats to a range utilizing lasers wourdttoduce specular reflectors to the environment and
greatly complicate the certification of rangeslaser use.
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Operations involving laser designators are tightly governed and contrbdlgedar energy

facility would never be an intentional target of higbwered laser designators if placed outside
the laser operations rang¢owever laserspillover, the unintentional illumination of an object
along the laser line of dig, is a very real possibilityspillover may occur due to low grazing
angles or unstable tracking by the target design@joerations involving Laser Pointers are not
as tghtly controlled as Laser Designataiss probable that any nemanned infrastructure on
the training ranges will be subject to intentional illumination unless expressly prohibited and
monitored by the range operations management.

The direction of thepecular laser reflection will be very difficult to predict due to the dynamics
of the operationgGround mounted, netracking PV would reflect grounebased lasers up into

the air, creating hazards for both participating andpemticipating aircraftAirborne

illumination of norttrackingPV systers could create reflections towards either the air or ground,
depending upon the angle of inciden&#.other reflectors, incluchg tracking PV systems,

would reflectlasersbased on their pointing angles.

Mitigation

PV and CSP systems are incompatible with laser certified rangesrititally installatiors.
The installation of solar systems in close proximity to laser operatiting of sight and inside
aNHZ -- would serve to denyhe military the abilly to conduct some or dlser activiies The
hazards of laser spillover @SP systems and tracking PV may be mitigatedrisuring their
arrays or heliostats are always pointawgay from laser rangeBlacement of infrastructureish
that interveninderrain mitigates or eliminates laser spilloveamthereffectiveoption for
groundbased laser activitieSmall scale PV, commonly used to power remote range sensors
and communications infrastructure, can be effectively masked to mitigate lasdraeflec
concernsMilitary operations policyalready prohibitshe intentional illumination of
infrastructure and must be strictly enforced.

System: High Power Laser Weapons

High power laser (HPL) weapons differ from laser designators and pointers in fugictio

effect. HPL are intended to transfer great amounts of energudin the coherent laser beam to

burn the intended targdRower ranges for HPL are in the megawatt class and are of great danger
to the unprotected eyelPL and solar infrastructure castrcoexist where there is a chance of
inadvertent laser spillover onto specular surfaces such asr®ysor CSPheliostatsIn addition

to damage to the solar infrastructure, the redirected energy can cause effects well off range.

Mitigation

Placement os$olar infrastructure beyond line of sight of HPL firing positions or employment
airspace is the only effective strateggnsed on its sizéJPL activity inside the RR508complex
is feasibleandthe size oNTTR andMCAGCC Twentynine Palms mdwgcilitate these
operations as we(lJ.S. Navy, 201Q)TheR-2507 North and RR507 Souti{Chocolate
Mountain)restricted areaare alsauthorized for HPL activitand thesame mitigation plan
identified for R2508 is also applicable to theZ%07 N/S(USMC, 2011).
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3.5.1.6Conflicts in the RF Spectrum

As noted in sectioB.5.], the military is highly reliant on the radio portion of the RF spectrum

for 10, C2W, and a vastrray of combat operations. Within the U.S., the use of the RF spectrum

on training and test ranges is carefully balanced to coexist with surrounding civil uses. The

demand for RF bandwidth and the explosion in the number of RF devices in everyday life

tr eatens to encroach upon the military ranges«
are likely to generate both intentional and unintentional RF emissions that could directly (Radio
Frequency Interference [RFI]) or indirectly (clutter) interfesigh military operations.

Conversely, nilitary operationgresent a potential risk to solar energy facilities thrdugh-

powered emissions from electronic attack systems, radars and communications systems, as well

as weapons systems such as High Powlietbwave (HPM).

System:Radar

Radar systems are ubiquitous in military operati®aslars transmit a strong radio signal and
must be able to differentiate an extremely féamgetecho from the relatively strong echo of the
environmental clutter. Solanfrastructure differs from the natural background in its ordered
construction and placemefithe natural desert background is random and jumbled and offers a
diffuse reflective surface to RF, while the angular, flat amiformly curved reflective surfase

of PV arraysand CSHheliostatsoffer a specular reflective surface in R¥hen the reflection is
directed back to the radar receiver, a very strong signal may obscure other lower powered
returrs. Conversely, when the returns are directed away fromeitever, the effect is a lower
than normal returnwhich can mask terraiome spectral smearing, or spread of the reflected
frequency, can also be expectBéspite this reflectivity, solar infrastructure has a negligible
effect on most military radaie the operational environmeni the test environment, however,
this reflectivity may severely compromise the pristine environment needed to accurately measure
radar performance.

Ground radar systems must deal with backscattered energy from the simgaemdronment,

which include desired signals in the form of targets and undesired signals in the form of

background noise or cluttdvlost ground radar systems, as part of their design, filter out the

natural surrounding clutter of terrain, towers, buidgs, etdy looking for the Doppler frequency

shift caused by moving objectolar energyinfrastructure is stationarpr nearly soand does

not shift the frequency of the radar returns with relation to the natural background, and therefore

its returnsare rejected along with the other ground clutter. For ground based systems, concern
exists that an excessive amounFOWsuchedthatt t er or
presented by a larggcale arrayf PV panels or heliostatwill significantly impact system

performance, especially if the clutter obscures a critical rangd\Aiedah, 2011)

Mitigation

Dueto the significant number of variables, each suggested sotagylocation should be
evaluated separately to ensure there are naseledfects. Careful analysis of clutter effect and
spectral smearing for infrastructure within the line of sight of grehaskd radars can be
accomplished in advance of approvighere are also a number oé@patialnformationSystem
tools such as Fabniview that can assist in determining radar horizons and identifying blank
areas suitable for plament ofarrays.
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System:Airborne Radar

Airborneradars typically operate in a pulB®ppler modality and function by sensing moving
objects in backscatteraignals within the radar FOV. The backscattered signals processed by
the radar receiver contain both undesirable clutter and desired target skin returns. Fhe pulse
Doppler radar receiver processor attempts to identify those Deppléulated backscattered
signals associated with target skin returns, while rejecting all other forms of clutter backscatter
and jamming interferenc&olar energyarrays appear to the airborne radar as stationary clutter
and have similar characteristics to ground clutter batiesca he effectiveadar crossection

(RCS9 of the array is a function of installation size, platformafesight (LOS) geometry, and

the operating frequency of the radar sensor. The variability of the RCS of the array installation
will induce either atrong or weak stationary clutter response in the radar receiver signal
processor.

For a pulseeDoppler radar system operating in moving target trackingpaground mode and

any airto-air mode, there is no expected impact from a PV or CSP arrayatistain the

operational training environment. There is a potential for impact on the Pafgeer radar

system operating in the &w-ground imaging/mapping mode. This impact is primarily due to the
possibility that the arrainduced clutter may beery large due to glint. This glint condition

could cause a saturation of the radar receiver or artifacts in the formed images or ground maps.
However, the impact will be small because of the extremely small angular size of the glint and
the small likelih@d of being at the glint angle to see it for an extended period ofViraksh,

2011) This glint artifact is also seen in radar maps of structured urban areas and aircrew are well
conditioned to its temporary nature.

Mitigation

For the majority omilitary installatios considered, there are no mitigation strategies required.
However, largescale PV and CSP facilities have the potential to deny range space to test and
evaluation activitiesdNaval Air Warfare Center Weapons Division (NAWCWD) has expressed

serious concerns for the effects of radar glint on their test middidike the training

environment, where there is some acceptable level ofigliniced interference, NAWCWD

relies upon the pristine environment offered within their raifigeS. Navy,2010)Chi na Laked s
North and Echo Ranges are examples of areas used for radar test activities. Further study and
coordination with the test activities hosted with#r2B08 and NTTR are required to identify

other radar test areas.

Systems: Communicatios, IFF, Electronic Support (ES), Telemetry, AntiRadiation

Homing Missiles (ARM)

Sol ar systemsé use of intentional RF contr ol
RF encroachment on the spectrum in use by the milifaegpite FCC specifielimitations on

power and frequency, there exists the possibility that these signals can be detectable beyond 500
km by extremely sensitive airborne receivBigelsh, 2011)Intentional emissions within FCC
standard, however, do not directly compete whth intentional signals in use by the military and
areof concern mainly to the test community.S. Navy, 201Q)

Unintentional RF emission sources create RFI, sometimes also referred to as Electromagnetic
Interference (EMI). RFI emanates from generatbG;AC inverters, array control motors and
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power transmission equipmeiticluding anysubstations and higtension power lines

associated with a solar energy facilithe effects these contributors have on the range RF
background environment vary depemgiion the locationscale andproperties ofpecific piece

of equipment, as well as the sensitivity of the receiving system and degree of frequency overlap.
RFI is often broadband in nature, blanketing large swaths of the RF spectrum witThese.

effects are most troublesome in the test environment, but also may affect those ISR assets that
must compete with a raised noise flace.,lower S/N ratioto detect faint signals.

Mitigation

Frequency deconfliction for alhtentional RF emissionsith station frequency managers is
necessary in order to address potential spectrum condllése concerns catsobe greatly
mitigated by minimizing the use of RF devices for control and telemetry of sites in favor of other
technologies such as fibeptics. RFI is most troublesome to the test communities inhalbteng
R-2508complexand the NTTRThe most common method of reducing unintentional RF
emissions is through a combination of shielding, cancellation, filtering and suppression
However, thagyreatest reductianin RFI areealizedeither byincreasinghe distancebetween
therange complex and sensitive electronic equipraedtthe RFI emitter or by locating the RFI
emitter so that intervening terrain limits its effect.

System:Airborne Electronic Attack (EA)

Electronic attackEA) systems can be divided into high power EA systems designed to spoof,
jam or otherwise degrade or deny the enemyods
designed to protect friendly systems from tffects of enemy weapons by interfering with
guidance and fusing systenhstentionalRF andunintentionaRFI emittedfrom solarenergy
facilities will have no effect on EA activitieBlowever, the highpowered electronic attask
(jamming)energy reflectedy the solar infrastructumaay produce a significant amount of
unintended broadband RHA he geometry of the jamming platform, intended jamming target,
and solaenergyarrays can contribute to the scatter of a directed jamming signal to unintended
grourd radars and other electronic equipméfidern radar systems can redumet not

eliminate broadband RRhrough electronic processinbhis typically results in some system
degradationlt is unlikely that electronigamming will have any detrimentalfett onthe solar

cells of PV systems, as the received power, though strong to a very sensitive RF recearsr

low in practical termsBut there is a possibility that the EA will interfere with RF control and
telemetry deviceased in CSP and PV sgshs especially those in close proximity to EA
activities.

Mitigation

Encroachment of solar energy development onto threat simulation, electronic attack, and test
ranges threaten use of these range spabesmost effective mitigation strategy is to ensure that
thelocation ofanysolarenergyarrays is not between or behind the intended target and the
jamming platformFor consideration of placementsilar energy facilitiesplanners must take

into accoumt the placement of threat replicating RF emitters and the airspace available to the EA
platforms to conduct their operatiofisA activities are most prevalent withinZ508complex

NTTR, Chocolate Mtn. AGRand MCAGCC Twentynine Palms.
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Ground Vehicle Slf-Protect Systems

Ground vehicleéborne electronic self protect systems are designed to interrupt the command
detonation of Improvised Explosive Devices (IEBpme of these IEDs use readily available RF
transceivers as their command mechanisms, sucaragegydoor openers, cell phones, pagers,
and hand held radioThese RF transceivers share the frequency bands of FCC approved RF
control devices and telemetry equipment that may be under consideration for use in solar
systemsCounter IED systems (CIED)ay thereforedlirectly interfere with theolarcontrol

and telemetrgystems

Mitigation

Groundvehicle electronic self protect systems have limited effective range and avoidance of
solar facilities using RF devices is appropriate. Employment of otimerat and telemetry such

as fiber optics is also appropriate near ground combat vehicle operation areas approved for self
protect system exercise and test.

Airborne Self-Protect Systems

Active airborne electronic self protect systems do not pose a dawtftict to solar infrastructure
due to low radiated power and operating frequency rdPagsive RF protection material, known
as chaff, may pose problems for power transmission sub systems. Chaff is composed of
aluminumcoated silica glass fibers thatrcbe spread by aircraft in flight, ships at sea, and
vehicles on the ground to help them evade enemy radar. This chaff is deployed into the free
stream air, wherd disperses and eventually falls to the grouldaff can disrupt electrical

power and affet electrical equipment. There have been at least two documented cases of chaff
induced power outag€&AO, 2010)

Mitigation

Chaff operations are conducted throughout tHRB8 complex, 501 atMCAGCC

Twentynine Palm8ITTR, Chocolate Mtn. AGRandNA EIl Centrodéds R2510.
probability event, the threat of chaff induced power outages could result in the loss of airspace to

chaff operations and threat simulation with a corresponding degradation of readiness and test and

evaluation effectivensslf situated close to military operations, some risk of civatticed
shortcircuiting must be accepte8hielding vulnerable electrical junctions and equipment may
mitigate the probability of harmful interference from chaff. In the first power los<,esteaff
infiltrated open circuitryln the second, an extremely dense cloud of chaff inadvertently
jettisoned at very low altitude caused arcing of power liiksugh the circumstances of this
second event are unlikely to be replicated, proximity totamjlioperations involving chaff raises
the likelihood of occurrence.

System: Directed Energy Weapons / High Power Microwaves

High Power Microwave (HPM) Weapons da@ vehicleor aircraftmounted in the case of

directed energy HPMor in air-delivered orcruise missile warheadsrmsin the case of an-e
bomb.HPMs operate by generating a concentration of electromagnetic waves in the microwave
frequency band (hundreds of megahertz to tens of gigalaedzyhose primary objective is to
overload electricaliocuitry either temporarily or permanently, depending on the delivered
energy leve(Abrams, 2011)At lower power levels, vehicular mounted directed energy

weapons can target humans and operate as-ketiah deterren¢Siniscalchi, 1998)
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Mitigation

HPM weapons are incompatible with solar infrastructure, and the presence of solar infrastructure
would serve to deny airspace to HPM test activitsdsce the effects of most HPM weapons are
difficult to control, and may significantly damage critical gast the surrounding infrastructure,
testing is presently accomplished on variousasal facilities and range argasSAF, 2000)

(Wilson, 2004) (U.S. Navy, 2010k is unlikely that ranges presently conducting HPM testing
would be compatible with larggcale solar facilitiesAs the effects of HPM systems are

classified and the susceptibility of an electrical system to HPM effects vary grediWydual

test facilities need to be consulted to determine the exact effects or EM footprint for each range.

3.5.1.7Hazards to Flight Operations

This section addresses the hazards to flight operations brought about ksclegsolar

infrastructure within the boundaries of military ranges, Military Operating Areas (MOA),

Military Training Routes (MTR) and Restrictédeas. Hazards to flight operations can come

from both spectrum and physical conflicts, but this discussion is included in the spectrum section
because it affects evenystallationand range that supports flight operations. MOA, MTR, and
Restricted Areaare set aside to separate civilian air traffic from high intensity, high speed, and

or dangerous military activity. These ranges allow the military to train in activities precluded in
nonprotected airspace by tR&AA Regulations. Two such activities potatly affected by

largescale solar infrastructuage lowlevel flight, which typically involveslight below 500

feet above ground level (AGL) and flight at airspeeds greater than 250 nautical miles per hour
while below 10,000 feet above mean sea IeMeése operations are inherently more dangerous
than other flight operations due to their proximity to terrain, the presence of more airborne
hazards such as birds and other aircraft, minimal reaction times, and high energy of any physical
impact.

Cooling Tower Induced Turbulence

Thermal plumesas discussed iB.5.1.1 can create a hazard to aircraft when situated close to
airports and helicopter landing zon&be hazard can manifest itself as severe turbulence on the
approach and departure phases of flight, where close proximity to the ground and operation close
to sall speeds magnify the effects.

Mitigation
CSP cooling systems should be placed such that the rising plume of heat does not cross the

airport traffic pavilitarg operatiens should aveiselgcingéand d L Z06 s .

locating landing zonesearCSPfacilities, and be aware of the effects.

Increased Avian Hazards

Thermal plumes may also increase the chance for bird strike as raptors and scavengers take
advantage of the rising air columihe USAF Avian Hazard Advisory System was designed to
predi ct transient ther mal activity that gives
pilots thiough their Bird Avoidance Modé€Kelly, 1999) Thermal plunes from CSHacilities

will create permanent conditions for these birds and give risemogpent avoidance areas. The
threeinstallatiors sharing the R508 complex are actively pursuing aviation easements to

redrict bird attracting land usdState of California, 2008)
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Mitigation:

Bird activity in CSPcooling systenplumes is most dangaus to high speed, low altitude aircraft

on MTRs, and inside training rangesid threatens to increase the risk of these actiatiedeny
airspacePilots should be made aware of this risk and plan the avoidance of CSP during periods
of bird activity.

Physical Obstructions

Any new development of solar generation facilities will require the addition of power lines to
connect the facility to the electrical power distribution system. Suspended power lines are very
difficult to see in flight, especially aight, and constitute a great threat to{ewel flight

operations. Though typically suspended less than 100 feet AGL, wires spanning valleys or
traversing steep terrain can greatly exceed this height creating a higher likelihood of an aircraft
impact. Avators plan low level flight activities to avoid power lines and will elevate when
uncertain of their proximity to power lineghe introduction of power lines into protected

airspace used for lodevel flight will increase the risk of aircraft impact, niads the affected
airspace less valuabler certain types of aircrew traininglthough at the same time, the

existence of power lines may make the training range a more realistic representation of the air
space where actual combat may take place

Mitigation:

Low-level flight activities take place at atiilitary installatiors except MCLB Barstow.
Underground power lines eliminate any hazard to aviation; however, undergrounding of power
lines is expensive. Placement of suspended power lines within exastimdors will have

minimal impact on flight operations. Placement of power lines along airspace boundaries and
away from MTR entry points onto military reservations will also minimize the impact to
operations. Visual augmentation of power lines, typyoddine with brightly colored balls, may

be an effective daytime strategy near helicopter landing zones and along MTR.

3.5.2 RangeUtilization and PhysicdDperationaMission Conflicts

Section3.5.1r evi ewed t he Aspectrumd interactions bet
technology. This section will review the physical/operational conflicts. To provide context, this

section will desche the military operations and activities conducted on each installation,
summari ze range utilization and discuss each
and concerns.

3.5.2.1Introduction: Installationand Range Activities

For the purposes olfis report, the study team developed a simplified list of the Live Training
activitiesconducted on thesestallatiosandc anges t hat are relevant to
Mission Areas, described below and identifpett installationin Table3.3.

e Live Training- training participants operate their operational systems and platforms
(including their full range of mobility and capability) in the physieavironment for
which they were intended.

o Dismounted maneuver trainingemployment of forcespersonnel on footin the
range areas carrying out tactical exercises in imitation of battle.
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0 Mounted maneuver trainingemployment of forcespersonnel irvehicles- in the
range areas carrying out tactical exercises in imitation of battle.
0 Motorized (wheeled vehicle)
0 Mechanized (tracked vehicle)

e Air operations training AO) - employment of aviation assets in the range area carrying
out tactical exercisaa imitation of battle, test and evaluation activities, logistics support
activities, training support activities, range safety activities and search and rescue
activities.

0 Manned Fixed Wing
0 Manned Helicopters
o0 Unmanned Aircraft Systems (UAS)

e Individual andunit live fire weapons trainingusing live ammunition and/or loaded
weapons or weapons systems.

e Joint/combined arms maneuver traininfully integrated training participants from two
or more arms or elements (armor, artillery, aviation) of one milBaryice (Combined)
or elements from two or more military Services (Joint/combined)

e Joint/combined arms live fire and maneuver traininging live ammunition and/or
loaded weapons or weapons systems.

e Testing and evaluation (T&E)[Also discussed in 4.2 Technical and Spectrum Conflicts]

o Ground weapon systerasidequipment

0 Aviation weapon systemendequipment

o0 Support facilities (Maintenan@ndrepair facilities for weapons and equipment,
administrative buildings, public worksarhily housing, and other activities that
support mission accomplishment).

Table 3.37 Summary of Live Training Activities on Installations and Ranges

Y Nellis AFB & NTTR

Y E| Centro NAF
Y MCLB Barstow
Y Fdwards AFB

Y Creech AFB

Live Training

Dismounted Maneuver Training

Mounted Maneuver Training

Air Operations Training

Individual & Unit Live Fire Weapons
Training

Joint/Combined Arms Maneuver Training

Joint/Combined Arms Live Fire and
Maneuver Training

Test andEvaluation
Support Facilities X

IR Chocolate Mtn. AGR

X x| XXX | < [t

X [ X]| X [ X

Y Eal B P B PP PIE N AWS China Lake
ol BT R P BRI R \ | CAGCC Twentynine Palms
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This section includes a discussion of the operating areas fomsséaltation beginning with a
missionreview, ageneral overview for thmilitary installation and liss each of the operating

areas (Training areas, ranges, T&E sites and Support Facilities) associated wiristediation

Each operating araacategorized by one or more of the critical capabilities it provideshend
compatibility issues associatedtiveach area. Additionally, when usage data is available, the
annual number of units, personrahdweapons and equipment the operating area supports will

also be provided, presenting a more complete picture of the importance of the operating area and
to better identify areas that may be compatible with solar energy projects and rule out those areas
that are not.

3.5.2.2Fort Irwin, National Training Center (NTC)

Mission

The National Training Centet Bort Irwin serves as the Army's premier training

center. The installation is comprised &#/134total acres and is surrounded by desert
hills and mountaindViuch of this area is actually restricted from training due to
logistical, physiographic, cultural and environmeégtancerns. There are 4,709
assigned military; 7,461 family members; and a civilian workforce of 5,646 personnel
permanently assigned t@¥ Irwin.

Fort Il rwinds mission is to:

Provide tough, realistic joint and combined arms training

Focus at the batian task force and brigade levels

Assist commanders in developing trained, competent leaders and soldiers
Identify unit training deficiencies, provide feedback to improve the force
Prepare for success on the future joint battlefield

Provide a venue fdransformation

Take care of soldiers, civilians, and family members

NTC trains the transformed Army by conducting feaceforce and livefire training

for ground and aviation brigades in a joint scenario across the spectrum of conflict,
using a live virialconstructive training model, as portrayed by a highly lethal and
capable Opposing Force and controlled by an expert and experienced Operations
Group. U.S Army and joint service units along with other governmental agencies
deploy to fert Irwin for training rotations. A typical rotation lasts several weeks and
involves field training, includingituationaltrainingexercises andull spectrum
operations.

Land Training Areas and Range Usage

The staff, civilians and assigned units attArwin train 10Army Brigades (a brigade
consists of approximately 4,0)000 personnel) on a &5 day rotational basis each
year.During the rotation, soldiers participate in challenging faredorce and livefire
training and exercise scenarios. The land trainiegsaand ranges fook Irwin are
extensiveThe southern half ofdtt Irwin contains over 30 nelive fire TAs and
numerous ranges for natud producing weapon systems (service rifles, machineguns,

Mission Compatibility 3-20



SolarEnergyDevelopment ooD Installations in the Mojave &oloradoDeserts January 2012

etc) depicted inside the green boundaridsigure3.2. The northern half of it Irwin
contains the Live Fire (LF) Training AreaBhese areas allow for the employment of
dudproducing weapon systems (naid, artillery, aviation delivereardnanceetc.),
depicted inside the red bounded aredsigure3.3. Between June 1, 2010 and May 31,
2011, a totabf 60,751 servicemen and women utilized these facilities to train for duty
in Irag and AfghanistalJ.S. Army, 2011)

Figure 3.27 Fort Irwin Southern Maneuver TAs and Live Fire Ranges
(Halpin, June 20092011)

Figure 3.371 Fort Irwin Northern Live Fire (LF) Training and Impact Areas
(Halpin, June 20092011)
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