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SUMMARY: This Finding of No Significant Impact (FONSI) was prepared in accordance with
the National Environmental Policy Act of 1969 (NEPA), the Council on Environmental Quality
(CEQ) Regulations for Implementing NEPA, as amended, 40 CFR 1508.13; and DOE NEPA
Regulations, 10 CFR 1021.322. This FONSI supports DOE’s cost-shared funding of the
AltaRock Energy, Inc./Northern California Power Agency (AltaRock/NCPA) Engineered
Geothermal System (EGS) Demonstration Project and describes the process by which DOE has
determined that funding AltaRock Energy’s proposal will not have a significant impact on the
human environment.

The U.S. Department of Interior, Bureau of Land Management, Ukiah Field Office (BLM) was
the lead federal agency and DOE was a cooperating agency on the AltaRock/NCPA Engineered
Geothermal System Demonstration Project Environmental Assessment (EA) and Initial Study
(IS)/Proposed Mitigated Negative Declaration (DOI-BLM-CAC-050-2009-0005), which
evaluates the potential environmental impacts associated with BLM’s, NCPA’s and DOE’s
Proposed Actions and a No Action Alternative. DOE was invited by BLM to participate in the
NEPA process as a cooperating agency (40 CFR 1501.6 and 1508.5). DOE accepted formal
cooperating agency status and retained review and comment responsibility pertaining to the
EA/IS. The EA/IS was prepared in accordance with NEPA, as amended, the CEQ Regulations
for Implementing of NEPA (40 CFR 1500-1508), BLM’s NEPA Handbook (H-1790-1; 2008),
DOE NEPA Implementing Regulations (10 CFR 1021.322), the California Environmental
Quality Act (CEQA).

DOE hereby adopts the subject EA/IS and incorporates it by reference into this FONSI.

PROJECT DESCRIPTION: AltaRock and NCPA are conducting an EGS demonstration
project in the Geysers Geothermal Field (GGF) consisting of three phases, in Lake County,
California under approvals granted by BLM. EGS is the process of injecting water into
geothermal wells to create an artificial reservoir and steam, which is harnessed to produce
energy. The GGF consists of the entirety of The Geysers Geothermal Field, including areas
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beyond the NCPA leasehold. The “Geysers Management Area” defined in the BLM Ukiah Field
Office’s Resource Management Plan (RMP) and Environmental Impact Statement (July 2006)
consists of all BLM-managed surface and subsurface lands in the Geysers area.

The NCPA holds various geothermal leases from BLM in a portion of the GGF, and currently
operates and maintains a number of geothermal production wells in addition to a steam gathering
system and a waste water pipeline supplying water for steam reservoir recharge. The wells and
gathering system currently supply steam to two 110 megawatt (MW) dry steam power plants.
NCPA is interested in enhancing the production capability from its leases. The EGS process is
intended to open existing fractures within the felsite rock that underlies the known geothermal
reservoir within the NCPA’s geothermal leases, creating an artificial geothermal reservoir.

Phase 1

In order to create the engineered geothermal reservoir, AltaRock is deepening existing injection
well E-7 from its current depth of 7,855 feet (2,394 meters) to a total depth of between 115,00
feet and 12,500 feet (3,505 meters and 3,810 meters).

Phase 2

Once the engineered reservoir has been created through the hydroshearing process, the next
phase will alternate between injecting water and producing steam (also known as huff and puff).
If successful, water will be injected into the engineered reservoir, allowed sufficient time to heat
up and turn to steam. The steam will be produced to the surface and utilized in one of the
existing NCPA power plants.

Phase 3

If Phase 2 is successful, Phase 3 will consist of drilling another well (E-8) into the center of the
engineered reservoir. Phase 3 could also include a hydroshearing process similar to that used in
well E-7, to further enhance permeability and interconnection of the engineered reservoir.

Ultimately, the goal of the project is to inject water into one of the wells and produce steam from
the other well.

Seismic Monitoring

In order to monitor the hydrosheraring process, a micro-seismic sensor array (MSA), consisting
of eight monitoring sites surrounding the project area has been installed. The purpose of this

array is to collect “real-time” (i.e., within minutes) data about the seismic effects of the proposed
EGS project.

PUBLIC INVQLVEMENT IN THE EA/IS PROCESS: BLM initiated the scoping process to
provide for an early and open process to gather information from the public and interested
agencies on the issues and alternatives to be evaluated in the EA/IS. As a cooperating agency,



DOE participated in the scoping process. BLM conducted stakeholder interviews with federal
and state agencies to solicit concerns and comments on the project, and to determine the level of
anticipated participation from each agency. During the scoping period, BLM held a public
meeting to discuss the project, which was held on April 9, 2009 with a public notification printed
in the Middletown newspaper. DOE attended the public meeting and participated in the
comment review and response process. Notices were sent to the county clerk’s offices, and local
air quality control districts, and published in the Lake County Record Bee by NCPA.

BLM prepared the Draft EA/IS and was available for public comment for 30 days beginning
March 19, 2009. Tribal consultation was initiated by the BLM. The Draft EA/IS was available
for a formal 30-day public comment period, and was posted on BLM’s internet website and a
news release was issued.

Comments were received from residents of Anderson Springs, the Anderson Springs Community
Alliance, Lake County Air Quality Management District and AltaRock. Comments focused on
the potential effects on seismicity induced by the project and use of outdated data; the
installation of a second strong ground motion sensor; air quality emissions (hydrogen sulfide,
ammonia, odor, diesel particulates, etc); the requirement for Best Available Control Technology
(BACT) as identified in the air quality permit, not necessarily those mitigations identified in the
EA; the use of the MSA data to minimize the potential for adverse effects from seismic shaking
to Anderson Springs; and other general air quality concerns (greenhouse gases, etc.).

The Draft EA/IS was revised based on comments received. The ground motion sensor data was
included in the EA along with an analysis that established the minimum level of seismicity
required to generate an MMI V event in Anderson Springs. In addition, BLM will require the
installation of a second ground motion sensor and will use the ground motion sensor data as the
basis for taking enforcement actions such as the requirement to modify of terminate the

hydroshear process. No changes to the Draft EA/IS were made based on the comments received
regarding air quality.

As a part of the Department’s role as a cooperating agency in the NEPA process, in July 2009,
DOE requested that AltaRock provide additional analysis of induced seismicity risk from the
project. The focus of this effort was to have appropriate comparative analysis of the Geysers to
Basel, Switzerland to determine whether there should be additional safeguards beyond what is
already planned for the Geysers site. This analysis was independently reviewed by three seismic
experts: Mark D. Zoback from Stanford University, John P. Ziagos from Lawrence Livermore
National Laboratory and Chris Bromley from GNS Science, New Zealand. The experts
concluded that this is a low risk activity unlikely to cause damaging earthquakes and that
mitigation measures will further reduce risk.

ALTERNATIVES: DOE’s NEPA regulations require that an EA include a discussion of a No
Action Alternative (10 CFR 1021.321(c)). The No Action Alternative analyzed in the EA/IS was



a decision not to provide federal funding for the proposed project. Under the No Action
Alternative, the EA/IS assumed that the proposed EGS Demonstration Project would not occur.
This alternative does not comply with DOE policy to encourage the development of alternative
energy, assist in meeting energy demands, and support the sustainabilify of the geothermal
resource. This alternative is not consistent with the Ukiah RMP/EIS (September 2006) or the
Energy Policy Act of 2005. Therefore, the No Action Alternative was not selected.

Alternative locations were not considered within the NCPA geothermal leased area. The E well
pad is the most ideal location for conducting the EGS project due to the existing injection well,
the available space at the pad, and the geologic conditions underlying that site.

BLM Rationale: BLM issued Geothermal Drilling Permits for the deepening of the E-7 well,
the drilling of the E-8 well, and Geothermal Sundry Notice(s) for the hydroshearing processes
for both E-7 and E-8. The issuance of Geothermal Drilling Permits for E-7 and E-8 are included
as part of this Decision Record, but these BLM actions are not dependent on BLM’s Decision
Record.

As documented in the EA/IS, the Proposed Action would result in no adverse effects to livestock
or grazing; Areas of Critical Environmental Concern; threatened or endangered species;
wetlands/riparian areas; floodplains; farm lands or agricultural resources; wilderness; wild and
scenic rivers; invasive/nonnative species; environmental justice; essential fish habitat; healthy
forests; recreation; aesthetics or visual resources; biologic resources, including any listed or
special status species; known cultural resources; land use; mineral resources; population or
housing; public services; traffic or transportation; or utilities or service systems. The Proposed
Action could produce adverse, but mitigable, effects to air quality, unknown cultural resources;
hazardous materials and worker safety; water quality; noise; soils and geology (seismicity).
Measures to mitigate each of these potentially adverse effects were proposed in the EA and have
or will be required by the BLM or other agencies with authority over the project (such as the

Lake County Air Quality Management District or the California Regional Water Quality Control
Board, Central Valley Region).

DOE Rationale: In addition to BLM’s activities listed above to be undertaken as part of the
approved project to address the induced seismicity uncertainty, DOE shall require

~ AltaRock/NCPA to comply with International Energy Agency’s (IGEA) Protocol for Induced
Seismicity Associated with Enhanced Geothermal Systems (Attachment 1). Through analysis,
DOE has determined that BLM conditions of approval and stipulations meet or exceed the
requirements identified in the Protocol for Induced Seismicity Associated with Enhanced
Geothermal Systems. Based upon BLM’s Conditions of Approval (Attachment 2) developed
through the EA process, DOE has determined that the impacts associated with this project are
less than significant.

DETERMINATION: Based on the information presented in the Final EA/IS, DOE has
determined that the AltaRock/NCPA EGS Demonstration Project in California is not a major



Federal action significantly affecting the quality of the human environment, as defined by
NEPA. Anticipated impacts are within the range of impacts addressed by this EA; the Induced
Seismicity Report, EGS Demonstration Project, NCPA, The Geysers, California (November
2008); and the BLM Ukiah Field Office Resource Management Plan (September 2006). The
applicant’s committed measures identified in the proposed action to obtain and comply with the
required permits and minimize potential impacts through the implantation of construction using
Best Management Practices and other BLM identified conditions, stipulations, and mitigatioﬁ in
their Decision Record and approved Applications for Permits to Drill, and Sundry Notices shall
be incorporated and enforceable through DOE’s funding award documents. The preparation of
. an environmental impact statement is not required.

Copies of the Final EA are available at http://www.eere.energy.gov/golden/Reading Room.aspx
or from:

Christopher Carusona
Physical Scientist
Department of Energy; Golden Field Office

1617 Cole Blvd
Golden, CO 80401
Phone (303) 275-4897

For further information on DOE NEPA process contact:

Office of NEPA Policy and Assistance
U.S. Department of Energy

1000 Independence Avenue, S.W.
Washington, D.C. 20585

(202) 586-4600 or 1-800-472-2756

Issued in Golden, Colorado, the 11% day of September, 2009

ot N Upo—
Rita L. Wells

Executive Director for Field Operations




Attachment 1

PROTOCOL FOR INDUCED SEISMICITY
ASSOCIATED WITH
ENHANCED GEOTHERMAL SYSTEMS

(To be cited as: Majer, E., Baria, R. and Stark, M. (2008). Protocol for induced
seismicity associated with enhanced geothermal systems. Report produced in Task D
Annex I (9 April 2008), International Energy Agency-Geothermal Implementing
Agreement (incorporating comments by: C. Bromley, W. Cumming, A. Jelacic and L.
Rybach). Available at: http://www.iea-gia.org/publications.asp.)

(Accepted by IEA-GIA Executive Committee on 12 February 2009)

INTRODUCTION

As the global demand for energy increases, the contribution from geothermal energy
could be extremely large, particularly if resources developed with Enhanced
Geothermal Systems (EGS) technology are incorporated in the total energy picture. A
recent study by MIT (2006) predicts that in the United States alone, 100,000 MWe of
cost-competitive capacity could be provided by EGS in the next 50 years with
reasonable investment. The USGS estimates that in the U.S., which uses about 100
quads of energy per year, there are 300,000 quads in the >200°C heat sources down to
6 km depth. Large countries in other continents, such as India and China, have similar
heat resources, so the global potential of geothermal energy is enormous. Because
implementation of EGS affects subsurface conditions, especially fractures, there
exists the potential to cause induced seismicity.

Induced seismicity has occurred in the development and production of several

conventional fractured geothermal resources (typically deeper than 1 km), as well as

oil and gas resources, large water-impounding dams, and mining applications. In each

of these instances, properly monitored and analyzed induced seismicity has provided
valuable information in developing the particular resource, but has not prevented the
development from proceeding. To help gain acceptance from the general public for
geothermal generally and EGS specifically, it would be beneficial to clarify the

problems with and beneficial applications of micro-seismicity (seismicity, microearthquakes,
MEQ) during the development stages of an underground reservoir and

the subsequent extraction of the geothermal energy.

This document is intended to serve as a general guide that identifies steps a
geothermal developer can take to address induced seismicity issues. The proposed
protocol includes simple planning steps that would apply to most developments, as
well as more elaborate procedures that would apply under particular circumstances to
a small number of geothermal developments. Therefore, this protocol is not intended
to be a universal prescriptive approach to seismicity management. However, it may be
used to build confidence in the manageability of seismicity at geothermal projects. It
is directed at geothermal developers, public officials, regulators, and the public at



large. This proposed protocol stems from a recently developed paper that reviewed

the present state of knowledge of induced seismicity during the development of EGS
reservoirs, and during production or injection of fluids in conventional geothermal
reservoirs (Majer et al., 2007). The paper also identifies gaps in knowledge that should be
addressed by ongoing research to improve understanding of induced

seismicity, and, by improving the general state of knowledge regarding seismicity in
general, better understand natural earthquakes.

To access both conventional and EGS geothermal resources, wells are drilled to
depths where a temperature suitable for heat extraction is reached. In cases where
economically viable temperatures are found in a conventional (naturally permeable)
geothermal reservoir developed at depths shallower than one km, felt seismicity is
very unlikely to be induced. In higher temperature conventional reservoirs at greater
depths, both cooling due to injection and pressure perturbation due to production
can trigger small MEQ’s on local fractures. In the case of EGS, fluid injection is
carried out to enhance rock permeability and recover heat from the rock, often at
depths greater than 2 km. During the process of creating an underground heat
exchanger by opening permeable space in the rock or during subsequent circulation
of water to recover heat, stress patterns in the rock may change and produce
microseismic events. In almost all cases, these events in the deep reservoir have
been of such low magnitude that they are not felt at the surface by nearby
inhabitants. The events usually have so little energy relative to natural earthquakes,

with relatively short duration, high frequency and very low amplitude, that they pass
unnoticed.

The difference between microseismic events created directly by fluid injection and a
natural earthquake is significant: To the extent that they are sometimes felt, the former
usually falls into the category of a nuisance, like a pneumatic hammer or the passing
of a train or large truck, whereas the latter may cause extensive damage. For example,
experience and scientific data indicate that the vibration at depth from an MEQ
related to fluid injection is unlikely to cause any damage to modern buildings. In the
case of Basel, Switzerland, however, a large number of damage claims were lodged
for minor effects that probably occurred as a result of EGS pumping causing induced
seismic events. These will be covered by the project developer’s insurance, but the

long term effect of the accumulated cost will probably be a rise in future insurance
premiums.

The sound emitted by induced MEQ can be a nuisance, particularly at night or on a
very calm day, when the ambient cultural noise is very low. On some occasions,
observers have reported that the effect from a microseismic event sounds like a quarry
explosion, a truck going by, or a thud from an object hitting a hard floor.

Induced seismicity is an important reservoir management tool, especially for
Enhanced Geothermal Systems (EGS), but it is also perceived as a problem in some
communities near geothermal fields. Events of magnitude 2 and above near certain
projects have raised residents’ concern related to both damage from single events and



their cumulative effects (Majer et al., 2007). Some residents believe that the induced
seismicity may result in structural damage similar to that caused by larger natural
earthquakes. There is also fear that the small events may be an indication of larger
events to follow, and that not enough resources have been invested in finding

solutions to some of the problems associated with larger induced events, or in
providing for independent monitoring of the seismicity before embarking on large-scale
fluid injection and production in EGS projects.

POSSIBLE STEPS IN ADDRESSING EGS INDUCED SESIMICITY ISSUES

Induced seismicity is one of a number of issues that the developer needs to address in
order to proceed with project development. This document outlines the suggested
steps that a developer could follow in extending their education and outreach
campaign and cooperating with regulatory authorities and local groups. The following
steps (not necessarily in the order given) are proposed for handling of the induced
seismicity issue as it relates to the whole project.

Step One: Review Laws and Regulations

The developer should study and evaluate applicable laws and governing regulations
on seismicity that may affect the project. These legal stipulations may apply at
national or local levels of government. Any legal precedents that include induced
seismicity, quarry blasting, road noise or similar activities should be identified and

- assessed relative to the proposed project. In consultation with regulators, the
developer should formulate a plan for meeting legal requirements.

Although the above procedure is routine for most operators, legal studies specifically
related to geothermal induced seismicity and its effect on the man-made structures
and public perceptions are rare. One of the few studies that addresses legal issues in
the United States related to seismicity induced by dams, oil and gas operations, and
geothermal operations (Cypser and Davis, 1998) points out that:
‘Liability for damage caused by vibrations can be based on several legal
theories: trespass, strict liability, negligence and nuisance. Our research
revealed no cases in which an appellate court has upheld or rejected the
application of tort liability to an induced earthquake situation. However, there -
are numerous analogous cases that support the application of these legal
theories to induced seismicity. Vibrations or concussions due to blasting or
heavy machinery are sometimes viewed as a “trespass' analogous to a physical
invasion. In some states activities which induce earthquakes might be
considered ‘abnormally dangerous' activities that require companies engaged
in them to pay for injuries the quakes cause regardless of how careful the
inducers were. In some circumstances, a court may find that an inducer was
negligent in its site selection or in maintenance of the project. If induced
seismicity interferes with the use or enjoyment of another's land, then the
inducing activity may be a legal nuisance, even if the seismicity causes little
physical damage.” [Cypser and Davis, 1998]

In other words, in the U.S., there are potential grounds for taking legal action against



those who induce seismicity.

Other examples of local regulations include allowable ground motion from quarry
operations and local blasting due to construction or road building. These are site
specific and usually involve maximum vibration levels rather than any maximum
magnitude ranges. A small event close to a structure can be just as annoying in
vibration terms as a large event far away from the same structure. Maximum vibration
depends on local geologic conditions and the response to the input earthquake. In any
case, a review of the governing regulations with respect to vibration, noise and induced
seismicity is suggested as a first step in managing the seismic issues of EGS
development.

Step Two: Assess Natural Seismic Hazard Potential

If no specific course of action is required by law, the recommended procedure would
be to characterize the natural seismic potential of the site and surrounding area using
existing public information, including earthquake history (magnitude/frequency),
geologic and tectonic setting (stress field, fault system geometry), and source model.
In most cases, the necessary information, such as historic earthquake statistics
including size, location, and magnitude, will already be publicly available. The
approach taken to predict likely earthquake occurrence, with and without the
geothermal project, will depend on the geologic situation, rate of seismicity and type
of information available; for example, a study based on >40 years of data might only
include a b-value statistical approach while one using more detailed data gathered
over a shorter period might use a more involved statistical analysis that accounts for
known fault sizes, stress analysis and other relevant information.

Step Three: Assess Induced Seismicity Potential

At this stage in the assessment process, the geological structure of the site is assumed
to have already been investigated to the extent necessary to characterize the likely
nature of the geothermal resource and to design a drilling program. Given this
understanding of the site conditions and the results of Step Two, it should be possible

to draw conclusions regarding the likely extent of seismicity due to project-related
activities.

A geological issue that may not have been considered in the resource assessment but

may be important to the assessment of induced seismicity potential is the

identification of any areas of unconsolidated deposits, such as alluvium, construction

fill, mining tailings, refuse dumps, flood deposits, or landslide deposits. This microzoning
exercise is particularly relevant if buildings have been constructed on such

deposits. Seismic waves reaching the surface of such deposits are commonly

amplified and so residents of buildings constructed over them are more likely to be
discomforted by otherwise unnoticed micro-seismicity. All of the usual mitigation

options apply to such areas provided that all parties are aware of the higher sensitivity
of buildings over such deposits.

Estimates for a “maximum probable event” and the likely incident rate and severity of
vibration induced by project-related activities can be characterized based on current



knowledge about induced seismicity and the nature of the site. (It would be preferable
for formal reports on this topic to be prepared by an independent contractor or
institution to dispel concerns about conflict of interest.) Although duration magnitude
and similar magnitudes used in natural earthquake seismology are also applied to
induced micro-seismicity, these parameters can be misleading in quantifying whether
such small events can be felt or are likely to cause minor damage. Therefore, analyses
should emphasize criteria similar to those used by the mining and civil engineering
industries to characterize the potential for nuisance seismicity or vibration damage
from activities like quarrying, traffic and construction. Previously developed
worldwide standards, based on the parameters peak velocity and dominant frequency,
have proven to be effective in characterizing and managing the potential for felt
seismicity and damaging vibration,

There is also the potential risk (and public fear) that stimulation could trigger deep,
“ready-to-go” earthquakes. A seismic risk study, performed for the Cooper Basin
area, Australia, addressed this issue. Here, those segments of existing fault zones that
are near-critically stressed for shear dislocations have been identified. Attenuation
calculations were then performed to see whether these segments were far enough from
EGS sites to represent a significant risk (Hunt & Morelli, 2006).

Based on the analysis of the natural seismic potential and the characterization of
likely induced seismicity, mitigation plans required for environmental impact studies
and similar regulatory reports can be prepared. A variety of approaches will suit
different circumstances. These range from a periodic review by government
monitoring agencies in sparsely settled areas, to a “traffic light” approach that might
be suitable where communities very close to a development are likely to feel induced
events (Bommer et al 2006). Such a plan would include avoidance, mitigation, and
treatment plans for both the expected seismicity and for less likely but plausible
outcomes; for example, for induced seismicity that exceéds the maximum probable
event or that causes damage. It should be pointed out that the “Traffic light” approach
is reactive. The action plan can only be implemented after a seismic event has already
happened. In some situations (eg Basel) suspension of stimulation activities after a
felt event did not not prevent later, stronger events.

Step Four: Establish a Dialogue with Regional Authority

Consultation with community groups and the agencies responsible for permitting and
regulating a particular geothermal development is best undertaken prior to, or as soon
as possible after, the public becomes aware of the geothermal development plan. At
this early stage, the developer is advised to explain the purpose of the project,
characterize the site being considered and how it will be developed, summarize the
expected effects on the environment and the local residents, and explain the long-term
costs and benefits for the community and region. To the extent that induced seismicity
is likely to be a significant community or regulatory issue, it is best addressed in each
public stage of the development process following the public announcement of the
project. These stages might include the following:



e Exploration survey permitting

e Lease/concession acquisition

e Public announcement of the geothermal/EGS project and, in cooperation with
regulators, first meeting with local community groups

e Regulatory reports and permits required for exploration and appraisal drilling

e Regulatory reports, permits and hearings required for development and
Operation

An established protocol for induced seismicity can support the initial public
announcement, indicating that the established regulatory process can address induced
seismicity issues using standards developed for similar impacts related to traffic,
-quarrying and construction, and that the regulatory process includes many
opportunities for citizen concerns to be heard and answered. Induced seismicity only
becomes a topic of discussion with authorities to the extent that the results of the first
three steps indicate a need to address the issue.

Step Five: Educate Stakeholders

Regularly scheduled public meetings are an effective approach to encourage
involvement by all interested parties and the general public. Experience suggests that
briefings are most effective if they acquaint and inform interested persons about the
project as a whole as well as about earthquakes. At an early stage in the project,
meetings are more likely to put induced seismicity in context if they do not focus on
this issue exclusively, although the public should be made aware of the reservoir
development process. To the extent that induced seismicity is an integral part of the
total project, it will receive attention warranted by the results of the first four steps.
Experience has shown that an open dialogue with the general public about relevant
issues associated with the project is a prudent approach, one that is likely to result in
positive support from stakeholders. Public meetings may be forgone if the population
density of the site vicinity and/or number of persons likely to be affected by induced
seismicity is negligible. In this case, personal visits to nearby residents informing
them of the project may be advisable.

Step Six: Establish Microseismic Monitoring Network

Some means of assessing micro-earthquake activity across a wide range of
magnitudes is desirable. This can sometimes be done by utilizing existing networks,
but is best achieved by installing a dedicated network. For the type of EGS
developments currently conceived, a dedicated network would very likely be installed
as part of the diagnostic system that the developer will use in creating the EGS
reservoir. There are often advantages to adapting a regional network to accomplish
this, particularly if the regional array includes stations in the immediate vicinity and
can detect any events that would likely be felt near the developed area, that is, to a
radius of several times the depth of the reservoir.

If a regional or a national seismic network does not exist in the vicinity of the EGS
site, then a basic micro-earthquake network can be installed to assess the presence of
natural earthquakes prior to the establishment of the site. The design of the station



geometry will depend on the size and the depth ranges of the reservoir and expected
induced seismicity; with arrays typically extending beyond the perimeter of the
reservoir by a distance at least equivalent to the depth of the expected seismicity. It is
often advantageous to arrange for an independent organization, for example the
organization responsible for monitoring regional or national seismicity, to operate the
array and analyze the data, particularly with respect to quantifying the size of seismic
events. Such information may later become relevant to any inquiry regarding claims
of structural damage. »

Step Seven: Interact with Stakeholders

A proactive effort to keep stakeholders informed about the project is likely to reduce
public anxiety and put unreasonable claims in perspective. Besides regulators,
stakeholders include those nearby residents most likely to be directly affected and
those who express the most concern.

The following options may be useful as means of achieving appropriate interaction on

induced seismicity issues: personal meetings of technical and consenting staff with

local residents and regulators; public meetings; media coverage; guided tours; public

annual operating reports; call-in line; web site; and scheduled meetings with public

officials. For a large EGS operation near a town, periodic newsletters or a visitor center might be
effective. Such interactions tend to promote a sense of involvement

by stakeholders. Experience at both research and industrial geothermal projects

suggests that this leads to greater acceptance of the project by the community as a

whole, and puts into perspective any ‘inconvenience’ or ‘nuisance’ aspects of adverse
effects.

Insofar as induced seismicity is concerned, the issue should be included among those
of general interest or concern to stakeholders. The developer may consider issuing
periodic microseismic events reports or providing public access to a call-line/web-site
to answer questions or receive complaints. If it appears that micro-earthquakes will
become an ongoing significant public concern, a more formal procedure may be
needed to address questions and complaints, including involvement by local public
officials.

Step Eight: Implement Procedure for Evaluating Damage

If reports are received from the public of felt earthquakes that might originate from or
near the reservoir, or if earthquakes detected by a monitoring array indicate that
nearby events might be of sufficient magnitude to be felt, then a procedure for
monitoring and responding to felt seismicity should be developed. This would assess,
for example, any possible structural damage and/or related environmental disturbance.
Surface-mounted ‘broadband’ seismometers and/or accelerometers are typically used
to determine dominant frequency and peak acceleration. These are the variables used
to assess the potential of an earthquake to cause structural damage. To the extent that
other cultural sources of noise or shocks may exist, for example, truck traffic or
quarry blasting, the monitoring system can be designed to differentiate these from
earthquakes. This will provide a quantitative basis upon which an accurate evaluation



of any claims can be made which will be fair to both the public and operators. In the
case of observable damage like cracks it is recommended that the damage claim
registration and mapping is conducted by an organization independent of the EGS
project developer.

THE PATH FORWARD FOR AN IMPROVED UNDERSTANDING OF
INDUCED SEISMICITY

An EGS-based geothermal energy industry is currently becoming established. Because of
its potential impact on public acceptance of this energy resource, technical case histories
of induced seismicity will be particularly important to the successful future development
of EGS. Experience suggests that, if appropriate mitigation steps are taken, induced
seismicity is unlikely to prevent the development of geothermal resources. In fact,
induced seismicity provides a direct benefit because it can be used as a monitoring tool to
understand the effectiveness of the EGS operations and shed light on the permeability
structure of the reservoir. A properly informed community of stakeholders will
appreciate the value of the information generated by induced seismicity.

During the process of gathering information for the development of this protocol,
including three international workshops and many presentations at geothermal

meetings, scientists and engineers working in this field have guided us towards a short
and long term path. The short-term path is to ensure that there is open communication
and a good working relationship between the geothermal energy producer and the

local inhabitants. This involves early establishment of a plan for monitoring and reporting,
communication of the plan to the affected community, and diligent followup

in the form of reporting and meetings. Geothermal operators have consistently

shown that it is possible to gain public acceptance and even local support for field
development operations that may create noise or other disturbances similar to microearthquakes,
by ensuring that local inhabitants see the direct economic benefit of

those activities. Furthermore, the wider environmental benefits of EGS geothermal
projects, and the need to stimulate deep fractures, hence creating occasional ground
vibrations at the surface, should be stressed to potentially affected parties. This
communication of the effects and benefits (“ground shaking is good for us”) will help
develop a better ‘good neighbor’ relationship.

The long-term path will involve the continued improvement in our understanding of
the processes underlying induced seismicity and the effective utilization of this
knowledge to mitigate risks to the public and improve the management of the
resource. Current models of commercial EGS development involve the engineering of
subsurface fracture networks with appropriate properties. Micro-seismic monitoring is
likely to be the most effective method of imaging that fracture network. Such
geothermal applications of induced seismic monitoring will share technology with
very similar methods being developed to characterize the response of heavy oil
reservoirs to steam floods. Research is focusing on understanding the dynamics of
fracturing and the relationship between fractures and fluid behavior. Future research
will be most effective by encouraging international cooperation through data
exchange, sharing results of field studies and research at regular meetings, and



engaging industry in research projects. A desirable goal would be to identify methods
of limiting the occurrence of larger events.

EGS applications have the potential of making a significant contribution to the
worldwide renewable energy supply. Additional experience and the application of the
practices discussed above will provide further knowledge, helping us to successfully
utilize EGS-induced seismicity and achieve the full potential of EGS.
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Attachment 2

CONDITIONS OF APPROVAL FOR GSN-340-09-XX
Well XXX-X
NCPA
Federal Lease CA-949
The Geysers
Lake County, California

Work Authorized: Hydroshear

Unless otherwise authorized by the Ukiah Field Office Manager:

1.

At least 2 weeks prior to the commencement of hydroshearing operations,
two ground motion sensors shall be installed and operational in Anderson
Springs. The ground motion sensors must be installed and maintained per
the United States Geologic Survey (USGS), or equivalent standards and
telecommunications with USGS established and maintained.

. Prior to commencing injection as part of the hydroshearing process, NCPA

shall provide the true vertical depth and rectangular coordinates (UTM) of
the point of injection in the wellbore.

During all hydroshearing operations, the flow rate, pressure, and
temperature of all fluid injected into well 38H-1(E-7) shall be measured
and recorded electronically at a rate not less than once per minute. Each
data point shall include time (UTC) and date. These data shall be
available to BLM and DOE upon request.

All measurement equipment required in Paragraph 3, above, shall be
calibrated per manufacturer specifications prior to use. Calibrations shall
be documented. Pressure gauges shall have a calibrated span not greater
than twice the maximum anticipated surface pressure.

. NCPA will allow Lawrence Berkeley National Laboratory (LBNL) to co-

locate seismic stations at 4 of the Micro-Seismic Array (MSA) stations
installed by AltaRock as part of the hydroshearing project.

. During hydroshearing operations, NCPA shall submit a daily report to Rich

Estabrook (Richard_Estabrook@ca.blm.gov), Noell Sturdevant
(Noell_Sturdevant@blm.gov), Jay Nathwani (Jay.Nathwani@ee.doe.gov)
and Eric Hass (Eric.Hass@go.doe.gov) by 9:00 am California time, for
operations on the previous day. The report shall include:

a. The depth and rectangular coordinates (UTM), of every seismic
event greater than (magnitude) M1.0 detected by the MSA installed
as part of this project;

b. A cumulative plan view plot of all seismicity greater than M1.0



c. within a 3500’ radius of the point of injection since the beginning of
hydroshearing operations;

d. A log of injection flow rates, surface pressure, and surface
temperature; and

e. A summary of operations

If any seismic event greater than M1.5 is detected by the either the
MSA, USGS, or LBNL array within a 1500’ radius of the point of
injection, NCPA shall immediately examine the Anderson Springs and
Cobb ground motion sensor data for events occurring within 1 hour of
the seismic event, as follows:

a. The maximum peak ground acceleration (MAX) of any event shall
be determined as follows:
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Where:

MAX = maximum peak ground acceleration

MAX, = maximum peak ground acceleration in the x direction

MAX, = maximum peak ground acceleration in the y direction

MAX; = maximum peak ground acceleration in the z direction

Xas1 = PGA as recorded by Anderson Springs ground motion sensor number
1, in the x direction (HNE)

Xas2 = PGA as recorded by Anderson Springs ground motion sensor number
2, in the x direction (HNE)

Xecoon = PGA as recorded by Cobb ground motion sensor, in the x direction
(HNE)

Yas1 = PGA as recorded by Anderson Springs ground motion sensor number
1, in the y direction (HNN)

Yas2 = PGA as recorded by Anderson Springs ground motion sensor number
2, in the y direction (HNN)

Ycorn = PGA as recorded by Cobb ground motion sensor, in the y direction
(HNN)

Zast = PGA as recorded by Anderson Springs ground motion sensor number
1, in the z direction (HNZ)

Zas> = PGA as recorded by Anderson Springs ground motion sensor number
2, in the z direction (HNZ)






10.

11.

12.

13.

Zcory = PGA as recorded by Cobb ground motion sensor, in the z direction
(HNZ)

b. If MAX is greater than 3.9 percent of gravity (%g) but less than or
equal to 9.2%g, at a rate of more than one within seven days, and
can be correlated to the induced seismic event (i.e., within 1500’
radius of the point of injection), a Level | mitigation will result (see
Condition 9).

c. If MAX is greater than 9.2%g, and can be correlated to the induced
seismic event (i.e., within 1500’ radius of the point of injection), a
Level Il mitigation will result (see Condition 10).

d. NCPA shall immediately (within 1 hour) notify BLM and DOE of any
induced earthquake within a 2500’ radius of the point of injection
greater than Magnitude 3.0 as determined by the USGS.

If any seismic events that are linked to the hydroshearing project are
detected beyond a radius of 1500’ from the point of injection, then
NCPA will consult with BLM and DOE to jointly agree on a plan to
either terminate the hydroshearing project or proceed in a manner that
will contain the hydroshearing within the target zone.

Each time a Level | mitigation is triggered it will require that the
injection flow rate be immediately (per Condition 11) reduced by 50%
or to a rate that results in an injection pressure reduction of 50%,
whichever results in a lower flow rate. Upon BLM approval, injection
may resume at a higher rate after a minimum of 24 hours or until the

seismicity has subsided below the trigger threshold, whichever period
is longer.

A Level Il mitigation will require that the injection flow rate be reduced
to 0 (zero) per Condition 11. Injection shall not resume until BLM
grants approval. BLM will not approve the resumption of injection until
NCPA provides additional evidence or operational strategies that justify
the increase.

Any changes in flow rate shall be done at a rate not to exceed 1
barrel/minute/minute.

All seismic data collected from the AltaRock seismic monitoring array

above M1.0 shall be made available real-time to the public. This data
shall be posted daily in the USGS type format.

Before hydroshearing begins, AltaRock shall provide its in situ stress

estimate measurements (vertical and minimum horizontal stresses,



14.

SHmin and SV, and any information on stress directions) in the
potential hydroshearing zone to BLM and DOE. A description of
methods and processes used to determine the in situ stress estimates
must be included in the submittal.

All Conditions of Approval may be modified by BLM as actual
conditions warrant.



