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I This report is dedicated to the Virgin Islanders who lost
their lives during and as a result of Hurricanes Irma
and Maria, and to their loved ones. No written report
could ever accurately or even approximately convey
the destruction, loss and pain brought to US Virgin
Islands communities by the 2017 hurricanes.
These pages also recognize the strength, resilience and
resourcefulness of the Virgin Islanders working hard to
rebuild and recover. We are Virgin Islands Strong.
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GOVERNOR'S

ADDRESS

September 2017, the Virgin Islands of the United
States experienced some of the most powerful and
destructive hurricanes in the Atlantic’s recorded
history. Within two weeks, hurricanes Irma and
Maria barreled across the Territory with catastrophic
consequences, damaging our homes, businesses and
critical infrastructure.

As we witnessed the devastation with disbelief and
sadness, we realized what significant rebuilding
challenges lay ahead and we went to work. The storms
did not weaken our spirit or resolve; power was
restored, the functions of our government continued,
cruise ships returned and our economy is beginning
to rebound.

In fact, this crisis has afforded us the opportunity

to build our communities better and stronger
than ever.

USVI Hurricane Recovery and Resilience Task Force

We are fortunate to have a significant amount

of resources coming into the Territory to help,
including $8 billion in federal funding. We must

use this money wisely—not only to recover and
improve our communities, but also to prepare for
the future threats that climate change will inevitably
bring. Studies suggest hurricanes will become more
intense and there is scientific consensus that we will
experience sea level rise of up to two feet by 2050. It
is important for us to acknowledge this and to use this
rare opportunity to rebuild for long-term success.

In the storms’ aftermath, | called for the USVI
Hurricane Recovery and Resilience Task Force to
examine our response and to use the lessons learned
and best practices from around the world to guide
our rebuilding process. The 20+ member Task Force
included Territorial agency heads, senators, federal
partners, business leaders, subject matter experts
and active members of our community. Their
mandate was to present a report that lays out the
best path forward to rebuilding and protecting our
communities for the long term.

I thank and commend the Task Force members

for their tireless service and commitment in this
endeavor. Rebuilding will not be easy, but | have the
utmost faith that using this report as a blueprint,
we will recover fully from the storms and emerge
stronger than ever before.

- Governor Kenneth E. Mapp
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In September 2017, two
catastrophic Category 5
hurricanes tore through the U.S.
Virgin Islands with 14 in days

of each other. On September 6,
hurricane Irma made landfall

in the St. Thomas/St. John
district; on September 20,
hurricane Maria bore down on
St. Croix. The storms stripped the
Territory’s lush flora, destroyed
communications, power grid,
and other infrastructure,

and demolished homes and
businesses.

Recovery efforts in the territory
started the moment it was safe to
venture outside. Large amounts
of aid arrived from off-island, and
more is yet to come, especially
from the U.S. government. Yet
recovery will be long and difficult,
and, as The territory rebuilds,

the question also stands: how do
we prevent similar destruction
from happening again in future
storms, especially as climate
change potentially makes storms
stronger?

In October 2017, Governor
Kenneth Mapp called for

the Hurricane Recovery and
Resiliency Task Force to develop
a comprehensive report on the
2017 hurricanes’ impact, as well
as produce recommendations for
effective recovery and resilience.
Specifically, the report was to
answer three questions for each of
several sectors:

1. What happened during the
hurricanes and why?

2. How will climate change
affect the sector in the
future?

3. What will the Territory do?

The report was to be data-driven,
implementation oriented, and
conscious of funding constraints.
It was also to be supported

by thorough stakeholder and
community engagement work.

Nearly 10 months later, the report
is being presented to the public.
It builds on and complements the
work that different governmental
agencies and non-governmental
organizations have been doing
since the storms and will continue
to do in the future. It also covers
areas that no single organization
is responsible for (like Private
Telecommunications), includes
information on future climate
risks developed in collaboration
with regional climate scientists
(University of the Virgin Islands),
and provides in one place a

list of recovery and resilience
initiatives across all of the report’s
14 sectors (Energy, Public and
Private Telecommunications,
Transportation, Water, Solid
Waste and Wastewater, Housing,
Health, Education, Economy,



HARDENING,
MITIGATION,
RESILIENCE
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Vulnerable Categories,
Philanthropy, Nonprofit and
Volunteer Organizations,
Government Response, and
Funding). Each chapter relies on
quantitative information to the
greatest extent that was realistic
within the Task Force’s timeframe
(meaning, usually, that if data
was available, it was used, but
that no new data was collected
specifically for the report). Each
chapter also takes account of
funding and implementation
constraints and is supported by
extensive stakeholder engagement
described later in this chapter.

Each sector’s data and content
was developed by a sector lead—
typically a member of the related
agency (Bureau of Information
Technology and viNGN for

Public Telecommunications;
Department of Public Works

and Virgin Islands Port

Authority for Transportation;
Virgin Islands Water and Power
Authority for Water; Waste
Management Authority for

Solid Waste and Wastewater;
Housing Finance Authority

for Housing; Departments of
Health and Education for the
respective sectors; Department of
Human Services for Vulnerable
Categories; and Virgin Islands
Territorial Emergency
Management Agency for
Government Response). Outside
expert consultants served as
sector leads for Energy, Private
Telecommunications, Economy,
and Philanthropy; work on the
climate chapter was led by the
scientists at the University of the
Virgin Islands (UVI).

The work of sector leads was
supported day to day by a

group of staff working in “lite”
mode between December 2017
and February 2018 and in full
development between March and

August 2018. The overall effort
was guided by the 19-member
Task Force Advisory Group

that included local government
officials, private enterprise
leaders, community members,
and subject matter experts from
around the United States. Clifford
Graham, President and CEO

of the West Indian Company
(WICO), served as Chairman of
the Task Force and Dina Leroy,
who previously served as a senior
advisor to Governor Mapp, was
the effort’s CEO.

Work on this report was funded
by a grant from the Community
Foundation of the Virgin Islands
(CFVI), a local 501(c)(3) non-profit
organization. CFVI had no say
over the report’s content. Task
Force Advisory Group members
and the Task Force’s Chairman
did not receive compensation.

STAKEHOLDER

ENGAGEMENT

An important part of the Task
Force’s mandate was to engage
stakeholders from around the
USVIin its work and make sure
that the report reflected their
concerns and experiences. To
fulfill this mandate, the Task
Force created a Stakeholder
Engagement (SE) group that
functioned as the community
relations arm of the Task Force,
creating a two-way information
flow in order to share with the
public key information about the
sectors covered in this document
and collect information from

the public to share with the Task
Force. Members of the public
provided a “boots on the ground”
view of the disasters, providing
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a picture of both the devastation
and response for the report. The
public also shared their visions
for what the USVI could become
by building on knowledge gained
from the experience of 2017
storms in order to create a better
prepared, more resilient territory
across all sectors and for all
citizens.

SE’'s work took place in three
different formats: Community
Meetings, Resiliency Training
Workshops, and Special Interest
Group Meetings. Across St. Croix,
St. John, and St. Thomas, well
over 500 members of the public
participated.

On each island, FEMA created
Long Term Recovery Groups
(LTRGS) to bridge the transition
from emergency response to post-
storm recovery and help guide
FEMA's efforts on a local level.
LTRGs are local teams embedded
in each community for a number
of years that help identify and
facilitiate long-term projects

that will help each community
thrive each community as it
works toward full recovery. A
seven person board leads each
LTRG, and general membership

is between 75-100 local members.
Members come from diverse
communities, neighborhoods,
and interest groups.

The SE group met with each
island’s LTRG in advance of
community meetings to ensure
that the collaboration between
the Task Force and LTRGs

brought transparency and

built trust into the community
engagement process. Together,
they provided community
members a forum to share their
experiences and opinions about
the recovery. LTRGs hosted the
SE team for several community
meetings and included SE in
ongoing LTRG meetings. This
partnership offered an additional
feedback mechanism, as the
LTRGs collected response from
individuals after community
engagement events and shared
them with the SE group.

In addition to collaborating with
LTRGs on community events,

the SE group engaged individuals
from each community in less
formal meetings through island-
specific Community Liaisons—
local individuals intimately
familiar with the workings and
concerns of each community.

The liaisons gathered feedback
and disseminated information on
the Task Force’s efforts to those
unable to attend the larger events
in order to maximize SE reach
and gain a better understanding
of hyperlocal issues.

In order to gain a clearer
understanding of the
community’s priorities related
to resilience, the SE group

held two half-day Resiliency
Workshops, one on St. Thomas
and one on St. Croix. Facilitated
by Task Force member Harriet
Tregoning, a planning expert
and former Deputy Director of
the U.S. Department of Housing
and Urban Development (HUD),
the workshops served to inject
resiliency values into the recovery
conversation.

Resiliency Workshop attendees
listened to presentations by
subject matter experts and
participated in breakout groups
to generate and discuss ideas
that would contribute to a more
resilient territory. Three experts
led presentations and workshop
exercises on the following topics:

« Future Climate Risks to the U.S.
Virgin Islands, led by Dr. Greg
Guannel, Ph.D., Resiliency
and Sustainability Chair and
Carribean Green Technology
Director, University of the
Virgin Islands (UVI)

+ Resilient Recovery and Best
Practices, led by Jonathon
Halfon, FEMA

Defining Resiliency Values:
U.S. Virgin Islands’ Risks and
Vulnerabilities, led by Harriet
Tregoning

The first workshop was held on
January 29, 2018 on St. Thomas
and included 40 attendees from
St. Thomas and St. John; 52
attendees participated in the St.
Croix workshop held on March
12. Workshop participants were
asked to consider rebuilding
opportunities that would make
the islands more resilient in the
face of severe climate risks like
more powerful storms, rising sea
levels, and other extreme weather
risks.

Workshop attendees developed
the following value statement to
address these concerns: “Invest

in the people of the territory and
their health, safety, and well-
being now and in the future. Build
on the spirit of the cooperation
and partnership in the aftermath
of recent disasters to support a
diverse and robust economy that
is sustainable and resilient; a built
and natural environment that is
adaptable and well-maintained;



and a unique culture and quality
of life.”

In order to gain a deeper
understanding of the distinct
communities on each island and
their unique concerns, the SE

group met with various special
interest groups, faith groups,
nonprofit organizations, chambers
of commerce, and businesses

to discuss specific sector issues.
These groups helped foster
dialogue and communicate Task
Force news to their respective
constituents (see table: U.S. Virgin
Islands organizations engaged
with the Task Force).

Territory-wide

Moravian Churches

St. Croix

St. Croix Chamber
of Commerce

in the Virgin Islands

New York State
Black and Latino
Elected Officials

St. Croix
Foundation

St. Croix Landmark
Society

Congresswoman
Stacey Plaskett

Community Club Comanche
Foundation of the Hotel
Virgin Islands

Government Big Beard'’s
Employee Adventure Tours
Retirement System

(GERS)

USVI Legislature St. Croix Long Term

Recovery Group

VI Housing Finance
Authority (VIHFA)

Crucian Heritage
and Nature
Tourism (CHANT)

Virgin Islands
Clergy Peace
Coalition

UVI Center for
the Study of
Spirituality and
Professionalism

VI Unity Day Group
VI Domestic
Violence & Sexual

Assault Council
(VIDVSACQ)

Clinical Providers
Red Cross

WTJX (Channel 12
Television)

St. Thomas St. John
Downtown St. Thomas/
Revitalization Inc. St. John Chamber
of Commerce
Environmental Coral Bay
Association of St. Community Council
Thomas (EAST)
Island Roads Love for Love City

Corporation

St. Thomas St. John
Recovery Group Community
Foundation

St. Thomas East
End Medical Center
Corporation

St. John Long Term
Recovery Group

St. Thomas/St.
John Chamber of
Commerce

Paul Ferreras PE/
Engineer
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On June 14, 2018, the Task Force
invited over 100 St. Thomas

and St. John business leaders

to an Economic Round Table
facilitated by Task Force member
Vivek Daswani. Professional
associations, including the Virgin
Islands Charter Yacht League, the
VI Hotel and Tourism Association,
and all of the USVI Rotary Club
chapters, helped to expand the
Task Force’s original invitation
footprint. Over 50 business
representatives from St. Thomas,
St. Croix and St. John participated.
Telecommunications, sustainable
energy production, hospitality,
retailers, legal, medical,
insurance, grocers, beverage
distributors, professional

fishing companies, agriculture,
shipping agents, finance, and
their corresponding federal

and territorial partners, among
others, participated in this
economically focused meeting.
The top three issues shared

in the Economic Round Table
meeting were challenges with
communications, business, and
government continuity issues
resulting from the lack of power
and communications and the
need to streamline processes. As
word of mouth spread about the
meeting, companies that had been
unable to attend earlier events
also shared feedback.
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Nearly 500 members of the public
engaged directly with the Task
Force via community meetings,

workshops, and other interactions.

The public prioritized themes

of Economy, Waste, Education,
Health, and Housing. The table
below details common concerns
voiced within these sectors:

Sector
Economy

Waste

Education

Health

Housing

Priorities

Bring back tourism

Establish household waste
recycling

Continue with debris
removal

Set up resilient temporary
classrooms for education
continuity

Improve access

to healthcare and
prescriptions

Create afterhours access
to emergency medical care
on St. John

Provide affordable housing
options for potential and
current homeowners
Rebuild homes and roofs
before the 2018 hurricane
season

Prior to its final publication, this

report was released for public
comment from July 20-27, 2018.
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EXECUTIVE
SUMMARY

HURRICANES
IRMA AND
MARIA

In the span of 14 days in
September 2017, two Category

5 hurricanes, Irma and Maria,

hit the U.S. Virgin Islands and
caused catastrophic damage
across the entire Territory and
neighboring Caribbean islands.
Irma struck first, largely sparing
St. Croix and Puerto Rico, but
pummeling St. Thomas, St. John
and the British Virgin Islands.
Maria came second, striking St.
Croix and moving on to devastate
Puerto Rico. By the time Maria
had passed, U.S. Virgin Islander
lives had been lost, and many of
the Territory’s 110,000 residents
were without power, phones,
food or running water. Ports and
airports were closed for weeks. All
three major hospitals and critical
care centers across the territory
were damaged and patients flown
to Puerto Rico after Irma had to
again be moved the to the U.S.
mainland; most have not been
able to return.

HURRICANE

RECOVERY AND

RESILIENCE
TASK FORCE

Following the storms, Gov.
Kenneth Mapp called for the
creation of an independent
hurricane task force to evaluate
the damage and response, and to
propose solutions for rebuilding
a more resilient Territory to
withstand the increasing impacts
of climate change. The Task Force
was made up of 20 volunteers
from the public and private
sectors; it also included members
of all major government agency
heads, business and community
leaders, as well as many of the
outside experts who helped with
the immediate response and long-
term rebuilding in the months to
follow. This report is the result of
their work.

STORM
DAMAGE

The storms severely damaged the

islands’ critical infrastructure,
knocking out electricity and

telecommunications for months,

blocking roads, shutting down
ports and airports, damaging

water and wastewater facilities,

generating hundreds of thousands
of tons of debris, and damaging
more than half of the Territory’s
housing stock. Total damage is

estimated at $10.8 billion: $6.9

billion to infrastructure, $2.3
billion to housing, and $1.5 billion

to the economy. Specific damage

included:

- ENERGY: More than 90 percent

of above-ground power lines
were damaged and more than
half of all poles were completely
knocked down. Customers

on all three large islands
experienced total service
outages, most for at least several
weeks. The vast majority of
customers were restored by
January 1, 2018

Report 2018



TELECOMMUNICATIONS:

Cell service was taken out
completely on St. John

and 80 percent of cell sites
were out of service on St.
Croix and St. Thomas. The
government phone system
went out of service and some
government data was lost to
server damage. Public radio
and television stations were
out for months; public safety
radio was degraded and only
partly operational. 80 percent
of customer connections to
the viNGN fiber network
were damaged or destroyed.
Connectivity issues led to
problems with administering
medical and food assistance
programs.

TRANSPORTATION: Airports

on St. Croix and St. Thomas
closed for two weeks and
reopened with limited capacity
as airlines suspended many
flights. Seaports closed for three
weeks due to the sinking of
more than 400 vessels; roads
blocked with debris and the loss
of power to traffic lights—or the
lights themselves resulted in a
more than a sevenfold increase
in crashes at intersections.

WATER: Potable water reserves
dropped to only a three-day
volume after production in
reverse osmosis facilities
stopped for two days on St.
Croix and 10 days on St.
Thomas; most storage tanks
and pumping stations were
damaged and water mains
throughout the territory saw
widespread leaks. Service was
restored within one month.

WASTE MANAGEMENT:

Local landfill capacities were
exceeded with more than
800,000 cubic yards (y?) of
debris caused by the storms;

USVI Hurricane Recovery and Resilience Task Force

some waste was shipped off-
island. Damaged pump stations
and sewer lines resulted in raw
sewage being discharged into
streets and coastal water.

HOUSING: 52 percent of all
housing stock was damaged
(12 percent damaged severely);
renters and low-to-moderate
income (LMI) households were
disproportionately affected.
Senior centers were closed and
homes for the elderly were
damaged.

HEALTHCARE: Both of the
Territory’s main hospitals were
severely damaged to the point
of becoming non-operational
for most services; total daily
inpatient capacity across the
territory was down 50 percent
and hundreds of patients were
evacuated to the mainland and
have been unable to return
because services like dialysis
and cancer treatments are no
longer available.

EDUCATION: All public

schools closed for over a month,
with 17 of 31 schools more than
50 percent damaged. Once
open, most public schools
operated on split sessions until
the end of the academic year,
and private schools saw steep
enrollment drops.

ECONOMIC IMPACTS:

Hotel reservations saw a 78
percent drop in December 2017
compared to a year before; by
June 2018, major airlines were
still reporting a 43 percent
drop in flight seats available
compared to a year before.
There were 4,300 additional
jobless claims after the storms,
with roughly 8 percent of

all jobs lost, comparatively
marking the third worst job loss
from a US hurricane in the last
30 years.
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Of the three major islands, the
impact was particularly severe

on St. John, where restoration of
power and cell phone connectivity
took the longest; the first
customers had power restored

49 days after Hurricane Irma
because St. John receives its power
from St. Thomas and lines on St.
Thomas had to be reconstructed
first. Residents on the island’s west
end had to wait for 100 days for
the first customer’s power to be
restored.

FACTORS
CONTRIBUTING
TO THE
DAMAGE

While any place in the world
would struggle to handle the
damage from two Category 5
hurricanes in 14 days, several
existing factors in the USVI made
the impact of the storms worse
than it could have been. A though
not applicable to all sectors, those
often included:

« Physical state of infrastructure:
Decades of underinvestment
combined with poor
maintenance

+ Infrastructure standards: Not
stringent enough, not enforced
enough, or both

+ Regulation: Not addressing
storm resilience or not covering
some sectors (like private
telecom) almost at all

« Planning for storms: No plans,
old plans (22 years had passed
since the previous devastating
hurricane), or plans were not
followed
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» Pre-storm preparation:
Precautions like generator fuel
top-up or vehicle dispersion
were not taken.

By sector, some specific issues
included:

« ENERGY: The USVI energy
system relies on an overly
centralized grid with many
single points of failure (if one
link fails, many customers are
out), and a large amount of its
infrastructure is aboveground
and connected to old wooden
poles. Backup generators
were not designed to run for
extended periods of time.

+ TELECOMMUNICATIONS:
Some national telecom
carriers have long treated the
USVI as a lower priority for
hardening and restoration
efforts compared to bigger
markets and continued to do
so after the storms. Public
telecommunication systems also
failed because of an obsolete
public radio system and limited
availability of satellite phones
for government operations.
A lack of communications
back-up hindered continual
administration of programs like
Medicaid and food assistance
(SNAP); there is no electronic
health records system.

- TRANSPORTATION: Roads
have been poorly maintained
and there is an over-reliance
on traffic lights instead of more
efficient roundabouts. A lack of
facilities to safely store boats
onshore, and insufficiently
hardened air-traffic control
towers and terminals, resulted
in major airport cancellations
and delays.

« WATER: There was a major
lack of back-up generators

20

at water pump stations and
extremely old and fragile pipes
in the distribution system;
private cisterns were also
dependent on electric pumps,
which was a problem when the
power was out.

+ WASTE MANAGEMENT:
Wastewater pump stations
are old and required electric
power where gravity feeds
could be used instead. Landfills
were overflowing before the
storms—partly because there
is no meaningful recycling or
composting infrastructure.

« HOUSING: Most buildings
were not strong enough to
withstand Category 5 storm
damage—they had been built
before Hurricanes Hugo and
Marilyn and were not required
to do retrofits to meet updated
codes. That was also the case for
the main hospital buildings and
schools.

+ ECONOMY: The territory was
already in economic decline
before the storms: between
2006 and 2016, real Gross
Territorial Product (GTP)
dropped 27 percent, and 6,000
jobs and 11,000 population were
lost. The territory also relied
heavily on tourism as its biggest
industry, especially on St.
Thomas and St. John.

FUTURE RISKS
FROM CLIMATE
CHANGE

As the climate changes,
hurricanes will become stronger
and hurricane-associated rainfall
will increase. By 2050, sea levels

are estimated to rise by 1.5 to

2 feet, the number of hot days
will increase, rainfall will vary
more than in the past and seasons
overall will become drier. That

all means a greater risk for USVI
residents, as built structures face
the impact of hurricane winds
and low-lying infrastructure
(including buried power and
communications cables) are

hit with storm surges. Higher
temperature will increase energy
demand, and changes in rainfall
will create water supply problems
for those reliant on cisterns.

TASK FORCE
RECOMMENDA-
TIONS:
INCREASING
RESILIENCE
AND SPEEDING
RECOVERY

To help the USVI in its rebuilding,
this report outlines four major
strategies, many of which are
already in the implementation
process.

The first calls for hardening

and fortifying existing physical
infrastructure by strengthening
buildings, roads, communication
towers, power lines, and other
facilities against hurricane winds
and storm surge. Specifically:

« Bury power lines where feasible
and use composite poles
otherwise; fortify power plants
and substations against storm
surge and hurricane damage

Report 2018



Strengthen telecom towers
against high winds and bury the
remaining aerial portions of
ViINGN network

Rebuild seaports, expand
container ports and Red Hook
customs clearance

Expand, strengthen, and
modernize both airport
terminals

Harden and rehabilitate the
existing water distribution
system, including replacing old
pipes

Rebuild schools and hospitals to
endure future storms

Develop a housing retrofit
program for buildings built
prior to the stronger building
codes adopted in 1996.

The second strategy recommends
several ways the Territory can

reconfigure systems and create

new ways of delivering critical
services, while simultaneously
adding renewable energy
components. Specifically:

Diversify the energy system

by adding 50 megawatts of
renewable generation supported
by battery storage onto the grid
by 2025 (with a 20 megawatt
goal in the near-term); make St.
John independent of St. Thomas
for energy supply; tie critical
infrastructure like hospitals and
telecom towers into microgrids
that can operate independently
even if another part of the
system fails

Set up cloud-based backup
for government data and
applications; switch to
buried fiber cables instead of
aerial cables of any sort, and
install a new public safety
communications system

USVI Hurricane Recovery and Resilience Task Force

» Increase options for pedestrians
and alternative transit; install
roundabouts instead of street
lights

« Conduct a Territory-wide
drainage study

+ Add redundancies to the
wastewater system, eliminate
some pump stations, and
separate wastewater from storm
water systems

«  Close Anguilla landfill, with
Bovoni landfill to follow

«  Mandate a Territory-wide
recycling program

«  Expand water system to serve
isolated communities

« Introduce electronic health
records Territory-wide.

The third recommendation
includes strengthening
governance and regulation,
focusing especially on energy,
buildings, and healthcare.
Specifically:

+ Reform the energy power
purchasing process, update
tariff structures, and improve
and clarify system governance

+ Update building codes based
on what was learned in the
hurricanes and improve
capacity to enforce them

+ Lobby Congress to pass a better
Medicaid reimbursement rate
with the federal government;
reform the system for hospital
boards and reconsider creating
a territorial healthcare
exchange.

Finally, the report suggest ways to
better plan and prepare for future
storms. Specifically:

« Install back-up power
generation at critical facilities

designed to function over long
periods of time; make sure
generators are filled up and
maintained

« Create an Emergency
Operations Center (EOC)
for the Territory as a whole;
review agency emergency
plans; develop pre-hurricane
checklists that agencies must
follow; equip key government
workers with satellite phones.

FUNDING AND
IMPLEMENTA-
TION

Most of the initiatives will be paid
for with federal recovery funding.
The two major sources are
Community Development Block
Grants—Disaster Relief (CDBG-
DR) from the U.S. Department of
Housing and Urban Development
(HUD) and various funds from
FEMA. As of June 2018, the USVI
is counting on $1.86 billion in
HUD money ($1.09 billion for
unmet needs and $0.77 billion for
mitigation) and $2.47 billion in
FEMA money.

Implementation of the report will
be led by a separate office. The
office will release annual progress
reports discussing the progress of
implementation of initiatives in
this report through 2021.

DRAFT

21

>
oc
<
=
=
)
wn
w
2
[
]
v
L
>
L







DRAFT

— HURRICANES
IRMA AND
MARIA
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HURRICANES SAFFIR-SIMPSON SCALE:
IRMA AND CATEGORY 5 DEFINITION

MARIA

Hurricanes Irma and Maria,
both Category 5 storms with
wind gusts of up to 178 mph
at their centers, impacted the
USVI within two weeks of each
other on September 6 and
September 20, 2017. Hurricane
Irma most affected the St.
Thomas/St. John district and
damaged St. Croix as well;
Hurricane Maria most affected St.

Croix, which by then had become . Humanemma  HumcneMara

the staging ground for recovery Category 5 5
operations for areas damaged Landfall date September 6 September 20
Landfall location St.Thomas / St. John St. Croix

by Irma, and further damaged

what was already damaged on Worst affected areas St. Thomas / St. John St. Croix District
District

St. Thomas and St. John. The

hurricanes caused five direct

deaths in the territory.

Maximum measured 106 mph* 107 mph*
sustained wind speeds

Maximum measured 137 mph* 137 mph*

wind gusts in the USVI

Rainfall Data not available* 5in.4*

Storm surge 0.60 — 2.28 ft.+* 1.48 - 2.85 ft.+*
Storm tide 0.50 - 1.7 ft.+* 1.61-3.17 ft.+*
Direct deaths 3 2

*Precipitation and tide measuring instruments were knocked off-line or destroyed

00000000 Hurricanes Irma and Maria

USVI Hurricane Recovery and Resilience Task Force 23
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I~ would turn northward earlier than approached St. Thomas (see chart:
it did.! The wind at the hurricane’s Wind speed at Hurricane Irma
center attained near maximum center vs. distance to downtown
strength as the hurricane Charlotte Amalie, St. Thomas).

Hurricane Irma approached 200
the U.S. Virgin Islands as a 180
Category 5 hurricane with

sustained winds of 178 mph at 10
its center. On September 6, the 140

storm’s center passed just north
of St. Thomas around 2 p.m. AST, 120
leading to sustained winds of 106

100
mph and gusts of up to 137 mph as
measured by surface observation 80
stations. Irma moved northwest ‘

and passed roughly 50 miles

north of Puerto Rico around 40
8 p.m. AST on September 6. The

final path of the hurricane was %

west of the National Hurricane o
L . -3,000 -2,500 -2,000 -1,500  -1,000 -500 0 500 1,000 1,500 2,000 2,500
Center’s (NHC) predictions, which

had also predicted the storm

" Cangialosi, John P., Andrew S. Latto, and Robbie Berg. Tropical Cyclone Report: Hurricane Irma. Report no. AL112017. National
Hurricane Center, National Oceanic and Atmospheric Association | National Weather Service. May 30, 2018. Accessed June 15,
2018.
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Hurricane Irma wind gust footprint
Source: Pan American Health Organization/World Health Organization and Applied Research Associates

Wind gust speed (mph), Hurricane Irma
Source: Pan American Health Organization/World Health Organization and Applied Research Associates
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The NHC began providing
Impact-Based Decision Support
Services (IDSS) for Hurricane
Irma starting on September

1; IDSS included briefings
coordinated through the FEMA
Hurricane Liaison Team and
included the USVI and Puerto
Rico, as well as several states. The
NHC issued the first Hurricane
Watch for Irma to the USVI at

3 p.m. AST on September 4; this
changed to a Hurricane Warning
issued on September 5 at 3 p.m.
AST. The Hurricane Warning was
discontinued on September 7 at
3 a.m. AST (see table: Timeline of
Hurricanes Irma and Maria).

Irma produced significant storm
surge in the St. Thomas-St. John
District. While the National
Ocean Service (NOS) tide gauge
on St. Thomas (Charlotte Amalie)
went offline during the hurricane
and could not transmit a peak
storm surge level, NHC estimated
a surge of at least 2.3 ft. and
possibly greater.

Hurricane Irma caused extensive
damage throughout St. Thomas,
St. John, Water Island and the
district’s surrounding smaller
islands. Across the territory,

high wind speeds stripped
foliage, brought down power and
telephone lines, sheared off roofs,
and turned debris into projectiles.
Residents who followed
instructions to shelter in place
found themselves in a fight for
survival as powerful winds sucked
furniture out of homes after

windows or doors blew out. People

reported crawling atop their
refrigerator to hide in the space
between the fridge and cabinetry,

or piling furniture against doors
and lying on their back to press
against the blockade with their
feet. Although the damage to

St. Croix was not so extensive as
that in the St. Thomas / St. John
District, roughly 70 percent of St.
Croix’s homes and structures still
suffered some damage from the
storm.

STORM SURGE,
STORMTIDE
AND
INUNDATION

Irma was responsible for three
direct deaths in the USVI.2
Extensive damage to power,
Internet and cable lines resulted
in an almost territory-wide
communications and power
blackout. Residents of St. John,
Water Island and the USVI’s other
smaller islands were stranded

for days as ports were closed,
ferries were not running and
sunken vessels made navigation
treacherous. The damage to
airports on St. Thomas and St.
Croix effectively stranded the
entire USVI population for weeks
following Hurricane Irma—in
many cases, trapping people
who'd lost everything in the
hurricane and were ready to leave
the USVI STET, only to endure a
second hurricane just two weeks
later. Private individuals and
charters alike began to run boats
between the USVI and Puerto Rico
to give people a chance to get to
the still-open San Juan airport
(SJU).

2 Direct deaths are defined by the National Hurricane Center as “occurring as a direct result of the forces of the tropical

cyclone... These include those persons who drowned in storm surge, rough seas, rip currents, and freshwater floods. Direct
deaths also include casualties resulting from lightning and wind-related events (e.g., collapsing structures). Deaths occurring
from such factors as heart attacks, house fires, electrocutions from downed power lines, vehicle accidents on wet roads, etc., are

considered “indirect” deaths.”
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September 1
September 4
September 5

September 6

September 7

September 14
September 17
September 18

IDSS for Irma

Hurricane Watch issued for Irma
Hurricane Warning issued for Irma
Seaports closed

Airports closed

Hurricane Irma landfall STET USVI
Hurricane Warning lifted for Irma
IDSS for Maria

Hurricane Watch issued for Maria
Hurricane Warning issued for Maria

September 20 Hurricane Maria landfall on USVI
September 20 Hurricane Warning lifted for Maria
September 28 STT airport reopened (limited)
October 5 STX airport reopened
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Just 14 days after Hurricane Irma
hit St. Thomas and St. John,
Hurricane Maria bore down on St.
Croix. Starting on September 11,
it took only five days for a tropical
wave to form into Hurricane
Maria on September 16, and

by September 18, Maria was a
Category 5 storm. The hurricane
made landfall on St. Croix early
in the morning on September
20 with peak wind speeds at its
center of 172 mph, as it passed
roughly 25 nautical miles south of
the island. Peak sustained winds
of 107 mph, with gusts of 137 mph
were reported on St. Croix near
the northeast edge of Maria's
eyewall. Maria continued west-
northwestward toward Puerto
Rico, where it made landfall late
in the morning of September 20,
causing catastrophic damage.
The hurricane attained nearly
maximum strength when it

was nearest to St. Croix most
closely (see chart: Wind speed at
hurricane center vs. distance to
Christiansted).

The NHC began providing
Impact-Based Decision Support
Services (IDSS) starting on
September 14; IDSS included
briefings coordinated through the
FEMA Hurricane Liaison Team

and included the USVI and Puerto
Rico. The NHC issued the first
Hurricane Watch for Maria to the
USVI at 9 p.m. AST on September
17; this upgraded to a Hurricane
Warning issued on September

18 at 3 p.m. AST. The Hurricane
Warning was discontinued on
September 20 at 9 p.m. AST.

Although the tide gauge at Lime
Tree Bay on St. Croix measured

a peak water level of 2.8 ft.
relative to Mean Higher High
Water (MHHW), the sensor went
offline during the storm and
likely did not record the actual
highest water level. NOAA surge
simulations suggest maximum
inundation levels of 1-3 ft. above
ground level on St. Thomas and
St. John.

Hurricane Maria affected all
of the USVI, but St. Croix most



DRAFT

. . ors . 200
severely, causing significant wind

damage to roofs, structures, 180
foliage and aerial power and
phone lines. Deluges of rain from
Maria resulted in widespread
flooding and mudslides
throughout the territory. St. Croix 120

160

140

experienced at least an estimated

5-7 inches of rainfall; throughout

the USVI-and especially in the 80
St. Thomas/St. John district-the

rain further damaged structures *

already damaged in Hurricane 40

Irma (see graphic: Hurricane Irma

rainfall patterns). 20

In the USVI, the hurricane was -1,500  -1,000  -500 ° 0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000

responsible for the direct deaths
of two people.
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Hurricane Maria wind gust footprint
Source: Pan American Health Organization/World Health Organization and Applied Research Associates.

— = - e

Best track positions for Hurricane Maria, September 16 — September 30, 2017.
Source: NOAA
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IRMA Minimum sea Maximum surface wind Flooding and precipitation Knot data for
level pressure speed wind speed - <
ignore. 1 kt = e
1.15078 mph s
Instrument and identifier Coordinates Date/ Pres- Date/ Sus- Gust Storm Storm Esti- Total Sus- Gust 2
time sure time tained (mph) surge tide (ft) mated rain tained (kt) <
(UTC) (mb) (UTC) (mph) (ft) inun- (in) (kt) <
dation =
(ft) o
St. Thomas CyriI E. King Airport 18.33N 06/1153 597 87/ 51 76 ﬁ
=z
(TIST) 64.97W <
NOS site at 18.34N 06/1742 | 967.5 06/1736 | 63 98 1.45%* 1.71%* 1.30%* 55 85 o
oc
Charlotte Amalie, St. 64.92W =)

Thomas (CHAV3)

Weatherflow site at 18.34N 06/1815 | 58 89 50 77
Savana Island (XSAV) 65.08W

Weatherflow site at 18.28N 06/1653 06/1723 106 137 0 o
Buck Island (XBUK) 64.90W
Weatherflow site at 18.33N 05/1750 | 83 132 7 s
Rupert Rock (XRUP) 64.93W

St. John NOS site at 18.32N 06/1736 | 945.1 162 16 12
Lameshur Bay, St. 64.72W
John (LAMV3)

St. Croix Henry E. Rohlsen 17.68N 06/1653 | 969.6 | 06/1843 | 38 63 - .
Airport (TISX) 64.90W
NOS site at 17.75N 06/1706 | 995 06/1642 38 58 228 2.01 1.7 33 50
Christiansted 64.70W
Harbor, St. Croix
(CHSV3)
NOS site at Lime 17.70N 06/1706 996.4 06/1848 49 61 0.6 0.8 05 2 .
Tree Bay, St. Croix 64.75W
(LTBV3)
Weatherflow site at 17.68N ‘06/1903 | 41 59 6 o
Sandy Point NWR, 64.90W

St. Croix (XCRX)

St.Thomas | Weatherflow site 18.33N 20/0701 | 993.6 | 20/0201 | 45* 64 i -
at Rupert Rock, St. 64.93W
Thomas (XRUP)

St. John CarlCOOS buoy 18.25N 20/0700 | 992.5 | 20/0830 | 47 64 " ”
south of St. John 64.76W
(41052)
NOS site at Lame- 18.32N 20/0612 998.2 1.48 1.61 1.2
shur Bay, St. John 64.72W
(LAMV3)

St. Croix Christiansted, St. 17.74N 20/0613 | 99 136 5.03 86 18
Croix (CVAV3) 64.62W
NOS site at 17.75N 20/0518 | 978.4 20/0142 49 75 227 236 2 43 65
Christiansted 64.70W
Harbor, St. Croix
(CHSV3)
NOS site at Lime 17.70N 20/0342 | 976.1 20/0330 | 69* 102 2.85% 3.17% 2.80% 60 2
Tree Bay, St. Croix 64.75W
(LTBV3)
Weatherflow site at 17.68N 20/0538 950.1 20/0618 107 137 93 19
Sandy Point NWR, 64.90W

St. Croix (XCRX)

* Incomplete data
A Site damaged during storm
** Station went offline and did not transmit a peak water level during the event. Peak values represent the highest transmitted prior to outage.

Selected surface observations for Hurricanes Irma and Maria
Source: NHC reports for Hurricanes Irma and Maria
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The USVI climate is changing

and will continue to change, and
the impacts of natural hazards
will become more intense. Firstly,
temperatures are rising. Rainfall
patterns are, and will continue to
be highly variable. The territory
will get drier by the end of the
century. Seas are rising, and they
will submerge, intermittently at
first but eventually permanently,
economically and culturally
important coastal areas such

as beaches, buildings, critical
infrastructure, and roads. Lastly,
itis expected that hurricanes
and swells will become more
powerful—not necessarily more
frequent—causing more wind
damage, longer and more intense
rainstorms, larger inundation
and more severe coastal erosion.

Weather patterns are driven by
differences in temperature of the
Earth’s surface, leading to changes
in pressure, wind, humidity and,
ultimately rainfall patterns.
Climate refers to the long-term
regional or even global average
of temperature, humidity and
rainfall patterns over seasons,
years or decades.! The earth'’s
climate is affected by solar
cycles, changes in ecosystems,
or volcanic eruptions. Due to the
global increase of temperatures,
climate in different parts of the
world has been changing for

at least for the past 100 years.

Indeed, for more than 100 years,
humans have emitted vast amount
of greenhouse gases in the
atmosphere. These gases, which
are common gases (e.g., carbon
dioxide, methane, water vapor,
etc.) and lesser-known gases (e.g.,
fluorinated gases), usually trap
heat in the atmosphere and help
maintain livable temperatures on
earth.2 However, excess emissions
by humans, mostly carbon dioxide
through the burning of fossil
fuels, have caused more heat to be
trapped and global temperatures
to slowly increase. The steady
increase in global temperature,
known as global warming, is
leading to disturbances around
the world that change weather
patterns, and thus also change
climate. As a result, many places
in the world have experienced
long-term changes in the
frequency, intensity and duration

"“What's in a Name? Weather, Global Warming and Climate Change” NASA, January 20, 2016, Accessed June 2018. https://
climate.nasa.gov/resources/global-warming/.

2“Greenhouse Gas (GHG) Emissions,” EPA, June 04, 2018, accessed June 2018. https://www.epa.gov/ghgemissions.



of weather events—meaning that
their climate has changed. These
changes, and the impacts of these
events, have been exacerbated by
a global rise in sea level caused
by the melting of glaciers; these
land-based reserves of water are
melting due to increased global
temperatures.

400
390
380
370
360
350
340
330
320

CO2 Concentration [ppm]

310
300

1950 1960 1970 1980

Observed global temperature and carbon dioxide increases (1881-1910 baseline) (adapted
from: http://www.climatecentral.org/gallery/graphics/co2-and-rising-global-tempera-
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night, with some variations within
and among the different islands in
the territory. The warmer period
lasts from May to November,

with highs around 89 degrees
fahrenheit; the cooler period

lasts from December to April,

with average highs around 83
degrees fahrenheit. Temperatures
can sometimes reach above 95
degrees fahrenheit, but the heat
is often tempered by the nearly

constant sea breeze. Minimum

temperatures can reach below
70 degrees fahrenheit, but such
occurrences are rare.

0.70
0.60

0.50

0.40

0.30

0.20

0.10

Temperature Anomaly

0.00

-0.10

-0.20
1990 2000 2010

High Low

Average temperature distribution on St.
Thomas (top), St. Croix (center) and St.

tures)

CLIMATE OF
THE USVI

Temperatures

The US Virgin Islands (USVI) has

a tropical climate, characterized
by warm temperatures and rainy
and dry seasons. Temperatures in
the USVI vary with location and
altitude, but they average around
88°F during the day, cooling to
around 76 degrees fahrenheit at

USVI Hurricane Recovery and Resilience Task Force

John (bottom) Source: Eric Harmsen.
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Mean temperatures at St. Croix Airport (UVI & UWI, 2018).
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differentislands. Nevertheless,
the typical dry season lasts from
January to April, with a smaller
dry season in June and July. The
wettest months are September

These patterns feel somewhat
predictable, but since 1901,
average annual temperatures have
increased by approximately four
degrees fahrenheit. This rate of
increase has been consistent and to November. However, rainfall
similar for both maximum and patterns have been extremely
minimum average temperatures. variable from year to year: USVI
can experience above average
precipitation and flooding one
year and drought or near drought
conditions the following year. The

causes of this annual variability

As a consequence, there are more
warm days, and most notably,
more warm nights.

are still unclear, as some already
known factors and several
obscurely known processes drive
rainfall patterns.

Rainfall in the USVI averages
around 39 inches per year, with
significant differences within the
geography of an island and on the
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The USVI and its history, like
other places in the Caribbean,
have been shaped and formed by
natural disasters. The territory

is susceptible to the impacts of
nearly six out of 10 of climate-
induced natural hazards that

can occur. The most recurrent
and devastating events are
hurricanes, which induce coastal

2040

flooding, riverine (rain-driven)
flooding and destructive winds;
rain storms, which induce
coastal flooding; and droughts.
Heat waves are not common
occurrences in the USVI.
Nevertheless, of all the hazards
that can affect the USVI, several
have the potential to be changed
by the unfolding consequences
of climate change: days that feel
extraordinarily hot, rainfall
patterns, hurricanes, large swells
from distant ocean storms, and
wildfires.

The USVI regularly experiences
flooding during rainstorms, or
riverine flooding. Between 1997
and 2016, the National Oceanic
and Atmospheric Administration
(NOAA)® recorded nearly 37
riverine flooding events in the
territory, nearly two events per
year. Major rainstorms also
caused severe damage prior to

Feb Mar Apr May Jun Jul Aug Sep Oct Nov

Dec



these NOAA measurements,
such as the extreme rainstorms
of 1983 and 1974.% On the other
side of the spectrum, droughts
are also common occurrences

in the Territory and—similar

to flooding—can cause a fair
amount of economic damage to
the Territory. A severe drought in
1733 all but wiped out the ability
of St. John to produce food;

the droughts of 1967-1968% and
1994-1995 severely impacted the
agriculture sector and people’s
ability to secure freshwater

for their daily needs. Finally,
since 1997, NOAA® recorded two
droughts (2002, 2005), but this is
likely an under-estimation, as it
does not, for example, include the
2015 drought.

Hurricanes are also common
occurrences in the territory. The
Great Hurricanes of 1780s were
some of the most devastating
and consequential hurricanes

in the recorded history of the
Caribbean.’” Since then, at least
110 hurricanes have travelled
within 120 miles of the USVI®
—winds will often still have
tropical storm strength at

this distance away from the
hurricane’s eye.’ On average, the
USVI has been within the zone
of influence of approximately
two hurricanes per year, and has
experienced damaging hurricanes

Category Maximum sustained
wind speed
mph

1 74-95

2 96-110

3 111-130

4 131-155

5 156+

approximately every six years.
Since 1950, when the modern
era of naming and tracking
hurricanes more precisely began,
the USVI has been in the zone
of influence of an average of
three hurricanes per year, and
has suffered of nearly half of the
hurricanes that were within 120
miles.”™ Most of these storms
were Category 3 or 4, until 2017.

Hurricanes Irma and Maria

were the only two of these types
of hurricanes of the modern

era. However, it is too early to

tell whether these events are

the result of climate change.
Indeed, the impacts of climate
change on hurricanes genesis and
pathways is still an active subject
of research. According to NOAA™
“it is premature to conclude

that human activities [...] have
already had a detectable impact
on Atlantic hurricane [...] activity.

DRAFT

Minimum surface

pressure
kt mb

64-82 greater than 980
83-95 979-965

96-113 964-945

114-135 944-920

136+ less than 920

That said, human activities may
have already caused changes that
are not yet detectable [...], or are
not yet confidently modeled.”
Also, it is worth noting that

since hurricanes have only been
tracked and recorded accurately
for slightly more than 60 years,
there isn't enough data to discern
trends.

Aside from hurricanes, riverine
flooding and droughts, the

USVI experiences high surf and
swells, large powerful waves
generated by distant storms in
the Atlantic which can cause
significant coastal erosion. NOAA
has recorded 11 since 1997.° The
USVI, and St. Croix specifically,
can also experience wildfires (19
since 1997, most of them on St.
Croix)." It is likely these fires were
triggered by droughts, although
this has not been confirmed.

It is important to remember

3 “Storm Events Database,” National Climatic Data Center, accessed June 2018, https://www.ncdc.noaa.gov/stormevents/.

4Richard W. Paulson, Edith B. Chase, Robert S. Roberts, and David W. Moody, National Water Summary 1988-89: Hydrologic
Events and Floods and Droughts (Washington, D.C.: U.S. Government Printing Office, 1991).

® Paulson, Chase, Roberts, and Moody,. National Water Summary 1988-89.

©“Storm Events Database,” National Climatic Data Center, accessed June 2018, https://www.ncdc.noaa.gov/stormevents/.

7 Stuart B. Schwartz Sea of Storms: A History of Hurricanes in the Greater Caribbean from Columbus to Katrina. (Princeton, NY:

Princeton University Press, 2015).

8 “National Hurricane Center, Data Archives,” NOAA, accessed June 2018, https://www.nhc.noaa.gov/data/.

®Schwartz. Sea of Storms.

" Schwartz, Sea of Storms

" Paulson, Chase, Roberts, and Moody, National Water Summary 1988-89.

2 “Global Warming and Hurricanes” National Oceanic and Atmospheric Administration, accessed June 2018, https://www.gfdl.

noaa.gov/global-warming-and-hurricanes/.

3 “Global Warming and Hurricanes.” National Oceanic and Atmospheric Administration, accessed June 2018, https://www.gfdl.

noaa.gov/global-warming-and-hurricanes.

™ “Storm Events Database,” National Climatic Data Center, accessed June 2018, https://www.ncdc.noaa.gov/stormevents/.
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that these extreme events are
independent events, and there
can be many events within the
same year. For example, in 2017,
heavy rains caused heavy flooding
in July, and subsequently two
hurricanes struck the Territory in
September. In 1994-1995, the USVI
experienced damaging droughts
before suffering from the impacts
of Hurricanes Luis and—even
more destructive—Marilyn in
1995. In 1867, a tsunami followed
a hurricane that had devastated
the islands less than three weeks
earlier.”® Lastly, in 1733, a severe
drought was followed by a
devastating hurricane.’®"

As time passes and the effects
of a warming planet continue to
unfold, temperatures in the USVI
will continue to increase. Recent
results from global projections
for the region indicate that
compared to the past decade
(2000-2010), temperatures are
likely to increase by 1.4-2.6
degrees fahrenheit by 2050s,

and 1.4-5.2 degrees fahrenheit

by 2100.” In addition, the
number of days with maximum
temperatures above 90 degrees
fahrenheit will increase, and the
number of warmer nights will also
increase slightly: the USVI will
experience more frequent daily
and nightly temperature records.
The Territory will continue to
experience greater variability

in rainfall from year to year;
however, trends indicate the USVI
will become drier both during the
wet and dry seasons.

Rising sea levels are another
important impact of climate
change. A variety of factors affect
sea levels, including evaporation
and input of freshwater from
melting glaciers, global and local
oceanic currents, and vertical
movement of land masses due to
tectonic and resource extraction
processes. In the USVI, sea levels
have increased steadily over 40
years: on St. Croix, the sea level
has risen by approximately four
inches in 40 years, while on St.
Thomas the increase is closer

to 3.3 inches. The reasons for

the difference in rates between
the two islands are not known,
yet they are probably linked

to oceanographic circulation
processes. As a consequence,
anecdotal evidence has indicated
that some of the few coastal
aquifers and wells in the territory
have become more saline. Sea
level rise also causes shoreline
erosion, and increases the

landward extent of hurricane
storm surge inundation. Finally,
even though the generation of
earthquakes are not impacted by
climate change processes, it is
possible that an increase in mean
sea level will lead to an increase to
the tsunami landward inundation
limit;"® more research is needed.

Looking into the future, the

rate of increase of sea level will
accelerate. The U.S. Army Corps

of Engineers (USACE; 2014)
predicts a mean sea level increase
of 1.6 feet by 2050, and up to five
feet by 2100. For St. Thomas, sea
level is predicted to rise by 1.5 feet
by 2050, and 4.8 feet by 2100. A
recent report by Hall et al.” states
itis possible that sea levels will
reach 2.1 feet by 2050, and 6.6 feet
by 2100 on St. Croix, and 1.9 feet
by 2050 and 6.4 feet by 2100 on

St. Thomas.

The previous section discussed
the role of natural hazards in
USVI history, how climate change
is already affecting the Territory
as a consequence, and some of
the hazards that may impact
the USVI. As the 215t century
progresses, climate change

will continue to affect natural
processes, thus changing the
nature of the hazards the USVI
will face.

> R.A. Watlington, E. Lewis, and D. Drost “Coordinated Management of Coastal Hazard Awareness and Preparedness in the

USVI,” PLOS Biology, April 30, 2014, Accessed June, 2018, https://doi.org/10.5194/adgeo-38-31-2014.

¢ D Knight, “A Documentary History of the Cinnamon Bay Plantation 1718-1917” (St. Thomas: Virgin Islands Historical and

Genealogical Resource Center, 1999).

7 Holly Kathryn Norton, “Estate by Estate: The Landscape of the 1733 St. John Slave Rebellion” (Ph.D. Dissertation, Syracuse

University, 2013).

®“Hawai'i Sea Level Rise Vulnerability and Adaptation Report,” Hawai'i Climate Change Mitigation and Adaptation Commission,

prepared by Tetra Tech, Inc. and the State of Hawai'i Department of Land and Natural Resources, Office of Conservation and
Coastal Lands, under the State of Hawai’i Department of Land and Natural Resources Contract No: 64064, 2017.

21 ).A. Hall, S. Gill, J. Obeysekera, W. Sweet, K. Knuuti, and J. Marburger, U.S. Department of Defense, Strategic Environmental
Research and Development Program, Regional Sea Level Scenarios for Coastal Risk Management: Managing the Uncertainty of Future
Sea Level Change and Extreme Water Levels for Department of Defense Coastal Sites Worldwide, 2016.
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traditions and potentially creating
health hazards. These changes
might also impact other sectors

Although the USVI has not
experienced heat waves, increases
in temperatures will lead to
warmer days and warmer nights,
and increase air quality problems.
These effects will exacerbate
health problems in vulnerable
populations.?®

An overall drier climate means
that drought might be more
severe or last longer. This in
turn might increase the risk for
wildfires, especially on St. Croix.
Changes in rainfall patterns

will also impact water supplies
for people, as well as different

sectors that depend on it, such as
agriculture.

Climate change will greatly

affect the health, conditions, and
footprint of ecosystems, and the
benefits they provide: mangroves
and wetland footprints might
shrink, reducing their ability to
reduce storm surge or store storm
water; coral reefs will continue to
degrade and might not be able to
recover from disturbances, thus
reducing their ability to protect
against wave action and serve as
habitat for fish; the composition
of forests and their species might
change, leading to a changed
landscape, altering cultural

> - that rely on natural ecosystems,
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o e The continued rise of sea levels

around the USVI will cause
inundation and coastal erosion
on all three primary islands.

This might have consequences
for tourism at popular places

like Megans Bay or Smith Bay

on St. Thomas, or Sandy Point

on St. Croix, and Maho Bay on

St. John. The built environment
will also suffer consequences,

as Charlotte Amalie, Red Hook,
Bovoni, Coral Bay, Christiansted,
Saltriver area and Limetree Bay
area will experience significant
flooding. In particular, if—as
predicted by USACE?*—sea levels
rise by approximately one foot on
both St. Thomas and St. Croix by
2050, nearly 16 critical facilities
(four on St. Thomas, three on St.
Croix, and nine on St. John)—
such as government buildings,
schools, police and fire stations,
airport, power plants, wastewater
treatment facilities)—and 12 out of
147 miles of underground electric
lines, will experience flooding
due to rising seas. In addition to
critical facilities, 106 structures

20 Diarmid Campbell-Lendruma, Carlos Corvaléna, and Maria Neiraa. “Global Climate Change: Implications for International
Public Health Policy,” Bulletin of the World Health Organization 85 (2007).

2 Greg Guannel, Katie Arkema, Peter Ruggiero, Gregory Verutes, S. Temmersman, P. Meire, and TJ Bouma. “The Power of
Three: Coral Reefs, Seagrasses and Mangroves Protect Coastal Regions and Increase Their Resilience.” Edited by Carlo Nike
Bianchi. Plos One 11, no. 7 (2016). https://doi.org/10.1371/journal.pone.0158094.

22 Erik J. Nelson, Peter Kareiva, Mary Ruckelshaus, Katie Arkema, Gary Geller, Evan Girvetz, Dave Goodrich, Virginia Matzek,

Malin Pinsky, Walt Reid, Martin Saunders, Darius Semmens, Heather Tallis, and Evan Girvetz, “Climate Change’s Impact on

Key Ecosystem Services and the Human Well-being They Support in the US,” Frontiers in Ecology and the Environment 11, no. 9
(2013): 483-893. https://doi.org/10.1890/120312.

2 Katie Arkema., Greg Guannel, Gregory Verutes, Spencer A. Wood, Anne Guerry, Mary Ruckelshaus, Peter Kareiva, Martin
Lacayo, and Jessica M. Silver, “Coastal Habitats Shield People and Property from Sea Level Rise and Storms,” Nature Climate

Change 3,n0.7(2013):1

24 U.S. Army Corps of Engineers (USACE), “Procedures to Evaluate Sea Level Change: Impacts, Responses, and Adaptation”,

Technical Letter No. 1100-2-1 (2014).
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(public and private buildings

and houses) will experience
flooding (56 on St. Thomas, 29

on St. Croix, and 21 on St. John).
Fortunately, few coastal roads will
experience flooding, and most

of them are isolated. By 2100, a
predicted four feet increase will
threaten 54 critical facilities (23
on St. Thomas, 14 on St. Croix,
and 15 on St. John), 23 miles of
underground electric lines, and
748 structures (375 on St. Thomas,
238 on St. Croix, and 135 on St.
John). In addition, four percent of
the roads throughout the territory
(most of them on St. John) will be
impacted; most of the impacted
roads are in urban centers on all
islands, and near popular tourist
destinations.

If the rate of increase accelerates,
and extreme predictions come

to pass, two feet of sea level rise
in 2050 will cause 23 critical
facilities, 13 miles of underground
electric lines, and 199 structures;
92 on St. Thomas, 67 on St.

Croix, and 40 on St. John) to
experience flooding in the
Territory. Fortunately, few roads
will be impacted. However, a six
feet increase by the end of the
century will impact 67 facilities
(37 on St. Thomas, 14 on St. Croix,
and 16 on St. John), 31 miles

of underground electric lines

and 1,395 structures (555 on St.
Thomas, 344 on St. Croix, and 190
on St. John), and more than eight
percent of the Territory’s roads;
most of the impacted roads run
through urban centers or lead

to airports, and St. John's roads
would be especially impacted.
The most impacted facilities

will be government buildings,

wastewater facilities, and seaports.

Fire and police stations, heliports,
communication facilities, post
offices, historical building,
schools, public housing facilities,

water and power facilities, and
healthcare facilities will also be
impacted.

In addition to impacts to

tourist attractions and the built
environment, sea level rise might
cause potential problems for
drainage, as outfalls could become
submerged. And as mentioned
previously, the rise in sea level
will also likely increase the inland
extent of inundation of other
coastal hazards, such as storm
surge, swell-induced inundation,
or even tsunami inundation.

Even though the exact imprints
of climate change are difficult

to detect in the past hurricane
season(s), NOAA predicts that
hurricanes are likely to become
more damaging by the end of
the century: hurricane-related
rainfall rates will increase,
leading to more riverine flooding
conditions; and it is likely that

e

hurricanes will become more
intense albeit not necessarily
more frequent. In other words,
the USVI might not experience
more frequent hurricanes, but
those that do hit the territory are
expected to be more destructive:
winds will be stronger, storm
surges will be higher, and rainfall
rates will intensify and lead to
more severe and longer-lasting
flooding. If the strength of
hurricanes and Atlantic storms

is likely to intensify, it is likely
that the power of swells will also
increase, which will lead to more
erosion and flooding.

This potential increase in storm
intensity, and accompanying
flooding, will cause significant
impacts on critical infrastructure
and structures in the Territory.
Under current conditions, 141
critical facilities, and 48 out

of 147 miles of underground
electric lines are located in flood
zones. Aside from the docks

and port facilities, the most
impacted facilities are wastewater
treatment plants and supporting
infrastructure, government
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Sea level rise inundation in Cruz Bay

buildings, and schools. Of the
critical infrastructure impacted,
113 structures (64 on St. Thomas,
33 on St. Croix, and 16 on St. John)
and 46 miles of underground
electric lines are vulnerable to
riverine flooding (caused by

rain storms), and 98 structures
(49 on St. Thomas, 33 on St.

Croix, and 16 on St. John) and 33
miles of underground electric
lines are vulnerable to coastal
flooding (storm surge and swells).
Similarly, 6,999 structures are
located in flood zones (4,178 on
St. Croix, 2,534 on St. Thomas,
and 287 on St. John), 6,696 of
which are vulnerable to riverine

USVI Hurricane Recovery and Resilience Task Force
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flooding (4,018 on St. Croix, 2,447
on St. Thomas, and 231 on St.
John), and 2,188 are vulnerable

to coastal flooding (1,142 on St.
Croix, 800 on St. Thomas, and

246 on St. John). Finally, storms
can inundate a significant amount
of roads, complicating rescue
operations and evacuations. Most
of these roads are located in urban
center and often lead to critical
facilities, such as the landfills on
St. Thomas and St. Croix. The
majority of the vulnerable roads
are on St. Croix, where nearly

40 percent are prone to riverine
flooding, and 20 percent to
coastal flooding. On St. Thomas
and St. John, around 25 percent
of the roads are vulnerable to
riverine flooding, and less than

15 percent to coastal flooding.
These numbers demonstrate

the need for a robust drainage
infrastructure in the Territory.

Even if the USVI's emissions are
relatively minor, the Territory is
already suffering the impacts of
climate change and will be for
decades to come. Temperatures
are rising, and will continue to
rise leading to extremes not yet
experienced in the Territory. In
addition, rainfall patterns will
become increasingly variable,
so drought or near drought
conditions will become more
frequent as the climate grows
drier. These changes will impact
the health of various members
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2 “Global Warming and Hurricanes” National Oceanic and Atmospheric Administration, accessed June 2018,
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80

70

Number of Critical Facilities

Riverine and Coastal Riverine

of the community—especially
vulnerable populations. They will
also impact natural systems, and
the associated economic sectors
that depend on them. Lastly,
climate change will increase

the impacts of climate-related
hazards. Sea level rise will cause
the loss of thousands of acres of
land, especially on St. Croix. Sea
level rise will also cause many
structures—including critical
facilities and buried electric
lines—to flood, most of them on
St. Thomas. At the same time, it
is likely hurricanes will become
wetter and stronger, causing
widespread riverine and coastal
flooding. This will put many
critical facilities, including buried
electric lines and structures at
risk, since so many are already in
flood zones.

Despite this bleak outlook on

the future, the Governor’s Office
is intent on preventing some,

if not all, of the most negative
impacts of climate change. First,
in order to prevent the worst
impacts of climate change, the
Governor’s Office will work with
its agencies and the University of
the Virgin Islands (UVI) to help

- y
i

Coastal

[l St. Thomas
St. Croix i
St. John

educate the general population,
agency staff, and members of the
various economic sectors about
the impacts of climate change
and associated hazards on the
territory, and on best practices

to adopt in order to counter

the impacts of climate change.
Importantly, the Governor’s Office
will work with UVI to continue,
update, improve and/or augment
the collection and curation of
climate data in the Territory,
starting with temperature,
rainfall, and groundwater
measurements. The Governor’s
Office will also work with UVI

to cater to its science, data
gathering, and data management
needs. Special attention will

be paid to the regular update

of climate projections, as more
data and more sophisticated
models will improve the quality
of future predictions. These
efforts will create better flood
maps for variations in rainfall
intensity—storms and sea level
rise scenarios, especially in urban
areas.

The Governor’s Office will also
work with USVI agencies and
UVI on the creation, continual

S

update and maintenance of asset
management tools to better
track the conditions, repairs

and upgrades made or needed
for critical infrastructure,
including for building and
drainage infrastructure. The
Governor’s Office will also work
with Territorial agencies and

UVI to monitor the impact of
climate change on ecosystems.
This work will help scientists
better understand how natural
systems responds to various
climate stressors and help predict
the impacts on natural resources,
and the consequent economic
(fisheries, agriculture, etc.) and
cultural (Agriculture Fair, Mango
Melee, etc.) impacts on the people
of the USVI.
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parts of St. Croix—near Limetree Bay, and on
St. John. Similarly, as shown in Figures A4-A6,
riverine flooding is under-predicted by NOAA,
as many areas of repetitive flooding (identified
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The maps below demonstrate the need for better after community group surveys) are not included

in the FEMA flood map for riverine flooding.
This discrepancy is likely due to a lack of data on
drainage infrastructure.

flood maps in the Territory. Coastal flood maps
from FEMA under-predict flooding in parts of St.
Thomas—especially in Charlotte Amalie, on

Difference between FEMA flood zone in coastal areas and NOAA Difference between FEMA flood zone in coastal areas and NOAA
storm surge inundation for a Category 5 hurricane, on St. Thomas. storm surge inundation for a Category 5 hurricane, on St. John.

Difference between FEMA flood zone in coastal areas and NOAA Difference between FEMA flood zone in coastal areas and NOAA
storm surge inundation for a Category 5 hurricane, on St. Croix. storm surge inundation for a Category 5 hurricane, on St. Croix.

Difference between FEMA flood zone in coastal areas and NOAA Difference between FEMA flood zone in coastal areas and NOAA
storm surge inundation for a Category 5 hurricane, on St. John. storm surge inundation for a Category 5 hurricane, on St. Thomas.
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The USVI energy sector provides
electricity to 45,000 residential
and 9,000 commercial customers
across five islands. Delivering
this power is a complex
undertaking that relies on

two fossil fuel power plants,
three solar facilities, eight
substations, undersea cables,
and more than 1,000 miles of
transmission and distribution
cables, a large portion of which
are aboveground. Most of the
infrastructure is owned and

run by USVI Water and Power
Authority (WAPA), which is

a public utility overseen by a
board of directors and regulated
by the USVI Public Service
Commission.

The vast majority of the
Territory’s power comes from

old and inefficient fossil fuel
power plants. Partly as a result,
WAPA's electricity rates are nearly
three times higher than average
rates throughout the U.S. and

are among the highest in the
Caribbean and the world. While

USVI residents use, on average,
less than half the energy of an
average American residential
customer, they pay $30 more

a month in electricity bills.

This disparity is even greater

for commercial and industrial
customers. This, compounded
by a historically unreliable grid'
and a dramatic decrease in solar
and battery storage prices, is
driving customers to install their
own generation systems. WAPA’s
electricity sales dropped 15
percent between 2010 and 2016,
the most recent period for which
data is available.

This trend has exacerbated
WAPA's existing state of financial
distress. A recent report by the
Congressional Research Service?
found WAPA's revenues do not
adequately cover its expenses,
which is partially due to high non-
payment rate across its customer
base. At the end of Fiscal Year
2017, customers owed WAPA $45
million, including: $22 million
from the Government of the

Virgin Islands (GVI), $13 million
from commercial and industrial
customers and $11 million from
residential customers. In addition,
WAPA has a large unfunded
pension liability.? These factors,
combined with declining sales,
led the rating agency Moody's to
downgrade WAPA's credit rating in
2017 to below investment grade.*

While WAPA was already in

a difficult position before the
hurricanes, the unprecedented
landfall of two Category 5
hurricanes within 10 days caused
the kind of damage from which
even a well-positioned utility
would struggle to recover. More
than 90 percent of WAPA's
aboveground power lines were
damaged, cutting power to all of
WAPA's customers. Four of the
utility’s 18 fossil fuel generators
and all of its solar fields—together
representing over 20 percent of
WAPA’s generation capacity—were
impaired as well. The island of

St. John was hit particularly hard:
utility power was not available on it

" WAPA has improved system stability over the past several years. Average interruptions per customer per year have declined
from 6.5in 2010 to 1.6 in 2016 and the average length of the interruptions has declined from over 500 minutes to 187 minutes.
Both of these benchmarks, however, are above the U.S. average.

2 Corrie Clark, et. al., “Potential Options for Electric Power Resiliency in the U.S. Virgin Islands” Congressional Research

Service, Washington, DC, February 2018.

3 As of 2016, WAPA's share of the USVI government’s net pension liability was $258 million. WAPA also distributes other post-

employment benefits to retired employees; WAPA’s net obligation to that fund was $48 million in 2016.

4Moody’s lowered WAPA's rating from a Baa2 and Baa3 in 2012 (moderate credit risk) to a Caal and Caa2 (speculative
investment with very high credit risk) in 2017 with a negative outlook.



for 49 days, and customers on the
eastern side of the island waited
for more than 100 days for power
to return. Across the broader
Territory, power restoration took
more than three months. WAPA
met the Governor’s goal and 90
percent of eligible customers were
restored by Christmas, with the
help of more than 800 off-island
linemen.

In the future, high winds and
storm surge from more intense
hurricanes and rising sea levels
will pose increasing risks to

the USVI’s energy system, with
potentially similar consequences
as the 2017 hurricanes. The influx
of federal funding to recover

from the hurricanes presents a
once-in-a-generation opportunity
to transform the USVI's energy
system to better face these risks.
Money alone, however, will not
address the structural challenges
facing WAPA that have pushed the
utility to a near-crisis state. New
investments must be paired with
significant regulatory reforms and
a push to catch up to industry best
practices.

Increasing the resilience and
reliability of the USVI energy
system requires a focus on four
separate goals. First, WAPA
needs to transform its generation
portfolio by replacing aging
generators with more efficient
units and increasing the use of
renewable energy to achieve
renewable generation capacity
equal to 75 percent of the USVI's
peak demand by 2025. This
includes rebuilding St. John's
energy network to provide close
to 100 percent of peak demand
with on-island renewable assets
during the day and enabling the
island to operate independently
from St. Thomas in the event

of an emergency—establishing
St. John as a global model of
resilience. Second, WAPA must
modernize its grid—primarily its
control and monitoring systems
—to fully benefit from a more
advanced, distributed, and diverse
generation portfolio. Third, the
utility must fortify its energy
infrastructure against climate
risks—particularly hurricanes.
Fourth, the USVI must strengthen
its energy planning and
regulatory structures to make sure

that the territory can continually
adapt to new technologies, industry
best practices, and changes in the
energy sector.

Achieving these goals will take
time, effort, and funding. WAPA,
with support of federal resources
and the Governor’s Office, has
already made major strides in
advancing these recommendations.
Further work has the potential to
truly transform the USVI energy
system, lowering electricity rates,
increasing system reliability,

and significantly reducing grid
defections. No grid can be fully
hurricane-proof, but the strategies
proposed in this report will enable
the system to bounce back quicker
from the next event and increase
the overall resilience of the USVI.

The USVI energy system consists
of two separate energy networks
that serve approximately 45,000
residential customers and
approximately 9,000 commercial
and industrial customers across
five islands. The island of St. Croix
is managed as one network; the
islands of St. Thomas, St. John,
Hassel and Water Islands are all
served by a second network. Each
network includes three primary
components: generation assets
that produce electricity, primarily
from the fossil fuel power plants
on St. Croix and St. Thomas; a
transmission and distribution
network that transports energy
from generation assets to
customers; and customers, who
consume electricity.
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Generation 154 MW

The vast majority of USVI power generating
capacity—242 MW—comes from two WAPA-owned
fossil-fueled power plants on St. Croix and St.
Thomas. The remainder—approximately 24 MW—is
provided by solar panels throughout the territory,
including three utility-scale fields and numerous
small installations on individual rooftops® (see chart:
Generation assets by type and capacity).

71 Fossil fuel
B Solar net metering
7] Utility-scale solar

St. Thomas St. Croix

Generation assets by type and capacity; MW (megawatts)
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WAPA Assets on St. John WAPA Assets on Coral Bay

i |m-§ W | -

WAPA Assets on Cruz Bay WAPA Assets on St. Thomas

® In determining how much power is needed to meet demand, utilities must account for differences between intermittent
sources (e.g. wind and solar, which are only available when the wind is blowing or sun is shining) and dispatchable assets
(such as biomass or fossil fuels, which can generate power at any time). Each energy source is assigned a capacity factor,
which represents the average power generated by an asset divided by its peak power (or installed capacity). As wind and solar
plants cannot generate peak power at all hours, they have a lower capacity factor than fossil fuel generators. In the US in

2017, according to US Energy Information and Administration (EIA) data, combined cycle gas turbine (CCGT) plants had a

55 percent capacity factor, while solar installations had a capacity factor of around 30 percent. That means that for the same
amount of installed capacity, a solar installation would have generated, on average, slightly more than half the power than a
CCGT facility would.

46 Report 2018
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The two fossil-fueled plants are
Estate Richmond Power Plant on
St. Croix and Randolph Harley
Power Plant on St. Thomas. Each
houses six operational fossil fuel
generators that can produce 101
MW and 141 MW of electricity,
respectively. Both plants used

to run on fuel oil, but WAPA has
been converting them to Liquefied
Petroleum Gas (LPG) to lower
costs (since LPG is historically
cheaper than fuel oil). All but

one unit on St. Croix have been
converted to LPG; on St. Thomas,
only one unit has been converted.
The remaining units on both
islands will follow.

The three utility-scale solar
installations are the USVI Solar 1
field on St. Thomas, the Toshiba
solar field on St. Croix, and a
facility at Cyril E. King airport

on St. Thomas. The first two
installations are owned by private
investors who have signed a
power purchase agreement (PPA)
with WAPA, which guarantees
that the utility will purchase the
power they produce for a defined
period at a fixed price. Combined,
these solar fields generate nine
megawatts of power. The airport
solar field was built by the Virgin
Islands Port Authority (VIPA)
with funding from the American
Recovery and Reinvestment Act
of 20009. It is relatively small,
generating 0.5 MW of power. All
of the facilities have come online
in recent years, starting in 2014.
Prior to that, WAPA depended
almost exclusively on fossil fuels.
This reliance was in line with

the broader Caribbean region,
which generated 95 percent of
its electricity from fossil fuels

in 2015. To lessen this reliance,
WAPA has pursued more than a
dozen renewable PPAs, but only
the USVI 1 and Toshiba solar
fields have been built. A number

of factors have prevented the
remainder from moving forward,
including challenges with the
legislatively proscribed PPA
process and WAPA's low credit
rating.

Finally, another 15 MW of solar
energy is generated through
WAPA's Net Metering Program.
Created in 2007, the program
allows customers to install their
own rooftop solar panels and
feed excess power back to the
grid in exchange for a credit on
their bill equal to WAPA's retail
electricity rate. The program’s
generation capacity was capped
at 15 MW, a limit that was met in
2016. Additional solar power may
be generated by privately owned
assets that are not part of the net
metering program, but the USVI
does not track how much power is
generated that way.

Once electricity is generated, it is
sent via high-voltage transmission
lines to substations that step down
the voltage and send it to lower-
voltage distribution lines. This
network includes eight substations
(five on St. Thomas, two on St.
Croix and one on St. John) and
more than 1,000 miles of power
lines, of which approximately 10
percent were buried underground
prior to the hurricanes (57 miles
on the St. Croix network and

18 miles on the St. Thomas/St.
John network). The underground
lines served approximately 75
percent of the territory’s business
districts.

The St. Croix network is confined
to the island. On the St. Thomas
grid, the network carries power
generated on St. Thomas to

customers on Water, Hassel, and
St. John Islands. All three of

those islands are connected to

St. Thomas through submarine
cables: one for Water and Hassel
Islands and three for St. John. The
St. John cables carry power from
the East End Substation on St.
Thomas to the St. John Substation.
Customers on St. John’s west end
are then served by the substation
directly. Customers on the east
end in Coral Bay depend on an
aboveground distribution line that
carries power to them along the
island’s Centerline Drive.

WAPA’s peak demand—the
maximum energy load consumed
by customers at any pointin a
year—was approximately 107 MW
before the storms. Peak demand
has dramatically declined in
recent years, driven by a variety
of factors, including population
decline and customers leaving the
grid. Between 2011 and 2017, peak
demand dropped 18 percent (see
charts: WAPA electricity sales and
peak demand; Change in WAPA
sales by customer type between
2008 and 2016).

Since the hurricanes, this has
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declined an additional 20 percent,
reaching 78 MW in April 2018.
This will likely rebound to some
degree as the Territory rebuilds
and recovers; however, it is
unclear how quickly or by how
much. Overall sales have declined
as well, especially for large power
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2010

Commercial  Primary Service

customers, which have fallen 22
percent since 2010 (See chart:
WAPA sales by customer between
2010 and 2016).

WAPA is able to monitor its
customers’ energy usage through
Advanced Metering Infrastructure
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(AMI) installed in all of its
customers’ buildings over the past
few years. AMI enables WAPA to
read meters remotely and gain
insight into how and when its
customers use energy.
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35.0
32.4

Residential
(above 250 kWh)

Residential
(first 250 kWh)

38.8

Commercial

39.0*

10.4

Large power US blended average

(YTD 2018, as of June 2018)

* Note: WAPA uses a declining block pricing system for energy consumption for large
power customers. As large power customers use more power, they pay a lower kWh
fee for additional usage. The US blended average is the average rate paid by all

customer types.

Electricity rates in the USVI are
among the highest in the world,
varying between 32 and 39
cents per kilowatt hour (kWh)®
depending on customer type
(compared to an average of 10
cents on the US.mainland; see
chart: Power prices in the USVI).

In the past, fuel costs have driven
these rates as high as 50 cents per
kWh (see chart: WAPA residential
energy rate vs. US average).

WAPA's rates are made up of
several different components.
Approximately half of WAPA'’s
electricity rates is the base rate,
called the Energy Charge, which
funds the cost of producing

and delivering electricity, plus
investment in the power plants,
transmission systems and other
facilities. The next largest
component is the Leveled Energy
Adjustment Clause (LEAC), which
makes up about 40 percent of the
rate. The LEAC almost exclusively
funds the fuel needed to run

WAPA's generators. As a result,

it is highly variable and more
frequently updated by the PSC,
which oversees rate-setting for
the utility, than other elements

of WAPA's rates. The next largest
portion of the electricity rate
(approximately eight percent of
the total) is a maintenance charge,
which funds ongoing repairs,
maintenance, and upgrades to
WAPA's system. The remaining
two percent of the rate is made
up of several small fees (see table:
Components of WAPA'’s residential

rate for consumption above 250
kWh).

Energy Charge

Fuel Charge (LEAC Rate)
Maintenance Surcharge
Line Loss Surcharge
Self-Insurance Surcharge

Pilot Surcharge

0.52 0.52
0.40
0.40 0.5 035
0.29
0.12 0.12 0.12 0.13 0.13 0.13 0.13
20m 2012 2013 2014 2015 2016 2017
usvi —e— US average

WAPA is an autonomous public
utility holding the exclusive
right to generate and distribute
electricity throughout the
Territory. A number of other
entities also have jurisdiction
and influence over the USVI
energy sector. This includes

the U.S. Virgin Islands Public
Service Commission (PSC), the
USVI Legislature, and the USVI
Energy Office (VIEO). The federal
government is also involved,
mainly through supporting
initiatives in renewable energy
and providing ad hoc technical
assistance.

17.63 ¢/kWh
14.36 ¢/kWh
2.49 ¢/kWh
0.22 ¢/kWh
0.19 ¢/kWh
0.07 ¢/kWh

° A kilowatt-hour (kWh), as distinct from kilowatt (kW), is a unit of energy equivalent to one kilowatt (1 kW) of power sustained
for one hour. kW is a measure of demand or generation at a moment in time. kWh is a measure of energy used over time. For
this reason, utility bills are priced based on kWh.



The PSC sets customer rates

for all regulated utilities in the
USVI (including electricity,

water, telephone, cable TV, and
ferry operations). The main
mechanism through which the
PSC engages with WAPA is the
rate case. In the rate case process,
WAPA details proposed changes
in rates along with the rationale
for those changes. The PSC is
tasked with regulating utility rates
to ensure that residents receive
high quality service in a safe and
efficient manner. The PSC can
also approve Qualified Facilities,
who are vendors able to enter
into contracts with WAPA to sell
power.

The Legislature plays an oversight
role and enacts policies related
to the USVI energy sector. One

of the most important acts that
it has passed in this regard is the
U.S. Virgin Islands Renewable
and Alternative Energy Act of
2009 (Act 7075). Act 7075 set the
goal of increasing renewable
generation in the USVI to 30
percent of peak demand by 2025
and continuing to increase from
there until it reaches 50 percent.
Act 7075 also established the
USVI's Net Metering Program and
required the installation of solar
water heating systems on all new
construction and government
buildings.

The U.S. Virgin Islands Energy
Office (VIEO) primarily oversees
several energy efficiency
programs and serves as the point
of contact for the Territory’s
engagement with federal energy
entities. Unlike in many other
jurisdictions, where offices like
this would typically operate as
the Governor’s primary policy
staff for energy-related issues, the
policy-related role of the office

is limited. The VIEO primary
contribution to informing policy

USVI Hurricane Recovery and Resilience Task Force

issues is the Energy Roundtable,

a forum that the office created for
the major energy stakeholders
(e.g. WAPA, PSC, federal agencies,
and private sector energy
companies) to discuss solutions to
energy-related issues.

The federal government’s
involvement in the USVI has
mostly focused on clean energy
programs and technical assistance
delivered by the U.S. Department
of Energy (DOE) and the U.S.
Department of the Interior

(DOI). In 2010, the two federal
agencies signed a memorandum
of understanding with the USVI
to reduce the territory’s fossil fuel
consumption by 60 percent by
2025. The USVI and DOE signed a
second MOU in 2015, reaffirming
the Territory’s commitment to
transitioning its energy system.

In 2016, WAPA developed a

plan (known as its Integrated
Resource Plan, or IRP) to guide
investments to meet these goals.
Through a relationship managed
by the VIEO, WAPA has also
worked closely with the DOE and
the National Renewable Energy
Laboratory (NREL) to develop

a path to achieve the USVI's
ambitious fossil fuel reduction
and renewable energy goals. DOE
and NREL have conducted several
technical studies in an attempt to
incorporate more renewables into
the grid and regularly provide
WAPA with technical assistance.

In 2013, the utility launched an
initiative called VIEnergize to
provide customers with energy
efficiency programs that can
reduce their bills while helping
WAPA avoid additional generation
investments. To date, WAPA has
not had the capacity to fully
develop these programs, and

customer uptake has been limited.
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The USVI energy system

was in a state of crisis before
hurricanes Irma and Maria. The
unprecedented landfall of two
Category 5 hurricanes in the span
of 10 days wrought catastrophic
damage to WAPA's physical
infrastructure, exacerbated many
of the challenges facing the
system and led to a $2.3 billion
need for federal support for

both emergency and permanent
repairs and resiliency measures.
This included damage to 90
percent of the USVI's overhead
transmission and distribution
network and 20 percent of WAPA's
power generation capacity,
which meant that 100 percent of
WAPA's customers were without
power after the storms. While
power restorations began within
72 hours, the breadth and scale
of the damage caused large-
scale restorations to take much
longer. However, with the help of
hundreds of off-island linemen,
most customers that could receive
power got it back by Christmas.
This was far quicker than after
previous hurricanes.

The storms damaged power
generating units on both St.
Thomas and St. Croix. On

St. Thomas, coastal flooding
damaged four units at the
Randolph Harley Power Plant.’
This resulted in a loss of 20

percent of power generation
capacity at the plant for almost
one month. On St. Croix, the
Richmond Power Plant suffered
minor damages that did not have
a substantial impact on service."

Solar PV facilities experienced
varying levels of damage. Some
panels were not installed properly
and were destroyed when the
wind lifted them off their base;
others that were installed well
only suffered damage from flying
debris. The USVI Solar 1 solar
field on St. Thomas sustained
catastrophic damage and most,
if not all, of the facility will need
to be rebuilt. The Toshiba solar
field in Spanish Town fared much
better: debris damaged only

a few of the solar panels, and
flooding caused minor damage
to some equipment. The solar
field adjacent to the airport on
St. Thomas suffered substantial
damage to inverters and
electronics when the area around
the array was flooded; the facility

will need to be rebuilt.

Many of the small-scale rooftop
solar systems installed through
WAPA's net metering program did
not sustain substantial damage,
nor did most privately owned
diesel generators.

The hurricanes decimated

the islands’ transmission and
distribution (T&D) systems,
damaging 90 percent of
aboveground power lines and
knocking down half of the USVI's
utility poles. All told, the storms
damaged more than 20,000
poles, 1,100 miles of transmission
and distribution lines, and 5,300
distribution transformers. WAPA's
underground T&D system was not
damaged, enabling the utility to
quickly repower certain areas of
both islands served by these lines.

2 Units 9B, Unit 14, Unit 15, and Unit 18 were damaged, primarily due to water incursion into the plant. Emergency units, APR
Units 25 and 26, were successfully brought online on September 10.

© Units 10, 11, 17, and HRSG 24 suffered minor damage; Units 11 and 17 were repaired by December 2017.



Winds and flooding also damaged
several substations, including

the East End, Tutu, and Donald
Francois substations on St.
Thomas, and the Richmond and
Gregory Willocks substations on
St. Croix.

The hurricanes also damaged
WAPA'’s recently installed
Advanced Metering Infrastructure
(AMI). This limited the utility’s
ability to leverage real-time
insight into the grid during the
restoration process. Additionally,
the damage prevented WAPA
from automatically reading
energy meters. As a result,

WAPA had to revert to and hire
contractors for manual meter
reading, which delayed its ability
to promptly and accurately bill
residents after the storms.

WAPA began repowering efforts
immediately after the storms.
While the Randolph Harley Power
Plant was back online within

four days, the transmission and
distribution restoration effort
was more complex. WAPA’s
efforts initially focused on
neighborhoods with underground
power lines and neighborhoods
adjacent to those lines. On St.
Croix, downtown Christiansted
and surrounding neighborhoods
were repowered before WAPA
turned to the western portion of
the island. On St. Thomas, WAPA
first repowered Charlotte Amalie
and surrounding neighborhoods,
including Yacht Haven Grande
and public housing communities
such as Savan, Oswald Harris
Court and Pearson Garden. The
design of the T&D system on St.
John has several single points of
failure, which made restoring
power there more difficult

and time-consuming than on

the other two major islands.
Power supply to the Coral Bay
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community on the eastern end

of St. John depends on a single
above-ground line connecting it
to Cruz Bay on the western end;
that line was destroyed. Cruz

Bay's power, in turn, comes from
St. Thomas via undersea cables;
the aboveground lines connecting
St. Thomas Randolph Harley
Power Plant to the substation

that feeds those undersea cables
were damaged. As a result, Cruz
Bay was without utility power for
approximately 49 days until crews
could rebuild the overhead supply
network on St. Thomas. Coral Bay
had to wait for almost 100 days
until its link to Cruz Bay could be
restored.

Despite the challenges

of restoration, the USVI
government’s active engagement
with WAPA, federal agencies,
and external partners enabled
the territory to restore its energy
system faster than other islands
impacted by Irma and Maria.
While power restoration took as
long as six months for previous
hurricanes, Governor Mapp set

a target of restoring power to 90
percent of customers who could
receive electricity by Christmas
2017. WAPA worked with a
number of partners to bring in
more than 800 off-island linemen
to meet this goal. By Christmas,
approximately 90 percent of
eligible customers across the three
islands had power restored. Some
homes had substantial damage
to their electrical infrastructure
from the storm and were not
able to receive power safely until
they repaired their electrical
equipment; those homes were
repowered later (see charts:
Customer restoration progress
by island and Time post-storm to
reach a given level of customer

restoration, by island).
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Until power was fully restored,
backup generators provided
some relief. Critical public sector
facilities, including the airports
and hospitals on both St. Thomas
and St. Croix, received generator
assistance from the Army Corps
of Engineers (USACE) and

the Virgin Islands Territory
Emergency Management Agency
(VITEMA). Privately owned
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critical facilities (e.g., radio
stations or private cell phone
towers) were not eligible to receive
USACE generators, which caused
delays in getting some of those
facilities back online. Among the
residents, a small percentage was
able to use their own generation
assets installed before the
storms to power their homes and
businesses, while many more
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Note: For St. Thomas and St. John, the bars
represent the number of weeks after hurricane
Irma. For St. Croix, the bars represent the
number of weeks after hurricane Maria.

purchased and installed generators
following the storms. Some
private generators were installed
incorrectly, which resulted in
energy being improperly pushed
from the private generator back
onto the grid, injuring at least
one lineman and reinforcing the
importance of comprehensive
interconnection standards and
appropriate enforcement.



I which will lead to long-term

The USVI has always had to deal
with the impacts of hurricanes
and tropical storms, which
present a particular risk to the
territory’s energy infrastructure.
In the past 30 years, the USVI

has experienced five major
hurricanes, each causing millions
of dollars in damage. These risks
are already real and significant,
even without climate change,
and they will only increase as the
climate changes and the intensity
of extreme events increases. The
greatest risks will come from
hurricane winds, rainfall, and
storm surge, which can damage
generation and T&D assets.
Lower-impact risks will come
from temperature increases,

reductions in the efficiency of
equipment and change energy
consumption patterns, from rising
sea levels, which can threaten
underground infrastructure

and contribute to the effects

of hurricane storm surge, and
changing precipitation patterns,
which will increase the risk of
landslides as well as increase
energy demand from reverse
osmosis plants.

High winds and flying debris

are the main risk for energy
infrastructure. On the
generation side, both fossil

and solar generation facilities
are vulnerable. WAPA’s power
plants are designed to withstand
approximately 200 mph winds
associated with a Category 5
hurricane; stronger winds can put
them at risk. Solar facilities in the
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Caribbean are generally designed
for Category 4 winds; stronger
winds will put them at greater
risk as well. Solar arrays are also
vulnerable to flying debris. On
the transmission and distribution
side, high winds, downed trees
and flying debris can knock down
utility poles and wires just as they
did in the latest hurricanes.

Storm surge poses a risk as well.
The power plants are located

on the coast of each island, and
coastal flooding damaged St.
Thomas’s Randolph Harley power
plantin the 2017 storms. The same
risks apply to several substations.
The Tutu, East End and Donoe
substations on St. Thomas are

in flood hazard zones and were
damaged by the 2017 storms.
The Donald Francois substation
on St. Thomas is also within

the Category 5 hurricane (Sea,
Lake, and Overland Surges from
Hurricanes) SLOSH zone."

Another risk involves hurricane
damage to the territory’s ports—
at least as long as the Territory
depends heavily on fossil fuels for
its power generation. If a future
storm causes extensive damage

[ e——
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" The SLOSH zone is determined by the National Hurricane Center and is the area that they assess from models or from

previous hurricanes to be vulnerable to “Sea, Lake and Overland Surges” due to hurricanes (see climate section of this report

for more details).
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to the ports, fuel deliveries may be cut off. Existing
storage facilities provide backup capacity of up to
20 days of propane storage on St. Croix and fuel oil
storage of up to 65 days on St. Croix and 40 days
on St. Thomas. While WAPA did not run out of fuel
during hurricanes Irma and Maria, port damage
does present a risk in the future.
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Sea level rise will contribute to the effects of
hurricane storm surge as described above. By itself,
it poses limited risks to WAPA's assets given their
current locations and elevations. Some underground
transmission equipment is already inundated with
salt water today. This will increase as sea levels

rise. While WAPA has experienced minimal impact
from salt-water intrusion to date, the utility should
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continue to monitor and mitigate
this risk by insulating wires and
performing regular maintenance.
Increased use of undergrounding
may also require additional
training for WAPA personnel to be
able to maintain and repair these
assets.

Increases in
Temperature

Higher temperatures may mildly
affect aboveground distribution
and transmission infrastructure.
On hot days, overhead cables are
likely to sag. When this occurs,
lines can sway further than usual
due to the wind and may impact
other lines on the same pole. This
risk is already being mitigated:
during the restoration process
after the 2017 hurricanes, linemen
installed cross arm bars on power
poles to be vertical instead of
horizontal, so lines are less likely
to collide.

Rising temperatures may also
reduce the efficiency of generation
and transmission assets. WAPA's
generators and substations are
built to operate at temperatures
of up to 90 degrees fahrenheit
and are not certified to operate at
and above 105 degrees fahrenheit.
During the hottest days when
energy demand is likely to peak,
the generators and substations
could be at risk of overheating,
causing brief outages or faster
depreciation. The risks can be
mitigated: on particularly hot
days, WAPA already operates
equipment at levels below its
maximum thresholds. In addition,
most generation equipment
includes cooling mechanisms.

Finally, rising temperatures may
lead to increased demand for
mechanical cooling in residences

USVI Hurricane Recovery and Resilience Task Force

and businesses, which could lead
to higher peak demand on very
hot days.

Changes in
Precipitation

Periods of more intense rainfall
will increase the risk of landslides,
threatening the T&D system,
especially on St. Thomas and

St. John, which are already
vulnerable to landslides on
some of the steeper parts of the
islands. Landslide risks should
be reviewed in collaboration
with other government groups,
including the Department of
Public Works (DPW) and the
Department of Planning and
Natural Resources (DPNR).

Longer dry spells will increase
demand for water from reverse
osmosis plants, which will in
turn increase energy demand.
The increase is likely to be

mild. Reverse osmosis plants,
which supply 25 percent of USVI
residents with drinking water,
currently represent approximately
two percent of WAPA's total
electricity sales.

On particularly hot and dry days,
the combination of increased
demand for air conditioning and
the increase in energy used at
reverse osmosis facilities is likely
to increase peak demand and
cause stress to the USVI's energy
system. The current generation
capacity on the islands will very
likely be able to manage moderate
increases in peak load.
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Hurricanes Irma and Maria
devastated the USVI's energy
infrastructure. Over 90 percent of
the transmission and distribution
system was destroyed, and more
than 20 percent of generation

capacity was damaged. At the same

time, even before the hurricanes,
high costs and unreliable service
were already driving customers off
the grid. Federal recovery funding
provides a once-in-a-generation
opportunity to transform the
USVI’s energy system to increase
the reliability and resilience of the
system, stabilize and ultimately
reduce costs, stem the tide of grid
defections, and attract customers
back to WAPA's grid.

Achieving this transformation
requires changes to all aspects of
the energy system. The Territory
must transform its energy
generation portfolio, modernize
its grid, fortify infrastructure
against climate risks, and
strengthen energy planning

and governance structures. The
changes will require large amounts
of funding and coordination, as
well as collaboration between

all the different bodies that have
oversight of the USVI's energy
systems, including the legislature,
PSC, WAPA, and the Governor’s
Office.

The measures will not fully
protect the energy system from
damage in future strong storms
—the cost of fully hardening

the system against Category 5
events would be prohibitive—but
they will build resilience and
redundancy into the system to
reduce risks that can be avoided
cost-effectively and enable

the system to bounce back
quickly following any future
damage that does occur. These
recommendations are built on
much of the research, planning
and implementation that WAPA,
with support of federal and local
resources, executed in the last
decade to address the challenges
facing the system. The utility

is already in the planning and
implementation stages for several
key projects that advance these
goals; the initiatives that follow
highlight several of these projects
that are already underway and
several which are not yet under
development.

WAPA'’s generation assets are old,
inefficient, and predominantly
reliant on fossil fuels. All but three
of its 12 operational generators
are at least 15 years old, and
approximately 90 percent of its
generation capacity comes from
fuel oil or LPG. This contributes

to WAPA's high electricity rates,
as more than half of WAPA's
operational costs are for fossil
fuel purchases. In addition, only
four generators have a generation
capacity under 20 MW. The
relatively large capacity of WAPA's
other generators makes it more
difficult for the utility to use

renewables to lower costs, as it
must run large fossil fuel units
even when it may need only small
amounts of additional power to
balance system loads.

Replacing aging generation
capacity with new, more efficient
fossil fuel generators, adding
substantial renewables, and
capturing energy efficiency will
increase the resilience of WAPA's
network and can help stabilize and
eventually lower electricity rates.
To achieve this transformation,
WAPA will use federal funding
both to construct utility scale
renewables that it will own and
replace its fossil fuel generators
with smaller, more efficient units.
Simultaneously, the Governor’s
Office will work with the PSC and
WAPA to enable the expansion of
distributed renewable generation
on private property, while the
VIEO and WAPA's VIEnergize
services unit will expand funding
and programs for energy
efficiency to save customers
money and help offset the need
for additional capacity in future
years. Much work in particular
will take place on the island of

St. John, which provides an early
opportunity to demonstrate that
the strategies can be leveraged
to dramatically increase the
resilience of an island’s energy
systems. All of this work will
enable WAPA to triple the amount
of renewable generation capacity
in the USVI by 2025, providing

up to 75 percent of the territory’s
peak demand through renewable
energy sources such as solar
during periods of clear sunshine,
and relying on fossil fuels and
energy storage for the remainder.



Initiative 1

As the costs of renewables and
battery storage have dramatically
decreased, renewable assets are
less expensive in the USVI than
fossil fuels assets on a per kWh
basis (including capital costs). As
a result, they offer a tremendous
opportunity to reduce costs

for WAPA and lower rates for
customers—especially when
coupled with battery storage,
which can spread the benefits of
renewable power to morning and
evening peak times as well as help
improve reliability.

WAPA will rely on several funding
streams to add at least 50 MW of
additional utility scale renewables
with battery storage onto the

grid by 2025, with near-term
deployment targets of 20 MW.
Renewable projects to be initiated
in the next year include a 5-10
MW solar microgrid on the South
Shore of St. Croix, a 10 MW wind
project at the Bovoni Landfill

on St. Thomas, and 1-4 MW of
solar on St. John. To fund these
and other projects, WAPA will
explore using FEMA and HUD
funding, as well as explore Rural
Utility Service (RUS) financing if
additional capital is needed.

Initiative 2

Federal funding alone will not
meet WAPA's capital needs for
renewables—and the utility’s
ability to attract capital in capital
markets is severely limited by its
credit rating. In this situation,
power purchase agreements
(PPAs) can be a useful tool with
which to attract private capital
for utility scale renewable
projects—but the USVI’s current
PPA process is inappropriately
designed for the size and scope of
the USVI’s electricity market and
has generally failed to add cost
effective renewables to the grid.

Today, USVI law permits any
project developer to advance a
project by filling out a simple
form with the PSC to become a
Qualified Facility (QF)."? Once a
developer is designated as a QF,
WAPA must begin negotiating
the terms of a PPA and perform
due diligence work. This takes
significant time and effort

from WAPA—Dbut as long as the
project developer claims that it
can deliver power at or below
WAPA's avoided cost, the utility
must negotiate a PPA with that
developer. Once the PPA is
negotiated, the developer works
to secure financing as well as all
necessary environmental and
planning permits.

The current QF process has
resulted in the installation of few
actual renewable energy projects
to date. Some have attributed this
outcome to WAPA's reluctance to

DRAFDRAFT

complete QF contracts. Others
point to a lack of sufficient due
diligence on vendors that receive
QF status. Still others contend
that project developers have
failed to secure financing due to
WAPA's credit rating and concerns
about its ability to make timely
payments agreed upon in a PPA.

The process has another
disadvantage, too: it does not
allow WAPA to effectively plan
for future generation needs, as
the utility cannot predict how
many QF PPAs it will be required
to enter and at what scale—
especially because the current
regulation allows projects up to
30 MW to qualify, an amount
almost equal to 30 percent of
the Territory’s peak demand.
Thus, even a modest number of
unplanned projects could have
a disruptive impact on WAPA's
integrated resource planning
and create stranded generation
assets. Several states, including
North Carolina and Michigan,
are changing their QF process to
address these kinds of issues; the
USVI should follow suit.

The Governor’s Office will

work with the PSC and WAPA

to establish a revised set of
regulatory rules for the Qualified
Facility (QF) PPA process.
Working in collaboration with
WAPA, the PSC should consider:

« Setting a limit for how many
MWs of power can be approved
through the QF process over a
specified time horizon (e.g. a five
year period)

2 The Public Utility Regulatory Policies Act of 1978 (PURPA) was implemented to encourage, among other things, conservation
and renewables. One of the ways PURPA set out to accomplish its goals was through the establishment of a new class of
generating facilities, which would receive special rate and regulatory treatment. Generating facilities in this group are

known as qualifying facilities (QFs), and fall into two categories: qualifying small power production facilities and qualifying

cogeneration facilities.
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- Permitting WAPA to issue one
or more Request for Proposals
(RFP) over that time horizon
to meet the MW target to
drive down costs through a
competitive bidding process

Requiring WAPA to share draft
RFPs and model PPAs with the
PSC and public stakeholders
for review and comment before
being issued to build market
interest and public buy in. RFPs
should include transparent
scorecards for grading bids

so that market participants
understand how their
applications will be judged

The process of reviewing and
updating the QF process should
take no more than six months,
during which time the PSC should
not approve any new qualifying
facilities.
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Initiative 3

Currently, the majority of WAPA's
fossil fuel assets are very large
(more than 20 MW) and close to
or beyond their stated lifespan.
This makes it difficult for WAPA
to efficiently operate these units
and rapidly respond to changes in
demand. WAPA’s 2016 Integrated
Resource Planning (IRP) called
for the replacement of these
generators with smaller, more
efficient units.

WAPA will use federal funding

to accelerate the transition
described in the IRP and replace
57 MW of generation with new
units in the next two years. On

St. Thomas, WAPA is in the
process of purchasing three new
seven MW generators and is in
negotiations for four additional
nine MW units. On St. Croix,
WAPA is leasing a 20 MW Aggreko
power plant, which is made up

of 18 separate approximately 1.1
MW units that will provide the
utility with greater flexibility. Due
to challenges with permitting at
the Estate Richmond Power Plant,
WAPA will likely not be able to
add additional capacity to the St.
Croix grid until 2021.

Beyond these immediate
transactions, WAPA should

hold off on any additional
commitments until it can
reevaluate demand and the pace
at which renewables are brought
onto the grid (see Initiative 7). If
additional generation is needed
on St. Thomas or St. Croix

(and permitting challenges are
addressed) during this interim
period, WAPA should negotiate

contracts that provide it with the
flexibility to downsize or cancel
parts of an order as needed.

Initiative 4

The amount of solar power

that customers in the USVI can
install on their properties while
remaining connected to the grid
is limited to 15 MW within the

net metering program established
in USVI Legislature’s Act 7075

(10 MW for St. Thomas, St. John,
and Water Island and five MW

for St. Croix). This limit has been
reached—and under current rules,
any customers who want to install
solar panels on their property
would have to go off the grid.

As batteries and solar become
cheaper, an increasing number of
residents will consider doing so—
especially the more affluent, who
can afford the initial investment
more easily.

Such a situation is not sustainable.
Without major changes in existing
tariffs, customers will continue

to leave the grid, and WAPA will
be forced to raise rates on the
remaining customers to cover

its fixed costs. Identifying the
appropriate rate structure to
incentivize large customers is of
particular concern: WAPA’s 10
largest commercial customers
made up nearly eight percent of
overall electricity sales in Fiscal
Year 2016, and at least one, Plaza
East, has announced since the
hurricanes that it is going off the
grid.

Simply expanding net metering
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is not a viable option: the policy
pays those who participate in it
full retail rates for electricity,
which, considering the fixed

costs of T&D, is not sustainable
past a small initial amount of
generation. Tariff reforms are
required to ensure that new
distributed generation can be
added to the grid to benefit project
developers, ratepayers, and WAPA
in a way that is sustainable for

the system overall. This includes
the evaluation and creation of
new tariff structures, including a
Feed-in Tariff (FiT) and a Stand-
By Tariff, as well as phasing out
and replacing the existing net
metering program. With the
appropriate tariff structures in
place, distributed renewable
generation can lower energy costs
and improve reliability for the
grid and the individual customers
who own these assets while
providing WAPA with enough
revenue to maintain the grid.

The Governor’s Office will

work with WAPA and the PSC
to adopt new tariff structures
before the end of 2018. The
Governor’s Office will also work
with the USVI Legislature to
enact legislation that replaces
the current net metering policy
in Act 7075 with one or more
alternative tariffs that support
the sustainable deployment of
additional distributed generation.
Specifically, the options could
include:

. Stand-By Tariff—Targeted at
systems over 500 kW, which
are typically commercial or
industrial customers. This is a
special rate designed to collect
only those costs imposed on
the grid by a customer that
self-supplies its own power
but wants to rely on the grid
for backup. WAPA included a
Stand-By Tariff proposal in
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its last general base rate case,
which was not acted upon by
the PSC. WAPA will develop a
revised proposal and file it with
the PSC for consideration. This
should be coordinated with the
self-generation tariff for smaller
systems described below to
ensure the two are aligned.

Feed-In Tariff (FiT)—Targeted
at systems between 10 and 500
kW, which are typically small
commercial customers. A FiT

is a policy that guarantees that
customers who own an eligible
renewable energy facility can
receive a set price from the
utility for all electricity they
generate and deliver to the
grid. In 2014, the Senate passed
Act 7586 that authorized the
establishment of a FiT for
distributed generation systems
between 10 kW and 500 kW. To
date, the PSC has not acted on
two separate proposals from
WAPA to create such a charge.
The PSC should complete the
current open docket filed by
WAPA in April 2017, ideally

in parallel with an increase in
the current cap on distributed
renewable generation.

Self-Generation Tariff -
Targeted at small power

users (systems under 10 kW),
which are typically residential
customers. As outlined above,
the current net metering
program has run its course.
The Governor's Office, in
consultation with the VIEO
Energy Roundtable and WAPA,
will work with the Legislature
to rewrite the net metering
section of Act 7075. Revised
legislation should enable the
PSC to set a new MW cap for
the program while altering the

pricing structure to better align
incentives between customers
and WAPA. Alternatives could
include a “self-generation” tariff
where customers are paid a rate
lower than the retail electric rate
for any excess solar generation
that they produce and a “self-
supply” tariff where customers
are only permitted to sell

solar power back to WAPA in
prescribed situations. Moving
forward, the PSC and WAPA
should be engaged to jointly
develop a new program cap, and
the PSC should be authorized

to revise this cap in the future
without any legislative action.
Much can be learned from

the approach taken in Hawaii,
where it took the Hawaii State
Energy Office, the Hawaii Public
Utilities Commision (PUC), and
the Hawaiian Electric Company
several attempts over the course
of ten years to put in place an
effective and sustainable tariff
structure.

Beyond changing the tariff
structure itself, it is also important
to ensure that permitting,
interconnection, and tracking
policies and processes can
manage the increase in renewable
generation that will result. WAPA
and DPNR will review these to
ensure that they balance the need
to be easy for customers with the
need to protect the integrity of the
grid. WAPA will also create clear
guidelines for any customers who
want to add renewable generation
to their property outside of the
net metering program.

> Navigant Research, Microgrid Deployment Tracker, 4Q2017

Initiative 5

Establish St. John as
a global model for

energy sustainability
and resilience

St. John's power resilience needs
are particularly urgent. The entire
island was without utility power
for 49 days after hurricane Irma,
and customers in Coral Bay did
not have power restored for 100
days. Given the challenges and
opportunities on St. John, the
island can serve as an accelerated
test-bed for the territory’s broader
energy vision, including utility-
scale renewables, distributed
rooftop solar PV, and hybrid
microgrids.

To increase the resiliency of the
St. John power grid in the event
of generation, transmission,

or distribution failures on St.
Thomas, WAPA will build two

MICROGRIDS
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hybrid microgrids in Cruz Bay

and Coral Bay (see microgrid
sidebar). These systems will
include solar panels to provide
power when the sun is shining,
batteries to store energy and then
provide it when the sun is not out,
and diesel generators to provide
emergency baseload power in
the event that generation on St.
Thomas is interrupted.

The microgrids will be able to
meet St. John’s peak demand,
currently eight MW, and

prevent the long-term outages
experienced after Irma and Maria.
Situating microgrids in Cruz Bay
and Coral Bay will enable critical
facilities on each side of the island
to maintain power even if the
power lines that connect the two
communities along Centerline
Road are damaged.

WAPA is in the process of scoping
these microgrids to determine the
land available for PV panels, the
amount of solar energy that could
be generated, and sizing of the
batteries and diesel generators.
This project will include between
one and two MW of solar power.
Pending approval of federal
funding, the microgrids will be in
operation in 2019.

In addition to the microgrids,
WAPA will develop at least four

to six MW of additional solar PV
through utility scale projects and
grid-tied distributed rooftop PV.
This energy, combined with the
solar energy from the hybrid
microgrids, will create installed
solar capacity equal to 100 percent
of St. John's peak load.

To strengthen St. John's T&D
network, the USVI has also
applied for FEMA funding to
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install 1,210 composite poles
across Centerline Road and
underground distribution lines

in Cruz Bay up to the Myrah
Keating Health Clinic. This will
improve reliability for over 5,000
customers. WAPA will also move
large overhead transformer banks
from poles to pad-mounted banks.

These projects will enable the
island to operate independently
from St. Thomas in the event

of an emergency and establish
the island as a global model of
sustainability and resilience.

Initiative 6

Expand energy
efficiency programs

The cheapest power projects

are those that prevent energy
from being used in the first
place. Estimates from around

the Caribbean suggest that the
cost of each kWh saved through
energy efficiency programs
ranges between 5-10 ¢/kWh.

This is substantially below
WAPA’s current average cost

to produce power of 16 ¢/kWh
and is competitive with the cost
of producing power through
renewable resources. As a result,
energy efficiency should be
evaluated and included as the
“first-in” resource in WAPA's
Integrated Resource Plan (see
Initiative 7). Research from

NREL in 2011 suggests that energy
efficiency strategies could help the
typical USVI household reduce its
energy consumption by at least
25 percent. Similarly, NREL's
analysis suggested that USVI
government and commercial

“ Massachusetts, California and many other U.S. states have energy policies that require that energy efficiency be considered
the “first-in” resource in a utility’s integrated resource planning because it is the cheapest resource available.

USVI Hurricane Recovery and Resilience Task Force
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buildings could reduce energy use
by 15-25 percent by addressing
inefficient lighting and Heating,
Ventilation and Air Conditioning
(HVAC) systems.

The VIEO and WAPA's VIEnergize
program both provide some
mechanisms to help customers
fund energy efficiency
improvements. The USVI Energy
Office runs the Sun Power Loan
Fund, which provides loans to
finance solar hot water heaters
and has multiple rebate programs
for Energy Star appliances. WAPA
created VIEnergize to assist
customers in energy efficiency;
however, it has not yet been
developed into a holistic program.
The Energy Office and VIEnergize
will develop a coordinated energy
efficiency program that takes
advantage of the resources and
expertise of both offices and
maximizes uptake and impact for
customers.

In the long term, VIEnergize
should administer most of

the USVI's energy efficiency
programs. This will allow

the VIEO to focus on policy
development and tracking the
overall implementation of the
Governor’s energy agenda. In
the mainland U.S., a third party
administrator, or TPA, often
manages these programs. These
TPA’s bring specialized expertise
in energy efficiency programs
and can help fill capacity gaps at
smaller utilities. WAPA should
evaluate its current capacity and
consider hiring a TPA to design
and/or administer its energy
efficiency portfolio.

Initiative 7

Increasing the uptake of energy
efficiency programs often requires
significant financial resources.
WAPA will work with the PSC to
explore the adoption of funding
mechanisms that enable it

to invest in energy efficiency
programs. Most U.S. utilities
finance energy efficiency through
a special “system benefit” charge.
Under this model, utilities add

a small charge to energy bills
(typically between 0.2-0.4 ¢/
kWh) that generates revenue that
is redirected back to customers
through energy efficiency
programs. Even a charge as small
as 0.2 ¢/kWh, which would cost
the average USVI resident $9 per
year, would generate $1.25 million
annually for energy efficiency
programs. Regulatory rules
should require that the system
benefits, including energy bill
savings to customers, are greater
than the costs of the program.
Other jurisdictions include a
range of services within a system
benefit charge, including funding
for distributed generation.

Other strategies for promoting
energy efficiency include a Lost
Revenue Adjustment Mechanism,
where a utility can recover the
revenue that it lost as a result of
its energy efficiency programs,
and decoupling, where the
utility’s approved rate of return

is decoupled from energy sales.
Both rate reforms eliminate the
utility’s financial disincentive
from promoting a reduction in
energy demand. This structure
incentivizes utilities to invest

in lowering customer demand
without compromising their
ability to recover their fixed costs.

Initiative 8

The USVI has a history of
adopting strong building codes
that include requirements for
high levels of energy efficiency.
However, enforcement of these
building codes is relatively weak.
FEMA has launched a program
to hire and train 10 new building
inspectors across the Territory.
DPNR will ensure that these
inspectors are trained on the
USVI electric code to ensure its
enforcement.

At the same time, the GVI

must lead by example. The
reconstruction effort presents

a great opportunity to do this.
All public buildings should

be built to comply with the
latest USVI energy code and
include high efficiency building
systems, as cost effective. This
cuts across a number of sectors,
including education, healthcare,
public housing, and any other
government buildings.

WAPA has made intermittent, but
impactful, efforts to update the
electric grid to keep pace with
new technology. This includes the
installation of Advanced Metering
Infrastructure (AMI) to monitor
customer energy usage and of
Supervisory Control and Data
Acquisition (SCADA) systems that
enable different parts of the grid
to communicate with each other.

This data provides a
comprehensive platform to



improve supply-side and demand
side energy efficiency. On the
demand side, smart meters
installed through the AMI system
provide comprehensive data on
customer power usage. This allows
customers to take more informed
steps to reduce their power
consumption and WAPA to provide
the customers with personalized
energy efficiency programs. On
the supply side, AMIl and SCADA
help increase the operational
efficiency of the system and
ensure that energy consumption is
appropriately billed to customers.
That is important because, of the
total power that WAPA generates,
it loses five percent on St. Thomas
and nine percent on St. Croix

in the process of delivering that
power to customers.

While AMI and SCADA have been
deployed by WAPA, they have not
been fully installed and optimized
to date.

Initiative 9

WAPA will accelerate the
deployment of advanced control
systems to improve reliability and
enhance energy efficiency and
distributed generation. This work
will primarily occur through the
repair and expansion of WAPA's
current SCADA and AMI systems.

On the demand side, WAPA will
replace meters that were damaged
by h urricanes Irma and Maria

and finish installing meters in
locations that did not have them
before the storms. Building on the
data provided by the AMI system,

WAPA will launch a customer
portal that will allow residents
to see details about their energy
consumption (e.g., time and
sources) in comparison to similar
customers. The full restoration of
smart meters and the expansion
of the customer portal will allow
WAPA to share personalized
energy efficiency programs with
customers to enable them to
lower their bills while helping
WAPA avoid additional capital
investments.

In addition, WAPA will also
explore expanding their program
for load management devices.
These devices allow customers

to reduce energy consumption
remotely (for example, by turning
on the air conditioner five minutes
before a resident arrives home
rather than leaving it on all day).

If customers are interested, they
can also allow WAPA to connect
to these devices so that WAPA can
reduce their energy consumption
during peak times to reduce stress
on the grid.

On the supply side, WAPA will
collaborate with Virgin Islands
Next Generation Network
(viNGN) and FEMA to expand the
current fiber and mesh wireless
information to improve WAPA's
insight into the feeder system to
reduce line losses. In addition,
WAPA will rely on both AMI and
SCADA capabilities to enable an
e-mapping analysis to identify
opportunities to reduce supply
side losses. Due to dramatic
changes in the grid infrastructure,
the additions of new distributed
renewable systems, and changes
in population, WAPA should
reassess the needs on each feeder.

The expansion of both the AMI
and SCADA systems will enable
WAPA operate the grid more
effectively. These investments are
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necessary to fully leverage new
technologies and grid designs
such as distributed generation and
hybrid microgrids that WAPA is
planning.

The USVI energy system is
particularly vulnerable to
extreme weather events. The
recovery effort provides a unique
opportunity to harden the entire
system against future storms as
well as from chronic stressors
related to climate change (e.g.,
sea level rise). Because it is not
economically feasible to build

a system that is completely
resistant to damage from these
risks, the USVI must focus on
strategies that reduce risk, enable
faster response, and increase the
flexibility of the system. WAPA
has incorporated many actions
to reinforce its generation,
transmission and distribution
assets into the rebuilding process.
It will continue to identify
additional actions to harden the
system as the recovery effort
moves forward.

Initiative 10

Hurricanes Irma and Maria
exposed the extreme vulnerability
of WAPA's system to hurricanes.
High winds blew over numerous
power lines, utility poles collapsed
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under the weight of winds

and falling tree branches, and
substations and power plants
experienced flooding. It is not
financially feasible to harden all of
the USVI's energy infrastructure

to withstand the strongest possible
storms, but it is certainly possible
to identify projects that reduce

risk at a cost that is acceptable.

To date, WAPA has submitted
more than $520 million in
projects to FEMA as part of the
agency’s Hazard Mitigation
program and is already

executing many of these projects.
Approximately $400 million of
this request is for undergrounding
transmission and distribution
lines in critical locations. WAPA
has also submitted approximately
$100 million in funding requests
to add composite poles in critical
locations on St. Croix, St. John,

St. Thomas, and Water Island.

The remaining projects include
improvements to substations
(East End, Tutu and Donald
Francois), replacing pole-mounted
transformers with pad-mounted
transformers, installing a
submarine cable from Harley to
the East End substation on St.
Thomas to provide additional
redundancy, and installing
emergency generation on St. John.
All the new poles that are being
installed in the territory as part

of these efforts will be installed
deeper into the ground to provide
extra strength.

Initiative 11

Given the variety of challenges
facing the utility in recent

years, WAPA has not had the
capacity to update its design

and construction standards to
industry standards. WAPA will
work with FEMA and industry
associations to update its design
and construction standards to
better withstand extreme weather
events. For renewable assets,
WAPA will ensure that privately-
owned utility scale renewables are
built to the updated standards.
DPNR will incorporate up-to-

date standards for rooftop PV

to reduce the potential damage
caused by future storms. Some of
these standards will be laid out
by FEMA's Recovery Advisory
Report on Rooftop Solar Panel
Attachment: Design, Installation
and Maintenance. WAPA can use
these materials as a starting point
for its efforts. In addition, WAPA
will either incorporate sea level
rise projections into its planning
and design processes to ensure
new facilities are built out of flood
zones or incorporate features that
reduce future flood risks.

Infrastructure investments

can improve the reliability and
resilience of the USVI energy
system and help lower rates;
however, there are a number

of significant financial and
regulatory issues that must be
addressed to maximize these
impacts. These changes cut
across all aspects of the system,
including operations, governance,
and workforce capacity.
Specifically, WAPA must review its
overall operations and financial
planning to reduce its costs and

more efficiently operate its assets.
The overall energy governance
structure must be realigned to
increase accountability and better
reflect industry best practices in
other markets. Finally, workforce
development must be enhanced
to ensure that there is a local
workforce capable of executing
the vision outlined in this report,
and that USVI residents benefit
from the influx of investment
coming to the territory.

Initiative 12

WAPA’s Integrated Resource
Planning (IRP) process guides its
capital plans for the next several
years. Since the publication of
the Territory’s first IRP in 2016,
technology has rapidly evolved,
especially with respect to battery
storage. The current IRP does

not appropriately incorporate
these advances; nor does it
include a strong focus on energy
efficiency and demand response
as strategies for avoiding future
capital investments. Additionally,
peak demand estimates in the
IRP need to be updated to reflect
the impacts of the hurricanes,
increased deployment of
distributed renewables, and rising
grid defections.

WAPA will launch an accelerated
update to its IRP to develop a

new demand forecast, an updated
plan for capital investments, and
an assessment of the technical,
economic, and achievable
potential of energy efficiency and
demand response as resources.
The utility will also execute a grid
stability analysis to understand



which feeders can operate with
additional distributed renewable
generation capacity (and how
much of it) and which, if any,
feeders need to be updated to
handle additional renewable
capacity. This analysis will be
completed by the end of the year.

In the future, WAPA should be
required to update its IRP at

least every four years, with clear
guidelines as to what information
should be included in the study.

Initiative 13

Maintenance standards are
critical to ensure that utility
infrastructure operates at
maximum efficiency for the full
lifetime of technology and is
resilient to damage from climate
risks. These standards need to
be updated to reflect the damage
caused by the storms: in just one
example, some of the damage
to power lines could have been
avoided by better trimming
nearby trees.

WAPA will review and update

its maintenance policies and
procedures and allocate enough
staff to carry them out. The
utility already plans to cross-
train line crews to enable them
to manage vegetation in addition
to addressing electrical issues.
Proactive maintenance can
greatly enhance the resilience of
WAPA's system and help lower
ongoing operating costs.

Initiative 14

Not all damage can be anticipated
or prevented. A comprehensive
emergency plan is critical to
enabling a rapid, coordinated,
and successful recovery effort.
WAPA will update its emergency
plan and operating procedures
to incorporate lessons learned
from the 2017 hurricanes. This
should include a prioritized list of
critical facilities to be repowered
in any future outages and their
distributed or backup generation
capacity.

Initiative 15

As previously mentioned, WAPA
is facing a substantial decline

in revenues, substantial unpaid
receivables, a large outstanding
debt burden, and a low credit
rating. This multi-faceted
challenge jeopardizes the utility’s
financial health. In the short term,
WAPA will focus on deploying
federal funding to provide much-
needed new generation capacity
and reduce ongoing operation
costs. Once WAPA has spent

the available federal funding

and taken advantage of federal
low cost financing, the utility

will review its debt burden and
identify any opportunities to
restructure or reduce its long-
term commitments to improve its
fiscal health.
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Initiative 16

The USVI's energy sector has a
unique governing structure that
inhibits innovation. Typically,
public utilities like WAPA are
either wholly governed by an
independent board or are directly
managed by a government
agency. Investor owned utilities
are regulated by Public Service
Commissions, which oversee

all utility investments that will

be recovered in customer rates.
There also are a few exceptions
(Indiana, Maine, Maryland, Rhode
Island, Vermont and Wisconsin),
where PSCs regulate utility rates
for public utilities instead.

WAPA is caught between these
two structures, as it has both

an independent board and a

PSC. The Board of Directors is
appointed by the Governor; it

has fiduciary responsibility for
the utility but lacks ratemaking
authority. The PSC'’s seven voting
members are appointed by

the Governor as well (with two
additional non-voting members
appointed by the Legislature); it
has the authority to approve or
reject changes to WAPA's rates
and to grant QF status to project
developers but no other oversight
over the utility. Both the PSC

and the WAPA governing board
lack the authority and capacity

to fully and ably execute their
respective oversight roles over
WAPA. The result has been

a fraught relationship where
disagreements are brought

to court rather than resolved
through the regulatory process,
and where a lack of agreement on
roles and responsibilities prevents
the actions needed to drive down
rates, increase resilience, and
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improve the financial health of
the utility.

To allow WAPA to function as

well as it can, both the Board

and the PSC must have clear and
distinct roles and responsibilities
that are mutually respected. The
Governor’s VIEO could play a

role, too: in many U.S. states,

such offices play a prominent role
overseeing and managing energy
policy for the state. In New York,
for example, the Governor’s
Chairman of Energy and Finance
is responsible for overseeing
multiple government departments
and bodies to ensure they are

all advancing the Governor’s
priorities. While its work on
energy efficiency and running the
Energy Roundtable are important,
the VIEO is not empowered

to hold other government
departments accountable.

The Governor’s Office will work
with WAPA, the PSC, and the
Legislature to enact governance
reforms to improve the oversight
and health of WAPA. These
reforms may include a variety

of changes in the structure and
oversight of the WAPA Board and
of the PSC, but must give one or
both of these groups the clear
authority and capacity to oversee
WAPA.

To elevate the regulatory role

of the PSC, its powers should be
expanded so that it can provide
stronger oversight over the
utility, in parallel with changes
to professionalize the body

and ensure any contracts that
the PSC signs with consultants
are competitively procured. To
empower the WAPA Board, its
capacity and composition should
also be reformed to ensure
appropriate utility expertise and
provide it with funding to access
technical experts as needed.

In the near term, the Governor
should assign a working group of
WAPA and PSC staff members to
develop specific recommendations
for reform by the end of 2018.
This working group should
engage third party technical
support, such as the National
Association of Regulated Utility
Commissioners (NARUC),

the American Public Power
Association (APPA) and/or the
Regulatory Assistance Project
(RAP), to bring appropriate
industry expertise to bear on
utility governance and regulatory
oversight.

The Governor’s Office will also
explore ways to reconstitute,
empower and appropriately staff
the USVI Energy Office. The VIEO
should lead implementation of a
subset of the recommendations
outlined in this report, track and
publically report on the USVI's
progress towards its overall
energy strategy and act as the
Governor’s primary advisor on
energy issues.

Initiative 17

Transforming the USVI's energy
sector will require new jobs,
knowledge, and skills. The
short-term influx of capital and
technical expertise will help
launch this transition, but without
a robust workforce development
program the USVI risks having
21st century infrastructure
without a 21st century workforce
to maintain it. Critical needs

in the Territory include energy
auditors to evaluate energy use in
buildings, contractors to execute
energy efficiency projects, solar
installers to meet the increasing

demand for solar panels,
construction workers to build
wind farms, and utility workers
to manage and maintain an
increasingly complex grid.

Some of these needs can be met
with the existing workforce.
WAPA will expand its internal
training capacity to ensure that
its workers are able to operate
and maintain new infrastructure,
including expanded underground
facilities, new composite poles,
new high efficiency generators
and renewable assets. FEMA, in
turn, has provided a variety of
resources through the Recovery
Advisory Reports to inform
architects, engineers, and
contractors about building more
resilient and energy efficient
homes up to the current building
code and appropriately installing
rooftop equipment, including
solar panels.

Other needs will require the
training of new workers. To
prepare the next energy leaders
for the territory, the University
of the Virgin Islands (UVI) will
expand current programs on
renewable energy and energy
efficiency in collaboration

with WAPA. Currently, UVl is
developing a net-zero energy
home (a home which generates
as much energy as it consumes)
to use as a hands-on example of
energy efficiency and renewable
energy strategies. Beyond that,
UVl is considering developing a
certificate or elective courses on
energy efficiency and renewable
energy to expand knowledge on
island. In addition, WAPA will
explore the feasibility of creating
an apprenticeship program with
the USVI high schools to build
skills for key roles and attract
young talent to WAPA.



The overall potential for job
creation as a result of the energy
transformation is substantial:
while slightly outdated, a 2012
report estimated that meeting
the USVI's goal of a 60 percent
reduction in fossil fuels by 2025
would create 800 jobs in that
timeframe, equivalent to 2,000
“job-years""” (for context, total
formal civilian employment in

all of the USVI stands at around
40,000). Nationally, a study by
the National Association of State
Energy Officials and the Energy
Futures Initiative noted that
jobs in energy efficiency alone
represented half the total growth
of jobs in the energy sector in
2017. In addition, within energy
production, the solar industry
employs more American workers
than coal, nuclear, and wind
industries combined and employs
slightly fewer than the natural
gas industry, where the jobs are
primarily in fuel production.

> A job year is one full-time job for the period of one year. For example, 10 job years can represent 10 jobs that last for one year,
five jobs that last for two years, or two jobs that last for five years etc.
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— COMMUNICA-
TIONS: PRIVATE
SECTOR

Private telecommunications
services in the Territory include
landline telephone, cellular
(mobile) phone, Internet, and
broadcast systems and services.
They are a crucial part of daily
life everywhere in the worldbut
even more so on an island
territory like the USVI where
physical distance from other
locations make communications
all the more important.

The infrastructure that makes
these services possible is highly
complex. It includes cables, fiber
optics, and radios that transmit
information. It includes computer
switching systems that direct

that information where it needs
to go, often relying on off-island
interconnections back to the
mainland. It includes towers and
poles to carry antennas and air
conditioning systems to keep
equipment cool. It also includes
high quality power supplies and
emergency backup power to keep
the systems running during power
outages.

72

The hurricane winds damaged

or destroyed large parts of this
infrastructure, especially the
portions of the communications
networks that were above ground,
including exposed aerial cables
mounted to wooden poles, and
antenna systems attached to
communications towers and the
towers themselves. Buried cables
did not suffer significant damage,
but restoration work sometimes
caused damage afterwards when
cables were accidentally cut.

The commercial power outages
caused by the storm damage
were a problem as well. While
many communications sites had
on-site emergency generators,
the wide impact area and loss

of commercial power over the
course of 3+ months led to the
failure of many generators as a
result of long-term overuse. When
generators failed, the sites that
they supported went with them.

Once systems began to fail, the
people of the USVI had no backup
options. As a result, they could not
access essential services like 9-1-1,
contact loved ones, or check on
and report conditions during and
after the hurricanes. Commerce
throughout the Territory

was severely diminished, as
consumers were unable to

make credit and debit card
transactions or ATM withdrawals
to purchase necessary food,
water, and supplies. Some

islands were affected more than
others; the island of St. John was
hit particularly hard and had

little connectivity in the weeks
immediately after the storm.

Response activities to the
destruction varied widely

by company. Locally based
companies were able to begin
immediate assessment of
damages, as were some companies
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based off-island that had pre-
staged personnel and equipment
to facilitate a quick response.
Other companies were slow to
deliver personnel and resources
to assess or begin repair activities.
The companies that were better
prepared were generally able to
achieve initial restoration within

a few days or weeks of beginning
work, but even the best-prepared
companies suffered delayed
repair activities as a result of the
remoteness of the islands, as well
as customs and territorial taxation
laws, which have no provisions for
emergency waivers for recovery
efforts.

As the Territory looks to prepare
for the next storm and upgrade
the existing telecommunication
infrastructure, the strategies

that will help make the
communication system more
resilient include hardening the
system infrastructure, better
preparing facilities for extended
power outages, and making
legislative and regulatory changes
that support and encourage
telecommunications resilience,
including using existing
regulatory authority of the USVI
Public Service Commission

(PSC) to ensure that private
carriers are taking the necessary
measures to prevent a repeat of
the kinds of outages that the USVI
experienced after Irma and Maria.
No system will ever be completely
failure-proof in the face of major
natural disasters, but with these
measures implemented, the USVI
telecommunications system will
suffer less damage and recover
more quickly from future events.

USVI Hurricane Recovery and Resilience Task Force

HOW THE
COMMUNICA-
TIONS SYSTEM
WORKS

The private sector
communications system is
broken into six sections: landline
telephone services, wireless
(cellular) network, cable television,
broadcast radio and television,
Internet service providers (ISPs),
and off-shore international cable
landing stations. All of these
sections depend on power to
operate.

Landline telephone
services

Viya is the sole company to
provide landline telephone
services in the USVI as the
incumbent local exchange carrier
(ILEC). The Viya network of
“wired” facilities is comprised

of copper, coaxial cable, fiber

Aerial cables attached to WAPA poles

optic cables (Hybrid-Fiber-Coax
or HFC), computer switching
systems, and basic physical
infrastructure (poles, generators,
batteries, HVAC, etc.). These
facilities provide traditional

plain old telephone services
(POTS), as well as Internet data
connections. Most of these HFC
facilities are buried; most of the
copper cables—at least before
the hurricanes—were aerial and
attached to wooden Virgin Islands
Water and Power Authority
(WAPA) poles.

Wireless (cellular)
network

There are five wireless carriers
that offer service in the USVI:
AT&T, PR Wireless (formerly
Sprint), Viya, Verizon, and
T-Mobile. Three carriers—AT&T,
PR Wireless, and Viya—have
physical assets in the territory.
Two carriers—Verizon and
T-Mobile—do not have physical
assets on island and therefore
lease service from companies that
do have physical assets, including
the three companies above.

DRAFT
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The infrastructure on which the
networks depend the most are
communication towers. There

are 51 total tower locations across
the USVI (not including wooden
poles or equipment installed atop
buildings): 20 on St. Thomas, six
on St. John, and 25 on St. Croix.
Some of these locations host
multiple towers. The towers are
mainly of two types: free standing
(or self-supporting) lattice

towers and monopole towers.
Free standing towers have either
three or four sides; monopole
towers consist of a single tube
with antennas mounted to the
exterior. Both tower types can
perform well during hurricanes,
but monopole designs tend to

be more resilient. Most of the
communications towers on the
islands are free standing. The
companies that offer wireless
service own very few of these
towers; they are mostly owned,
maintained, and operated by
specialist companies. These
companies (two major operators
are SBA Towers and Crown Castle)
earn revenue by leasing space

on their towers and, for some
customers, providing services like
power and generators. The tower

Free standing tower; Source: Dick Price

companies do not operate their
own radios, antennas, or other
broadcasting equipment.

Other infrastructure on which
the wireless network depends
includes antennas mounted

to towers, microwave radio or
fiber backhaul, and switching
centers, all working together to
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Map of USVI Telecommunication Assets
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Monopole tower; Source: Dick Price

transmit information. Antennas
communicate with users, then the
signal is sent from the towers to a
switching center (either on or off-
island) to process the calls through
what is called the backhaul, which
is either a microwave radio or a
fiber optic connection that can
carry large amounts of data. Fiber
connections can carry more data
than microwave radios and are
therefore preferred; those are
owned either by the landline
provider, Viya, or the middle mile
fiber provider, viNGN (see Public
Telecommunications chapter for
details on ViNGN; see graphic:
The workings of a wireless
network).
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Internet Service

Providers (ISPs) S

(=

FIXED . . . e

NETWORK Multiple ISPs ?ffer thelr'serwces 5

to customers in the Territory. E

— These services depend on three =

ooo types of connections: backbone, ;

CENTRAL aog which is the high-capacity fiber 3

EXCHANGE =

( > <
land line phone (or trunk line) that carries massive §

- - amounts of data for local or 2
regional exchange, middle mile, =

I_I I_I RADIO “ 5) BASE STATION S

which connect the backbone to
the ISPs’ or telecommunications

_—1 CELL ANTENNA

CABLE OR
RADIO LINK = providers’ core network or

telecommunications exchange,
and last mile, which delivers the
data connection to customers’

homes and businesses. Last mile

- connections rely either on HFC
facilities (provided by Viya) or
CALLING RECEIVING fiber (provided by viNGN), or on

short distance unlicensed radios.

The workings of a wireless network

Cable teleViSion receive content either via the
Internet or satellite receivers in Off—Shore

Viya is the sole cable television their studios and then use copper (Su bmari ne)

rovider in the USVI. Video i ; it .
Sontent is delivered to the islands ;::»lbczrn\iv;:ii;atcr::lsiii(:::r:)dn I nternat|ona| Ca ble
via satellite receivers/antennas towers that are either leased or Landi ng Stations
(mounted on broadcast towers) as owned. The transmitters send the
well as undersea fiber cables. signal to listeners and viewers. The USVI depends on

international submarine cables
The last mile HFC cable facilities
deliver content to users; before
the hurricanes, those cables
were attached to WAPA poles.
Broadcast towers are structured

-
differently and are larger than JL, — s e
wireless communications towers, - .
as they must be able to support the 5
significant weight of mounted g L1 1
radio and satellite radio equipment. :
— ek
o ._.—:pu. T,
B d . '\-\. v T"n ..-,ql. i
roadcast: o g
. .. % T
radio and television SR
The U.S. Virgin Islands are home to 5
. LI B e
several privately owned broadcast -. T
radio stations on both AM and FM el
bands. The radio and TV stations Submarine cable connections in the vicinity of the USVI

Source: www.submarinecablemap.com
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Company Landline Wireless/ Cable Broadcast TV Internet Cable

Telephone Cellular Television & Radio Service Landing
Network Providers Stations

AT&T X X

PR Wireless X

Verizon Contracted

Viya X X X X

CenturyLink X

T-Mobile Contracted

SmartNet X

BBVI X

Areas of activity of selected telecommunication companies operating in the USVI

for sending data off-island. These
cables come into several cable
landing stations on St. Croix

and on St. Thomas. Satellite
connections are also available,
but because submarine cables
have far greater capacity, they
carry roughly 99 percent of all
data traffic, including Internet,
phone calls, and text messages,
from the USVI to the rest of the
world (see map: Submarine cable
connections in the vicinity of the
usw.

Power supplies

All of the equipment that supports
telecommunications networks in
the USVI relies on commercial
power provided by WAPA. Most
facilities, including towers and
on-island switching centers, are
equipped with backup power
sources (batteries, generators, or
a combination of both), however.
these backups are typically only
intended to provide power for up
to 96-120 hours.
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Funding sources

All private telecommunications
companies generate revenue
from user-paid services. Privately
owned broadcast companies
generate revenue from advertising
sales. Off-shore international
cable landing stations companies
receive some funding from

joint ownership of cables by the
communications companies

and generate revenue from

user subscription fees for their
services.

Regulation

Communications companies,
when they are regulated,

are regulated either at the
federal level by the Federal
Communications Commission
(FCC) or the Federal Aviation
Administration (FAA, towers
only), or at the territorial level by
the Virgin Islands Public Service
Commission (PSC).

The FCC regulates all cellular
companies, ISPs, international
cable landing stations, and
broadcast radio and TV stations.

The FAA regulates tower
companies with towers over

200 feet above the ground (by
requiring them to be registered
in the Antenna Structure
Registration (ASR) database;
tower companies are not
otherwise regulated except for
the requirements to meet local
permitting, including building
codes). The PSC regulates Quality
of Service for landline telephone
and cable companies and also
provides local rate regulation for
the landline company, Viya. The
PSC has not historically regulated
the operations of wireless carriers
or ISPs.

At the federal level, the extent of
the regulation does not include
the ability to require certain levels
of availability or performance;
nor does it include any sanctions
for, for instance, failing to restore
service in a reasonable time
after an adverse event (as would
generally be the case in more
heavily regulated industries like
electric utilities). The logic of the
current regulatory framework (or
absence thereof) is that the risk
of user defection to competitors
(made easier, in the case of
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wireless services, by number
portability regulations) will force
companies to pay attention to the
quality of their service without
explicit legal requirements to do
so.

For a territory like the USVI,

such a regulatory structure can
create problems: for the national
players present the market in the
Territory is small compared to
their markets elsewhere in

the U.S., and the incentive to
pay attention to this market’s
problems may be small as well.
That said, the Legislature of

the Virgin Islands does have

the ability to approve or deny
business presence in the islands
under Title 30 §45a of U.S. Virgin
Islands Code, which establishes
the customer service criteria for
“eligible telecommunications
carriers” and gives the PSC
limited oversight jurisdiction over
all communications companies
operating in the Territory.

A relevant key criterion for
gaining eligible carrier status

in the USVI is a demonstrated
ability to remain functional in
emergencies (see sidebar: Public
Service Commission’s reqgulatory

authority).

IMPACT OF THE
HURRICANES

The 2017 hurricanes damaged

all parts of privately owned
communications networks,
including landline telephones,
cable television, Internet, cellular
networks, and undersea cable
landing stations. The storms also
significantly impaired broadcast
radio and TV networks, although
the extent of the damage to

USVI Hurricane Recovery and Resilience Task Force

these networks is not yet fully
understood.

Common
Challenges

The far-ranging outages affecting
private sector systems included
collapse of transmission towers,
destruction of antennas/radios
on towers, failure of backup
power systems, physical damage
to communications shelters,

and loss of equipment as a result
of water damage and power
failure. Extensive island-wide
power outages lasted over three
months, leading to the failure of
emergency backup generators.
These backups included both
permanently installed and
mobile generators, many of
which failed because they are not
designed to meet the demand

of running continuously for
extended periods. The challenge
of obtaining sufficient fuel for
generators over the extended time
period also resulted in failure of
site communications.

Companies varied widely in their
response to the hurricane damage.
Personal losses of local personnel
employed by smaller companies
slowed company response

time. The logistical difficulties

of transporting replacement
equipment and accommodating
temporary staff from the

mainland meant companies
reliant on off-island support

were also slower to respond.
Larger companies that employ
primarily local personnel and
house significant equipment on
the islands were able to start the
assessment and recovery efforts as
soon as it was safe to begin.

Response was better and
service impact was less in

DRAFT

those companies that followed
proper pre-landfall procedures
such as filling generator fuel
tanks, staging spare equipment,
accounting for personnel
resources, and placing backup
crews on standby. After the
storms hit, restoration challenges
included obtaining equipment
and supply shipments (including
by obtaining a high priority level
for these shipments compared to
other sectors), as well as securing
transportation and housing for
off-island support personnel.

Landline Telephone
Network

The landline copper network
suffered major damage because
its cables were attached to

utility poles above ground.

That damage, however, caused
minimal customer impact, as

few customers still relied on

the older infrastructure. The
newer fiber network suffered less
damage: a large percentage of it
that provided main trunk line
switchboard services (as well as
transferring cable and Internet
data) was buried and therefore
better protected. However, last
mile fiber service to residential
and business communities was
delivered largely via aerial fiber
assets, which were damaged the
same as copper cables were. Some
fiber equipment was also damaged
by falling trees and flooding. Main
trunk lines could be restored
rather easily once power was
reestablished, but the copper
cables will be abandoned and
salvaged for scrap and replaced
with buried fiber cables where
possible.

Power outages did not pose a
significant issue for the POTS
central switching office locations,
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as these were engineered with
high capacity batteries and
redundant generation facilities.
Commercial power outages did
cause major issues for remote
locations, as their site generators
are not designed to run for long
periods. However, in some cases,
a user could continue receiving
service if the switching location
that normally serves them was
down but a central site was still
on-line, powered, and functional,
and their part of the network was
designed in such a way as to make
a connection to another location
available.

The result of damage was either
the degradation of, or total loss
of traditional landline phone
service. Unless the impacted
customers had cellular phones
with service or a working Internet
connection with VolP calling
capabilities, their ability to make
emergency 9-1-1 calls was at best
severely hampered and at worst
nonexistent.

Viya’s response to the post-storm
impacts was relatively quick, as
the company had preplanned and
staged personnel and equipment
for quick post-storm assessments
and initial restoration work.
However, there were delays
related to the fact that aerial cable
restoration could only begin once
WAPA replaced damaged utility
poles—which meant that this work
did not start until December 2017.
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Wireless (Cellular)
Network

All wireless carriers suffered
damage, although the degree

of impact varied by company
depending on the locations of
towers that carried their radios/
antennas. The impact included
either partial or total collapse

of radio towers, misaligned
antennas, and backup generator
failure. Among the two different
tower structure types (monopole
vs. freestanding), the monopole
design towers emerged as the
least prone to suffer failure of the
supporting structure. Like the
freestanding ones, even those
towers experienced damage to
mounted radios and antennas.
The freestanding towers generally
fared well, but several did collapse
entirely. None of the existing
towers were supported by guy
wires (tensioned cables to provide
support); if they had been, their
ability to resist high winds might
have been greater. The damage to
both tower types caused around
80 percent of cell sites on St.
Thomas and St. Croix and 100

100%
80%
60%
40% '
20%

0%
07-Sep  28-Sep 19-Oct  09-Nov

percent of cell sites on St. John
to lose service immediately after
the hurricanes. It was only by
mid-October that the two bigger
islands approached 50 percent
recovery and St. John got its first
cell site working again (see chart:
Cell site status by island).

As a result of the physical
damage, customers lost data
communications (file and

picture transfer, web searches,
downloads of data and files), had
their calls dropped, or could

not place, send, or receive calls
and text messages. During and
immediately after the storms,
people could not call 9-1-1 unless
they had a secondary working
method for making calls, such as
landline or Internet calling. In
the weeks following the storms,
the poor state of communications
limited people’s access to FEMA
and other recovery and relief aid
information.

The restoration of service took
several months. St. John in
particular suffered a complete
system outage and took the
longest to recover, only reaching

e St. Croix

e St. JOhn

St. Thomas

22-Dec 12-Jan 02-Feb  23-Feb 16-Mar

Cell site status by island; September 2017 - March 2018

Source: FCC
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25% 2

50%

75%

l St. Croix
M st. John
@ St. Thomas

16

Time (in weeks) from the moment of lowest service availability to reach a given level of

active cell sites, by island; in weeks; Source: FCC

75 percent cell site restoration by
mid-January and was 16 weeks
after the point of lowest service
availability, and well behind the
other two islands (see chart: Time
to reach a given level of service

restoration, by island).

Where towers failed, repairs
ranged from adjustments to
antennas blown off alignment to
the deployment of temporary
tower trailers in order to provide
interim services until failed
towers could be either rebuilt or
replaced. Where towers survived
the winds, microwave radio and
fiber backhaul communication
links often did not; those had to
be restored, usually relatively
quickly, using small satellite earth
station links or point-to-point
radio links to make connections
until the microwave/ fiber lines
could be reinstalled. On St.
John, philanthropy-funded
groups organized temporary
communications sites that allowed
restoration of some Internet

and voice services until the
commercial carriers could resume
normal operations.

At all tower locations, power was
an issue that set restoration efforts
back even many weeks after the
storm. Loss of power was not
initially a problem as all sites had
existing backup generators that
turned on automatically to keep
the sites running. However, those
generators were not designed to
operate for the extended period
of the commercial power outages
and often failed after a lengthy
run time. Repair work was
complicated by the need to bring
repair personnel from off island—
even the companies that have
physical assets on the islands

only maintain a small number of
on-island personnel in non-
emergency times. The time that it
took companies to bring off-island
staff ranged from days to weeks, in
part due to limited airline service.
Cellular companies without
physical assets on the islands were

generally at the mercy of their
on-island, contracted partners for
service restoration, with varying
results.

As of March 19, 2018, the FCC
reported that 86 percent of cell
sites were operational in the USVI;
however, many of the networks
were still operating with limited
data capabilities because of the
lack of fiber connectivity to their
cell towers (which means they
had to rely on lower throughput
microwave links).!

Cable
Television

The hurricanes damaged both

the receiving equipment and

the distribution network. On

the receiving side, the satellite
antennas used to receive

content were damaged. On the
distribution side, Viya’s cable
infrastructure suffered extensive
damage, as its cable network relied
on aerial WAPA pole attachments.
Near complete loss of the cable
system meant cable TV services
were unavailable. In rare cases,
customers may have been able to
receive a distorted or low-quality
signal. While some services have
been restored on the existing
cable network, Viya is moving its
cable services onto HFC cables
and will either abandon or salvage
its old coaxial cables. As with the
restoration of landline services,
work related to aerial cables could
not start until December 2017, by
which point WAPA had restored
most of its poles.

Broadcast Radio

" One carrier, Viya, used the hurricane damage to their existing network to accelerate the rollout of a new, faster cellular
communications network, which had previously been slated for installation in mid-2018. The existing networks were severely
damaged, so rather than commit time and resources to repairing the old networks, the company instead focused on bringing the
new network on-line, launching it in St. Thomas and St. Croix by the end of December 2017 and in St. John by mid-January 2018.

USVI Hurricane Recovery and Resilience Task Force
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Many radio stations remained off-
air for extended periods of time as
a result of the loss of commerecial
power, loss of station equipment,
and damage to structures and
equipment. Many stations had
backup generators, but the length
of the commercial power outages
eventually caused generators to
fail from overuse or lack of fuel.

The loss of radio stations left

the public unable to receive any
programming. In particular,
stations designated as the official
emergency broadcast stations
were unable to send important
government advisories and
messages, leaving citizens without
accurate, current information

on the status of the disaster and
safety instructions from officials.

Internet Service
Providers (ISPs)

Internet services suffered
major outages, although the
Territory was never completely
disconnected.

A number of factors contributed
to the outages: equipment failure
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Internet traffic volumes in the vVINGN networkl; August 2017 - February 2018; indexed to

August 2017; Source: vViNGN

as a result of physical damage,
including crushing and water
damage; loss of the connecting
facilities provided by Viya or the
ViINGN middle mile provider;
damage to “last mile” (local
equipment) cables using aerial
attachments; loss of power at the
customers’ locations; and, in some
instances, damage to ISP-provided
equipment (such as modems and
switches) in customers’ residences.
The available data demonstrates

a 60-70 percent traffic drop-

off corresponding to when the
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hurricane made landfall. Traffic
volumes did not return to normal
until February 2018 (see charts:
Volumes of USVI data traffic
around the time of Hurricane
Irma; Internet traffic volumes in
the viNGN network).

The lack of Internet access
hindered the public’s ability

to access crucial information,
including weather updates,
locations and extent of damage,
and instructions from emergency
officials about sheltering or how to
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Volumes of USVI data traffic around the time of Hurricane Irma; Partial data as measured by the IT company Cloudflare

Source: Cloudflare
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obtain other protective measures
(which was made worse by the fact
that radio stations were damaged
as well). The outage also isolated
people who could not contact
friends and family during and

after the storms. Significantly,

the Internet outages also limited
public officials’ and journalists’

means of sharing mainland
accurate news and updates on
what was happening in the islands
with the US mainland, as well

as individuals’ ability to share
updates and announcements on
social media. Many people also
rely on their Internet connection
to place phone calls, and unless
their landline or cellular services
were functional, this meant many
citizens could not place calls to
request emergency 9-1-1 services.

ISP response level and timeline
varied, resulting in a lengthy
restoration process ranging from
weeks to more than three months
for many providers. The staff

of many smaller ISPs primarily
local personnel suffered personal
losses during the storms, which

in turn slowed the companies’
response time. In some cases,
ISPs were able to deliver a
connection to a customer, but
the customer did not have power
(either commercial or generator),
in which case the service could
not be restored. The battery
backup that some ISPs provide as
a standard part of the customer’s
on-premises equipment is only
designed to sustain the connection
for limited times (less than 24
hours) and was of little help given
the circumstances.
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International cable
landing stations

Submarine cable stations incurred
some loss of service—although
most of it was not related to

the storm themselves. Cables
originating offshore were mostly
untouched by the storms, and
the cables exiting the cable
stations on land are buried, so
they were largely protected from
damage. The robust design of
these facilities, supported by
resilient backup and redundant
power sources, including multiple
generators and large battery
storage banks, ensured that loss
of commercial power was not an
issue. What was, an issue was the
restoration work in the hurricanes’
aftermath: on several occasions
during the restoration process,
the placement of new power and
telephone poles damaged some
of the buried land-based cable
facilities, not least because the
Territory has not yet implemented
a “call-before-you-dig” system.
This damage and resulting lack

of access to the cable landing
stations severely limited the ISPs’
and cellular companies’ ability

to process information and data
requests, as well as to process
calls, as most of this switching
occurs off-island. Localized
calling could still be available in
limited cases if the rest of the on-
island cellular services were also
working.

Federal assistance
and costs

The federal government provided
some telecommunications-related
assistance to the Government

of the Virgin Islands (GVI) in

the earliest days of the recovery
efforts. The Federal Emergency
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Management Agency (FEMA)
provided and managed fueling
assistance for backup generators,
as well as transportation of some
equipment. Federal fueling
support for Territory government
sector facilities continued only
until regular fuel resources
became available once again.
The private sector also requested
support, mainly for temporary
spare generators, but could not by
receive any since, FEMA may not
to assist private sector companies
except in the most extreme cases
(e.g. no fuel from commercial
suppliers).

Information on specific private
company damages and associated
costs, as well as the costs
associated with their recovery
efforts, is not available due to the
competitive nature of the telecom
industry.

FUTURE
CHALLENGES
RESULTING
FROM CLIMATE
CHANGE

Of all the climate hazards,
hurricanes represent the single