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SECTIONONE Prerequisites

1.1  PURPOSE

The purpose of this section is to describe and meet the prerequisite requirements for
consideration of the 2011 Guam Hazard Mitigation Plan (HMP) by the Federal Emergency
Management Agency (FEMA). This effort consists of (1) a review of the Disaster Mitigation Act
of 2000 (DMA 2000) requirements and adoption of the plan and (2) additional assurances.

1.2  OFFICIAL RECORD OF ADOPTION

The 2011 Guam HMP meets the requirements of Section 409 of the Robert T. Stafford Disaster
Relief and Emergency Assistance Act of 1988 (Stafford Act) and Section 322 of DMA 2000,
including the requirement that the plan be adopted by the Government of Guam.

The 2011 Guam HMP has been prepared by the Guam Hazard Mitigation Advisory Committee
(HMAC) and adopted by the Governor and the Lieutenant Governor of Guam by signature of
Executive Order [order number to be inserted], which is included in Appendix A (Adoption
Resolution)[to be included].

1.3 ADDITIONAL ASSURANCES

The Government of Guam will also comply with all applicable federal statutes and regulations in
effect with respect to the periods for which it receives grant funding, as required in 44 Code of
Federal Regulations (C.F.R.) 13.11(c). Furthermore, the 2011 Guam HMP will be updated
whenever necessary to reflect changes in Guam or federal laws and statutes, as required in 44
C.F.R. 13.11(d). These assurances are included in Executive Order [order number to be inserted],
which is included in Appendix A (Adoption Resolution) [to be included].
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SECTIONTWO Background

2.1 PURPOSE

The purpose of this section is to provide an overview of the 2011 Guam HMP, a discussion of
the authority under which the plan was prepared and adopted, and a disclaimer regarding the
HMP and HMP update process.

2.2  OVERVIEW

As a condition of receiving federal disaster mitigation funds, the 2011 Guam HMP must meet the
requirements of Section 409 of the Stafford Act and Section 322 of DMA 2000. Section 322 of
DMA 2000 requires that all U.S. states and territories have a mitigation plan in place that
describes the planning process for identifying hazards, risk, and vulnerabilities, identifies and
prioritizes mitigation actions, encourages the development of local mitigation, and provides
technical support for these efforts.

DMA 2000 addresses a range of topics focused primarily on the importance of pre-disaster
infrastructure mitigation planning to reduce disaster losses nationwide and the control and
streamlining of the administration of federal disaster relief and programs to promote mitigation
activities. According to the Stafford Act, the purpose of Title I, Predisaster Hazard Mitigation, is:

...to establish a national disaster hazard mitigation program —

(1) to reduce the loss of life and property, human suffering, economic
disruption, and disaster assistance costs resulting from natural
disasters; and

(2) to provide a source of predisaster hazard mitigation funding that will
assist States and local governments (including Indian tribes) in
implementing effective hazard mitigation measures that are designed
to ensure the continued functionality of critical services and facilities
after a natural disaster.

Major provisions of the Stafford Act include funding for pre-disaster mitigation activities,
developing multi-hazard maps to better understand risk, establishing state and local government
infrastructure mitigation planning requirements, defining how states can assume more
responsibility in managing the Hazard Mitigation Grant Program (HMGP), and adjusting ways in
which management costs for projects are funded.

On February 26, 2002, FEMA published an Interim Final Rule in the Federal Register that
established the hazard mitigation planning requirements enacted in DMA 2000. This rule
addresses state mitigation planning, identifies new local mitigation planning requirements,
authorizes HMGP funds and Pre-Disaster Mitigation (PDM) funds for planning activities, and
increases the amount of HMGP funds available to states that develop a comprehensive mitigation
plan. This rule also requires that repairs or construction funded by a disaster loan or grant must
be carried out in accordance with applicable standards and states that FEMA may require safe
land use and construction practices as a condition of grantees receiving disaster assistance under
the Stafford Act. FEMA published a new Interim Final Rule in the October 1, 2002, Federal
Register. The primary purpose of this rule was to extend the date by which state and local
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SECTIONTWO Background

mitigation plans must be completed to be eligible for post-disaster assistance from November 1,
2003, to November 1, 2004.

FEMA prepared further guidance to assist state, local, and tribal governments to meet the new
DMA 2000 planning requirements through a document titled State and Local Plan Interim
Criteria Under the Disaster Mitigation Act of 2000. The document has two major objectives:

e To help federal and state reviewers evaluate mitigation plans from different jurisdictions in a
fair and consistent manner

e To help state and local jurisdictions develop new mitigation plans or modify existing ones in
accordance with the Section 322 criteria

The state mitigation planning requirements are identified in their appropriate sections throughout
this 2011 Guam HMP and in Appendix B (FEMA Crosswalk).

2.3  AUTHORITY

The plan is a living document that will be updated every 3 years, as required by DMA 2000.
During the 3 years before an update, the plan should be implemented as much as possible to
create an increasingly strong hazard mitigation environment and a sustainable hazard mitigation
community on Guam.

The Guam Homeland Security/Office of Civil Defense (HS/OCD) has prepared the plan. The
Guam Hazard Mitigation Officer (GHMO) led the effort, with significant assistance from
numerous Government of Guam agencies, other interested parties within the HMAC, and a
planning consultant (URS Corporation [URS]). A complete list of the parties involved is
provided in the Acknowledgements and Section 3 (Planning Process Documentation).

The 2011 Guam HMP is authorized by the Guam Civil Defense Act of 1951, as amended by
Public Law 24-298 (included in Original Government Code of Guam enacted by Public Law
1-88, 1952), and Executive Order 97-18 relative to establishing a Civil Defense Advisory
Council and the HMAC. Public Law 20-147, Chapter Il of Title LXV (Comprehensive
Planning), also serves to support the Government of Guam’s hazard mitigation activities.

The 2011 Guam HMP has been prepared by the 2011 HMAC and adopted by the Governor of
Guam by signature of Executive Order.

24  DISCLAIMER

It is important to note that the 2011 Guam HMP was prepared using the best available data at the
time of preparation. Significant time and resources were expended to involve all relevant parties,
gather all available information, review and rectify data, conduct and interpret analyses, discuss
findings, and reach consensus regarding the findings. However, numerous and sometimes
significant hurdles were encountered during plan preparation. Some of these issues were
resolved, but some will have to be addressed before or during the next plan update in 3 years.

The analyses and associated maps in the 2011 Guam HMP indicate potential exposure
(susceptibility) to the hazards, but do not indicate the probability or magnitude of specific hazard
events. The maps and analyses in this report are not intended to be relied on as the sole source of
information regarding potential exposure (susceptibility) to hazard events, and these maps and
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analyses should not be used to predict the probability or magnitude of specific hazard events or
the potential damage from a hazard event at a specific location.

The 2011 Guam HMP is designed as an instrument of mitigation, primarily for natural disasters
and other environmentally related events. Although some human involvement is implied with
many of the hazards profiled herein, this document is not intended to address the prevention or
mitigation of the possible impacts from terrorist activity. The term terrorism encompasses
intentional, criminal, or malicious acts involving weapons of mass destruction, including
biological, chemical, nuclear, and radiological weapons; arson, incendiary, explosive, and armed
attacks; industrial sabotage and intentional hazardous material (HAZMAT) releases; and cyber
terrorism (attacks by means of computer). Therefore, it is not the intent of the 2011 Guam HMP
to preemptively address these specific events.

Definitions of the key terms found throughout this document are provided in Appendix C
(Definitions).
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3.1 PURPOSE

The purpose of this section is to describe the process undertaken to prepare the 2011 Guam
HMP. Specifically, this section discusses documentation of the planning process (including the
DMA 2000 regulatory requirements), coordination among agencies, and program integration.

3.2 DOCUMENTATION OF PLANNING PROCESS

The DMA 2000 requirements for consideration by FEMA for documentation of the planning
process are shown below and addressed in the following text.

DMA 2000 REQUIREMENTS - PLANNING PROCESS - DOCUMENTATION OF THE PLANNING
PROCESS

Documentation of the Planning Process

Requirement § 201.4(c)(1): [The State plan must include a] description of the planning process used to develop the
plan, including how it was prepared, who was involved in the process, and how other agencies participated.

Element
A. Does the plan provide a narrative description of how the new or updated plan was prepared?
B. Does the new or updated plan indicate who was involved in the planning process?
C. Does the new or updated plan indicate how other agencies participated in the planning process?
D. Does the updated plan document how the planning team reviewed and analyzed each section of the plan?

E. Does the updated plan indicate for each section whether or not it was revised as part of the plan update?
Source: FEMA 2008.

3.2.1 HMP Development Process, 2003-2005

The initial basis for this plan was the 2003 Guam HMP, which was intended to comply with
Sections 404, 406, and 409 of the Stafford Act. The primary purpose of this plan was to meet the
requirements necessary to access funding under the HMGP and Public Assistance (PA) program.

The HS/OCD prepared the plan. The HS/OCD was supported in preparing the plan by the
HMAC, led by the GHMO, and with assistance from numerous Government of Guam agencies
and other interested parties. In addition to the HS/OCD, HMAC membership included
representatives from the following agencies: Guam Bureau of Statistics and Plans (BSP), Guam
Chamorro Land Trust Commission, Guam Environmental Protection Agency (GEPA), Guam
Department of Land Management (DLM), Guam Department of Public Works (DPW), Guam
Society of Professional Engineers, Guam Chapter of American Institute of Architects, Guam
Consolidated Commission on Utilities, and the Mayor’s Council of Guam.

The first update of the 2003 Guam HMP occurred primarily during the 8-month period from
June 2004 to February 2005. During this period, the GHMO, its planning consultant (URS), the
HMAC, and other interested parties worked closely together to update the plan.

To initiate efforts to bring the plan into compliance with DMA 2000, the first plan preparation
meeting of the HMAC and other interested parties was held on July 7, 2004. The meeting was
attended by over 25 individuals, including representatives from approximately 20 Government of
Guam agencies. GHMO led the meeting, with support by URS; topics addressed included
explaining hazard mitigation planning and DMA 2000, creating the plan, and identifying
potential hazards and assets at risk.

URS 3-1
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In the week after the first meeting, the GHMO and URS team conducted over 25 individual
meetings with nearly all Government of Guam agencies and other relevant on-island parties. The
purpose of these meetings was to gather information that could contribute to the preparation of
the plan, including risk assessment data/maps, and suggested mitigation strategy actions.

During the approximately 8 weeks before the next HMAC meeting, the GHMO and URS team
focused on completing the draft risk assessment, the draft capability assessment, and the draft
mitigation strategy. This work required a high level of interaction between the GHMO, HMAC
members, the planning consultant, and other relevant parties.

A second meeting of the HMAC and other interested parties was held on September 7, 2004. The
meeting was attended by 15 individuals, including a quorum of the HMAC and representatives
from 13 Government of Guam agencies. GHMO led the meeting, with support by URS; topics
addressed included reviewing the draft risk assessment and creating potential mitigation goals,
objectives, and actions.

After the second meeting, members of the HMAC were asked to take a day and a half to consider
an implementation strategy for the top 50 hazard mitigation actions (28 of which were existing
HMGP project applications and 22 of which were new). The third meeting of the HMAC was
held on September 9, 2004. The purpose of the meeting was to discuss the implementation
strategy. The meeting was attended by 22 individuals, including a quorum of the HMAC and
representatives from 13 Government of Guam agencies. GHMO led the meeting, with support by
URS; topics addressed included completing the implementation strategy and outlining the plan
maintenance procedures.

Approximately 1 month after the third 2005 Guam HMP preparation meeting, the GHMO, with
support from URS, prepared a Draft 2005 Guam HMP and submitted the draft document to
FEMA for a courtesy review on October 10, 2004. Concurrently, the GHMO presented the Draft
2005 HMP to HMAC members for review and comment. In early November, the GHMO, with
support from URS, reviewed and incorporated comments received by FEMA and HMAC
members. The GHMO then submitted a Final Draft 2005 Guam HMP to the Governor and
Lieutenant Governor’s offices for review. In February 2005, the GHMO incorporated all
revisions made by the Governor and Lieutenant Governor’s offices and resubmitted the Final
2005 Guam HMP to both offices for adoption by Executive Order. The Governor and Lieutenant
Governor signed Executive Order 2005-06, adopting the Final 2005 Guam HMP on February 24,
2005.

3.2.2 HMP Update Process, 2008

As noted in Section 2 (Background), the 2005 Guam HMP was a living document that would be
updated every 3 years, as required by DMA 2000. As such, the first plan update was prepared
during a 3-month period from February through April 2008.

To kick off the 2008 Guam HMP update process, during the first week of January 2008, the
HMAC reviewed and analyzed each section of the 2005 Guam HMP to determine the areas that
warranted an update and those that did not.

After the GHMO, HMAC, and URS determined the course of action and implementation
schedule to complete the plan update, the GHMO organized the first HMAC meeting of 2008.
The first HMAC meeting was held on February 13 and was attended by 17 individuals, including
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representatives from Government of Guam agencies and other organizations. The topics that
GHMO and URS addressed included HMAC introductions, overview of the DMA 2000 and
previous planning efforts, the hazards profiled and assets inventoried in the 2005 Guam HMP,
the plan update schedule, and next steps. During this meeting, the HMAC, after considering
recent disaster data, determined that no new hazards would be profiled for this plan update.

In the week after the first meeting, the GHMO and URS team conducted over a half-dozen
individual meetings with Government of Guam agencies, including the HS/OCD, Governor’s
Office, BSP, Guam Waterworks Authority (GWA), DPW, GEPA, DLM, and other relevant on-
island parties, including the National Weather Service—Weather Forecast Office (NWS-WFO).
The purpose of these meetings was to update existing information and gather new information
that could contribute to preparation of the plan, including asset and hazard data, Geographic
Information System (GIS) information, hazard mitigation—related plans and policies, and
mitigation actions.

During the approximately 2 weeks between the first and second HMAC meetings, the GHMO
and URS team focused on completing the draft risk assessment, the capability assessment, and
the mitigation actions. This work required a high level of interaction between the GHMO,
HMAC members, URS, and other relevant parties.

A second meeting of the HMAC and other interested parties was held on March 4, 2008. The
meeting was attended by eight individuals, representing six HMAC agencies. The meeting,
which was led by the GHMO and supported by URS, focused on the draft risk assessment. As
such, the HMAC reviewed updated assets (e.g., 2008 building footprints) and figures (e.g., the
2007 Flood Insurance Rate Map [FIRM]) and examined corresponding draft vulnerability
analysis tables. Next, the HMAC reviewed and revised the draft list of goals, objectives, and
actions to be included in the mitigation strategy.

After the second meeting, members of the HMAC were asked to take a day to consider the
mitigation actions to include in the implementation strategy. The GHMO asked each HMAC
member to select mitigation actions using a scoring system based on the evaluation criteria
handed out at the second HMAC meeting. The third meeting of the HMAC was held on March 6,
2008, to discuss the implementation strategy. This meeting was attended by seven HMAC
members and representatives and the Guam Historic Preservation Officer. GHMO led the
meeting, with support by URS; topics addressed included reviewing the mitigation actions
selected by the HMAC scoring process and GHMO. During this meeting, the HMAC members
also reviewed and revised the implementation strategy and URS outlined the plan maintenance
procedures.

Approximately 2 weeks after the third plan preparation meeting, GHMO, with support from
URS, prepared a Draft 2008 HMP, and submitted the draft document to FEMA for a courtesy
review on March 21, 2008. Concurrently, GHMO presented the Draft 2008 HMP to HMAC
members for review and comment. In early April, GHMO, with support from URS, reviewed and
incorporated comments received from FEMA and HMAC members. The GHMO then submitted
an Administrative Final HMP to the Governor and Lieutenant Governor’s offices for review. On
April 11, 2008, GHMO, with support from URS, incorporated all revisions made by the
Governor and Lieutenant Governor’s offices and resubmitted the Final HMP to both offices for
adoption by Executive Order. The Governor and Lieutenant Governor signed Executive Order
2008-05, adopting the Final 2008 HMP on April 22, 2008.
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3.2.3 HMP Update Process, 2011

The 2011 Guam HMP update was prepared during a 3-month period from February through
April 2011. To kick off the update process, during the second week of February 2011, the
GHMO, HS/OCD Mitigation staff, and URS reviewed and analyzed each section of the 2008
Guam HMP to determine which areas warranted an update and which ones did not.

After the GHMO, HS/OCD Mitigation staff, and URS determined the draft course of action and
implementation schedule to complete the plan update, the GHMO organized the first HMAC
meeting of 2011. The first HMAC meeting was held on February 24, 2011, and was attended by
32 individuals, including representatives from Government of Guam agencies and other
organizations (see Section 3.2.4 [Hazard Mitigation Advisory Committee]). Topics addressed by
the GHMO and URS included HMAC introductions, overview of the DMA 2000 and previous
planning efforts, the hazards profiled and assets inventoried in the 2008 Guam HMP, the plan
update schedule, and next steps. During this meeting, the HMAC determined that the tropical
cyclone subhazards should be broken out as separate stand-alone hazards. The HMAC also
decided that three additional hazards should be profiled in the updated plan: non-seismic ground
failure hazards (sinkholes), slope failure (landslide, mudslide, and post-fire debris flow), and
terrorism. URS asked the HMAC to review the 2008 Guam HMP and provide any additional
recommendations not identified in the draft course of action prior to the second HMAC meeting.

In the week after the first meeting, the GHMO and URS met with the BSP to obtain updated
asset information, the NWS-WFO to obtain input on hazard profile information, and the Water
and Environmental Research Institute of the Western Pacific, University of Guam (WERI), to
obtain climate change information.

During the approximately 2 weeks between the first and the second HMAC meetings, the
GHMO and URS team focused on completing the draft risk assessment and updating the
planning process, island description, and plan maintenance sections.

A second meeting of the HMAC and other interested parties was held on March 17, 2011. The
meeting was attended by 18 individuals. The meeting, which was led by the GHMO and
supported by URS, focused on reviewing the draft risk assessment, revising the list of potential
mitigation actions, and selecting high-priority mitigation actions to be included in the
implementation strategy.

Approximately 1 week after the second HMAC meeting, the GHMO, with support from URS,
prepared a Draft 2011 Guam HMP. The GHMO presented the draft document to the HMAC for
review and comment. At the beginning of April 2011, the GHMO, with support from URS,
reviewed and incorporated comments received by the HMAC. The GHMO then submitted the
Final Draft 2011 Guam HMP to FEMA and the Governor and Lieutenant Governor’s offices for
review. On April X, 2011, the GHMO, with support from URS, incorporated all revisions made
by FEMA and the Governor and Lieutenant Governor’s offices and resubmitted the Final HMP
to both offices for adoption by Executive Order. The Governor and Lieutenant Governor signed
Executive Order [order number to be inserted], adopting the Final 2011 Guam HMP on April X,
2011.
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3.2.4 Hazard Mitigation Advisory Committee

Table 3-1 identifies the 24 Government of Guam departments, agencies, and councils;
autonomous agencies in Guam; and Federal agencies that made up the HMAC for the 2011
Guam HMP update process. A description of the HMP update activities that the HMAC has
undertaken is described in Section 3.2.3 (HMP Update Process, 2011). The department and
agency representatives that attended HMAC meetings, provided additional information to the
HMP update process, or both are listed in the Acknowledgements at the beginning of this HMP.

Table 3-1 Hazard Mitigation Advisory Committee

Committee Participants

Bureau of Budget Management and Research Department of Youth Affairs

Bureau of Statistics and Plans Guam Economic Development Authority
Department of Administration Guam Environmental Protection Agency
Department of Agriculture Guam Fire Department

Department of Corrections Guam Homeland Security/Office of Civil Defense
Department of Education Guam Housing and Urban Renewal Authority
Department of Land Management Guam Memorial Hospital Agency

Department of Mental Health and Substance Abuse Guam Police Department

Department of Parks and Recreation Guam Waterworks Authority

Department of Public Health and Social Services Mayor’s Council of Guam

Department of Public Works National Weather System — Weather Forecast Office
Department of Revenue and Taxation Port Authority of Guam

3.2.5 Review and Revision of the 2011 Guam HMP

As noted in Section 3.2.3 (HMP Update Process, 2011), to kick off the 2011 Guam HMP update
process, the GHMO, HS/OCD Mitigation staff, and URS reviewed and analyzed each section of
the 2008 Guam HMP to determine which areas warranted an update and which ones did not.
Additionally, the HMAC was asked to review both the 2008 Guam HMP and draft course of
action for the 2011 HMP and provide additional input. A summary of both reviews and the
proposed revisions are provided below in Table 3-2.

Table 3-2 2008 Guam HMP Review and Revisions

2008 Guam HMP Actions Needed to Be Taken for 2011 Guam HMP

Section 1, Prerequisites Readopt the Guam HMP by the Governor and the Lieutenant
Governor of Guam by signature of Executive Order.

Section 2, Background No action needed.

Section 3, Planning Process Documentation | ypdate HMAC membership.

Reconvene the HMAC to assist in the plan update.
Confirm previous and current program integration efforts.
Document entire plan update process.
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Table 3-2

2008 Guam HMP Review and Revisions

2008 Guam HMP

Actions Needed to Be Taken for 2011 Guam HMP

Section 4, Island Description

Document any changes to the Government of Guam since 2008.
Update population projections for 2010.

Gather and update information on tourism arrivals and building
permits issued through 2010.

Update asset data (building stock; population; and essential
facilities, major utilities, and transportation systems).

Document development trends, including a general discussion on
military buildup.

Section 5, Risk Assessment

Meet with the GHMO and the HMAC to determine if additional
hazards need to be considered, and if so, profile new hazards.

Update hazard profiles. Utilize various hazard data sources to
determine recent historical events and discuss new hazard areas.

Conduct vulnerability analysis using updated asset and hazard
information, interpret analysis, and discuss new findings.

Remap hazard areas and asset locations in GIS, as needed.

Section 6, Mitigation Strategy

Acquire hazard-mitigation-related polices and plans from the
Government of Guam.

Review and update available federal funding sources.

Determine which 2008 mitigation actions have been implemented
and document completed projects in the plan maintenance section.

Incorporate new mitigation actions from state plans and policies
based on the updated risk assessment developed by the HMAC and
other interested organizations.

Prioritize mitigation actions for the implementation strategy.
Determine the implementation strategy for selected mitigation
actions.

Section 7, Plan Maintenance Process

Review the plan maintenance process with GHMO to determine
what worked and what did not work.

After discussion/analysis with the GHMO, revise the plan
maintenance process, as needed.

Section 8, References

Include new sources.
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3.3 COORDINATION AMONG AGENCIES

The DMA 2000 requirements for consideration by FEMA for coordination among agencies,
which are recommended but not required, are shown below and addressed as follows.

DMA 2000 REQUIREMENTS - PLANNING PROCESS - COORDINATION AMONG AGENCIES
Coordination among Agencies

Requirement § 201.4(b): The [State] mitigation planning process should include coordination with other State
agencies, appropriate Federal agencies, interested groups, and ...

Element
A. Does the new or updated plan describe how Federal and State agencies were involved in the planning
process?
B. Does the new or updated plan describe how interested groups (i.e., businesses, non-profit organizations,
and other interested parties) were involved in the planning process?

C. Does the updated plan discuss how coordination among Federal and State agencies changed since approval
of the previous plan?
Source: FEMA 2008.

3.3.1 Federal and State Agency Involvement and Coordination

The involvement of the HMAC in the 2011 Guam HMP update is discussed in Section 3.2.3
(HMP Update Process, 2011) and Section 3.2.4 (Hazard Mitigation Advisory Committee). Also,
URS met or had conference calls with other organizations, including WERI and the University of
Guam Marine Laboratory, regarding new or updated hazard information.

The Government of Guam departments and agencies that did not participate in the 2008 Guam
HMP update but did participate in the 2011 Guam HMP update are Bureau of Budget
Management and Research; Department of Agriculture; Department of Corrections; Department
of Mental Health and Substance Abuse; Department of Parks and Recreation; Department of
Youth Affairs; Guam Economic Development Authority; Guam Fire Department; Guam Police
Department; Guam Memorial Hospital; and the Port Authority of Guam.

Although the Chamorro Land Trust Commission and the Guam Society of Professional
Engineers/Seismic Advisory Council were participants of the HMAC for the 2008 Guam HMP,
these organizations did not participate on the HMAC for the 2011 Guam HMP update.

3.3.2 Interested Groups Involvement

Other interested groups and concerned residents were invited to participate in the 2011 Guam
HMP update process. During the review period for the Draft 2011 Guam HMP, the GHMO
posted the draft document to the HS/OCD website; the posting included the contact details for
the GHMO to facilitate public comments. After adoption and approval of the 2011 Guam HMP,
the HS/OCD will issue a press release announcing the completion of the 2011 Guam HMP and
its availability for continued public review and comment. As such, the GHMO will distribute
copies of the 2011 Guam HMP to the HMAC member agencies/organizations, the Hagatna
Public Library, the University of Guam Library, and the Guam Community College Library.
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34 PROGRAM INTEGRATION

The DMA 2000 requirements for consideration by FEMA for program integration, which are
recommended but not required, are shown below and addressed in the following text.

DMA 2000 REQUIREMENTS - PLANNING PROCESS - PROGRAM INTEGRATION
Program Integration

Requirement § 201.4(b): [The State mitigation planning process should] be integrated to the extent possible with
other ongoing State planning efforts as well as other FEMA mitigation programs and initiatives.

Element
A. Does the new or updated plan describe how the State mitigation planning process is integrated with other
ongoing State planning efforts?

B. Does the new or updated plan describe how the State mitigation planning process is integrated with FEMA
mitigation programs and initiatives?
Source: FEMA 2008.

During the preparation of the 2008 Guam HMP, the GHMO and the HMAC identified several
ways in which the risk assessment and mitigation strategy discussed in the 2008 Guam HMP
could be integrated with current and future Government of Guam and FEMA planning efforts.
These efforts have been updated for the 2011 Guam HMP and include the following:

e Continued integration of the 2011 Guam HMP as an annex in the Guam Emergency
Response Plan (ERP) and consideration of the HMP by the HS/OCD during preparation and
use of the ERP

e Continued consideration of the National Flood Insurance Program (NFIP) provisions by
DPW during the review of building proposals

e Consideration of the 2011 Guam HMP during the preparation of a Guam Master Plan (or
equivalent document) when such plan is prepared

e Consideration of the 2011 Guam HMP by the DLM during the review of land use proposals
e Consideration of the 2011 Guam HMP by the DPW during the review of building proposals

e Consideration of the 2011 Guam HMP by GWA during compliance with the Consent Decree
concerning the preparation of a Water Master Plan, preparation and use of the Guam Drought
Management and Comprehensive Water Conservation Plan, and identification of Capital
Improvement Projects (CIPs)

e Consideration of the 2011 Guam HMP during the implementation of the Guam Integrated
Solid Waste Management Plan

e Consideration of the 2011 Guam HMP by the Guam Housing and Urban Renewal Authority
(GHURA) during use of U.S. Department of Housing and Urban Development (HUD)
Disaster Recovery Initiative Program funds

e Consideration of the 2011 Guam HMP by the GHURA in relation to CIPs

e Consideration of the 2011 Guam HMP by the Guam Power Authority (GPA) in relation to
CIPs
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e Consideration of the 2011 Guam HMP by the Guam International Airport Authority (GIAA)
in relation to CIPs

e Consideration by other Government of Guam agencies when undertaking plans, programs,
activities, or projects affected by hazards or affecting hazard mitigation

e Consideration of the 2011 Guam HMP (specifically, the high-priority mitigation actions
identified in the 2011 Guam HMP) by GHMO and HMAC for HMGP, PDM, and Flood
Mitigation Assistance Program (FMA) mitigation projects

e Consideration of the 2011 Guam HMP by the Guam HS/OCD during the use of U.S.
Department of Homeland Security State Homeland Security Grant Program (HSGP) funding
for hazard mitigation projects

URS 3-9



SECTIONTHREE Planning Process Documentation

This page intentionally left blank

URS 3-10



SECTIONFOUR Island Description

41 PURPOSE

The purpose of this section is to provide basic background information on the Island of Guam.
General information is provided concerning geography, climate, government, population,
economy, tourism, assets, and planning and development.

42  GEOGRAPHY

Located in the western North Pacific Ocean, Guam is the largest and farthest-south island of the
chain of volcanic islands that constitute the Mariana Archipelago. The elongated, peanut-shaped
island is oriented northeast-southwest, covers an area of 209 square miles, and has approximately
100 miles of coastline. Major features of the island (e.g., major roads, village boundaries) are
shown on Figure D-1.

Guam can be divided into two primary ecoregions: the southern mountainous part of the island
and the northern relatively flat part of the island, with a marine-terrace plateau. Guam is divided
into 19 villages. The southern ecoregion contains 9 of the villages: Agat, Asan/Maina, Inarajan,
Merizo, Piti, Santa Rita, Talofofo, Umatac, and Yona. The northern ecoregion contains the other
10 villages: Agana Heights (Passan), Hagatna (Agana), Barrigada, Chalan Pago-Ordot, Dededo,
Mangilao, Mongmong-Toto-Maite, Sinajana, Tamuning, and Yigo.

The southern ecoregion is mountainous, with 11 peaks rising to 1,000 feet or more that form a
discontinuous ridge that extends along the southwestern part of the island. Mount Lam Lam is
the tallest point on the island with an elevation of 1,332 feet. The western coast of this ecoregion
contains a narrow stretch of lowlands, and the eastern coastline contains limestone cliffs. The
volcanic rock of the ecoregion has formed into clay-sand residuum-type soils, which are
inherently unstable. The various soils of Guam are presented on Figure D-2, and the geology of
Guam is shown on Figure D-3.

Slopes in the southern ecoregion are often very steep. Nonriverine areas either lack vegetation or
are covered with a savanna grass community primarily consisting of swordgrass and mission
grass. The volcanic terrain contains numerous streams. The four largest streams are the Ylig,
Talofofo-Ugum, Inarajan, and the Pago-Lonfit. Riverine areas contain forests with native tropical
plants such as nunu, sea-hibiscus, and aggag. Vegetation is mapped on Figure D-4.

The western section of the southern ecoregion has a large natural bay. This area has been
developed into Apra Harbor, which is Guam’s only seaward port of entry. Fena Reservoir, which
is a major source of potable water for Guam, is also in this region. The U.S. Navy operates a
large portion of Apra Harbor and a naval magazine is present roughly in the center of this region.

The northern ecoregion is a relatively flat coralline limestone plateau, with steep coastal cliffs
and narrow coastal plains that dominate the northern part of the island. The topography of this
plateau gently undulates with elevations that vary between 200 to 600 feet. The limestone
geology has high permeability, and no substantial streams or rivers exist, but Guam’s largest
aquifer and primary source of water is beneath this region. The limestone of the area also

L All figures are provided in Appendix D (Figures).
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contains sinkholes, which are natural depressions in the ground caused by weathering processes.
However, sinkholes also occur in the southern portion of the island.

Five main vegetation-types are associated with the limestone soils of the area. Breadfruit and
banyan forests are generally widespread throughout the area; a Mammea forest occurs in the
eastern escarpment of the northern limestone plateau; Cordia scrub-type forest dominates many
steep slopes and cliffs of the area; another forest-type is dominated by tall nunu; and a final
forest-type is dominated by aggag. The northern section of this ecoregion is operated as
Andersen Air Force Base.

The island of Guam is surrounded by living coral reefs. The waters around Guam are very deep;
the Marianas Trench, the deepest part of the world’s oceans, is directly east of Guam. Low-lying
vegetated beaches are found in both the northern and the southern ecoregions of the island. Small
swamps, mangrove, and marsh areas are also found along coastal areas of Guam.

43  CLIMATE

Guam has a tropical climate, with year-round warm weather, dry and wet seasons, moderate to
high humidity, and wind speed and direction that varies with its two seasons. Seasonal
temperatures vary approximately 5 degrees Fahrenheit (°F), with an annual average maximum
temperature of 86°F and an annual average minimum temperature of 76°F. The range of
temperature between day and night is approximately 15 to 20 °F. The wet season generally lasts
from July to December; this season is characterized by an annual average high relative humidity
of 86 percent and weak southeasterly or southerly winds. The dry season generally lasts from
January to June; this season is characterized by an annual average low relative humidity of 71
percent and “trade winds” from the northeast, though the trade winds do occur year-round.
Average annual rainfall varies from about 80 inches in the central and coastal lowlands to up to
110 inches on the uplands of southern Guam. A wide variation in rainfall can occur from year to
year. In 1952, for example, 145.5 inches of rainfall were recorded, and in 1997 parts of Guam
received a similar amount of rainfall. In contrast, 60.42 inches of rainfall were recorded in 1955.
Analysis of data collected since 1950 found annual rainfall to be approximately 100 inches,
though in recent years, average rainfall has been about 86 inches per year.

Generally, during the wet season a monsoon weather pattern has surges that can affect Guam
with sustained western and southwestern winds of up to 45 miles per hour (mph) and 2 to 3
weeks of rainy conditions. The wet season in Guam is punctuated by tropical cyclones that pass
near or over Guam. Tropical cyclone is a generic term that includes tropical depressions, tropical
storms, and typhoons. These storms can produce very destructive winds (gusts of over 150 mph
have been recorded); storm surges and inundation; torrential rains and flooding, with single-day
rainfall often exceeding 10 inches; wind shear and mechanical turbulence; rough seas and
hazardous surf; tornadoes; sea salt deposition; erosion and pollution; and slope failures. The
direction of travel and strength of a tropical cyclone as it passes over Guam largely depend on
the relative location of the seasonal monsoon weather pattern. For example, typically from
September to November the focus of the monsoon weather pattern continually migrates
southward and eastward from Guam. The tropical cyclones that develop during this time that
head toward Guam have more time to develop and intensify than the tropical cyclones that
develop and head toward Guam when the typical monsoon pattern is focused closer to Guam.
However, strong tropical cyclones (typhoons) have affected Guam at all times of the wet season.
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The EI Nifio—Southern Oscillation (El Nifio) is an aperiodic climatic event that involves the
temporary redistribution of the Pacific Ocean water temperatures, which generally results in
more average rainfall and stronger monsoon-related westerly winds on Guam. Weak EIl Nifio
events tend to occur every 3-5 years; moderate events every 7-10 years; and strong events every
20-30 years. During EI Nifio events, very intense tropical cyclones can develop south of Hawaii
and travel toward Guam; Super Typhoon Paka is an example of a tropical cyclone that occurred
during such conditions.

The year after a strong El Nifio event can be relatively dry. For example, rainfall on Guam was
60 percent below normal for as long as 6 months after the 1997 El Nifio. Another aperiodic
climatic event that involves colder-than-normal ocean temperatures in the equatorial central
Pacific Ocean is known as La Nifia; when this event occurs, it can result in drier-than-normal
conditions on Guam during the typical wet season and wetter-than-normal conditions during the
typical dry season.

44  GOVERNMENT

Guam is an unincorporated territory of the United States; policy relations between Guam and the
United States are under the jurisdiction of the Office of Insular Affairs, United States
Department of the Interior. Guam was acquired by the United States from Spain in 1898 after the
Spanish-American War under the Treaty of Paris. Under the Organic Act of 1950, citizens of
Guam are required to follow the laws and the Constitution of the United States. Guam citizens
are citizens of the United States, but they do not have the right to vote for the President of the
United States. Guam elects one nonvoting delegate to the United States House of
Representatives. Guam has an elected Governor, a Lieutenant Governor, and a 15-seat
unicameral Legislature. Guam has a cabinet of executive departments, whose heads are
appointed by the Governor with the consent of the Legislature. Guam has a Federal District
Court, with a judge appointed by the President, a Territorial Superior Court, with judges
appointed for 8-year terms by the Governor with the consent of the Legislature, and a Territorial
Supreme Court, with justices appointed by the Governor with the consent of the Legislature.

As noted earlier, Guam is divided into 19 villages, Agana Heights (Passan), Agat, Asan/Maina,
Barrigada, Chalan Pago-Ordot, Dededo, Hagatna (Agana), Inarajan, Mangilao, Merizo,
Mongmong-Toto-Maite, Piti, Santa Rita, Sinajana, Talofofo, Tamuning, Umatac, Yigo, and
Yona. Hagatna (formerly Agana) contains the capital of the island. Each village has an elected
mayor and a Mayor’s Council of Guam.

Currently, the Government of Guam operates most services and utilities on Guam. These utilities
and services include the Guam Fire Department, Guam Memorial Hospital (GMH), Guam Police
Department, GPA, and GWA. The Guam Telephone Authority, the provider of
telecommunications services on the island, was acquired and privatized in January 2005 by
TeleGuam Holdings, LLC.

A number of U.S. military bases or installations are found on Guam, including the Andersen Air
Force Base in Yigo, and numerous U.S. Navy facilities, including: Apra Harbor Naval Complex;
Naval Activities in Santa Rita; Naval Information, Computer, and Tele-Communications Area
Master Station (NCTS) Finegayan in Dededo; NCTS in Barrigada; Tiyan; Orote Point; Nimitz
Hill in Asan/Maina; and the Ordnance Annex. The Army National Guard also has military
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installations in Barrigada. The Government of Guam has no authority in these areas, which
occupy approximately 29 percent of the island’s total land area.

The U.S. Department of Defense has developed the Guam Military Buildup Program, which will
involve the movement of forces and equipment of the U.S. Army, Air Force, Marines, and Navy
from other areas to Guam. The program was initiated in May 2006 and construction, which will
take place at military sites throughout the island, was initially expected to be completed in 2014.
However, construction has been delayed and may not be complete until 2020. Once completed,
the program will increase the total number of military personnel on active duty from 6,420 to
approximately 18,930 (see Section 4.9.2 [Military Buildup] for additional information).

45 POPULATION

The estimated 2010 population in Guam is 180,692. According to U.S. Census estimates,
between 2000 and 2010, Guam was expected to undergo a 16.72 percent population increase.
This level of growth was forecasted to decline slightly during the following decade, as shown in
Table 4-1, with an estimated population increase of 12.46 percent between 2010 and 2020. The
proportional distribution between villages of the population of Guam is not expected to
drastically change through 2020. Data from the 2010 Census were not available at the time the
2011 HMP was updated, so 2010 Census results are not incorporated in this document. Also, the
population projections provided do not include new growth due to the U.S. military buildup,
which may increase the population growth rate that will occur between 2010 and 2020. For more
information on the military buildup, see Section 4.9.2 (Military Buildup).

Census data and projections for 2000 and 2010 indicate uniform population growth across Guam,
with nearly all villages experiencing an approximate 16.7 percent increase in population between
2000 and 2010, with the exception of Piti, which is forecast to have a population increase of
approximately 16.8 percent. The Census estimate of the population increase from 2010 to 2020
also shows uniformity across the villages, with Census data projecting most villages and Guam
as a whole to undergo a 12.5 percent population increase, with Merizo, Piti, and Talofofo
projected to undergo a 12.4 percent increase. The Risk Assessment in this 2011 Guam HMP (see
Section 5 [Risk Assessment]) uses the 2010 population estimates shown in Table 4-1.

Dededo, which is geographically one of the largest villages, has the largest population.

Figure D-5 shows the locations of several densely populated areas. Agana Heights, Agat,
Barrigada, Mangilao, Mongmong-Toto-Maite, Santa Rita, Sinajana, Tamuning, and Yigo have
areas of dense populations. Most island populations are centered in a geographically narrow
point in the approximate center of the island, which is also the largest urbanized area of Guam.
As illustrated on Figure D-5, the majority of Guam has a relatively low population density and is
considered rural.

Table 4-1 Population of Guam, 1990-2020

Village 2000 2008 (estimated) 2010 (estimated) 2020 (estimated)
Agana Heights 3,940 4,476 4,599 5,172
Agat 5,656 6,426 6,602 7,425
Asan/Maina 2,090 2,374 2,439 2,744
Barrigada 8,652 9,830 10,099 11,358
Chalan Pago-Ordot 5,923 6,729 6,913 7,775
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Table 4-1 Population of Guam, 1990-2020

Village 2000 2008 (estimated) 2010 (estimated) 2020 (estimated)
Dededo 42,980 48,830 50,167 56,420
Hagatna 1,100 1,250 1,284 1,444
Inarajan 3,052 3,467 3,562 4,006
Mangilao 13,313 15,125 15,539 17,476
Merizo 2,163 2,457 2,525 2,839
Mongmong-Toto-Maite 5,845 6,641 6,822 7,673
Piti 1,666 1,893 1,945 2,187
Santa Rita 7,500 8,521 8,754 9,845
Sinajana 2,853 3,241 3,330 3,745
Talofofo 3,215 3,653 3,753 4,220
Tamuning 18,012 20,464 21,024 23,645
Umatac 887 1,008 1,035 1,164
Yigo 19,474 22,125 22,731 25,564
Yona 6,484 7,367 7,568 8,512
Guam (Total) 154,805 175,877 180,692 203,214

Source: U.S. Census Bureau 2000; Government of Guam 2008.

According to the most recent census, U.S. Census Bureau 2000, Guam has a high proportion of
youth, elderly, and people living below the poverty level, all of whom are typically more
vulnerable to the effects of hazards. Thus, as of 2000, 59,535 people on Guam, or 38.5 percent of
the total population, are 19 years old or younger; 8,215 people, or 5.3 percent of the total
population, are 65 years old or older; and 34,792 people, or 22.5 percent of the total population,
live below the poverty level. As shown in Table 4-2, Dededo has the highest population of
people under 20 years of any village, people over 65 years, and people living below the poverty
level. Hagatna and Tamuning have the lowest percentage of their total populations that are 19
years or younger of all the villages on Guam (25.2 and 30.5 percent, respectively). Inarajan,
Merizo, and Umatac have the highest percentage of their total population that are 19 years or
younger (44.3 percent, 45.6 percent, and 45.8 percent, respectively). Agana Heights and
Asan/Maina have the highest percentage of their total population that are 65 years or older (each
at 6.9 percent), and Umatac and Yona have the lowest percentages (2.6 and 3.8 percent,
respectively). Umatac and Mongmong-Toto-Maite have the highest proportion of persons living
below the poverty level of any village on Guam (31.6 and 32.8 percent, respectively). Santa Rita
has the lowest proportion of the people of the village living below the poverty line (8.3 percent).

Table 4-2 Populations Potentially Vulnerable to Hazards on Guam, 2000

Population
Village Total <20 years 65+ years Belovli/eli’/(é}/erty
Agana Heights 3,940 1,406 272 599
Agat 5,656 2,392 372 1,400
Asan/Maina 2,090 804 144 423
Barrigada 8,652 3,301 567 1,525
Chalan Pago-Ordot 5,923 2,301 246 1,644
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Table 4-2 Populations Potentially Vulnerable to Hazards on Guam, 2000
Population

Village Total <20 years 65+ years Belovli/elz(;}/erty
Dededo 42,980 16,989 2,563 9,745
Hagatna 1,100 277 68 294
Inarajan 3,052 1,353 124 715
Mangilao 13,313 4,976 562 3,301
Merizo 2,163 987 118 477
mgﬂgmong'mo' 5,845 2,362 347 1,915
Piti 1,666 542 89 265
Santa Rita 7,500 2,651 306 618
Sinajana 2,853 1,057 189 620
Talofofo 3,215 1,374 144 790
Tamuning 18,012 5,488 1,032 4,666
Umatac 887 406 23 280
Yigo 19,474 8,022 803 4,092
Yona 6,484 2,847 246 1,423
Total 154,805 59,535 8,215 34,792

Source: U.S. Census Bureau 2000.

Renters and those living in older homes are typically more vulnerable to the effects of hazards.
As shown in Table 4-3, renters occupy more homes in Guam than do homeowners. This ratio
fluctuates among the different villages. About twice as many homes are occupied by
homeowners than by renters in Barrigada and Yona, but in Tamuning about three times as many
homes are occupied by renters as by homeowners. Table 4-3 also shows that most housing units
on Guam were built after 1970, with approximately 12.6 percent of the units built before 1970.
This ratio also varies by village; approximately 6 percent of the homes on Mangilao were built
before 1970, and about 25 percent of the homes in Hagatna and 28 percent of the homes in

Agana Heights were built before 1970.

Table 4-3 Dwelling Units Potentially Vulnerable to Hazards on
Guam: Owners/Renters, 2000
Homeownership Housing Units
Village Homeowners Renters Total Built <1970
Agana Heights 527 531 1,193 331
Agat 641 657 1,499 224
Asan/Maina 334 218 660 137
Barrigada 1,304 793 2,307 229
Chalan Pago-Ordot 878 695 1,920 135
Dededo 5,550 4,466 12,119 1,644
Hagatna 82 186 395 97
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Table 4-3 Dwelling Units Potentially Vulnerable to Hazards on
Guam: Owners/Renters, 2000
Homeownership Housing Units
Village Homeowners Renters Total Built <1970
Inarajan 465 179 701 85
Mangilao 1,601 1,589 3,926 229
Merizo 278 193 535 53
mgﬂgmong'mo' 626 1,007 2,102 301
Piti 269 205 576 84
Santa Rita 660 1,120 2,517 394
Sinajana 410 332 857 153
Talofofo 484 254 849 110
Tamuning 1,514 4,439 8,108 788
Umatac 105 57 179 21
Yigo 2,014 2,620 5,489 831
Yona 1,005 481 1,745 142
Guam (Total) 18,747 20,022 47,677 5,988

Note: Homeownership represents homeowner- and renter-occupied units, but does not include vacant units. Total housing
units represents all housing units, including unoccupied units.
Source: U.S. Census Bureau 2000.

46 ECONOMY
According to data published in the Guam Statistical Yearbook (BSP 2008), there were 61,850

employees on payroll in Guam as of March 2008. In 2008, approximately 75 percent of jobs
were in the private sector, while about 25 percent were government jobs. Of the government
jobs, 77 percent were local government jobs, and 23 percent were federal jobs. Thus, government
jobs are a key portion of the economy in Guam.

Table 4-4 illustrates the civilian employment by industry in Guam as of March 2007. The data in
Table 4-4 are from the U.S. Economic Census and are slightly different from the data in the
Guam Statistical Yearbook.
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Table 4-4 Number of Civilian Establishments and Civilian Employment on
Guam by Industrial Division, 2007
Number of Number of Paid
Employer Employees (as of
Industry Description Establishments March 2007)

Utilities 10 933
Construction 317 6,011
Manufacturing 63 1,495
Wholesale Trade 191 2,394
Retail Trade 660 8,219
Transportation and Warehousing 89 3,057
Information 63 1,429
Finance and Insurance 125 2,036
Real Estate and Rental and Leasing 276 2,007
Professional, Scientific, and Technical Services 227 2,217
Management of Companies and Enterprises 7 157
Administrative and Support and Waste Management and 154 4,102
Remediation Services
Educational Services 39 300
Health Care and Social Assistance 177 3,090
Arts, Entertainment, and Recreation 79 1,213
Accommodation and Food Services 429 11,477
Other Services (except public administration) 237 2,254

3,143 52,391

TOTAL:

Source: U.S. Census Bureau 2007.

The economy of Guam is based on tourism with more than 1 million tourists visiting Guam each
year. The Accommodation and Food Services sector was the largest industry in Guam in 2007,
employing about 22 percent of total island civilian employment. The following sectors that
support the tourism industry employed an additional 11,686 persons, or about 22 percent of the
total island civilian employment: retail trade; arts, entertainment, and recreation; and other
services. Together, all these sectors provide about 44 percent of civilian employment on Guam.

Table 4-5 illustrates the total employment in Guam by industrial division as of 2000. As shown
in Table 4-5, the village of Dededo is the center of economic activity in Guam, with 16,278
employees or 28.5 percent of total employment. The village of Tamuning is the next largest
center of economic activity, with 8,495 employees or 14.9 percent. The village of Yigo is the
only other village commanding more than 10 percent of Guam’s employment, with 6,181 or 10.8
percent. (More recent data are not available for Table 4-5.) Table 4-5 also illustrates the
importance of tourism to the economy of Guam, with about 44 percent of jobs in the services

sector, which includes most tourism-related employment.
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Table 4-5 Total Employment on Guam by Industrial Division, 2000
Sector
Whole. | Retail

Village AFFHM | Const. | Manuf.| Trade | Trade | TWU | Info | FIRE | Services | Gov. | Total
Agana Heights 6 93 34 35 155| 126 48| 109 663 | 306| 1,575
Agat 21 148 35 52 223 | 146 52 62 664 | 325| 1,728
Asan/Maina 6 50 19 30 84 75 29 51 303| 134 781
Barrigada 12 296 57 115 404| 261| 111| 205 1,473| 359| 3,293
Chalan Pago- 17 162 57 76 268 | 222 71| 137 945| 318| 2,273
Ordot
Dededo 42| 1,771 344 604| 2,612|1,168| 369| 842 7,267 | 1,259 | 16,278
Hagatna 1 38 7 11 43 30 11 21 185 31 378
Inarajan 9 49 10 10 62 82 30 35 422 | 193 902
Mangilao 33 519 124 137 576 | 396| 141| 273 2,163 | 485| 4,847
Merizo 6 35 9 21 55 43 21 37 285 95 607
Mongmong- 20 186 41 93 251 194 78| 145 882| 245| 2,135
Toto-Maite
Piti 11 46 40 20 74 44 33 60 289 | 129 746
Santa Rita 9 124 35 62 270 122 64 70 804 | 733| 2,293
Sinajana 6 64 20 31 137 84 37 69 446 | 179 1,073
Talofofo 16 58 14 40 97 95 30 56 477| 189 1,072
Tamuning 49| 1,106 147 347| 1,121| 619| 190| 472 4,034| 410| 8,495
Umatac 2 14 3 7 37 22 7 6 98 63 259
Yigo 21 601 129 190 902 | 393| 147 279 2,793 | 723| 6,181
Yona 9 172 30 67 187 | 197 71| 124 932| 348| 2,137
Guam (Total) 296| 5,532| 1,155 1,948 | 7,558 4,319|1,540| 3,053 | 25,125]6,527 | 57,053

AFFHM = Agriculture, Forestry, Fishing, Hunting, and Mining

FIRE = Finance, Insurance, and Real Estate

TWU = Transportation, Warehousing, and Utilities

Source:

4.7

U.S. Census Bureau 2000.

TOURISM

As noted above, more than 1 million tourists visit Guam each year from both civilian and
military visitor groups. Table 4-6 shows the annual number of tourists that have arrived in Guam
every year from 2000 to 2010. Between 2000 and 2010, 2.8 percent of persons visiting Guam
were members of the military. During this period, Guam averaged 1,156,819 tourists annually.
Tourist arrivals were highest in 2000, 2006, and 2007.

From 2000 to 2010, 97.4 percent of all tourists and military arrived on Guam by air. Civilian
tourists typically come from Japan, the U.S. mainland, Hawaii, the Commonwealth of the
Northern Mariana Islands (CNMI), Taiwan, Philippines, Korea, or Hong Kong. However, the

majority of tourists come from Japan; from 2006 to 2010, an average of 76.5 percent of all

persons arriving in Guam came from Japan.

URS
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Table 4-6 Tourist Arrivals to Guam, 2000-2010

Civilian Military
Air
Domestic
(Us. Total
Mainland Civilian Subtotal: | Military | Military | Subtotal:
& International Air Sea Civilian Air Sea Military

Year | Hawaii)* | Air Arrivals | Arrivals | Arrivals | Arrivals | Arrivals | Arrivals | Arrivals | Total
2000 | 41,075 1,243,566 |1,284,641| 5,987 1,290,628 589 1,577 2,166 1,292,794
2001 | 38,557 1,101,437 ]1,139,994| 19,114 1,159,108 3,318 [ 16,583 | 19,901 |1,179,009
2002 | 33,233 1,025,391 |1,058,624| 5,022 |[1,063,646( 8,288 | 22,521 [ 30,809 |1,094,455
2003 | 35,409 874,097 909,506 2,411 911917 | 5,816 | 49,663 | 55479 | 967,396
2004 | 40,563 1,064,086 |1,104,649| 5,982 1,110,631 7,582 | 37,986 [ 45568 |1,156,199
2005 | 41,580 1,115,133 |1,156,713] 2,605 |1,159,318 | 8,436 [ 42,393 | 50,829 |1,210,147
2006 | 39,576 1,143,715 1,183,291 2,341 |1,185632| 6,600 [ 24,879 | 31,479 |1,217,111
2007 | 49,590 1,125,972 |1,1755562| 2,139 |[1,177,701| 9,335 | 40,380 [ 49,715 |1,227,416
2008 | 52,797 1,031,728 ]1,084,525| 3,203 |1,087,728| 10,999 | 32,462 | 43,461 |1,131,189
2009 | 55,525 978,883 1,034,408| 7,264 |1,041672| 10,083 | 1,116 11,199 (1,052,871
2010 | 61,381 1,113,655 [1,175,036| 8,256 |1,183,292| 12,696 436 13,132 [1,196,424
Average Tourist Arrivals to Guam: 2000-2010:{ 1,156,819

Source: Guam Visitors Bureau Research Department 2011.

48  ASSETS

Guam has a wide variety of assets that are critical to the functioning of the island on a day-to-day
basis and during and after hazard events. The protection of these facilities from the damaging
effects of hazard events is one of the Government of Guam’s top priorities.

The FEMA software Hazards United States (HAZUS) identifies the following five major
categories of critical infrastructure: Essential Facilities, Lifeline (Major) Utilities, Transportation
Systems, High Potential Loss Facilities, and Hazardous Material Facilities. All of these major
categories are included in the analysis in this plan, with the exception of High Potential Loss
Facilities. This category includes military facilities, nuclear facilities, and dams. These assets are
excluded from analysis for a number of reasons: the military bases are federal facilities and
outside the jurisdiction of the Government of Guam; for security reasons, detailed information on
military facilities is generally not available; and the only dam on Guam (Fena Dam) is also a
federal facility and outside the jurisdiction of the Government of Guam.

The commercial petroleum storage and distribution facilities at or near Apra Harbor are also
excluded from analysis. Although the Government of Guam leases some of these facilities to
commercial operators, they are not under the direct control of the Government of Guam. As
such, they are not analyzed further or included in the critical facility tabulations in this
document. Also, to maintain the focus on critical infrastructure, only major roads (not minor
roads) are considered in the 2011 Guam HMP (as was the case in the earlier versions of the
HMP).
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Despite these exceptions, 850 Essential Facilities, Major Utilities, and Transportation Systems
(EFMUTS) owned and operated by the Government of Guam were identified, geolocated, and
assigned values. For a list of all the EFMUTS, see Appendix E (Essential Facilities, Major
Utilities, and Transportation Systems). This number is an increase of 178 EFMUTS since the
2008 Guam HMP, which contained a total of 672 EFMUTS. Although privately owned and
operated, resorts, hotels, and motels are included in the analysis in this plan. These facilities are
included in the analysis because they are the backbone of Guam’s tourism-based economy.
Furthermore, these facilities often serve as shelters before, during, and after disasters.

The major facilities for the following three major EFMUTS groups are listed below:
e Essential Facilities

- Fire stations

- Police stations

- Senior centers

- Community centers

- Historic sites

- Cemeteries and burial grounds

- Parks, preserves, and beaches

- Recreation facilities

- Governor’s facilities

- Government of Guam agencies and departments

- Libraries

- Mayor’s Councils of Guam facilities

- Health care facilities and clinics

- Public schools

- Resorts, hotels, and motels
e Major Utilities

- Electric power utilities: facilities, substations, power plants, and power stations

- Potable water systems: production wells; enclosed storage facilities; and storage basins,
pump stations, and treatment plants

- Wastewater systems: pump stations and treatment plants
e Transportation Systems

- Municipal airports

- Port facilities

- Traffic signals and pedestrian crossing signals

- Bridges
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- Bus stations
- Major roads

Values for the EFMUTS were collected from a wide variety of sources, including the following:
the Government of Guam agencies that own, operate, and/or insure or maintain the facilities; the
Guam Department of Revenue and Taxation; and HAZUS.

A total of 850 EFMUTS worth over $1.90 billion were identified and mapped. The following is a
breakdown of these EFMUTS by major category of Critical Buildings, Facilities, and
Infrastructure:

e 355 Essential Facilities worth $906.03 million (an increase of 66 Essential Facilities from the
2008 Guam HMP). Additional Essential Facilities added to the 2011 Guam HMP include
recreational facilities (softball and baseball fields, tennis courts, etc.) and additions to most
other categories, such as newly opened schools and fire stations.

e 362 Major Utilities worth $884.86 million (an increase of 68 Major Utilities from the 2008
Guam HMP). Major Utilities added to the 2011 Guam HMP include a larger number of
potable water and wastewater assets.

e 133 Transportation Systems worth $112.71 million, including 23 major roads totaling 133
miles and worth $1.9 million (an increase of 53 assets from the 2008 Guam HMP).
Transportation Systems added to the 2011 Guam HMP include additional traffic signals and
pedestrian crossing signals as well as additional bridges.

The EFMUTS are listed in Tables E-1, E-2, E-3, and E-4 (Appendix E [Essential Facilities,
Major Utilities, and Transportation Systems]) and are shown on Figures D-6 through D-11.
These facilities and related data have been mapped using GIS and form the basis for the
vulnerability and potential loss estimates.

49  PLANNING AND DEVELOPMENT

4.9.1 General Buildup

Guam’s General Building Stock (GBS), which includes both residential and nonresidential
structures (non-EFMUTS), was identified and mapped as 40,069 buildings. For the updated 2011
HMP, no new data on building stock were available. With 2010 property tax information, values
were obtained for the average assessed building value (in $/building) for each village. The
average building values for Guam’s GBS varied from a low of $65,548/building in Umatac to a
high of $412,678/building in Tamuning. The average value of a building (residential and
nonresidential) in Guam is $133,946. Earlier versions of the Guam HMP used an average value
per square foot of building space, by village, to estimate the value of the GBS. However, the
average value per square foot of building space for each village was not available for the 2011
Guam HMP, which is why the average building value was used to estimate the value of the GBS.

As shown on Figure D-12 and listed by village in Tables F-1 and F-2 in Appendix F
(Vulnerability and Potential Loss Results by Village), the highest numbers of buildings, in
descending order, are found in the villages of Dededo, Yigo, and Tamuning. The highest
concentrations of building values, in descending order, are found in the villages of Dededo,
Tamuning, and Yigo.
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This GBS has been mapped using GIS and has formed the basis for the vulnerability and
potential loss estimates. However, additional information that would have contributed
considerably to the vulnerability and potential loss analysis was simply not comprehensively
available for the GBS for this update with the time and resources available. Useful information
for future plan updates would include the type of building (e.g., residential, commercial,
industrial, governmental); age/year built; primary building material; roofing material; general
condition; mitigation upgrades (e.g., seismic retrofit, wind shutters); and prior hazard damage.

A method of determining the level of growth in the GBS is through an analysis of building
permits. Table 4-7 shows the numbers of new building permits issued, the total values of these
buildings, the number of permits issued for additions to buildings, and the values of these
building additions for the years 2000 through 2010. These values do not include any new
buildings and additions to existing buildings that were constructed without a building permit.
From 2000 to 2010, the largest number of building permits (for both new structures and
additions) were issued in 2000.

Table 4-7 Building Permits Issued by Year, 2000-2010

Fiscal Year Number (New) Value ($) Number (Additions) Value ($)
2000 428 $64,385,684 228 $43,010,412
2001 277 $55,883,125 229 $30,344,695
2002 211 $25,617,000 206 $24,677,000
2003 407 $43,852,733 759 $52,188,523
2004 266 $46,524,605.41 391 $31,112,423
2005 290 $54,521,457 252 $32,288,113
2006 329 $85,383,295 234 $36,971,347
2007 373 $160,096,000 247 $25,807,000
2008 383 $121,840,000 277 $20,835,000
2009 274 $138,662,000 225 $13,050,000
2010 386 $80,501,000 196 $11,157,000

Note: Values do not include government, demolition, relocation, grading, signing, miscellaneous, or renewal permits.
Source: DPW 2011.

Table 4-8 shows the number of building permits issued by village on Guam in 2010. These
quantities indicate the villages where large amounts of construction are occurring. In Yigo, 72
permits (19 percent of the total number of permits) were issued for new construction in 2010, the
highest number in Guam. The village with the second-highest number of permits issued for new
construction in 2010 was Dededo, where 60 permits (16 percent) were issued for new
construction. In 2010, the largest number of permits issued for additions to existing structures
was issued in Tamuning, with 48 such permits (24 percent) issued. Tamuning is followed by
Dededo, where 46 permits (23 percent) were issued for additions.
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Table 4-8 Building Permits Issued by Village, 2010

Permits for New Permits for Addition
Village Number Percent of Total Number Percent of Total
Agat 5 1.32 3 1.53
Asan/Maina 4 1.06 1 0.51
Agana Heights 5 1.32 1 0.51
Barrigada 38 10.03 21 10.71
Chalan Pago-Ordot 33 8.71 6 3.06
Dededo 60 15.83 46 23.47
Hagatna 0 0.00 11 5.61
Mangilao 39 10.29 10 5.10
Merizo 1 0.26 1 0.51
Mongmong-Toto-Maite 17 4.49 6 3.06
Inarajan 3 0.79 3 1.53
Piti 7 1.85 3 1.53
Talofofo 35 9.23 4 2.04
Tamuning 19 5.01 48 24.49
Santa Rita 11 2.90 5 2.55
Sinajana 5 1.32 5 2.55
Umatac 5 1.32 1 0.51
Yigo 72 19.00 19 9.69
Yona 20 5.28 2 1.02
Total 379 100.00 196 100.00

Note: Values indicated do not include government, demolition, relocation, grading, sign, miscellaneous, or renewal permits.
Source: DPW 2011.

4.9.2 Military Buildup

The largest factor shaping future growth and development on Guam is the Guam Military
Buildup Program, which will involve a major mobilization of forces and facilities of the U.S.
Army, Air Force, Marines, and Navy to Guam. This program will increase the number of
military personnel on the island from 6,420 to approximately 18,930 and the number of military
dependents from 7,690 to some 19,140. The military initiated this program in May 2006 and
initially expected construction to be completed in 2014. However, the Guam Military Buildup
Program has been delayed and may not be complete until as late as 2020, with peak construction
occurring from 2015 to 2017.

Given the broad nature of the transition, planners are considering all existing military
installations on Guam as locations for various facilities prescribed under this program, including
aviation facilities, housing for military personnel and dependents, firing ranges, embarkation
wharfs, and berthing wharfs. These areas include Andersen Air Force Base, Tiyan, Orote
Peninsula, NCTS Finegayan, South Finegayan, Andersen Air Force Base South, Barrigada, the
Ordnance Annex, and Apra Harbor Naval Complex.
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One of the first steps of this program is the relocation of some 8,000 Marines and 9,000 of their
dependents from Okinawa, Japan, to Guam. Along with the movement of Marines, this effort
will also involve construction or upgrading of infrastructure such as utility systems, roads, and
waste facilities to support the relocation of these Marines and their dependents. The Marines will
be relocated to the Apra Harbor Naval Complex on the western side of Guam.

Military contractors are expected to bring approximately 15,000 off-island construction workers
to Guam at the peak of the construction for the military buildup program, though there are
current efforts to increase the number of local Guamanians who are hired for construction jobs.
The military is exploring the possibility that the worker housing facilities will serve as part of
Guam’s long-term housing stock.

As described in Section 4.5 (Population), Guam’s population is expected to grow about 16.72
percent between 2000 and 2010 and about 12.46 percent between 2010 and 2020. However, the
estimated population increase from 2010 to 2020 does not take into account the increased
personnel from the military buildup. For example, the relocation of 23,960 military personnel
and dependents to Guam would result in a 13.26 percent increase in the estimated 2010
population of Guam.

In addition, the Census projected the growth between 2010 and 2020 to occur uniformly
throughout the island as it has in the past. However, the impact of the military buildup on growth
and development patterns will likely cause growth and development to occur disproportionally in
the areas that currently contain the military installations. Thus, growth and development may not
occur uniformly throughout the island as it has in the past.
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51 PURPOSE

The purpose of this section is to identify and screen the hazards that can affect Guam, profile the
hazards selected by the HMAC, inventory the EFMUTS, GBS, and population on Guam, and
assess the vulnerability and potential losses to the assets from the qualifiable hazards addressed
in this HMP. This effort builds on data acquired for the earlier versions of the Guam HMP and
subsequent data and analyses provided for this 2011 Guam HMP. The information presented and
analyzed was the best available data during the 2011 Guam HMP update process.

The following DMA 2000 requirement for the risk assessment does not apply to Guam because
the Government of Guam is the only direct grant recipient on Guam.

e Assessing Vulnerability by Jurisdiction (Requirement § 201.4[c][2][ii][Elements A and C])

5.2 IDENTIFY AND SCREEN HAZARDS

The first step in the risk assessment process is the identification and screening of hazards
affecting people and property on Guam. The hazards include a range of both natural and man-
made hazards that may have occurred in the past and those likely to occur in the future (even if
they have not occurred in the past).

The DMA 2000 hazard identification requirements are shown below and addressed in the
following text.

DMA 2000 REQUIREMENTS — RISK ASSESSMENT - IDENTIFYING HAZARDS
ldentifying Hazards

Requirement 8 201.4(c)(2)(i): [The State risk assessment shall include an] overview of the type of all natural
hazards that can affect the State.

Element
A. Does the new or updated plan provide a description of the type of all natural hazards that can affect the
State? If the hazard identification omits (without explanation) any hazards commonly recognized as threats
to the State, this part of the plan cannot receive a Satisfactory score?
Source: FEMA 2008.

To aid in the identification of hazards and the screening of those considered most likely to
happen and/or most damaging, a database of historical hazard events on Guam was developed
for the 2005 Guam HMP. Where possible, the information listed in Table 5-1 was recorded for
each hazard.

Table 5-1 Guam Historical Hazard Event Database Field

Hazard
Event Date
Event Category and Subcategory
Village/Location Affected
Disaster/Emergency Declared
Declaration Type/No.
Declaration Date
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Table 5-1 Guam Historical Hazard Event Database Field

Hazard
Fatalities
Injuries
Property Damage ($)
Description
Source

The hazard event database was populated in a step-wise manner. The first step was to review
records from HS/OCD, FEMA, and the U.S. Department of Agriculture (USDA) and to identify
and enter the events that were declared a disaster or emergency by one or more of the following:

e Governor of Guam
e President of the United States
e Secretary of the USDA

In the second step, additional events were identified and entered. To limit the number of entries,
the additional events had to meet one or more of the following criteria:

e One or more fatalities

e One or more injuries

e $50,000 or more in damages or

e Significant event, as expressed in historical records or according to defined criteria

The first three criteria are used to screen the large number of hazard event records from the last
20 to 30 years to a manageable number. The fourth criterion enables the inclusion of historic
hazard events, most of which have relatively little specific information but were considered
significant enough to have been noted in the historical records.

A summary of the natural hazards that can affect Guam and the number of reported historical
occurrences are shown in Table 5-2. This table was originally created for the 2005 Guam HMP,
was updated for the 2008 Guam HMP, and is again updated for the 2011 Guam HMP. Efforts
were made to avoid the double-counting of events by aggregating them into a primary hazard
event. For example, a tropical cyclone/typhoon accompanied by severe wind and flooding was
entered only once under tropical cyclone/typhoon, though the multiple subhazards were noted in
the description of the event. Also, information regarding fatalities, injuries, and property damage
was available for only a small proportion of the hazard events. In most cases, this information
should not be considered an accurate representation of the potential damage experienced to date.
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Table 5-2 Summary Historical Record of Hazards on Guam
Historical Records
Number of Records Recorded Damages
Disaster/ Other
Emergency | Significant Further Evaluation/Major
Hazard Declarations Events |Total | Fatalities| Injuries Losses ($) Hazard Category
Coastal Erosion 0 5 5 N/A N/A N/A Coastal Erosion
Dam Failure 0 0 0 0 $0 No further consideration
Disease 0 6 6 4,080 N/A Disease
Drought 0 7 7 0 $0 Drought
$1,000,000 +
Earthquake 1 36 37 0 61 Royal Palm Earthquake
damage
Expansive Soil N/A N/A N/A| N/A N/A N/A No further consideration
Extreme Heat 0 0 0 0 0 $0 No further consideration
Fissure 0 0 0 0 0 $0 No further consideration
Flood 0 8 8 1 1 $6,500,000 Flood
Fog 0 0 0 0 0 $0 No further consideration
Hail 0 0 0 0 0 $0 No further consideration
Hazardous 0 11 | 11| o 0 N/A Hazardous Materials
Materials
High Surf 0 6 0 34 41 $4,000,000 High Surf
Landslide 0 7 7 N/A N/A N/A Slope Failure
Lightning 0 17 16 1 0 $405,000 Lightning
Liquefaction 0 1 1 N/A N/A $8,000,000 Earthquake
Mudslide 0 N/A N/A| N/A N/A N/A Slope Failure
Nuclear Incident 0 0 0 0 0 $0 No further consideration
Post-fire Debris 0 NA |NA| NA | N/A N/A Slope Failure
Salt Spray 0 3 3 N/A N/A N/A Salt Spray
Severe Wind 0 24 24 N/A 3 $775,000 Severe Wind
Sinkholes 0 N/A N/A| N/A N/A N/A Non-Seismic
Subsidence 0 0 0 0 0 $0 No further consideration
Terrorism 0 0 0 0 0 $0 Terrorism
Thunderstorm 0 0 0 0 0 $0 No further consideration
Tornado 0 6 6 0 0 N/A No further consideration
Tsunami 0 12 12 0 0 N/A Tsunami
Transpprtatlon 1 1 2 225 0 N/A Transportation Accident
Accident
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Table 5-2 Summary Historical Record of Hazards on Guam

Historical Records
Number of Records Recorded Damages
Disaster/ Other

Emergency | Significant Further Evaluation/Major

Hazard Declarations Events |Total | Fatalities| Injuries Losses ($) Hazard Category
Tropical Cyclone/ Tropical
Typhoon 11 190 198 86 461 |$2,017,611,796 Cyclone/Typhoon
Volcano 0 0 0 0 0 $0 No further consideration
Wildland Fire 1 5 6 0 1 $250,000 Wildland Fire

Note: “Declarations” refers to Presidentially declared disasters or emergencies. The hazard event database covers the period
1671 to 2010, though approximately 90 percent of the records are from 1970 to the present. Information on fatalities, injuries,
and property damage is available for only a small proportion of the total number of records and should be considered incomplete.

N/A = not available
Sources: FEMA 2011; Guam Power Authority 2011; NWS-WFO 2011; NTSB 2004b; HS/OCD 2003; National Response Center
2011; USGS 2011; NCDC 2011; URS 2011.

During the development of the 2005 Guam HMP, the HMAC and other interested parties
reviewed and screened the hazards identified in Table 5-2 (currently updated to reflect the years
2005 to 2010) based on the following:

e Results of the historical hazard event database

e Expert opinion of the risk presented by the hazards

e Ability to mitigate the hazard through the DMA 2000 process

e The known or expected availability of information on the hazard

The HMAC subsequently decided that the following major hazards should be profiled, each of
which is addressed in detail below (including numerous subhazards):

e Coastal erosion

e Disease

e Drought

e Earthquake (surface fault rupture, liquefaction, and lateral spread)
e Flooding (coastal flooding, riverine flooding, and stormwater runoff)
e Hazardous materials

e High surf

e Lightning

e Non-seismic ground failure (sinkholes)

e Salt spray

e Severe wind

e Slope failure (landslide, mudslide, and post-fire debris flow)

URS 5-4



SECTIONFIVE Risk Assessment

e Terrorism

e Transportation accident
e Tropical cyclone

e Tsunami

e Wildland fire

In February 2008, the HMAC reviewed Table 5-2 and determined that no hazards needed to be
removed and no additional hazards should be added. However, this table has been revisited for
the 2011 Guam HMP update. When deciding whether to include additional hazards in the 2011
Guam HMP, the HMAC thought it important not only to address hazards that have created major
issues to date, but also to include potential hazards (i.e., hazards that can be foreseen as
becoming issues in the future). The added hazards are non-seismic ground failure hazards
(sinkholes), slope failure (non-seismic landslide, mudslide, and post-fire debris flow), and
terrorism. Through additional discussion, the HMAC also decided to reclassify some subhazards
as major hazards. The following hazards were profiled in previous plans as subhazards, but are
profiled as major hazards in the 2011 Guam HMP: coastal erosion, flooding, high surf, salt
spray, severe wind, and tsunami. Also, what was previously labeled as seismic hazard is now
titled earthquake and includes surface fault rupture, liquefaction, and lateral spread.

53 HAZARD PROFILES

The DMA 2000 profiling hazard requirements are shown below and addressed in the following
text.

DMA 2000 REQUIREMENTS — RISK ASSESSMENT - PROFILING HAZARDS
Profiling Hazards

Requirement § 201.4(c)(2)(i): [The State risk assessment shall include an overview of the] location of all natural
hazards that can affect the State, including information on previous occurrences of hazard events, as well as the
probability of future hazard events, using maps where appropriate.

Element
A. Does the risk assessment identify the location (i.e., geographic area affected) of each natural hazard
addressed in the new or updated plan?
B. Does the new or updated plan provide information on previous occurrences of each hazard addressed in
the plan?
C. Does the new or updated plan include the probability of future events (i.e., chance of occurrence) for each
hazard addressed in the plan?
Source: FEMA 2008.

The hazards selected for profiling were analyzed in 2004-2005, updated in 2008, and are again
updated in 2011; each hazard was analyzed in a methodical manner based on the following four
categories: nature, location, previous occurrences, and probability of future events.
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5.3.1 Coastal Erosion

Nature

Coastal erosion can be described as the horizontal retreat of the shoreline. It is a part of a larger
process of shoreline change that includes erosion and accretion, except along coastal cliffs.
Coastal erosion is the movement of sediment from the shoreline into the ocean. Accretion is the
movement of sediment onto a shoreline from the ocean. Many shorelines experience both erosion
and accretion. If a balance of these two processes occurs, the shoreline is considered to be stable.
Coastal cliffs generally erode in the form of a landslide into the ocean. Coastal cliffs cannot
experience accretion.

Due to the potential cycles of erosion and accretion, coastal erosion is generally quantified over
several years. Coastal erosion is measured as a rate, expressed either as a linear length of retreat
compared to time or as a volumetric loss compared to time.

Coastal erosion on Guam can be caused by winds; ocean currents; storm surges; high surf;
seismic activity; changes in the geometry of tidal inlets, river outlets, and bay entrances; man-
made structures and human activities, such as shore protection structures and dredging; and/or
local scour around structures. La Nina and EI Nino events also contribute, with EI Nino causing
lower sea levels but increased tropical cyclone activity, while La Nina causes less tropical
cyclone activity, but higher background sea levels. In addition, sea-level rise has an effect on
coastal erosion. Sea-level appears to have risen about 8 inches over the last century, with greater
rises over the last two decades.

Human-built structures, such as properly engineered shore protection structures, can decrease the
rate of coastal erosion. Areas that are exposed to prevalent winds and open ocean waves often
have a higher potential to experience heavy coastal erosion than sheltered areas. The erosion of
coastal cliffs can threaten the safety of land uses at the top of the cliffs. Coastal erosion can lead
to sediment transport onto nearby reefs, which can lead to the decline of the health of these reefs.

Location

The entire coastline of Guam has the potential for coastal erosion hazards. The western coast of
Guam has experienced the most coastal erosion to date due to tropical cyclones and monsoon
surges that have produced high waves.

Previous Occurrences

No disaster has been declared on Guam due to coastal erosion. No comprehensive documentation
is available regarding coastal erosion on Guam, and damage estimates due to coastal erosion
have never been specifically reported. As illustrated by the above discussion of the causes of
coastal erosion, coastal erosion is almost always associated with another hazard. Many large
tropical cyclones have made landfall on Guam or have come close to making landfall. These
storms all have resulted in storm surges, high surf, and high winds, all of which are key causes of
coastal erosion. However, available historical records describe coastal erosion occurrences for
only a few storms. Therefore, it is probable that incidences that have caused coastal erosion have
been severely underreported.

Typhoon Andy in 1982, Typhoon Dale in 1996, Typhoon Halong in 2002, and Super Typhoon
Pongsona in 2002 were all documented to have caused coastal erosion. No specific details are
available about the locations of coastal erosion for Typhoon Andy. Typhoon Dale contributed to
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high surf for several days, resulting in large areas of coastal erosion along beaches on the eastern
side of the island. The high surf and storm surge caused by Typhoon Halong led to erosion along
the island’s southeast shorelines. Super Typhoon Pongsona caused coastal erosion on the western
side of the island, which washed out a few stretches of road and blocked several stretches of road
with rubble and sand.

Probability of Future Events

Because various factors contribute to coastal erosion events and given the general lack of data
regarding erosion rates, the return rate for coastal erosion is unknown. However, high surf and
storm surge caused by tropical storms and typhoons can result in coastal erosion. On average,
three tropical storms and one typhoon pass within 180 nautical miles of Guam each year.

5.3.2 Disease

Nature

A disease is a pathological (unhealthy or ill) condition of a living organism or part of the
organism that is characterized by an identifiable group of symptoms or signs. Disease can affect
any living organism, including people, animals, and plants. Disease affects people, animals, and
plants both directly (through infection) and indirectly (through secondary effects). Some diseases
can directly affect both people and animals. For this risk assessment, the major concern with
respect to disease is an epidemic, a disease that affects numerous people, animals, or plants at
one time.

Epidemics are generally identified by the infectious diseases involved. Infectious diseases are
caused by the entry and growth of microorganisms within another living organism. Most, but not
all, infectious diseases are contagious, that is, communicable to an organism through (1) direct or
indirect contact with another organism infected with the disease, (2) something the organism has
touched that contains the disease, or (3) another medium containing the disease (e.g., water or
air).

Infectious diseases are the leading cause of death in humans worldwide and the third leading
cause of death in humans in the U.S. A report from the Institute of Medicine titled Microbial
Threats to Health: Emergence, Detection, and Response notes that the impact of infectious
diseases on the U.S. has grown in the last 10 years and that the public health and medical
communities remain inadequately prepared.

The Centers for Disease Control and Prevention (CDC) has established a list of over 50
nationally notifiable diseases. A notifiable disease is one that, when diagnosed, health providers
are required to report to state or local public health officials. Notifiable diseases are those of
public interest by reason of their contagiousness, severity, or frequency. The long list includes
such diseases as the following: AIDS; anthrax; botulism; cholera; diphtheria; encephalitis;
gonorrhea; hantavirus pulmonary syndrome; hepatitis (A, B, C); HIV (pediatric); Legionellosis;
Lyme disease; malaria; measles; mumps; plague; polio (paralytic); rabies (animal and human);
Rocky Mountain spotted fever; rubella (also congenital); salmonellosis; SARS; streptococcal
disease (Group A); streptococcal toxic-shock syndrome; Streptococcus pneumoniae (drug
resistant); syphilis (also congenital); tetanus; toxic-shock syndrome; trichinosis, tuberculosis,
typhoid fever; and yellow fever.
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In addition to diseases that occur only in humans, there also is significant concern about diseases
that affect both humans and animals, known as zoonotic diseases. Approximately 40 zoonotic
diseases are known to exist, including rabies, tuberculosis and brucellosis, trichinosis, ringworm,
giardiasis, and Lyme disease.

In Guam, the Department of Public Health and Social Services (DPHSS) seeks to prevent
infectious diseases from entering the island and to control those that are endemic or have already
entered. Of particular concern to DPHSS are new pandemic diseases, such as SARS, new strains
of HIV, new influenza strains, botulism, and bio-terrorism incidents such as anthrax, small pox,
or chemical attacks of sarin or VX gas. DPHSS monitors and controls more than 70 infectious
diseases of public health concern such as measles, rubella, pertussis, hepatitis B, and various
gastrointestinal diseases.

Diseases affecting animals and plants, particularly livestock and agricultural products, are also of
major concern. According to the National Animal Health Emergency Management System, an
animal health emergency is defined as the appearance of disease with the potential for a sudden
negative impact through direct impact on productivity, real or perceived risk to public health, or
real or perceived risk to a foreign country that imports livestock and agricultural products from
the United States.

A division of the USDA, the Animal and Plant Health Inspection Service (APHIS), is
responsible for protecting and promoting U.S. agricultural health, administering the Animal
Welfare Act, and carrying out wildlife damage management activities. Major programs within
APHIS relating to disease are Veterinary Services (VS) and Plant Protection and Quarantine.
Both types of programs are discussed below.

VS protects and improves the health, quality, and marketability of animals, animal products, and
veterinary biologics by (1) preventing, controlling, and/or eliminating animal diseases and (2)
monitoring and promoting animal health and productivity. Among other activities, VS conducts
surveillance on national animal diseases, foreign animal diseases, emerging animal diseases, and
invasive plant species. Most VS efforts are targeted at diseases on the Organization
Internationale des Epizooties (OIE) disease list.

The Plant Protection and Quarantine program, also located within USDA’s APHIS, safeguards
agriculture and natural resources from the risks associated with the entry, establishment, or
spread of animal and plant pests and noxious weeds. Several thousand foreign plant and animal
species have become established in the U.S. over the past 200 years, with approximately one in
seven becoming invasive. An invasive species is an alien (i.e., nonnative) species whose
introduction causes, or is likely to cause, economic or environmental harm or harm to human
health. Invasive plants, animals, and pathogens have often reduced the economic productivity
and ecological integrity of agriculture, forestry, and other natural resources of the United States.

Invasive species on Guam have severely impacted natural and environmental resources.
Common vertebrate invasive species in Guam include the brown tree snake and the musk shrew.
Numerous invertebrate invasive species, such as the giant African land snail, predatory flatworm
Platydemus manokwari, cycad Aulocapsis scale, and coconut rhinoceros beetle (CRB), have
recently become established in Guam.

The Guam Department of Agriculture is primarily concerned with plant, livestock, and wild
animal diseases and infections. The OIE develops standards and guidelines for use in protecting
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against incursions of diseases or pathogens during trade in animals and animal products. The
concern is with both animal-to-animal diseases as well as diseases transmitted from animals or
arthropod vectors to humans.

Many other hazards, such as floods, earthquakes, or droughts, can create conditions that
significantly increase the frequency and severity of diseases. These other hazards can affect basic
services (e.g., water supply and water quality, wastewater disposal, and electricity), the supply
and quality of food, and the capacity of both the public health and the agricultural health system,
which can lead to concentrations of diseases and, potentially, large losses of life and economic

value.

Since the anthrax attacks that occurred after the attacks of September 11, 2001, the possibility
that diseases might be used against humans, animals, or plants has become a growing concern,
especially for diseases capable of disrupting the human or animal food chain.

Location
All of Guam and the people residing in Guam are susceptible to diseases. Table 5-3 presents a

detailed breakdown of several of the recent (2009) larger disease outbreaks by village.
Specifically, the table shows the village of the civilian residences that were infected,
distinguishes infected persons as civilian or military, identifies imported cases, and shows the
recorded case rate per 100,000 persons for each disease.

As expected, the more highly populated villages, such as Dededo, Yigo, and Tamuning, have
some of the highest number of cases when the village of residence is known. One thing to note is
that the relatively highly populated village of Mangilao has relatively lower numbers of cases
than villages with smaller populations, such as Santa Rita and Barrigada. The military has
relatively large numbers of cases for some of the more highly communicable diseases that cannot
be vaccinated against, such as chlamydia and strep throat.

Table 5-3 Annual Summary of Notifiable Disease Reports by Residence of Patient on

Guam, 2009
Disease
2 5
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Agana Heights 10 4 0 0 8 0 1 0 2 0 0
Agat 17 13 3 5 5 0 12 0 19 0 11
Asan/Maina 3 3 0 0 2 0 1 0 3 0 0
Barrigada 40 36 1 6 3 0 40 0 29 0 10
Chalan Pago-Ordot 7 3 2 2 7 0 5 1 1 0 2
Dededo 115 49 10 8 42 0 28 2 21 6 30
Hagatna 11 35 2 13 5 0 30 0 18 0 0
Inarajan 4 18 1 0 4 0 4 0 2 0 1
Mangilao 48 32 10 5 18 0 7 0 6 0 5
Merizo 5 14 0 1 0 0 8 1 4 0 2
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Table 5-3 Annual Summary of Notifiable Disease Reports by Residence of Patient on

Guam, 2009
Disease
2 5
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Village &) S| 8§ |TslE2 3| 552 § |1 8| a| £
Mong/Toto/Maite 32 14 1 0 8 0 1 0 2 0 5
Piti 3 2 0 1 1 0 0 0 0 0 0
Santa Rita 5 35 0 3 19 0 16 0 23 0 2
Sinajana 6 4 1 1 2 0 2 0 2 0 2
Talofofo 12 14 1 0 5 0 2 0 1 0 0
Tamuning 63 19 5 5 22 0 27 0 12 1 12
Umatac 3 8 0 0 1 0 1 0 1 0 1
Yigo 39 57 6 9 36 0 55 1 17 0 17
Yona 45 18 4 1 6 1 1 0 7 0 2
Civilian unknown 91 52 4 52 76 0 88 6 146 0 0
Civilian Subtotal 559 430 51 112 270 1 329 11 316 1 102
Military Subtotal 96 25 10 0 66 0 11 0 9 0 0
Imported Cases 0 3 0 1 1 0 4 0 0 0 0
Total 655 458 61 113 337 0 344 11 325 1 102
Infection E:::oﬂzr 100,000 3674 | 256.9 | 34.2 | 211 [328.7| 0.0 | 1930 | 6.2 | 1833 | 5.9 | 572

Source: DPHSS 2011.

Previous Occurrences

Guam has historically suffered from many large outbreaks of diseases. The first recorded disease
outbreak on Guam was an influenza epidemic in 1688. In 1856, a smallpox epidemic was
recorded that resulted in 3,463 deaths and left only 4,724 residents on the island after the 9-
month epidemic. Bacillary dysentery caused 147 deaths from 1924 to 1925. Between 1932 and
1938, measles and whooping cough caused a total of 468 deaths. Several Salmonella outbreaks
occurred in the early 1980s, with 203 recorded cases in 1981 and 251 cases in 1984. The village
of Inarajan experienced an isolated epidemic of shigellosis, which is an infection of the small
intestine associated with poor sanitation, inadequate water supplies, contaminated food, crowded
living conditions, and fly-infested environments in 1984, with 90 recorded cases and 2 deaths.

More recently, a large outbreak of measles occurred in 1994, when 228 cases were reported. All
of these cases occurred between February and June. Ninety of the cases occurred in children that
were less than 1 year of age and 70.6 percent occurred in children between 1 and 5 years of age.
Of the 228 cases, 133 (58 percent) occurred among patients who were Chamorros (an ethnic
group native to Guam), 45 (20 percent) occurred among persons from the Chuuk State of the
Federated States of Micronesia, and 29 (13 percent) among Filipinos.

Many of the diseases with large numbers of infections are relatively common illnesses that are
easily communicable, like influenza, strep throat, and sexually transmitted diseases. There are,
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however, some particular epidemics noted in Table 5-4. In 2006 there were two large outbreaks
of food poisoning. The first included a number of students who ate lunch prepared by their

elementary school and the second affected a number of Japanese tourists who had eaten at a
number of regulated establishments. In 2007 there was a jump in the reported cases for both
invasive strep disease and tuberculosis. 14 cases of invasive strep disease were reported in 2007,
which is the highest number of cases seen since data collection for this condition was initiated in
1993. In 2007 Guam also experienced the most new cases of tuberculosis reported since 1997,
reaching a high of 92 reported cases. This represents a rate of 53 new cases of tuberculosis per
100,000 population, which was 12 times the 2007 U.S. rate. 2007 also saw an extreme increase
in the number of the reported influenza cases, at the time this was the highest number of reported
cases since 1996, 82.5 percent of which were reported during the months of September through
November. However, a second wave of “seasonal” influenza occurred in 2009, when 337 cases
were reported, marking a new high.

The first case of brucellosis since 1991 was also reported in 2009. As shown in Table 5-4, many
small outbreaks of diseases have occurred in that 10 year period. Many of these outbreaks are
imported to Guam by temporary travelers who spread their infection on the island and leave
without being detected. For instance, the 9 measles cases in 2002 were linked by the CDC to a
Japanese tourist who had previously caused a measles outbreak in Palau. Also, in 1992 and 1993
several cases of malaria and typhoid fever were brought to the island from other countries. Three
cases of dengue fever were reported in Guam in a 3-week period during February 2008; two
cases were contracted in the Philippines and one case was contracted in Bali, Indonesia.
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Table 5-4 Summary of Annual Notifiable Disease Reports on Guam, 2000-2009
Disease 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
AIDS 1 9(1%) 4 9 0 3 0 4 6 2
Amebiasis 1 0 0 2 0 0 0 0 0 1
Brucellosis 0 1 0 0 0 0 0 0 0 1
Campylobacteriosis 13 10 18 33 29 16 21 14 8 7
Chickenpox 297 63 68(2*%) 153 273 445 292 239 95 32
Chlamydia 498 404(1*) 628 598 803 859 859 822 690 655
Cholera 4(1%) 0 0 0 0 3 1 0 0 0
Conjunctivitis 482 159 105 125 171 240 212 721 420 458
Dengue 2* 0 0 1* 1* 0 3* 3* 6* 0
Fish poisoning (Ciguatera) 7 5 5 4 0 4 4 2 3 0
Fish poisoning (Scombroid) 6 3 15 8 7 5 5 4 2 0
Food poisoning 50 24 53(4*) 64 47 50 209 35 18 27
Giardiasis 17 9 7 2 5 11 5 2 0 3
Gonorrhea 57 49(1%) 48 68 125 111 98 142 113 61
Hansen’s disease 3 9 5 11 2 2 3 7 1 6
Hepatitis A 1 2 1 2 1 2 1 0 7 7
Hepatitis B 10 2 1 10 12 18 4 3 20 57
Hepatitis C 3(1%) 0 0 5 9 8 0 1 10 49
Herpes simplex, Type 2 28 27 7 19 29 14 16 10 26 11
HIV 7 28(20%) 4 2 2 7 3 6 5 4
Influenza and Flu syndrome 28 31 43 49 29 27 20 194 45 337
Legionellosis 0 0 0 1 0 0 0 0 0 0
Leptospirosis 4 1 1* 3 7 1 1 1 1 1
Malaria 2* 1* 0 1* 0 0 3* 1* 4* 0
Measles 0 0 9 5 3(1*%)0 0 0 0 0 0
Meningitis, Aseptic 2 0 2 0 13 4 1 4 8 0
Meningitis, other 1 0 0 2 5 4 1* 2 2 2
Meningococcal disease 2 0 1 0 1 1 1 0 0 1
MRSA 185(4%*) 101 179(2%) 212 215 262 301 218 252 344
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Table 5-4 Summary of Annual Notifiable Disease Reports on Guam, 2000-2009
Disease 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Mumps 16 0 0 3 4 3 1* 6 3 0
Pertussis 4 0 3 1 0 2 64 0 0 2
Rheumatic fever (acute) 1 2 8 4 9 6 1 3 3 0
Rubella 0 0 0 1 1 0 0 1 0
Salmonellosis 28(1%) 57(1%) 46 44 50 46 38 20 23 11
Scabies 153 87 75 25 7 45 31 19 11 2
Scarlet Fever 18 13 9 13 5 13 18 11 5 2
Shigellosis 46 53 37 41 42 20 18 19 20 13
Strep disease, invasive 8 1 0 0 1 4 2 14 12 15
Streptococcal Sore Throat 533 247(1%) 165 216 202 567 781 466 472 325
Syphilis, Infectious 3 11 6 1 2 3 3 38** 5 2
Syphilis, Congenital 0 1 0 2 0 1 1 2 0 0
Toxoplasmosis 0 1 0 1 1 0 1 0 0 0
TB, Pulmonary 53 63(2*) 61 53 45 63 46 89 81 102%*
TB, Extra-pulmonary 1 0 4 8 11 10 6 3 8
Typhoid Fever 0 3* 0 0 1 1* 0 0 0 0
Vancomycin resis. Enterococcus 10 1 7 3 9 17 16 8 15 12
Vibrio cholerae Non-O1 2 0 1 0 1 1 0 1 0 0
Vibrio parahaemolyticus 7 4 9 4 63 3 3 1 2 1
Vibrio vulnificus 0 0 1* 0 0 0 1 N/A 1 1
* = disease contracted off-island.
** = all stages of syphilis, for 2007 infectious cases of syphilis was not reported
*** = Tuberculosis (pulmonary and extra-pulmonary, a distinction between the two was not made in 2009)
Source: DPHSS 2011.
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Several cases of zoonotic diseases have been documented on Guam. In 1967 a rabies incident
affected 89 animals over a 7-month period. No human infections were reported, but the control
measures employed resulted in the elimination of 13,406 dogs on Guam. In the nine-year period
of 2000 to 2009, 21 people contracted leptospirosis. Cases have been reported in reference to the
Cross-Island Road area, Sigua Falls and Talofofo River. Leptospirosis is a disease caused by
exposure to bacteria that can be found in freshwater contaminated by animal urine.

No data are readily available regarding animal disease outbreaks on Guam. However, Guam has
experienced large, adverse effects from invasive animal species. The brown treesnake on Guam
is often considered an example of how a nonnative species can proliferate and destroy the
ecology of an area. This animal is presumed to be responsible for the extinction of several
endemic bird and lizard species on Guam and is also responsible for millions of dollars in
damage each year by causing power failures throughout Guam. Some of the other large pests
introduced to Guam from outside are water buffalo, feral pigs, and deer. The large African land
snail and a species of flatworm that was introduced to reduce the population of this snail are both
considered invasive pests on Guam. In December 2003, a nonnative insect known as cycad
Aulocapsis scale was detected in Guam on an ornamental cycad (a palm-like tree). Over the next
2 years it spread throughout the northern two-thirds of Guam, infesting and killing both
ornamental and indigenous cycads. Cycas micronesica, the indigenous cycad unique to
Micronesia, seems particularly susceptible, with mortality rates of 100 percent in infested areas
and causing it to be added to the Red List of Threatened Species maintained by the International
Union for the Conservation of Nature and Natural Resources.

In Fall 2007, the CRB was first detected on Guam at Tumon Bay. This large scarab beetle poses
a serious threat to palm trees; adult beetles bore deep into the crowns of coconuts and other
palms to feed on sap. Trees are killed when beetles bore through the meristematic tissue and by
secondary infection by pathogens. The dead trees then provide breeding sites for future
generations of CRBs. An eradication program was implemented, by the Guam Department of
Agriculture and the United States Department of Agriculture Animal and Plant Health Inspection
Services, which established a quarantine area covering over 28,000 acres. As of March 2011, the
largest number of CRBs have been caught in Asan, portions of Piti and Yona, Tamuning, and
Southern Dededo.

Probability of Future Events

The probability of a disease, particularly an epidemic, occurring on Guam is difficult to evaluate
due to the wide variation in disease characteristics, including variation in the rates of spread,
morbidity, and mortality; detection and response time; and the availability of vaccines and other
forms of prevention. A review of the historical record (as described above) indicates that disease-
related disasters have occurred in humans with some regularity and occasional severity. For
example, MRSA appears to have affected approximately 250 people on Guam annually, while
Leptospirosis in most years only affected one person per year. Due to a lack of historical
information, it is difficult to make a similar conclusion for animals and plants. Today, concern is
also growing about emerging infectious diseases and the possibility of a bioterrorism attack,
although the probability and magnitude of such events cannot be predicted.
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5.3.3 Drought

Nature

Drought is a normal part of virtually every climate on the planet, including areas of both high
and low rainfall. Drought is different from normal aridity, which is a permanent characteristic of
the climate in areas of low rainfall. Drought is the result of a natural decline in the expected
precipitation over an extended period of time, typically one or more seasons. The severity of a
drought can be aggravated by other climatic factors, such as prolonged high winds and low
relative humidity.

Drought is a complex natural hazard. This complexity is reflected in the following four
definitions commonly used to describe it:

e Meteorological drought is defined solely on the degree of dryness, expressed as a departure
of actual precipitation from an expected average or normal amount based on monthly,
seasonal, or annual time scales.

e Hydrological drought is related to the effects of precipitation shortfalls on stream flows and
reservoir, lake, and groundwater levels.

e Agricultural drought is defined principally in terms of soil moisture deficiencies relative to
water demands of plant life, usually crops.

e Socioeconomic drought associates the supply and demand of economic goods or services
with elements of meteorological, hydrologic, and agricultural drought. Socioeconomic
drought occurs when the demand for water exceeds the supply as a result of weather-related
supply shortfall. This type of drought is also called a water management drought.

A drought’s severity depends on numerous factors, including duration, intensity, geographic
extent, the regional water supply capacity/resources, and the demands of humans and vegetation.
Due to its multidimensional nature, drought is difficult to define and poses difficulties in terms of
comprehensive risk assessments.

Drought differs from other natural hazards in three ways. First, the onset and end of a drought
are difficult to determine due to the slow accumulation and lingering effects of an event after its
apparent end. Second, the lack of an exact and universally accepted definition of drought adds to
the confusion about its existence and severity. Third, in contrast to other natural hazards, the
impact of drought is not always obvious and may be spread over a large geographic area. These
characteristics hinder the preparation of drought contingency or mitigation plans by many
governments.

Drought can cause a shortage of water for human and industrial consumption, hydroelectric
power, recreation, and navigation. Water quality can also decline, and the number and severity of
wildland fires can increase. A severe drought can result in the loss of agricultural crops and
forest products, undernourished wildlife and livestock, lower land values, and higher
unemployment.

Location
The entire island is susceptible to drought.
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Previous Occurrences

Droughts that the Government of Guam has recognized as immediately following an El Nifio
cycle occurred in 1983, 1987, 1993, 1998, 2006 and 2010. In addition, a review of the monthly
rainfall data from the Western Regional Climate Center for the weather station at Tiyan indicated
that meteorological droughts may also have occurred in 1950/1951/1952/1953, 1959, 1965/1966,
1973, and 1975.

Probability of Future Events

Scientific studies of Guam’s climate have shown that droughts on Guam typically follow a
moderate or strong El Nifio event. Generally, the intensity of a drought that occurs in the year
after an El Nifio event in the western North Pacific Ocean is directly proportional to the strength
of the El Nifio event. Weak EI Nifio events tend to occur every 3-5 years; moderate events every
7-10 years; and strong events every 20-30 years.

5.3.4 Earthquake

Nature

An earthquake is a sudden motion or trembling caused by a release of strain accumulated within
or along the edge of the earth’s tectonic plates. The effects of an earthquake can be felt far
beyond the site of its occurrence. Earthquakes usually occur without warning and, after just a
few seconds, can cause massive damage and extensive casualties. The most common effect of
earthquakes is ground motion, or the vibration or shaking of the ground during an earthquake.

Ground motion generally increases with the amount of energy released and decreases with
distance from the fault or epicenter of the earthquake. It causes waves in the earth’s interior, also
known as seismic waves, and along the earth’s surface, known as surface waves. Two kinds of
seismic waves occur: P (primary) waves are longitudinal or compressional waves similar in
character to sound waves that cause back-and-forth oscillation along the direction of travel
(vertical motion), and S (secondary) waves, also known as shear waves, are slower than P waves
and cause structures to vibrate from side to side (horizontal motion). Also two kinds of surface
waves occur: Raleigh waves and Love waves. These waves travel more slowly and typically are
significantly less damaging than seismic waves.

In addition to ground motion, several secondary natural hazards can occur from earthquakes.
Surface fault rupture, liquefaction, and lateral spread are addressed within this section. Landslide
is addressed in Section 5.3.12 (Slope Failure) and tsunamis are addressed in Section 5.3.16
(Tsunami).

e Surface Fault Rupture is the differential movement of two sides of a fault at the earth’s
surface. Displacement along faults, both in terms of length and width, varies but can be
significant (e.g., up to 20 feet in width and 200 miles in length). Surface faulting can cause
severe damage to linear structures, including railways, highways, pipelines, and tunnels.

e Liquefaction occurs when seismic waves pass through saturated granular soil, distorting its
granular structure, and causing some of the empty spaces between granules to collapse. Pore
water pressure may also increase sufficiently to cause the soil to behave like a fluid for a
brief period and cause deformations. Liquefaction causes lateral spreads (horizontal
movements of commonly 10 to 15 feet, but up to 100 feet), flow failures (massive flows of
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soil, typically hundreds of feet, but up to 12 miles), and loss of bearing strength (soil
deformations causing structures to settle or tip). Liquefaction can cause severe damage to

property.

e Lateral Spreads are a type of landslide, but are distinctive because they usually occur on
very gentle slopes or flat terrain and occur in a rapid fluid-like flow movement, caused by
liquefaction. Ground failure is usually triggered by rapid ground motion, such as that
experienced during an earthquake, but can also be artificially induced. When coherent
material, either bedrock or soil, rests on materials that liquefy, the upper units may undergo
fracturing and extension and may then subside, translate, rotate, disintegrate, or liquefy and
flow. Lateral spreads are almost always discussed in conjunction with liquefaction.

e Landslides occur as a result of horizontal seismic inertia forces induced in the slopes by the
ground shaking. The most common earthquake-induced landslides include shallow, disrupted
landslides such as rock falls, rockslides, and soil slides. Debris flows are created when
surface soil on steep slopes becomes totally saturated with water. Once the soil liquefies, it
loses the ability to hold together and can flow downbhill at very high speeds, taking vegetation
and/or structures with it. Slide risks increase after an earthquake during the wet season.
Landslides are further addressed in Section 5.3.12 (Slope Failure).

e Tsunamis: As an Oceanic Plate is subducted beneath a Continental Plate, it sometimes
brings down the lip of the Continental Plate with it. Eventually, too much stress is put on the
lip and it snaps back, sending shockwaves through the earth’s crust, causing a tremor under
the sea, known as an undersea earthquake. Factors that affect tsunami generation from an
earthquake event include magnitude (generally, a 7.5 magnitude [M] and above), depth of
event (a shallow marine event that displaces the seafloor), and type of earthquake (thrust as
opposed to strike-slip). Tsunamis are further addressed in Section 5.3.16 (Tsunami).

The severity of an earthquake can be expressed in terms of intensity and magnitude. Intensity is
based on the damage and observed effects on people and the natural and built environment. It
varies from place to place depending on the location with respect to the earthquake epicenter,
which is the point on the Earth’s surface that is directly above where the earthquake occurred.
The severity of intensity generally increases with the amount of energy released and decreases
with distance from the fault or epicenter of the earthquake. The scale most often used in the U.S.
to measure intensity is the Modified Mercalli (MM) Intensity Scale. As shown in Table 5-5, the
MM Intensity Scale consists of 12 increasing levels of intensity that range from imperceptible to
catastrophic destruction. Peak ground acceleration (PGA) is also used to measure earthquake
intensity by quantifying how hard the earth shakes in a given location. PGA can be measured in
g, which is vertical acceleration due to gravity.

Magnitude is the measure of the earthquake strength. It is related to the amount of seismic
energy released at the earthquake’s hypocenter, the actual location of the energy released inside
the earth. It is based on the amplitude of the earthquake waves recorded on instruments, known
as the Richter magnitude test scales, which have a common calibration.
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Table 5-5 Magnitude/Intensity/Ground-Shaking Comparisons

Magnitude Intensity PGA (% q) Perceived Shaking

I <0.17 Not Felt
0-43

H-111 017-1.4 Weak

v 1.4-39 Light
43-48

V 39-9.2 Moderate

Vi 9.2-18 Strong
48-6.2

Vil 18-34 Very Strong

Vil 34 - 65 Severe
6.2-73 IX 65-124 Violent

X

XI 124 + Extreme
7.3-89

Xl

Source: USGS 2011.

Location

The entire island of Guam is susceptible to the impact of an earthquake. This susceptibility
reflects the presence of various known surface faults (Figure D-13) and past seismic activity felt
on Guam (Figures D-15 and D-16).

Surface Fault Rupture: The general locations of known surface faults on Guam are shown on
Figure D-13. Figures D-15 and D-16 incorporate the reconnaissance mapping that included a
preliminary assessment of potential seismic activity, but was not field-checked. Both sets of fault
traces are shown on Figure D-13. To account for the uncertainty in the location of surface fault
traces and the width of the deformation zone, the zones that are considered to have a potentially
high surface faulting hazard encompass a 0.18-mile radial buffer (984.25 feet.) surrounding the
faults. As shown on Figure D-13, many locations throughout Guam have surface fault traces.
Approximately, 45.78 square miles of land area, or 21.8 percent of the island, are within the
surface fault hazard zones, meaning that they have a higher threat of surface faulting from a
known surface fault than areas further away from the faults. The known surface faults are
organized into concentrated areas on Guam. A large concentration of faults exists in the
southwestern portion of the island, east of Apra Harbor, and in the northeast part of the island.

Liguefaction and Lateral Spreads: Previous studies have recommended rankings of high,
moderate, and low, for the various areas of Guam that are potentially susceptible to liquefaction.
This ranking is based on geological units and historical observations of each area. High potential
areas contain beach sands, eolian sand, marine deposits, sands, and artificial fill. Areas with a
moderate potential for liquefaction contain alluvial deposits in valleys. Low potential areas
contain lagoon and estuarine deposits. Figure D-14 shows the areas on Guam with high,
moderate, and low potential for liquefaction to occur and the areas where liquefaction has
occurred historically. Since lateral spreads are a result of liquefaction it is assumed that areas
susceptible to lateral spreading correlate with the areas of liquefaction susceptibility.

Based on an analysis of the available geologic data, 2.98 square miles of Guam have a potential
risk for liquefaction or lateral spreading to occur. Areas with a high risk for liquefaction or
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lateral spreading (also shown in Table 5-20) are mainly surrounding Tumon Bay and Apra
Harbor, as much of the area surrounding Apra Harbor contains extensive areas of fill. This area
has exhibited liquefaction and lateral spreading in historical earthquakes. In addition, the larger
river valleys and along the coastlines of Merizo, Inarajan, and Agat are also susceptible to
liquefaction and lateral spread.

The rest of Guam generally has a very low potential for liquefaction or lateral spreading to occur
because the types of shallow material mapped at the surface are not conducive to liquefying.
However, this assessment is limited by the scale and resolution of previous mapping on Guam;
small areas of sediments more susceptible to liquefaction may exist in these very low potential
areas.

Previous Occurrences

The most significant recent earthquake on Guam occurred on August 8, 1993. This M 7.8 event
occurred 31 miles south of Guam at a depth of 37 miles along the Mariana Trench. No consensus
exists as to the source of this earthquake, but evidence from a recent study of aftershocks
suggests that this earthquake was an interplate event (i.e., it occurred between the Pacific plate
and the Philippine Sea plate). Liquefaction and lateral spreading caused major damage to
commercial and naval port facilities. Landslides were predominantly small local slumps and
rockfalls along limestone bluffs. Buildings were damaged or destroyed throughout the island.
The preliminary estimate of damage to commercial buildings was $112 million. No compiled
damage cost is available for this earthquake.

One Presidentially declared earthquake disaster has occurred on Guam. On October 12, 2001, a
M 7.3, maximum MM Intensity VII earthquake struck Guam. This seismic event was believed to
have caused one injury, but no published estimates of total damage are available. According to
the information available, the center of the earthquake was southeast of the initial centerpoint of
the August 1993 series, and the earthquake had the following effects: the power was lost, a new
school in Piti was affected, several schools in the Santa Rita area were affected, many buildings
were damaged, and utilities were disrupted. No other earthquakes associated with damage have
been reported. Information on other significant earthquakes since 1975 is provided in Table 5-6.
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Table 5-6

Recent M 5.7 or Greater Earthquakes Felt on Guam, 1975-2010

Event Date

Description

Magnitude

MM
Intensity

1 Nov 1975

From the same area as the 1936 event. Damage in excess of $1,000,000. No
landslides were noted. This quake was 70 miles deep and was preceded by
loud subterranean noises. Many businesses lost stock from shelves, and a
number of structures were damaged; only one injury was reported. The
earthquake was felt strongly in many parts of the island. Epicenter 12.5
miles north of the island

7.1

VI

13 Feb 1983

One person slightly injured at Tamuning. Felt throughout Guam. Epicenter
about 25 miles north of the island. Minor damage reported in northern
Guam.

6.3

5 Apr 1990

Felt on Guam. Also felt on Saipan.

7.3

8 Aug 1993

The most severe examples of ground failure were at the filled area of
Cabras (Piti power plant and commercial port) and at the Navy wharfs
across the harbor. Two cases of building failure in the Tumon area were
noted. Old residential units in the Apra Heights housing area suffered
notable damage and were also razed. No bridge failures occurred but the
Talofofo, Ylig, and Pago bridges required repairs as well as the utilities
along the bridges. Forty-eight people injured on Guam. Extensive damage
(1X) to hotels in the Tumon Bay area. Damage (VI1I) occurred at several
locations in the northern half of the island. One end of the approach to a
bridge at Pago Bay fell more than 18 inches. Many landslides and
rockslides were reported, mainly in the southern half of the island. The
preliminary estimate of loss from damage to commercial buildings is placed
at $112 million and loss from damage to private residences is estimated at
several million dollars.

7.8

23 Apr 1997

Two separate earthquakes occurred from the fault plane of the August 1993
series. Four people injured and some damage to buildings on Guam. Felt
(V1) at Inarajan, Merizo, and Yona; (V1) in central Guam; (IV) at Dededo
and Yigo. A M 5.7 earthquake was followed 5 seconds later by a M 6.3
earthquake (not an aftershock). Centered about 27 miles west of Rota.
Originated at a depth of 65 miles.

5.7;6.3

Vil

12 Oct 2001

Southeast of the initial shock of the August 1993 series. Power was lost.
The new school in Piti (on alluvial clay) was most conspicuously affected
as well as schools in the Santa Rita area. One person injured, many
buildings damaged (V11) and utilities disrupted on Guam.

7.3

VIl

26 Apr 2002

Northwest of the August 1993 initial shock. Power was lost through most
of Guam. At least 5 people slightly injured and some minor damage (V1)
to buildings on Guam. Water and sewer lines broke and power outages
occurred throughout the island.

7.1

Vil

9 May 2008

Felt on Guam, also felt on Saipan. No reports of damage.

6.7

[\

Sources: HS/OCD 2003; EERI 1995; WERI 1998; USGS 1978, 1983, 1993, 1997, 2001, 2002, 2008, 2010; Repetti 1948.

Surface Fault Rupture: Although surface fault ruptures have not been observed historically
along any of the known faults on Guam (Figure D-13), abundant geologic evidence shows that
many faults ruptured prehistorically in the late Quaternary (past 130,000 years) and, thus, have
the potential for surface rupture. This geologic evidence of prehistoric ruptures includes fault
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scarps offsetting limestones that are likely Quaternary or even late Quaternary in age, offsets of
late Quaternary marine terraces, and even offsets of young algal pools.

Liquefaction and Lateral Spreads: The only readily available information on historical
liquefaction and lateral spread events concerns the earthquake that occurred on August 8, 1993.
The areas of historic liquefaction and lateral spread are shown on Figure D-14. The occurrences
were originally documented in the 1995 EERI report on this event. As shown on Figure D-14,
liquefaction and lateral spreading was observed at the following locations:

e In the areas surrounding Apra Harbor and Piti Power Plant, liquefaction occurred where coral
fill material overlies fine-grained lagoonal and estuarine deposits. The groundwater in these
areas was approximately 7 to 8 feet below ground surface. At the commercial port facility,
liquefaction and lateral spreading caused horizontal displacement of up to 24 inches and
crane tracks and bulkheads were warped. Cracks were observed that extended for 200 to 300
feet and were up to 8 feet deep. According to information on the website of the Guam Power
Authority, damage of $8-$10 million occurred at the port

e At the Naval Station port facilities, most of the wharves sustained structural damage from
liquefaction and lateral spreading. The Navy allocated $2.8 million toward initial wharf
repairs, but the estimate for the total cost of the damage was $25.15 million.

e Extensive evidence of liquefaction was observed at the Piti Power Plant. Ground fissures and
sand boils ejected coral sands. Liquefaction caused up to 4 feet of settlement. Although
liquefaction and lateral spreading caused nonstructural damage, no structural damage
occurred to the plant due to liquefaction or lateral spreading.

e Liquefaction was evident near the new courthouse in downtown Agana. This area was
developed with fill material on top of fine-grained Agana marsh sediments. No cost estimate
of the damage to this area is available.

Probability of Future Events

Fault and seismic data for the region in which Guam is located are generally scarce. Guam is in a
remote region of the Pacific Ocean, and the historical seismic catalog for moderate-sized events
is most likely incomplete and the historical record for large events is likely inadequate because
the recurrence intervals for subduction zone earthquakes may be long. However, based on
recorded occurrences from 1975-2011, an earthquake is likely to be felt on Guam every 4-5
years.

The 1999 Global Seismic Hazard Assessment Program (GSHAP) conducted a generalized global
probabilistic seismic hazard analysis that included Guam. GSHAP calculated PGAs with a 10
percent chance of being exceeded in 50 years. Guam lies in the PGA contour range of 0.16g to
0.24g. The GSHAP analysis only considered regional source zones; the potential hazard from the
subduction zone or crustal faults was not included in the analysis.

Surface Fault Rupture: Beyond identifying the general locations of the potentially active fault
traces on Guam, the data available on these faults are not adequate to characterize the faults and
analyze the probability for surface faulting to occur. To fully characterize the hazards from
surface faulting, the exact locations, ages, sense of motion, and dips associated with the faults
need to be researched and identified. However, the approximate locations of many potentially
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active faults have been identified, and these faults do show evidence of movement that is likely
Quaternary or even late Quaternary.

Liguefaction and Lateral Spreads: Specific data, including depth to water table, boring logs,
blow count information, and detailed age data for the geological units, none of which are
available for Guam, are generally used to determine the probability for liquefaction and lateral
spreading to occur. However, as described above, based on recorded occurrences from 1975-
2011, an earthquake is likely to be felt on Guam every 4-5 years. Liquefaction and lateral
spreading on Guam may occur as a result of these earthquake events.

5.3.5 Flooding

Nature

Flooding is one of the most common natural hazards; it occurs whenever rainfall accumulates in
an area faster than it can drain off or can be absorbed by the soil. This accumulation causes an
overflow from a water body onto an adjacent floodplain. However, all floods are not alike, and
different areas are susceptible to different types of flooding. Guam is vulnerable to coastal
flooding, riverine flooding and stormwater runoff, and flash flooding. Flooding on Guam is often
associated with tropical cyclones; this connection is described below, but for further information
specific to tropical cyclones, see Section 5.3.15 (Tropical Cyclone). Severe flooding can also
occur without a tropical cyclone.

Coastal Flooding: Coastal flooding in the western North Pacific Ocean is primarily due to
inundation from ocean water that is associated with storm surges and wind-driven waves. A
storm surge occurs when the seawater surface that is near to or under the eye of an approaching
tropical cyclone is elevated in the shape of a mound. This event occurs because of the extreme
low pressure that exists under and near to the eye of a tropical cyclone. The sea level can be as
much as 5 feet higher than normal during a storm surge. The strong winds associated with a
tropical cyclone produce wind-driven waves that ride on top of the storm surge. With the
addition of an astronomical high tide, incursion of seawater onto a normally dry land area (i.e.,
coastal flooding and inundation) can occur.

When a tropical cyclone passes directly over a small island, the whole shoreline of the island can
be exposed to coastal flooding. Bays, river outlets, and reefs that occur on or close to a coast can
exacerbate coastal flooding. The small size and restricted entrances of some bays can act to focus
and contain the high water associated with storm surges and wind-driven waves. Strong winds
often drive this high water toward the shore; the result can be a coastal flooding event. Raised
sea levels can prevent rivers and streams from draining into the ocean and can cause the water in
the rivers and streams to back up. This backup of water can result in flooding near the outlet of
these waterways.

Generally, reefs have a damping effect on storm surges and wind-driven waves. The shallower
the water over a reef and the wider the reef, the more damping the effects of the reef on a storm
surge and wind-driven waves. Conversely, the deeper the water over the reef and the narrower
the reef, the more coastal inundation and coastal flooding that can occur. Coastal flooding and
inundation are greatest when wind-driven waves riding on top of a storm surge approach a reef in
a perpendicular direction. The force of the incoming storm surge can reduce the normal drainage
of water across a reef and cause water to build up on the inside of a reef. This water buildup can
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lead to increased coastal flooding. A channel in a reef or a location where a reef folds into a
coastline can serve as funnel for large amounts of water to come onto the shore in the form of
large waves. This phenomenon can also result in increased levels of coastal flooding.

Storm surges can also result in coastal flooding in urban areas by causing storm drains to back up
in low-lying areas. When a storm surge elevates the sea water to the same elevation as or above
the elevation of storm drain outlets that drain into the ocean, the storm drains are not able to
drain, and the storm runoff backs up into the storm drains and onto the nearby streets.

Riverine Flooding and Stormwater Runoff: The most common type of flooding is riverine
flooding, also known as overbank flooding, refers to fresh water sources. Riverine floodplains
range from narrow, confined channels in the steep valleys of mountainous and hilly regions to
wide, flat areas in plains and coastal regions. The amount of water in the floodplain is a function
of the size and topography of the contributing watershed, the regional and local climate, and the
land use characteristics of the floodplain. In steep valleys, flooding is usually rapid and deep, but
of short duration, and in flat areas flooding is typically slow, relatively shallow, but can last for
long periods of time.

On Guam, flooding in rivers and streams is typically caused by prolonged periods of rainfall
from tropical cyclones or monsoon surges. These systems can saturate the ground and overload
the rivers and reservoirs in numerous smaller basins that drain into larger rivers. Intense rates of
rainfall (e.g., 1 inch per hour) can lead to flash flooding. Flash flooding is most likely to occur in
valleys in mountainous areas. The northern ecoregion of Guam has essentially no stream
drainages because the area consists primarily of permeable limestone, which results in rapid
infiltration of water even during heavy rainfall. Little or no surface water runoff occurs in this
area. However, the southern ecoregion of Guam has a dense network of streams. This area
consists primarily of volcanic rocks, which have limited infiltration capacities.

Heavy rainfall and the associated flooding can cause large amounts of soil and debris to enter
into rivers. Debris can also enter rivers if it has been blown there by severe winds (see Section
5.3.11 [Severe Wind]). Debris that becomes a part of floodwaters can cause damage to the
culverts and bridges that floodwaters are either flooding through or around. This type of debris
can completely dam bridges, culverts, and other drainages and cause floodwaters to bypass these
structures and enter into areas that typically do not receive floodwaters. The dammed drainages
can suddenly give way and cause flash-flood conditions farther downstream. In addition, large
amounts of soil and debris can become deposited on the reefs surrounding tropical islands. This
deposition of silt and debris is highly detrimental to the health of the coral polyps that create and
maintain the reefs.

Although heavy rainfall events associated with tropical cyclones, particularly typhoons, and
monsoon surges are well documented and acknowledged as a major hazard, Guam also
experiences heavy rainfall events that are not associated with tropical cyclones or monsoons.
These events result in significant stormwater runoff that may overwhelm local stormwater
systems and local river and stream systems, if any, and cause localized flooding. Although this
type of flooding is recognized as a hazard, the areas subject to this type of subhazard have not
been well documented to date and are not identified on FIRMs because these events are typically
relatively small in size and extent.

Flooding due to stormwater runoff or street flooding often occurs when storm drains cannot
convey the amount of water that could flow through them. This hazard can be due to high rates
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of rainfall, inadequate drainage design, storm surges, and/or debris blocking the storm drain
conveyances. As the amount of paved surface increases in Guam due to the growth of urban
areas, the amount of stormwater runoff can increase. This increase, when combined with
inadequate stormwater runoff conveyances, can lead increased flooding.

Seismic forces and heavy rainfall generally propagate slope failure on Guam. Seismic forces tend
to destabilize slopes and heavy rainfall can saturate the destabilized slopes and dislodge loose
rocks. (A detailed discussion of slope failure is provided in Section 5.3.12 [Slope Failure].)
These events can result in rockslides, mudflows, and debris flows. These hazards can further
exacerbate floods or result in the changing of floodplains.

Flash Flooding: A flash flood, also a fresh water source, is the fastest-moving type of flood,; this
hazard can fill a normally calm area with a rushing current in a relatively small amount of time.
Flash floods in Guam are caused by heavy rain that is often, but not always, associated with a
tropical cyclone. Flash floods occur when water falls too quickly on saturated soil or dry soil that
has poor absorption ability. This water cannot be absorbed into the soil and therefore flows
elsewhere.

The main defining characteristic of a flash flood is the timescale in which it develops; a flash
flood generally develops in less than 6 hours. Flash flood waters also move at very fast speeds
and have the power to move boulders, tear out trees, and destroy both buildings and
transportation infrastructure. During a flash flood, walls of water can reach heights of 10 to

20 feet. This combination of power and suddenness makes flash floods particularly dangerous.

Heavy persistent rainfall on Guam is more often associated with slow-moving tropical cyclones
than with fast-moving storms of comparable intensity. Many of the rain events on Guam occur
from storms that are of less-than-typhoon intensity. The heaviest rains in typhoons occur in a
concentrated area near the eye. Therefore, a typhoon needs to pass relatively close to an area for
the area to receive the heaviest rains of the typhoon. Weaker storms are less organized than a
typhoon, but heavy rains can extend farther from the center and can therefore have a broader
sweep of heavy squalls than a typhoon. Monsoon surges can combine or continually feed
moisture into a tropical cyclone.

Rainfall is generally higher in mountainous areas than over flat terrain. For this reason, flash
floods are generally constrained to the southern half of the island of Guam. Flash floods can
occur when heavy rain (e.g., 2 inches per hour) falls for 1 hour or less heavy rain (e.g., 1 inch per
hour) falls for more 2 or more hours in mountainous areas. Even rainfall of 1 inch per hour for

1 hour or heavier rates of rainfall for shorter periods can cause drainage systems to overflow and
force manhole covers to pop up, a hazard to both vehicles and pedestrians.

Location
Coastal Flooding: As shown on Figure D-17, the entire coast of Guam is susceptible to coastal
flooding, and Apra Harbor is particularly susceptible.

Riverine Flooding and Stormwater Runoff: As shown on Figure D-17, riverine flooding
generally occurs in the southern portion of Guam, near the villages of Agat, Santa Rita, and
Talofofo. Although stormwater runoff is recognized as a hazard, the areas subject to this type of
subhazard have not been well documented to date and are not identified on FIRMs because these
events are typically relatively small in size and extent.
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Flash Flooding: WERI has reported that flash floods occur in the mountainous areas of Guam,
but no comprehensive data are available on the locations of past occurrences of flash flooding on
Guam.

Previous Occurrences

Coastal Flooding: Although previous occurrences of this hazard are not well documented,
coastal flooding has been a significant and recurring hazard on Guam. The combination of heavy
rains, storm surges, the presence of developed urban areas at low elevations along the coast, reef
structure, and small bay entrances has produced frequent coastal flooding during tropical
cyclones.

Table 5-7 shows the major typhoons that passed over Guam from 1950 to 2010, with their
modeled wave heights. The coastal inundation from Super Typhoon Yuri in November 1991,
Typhoon Omar in August 1992, Typhoon Gay in November 1992, and Super Typhoon Pongsona
in December 2002 has been well documented. Typhoon Omar and Typhoon Gay caused coastal
inundation of 9 and 11 feet, respectively, above mean high tide in areas that were (and still are)
developed at low elevations along the western coast. Super Typhoon Yuri caused near-historic
inundation on Guam’s eastern coast from Pago Bay at the northern end to the Saluglula Pools
and the Tipoco Cemetery in Inarajan at the southern end. Super Typhoon Pongsona produced
maximum coastal inundation of approximately 18 feet on coastal areas of eastern Guam. The
coastal inundation associated with Typhoons Tingting and Chaba was estimated at 6 feet.

Coastal flooding has generally occurred in southern and eastern Guam along bays that have small
restricted entrances that focus and contain the high water generated by the storm surge, wind-
generated waves, and large upland discharges of heavy rains that result during tropical cyclones.
Inarajan Bay, Talofofo Bay, Tlig Bay, and Pago Bay experience frequent coastal flooding along
their adjacent uplands when tropical cyclones pass to the south of Guam. Seawater in Pago Bay
is sometime driven over an elevated ridge of land to form an inland lake. During Super Typhoon
Yuri, several houses floated off their foundations in this temporary coastal flood lake.

Table 5-7 Major Typhoons with Modeled Wave Heights, 1950-2010

Date Name Modeled Significant Wave Height (feet)
08/11/1951 Tropical Cyclone Marge 13.7
11/11/1962 Super Typhoon Karen 19.9
09/05/1964 Typhoon Sally 8
11/23/1968 Tropical Storm Ora 6.2
05/21/1976 Typhoon Pamela 22.6
11/08/1977 Typhoon Kim 12.5
08/17/1979 Tropical Depression Judy 3
10/03/1983 Tropical Storm Mac 12.6
11/12/1984 Typhoon Bill 17.4
11/27/1991 Super Typhoon Yuri 30
08/28/1992 Typhoon Omar 17.5
10/21/1992 Typhoon Brian 10.5
11/23/1992 Typhoon Gay 14.5
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Table 5-7 Major Typhoons with Modeled Wave Heights, 1950-2010

Date Name Modeled Significant Wave Height (feet)
12/16/1997 Super Typhoon Paka 22.2
12/8/2002 Super Typhoon Pongsona 25-30

Sources: WERI 1999, NWS-WFO 2008, NCDC 2010.

Riverine Flooding and Stormwater Runoff: The flood events on Guam reported in the
National Climatic Data Center’s (NCDC’s) Storm Event Database are attributed to localized
heavy rainfall events from monsoon surges, tropical cyclones, or a combination of the two. In
addition to coastal flooding (addressed in the preceding section), flooding on the island also
occurs in riverine areas and urban areas. Generally, flood events in Guam are irregularly
documented. Some data are available for riverine floods but only one case of flooding due to
stormwater runoff has been found. Damage from flooding is not considered to be a widespread
problem on Guam.

Typhoon Chata’an was recorded to have delivered rainfall totals that exceeded 21 inches over the
mountainous areas of southern and central Guam. Flooding and siltation occurred in Fena
Reservoir during this event; as a result, there was a lack of potable water for several days. This
storm also caused flooding in southern Guam that resulted in numerous landslides and severe
erosion along watercourses. All the stream-gauging stations operated by the U.S. Geological
Survey (USGS) were damaged or destroyed during these floods. Peak flows in many rivers in
southern Guam reached record levels during this storm. Four of the nine gauging sites had water
elevation recurrence intervals that were determined to be greater than the 100-year flood level. A
river gauge on the Ylig River recorded a peak height of 23.45 feet, which was 4.82 feet higher
than the previous maximum level recorded in 1953. The Fena Reservoir level was 5.36 feet
above the spillway crest and 0.86 feet higher than the previous maximum recorded level in 1953.
The northern part of Guam received less than 10 inches of rain, and the central part of the island
received 10 to13 inches. Recorded rainfall totals were determined to be less than what was
actually received because severe winds caused water to be sucked out of gauges or the gauges
did not catch the rain well when the rainfall was occurring along a horizontal plane due to severe
winds.

Few direct historical accounts of flooding on Guam exist for events before 2002, so the most
useful historical information about floods on Guam can be obtained by examining historical
rainfall events. Large rainfall events on Guam are generally attributed to tropical cyclones that
move slowly across the island. In 1976, Typhoon Pamela dropped over 27 inches of rain in 24
hours as it moved across the island at 7 mph. Over half of the heaviest rain events on Guam
occur from weak tropical cyclones or monsoon surges. The highest recorded hourly rain rate was
from Super Typhoon Pongsona, which delivered 7.67 inches. It is believed that many of the
intense typhoons and super typhoons that have crossed Guam, such as Typhoon Pamela and
Super Typhoon Karen, have delivered large quantities of rain that were under-recorded due to
rain gauge destruction, malfunction, or power outage. Most recently, Typhoon Tingting
delivered a recorded 16 inches in a 24-hour period on June 27, 2004. Typhoon Chaba produced
heavy rains with a peak 24-hour total of 9.05 inches.
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The one recorded event of flooding from stormwater runoff on Guam occurred in August 1984,
the flooding occurred after a rainfall of 15.18 inches was recorded. The Governor of Guam
issued an emergency declaration that noted that flooding in the Fineli Beach Area of Agat
occurred as a result of stormwater runoff from higher areas.

Many urban storm drains are overwhelmed if rainfall exceeds a rate of 1 inch per hour. Such
rainfall rates can occur on Guam during strong monsoon surges and tropical cyclones. Rainfall
rates during typhoons and super typhoons often exceed 4 to 5 inches of rainfall per hour at their
peak of rainfall intensity. Poor storm drain conveyance in conjunction with storm surges can
exacerbate coastal flooding. No street flooding data are readily available for Guam. In built-up
areas generally subjected to coastal flooding, street flooding and coastal flooding are generally
inseparable events.

Flash Flooding: Flash floods in Guam are poorly documented; no comprehensive record of
these events in Guam is available. However, a few occurrences of flash flooding have been
noted. In 1999, the Red Cross responded to a flash flood, providing assistance to 14 families. The
most significant flash flooding event occurred in June 2004, during Typhoon Tinting. Typhoon
Tinting was still a tropical storm when it passed over Guam, but it brought record-breaking
rainfall to Guam. In 24 hours 21.85 inches of rain fell on Guam; this rainfall shattered both the
record for highest single-day rainfall on Guam and the record for the highest monthly rainfall for
June. Although over 20 inches of rain fell in 24 hours over much of Guam during this event,
rainfall was somewhat less over the northeastern portion of Guam where 11.33 inches fell at
Andersen Air Force Base in 30 hours. These extreme levels of rainfall caused island-wide flash
floods and mudslides, road closures, and inundations.

Although the flash flooding event in 2004 caused much damage for Guam, this type of event is
not common. WERI has reported that flash floods generally occur in the mountainous areas of
Guam and do not result in significant damage.

The distribution of rainfall on Guam is mixed; the events that produce more than 10 inches of
rain per day come from near-direct or direct passages of tropical cyclones. According to a 2004
WERI report, the maximum rainfall rate observed in the eye-wall cloud of typhoons affecting
Guam was measured in Typhoon Pongsona (2002) at about 0.12 inches/minute over 60 minutes
or about 7.22 inches per hour. However, rainfall rates could be somewhat higher during stronger
typhoons or during comparable typhoons passing over the more mountainous terrain of central
Guam. This likelihood is reflected in the increasing rates with respect to return periods (Tables
5-8 and 5-9). For events producing less than 10 inches per day, the source may be peripheral
thunderstorms of more distant tropical cyclones, island-induced thunderstorms, or thunderstorms
advected into Guam. These events are most commonly associated with upper cold low-pressure
systems embedded in the Tropical Upper Tropospheric Trough (a common feature of the
summer troposphere in the western North Pacific Ocean). These events are more short-lived than
typhoon events, but can have higher, short-term intensities.

Table 5-8 Rainfall for Typhoon Eye-Wall (inches)

Return Period 1-minute 5-minute 10-minute 15-minute
2-year 0.09 0.45 0.90 1.35
5-year 0.10 0.50 1.50 1.50
10-year 0.11 0.55 1.10 1.65
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Table 5-8 Rainfall for Typhoon Eye-Wall (inches)

Return Period 1-minute 5-minute 10-minute 15-minute
15-year 0.12 0.60 1.20 1.80
25-year 0.13 0.65 1.30 1.95
50-year 0.14 0.70 1.40 2.10

100-year 0.16 0.80 1.60 2.40

Rainfall amounts in inches for Typhoon Eye-Wall occurrences for the designated time periods and the designated
return periods

Table 5-9 Rainfall for Non-Tropical Cyclone Thunderstorms (inches)*

Return Period 1-minute 5-minute 10-minute 15-minute
2-year 0.10 0.50 0.89 1.25
5-year 0.12 0.60 1.07 1.50

10-year 0.14 0.70 1.24 1.74
15-year 0.15 0.75 1.33 1.86
25-year 0.16 0.80 1.42 1.99
50-year 0.18 0.90 1.60 2.24
100-year 0.20 1.00 1.78 2.49

Rainfall amounts in inches for Non-Tropical Cyclone Thunderstorms for the designated time periods and the
designated return periods.

*Table 5-9 slightly modified based on a personal communication with Dr. Bill Merkel and Dr. Merkel’s draft Rainfall-
Frequency tables for Guam and the CNMI.

Probability of Future Events

Coastal Flooding: Coastal flooding on Guam is mainly caused by storm surges associated with
tropical storms. On average, three tropical storms and one typhoon pass within 180 nautical
miles of Guam each year.

Riverine Flooding and Stormwater Runoff: On Guam, riverine flooding is typically caused by
prolonged periods of rainfall from slow-moving tropical cyclones or monsoon surges during the
wet season (June — December). As noted above, on average, three tropical storms and one
typhoon pass within 180 nautical miles of Guam each year.

No methodology has been employed to quantitatively determine the frequency of flooding on
Guam due to stormwater runoff. To a certain extent, the probability for flooding due to
stormwater runoff can be based on the designed conveyance capacity of a stormwater facility and
the ability of the system to prevent the settling of sediments at drains; however, no detailed
analysis of this nature has been conducted for Guam.

Flash Flooding: High levels of rainfall are common on Guam, but flash floods require high
levels of rainfall in very short periods. Flash flooding is most likely to occur during the wet
season (June — December), when westerly moving storm systems bring heavy showers or steady
and sometimes torrential rain.
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5.3.6 Hazardous Materials

Nature

Hazardous materials (HAZMAT) includes hundreds of substances that pose a significant risk to
humans. These substances can be highly toxic, reactive, corrosive, flammable, radioactive, or
infectious. Because of the nearly ubiquitous presence of HAZMAT, hundreds of hazardous
material release events occur annually in the United States that contaminate air, soil, or
groundwater resources, potentially triggering millions of dollars in cleanup costs, human and
wildlife injuries, and occasionally human deaths.

Hazardous material releases may occur from any of the following:

e Fixed site facilities (e.g., refineries, chemical plants, storage facilities, landfills, hardfills,
manufacturing facilities, warehouses, wastewater treatment plants, swimming pools, dry
cleaners, automotive sales/repair, and gas stations)

e Highway transportation (e.g., tanker trucks, chemical trucks, or highway tankers)
e Marine transportation (e.g., bulk liquefied gas carriers, oil tankers, or tank barges)
e Air transportation (e.g., cargo packages)

e Pipelines (pipelines transporting liquid petroleum, natural gas, or other chemicals)

HAZMAT can be released accidentally by a human-caused action, such as an unintended release
from a pressure valve or an oil tanker accident, or due to a natural hazard event. In addition,
natural hazards can complicate response activities. The impact of earthquakes or severe winds on
fixed facilities can be particularly bad due to the impairment of the physical integrity or even
failure of containment facilities. The threat of a HAZMAT event can be magnified by a natural
hazard due to restricted access for response personnel to an area with a HAZMAT release,
reduced fire suppression and spill containment capability, and even complete cut-off of response
personnel and equipment. The risk of terrorism involving HAZMAT is considered a major threat
due to the location of HAZMAT facilities and transport routes in populated areas and the limited
anti-terrorism security at these facilities.

Of the hundreds of HAZMATS that are used, the HAZMATS that pose the greatest risk for
causing catastrophic emergencies are identified as Extremely Hazardous Substances. These
chemicals are identified by the U.S. Environmental Protection Agency in List of Lists:
Consolidated List of Chemicals Subject to the Emergency Planning and Community Right-To-
Know Act (EPCRA) and Section 112 of the Clean Air Act (EPA 2001).

Location
The following major HAZMAT facilities have been identified for this plan:

e Sewage treatment plants: As shown on Figure D-18, 3 sewage treatment plants with ocean
outfall facilities are located on Guam. (Formerly, there were four sewage treatment plants
with ocean outfall facilities; one plant located at the commercial port has been placed out of
operation since the 2008 Guam HMP was completed.) The outfall facilities generally consist
of a pipe placed on the sea floor that extends a certain distance from the shoreline and ends
with a diffuser piece that releases the sewage. The contamination medium during a sewage
hazard event will be coastal surface water. A sewage hazard event will occur if a sewage
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outfall pipe is damaged close to shore and sewage is released closer to shore than intended.
The total coastal surface water potentially affected by a sewage hazard event within a 1-mile
radius of each of the 3 sewage plants is 6.2 square miles. This hazard is expected to affect
only coastal surface water, and not any of Guam’s land area.

e National Pollutant Discharge Elimination System air and water permitted facilities: As
shown on Figure D-19, 22 facilities on Guam have National Pollutant Discharge Elimination
System (NPDES) permits to discharge certain quantities of hazardous waste into surface
waters. An additional 15 facilities also have the potential to discharge HAZMATS into the
atmosphere. The locations of these facilities have been determined by information obtained
from GEPA. For facilities that are permitted to discharge into the water or atmosphere, a 1-
mile radius around each facility has also been determined to be the area potentially exposed
to a HAZMAT release. As such, the facilities that have the potential to discharge into water
encompass 30.7 square miles. Assuming meteorological conditions are not a factor, an area
of 29.5 square miles will be affected if a release were to occur from one of the fifteen
facilities permitted to discharge to the atmosphere.

e Hardfill sites: Figure D-20 shows the facilities that have the potential for a HAZMAT (fire
and toxic gas) release from a hardfill site. The area of susceptibility for this type of release
covers an area of 22.3 square miles using a 1-mile radius around each site.

e Pre-CERCLIS sites: 409 Pre- Comprehensive Environmental Response, Compensation, and
Liability Information System (CERCLIS) sites exist on Guam. Location information is only
readily available for some of these sites, and a susceptibility analysis can only be conducted
for about one-third of the sites. The amount of other information available for these sites
varies. For many of the sites, the types and quantities of HAZMATS are unknown. For many
of the sites, the location is known, but the pathway(s) for a HAZMAT release is unknown.
Therefore, the susceptibility analysis conducted for the known Pre-CERCLIS sites is very
general. The potential area exposed to a HAZMAT release has been determined to be a 1-
mile radius around each known site. Figure D-21 shows the 142 known Pre-CERCLIS
facilities and the 1 mile potential exposure area around each location. The area of
susceptibility to a HAZMAT release from the known Pre-CERCLIS sites is 139.71 square
miles.

Previous Occurrences

No Federal disaster declarations have been made on Guam specifically for a HAZMAT event.
The National Response Center collects information on all reported HAZMAT releases. Table 5-
10 lists oil and chemical spills for Guam over a 10-year period

One of the most significant HAZMAT events to have occurred on Guam happened while Super
Typhoon Pongsona was tracking across Guam. During this incident, two petroleum tanks at the
Mobil fuel storage facility at the Guam Commercial Port caught fire. The fire burned for 6 days,
destroyed four petroleum tanks, and resulted in a temporary halt in civilian gasoline sales. The
tank that first caught fire had been damaged during Typhoons Chata’an and Halong, and as a
result, standard safety precautions for fuel storage tanks were not followed for this tank prior to
typhoon landfall. It is believed that static electricity built up in the tank, causing the fuel vapors
in the tank to ignite. The fire deposited a large amount of soot in the adjacent harbor, and the fire
retardants used to control the fire may have entered the adjacent marine environment.
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Table 5-10

Oil and Chemical Spills, 2000-2010

Number of Reported

Type of Incident Incidents Medium Affected Material Name
Aircraft 12 Land, water, nonrelease Jet fuel and various types of oil
Anhydrous ammonia, charcoal,
chlorine, diesel, hydraulic fuel,
. Air, land, other, soil and jet fuel, polychlorinated
Fixed 62 . O .
water biphenyls, radioactive material,
total petroleum hydrocarbon, and
various types of oil
. Land, subsurface, water _Dles_el, gasoll_ne, |od|ne,_
Mobile 34 radioactive material and various
and other .
types of oil
Pipeline 29 Land, soil, subsurface, Diesel, jet fuel anq various types
water and other of oil
Platform 1 Water Mobile oil
Anhydrous ammonia, diesel,
Air, water, land, other, gasqllne, Jet f_ueI: kerosene,
Storage Tank 43 refrigerated liquid oxygen,
nonrelease and unknown - h .
sodium hypochlorite, sulfuric
acid and various types of oil
Unknown Sheen 268 Water Diesel, gasoline an_d various
types of oil
Ammonia, calcium hypochlorite
. solution, copper concentrate,
Vessel 217 Air, Water, nonrelease, diesel, gasoline, jet fuel,

other, unknown

phosphoric acid, R-12, and
various types of oil

Source: National Response Center 2011.

Probability of Future Events

No comprehensive information is available on the probability of future HAZMAT events across
all types of sources (i.e., fixed facilities and transport vehicles). Wide variations in the
characteristics of each HAZMAT and between the materials themselves make such an evaluation

difficult.

5.3.7 High Surf

Nature

Ocean swells, rough seas, and surf are caused by the fetch of the wind, that is, the area over
which a strong wind blows. Swells become fully developed after the wind blows over a sufficient
fetch length (roughly greater than 500 miles) for about 24 to 36 hours. Generally, islands in the
western Pacific Ocean receive large ocean swells and high surf from the fetch of the wind of
nearby tropical cyclones, monsoon surges, and/or distant tropical cyclones. These waves can be
over 30 feet in height. On islands surrounded by reefs, high surf hazards are often coupled with
extremely strong rip current hazards as seawater rapidly flows through the channels and breaks

on the reefs.
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Tropical cyclones create swells that emanate from the region just outside the cyclone’s center or
eye. The swells associated with a cyclone generally arrive at a location up to several days ahead
of the actual storm. The ocean swell and the high waves at a location increase in size as the storm
gets closer. Larger tropical cyclones produce larger swells due to the larger fetch length and
width. For storms that pass over or near to an island, the specific locations where devastating
waves occur depend on the direction the tropical cyclone is traveling and the track that the storm
takes.

Although the hazard of high surf is often associated with tropical cyclones, high surf is not
always associated with tropical cyclones. Generally four sources other than nearby tropical
cyclones can lead to high surf:

e Swells or a combination of swells and wind waves from easterly trade winds. These
generally occur in winter and spring.

e Swells or a combination of swells and wind waves from westerly monsoon winds. These
generally occur in summer and fall.

e Swells from distant winter storms near Japan.
e Swells from slow-moving typhoons that are less than 300 nautical miles away.

Strong monsoon surges can last from a few days to a more than 2 weeks. The persistent
southwestern winds of a monsoon surge can produce a long fetch, generating large ocean swells
and high surf when they reach land. Swells caused by monsoon surges can combine with swells
generated by tropical cyclones; the result can be amplified swell sizes and higher surf. Generally,
this event occurs when a large swell from a monsoon surge travels through a tropical cyclone.

The western North Pacific Ocean is susceptible to large ocean swells that have been generated
from distant tropical cyclones that will not come near the area. Most commonly these swells
occur with large, intense, slow-moving tropical cyclones that take a track south of Japan. These
storms generate large swells that can arrive as a surprise because no nearby storm is associated
with the high surf.

Location

Tropical cyclones that pass north of Guam generally produce high waves on the northwest coast
lines. Tropical cyclones that pass to the southwest or the west of the island can produce high surf
and rough seas on the southern and western coasts. A tropical cyclone approaching from the
southeast produces hazardous waves on the east and southeast sides of Guam. Westward-moving
storms produce the highest surf on the northeast side of the island if they pass over or to the
south of the island. Rapidly moving tropical cyclones that pass north of Guam generally do not
produce damaging swells on the western side of Guam.

Previous Occurrences

Large ocean swells from passing and distant cyclones, monsoon surges, and trade winds have
resulted in hazardous high surf on all coasts of the island. According to the NCDC’s Storm Event
Database, between 1993 and 2010 high surf, rip currents, and rough seas resulted in 34 deaths
and 41 injuries on Guam. Five of these fatalities occurred on June 29, 2004 when three kayaks
were overturned by high surf related to Typhoon Tingting, which had passed the Mariana Islands
the day before (440 miles north-northwest of Guam).
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High surf events can lead to strong rip currents and drownings and to coastal run-up, inundation,
coastal erosion, and property damage. Run-up refers to the vertical height of the saltwater on
what is normally dry land and inundation refers to the inland distance of the saltwater. High surf
(that triggers advisories) on Guam is defined as 9 feet or greater on north, west, and south
exposures and 12 feet or greater on eastern exposures. Fifteen (15) feet on any exposure triggers
a high-surf warning. Advisory events can last from 2 to 10 days (average duration is 4 days) and
warning events can last from 1 to 3 days. Worst conditions usually occur during new or full
moons. The number of days of high surf are not as critical as the number of high-surf events for
property damage, because it only takes one short period of flooding to cause property damage.
Duration is important for impacts on coastal erosion. Table 5-11 shows the estimated monthly
frequency of high-surf events requiring advisories or warnings.

Table 5-11  Estimated Monthly Frequency of High Surf Event Advisories/Warnings

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Annual
3/1 3/1 3/1 1/0 0/0 0/0 1/0 2/0 3/1 3/1 2/1 31 2417

Super Typhoon Paka, which passed directly over Guam, produced waves ranging from 6 to 30
feet along the northern coast, the entire western coast, and the entire southern coast of Guam.
Super Typhoon Pongsona produced waves that were estimated to have been 25 to 30 feet on the
high sea cliffs of northeast Guam.

Several occurrences are documented in which the rough seas associated with typhoons that have
affected the island have damaged sewage outfall structures, which channel sewer water (with
solids removed) to the open ocean. These events have caused treated sewage to drain into the sea
at locations much closer to the coastline than the locations of the outfall structures. Damage to
outfall pipes occurred during Typhoon Pamela in 1976, Typhoon Dale in 1996, and Super
Typhoon Paka in 1997.

Ocean swells caused by monsoon surges can generate high seas and surf as high as 18 to 30 feet.
These waves affect the western coast of Guam and have been known to cause coastal erosion and
prevent ships from entering or leaving Apra Harbor for long periods. A large wave event
between August 11 and 13, 1974, caused by a strong monsoon surge resulted in the sinking of a
700-foot, 40,000-ton passenger liner at the mouth of Apra Harbor. This 3-day high-surf hazard
resulted in more than $4 million in damage.

The high surf that struck Guam during Typhoon Andy in 1982 and Typhoon Dale in 1996 was
believed to have been produced by a combination of monsoon-surge-generated ocean swells and
swells generated before the typhoons arrived in Guam. The high surf from both of these storms
caused large amounts of coastal erosion.

Probability of Future Events

As discussed above, high waves on Guam are produced by multiple climatic events. High-wave
events with a recurrence interval of less than 20 to 25 years that affect the reefs and open bays on
the western side of the island are generally produced by monsoon surges. High waves in this
same area with a return period that is greater than 25 years are generally generated by typhoons
with a wind intensity of 125 mph or greater. Table 5-12 illustrates the probability, as calculated
by WERI (1999), for waves to affect Guam.
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High-wave events along the west-side cliffs are generally produced by monsoon surges up to the
point of the 50-year recurrence event, where typhoons again become the dominant high-wave
generators for larger-magnitude events.

Table 5-12  Average Recurrence Interval for High Surf on Guam
Wave Heights (feet) Wave Heights (feet)
Average Return Wave Heights (feet) on East-Side Wave Heights (feet) on West-Side
Period (Years) on East-Side Cliffs Bays/Reefs on West-Side Cliffs Bays/Reefs

1.0 10 1/<1 - -

2.0 12 31 15 3/1

4.0 15 4/2 20 4/2

10 20 714 30 714

20 25 10/6 33 10/6

25 27 11/7 35 10/6

50 37 15/9 40 13/8

60 38 17/11 42 14/9

80 40 19/13 44 17/11
100 42 21/14 45 18/12
150 45 22/15 46 19/13
200 47 23/16 47 21/14
300 50 25/16 50 22/15
400 52 28/17 50 24/16
500 54 30/18 50 25/16
600 55 >30/>18 50 27/17

Note: Calculated recurrence intervals included high surf produced by trade winds (waves affecting east-side cliffs) and monsoon-
induced waves (waves affecting the western side of the island).

Source: WERI 1999.

5.3.8 Lightning

Nature

Lightning typically occurs as a by-product of a thunderstorm. The rising and descending of air in
a thunderstorm separates positive and negative charges, with lightning the result of the buildup
and discharge of energy between the areas of positive and negative charge. Water and ice
particles can also affect the distribution of the electrical charge. In only a few millionths of a
second, the air near a lightning strike is heated to 50,000°F, a temperature hotter than the surface
of the sun. Thunder is the result of the very rapid heating and expansion of the air near the

lightning, which causes a shock wave.

The hazard posed by lightning is often underrated. High winds, rainfall, and a darkening cloud
cover are the warning signs of possible cloud-to-ground lightning strikes. Although many

lightning casualties happen at the beginning of an approaching storm, more than half of lightning
deaths occur after a thunderstorm has passed. The lightning threat diminishes after the last sound
of thunder, but may persist for more than 30 minutes. When thunderstorms are in an area but not
overhead, a lightning threat can exist even when skies are clear. Lightning has been known to
strike in an area with clear sky more than 10 miles from a storm.

URS

5-34



SECTIONFIVE Risk Assessment

Cloud-to-ground lightning can kill or injure people by direct or indirect means. The lightning
current can branch off to strike a person from a tree, fence, pole, or other tall object. Not all
people struck by lightning are killed. However, those that survive usually suffer from some
effects if the strike. Lightning current can also be conducted through the ground to a person after
lightning strikes a nearby tree, antenna, or other tall object. The current can travel through power
or telephone lines or plumbing pipes to a person who is in contact with an electric appliance, a
telephone, or a plumbing fixture. Lightning can damage property or cause fires through similar
processes.

Location

On Guam, lightning typically occurs in association with thunderstorm events that are caused by
afternoon island warming, large clusters of thunderstorm cells, embedded thunderstorms of
moderate and weak monsoon surges, and thunderstorms of tropical cyclones. Storms that result
from island heating occur with the greatest concentration near the western coast, from Tumon
Bay to Orote Point. These storm events largely depend on the strength and direction of daily
wind patterns. Individually isolated lightning and thunderstorm events primarily occur in the
early morning hours before sunrise, reflecting the nighttime maxima over the oceans. Large
clusters of thunderstorms generally cover an area of 3,475 square miles. These thunderstorm
clusters are known as Mesoscale Convective Systems.

Previous Occurrences

In recent history, lightning strikes on Guam have resulted in one fatality and several fires and
power outages. In 2002, residents around the island reported several lightning strikes in
association with Super Typhoon Pongsona. In August 2003, an 18-year female tourist was
swimming 150-feet offshore of Tumon Bay when she was electrocuted by lightning. No other
injuries are reported from lightning events on Guam. Two other lightning events have been
reported; in August 2005 lightning damaged a water booster pump station and caused a
temporary outage in Yigo and in June 2010 power was lost for some residents in the Yigo area
after lightning strikes.

Probability of Future Events

According to the NWS-WFO, Guam experiences more lightning activity than any other place in
Micronesia. Thunderstorms generally occur during the wet season, which begins in June and
goes through December. During the wet season on Guam, isolated thunderstorms that occur due
to island heating are most likely to occur near the western coast in the afternoon hours. In
addition, isolated thunderstorm events that occur due to the maxima over the ocean are most
likely to occur over the ocean or along the coastline before sunrise and this event has the
likelihood to occur on any day during the wet season. Table 5-13 displays the average monthly
frequency of cloud-to-ground lightning on Guam.

Lightning and thunderstorms are also known to occur on Guam, though less often, in the dry
season during tropical cyclones, during rare northward spreads of clusters of thunderstorms that
occur during breaks in the trade winds, and during “shear line” weather patterns. These are
climatic events involving a band of moisture in the tropics that extends from an extratropical
(north of the tropics in the western North Pacific Ocean) cold front storm system that traverses
the mid-latitudes of the North Pacific. A shear line event leads to a strengthening of the trade
winds.
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Table 5-13  Monthly Frequency of Cloud-to-Ground Lightning on Guam

Jan Feb | Mar | Apr | May | Jun Jul Aug Sep Oct Nov Dec | Annual
0.7 0.2 0.1 0.6 1.2 3.0 6.0 7.2 7.9 4.2 2.7 0.3 33.9

Source: NCDC, 2000.

5.3.9 Non-Seismic Ground Failure (Sinkholes)

Nature

Sinkholes are a characteristic of karst topography; karst geology occurs when rainwater dissolves
carbonate rocks, such as limestone, and causes voids, including epikarst, sinkholes, and caves, in
the surface and subsurface. Sinkholes are defined as a natural depression or hole in the land
formed by the erosion and sometimes the collapse of the underlying rock or soil. Sinkholes are
typically caused by the chemical dissolution of underlying carbonate rocks; often, groundwater
dissolves the carbonate cement that holds together sandstone particles and then carries away the
uncemented particles; this process can form a void. Other formation processes for sinkholes
include the collapse of a cave roof and the lowering of the water table. The formation of
sinkholes can be facilitated by high groundwater flow, which is often caused by high rainfall.

Location

In 2004, WERI completed a study of the karst features of Guam (WERI 2004). The study
showed that northern Guam is almost entirely karst terrain, and the south is mostly volcanic
terrain with karst on some outlying limestone units. Accordingly, the vast majority of sinkholes
are found in northern Guam. Sinkholes in northern Guam are scattered across the plateau surface,
many of which can be seen in the field at Radio Barrigada and off the road toward Ritidian
Beach. Of the sinkholes found in southern Guam, the largest concentration is northeast of Fena
Reservoir, though significant sinkholes are also found in the southern mountain ridge and the
southern part of the eastern coast.

Previous Occurrences

The 2004 WERI study identified 1,252 sinkholes in northern Guam and 197 sinkholes in
southern Guam. The sinkholes in northern Guam have depths of over 98 feet and have recorded
lengths of hundreds of feet. The largest and deepest sinkholes are found on the Naval Base
Ordnance Annex. Since 2004, no further comprehensive studies have been completed. Therefore,
no information is available about sinkhole occurrences from 2004 to the present.

Probability of Future Events

Recent history and the karst land geology found throughout Guam indicate that sinkholes will
continue to occur on Guam. However, due to lack of data, the rate at which sinkholes will
develop is unknown.
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5.3.10 Salt Spray

Nature

Sea salt deposition can occur throughout Guam. This hazard is caused by tropical cyclones and
results from two processes. The first process involves ocean spray that is carried upward by the
surface winds of a tropical cyclone to mix with rain. The concentration of salt in rain on Guam is
unknown but is detectable. The second process occurs when ocean spray from large waves
crashing along the coastal cliffs is blown inland by severe winds. Under this process, the stronger
the winds the further inland the sea salt is deposited.

Sea salt deposition can devastate agriculture and other plants, can cause heavy corrosion, and can
affect electrical facilities. Some of the effects associated with salt spray (the devastation of
agriculture and plants and power outages from shorts in electrical facilities) can be observed
almost immediately, but corrosion occurs over a long period, has a cumulative effect on the
surface it is affecting, and is difficult to observe immediately after a tropical cyclone.

Location
All of Guam is susceptible to salt spray, but areas near the shore experience the greatest effect.

Previous Occurrences

Little documentation is available regarding historical sea salt deposition events. Because
corrosion is difficult to detect immediately after an event and even more difficult to attribute to a
specific event, no documentation is available for hazard events that cause corrosion. Therefore,
sea salt deposition has likely had a much larger effect than historical hazard events suggest. As
WERI (1999) has stated, “It is likely that none of the island escapes the deposition of salt during
even a weak tropical storm, but areas near shore feel the greatest effect.” Three historical salt-
spray hazard events are described below.

e February 14, 1864: Father Francisco Resano documented that a tropical cyclone caused crop
loss due to sea salt deposition.

e November 23, 1992: When the eye of Typhoon Gay crossed Guam, the northern part of the
eye-wall sheared off, resulting in little rain falling on the northern part of Guam but very
severe winds. Sea salt deposition was heavy across northern Guam. Salt was deposited on
power lines, transformers, pumps, generators, vegetation, and most other exposed surfaces.
The vegetation of northern Guam was devastated and took nearly 4 years to recover.

e January 24, 2000: “Strong winds caused by a surge in the winter monsoon moved across
Guam. Several power outages were reported in the Cabras Island area because of salt spray
on insulators.”

Probability of Future Events

A hazard event from salt spray is related to the combination of high winds, generally from a
tropical cyclone, high seas, and low quantities of rainfall. No standard method exists to
determine the probability of such an event. As discussed above, historical records of these events
are rare (approximately once every 40 to 50 years), but the event is likely underreported.
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5.3.11 Severe Wind

Nature

Severe wind is often the most destructive part of a typhoon. The strongest winds of a typhoon are
generally near the center of the storm. Winds during these storms occur at a sustained level and
in gusts. Due to the counter-clockwise rotation of tropical cyclones in the North Pacific Ocean,
the speed of storm movement is added to the right side of the storm with respect to its motion.
This occurrence creates a semicircle on the right side of the storm, referred to as the “dangerous
semicircle,” that has stronger winds, and the destructive winds extend farther from the center of
the storm on its right side. Therefore, if a typhoon moving from east to west passes to the south
of an island, the island will be exposed to the dangerous semicircle and will receive stronger
winds than if the same storm were to pass to the north of the island by the same distance.

When tropical cyclones have sustained winds of about 60 mph, an “eye” begins to form at the
very center of the storm. Since the winds of a tropical cyclone are circulating around the eye of
the storm, the eye has relatively calm winds. The eye-wall is the ring of deep thunderstorm-like
clouds that surrounds the eye of a tropical cyclone. The strongest and most destructive winds of a
typhoon are in the eye-wall of a storm. The passage of an eye of a typhoon over a particular
location produces the greatest possible destructive winds of that typhoon. An eye passage results
in the most destructive winds for several reasons:

e The eye-wall contains the maximum winds and most active wind gusts.

e The location of an eye passage will be exposed to nearly the maximum duration of the
strongest winds because the eye is at the center of the circulating typhoon and has the
maximum diameter of circulation.

e As the eye moves across a location, the winds change in direction, exposing buildings to
winds from multiple directions.

The terrain of a landmass can alter the wind patterns of a tropical cyclone. When a tropical
cyclone makes landfall on an island such as Guam, generally the speed of the sustained winds of
the storm decrease, but the potential peak gusts remain the same speed. The frequency of peak
gusts can vary over a landmass and depends on whether the terrain of the landmass is smooth or
rough. Smooth terrain experiences a higher frequency of peak gusts than rough terrain. Isolated
hills, ridges, and escarpments constitute abrupt changes in the general topography (which is
common in several locations on Guam) and cause approaching winds to speed up as they flow up
and over the terrain features. The speedup results in increased pressures on buildings. This
increase in pressure can reach twice what it will be without the topographic influence. The
American Society of Civil Engineers (ASCE) Standard 7-02, Minimum Design Loads for
Buildings and Other Structures (ASCE 2002), has a procedure to account for some degree of
topography; however, the standard states that the effects of topography for large mountains
should be analyzed and modeled by specific location. The modeling of the wind speedup in the
mountainous regions of Guam has been proposed by a number of the reports evaluating the
typhoon risk and post-disaster effects of storms on Guam.

The western North Pacific Ocean is in an episodal monsoon regime. This monsoonal event
occurs when the low-level wind flow in the tropics of this region becomes organized into a
defined monsoon trough. This southwesterly low-level wind flow can stretch from the
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Philippines eastward to the International Date Line. The movements of this monsoonal wind
flow are referred to as surges.

Monsoon surges in the area are characterized as weak, medium, or strong. Weak monsoon surges
have sustained southwesterly winds of less than 15 mph and a few episodes of heavy rain per
day, which often take the form of thunderstorms, over a location. Moderate monsoon surges have
more intense southwesterly winds, ranging from 15 to 30 mph, several (three to six) episodes of
heavy rain per day, extensive periods of light rain, and heavy overcast skies containing
thunderstorms. Strong monsoon surges have gale-force winds (35 to 60 mph), frequent (6 to 12)
episodes of heavy rain per day, nearly continuous light rain, and little to no lightning. A strong
monsoon surge also has an eastward-moving monsoon squall line, which contains the zone of
highest winds and the most extensive monsoon cloudiness. Strong monsoon surges can last from
a few days to more than 2 weeks. Weak monsoon surges are most common and strong monsoon
surges are least common.

Monsoon surges in the western North Pacific Ocean commonly occur in tandem with tropical
cyclones. Although neither weather event is necessarily associated with the other, the
superposition of a monsoon surge on a tropical cyclone can increase the amount of rain delivered
by the tropical cyclone and extend the size of the area that the tropical cyclone affects. This type
of event is more common with weaker tropical cyclones that are more unorganized and may
extend much farther from their centers.

Location

Any location on the island has virtually the same chance of experiencing the center of a tropical
storm or typhoon and peak wind gusts up to 200 mph. For storms passing south of the island,
winds on the east coast (winds blowing toward the coast) would be stronger than winds on the
west coast (winds blowing away from the coast). For storms passing north of the island, winds
on the west coast (blowing toward the coast) would be stronger than winds on the east coast
(blowing away from the coast).

The cliffs on northwest Guam have a tendency to enhance the eye wall convection and cause
winds to be a little more intense than would be expected. Thus, while winds in the south-
semicircle of the tropical cyclone would normally be weaker than those in the north semicircle,
the orographic effects of the island seem to allow the strongest winds to exist in two semicircles:
one over Guam and the other in the Rota Channel.

The strongest winds will be in the eye-wall cloud near the windward coast. The winds will
generally be weaker on the lee-side coast. Also, as the winds move inland, they weaken. The
rougher the terrain, the more the sustained (1-minute average) winds diminish. The vegetation,
especially large trees, helps to reduce the winds at the surface. Although the potential peak gust
remains the same, the frequency with which the gust gets to the surface is greatly reduced at
inland locations. Winds will be stronger along all coasts, at high elevations, along ridge lines, in
valleys between hills and mountains, and on sloping terrain.

A simplified wind hazard map was created for the 2011 Guam HMP (see Figure D-22), in which
severe-wind hazard is shown to occur in all areas within 500 feet of the coast and at elevations
equal to or greater than 300 feet. All other portions of the island are assumed to be in a high-
wind hazard zone. (After reviewing the wind map used in earlier versions of the Guam HMP,
representatives of the NWS-WFO determined that the map was insufficiently accurate.)
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Previous Occurrences

The most destructive winds on Guam have occurred during typhoons and super typhoons. During
Guam’s most intensive storms, wind-measuring devices tend to fail. However, the strongest wind
gust experienced in recent history on Guam is estimated to be about 200 mph during Super
Typhoon Karen. Table 5-14 shows the highest recorded or estimated wind speeds on the island.

Table 5-14  High Wind Speeds Recorded or Estimated during Typhoons, 1950-2010

Typhoon Name Date Recorded or Estimated Wind Speeds
Super Typhoon Lola 11/16/1957 97 mph gusts
Super Typhoon Karen 11/11/1962 estimated 200 mph
Typhoon Olive 4/29/1963 100 mph gusts
Typhoon Wendy 7/11/1963 57.6 mph sustained
Tropical Storm Ora 11/23/1968 89 mph gusts
Typhoon Pamela 5/21/1976 159 mph gusts
Typhoon Kim 11/8/1977 89 mph gusts
Typhoon Betty 10/31/1980 91 mph gusts
Typhoon Bill 11/12/1984 97.9 mph gusts
Typhoon Roy 1/12/1988 113 mph gusts
Typhoon Russ 12/20/1990 128 mph gusts
Super Typhoon Yuri 11/27/1991 115 mph gusts
Typhoon Omar 8/28/1992 121 mph sustained, 150 mph gusts
Typhoon Brian 10/21/1992 75 mph sustained, 92 mph gusts
Typhoon Hunt 11/18/1992 75 mph sustained
Typhoon Gay 11/23/1992 98 mph sustained, 121 mph gusts
Typhoon Dale 11/8/1996 104 mph sustained
Super Typhoon Paka 12/16/1997 est. 145 mph sustained
Typhoon Chata’an 7/5/2002 85-90 mph sustained, 105 mph gusts
Typhoon Halong 7/10/2002 >100 mph
Super Typhoon Pongsona 12/8/2002 115 mph sustained, 150 mph gust
Typhoon Tingting 6/27/2004 51 mph sustained, 66 mph gust
Typhoon Chaba 8/21/2004 58 mph sustained, 79 mph gust
Typhoon Nabi 08/31/2005 43 mph sustained, 63 mph gust

Sources: WERI 1999; HS/OCD 2003; NCDC 2011; NWS-WFO 2011.

Probability of Future Events

Modeling of the recurrence intervals for typhoon-induced sustained wind speeds shows that
75 mph wind speeds occur every 4.1 years, 115 mph wind speeds occur every 16.5 years,
150 mph wind speeds occur every 64 years, and 173 mph wind speeds occur every 175 years.

5.3.12 Slope Failure

Slope failure can lead to a variety of subhazards. For the island of Guam the concerns are with
landslides, mudslides, and post-fire debris flows.
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Nature

Landslide: Landslides are the dislodging and falling of a mass of soil or rocks along a sloped
surface; the dislodged mass itself is also referred to as a landslide. Landslides can be earthquake-
induced or non-earthquake-induced. Earthquake-induced landslides occur as a result of ground
shaking. The most common earthquake-induced landslides include shallow rock falls, disrupted
rock slides, and disrupted slides of earth and debris. Non-earthquake-induced landslides may
involve a wide range of combinations of natural rock, soil, or artificial fill. The susceptibility of
hillside and mountainous areas to non-earthquake-induced landslides depends on variations in
geology, topography, vegetation, and weather. These landslides may also occur due to
indiscriminate development on sloping ground or the creation of cut-and-fill slopes in areas of
unstable or inadequately stable geologic conditions. Non-earthquake-induced landslides often
occur as a result of intense or prolonged precipitation that can saturate slopes and cause failures.

Mudslide: Mudslides are another type of soil failure; mudslides are defined as flows of rivers of
liquid mud down a hillside. They occur in relatively steep areas of clay when soils become
saturated and moderate to heavy rain is occurring. If no brush, tree, or ground cover is present to
hold the soil, mud will form and flow down the slope.

Post-Fire Debris Flow: Post-fire debris flows are defined as fast-moving, highly destructive
flows of rain, water, rock, and soil within a burned area and downstream of that area. They are
most common in the 2 years after a fire and are usually triggered by heavy rainfall.

The threats of erosion, flooding, and debris flows are significantly increased by the following
processes:

e Reduced infiltration and increased runoff: A fire’s consumption of vegetative cover increases
the exposure of the soil surface to raindrop impact. Soil-heating destroys the organic matter
that binds the soil together. Extreme heating may also cause the development of water-
repellant, or “hydrophobic,” soil conditions, which further reduce infiltration.

e Changes in hill slope conditions: Fires remove obstructions to overland flow, such as trees,
downed timber, and plants. The removal of these obstructions can increase flow velocity and
therefore erosive power. Increased sediment movement also fills depressions, reducing
storage capacity and further contributing to increased velocity and volume of flow. These
factors combine to allow more of the watershed to contribute flow to the flood at the same
time, and this combination of factors increases the volume of the flood.

e Changes in channel conditions: Increased overland flow and sediment transport result in
increased velocity and volume of flow in defined channels. These conditions increase
channel erosion and peak discharges.

The occurrence of erosion, floods, and debris flows in burned areas also depends on precipitation
intensity—storms with high intensity are more likely to initiate the processes described above
and result in flood events. Also, easily eroded types of soils facilitate changes in hill slope
conditions and increase the volume of runoff.

In extreme situations, the conditions described above combine to form a post-fire debris flow.
These flows are often the most destructive events resulting from heavy rainfall in fire-affected
areas. They occur with little warning, carry vast quantities of rock and other material, and strike
objects with extreme force. Because of their viscosity and density, debris flows can move or
carry away objects as large as vehicles and bridges, and they can travel great distances down
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canyons and stream valleys. Debris flow fronts can travel at high speeds, exceeding 50 miles per
hour. In most cases, only large basins designed specifically to trap these flows are capable of
resisting the forces that accompany them.

Location

Landslide: An adequate landslide inventory map is not available for Guam. Therefore, the most
appropriate way to identify where landslide hazards occur on Guam is to determine the
susceptibility of an area based on the geologic units mapped at the surface.

Susceptibility to landslide hazards on Guam has been determined by the geology and the slope
angle of the various specific areas on the island. Using these two factors, a quantitative rating of
the potential of an area for a landslide to occur was defined. As shown on Figure D-23, all
slopes with an angle of 30 percent or more are considered to have a moderate to high potential
for a landslide to occur. All slopes that have a slope of less than 5 percent are considered to have
a low potential, regardless of the geologic deposits present. As such, Yona, Santa Rita, Piti,
Asan/Maina, Talofofo, Inarajan, Merizo, Umatac, and Agat all have proportionally large areas
with a moderate, a moderate to high, or a high potential for landslides to occur. Only the
relatively flat areas along the eastern coast of this half of the island and the flat areas around
Apra Harbor have a low potential for landslides.

It is important to note that this simplified assessment does not include some potentially important
factors, such as local geologic structures. Many of the landslides triggered during the August 3,
1993, earthquake were associated with faults. When the orientation of potential landslide failure
planes (such as bedding or fault planes) is favorable for failure with respect to the slope,
landslides can occur in geologic units not generally prone to fail, particularly during earthquakes
or when the ground is saturated.

Mudslide: The areas most susceptible to mudslides are steep areas made of clay, areas where
mudslides occurred before but bedrock is not yet exposed, and sloped clay areas where
vegetation has been removed. Steep refers to angles that range from 10 degrees from the vertical
to about 40 degrees from the vertical. For angles of less than 10 degrees from the vertical, water
flows over the clay and forms waterfalls. For angles greater than 40 degrees from the vertical,
gravity does not normally cause the mud to give way. As such, Nimitz Hill, Santa Rita, the Cross
Island Road, and the southern mountain areas are the most susceptible mudslide locations on
Guam.

Post-Fire Debris Flow: Land that is adjacent to or downslope of recently burned areas is
susceptible to potentially hazardous debris flows. Areas susceptible to recent burn and potential
debris flow include localities on the west coast, such as Agat and Umatac, and the areas near
Talofofo, Inarajan, and Merizo.

Previous Occurrences

Landslide: Available historical records of landslides due to earthquakes document that
landslides resulted from the earthquakes that occurred on September 22, 1902; October 30, 1936;
November 1, 1976; and August 8, 1993. Many of the landslides that occurred during the large
1993 earthquake are well documented. For example, a large landslide was observed along a
remote sea cliff on the northeast side of Guam near Lajuna Point. This slide was not known to
result in any damage. Many relatively smaller slides were observed on steep cut-slopes and
limestone cliffs throughout the island. Several of these landslides occurred immediately adjacent
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to areas of dense development. Several slopes failed and several slopes were heavily destabilized
along Marine Corps Drive in an area of commercial buildings. Landslides in this area crushed
two cars. The steep face of a large quarry pit failed, causing the deformation of a large building
on the flat ground surface above the slope, which was underlain by fill material. Many of the
slide areas were observed to coincide with the location of limestone fault zones.

Typhoons also lead to landslides in Guam. Although these events are not highly documented,
records show that rain from Typhoon Chata’an resulted in numerous landslides.

Mudslide: Similar to landslides, the occurrence of mudslides in Guam is not well documented.
However, records indicate that mudslides occurred in the unpopulated mountainous areas of
Guam during Typhoon Chata’an.

Post-Fire Debris Flow: Previous occurrences of post-fire debris flows have not been
documented on Guam to date.

Probability of Future Events

Landslide: The probability of future landslides is unknown. However, landslides are likely to
result from large earthquakes felt on Guam (4-5 years) and tropical cyclones and typhoons (on
average, three tropical cyclones and one typhoon pass within 180 nautical miles of Guam each
year).

Mudslide: The probability of future mudslides is unknown. However, mudslides are likely to
occur after tropical cyclones and typhoons (on average, three tropical cyclones and one typhoon
pass within 180 nautical miles of Guam each year), and other prolonged or intense rainstorm
events which generally occur during the wet season from June — December.

Post-Fire Debris Flow: Post-fire debris flows are most common in the 2 years after a fire; they
are usually triggered by heavy rainfall. Flooding and increased runoff may continue for several
years after a fire, but it is unusual for post-fire debris flows to be produced beyond the second
rainy season after a wildfire. Some of the largest debris-flow events have been triggered by the
first intense rainstorm of the storm season. However, because a number of complex factors lead
to debris flow (rainfall, wildfire, and slope and soil conditions), the probability of future post-fire
debris flows on Guam is unknown.

5.3.13 Terrorism

Nature

No universally accepted definition of terrorism is available; however, the Code of Federal
Regulations defines terrorism as “... the unlawful use of force and violence against persons or
property to intimidate or coerce a government, the civilian population, or any segment thereof, in
furtherance of political or social objectives.” In general, terrorism is seen as violence against
civilians to achieve a political or ideological objective through fear.

Terrorism can occur in various forms: assassinations; kidnappings; hijackings; bomb scares and
bombings; cyber attacks (computer-based); and the use of chemical, biological, nuclear, and
radiological weapons. Concern is also growing about emerging infectious diseases and the
possibility of a bioterrorism attack.
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A bioterrorism attack is the deliberate release of viruses, bacteria, or other germs (agents) to
cause illness or death in people, animals, or plants. These agents are typically found in nature,
but it is possible that they can be modified to increase their ability to cause disease, make them
resistant to current medicines, and/or to increase their ability to be spread into the environment.
Biological agents can be spread through the air, through water, or in food. Terrorists may use
biological agents because they can be extremely difficult to detect and do not cause illness for
several hours or several days. Some bioterrorism agents, like the smallpox virus, can be spread
from person to person and some, like anthrax, cannot.

Location

The Department of Homeland Security’s National Planning Scenario identifies the possible
terrorist strike locations it views as most plausible. Places in Guam judged to be at risk include
cities, such as Dededo and Tamuning; places that have economic and symbolic value, such as
Agana Heights and Yigo; places with hazardous facilities; and areas where large groups of
people congregate, such as office buildings and sports arenas. However, it is also believed that
terrorists may begin to target small rural communities, with the goal of targeting pesticide
facilities, chemical plants, the water supply, dams, or agriculture.

Previous Occurrences

No major terrorist events have occurred on Guam. In December 2010, one report from a
supposedly credible source noted the threat of a possible terrorist attack on Guam in the form of
food poisoning aimed at hotels and restaurants. According to the report, the terrorist plot was
aimed at attacking hotels and restaurants at multiple locations across the United States over a
single weekend. However, no attacks occurred.

Probability of Future Events

Due to the large number of factors involved in terrorism, including the many factors involved in
human decision-making and motivation, the probability of a future terrorist attack on Guam is
unknown.

5.3.14 Transportation Accident

Nature

In this HMP, a transportation accident is defined as an accident involving an aircraft or marine
vessel that causes a large loss of life, a large loss of property, or has a drastic effect on the
economy. Marine and air transit, through Apra Harbor and GIAA, respectively, are almost the
only means for people and goods to enter or leave Guam. (Additional airports are located on the
military bases on Guam.) An accident that involves an airplane or a marine vessel has the
potential to have a significant effect on the economy and infrastructure of Guam. An accident
involving a large commercial passenger airplane or a large marine passenger vessel also has the
potential to result in a large number of fatalities or injuries to the people on the airplane or
marine vessel as well as the people on the ground at the site of an airplane crash.

An airplane crash can lead to a large number of fatalities or injuries to persons on the airplane
and persons on the ground at the site of the accident. This type of accident could also cause a
large loss of property. A crash at the GIAA could lead to a disabling of the operational facilities
at the airport and could cause this port of entry to close temporarily. Any size or type of aircraft
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can cause damage, injuries, and fatalities on the ground at the site of a crash. The amount of
damage at a crash location is related to the location of the accident and the nature of the crash.

A large airplane accident can have indirect economic effects on Guam. For example, 99.1
percent of tourists entering Guam arrive by air, and a large passenger airline crash could
dramatically affect Guam’s tourist economy by scaring tourists from traveling to Guam. A crash
that disables the functionality of the international airport can drastically reduce the movement of
goods and people to and from the island, leading to a large negative economic effect. A crash
into a populated area can affect the economy and social health of that particular area.

Aircraft accidents can be caused by mechanical failure, manufacturing error, pilot error, air
traffic controller error, natural hazards, and inappropriate cargo. While aircraft can also clearly
be used for terrorism, it is beyond the scope of this study to address acts of terrorism. Mechanical
failures and manufacturing errors can cause an aircraft to function improperly and crash. Pilot
and air traffic controller errors can lead to mid-air collisions and crashes into the ground or an
elevated structure. Natural hazards, such as wind shear, terrain-induced turbulence, and poor
visibility, can lead to the loss of control of an aircraft or an incorrect judgment by a pilot.
Inappropriate cargo, such as a pressurized container, can lead to sudden explosions and loss of
control of an aircraft. Also, an aircraft accident can be caused by several of these factors that
cumulatively lead to loss of control of an aircraft and a crash.

A transportation accident involving marine vessels can result in a large loss of life or a large loss
of property and can have an adverse effect on the economy of Guam. This type of accident could
also have an indirect adverse effect on the economy by leading to a temporary decrease in
tourism and the temporary loss of the shipment goods. Approximately 80 percent of Guam’s
food supplies and 95 percent of Guam’s goods are delivered to Guam on marine vessels.
Between Fiscal Year 2003 and Fiscal Year 2010, the Port Authority of Guam (PAG) averaged
2,054,180 revenue tons of cargo. In addition to the loss of property, a collision involving an oil
tanker can result in a large environmental impact and an indirect economic impact due to a
temporary shortage in oil and oil-based products (e.g., gasoline) on the island. Vessel collisions
can occur if a vessel runs aground or onto a reef, if the vessel collides with another vessel, or if a
vessel collides with a stationary facility in Apra Harbor.

Depending on where it occurs, a vessel collision can lead to additional indirect effects. For
example, a collision in the shipping lanes of Apra Harbor can cause part or the entire harbor to
be blocked. This type of event would affect both the Commercial Port of Guam and military
operations based in Apra Harbor. This event can adversely affect Guam’s economy because the
movement of goods via the port will be halted. If the accident is severe, it could take a long time
to clear the blockage of the shipping lanes.

Accidents involving marine vessels can be caused by errors in operating the vessels,
communication errors between vessel operators and port operators, mechanical errors on the
vessels, and natural hazards. Also, a combination of these factors can lead to a marine vessel
accident. Natural hazards, like high winds or high surf, combined with errors in vessel operation
or mechanical errors, can lead to a loss of control of a vessel. In addition, vessels that are not
adequately moored and anchored can be displaced and potentially collide with something during
a hazard event (e.g., a typhoon).
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Location

Marine and air transit locations and routes, through Apra Harbor and GIAA, are shown on
Figures D-24 and D-25. As shown on this figure, many residential and commercial land uses are
located near the airport. An accident where a plane misses a runway could mean a large area of
damage and devastation in these areas of intensive land use. The GIAA is also located close to
the populated areas of the Agana, Agana Heights, Barrigada, Chalan Pago-Ordot, Mangilao,
Mongmong-Toto-Maite, and Tamuning villages. An aircraft crash into any of these areas could
also have a very large impact.

Previous Occurrences

Two aircraft transportation accidents have occurred on Guam involving large commercial
airlines. On August 6, 1997, a Boeing 747 operated by Korean Air, struck Nimitz Hill and
crashed 3 miles short of the GIAA. Of the 254 persons on-board the airplane, only 29 survived
the accident. The investigation conducted by the National Transportation Safety Board (NTSB)
concluded that the probable cause of the accident was “the captain’s failure to adequately brief
and execute the nonprecision approach and the first officer’s and flight engineer’s failure to
effectively monitor and cross-check the captain’s execution of the approach. Contributing to
these failures were the captain’s fatigue and Korean Air’s inadequate flight crew training. Also,
contributing to the accident was the Federal Aviation Administration’s (FAA’s) intentional
inhibition of the minimum safe altitude warning (MSAW) system at Guam and the agency’s
failure to adequately manage the system.” The combination of this aviation accident and a
general economic recession in South Korea resulted in an 87 percent decline in the number of
Korean tourists that visited Guam between 1997 and 1998. The available records did not
describe the effects to the uninhabited area where the plane crashed.

On December 17, 2002, a Philippine Airlines Airbus A330 struck the power lines on top of
Nimitz Hill. This accident resulted in no injuries or fatalities. Although the investigation by the
NTSB was not as thorough as the investigation for the Korean Air accident, the NTSB has stated
that the probable cause of this incident was “the pilot’s initiation of a premature descent that was
both below the nominal glideslope and steeper than normal. Contributing to the incident was the
air traffic controller’s failure to respond to the MSAW warning and issue a safety alert as
required by FAA order.”

No documentation of a marine vessel accident resulting in a blockage of Apra Harbor is readily
available. Historical records show several marine vessel accidents during tropical cyclones that
have resulted in large property damage. As discussed in Section 5.3.15 (Tropical Cyclone),
tropical cyclones generally have very high winds, high surf, and elevated sea levels, all of which
can affect marine vessels. During Super Typhoon Karen in 1962, three ships sank, and two
tugboats and a huge floating crane were pulled off their moorings and driven ashore. No records
of the financial losses for these accidents were available. During Tropical Storm Mary in 1974,
high winds caused the Caribia, a 40,000-ton passenger liner being towed to Taiwan for salvage,
to be cut loose from its tugboat at the entrance to Apra Harbor. As a result, the ship ran aground
on the breakwater of the harbor and sank. This accident resulted in a $3.3 million loss. During
Super Typhoon Pamela in 1976, ten ships and tugboats sank or ran aground in Apra Harbor. No
records of the financial losses for these accidents were available. During Typhoon Russ in 1990,
two ships broke from their moorings in Apra Harbor and went aground on the harbor breakwater.
No records of the financial losses for this accident were available. Although not directly stated in
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historical records for most of these storms, these accidents were likely due to the high winds and
improper anchoring or mooring of the vessels prior to landfall of the storms.

Probability of Future Events

The FAA has many rules and regulations to minimize the potential for airline accidents to occur.
After the Korean Air accident, the NTSB made many recommendations specific to the GIAA to
improve the safety for large commercial airplanes using this airport. The near-tragic accident of
the Philippines Airlines Airbus in 2002 demonstrated that these types of accidents are repeatable.
Also, this accident brought to light that the FAA and the GIAA had not acted on many of the
NTSB recommendations that resulted from the Korean Air accident.

No standard method has been developed to predict the probability of an airplane transportation
accident on Guam.

5.3.15 Tropical Cyclone

Nature
A tropical cyclone is a general term for an intense, circulating storm that covers all of the
following terms: tropical depression, tropical storm, typhoon, and super typhoon.

Tropical cyclones occur over tropical and subtropical oceans. These storms are low-pressure
weather systems that range in size from 120 to 1,500 miles across. In the northern hemisphere,
the winds of a tropical cyclone blow counter-clockwise around a center of organized, deep
thunderstorms, where the strongest winds generally reside. The various names or classifications
for tropical cyclones relate to the intensities of the storms:

e Atropical depression has maximum sustained winds of 38 mph. A tropical depression has a
closed circulation. The Joint Typhoon Warning Center generally issues warnings when the
circulation reaches 29 mph.

e A tropical storm has maximum sustained winds in the range of 39 to 73 mph.
e A typhoon has maximum sustained winds in the range of 74 mph or greater.

e A super typhoon is a special class of typhoon that has maximum sustained winds of 150 mph
or greater.

The size and intensity of a tropical cyclone are not related. Small, very intense typhoons and
large, relatively weak typhoons are possible. A large-diameter tropical cyclone may miss a
landmass by a large distance and still result in heavy rains and high winds on the landmass, but
the center of the storm, which is where the storm is most intense, would have missed the
landmass. A small-diameter tropical cyclone of the same intensity needs to have a direct or
nearly direct hit on a landmass to cause substantial damage. In this situation, the center of the
small-diameter tropical cyclone would have hit or nearly hit the landmass, likely resulting in
heavy damage.

Tropical cyclones can occur at any time in the western North Pacific Ocean, and the route or
track that a tropical cyclone follows can vary. These storms can intensify rapidly or remain at a
relatively low intensity (i.e., remain a tropical depression) for their whole existence. To a certain
extent, meteorologists can forecast the track that a tropical cyclone will likely take, the intensity
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of a tropical cyclone when it makes landfall, and the amount of time a tropical cyclone will take
to make landfall, but many exceptions and errors can occur in forecasting for a tropical cyclone.

The disastrous effect of tropical cyclones on islands in the western North Pacific Ocean can be
subclassified into several hazards causing widespread damage. Each of the following hazards
that may be associated with a tropical cyclone is addressed separately and can be found in the
following sections.

e Coastal Erosion (Section 5.3.1)
e Flooding (Section 5.3.5)

e High Surf (Section 5.3.7)

e Salt Spray (Section 5.3.10)

e Severe Wind (Section 5.3.11)
e Slope Failure (Section 5.3.12)

Location

All of Guam is susceptible to a tropical cyclone. Most tropical cyclones that pass near Guam are
moving in a westward direction. Sixty percent have approached Guam from the east through the
southeast, 19 percent have approached from the southeast through the south, and 7 percent have
approached from the northeast through the east.

Previous Occurrences

Guam is located in an area of the western North Pacific Ocean known as “Typhoon Alley.”
Thirty-three percent of the world’s cyclones develop in the immediate area around Guam. Guam
has been affected by approximately 111 tropical cyclones from 1900 to 2010. Although records
prior to 1946 are likely incomplete, approximately 85 of these tropical cyclones, at least 61 of
which were typhoons or super typhoons, have made landfall onto Guam and have resulted in
severe winds, heavy rainfall, or flooding. The 26 reported tropical cyclones that did not make
landfall on Guam caused high surf on Guam that generally resulted in large rescue operations,
injuries, and/or fatalities. Presidential Disaster Declarations have been made for six tropical
cyclones: Typhoon Russ, Super Typhoon Yuri, Super Typhoon Paka, Typhoon Chata’an, Super
Typhoon Pongsona, and Typhoon Tingting. Historical records from 1900 to 2010 have
accounted for 86 fatalities and 461 injuries from tropical cyclone—related and monsoon-related
hazards.

Probability of Future Events

Historical data show 12 typhoons passing over Guam between 1923 and 2002 in which the eye
of the storm passed over the island. This methodology assumes that the most devastating
typhoons to have struck Guam occur when the eye of a typhoon passes over the island. However,
several of the typhoons with very high recorded wind speeds on Guam did not have their eye
pass over the island. For instance, the eye of Typhoon Dale (1996) did not pass over Guam, but it
produced 98 mph sustained winds. Typhoon Kim in 1977, whose eye passed over Guam, had
sustained winds recorded at 89 mph.

In WERI (1999), a risk assessment was conducted for the probability and magnitude of tropical
cyclones to occur on Guam primarily using the HURISK (Hurricane Risk) Model. The HURISK
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Model was developed in 1987 for the NWS-WFO Tropical Prediction Center at Miami, Florida.
The model uses multiple inputs (including the historical tracks of tropical cyclones, the radius of
their maximum winds, the time and location of their landfall, and the rate of storm decay after
landfall). HURISK has been modified for the western North Pacific Ocean and is currently the
most developed and comprehensive model for tropical cyclone risk for the area. WERI used a
relatively comprehensive dataset of 1,469 storms that occurred near Guam during the period
1945 through 1997.

WERI (1999) determined that a 73.8 percent chance existed that a tropical storm or typhoon will
come within 86 miles of Guam with sustained winds of readily 40 mph for any year, and a 46.3
percent chance of a typhoon for any given year. Within any 5 years, a 99.9 percent probability
exists that a tropical cyclone will come within 86 miles of Guam with at least sustained winds of
40 mph, and a 95.6 percent probability of a typhoon occurrence for any given year.

In expressing typhoon recurrence through wind speeds, the average return period for minimally
strong typhoon-induced sustained winds to be experienced on Guam (i.e., approximate sustained
wind speeds of 75 mph) will be 4.4 years. The approximate sustained wind speed of a 100-year
storm on Guam was calculated to be approximately 160 mph, a 50-year storm was calculated to
have approximate sustained wind speeds of 150 mph, and a 20-year storm was calculated to have
a sustained wind speed of approximately120 mph. Therefore, a 20-year storm would carry the
intensity of Typhoon Omar in 1992 and a 50-year storm would roughly carry the intensity of
Super Typhoon Paka.

It should be noted that the risk assessment performed by WERI did not include storm events
from more recent years, such as Typhoon Chaba, Typhoon Tingting, Typhoon Chata’an,
Typhoon Halong, and Super Typhoon Pongsona. It is likely that the inclusion of these more
recent intense typhoon events would change the probability and magnitude calculations
performed by WERI. However, currently, the risk assessment performed by WERI is the best
and most comprehensive forecast performed to date.

5.3.16 Tsunami

Nature

A tsunami is a series of traveling ocean waves of extremely long length generated by
disturbances associated primarily with earthquakes occurring below or near the ocean floor.
Subduction zone earthquakes at plate boundaries often cause tsunamis. However, tsunamis can
also be generated by submarine landslides, submarine volcanic eruptions, the collapse of
volcanic edifices, and in very rare instances, large meteorite impacts in the ocean.

As an oceanic plate is subducted beneath a continental plate, it sometimes brings down the lip of
the Continental Plate with it. Eventually, too much stress is put on the lip and it snaps back,
sending shockwaves through the earth’s crust; these shockwaves cause a tremor under the sea,
known as an undersea earthquake. Factors that affect tsunami generation from an earthquake
event include magnitude (generally, a 7.5 M and above), depth of event (a shallow marine event
that displaces the seafloor), and type of earthquake (thrust as opposed to strike-slip).

In the deep ocean, the length of a tsunami from wave crest to wave crest may be a hundred miles
or more but have a wave height of only a few feet or less. Thus, the wave period can be up to
several hours and wavelengths can exceed several hundred miles. Thus, tsunamis are unlike
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typical wind-generated swells on the ocean, which might have a period of about 10 seconds and
a wavelength of up to 300 feet. Tsunamis cannot be felt aboard ships nor can they be seen from
the air in the open ocean. In deep water, the waves may reach speeds exceeding 700 miles per
hour.

Tsunamis reaching heights of more than 100 feet have been recorded. As a tsunami wave
approaches the shallow coastal waters, it appears normal and its speed decreases. Then as the
tsunami nears the coastline, it can grow to a great height, smash into the shore, and cause much
destruction.

Tsunamis not only affect beaches that are open to the ocean, but also bay mouths, tidal flats, and
the shores of large coastal rivers. Tsunami waves can also diffract around land masses. Because
tsunamis are not symmetrical, the waves can be much stronger in one direction than another,
depending on the nature of the source and the surrounding geography. However, tsunamis
propagate outward from their source, so coasts in the shadow of affected land masses are usually
fairly safe.

Tsunamis can originate hundreds or even thousands of miles away from coastal areas. Local
geography may intensify the effect of a tsunami. Areas at greatest risk are less than 50 feet above
sea level and within 1 mile of the shoreline. Tsunamis arrive as a series of successive “crests”
(high-water levels) and “troughs” (low-water levels). These successive crests and troughs can
occur anywhere from 5 to 90 minutes apart. They usually occur 10 to 45 minutes apart.

Tsunami run-up occurs when a peak in the tsunami wave travels from the near-shore region onto
shore. Run-up is usually expressed in meters above normal high tide. Except for the largest
tsunamis, such as the 2004 Indian Ocean event, tsunamis generally do not result in giant
breaking waves (like normal surf waves at the beach that curl over as they approach shore).
Rather, they come in much like very strong and fast-moving tides (i.e., strong surges and rapid
changes in sea level). Much of the damage inflicted by tsunamis is caused by strong currents and
floating debris. Tsunamis often travel much farther inland than normal waves. Most deaths
during a tsunami result from drowning. Associated risks often include flooding, polluted water
supplies, and damage to structures and utilities, which can lead to fires.

Location

Figure D-26 shows the potential areas for tsunami inundation. These areas include all land
masses below 16.4 feet in mean sea elevation and the inundation areas for the five bays (Apra
Harbor, Tumon Bay, Pago Bay, Agana Bay, and Inarajan Bay) listed in the tsunami hazard
assessment study completed by the Pacific Risk Management "Ohana, the Pacific Marine
Environmental Laboratory Center for Tsunami Research, and the NWS-WFO Pacific Services
Center (PSC) in October 2009.

Previous Occurrences

Historical data regarding tsunami events on Guam are minimal and likely incomplete. The
general view is that tsunamis occur infrequently on the island and that the band of coral reefs
surrounding the island forms a natural barrier against destructive tsunamis. It is likely that
tsunami events are underreported because Guam frequently experiences large wave run-up
during typhoon events, and the tsunami run-up on Guam may be less damaging than the wave
run-up associated with typhoons.

URS 5-50



SECTIONFIVE Risk Assessment

Historical documentation shows that 12 tsunami events have affected Guam. Table 5-15 shows
the details