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EXECUTIVE SUMMARY

The unique landscape of th€ounty ofHawaloriginates fromvolcanic activity TheY o  lerdpfidn of 2018orovides
the most recentevidenceof volcaric hazardrisk in the Courty. Impactsto natural and cultural resources, housing,
infrastructure, the economy, health and social services, and community planning and capacity eldifiglt in Rina
andisland wide Numerouschallenginglecisionanust be addressedbout recovery and rebuilding, including how and
where to rebuild or repair damagés reduce risk from future events

This County of Hawd&i*Volcanic Risk Assessmeletscribes, and to the extent possible, quantifies risk fraieanic and
other natural hazards. The assessment defines High Hazard Areas at greate g
to future volcanic events and other natural hazards. The assessmvast
conducted to support recovery and hazard mitigation planning amavige
strategicfocusfor the use of limited recovery and mitigation funds.

Hazards Related to
Volcanic Activity
Lava

\Vog

Laze

Explosive Eruption
Ashfall

Seismic

Tsunami

Ground Failure /
Subsidence
Volcanic Glass
Acid Rain

The entireCounty ofl | ¢ lis Subjéct to futire volcani@ctivity. Volcanic activity
is comprised of multiple hazards that are not all reflected onth®. Geological
Survey USG¥avaflow hazard zone mapAll hazards related to volcanic activit
on the islandwvere identified and definedBest available data ahe time of this
assessmenivasthen gatheredand compiled in a spatial formaflhe USGS lava
flow hazard zone maphistoric lava flowinundation, USGS peak ground
acceleration (PGA) mapping, aNdtional Earthquake Hazard Reduction Progra
(NEHRP3oil classificationsvere used A Core Planning Team was formed at th
Countyand, in consultation with USG$awaianVolcaro ObservatoryVQ, they
identified the areas that present the greatest risk to the volcanic hazard fr@
these data sources to delineatéValcanic High Hazard Ar@dHHA)FigureES

0-1). Additional Natural High Hazard Areas were also delineated as part of the assessment.

Dy >y >y > D>y D>y B>y D>

> >

TheVHHAIsthe combined aresof lava zones 1 and 2 (with a 1,6fat buffer), historic lava flow areas dating back to
1790, andNEHRERIass soils D and Eava zones 1 and 2 were selected because, according to USGS, they are the zones
identified with the greatest severity to the\a flow hazard A 1,006foot buffer was applied to each lava zone 1 and 2

to account for the uncertainty of the location to these boundarielistoric lava flow events and associated inundation
extent were only available for the last 230 yeanswever,they wereincluded because lava zones do not have an
associated probability and, when considering policy and mitigation, it is important to understand where previous
impacts have occurred to avoid future repetitive loss€airther, NEHRBlassified D and soils whichamplify and
magnify ground shaking and increase building damage and |ossesalsoincludedin the VHHA

A spatial analysis wa®nducted to determinghe number of residentsbuildings, critical facilities, roads, natural and
cultural resources located within each of the USGS lava flow zones, as well as the alétH&own as an exposure
assessmentin addition the assets considered most vulnerable to hazard exposure were identified, where possible.
summary of this analysis is prded inFigure E®-2.
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EXECUTIVE SUMMARY




| 2dzyie 27

| IRBKAIstisdment 2 £ O
June 2020

1% Annual Chance Flood Event
= Special Flood Hazard Area

Tsunami Hazard Area
= GAT
“ Evacuation Zones

Sea Level Rise Scenario
® 1% CFZ+3.2ft
= §ftSLR

Landslide Hazard Area
= High Landslide Risk Area

0

Communltles at Risk from Wildflre

Note:
Hurricane Storm Surge  gome hazards may be difficult to see at this resolution due to some of the spatial extents of hazards.
= High Wildfire Risk Area

= Category 4 Due to the sensitivity of the data, dam failure inundation areas are not shown.

I volcanic High Hazard Area

Composite of lava zones 1 and 2, historic
lava flows 1790 to present, and NEHRP soils

| Additional Natural High Hazard Area

Composite of flood, sea level rise, landslide, tsunami,
hurricane storm surge, wildfire, and dam failure

20 A

" Miles

Data Sources:ESRI, Basemap; Tetra Tech, 2019 - Volcanic High Hazard Area (Tier 1);
FEMA, 2017 - 1% Annual Flood Chance; NOAA, 2017 - Sea Level Rise to 6 Ft.; Hawaii
Wildfire Management Organization, 2013 - Wildfire Hazard Area; Pacific Disaster
Center, N.d. - Landslide Susceptibility; N.d - Dam Inundation Areas; UH SOEST, 2015 -
Great Aleutian Tsunami Zone, 2010 - Tsunami Evacuation Zones; SLOSH, N.d. -
Category 4 Storm Surge; USGS HVO, 2018 - 2018 Kilauea Lava Flow Event, Pu'u '0'8
Lava Flow; USGS HVO, N.d. - Other Historic Lava Flow (1790-1986), 1984 Mauna Loa
Lava Flow Event, 1983 Kilauea Lava Flow Event: AECOM, 2008. - NEHRP Soils Data:

County of Hawaii, 2019 - Public/Private Roads, 2012 - Community Development
Planning Districts

FigureESO-1. Volcant High Hazard and Additional Natural High Hazard Areas Located irCenty ofl | g A WA
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Summary of Assets Located in the Volcanic High Hazard Area

Residents
o
34.1% of the County 14.7% 10,688
= 43.5% developed of Total County Households 4
- 0 Of Residential bl
56.5% undeveloped Population PN
Buildings and Land m Assets
171,438 acres of 107,149 acres of
T Critical Habitat  Agricultural Lands
$ 5.15 Billion 120 Critical el [peiEnEE
Facilities + 597 Historic _4:
Total A: d Val
o fesessec Tae Lifelines Sites m

Figure E®-2. County Assets Exposed to the Volcanic High Hazard Area (VHHA)

It is also important to understand exposure relative to other natural hazards, when examining exposure to the volcanic
hazard, so that thelesignof recovery and mitigation strategies is robust and resilient to future evelgssuch,
additional Natural Hjh Hazard Areas, includinigdd, sealevelrise, landslide tsunamj hurricanestorm surge, wildfire,
anddamfailure, were defined and assessed.

The results of theassessmentre summarized for the County as a whaled for each Community Development
Planning (CDPareain subsequent individual sections for ease of review and use of this information. It is recognized
this risk assessment represents a snapshot in time, based upon currently available data, that will continue to evolve
and beupdated. However, higlevel recommendations are included so this may continue to serve as a foundation to
support riskinformed decision making.

Recommendations
Formally recognize the Volcanic High Hazard Area as a hazard overlay to inform futioprdewt and
land use decisions.
Incorporate the Volcanic High Hazard Area as a hazard overlay in the General Plan update to redu
future land use development in high hazard areas and develop regulatory tools and incentives to
reallocate existing and potéial development to less hazardous areas in the County
Utilize theVolcanic High Hazard Aréazard overlay to support the land use decisions guiding the 20

Y o t lerdgfidn recovery strategies and projects

Update the Volcanic High Hazard Area when aed revised volcanic data becomes available.
Incorporate the Volcanic High Hazard Area and Additional Natural High Hazard Area togetherraskhi
hazard areas when identifying and designing mitigation projects.

Integrate the Volcanic High Hazard Aratoiother planning mechanisms.

Use a multhazard lens when identifying recovery and mitigation projects, regardless of the hazard
2T GKS S@gSyilizr (G2 AyONBlIAaS GKS /2dzyiéeQa NBaAaft
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SECTION 1. INTRODUCTION

TheHawaiian Islands are at the southeast end of a chain of volcanoes that began to form more than 70 million years
ago (U.S. Geological Survey [USGS] Hawablcano Observatory [HVO] 2019here ardive volcanoes located in the

| 2dzy i & 2adurofdKoAOKPAIINEF O2y aARSNBR | O A @ndlydzly iovji B Takikastivea | dzy |
adzo YI NAYyS @2t O0ly2d LG Aa t20FGSR v YAfSa a2dzikKSlIad 2

The volcanic hazard in the County has always bee
known (Figure1-1). Yo f | dz2St = 2y$S 2F "% CJwauat

O‘ahu

active volcanoes, is the home of deity Pelehonuames @

g K2 NBEaARSa Ay GKS PRelet Mojokad

represents magma otava andis viewed asboth a _ e
creative | YR RSaiNHzOGA GBS TF2ND Q [

Kaho‘olawe

natural laws, of Pele, we can see how Native Hawaiiar
adapted to her presence and this ewdnanging
environment. In contemporary times, antinuous Hawai' g 3
development and population growthhave greatly
increasedhe @ dzy walc@nic hazardsk profile.

Figurel-1. Lava flowsin the main Hawaiian Islandsn the
Most recently,Y o f lerdpfetl with lava flow coveng past ~1,000 years
8,448 acres of land and permanently aédrthe
landscape Given the volume of lava and associated hazards such as sulfur dioxide, ash, tephra, abdulazef
I g+ A~ A NBaARSyla, resBitnmgin afefatafiyNiBciadlishstet JDR3BG.Rhe complexity and
scale of the impacts frorthis eruption promptedthe need for @ enhancedunderstanding ofts natural hazard risk
countywide. An updated anddetailedvolcanicrisk analysiss neededto provide the factual basis to support future
decisions such as land use, development, and public imesgs; identify mitigation projects to reduce future impacts
to the volcanic hazard; and support the letegm resilience of the County.

The Countyof I 6+ AWA 5SLI NIYSyld 27T apphed i adddkeived\aFFed&rdd Prietgentyy Sy
Management Agency (FEMA) advanced planning and technical assistanc® gamduct a volcanic risk assessment
asameanst®& @I f dzI 1 S &urént (dosuizy M @ QW¥and futdzSoloanic risklo support this effort, the

County established a CoRdanning Team (CPT) composed of members from various County departments to manage
and coordinate the multffaceted and multstakeholder planning efforts. The CPT was tasked with evaluating both the
Hamy Yofl dzSF A Y LcQuatgwidé \dlcanc Sisktto irfoim tie ddérdiflddsion and prioritization of
volcanic hazard recevy and mitigation strategie@-igurel-2). The USGS Hawaiian Volcaras€vatory HVO advised

the CPTto help identify all components of the volcanic hazatid§ussed isection 2 Hazard Profil¢ andwhichbest

available spatial volcanic data to use for this assessment.

1-1
SECTION-INTRODUCTION
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COMMUNITY ENGAGEMENT KILAUEA RECOVERY
& RESILIENCE PLAN
Identify Identify objectives Review strategies
impacts, needs & priorities for & potential
& goals potential projects projects Vision, Goals, Objectives

{é} P and Priorities
Phase 1 0 Strategies, policies, and

Goals Dbjectives Strategies % » projects for:
| » Kilauea Eruption Recovery
Compile Conduct risk Develop v « Disaster Resilience

& review assessment & strategies RECOVERY « Community Development
information & develop recovery & projects MANAGEMENT & — Building Community
data scenarios DECISION-MAKING Capacity
FRAMEWORK ot ration Guld
mplementation Guide
PLANNING & TECHNICAL SUPPORT FUNDING SOURCES P

Figure1-2. Recovery Process (courtesy of thier f [Reéz8venand Resiliencé®lan)

¢tKS /2dzyieQa SELR&dZNB (2 pstR18¥2f @idpBdnGveritd prokvideBrsindigatich SE | °
of riskto future eventsidentify vulnerable community assetand estimate theotential impacts. Results include the

amount ofland, population, buildings, critical facilities, lifelinesads,environmental resources and cultural assets

that are exposed to volcanic hazardbe builtenvironment was assessed peX18Y o f ItodaBderstand current

exposure ando inform future recovery and mitigation strategiégdiscussed isection X Methodology). The results

of the analysis are summarized for the County as a waotefor each Community Development Planning (CDP) area
(Section 4; Result3 so that the results of this assessment may be integrated into the County Gener2DRanpdate

(in progress) and future CDP plan updates.

The County is exposed to additionaltneal hazards As suchthe combinedexposure to volcanic hazarasd other
high-hazard areas (i.e., sea level rise, tsunami, and floods) were incorporated is@stessment A multrhazard
assessmenprovidesa more holistic evaluation of mitigatioreedsto supportmitigationplanningand the achievement
of longterm County resilience The results of the volcanic risk assessment wtren utilized to develop
recommendations to inform future decision making, whetbpee-disasteror ina disaster recovey phase discussed in
Section 5 Recommendations

This work is intended to build upon and enhance the existing volcanic risk assessment conducted as a component of
0KS Hnmp |/ 2 dzy (HazadMitidatiod Plak Bhtl thal dAAGTAA O 5 A & | & ( SKedudaBypiioB N a ¢
Risk Assessment (KERA} additional hazard and asset data becsmeailable this risk assessment will be updated

and further refinedo continue serving as a technical foundation from which to makeimifgkmed decisions to ensure

the County becomes more resilient to futwelcanicand naturalhazard events.
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SECTION 2. VOLCANIC HAZARD

The Hawaiian Islands are at the southeast end of a chair
volcanoes that began to form more than 70 million years ago (1
Geological Survey [USGS] and Hawaiian Volcano Observ
[HVO] 2019). There arefive volcanoes located in the County ¢
I I & | dubdAvihichtare considered active (shownRigure 21

and summarized iTable2-1).[ | = Aalsdan dctive submarine
volcanolocated 22 mfi Sa a2dzi KSFad 2F GK

These volcanoes are called shield volcanoes because
dominantly erupt fluid, lava flows and form gen#ioping, shield
like mountains. Shield volcanoes are the largest volcanoes
earth. Hawdi Qa @2t OFyA O | OGA@AGE
continental margins (e.g. dunt Shasta and Munt St. Helens) in
that Hawaia @2f OF y2 Sa LBNRIRwmagnis thag
are typically less exptd @S ® ¢ KS / 2dzyi&Qa ; R
sequentially with the older volcanoes to the northwest ar

younger sister volcanoes to the southeast. Each volcano deve

through a relatively consistent sequence of stagxemplified by

[~ AKA OGKS 282dzy3Satos F2NNA e — . A s | O A
volcano on the ocean floorMeanwhile)y o f lisiizBear constant,

vigorous activity producing fluid basalts that are expanding t
boundaries of the island to the soutand encroaching on the
southern flank of its older sister volcano Mauna Loa. Maunacbatinues to discharge fluid basalts at much higher

@2f dzYS NI} 1Sa RdANAyYy3I Alda SNHZIIA DS SLIA&EA2RSAT oKSNBIFa | dz
viscous and more explosive lavas( 6 A~ A 9 YSNHSy Oe& &MA0BEYSyid ! 3Syde wl L

Figure2-1.+ 2f Ol y2Sa Ay (K

Mauna Loa last erupted in 198% of | dzSI KIF & 0SSy O2ylGAydz2dzate SNHzZJIAyYy3
voluminous lava flows along itewer East Rift Zonand a$-rich explosions in the summit caldera. Lava that flows

from shield volcanoes is almost entirely of basalt composition. The gentle slopes of shield volcanoes are the result of
basalt being very fluid (i.e., it has a low viscosity) and of the lava ffleing so long. Basalt lava flows are characterized

08 (62 Y2NLK2f23IASazI {y26Yy I NP dzy R laiakiy witl?aNdugh sarfdend K S A NJ
LInK2SK2Sx | € @ Tt EraptioaskfronKshield valdagoasiafé nal tgdpiddxplaSi& unless water

has entered the vent (Oregon State Universitydate. The understanding of the eruptive processxplosive activity

included is incomplete since subjeahatter experts have been able to observe and record only a small frauftitve

life cycle of Hawaiian volcanoes and, hence, the frequency and intensity of the explosive events is not yet fully
dzy RSNE (122 R® {KAStR @2t 0Fy2S4a SNHzJI |fy2ad SEOf dzaA @St
vent associad with the eruption from 1983 until April 2018nd the 2018 ower East Rift Zone eruption are frahe

9l ald wAT(O %2yS UG8 Yofl dzSI 2t OFy2 o6
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Table2-1.! OGA @S 2t Ol y2Sa xy GKS [ 2dzyiae 2F ||

Name of Date of Last
Volcano Age of Volcano Eruption Threat Potential / Areas at Risk
Yof | dzSI | 210,000 to April 2018 to Very high threat potential; areas at risk include portions of the Puna
280,000 years old | September 2018 | RAAGNAROG T SNUzZLIWiA2ya 2y (GKS a2dz
GAOKAY GKS 1 1FglA~A x2f Ol yx8&nb
Summit eruptions are a continued threftr surrounding areas in the
Puna district including Volcano Village.
Mauna Loa 0.6 to 1 million 1984 (eruption Very high threat potentiahlong rift zones and summiareas at risk
years old lasted 22 days) include the districts of South Hilo, Punaj ,4auth Kona, North Kona
300,000 years old and South KohalaRadial vents located on the southwest, west and
(above sea level) north flanks (outside the rift and summit region®)ses serious
potentialrisk to persons and property on the north, west and
southwest flanks of Mauna Loa
Mauna Kea At least 1 million | Between 6,000 Moderate threat potential
years old and 4,000 years
ago
| dzI f nf I | >300,000 years ol 1801 High threat potental; areas at risk include the land within the North
(above sea level) Kona district
[ I ™*AKA <300,000 years olc 1996 Low to very low threat potential
(underwater
volcano)
* The County of | & lingl@i&sT 2 dzNJ I OG A @S @2t OF y222%f SFNAAKAK ART I QKBIREATYI ViBf2F
Sources:USGS 2016b; USGS 2017e; USG;,A08BS 20 7USGS 2018g; USGS HVO2HIEMA{ G 6S 2F 1 I g A WA | at
< Less than
> Greater than

To mitigate future and ongoing hazards produced by volcanic activithie County, there are natifications, alert
systems, and advisories issued to the publitle USGS created a volcaalert system based on data analyzed from
monitoring networks, direct observations, and satellite sensors (UBG&3p; 201&). General iformation about
volcanoes are provided to the public as alert notificatiaasompanied by more specific texiAlert notifications are
issued by the USGS for all forms of volcanic activity and are summarizaiolé2-2.

Table2-2. Volcanic Notification Types Delivered by Volcano Observatory

Notification Types

Volcano Activity Notice (VAN| Announces alertevel changes or significant volcanic activity within an alert level; covers all volc
hazards; lahars (volcanic mudflows), lava flows, ashfall, airborne ash, pyroclastic flows

Daily, Weekly, or Monthly Scheduled update providg steady situational awareness

Update
Status Report Update about volcanic behavior or monitoring activities during ongoing events of unrest or erup

Volcano Observatory Notice | Aviationsector specific (for pilots, dispatchers,-a@ffic managers, meteorologists); focuses on as
for Aviation (VONA) emissions

Information Statement Topical information such as explanation of Aaricanic events at a volcano, changes in monitoring
installations, longerm prognoses, etc.

Source: USGS 2K1.8

Furthermore, signs of volcanic activity or lack thereof are summarized usingattveystem.The USGS alert system
issues alerts for persons on the groufiéble2-3) and for aviatorgTable2-4) (USGR017). The aviation alerts usena
internationalcolor code system to indicate changes in volcanic actthily may affect the aviation sectoResidents

can sign up for the USGS alert notifications via email, look up alerts using an interactive map indicating volcano status

2-2
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published on the volcano hazis program website, review the regional volcano observatory websites, or go online and
follow social media accounts that are created for all regions of the United States.

Table2-3. USGS Alettevel Terms

Alert-Level Termg a volcano activity notice (VAN) is issued when the volcano alewtel is changed

Normal | Volcano is in typical background, noneruptive stateafter a change from a higher leyeblcanic activity has ceased anc

volcano has returnetb noneruptive background state

Advisory | Volcano is exhibiting signs of elevated unrest above known background leaéorm change from a higher leyel
volcanic activity has decreased significantly but continues to be closely monitored for possied increase

Watch | Volcano is exhibiting heightened or escalating unrest with increased potential of eruption, timeframe uncertain, or
eruption is underway but poses limited hazards

Warning | Hazardous eruption is imminent, underway,suspected

Source: USG®17i

Table2-4. USGS AviatiotColor Codes

Aviation Color Codesg a volcano observatory notification (VONA) is issued when the volcano color code changes

Green | Volcano is in typical likground, noneruptive state oafter a change from a higher ley&blcanic activity has ceased and
volcano has returned to noneruptive background state

Yellow | Volcano is exhibiting signs of elevated unrest above known background lemétkorm change from a higher ley@blcanic
activity has decreased significantly but continues to be closely monitored for possible renewed increase

Orange | Volcano iexhibiting heightened or escalating unrest with increased potential of eruption, timeframe uncertain, or eru
is underway with no or minor volcanésh emissions (agilume height specified, if possible)

Red Eruption is imminent with significant emiea of volcanic ash into the atmosphere likely, or eruption is underway or
suspected with significant emission of volcanic ash into the atmospherep(aste height specified, if possible)

Source: USGB17i

2.1 Hazard Description

The County collaborated with the USGS HVO to identify all components of the volcanic Wagandmary for each of

thesehazards is highlighted in the remaining subsections.
Hazards Related to

Volcanic Activity

2.1.1 LAVA A Lava

\Vog

Laze

Explosive Eruption
Ashfall

Seismic

Tsunami

Ground Failure /
Subsidence
Volcanic Glass
Acid Rain

[ @ Ft2a GeLAOFffte& SNHzaJI FNRBY |
flanks Lava flows present potential threats to homes, infrastructure, natur
and historic resources and entire comnities. Lava flows travel downslope
toward the oceanburning andburying everything along the way. Steep slops
may allow lava flows to move quickly from thentto the ocean in a matter of
hours HIEMA2013). Lava entering the ocean can build new J&andwn as lava
deltas, whichcan beunstable and prone to sudden collapse. A collapsing la
delta can triggefocalexplosive activity that hurls hot rocks hundreds of mete
(yards) inland and/or seaward (US@&L7). These types of explosions are
known as ahydrovolcanic explosiors and can be deadlyUSGS2018).
9EL)X 2aA2ya 2F GKA& (GeLS 200daNNBR
eruption.

YAU 2

LISNA2RAOIffeée (KNRdAzAK
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The first published US@S8Icanic hazard zone map of th ’;‘
Islandof | I ¢ lwasfeldkasedn 1974 and revised in 198

and 1992 .Currently, the 1992 map is considerie best

available delineating nine laxvfiow hazard zones for the

five volcanoegFigure2-2) Lavaflows are most likely to [
occur in lava zone 1 and least likely in lava zone 9.

Hazard zones from lava flows are based chiefly on §
location and frequency of both historic and prehistor
SNUzLII A 2 y AI®NHz&JG A 8 i 8 A DNB

which there are written records, beginning in the ear
1800s and those that are known from the oral traditio
of the Hawaiians. Our knowledge of prehisto
eruptions is based on geologic p@ing and dating of the
old flows of each volcano. The hazard zones also t

[F @ Ccft2g ! FGSNI GKS Hnwm
) i Courtesy: USGS,
intoaccount the larger topographic features of thht'[ps://volcanoes.usqs.qov/observa’rories/hvo/muItimec

volcanoes that will affect the distribution of lava flows a_uploads/multimediaFile2191.jpq

Any hazard assessment is based on the assumption .....

future eruptions will be similar to those in the pasi$G3990). Furthermore, the hazard zones are based on rate of
coverage by lava, not probability (Wright et al. 1992). These approximate boundaries can vary in severity within a single
hazard zone due to locabpography. For example, the hills behineh®e that are located above the adjacent slopes

of Mauna Loa are at a lower risk of lava flows compared to the surrounding area. It is also important to note that the
hazard zones reflect the lortgrm hazard ofava flows. Therefore, the rate of lava coverage is the basis of these hazard
zones, rather than how recent an area was covered in lava. An example of how these rates are applied can be seen
between the areas of Kalapana and Leilani Estates. Kala@pan&io 2 dziT SA3IK{G YAt Sa Rz2gyaf 2L
¢KA& FNBIF RAR y2G SELISNASYOS AYLHI Ola FTNRY L@+ Ft26a
experienced lava flow inundation was about 20 years later. Even thoughatba experienced inundation from
historical lava flows, this community was placed in lava zone 2 because it is not on the volcano rift zone and has a lower
risk than a community on the rift zone. Leilani Estates, on the other hand, is located eottirtiig Lower East Rift

%2yS 2F Yofl dzSt o ¢CKS SNUzZLJWIA2YyA AY mMpppXE MpcnI FyR NBC
along the southernmost boundary of the estates or immediately adjacent to the community. The threat of vents
surrodzy RAYy3 (GKS SaidldisSa 1SSLI GkKAa O2YYdzyAde G Nwxail F2N
which is why this community is placed in lava zone 1.
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EXPLANATION

Lava-flow hazard zones—Based on location of eruptive vents, past lava coverage, and topography

A B
2]

3 Zone 3—Areas less hazardous than zone 2 because of greater distance from recently active vents

Zone 1—Includes summits and rift zones of Kilauea and Mauna Loa, where vents have been
repeatedly active in historical time

Zone 2—Areas adjacent to and downslope of zone 1. Fifteen to twenty-five percent of zone 2 has
been covered by lava since 1800, and 25 to 75 percent has been covered within the past 750
years. Relative hazard within zone 2 decreases gradually as one moves away from zone 1

and (or) because of topography. One to five percent of zone 3 has been covered since 1800,
and 15 to 75 percent has been covered within the past 750 years

Zone 4—Includes all of Hualalai, where the frequency of eruptions is lower than that for Kilauea

or Mauna Loa. Lava coverage is proportionally smaller, about 5 percent since 1800, and less
than 15 percent within the past 750 years

5 Zone 5—Area on Kilauea currently protected by topography
E Zone 6—Two areas on Mauna Loa, botn protected by topography

Zone 7—Younger part of dormant volcano Mauna Kea. Twenty percent of this area was covered
by lava in the past 10,000 years

of hazard

Increasing severity

Zone 8—Remaining part of Mauna Kea. Only a few percent of this area has been covered by lava
in the past 10,000 years

Source: Wright et all992 lzl Zone 9—Kohala Volcano, which last erupted over 60,000 ears ago
Figure2-2. USGS Lava Flow Hazard Zones
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As shown orfFigure2-2, volcano boundaries are depicted as heavy, dark bands, refleati@dapping of lava flows

from adjacent volcanoes along their common boundary. The lava flow hazard zones are drawn as double lines because
of the geographic uncertainty of their placemernthese boundaries are approximate, gradational, and change in the
degree of the hazarthat can be found over a distance of a mile or more, meaning these boundaries are not specific
enough to determine the absolute degree of danger at any particular site. Th#dawvhazard zones are designed to

show the relative haard across the island and meant to be used for general planning purposes only (USGS HVO 1992).

Lava flow zones 1 through 9 are described below.

A ZonelcLy Of dzRSa adzyYada yR NATG T2ySa 2F Yofl dzStH FyR
historic time.

A Zone 2¢ Areas adjacent to and downslope framne 1. Fifteen to twentyfive percent ofzone 2 has been covered
by lava since 1800, and 25 to 75 percent has been covered within the last 750 Yearselative hazard within
zone 2 decreasegradually as one moves away fraone 1.

A Zone 3¢ Areas less hazardous thaone 2 because of greater distance from recently active vents and/or because
of topography.One to five percent afone 3 has been covered since 1800, and 15 to 75 percent has been covered
within the past 750 years.

A Zone 4¢ Includes albf | dzi t nf | AKES gKNEBNBdzSy 08 2F SNMzLJiAz2ya Aa 2SN
Lava coverage is proportionally smaller, about 5 percent since 1800, and less than 15 percent within the past 750
years.

A Zone5cLy Of dzZRSa (G(KS | NBI 2y twofrapdgST OdzNNBy Gt e LINRPGSOGSK

A Zone 6¢ Includes two areas on Mauna Loa, both protected by topography.

A Zone 7¢ Includes the younger part of volcano Mauna Keapé@fentof this area was covered by lava in the past
10,000 years.

A Zone 8¢ The remaining part of Mauna Kea; pra small percentage of this area has been covered by lava in the
past 10,000 years.

A Zone 9 The Kohala Volcano, which last erupted over 60,000 years ago (Wrigh1292).

Although there is no calculated probability associated with each lava zong 36 indicates the probability of future
lavaflows is not the same for all areas of the County. Moreover, thedenglavaT t 26 G KNBF G A& 3INBL
YR aldzyl [2FZ GKS (¢2 Yz2ad | Otoup @2t O0Fy2Sas F2tt268S

Scientists hve been forecasting flow paths using paths of steepest descent calculated using geographic information
aeadsSy o6DL{0 az2Fi¢I NB IyR RAIAGIE StS@LriGA2y Y2RSta 27
as the paths along which fluidedter or lava) would drain the flank of a volcano under the influence of gravity (USGS
2017i). The volume flowate of lava along these pathways varies based upon the actual advance rate and dimensions

of the current. Volume flowates can be affected truption rate, ground slope, and ti@2 Y LX SE 0 SKI @A 2 NJ
LInK2SK2S Ff26a3 oKAOK KIFI @S | Tl iguer3)WOSERO17TINI S YR af 2
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Legend
— Mauna Loa boundary
mm Historical Flows

Slope
- High
5 10 Miles . LOW
e = ZUSGS
SourcelUSGR017i
Note: Mn#/d Million cubic meters per day

Figure2-3. Number of Hours pDays to Reach the Ocean or Most Distant Location pi323 Mauna Loa Eruption

2.1.2 VOG

Vog consists ofsulfur dioxide (Sg) gas and aerosols (tiny particles or droplets) which are primarily sulfuric acid and
other sulfate (S6) compounds. Aerosols are createtien SQand other volcanic gases combine in the atmosphere

and interact chemically with oxygen, moisture, dust, and sunlight over minutes to days. These airborne hazards are
created by volcanic activity, whictxacerbatedhealth hazards to residents andsitors of the Countyith existing
respiratory conditions  LJ- NI A Odzf I NI & G2 LIS2 L)X S | dzI Sehskive§rBupsinEiRdd:NI da S

People with asthma or other respiratory conditions
People with cardiovascular disease

Older adults

Infants and children

New or expectant mothers

N5 S S S
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Sulfuric acid droplets in vog have the corrosive properties of diluted battery acid. For example, when vog mixes directly
with moisture on the leaves of plants, it can cause chemical burns which can daniagjéherplants. The S@as can

also diffuse through leaves and dissolve to form acidic conditions within plant tissug.en@§3ions have been
continuously produced from three different vents from 1983 to 2018dz™ dz ~ n# slm yoonpylol £ S ¥ ~ dzY' |
HAMYOZ FYR GKS [26SNI9Fad wATh %2yS O0[ 9wkl @SydGa oHnmy
losses of their agricultural crops and flowers as a result of the higki8iSsions from the 2018 eruption (USGS 2018).

While volcanic emissions have been a component of all Hawaiian eruptions, they have becmjoe lzealth hazard

due to theincrease irpopulation in the last few decades in downwind areas. Starting in May 2018, the LERZ released
more than 50,000 tonsof SQ gas per day, which is more than 50 times the emissions from the teypi®@ucing U.S.

power plant. Moving forward, future volcarewents may include emissions concentrations of particulate matter (PM)
H®p OFAYS LI NILGAOESa GKFG OFy 0SS AyKFEfSR RSSLI Ayid2 GKS
F3SyOASaz FyR NB3IdzZ I NI & NBkyXKSIR (GkRy GFRyND Nil SiyAa2aylian ¢rRSS a3ANRyd
Interior Strategic Sciences Group 2018).

Vog conditions in the County vary and depend on wind direction (northeasterly trade winds, southerly Kona winds) and
emission sourceFigure2-4a K2 6 4> RdzZNAYy 3 LINBGFAfAy3 GNFRS gAyRasz (KS
is blown to the southwest and west, where wind patterns carry it to theskapast. Once wind reaches the Kona coast,

the vog becomes trapped by daytime and nighttime sea breezes (dtwlalded arrows on figure). However, when

light Kona winds (red arrows on figure) blow, much of the vog is concentrated on the eastern siddstéind. Vog

can reach the Islandf h ™ | (Riggand County of Honolulu), which is more than 200 miles northwebt lofg Hskartd A

(USGS 2017d).

South Point

KONA WINDS / /

Source: USG20170
Figure2-4. Wind Direction and vogonditions in the County df I g I A WA
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Vogrisk is considered to be both source (spatially) dependent and time (weather) dependent.odke&surement

and Prediction Project (VMAP) provides fiBale vog forecasts (may be accessed at
http://weather.Hawaii.edu/vmap/index.cgi Further, the County arttie State of Haw&iDepartment of Health (DOH)

have created a warning system to help the community take protection actions based on the levettwdit3@s been
created as a consequence wbg The color code is based on a forecast of data and uses volcanic emission levels,
weather, wind, and historical data. Although changing conditions make it difficult to predict protective measures,
forecasting $ intended to provide advanced warning and advice to help in prepare for an emerJeintg2a-5).

Table2-5. ColorCode SystemUsed toldentify Risk of Qulfur Dioxide Concentrations in theCommunity

SULFUR DIOXIDE INFORMATION

Condition Recommended Response
GREENTrace) | Sensitive Groups Highly sensitive individuals may be affected at these levels.
GREENTrace) | Everyone ElsePotential health effects not expected.
YELLOW (Light)Sensitive Groups Avoid outdooractivity.
YELLOW Everyone ElsePotential health effects not expected, however actions to reduce exposure to vog may be use
ORANGE (Moderate) Sensitive Groups Avoid outdoor activity and remain indoors.
ORANGE Everyone ElsePotential healtheffects not expected, however actions to reduce exposure to vog may be usef
RED (High)Sensitive Group’s Avoid outdoor activity and remain indoors.
RED People Experiencing Respiratorglated Health EffectsConsider leaving the area.
RED Everyone EBe: Avoid outdoor activity.
PURPLE (Extreme)Sensitive Groups Avoid outdoor activity and remain indoors.
PURPLE People Experiencing Respiraterglated Health EffectsLeave the area and seek medical help.
PURPLE Everyone ElseLeave theareaRA NBOG SR o6& GKS /2dzyie 2F 1| 61 AWA |
Note 1: Sensitive Groups are children and individuals witkegigting respiratory conditions such as asthma, bronchitis, emphys¢
lung or heart disease.

Source: State of Haw#R019

AAAAA

Vog data and 842 O0OAF SR Ot AYIF G2t 238 |INBE 0SAY :n¢gahiehoGt&R o8
Department of Health and National Park Service monitor air quality on the island. There are several stations on the
LAt FyR 27F | I ¢})akhdipaticulate matter @auflyfai@des dorhesponding to air quality levels of health
concern (Department of Health no date; National Park Service no date). This data was not available for use in this
assessment and is discussed qualitatively in Section 4.
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213 LAZE

Laze is formed whemolten lavaentersthe ocean creating a massivi
cloud of steam that containsther harmful components The plume is
an irritating mixture of hydrochloric acid (H@xs steam, and tiny
volcanic glass particleés a result, this product can travel with the win
andis considered a hazard for persons downwind or along the co
and inland where winds blow thiazefrom lava ocean entrieJSGS ==
2019).

A laze plume can be blown in various directions by the widwvnslope
air flow from nighttime through early morngntypically blows the laze
plume off shore and out to seadowever, between mignorning and
late afternoon, the trade winds can blow the plume along the coast §
inland, resulting in poor air quality (USER.79.

The harmful properties of laze can hamemediate impactsonpersons [ 1S t f dz2¥S CNBY wHn
who have been exposed. These plumes produce acid rain with ¢ Photo Courtesy: USGS,

) . . . https://www.usgs.gov/media/images/k-
ranging between 1.5 and 3.5 and have the corrosive properties of di "

: R laueavolcanomultiple-laze-plumes

battery acid. As a result, the plumes can cause skin irritation,
irritation, breathirg difficulties, and less frequently, death (USGS
201709.

2.1.4 EXPLOSIVE ERUPTION

Explosive eruptions can occur when the lava colu
drops below the water table groundwater interacts
with hot rock building steam pressure and resulting
violent steam explosions. Debris and hazardous
materids from big explosions can legected vertically
to an altitude of35,000 feetreachingthe subtropical
jet stream. These explosionsan also create
pyroclastic surges, fast moving clouds of ash, rock &
volcanic gas thatan travel at hurricane speeddn
1790, at least 80 people were killed by searing hot ¢
FYR FakK FFGSN Yof | dzSt

Eruption of Lava that Pulsed up to 50 Meters from Fissure
Explosive volcanic eruptions can produce a variety 0KS YofldsSI 2t O0Fy2d t
ejecta products, some of which can potentially affe  httbs://www.usgs.gov/news/k -laueavolcanoerupts
communities and farmland across hundreds,even

thousands of miles. The variety of ejecta products include:

Tephrag fragments of rock thahre ejectednto the airwhena volcano eruptexplosively
Large fragments (blocks, bombs) of rogkephra larger than 64 millimeters (mm) (2rkches [in])that isusually
deposited near the eruptive vent

A
A
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A Smaller fragments (lapill) of ash tephra between 2 and 64 mm (0.08 and 2.5timt can be carried upward
within in a volcanic plume and downwind in a volcanic cloud

A Very finegrained mateial volcanic astt, tephra smaller than 2 mm (0.08 ithat is both easilycarried upward
within the plume and downwind for very long distanceBEMA2018).

At least four debris fansn Mauna Loacomprised of fragmented rock deposits on toplLdh K 2 Jaia®dvs that

spread from the summit have been identifiethese four sites represent three separate explosive eruptaaisg
backover1,000years(USGS 202). For the past 2,500 years, the prevailing style of erupioly o f | dzSI 61+ a SE
(estimaed 60% of the time) (Swanson 201®.KAf S GKS Yz2ad NBOSyd wnanmy Yofl dzS
SELX 2aA2ys aYlff SELX 24&A2Y awih §ad dotbBiiRran3phidd dowinKiSdUSGRY Y A
2018m) The magnitude 5.@arthquakewas followed by a collapse in the craterofM| M | B 1 P ; Jbrdvh AF? 9
ash plumediscussed further below(USGS 2I8n).

2.1.5 ASHFALL

Volcanic ash is primary hazard from eruptions that
can affet structures, power generation an
transmission, water districts, ground and a
transportation, agriculture, and human health (US
2018i). This hazard is dispersed by wiNear a vent,
ash thickness can be more th&A.0 cm (24 in)which
canimpact BNE 2y Qa | 60 Af A Godaled
shelter is not availableDownwind thicknes®f ash
can be in millimeters, or in some areas, in centimete
This byproduct of the eruptions can also fall as a ve
wet and slick material that covers buildings da
infrastructure. Nuisance ash has been a commg
hazard of volcanic eruptions in the County.

Yot I dzS| Qa erdptzyegplasivelfprlodicing

ash depositor at leastthe last30,000 years ago ! @ KF I £ £ FNBY | £ SYl WdzYl Wdz

(USGS 2019b)n 1790,at least80 people were killed Photo Courtesy: USGIRips://www.usgs.gov/news/k -lauea
v A .'. ~ = Q

by a S I N\y\ y. 3 K 2 u 3 I a I y' R [ IS S AN 1 1 U U INv VOIICEnLc}eIrqui 1 O INWILLUU D TN

(USGS 2019b). In 1924, a series of volcanic ash anfiatust o f I dzSI G KF G GN¥ ¢St SR 4 St
steam explosions covered the downwind commumity n K,Ii 2N/ A y 3 v & REKSGSRGLEE Muddy ash was
Ff&d2 LINRBRdzOSR Ay (GKS wmdHn Yofl dzSF SNUzLIiA2yad>X 6KAOK OF
serviceso ! { D{ HAM®pOUL ® azadald NBOSyidfe Ay wHnmy3 G Ky maazy YAl
amounts of ash that reached as high as 30,000 feet above sea level. To mitigate possible health impacts of the ashfall,
the USGS issued a warning to the public to keep track of where ashfall could potentially fall under forecast wind
conditions(USGS 2018f).

Health expertadvise the public to be awad ashfallocations to minimize exposure. For fine ash particles, individuals
with high exposure can breathe in agtausng symptoms such as nasal irritation and discharge, throat irritation and
sore throat, and airway irritation for those with asthma or bronchitiggrnational Volcanic Health Hazard Network
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[IVHHN2019). Coarser ash particles can cause eye irritation and skin irritation (specifically for ash that is acidic). Even
persons with high tolerance to ashfall can experience indirect health effects because it creates risks, such as reducing
visibility during driving shutting down critical infrastructural that depend on power supply, contaminating water or
damaging water supplies,sdibling municipal sanitation systems, and/or collapsing roofs due to its weight.

2.1.6 SEISMIC

The entire County is exposed to the earthquake hazard. In addition to posing a life safety hazard, earthquakes are
RSAGNHzOGA @S G2 GKS | agbyididgs foads, YriEdes, and MitidesiraimNBeal eakthfiakedzR A
can trigger coastal subsidence as seet868 and 1975Damages are intensified in areas of wasaturated soils and

on steep slopeand subsequently can lead to landslides due tdammined ground stability

The earthquake that occurred in 1868 was estimated to have a magnitude of 7.5 to 8.1. Damage occurred across the
entire island; however, the devastation was greatest in'thie Hisirict where an earthquake triggered mudflowiiéd
31 people and coastal subsidence produced a tsunami that destroyed several \(IJ&§&S 1990).

The seismic hazard is often characterized in terms probability of peak ground acceleration (PGA) measured as a percent
2T 91 NI KQa 3 Nlo®®d) withih & fixkédftimelp&riddS The Bidutfieast part of the County has the highest
expected ground acceleration at a 2% probability of exceeding 100%g over the next 5Figae(5); high seismic

hazard is depicted as warm colors (red to orange) and relatively low hazards depicted with cool colors (green). A PGA
of 100%g can cause significant impacts in the County as describadla2-6 which describes the potential effects of
shaking that correspond to the colorskigure2-5. Engineers use this information to develop building codes and design
earthquake resistant structures. N@mgineers can use these maps to judge the relative seismic hazard, where high
seismic hazards are depicted in warm @adnge) colors (USGS 2017d).

-161" -160" -159° -158" -157° -156° -155" -154°
23° ! I ] ! ! ! 23°

22" +
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%g sbc
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E
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50 Do
33 (o
19° 17 B
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———
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18" T T T T T T 18
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Figure2-5. SeismidHazards Across the County
Image courtesy: USGBttps://volcanoes.usgs.gov/observatories/hvo/hazards _earthquakes.html
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Table2-6. SeismidHazard ZonesReflecting Intensity ard Probability of Shaking
SDC| Map Color Earthquake Hazard Potential Effects of Shaking*
A White Very small probability of experiencing
damaging earthquake effects.
B Green Could experience shaking of modera| Moderate shaking Felt by all, many frightened. Some heavy
intensity. furniture moved; a few instances of fallen plaster. Damage slight
C Yellow Could experience strong shaking. Strong shaking Damage negligible in lddings with good design

and construction; slight to moderate in wdllilt ordinary
structures; considerable damage in poorly built structures.

Do Dark Yellow | Could experience very strong shakin( Verystrong shaking Damage slight in specially designed

Dy Light Orange (the darker the color, the stronger the structures; considerable damage in ordinary substantial building
shaking). with partial collapse. Damage great in poorly built structures.

D, Orange

E Red Near major active faultsapable of Strongest shakimg Damage considerable in specially designed

producing the most intense shaking. | structures; frame structures thrown out of plumb. Damage great
substantial buildings, with partial collapse. Buildings shifted off
foundations. Shaking intense enough to completely destroy
buildings.

*Abbreviated descriptions from the Modified Mercalli Intensity Scale

SDC Seismic design categories

Source: USGS 2017d

The National Earthquake Hazard Reduction ProgfiEHRP) states that ground shaking is the primary cause of
earthquake damage to buildings and infrastructtléSGS 2017d) The level of potential activity and damages are
driven by soil types, such as softer soils which amplify ground shaking. Onibwtontto shaking amplification is the
velocity at which the rock or soils transmits shear wavesd®es). NEHRP has defined five soil types based on their
shearwave velocity (Vs.) that aid in identifying locations that will be significantly impactexh arthquake. The
NEHRP soil classification system ranges from A to E, where A represents hard rock that reduces ground motions from
an earthquake and E represents soft soils that amplify and magnify ground shaking and increase building damage and
losses (Table2-7). Therefore, these soil classes inform the seismic design categories (SDC) for the County, which are
illustrated inFigure2-6.

Table2-7. NEHRP Soil Classifications

Soil Classification Description

A Hard Rock

B Rock

C Very dense soil and soft rock
D Stiff soils

E Soft soils

Source: FEMA 2015

USGS has identified many processes in and around volcanoes that can generate earthquakes (USGS 2016d). Pressurize
magma in subsurface reservoirs can create significant stress changes in the crust as magma migratesfezé¢he s
This stressor can create several types of seismic events, such as:

A Volcanetectonic earthquakeg i KA & LINRP OSaa Ay @2t @dSa (GKS ONRGGES T At
through the movement of magma through pexisting cracks.
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A Longperiod or lowfrequency earthquakesthis process is caused by cracks created from the movement of magma
and gases towards the surface.

A Tremorg this process is caused by the flow of magma through the cracks, which creates continuous seismic events
mixedwith volcanetectonic and longperiod or lowfrequency earthquakes.

These seismic events are typically too small to feel, are generally shallow, and rarely lead to eruptions. However, USGS
has observed that most eruptions are preceded by thegents.

The 20BY o f lerdpfidn produced unpreadey §l SR t S@Sf a 2F aSAAYAOAGR® OhRAprili KS @
onX FFGSNI t dzWdz Wnwl O2ftfl LJASRT S NI Kirezhdn $H00 kdbtbded: I | { ¢
earthquakeswere recoreéd between May 1 and June 7, ranging in magnitude from 0.5 to 6.9 (HIEMA ZI18)%.9
earthquake recorded on May 4, 2018 was one of the most significant eruptiated events that took place during

the 2018 eruption period. A collapse af K- dzS Ide@adprodutet] the numerous documented earthquake events. The

825 millioncubic metercaldera collapse atdduea in 2018 was the largest at the volcano in more than two centuries.
Theearthquakes that occurretl Y o $ummitSdbri@githe 62Zalderacollapseexplosion eventsesulted in large

ground fractures as well as large explosion clouds of rock and debris. Significant damage to infrastructure and structures
occurred in the surrounding summit area including Volcaiflagé resulting from the caldera collap$aver the course

of the eruption and caldera collapse period; over 60,000 earthquake events were rec&eeeht work has clarified

the explosive nature of daue& a@ruptions. Once thought rare, it is now knowmat Kdauea can produce explosive
eruptions from its summit caldera region lasting over periods as long as cerfiuBesS 2019b).
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2.1.7 TSUNAMEVENTIRIGGERED BPARTHQUAKES

Tsunamis are ocean waves triggered by large earthqua
that occur near or under the ocean, volcanic eruptior
submarine landslidegnd by onshore landslides in whic

large volumes of debris fall into the water (USGS 21

These events can last for many hours and range in s»
The International Tsunami Information Center (ITIC) f
indicated that although infrequent, explosive lganic M
eruptions that create a large amount of debris, a volcatr
slope failure, or a collapse of the volcanic magma
chambers can displace a large amount of water a. ,;
generate tsunami waves in the immediate source ar?‘f'f""f;-;
(ITIC 2019). The ITIC has recdrddew instances whereg,
a volcanic explosion caused a tsunami, such as
tsunami in 1883 after an explosion and collapse of
volcano in Indonesialhemost notabk tsunami recorded
by ITIC wam 1980 after the eruption of Mount St. Helen  Aftermath of the 1960 Tsunami in Hilo, Haw#iPhoto

in Washingty Ol dzZa SR | LJ NI AL € courtesy: USGS, da

flank creaing an avalanche into Spirit Lake, whic Ditps:/www.usgs.gov/centers/pcmsc/science/couldt-

happenhere?gtscience center objects=0#qt
science_center_objects

produced a 78800t tsunami.

The County has been impacted by tsunamis triggered vy

both distant as well as local earthquakes. Although a tsunami triggered egugtion has not been recently witnessed

in the County, they can also be triggered by seismic activity and subsidence caused by volcanoes (USGS 2019a). Loca
source events are most likely to be generated primarily from earthquakes anddeaig subsieince along the south
FElLyl 2F Yofl dzSt o {AyO0S mymmI GKS {dGFGS 2F 16+ AWA K
from earthquakes and largg O £ S &4dz0 AaARSYyOS f2y3 GKS &d2dziK Ffly|l 2°
extensve damage to the coast, so it has been recommended that if you feel an earthquake, immediately go inland to a
place at least 30 meters above sea level. This is because tsunamis generated by local earthquakes spread quickly
(minutes). Various tsunamis V& been documented by USGS, showing that these hazards are dangerous events that
can injure people and cause death.

The 1868 earthquake was estimated to have a magnitude of 7.5 to 8.1 causing damage across the entie tiseand
Y | HHstrict, coastalsubsidence produced a tsunami that destroyed several villages and killed 46 people (USGS 1990
USG20209.

IN1975,a7ZY Il Ay Al dz2RS SIFNIKIljdzt 1S 200dz2NNBR 2y Yofl dzSI Qa a2 dzi
feet, generating a huge tsunantidt claimed two lives, destroyed housestirdzy |, sadgtHidhing boats in Keauhou
Bay, and damaged boats and piers in Hilo (USGS 1990).

¢CKS Y2ali RSAGNHZOGAGS Gadzy YA SOSyid Ay 1l gl AWA St@&e2 | LI |
2F 1P AWA T FTFENR aAdGAIFGAZ2Y tfly F2N) FANIKSNI RSGFAT &
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2.1.8 GROUNDFAILURY SUBSIDENCE

Underground ragma injections and ground shaking}’,
from strong earthquakes can produce ground fractur
and lead to subsidence, which impacts the envinent,
human activity, and infrastructure (USGS 2018
Subsidence most commonly occatghe summits or rift
zones of the active volcanoes during magma intrusic
and eruptions. They also occur over broad areas on
TElFyla 27T al dzy | griggl large
earthquakes.

In 1965, large fractures developadbng broad areas
I gl AWA =2t OF yi2nidmalkee tawardls
the surface. Common during dike emplacements that
lead to eruptions, broad, low areas over the risir

DNRdzy R CNJ OlidzNB&a Ay GKS

5dzNAY 3 9NHzZLIiA2Yy 2F Yof | dz
magma, known as grabens, can form between para . .

KiGLaYkk@2f Ol y28Saddzadadaz
ound cracks.html

fractures (USGS 2018dRecently, USGS and Couteg
field teams documented where openamks and grabens
F2NX¥YSR Ay (GKS [SAftlFyA 9aidlidiSa I NBI f FigRd2yw)AGadaentiig2z | y F
steaming, heat, can be released from these structures.

Further, ground failure can occur in areas around active vents that have been drained of magma (USGS 2018d). The
withdrawal of magma from the summit reservoirs after volcanic agtigreates calderashat can sparseveral miles

across and hundreds afetersdeep. As magma is drained beneath the caldera floor; the caldera collapse will result in
multiple hazards.Duringli KS H My Y adlldpse®vers @hsfolRfBIAnds adarthquakes occurred at the

summit of Kilauea resulting in large ground fractures as well as large explosion clouds of rock and&Ggtificant

damage to infrastructure and structures occurred in the surrounding summit area including Volcano Vildtiege

from the caldera collapse

Landslides or mudflows are also a form of ground failure that can occur due to volcanic activity including:

Intrusion of magma into a volcano;

Explosive eruptions;

Large earthquake directly beneath a volcano or nearby
Heavy or londived rainfall that saturates the ground

= =4 =4 A

As mentioned in section 2.1.6; an earthquake generated mudflow occurred in 1868 and killed 31 personé in \tha
district.

Examples of historical landslides associated with the volcanoes onthd sla I ¢ I A WA Ay Of dzZRS t dzy |
slump, and South Kona landslide complex.

Ground subsidence is an ongoing process inlthef I y R i;2ad thelistasdliskkihg a few millimeters per year.

The sinking is caused by the weight of the idlaushing down the ocean crust on which the island sits, while some
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sinking is due to rising sea level. Subsidence in the volcanic rift zones has added more subsidence to coastal areas of
the rift zones like Kapoho (Kauahikaua 201Pjeviously mentionedh section 2.1.7; the .7.7 magnitude earthquake
recorded in 1975 caused the coastline along Kalapa to subside as much as 11 feet, which generated a large tsunami
resulting in a loss of 2 liveSubmergence of the island will endanger shoreline infrastme and development. Low

lying coastal areas will become more vulnerable to damage from storm waves, tsunamis, and inundation.
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2.1.9 VOLCANIGLASS

Volcanic glass forms when molten lava cools too quickly for crystédsno All BB
LnK2SK2S Fft2¢a KIFIGS | aliAy 27 inhahe @
air forms bits of volcanic glass when cooled. Some of the molten droplet
spunintt§ FANJ I yR F2NX ol akftadAad It aa;
laze and are also produced by spattering and/or fountaining lava in vents, as!
with Fissure 8 during the 2018 eruption (Kauahikaua 2019).

t St SQa KI A Ndusng @nd GFAGGSYNS a0GKSR Y o f | dzS |
glass came from the eruption of Fissure 8. HVO issued a warning tc; S ] N s et M S
community to avoid exposure because this type of glass can cause skinan t St SQ& | [ ANJ C2 N
irritation similar to volcanic ash (USGS HVO 2018g community was also Y aueaExplosion.

warned to avoid walking along glassy lava flow surfaces which were dee Photo Courtesy: USGS,

unstableand also cause cuts and abrasions due to the sharp nature Ofhttps://wwyv.gsqs.qov/med|a/|maqes
material [peles-hair-filaments-volcanicglass

formed-explosive

2.1.10 ACID RAIN

Volcanic acid rain arises from the plume gasses and su'* '~
dioxide released from volcanic eruptions (USGS 201!
Acid rain contains high concentrations of sulfur dioxide
volcanic gas emissiong herewas a risk of acid rain aftel
0KS Hnamy SNHzLJG A 2y  Nationall
Aeronautics and Space AdministratigNASA observed
high concentrations of sulfur dioxide after the eruption.

ilauea
Therefore, if sulfur dioxide concentrations increase, the '
is a higher chance that acid rain will take place. Volca
acid rain can cause a varietypbblems forinfrastructure
and has negative health impacts (USGS 2018GS 1997)

such as: _100km_
Sulfur Dioxide (Dobson units)
A Corrosion of infrastructure and impacts to drinkin 0 5 10 15
water Sulfur Dioxide Concentrations After the 20¥8o f | d.

Eruption in Dobson Units. Photo Courtesy: NASA,
https://earthobservatory.nasa.gov/images/92107/sulfuf
spewsfrom-Y o f | dzS |

A Leaching of lead from roofing and plumbing materia
which can contaminate drinking water in rooftoj
rainwatercatchment systems

A Damage to eyes

Impacts to the mucous membranes

A Health impacts on the respiratory system

- >
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The effects of acid rain can be exacerbated if sulfur diogidatessulfate aerosols, which is extremely toxic in high
concentrations(USG2017r. Theactual concentrationsn parts per million (ppm) of sulfur diae after the 2018
SNUzLJi A2y 2F GKS YkiduleddSl | NS KAIKEAIKGISR Ay

Concentration { ppm) averaged between Omand 100 m
Integrated from 1900 06 Jun to 2000 06 Jun 18 (HST)
S02 Release started at 1400 04 Jun 18 {(HST)

=

o >5 ppm
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o 23 >1 ppm
E >0.2 ppm
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o

o >1.0E-08 ppm
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w
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Figure2-8. Measurements of Sulfur Dioxide pestn my Yo f | dzSI @
Graphic Courtesy: Vog Measurement and Prediction Project (VM®B®R)://weather.hawaii.edu/vmap/index.cqi

2.2 Significant Historic Events and Impacts

This subsection summarizes the geology and historic volcanic events organized by volcano beginning in the 1700s. Itis
important to note this summary does not reflect the entire historic record of volcanic events that have taken place in
the County. Figure2-9a and 9b illustrate the geographical extent of historic lava flows (1790 to 2018) relative to the
USGS laviiow hazard zone¥ 2 NJ Yof | dzSI ' yR al dzyl [ 2] @ ¢tKSaS FAIdzNBa
available at the time the spatial analysis was condddte this report.Figure2-11 summarizesa selection of major
volcanicS @Sy (i a @ C2NJ I RRAGAZ2Y It AYF2NNIGA2Y 2y @2t OFLyAld S
https://volcanoes.usgs.gov/observatories/bthvo_volcanoes.html
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Lava flow year (CE)
Lava flows from Kilauea, ~1790-2018 A wiy
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red by more recant lava flows

1983-2018

between 7 b Island of
1790-1815* ; £ 5 4084 ) . Hawai'i

between
1790-1823%

Lava Flow Hazard Zones
" Wright and others (1992)

0 125 25 5 Miles LSO I : F
L ) 0 2 4 8 Kilometers Zone 1 - summit and rift zones, where vents

e have been repeatedly active in historical time

Hawallan Vokano Observatory staff, 2018, Preliminary map of the 2018 lower East Rift Zone eruption of 8

Kilauea Voicano, Island of Hawa'l: U.S. Geological Survey, Htps:/dal.o/10.5066/PI940GYS [: Zone 2 - adjacent to and downslope of Zone 1

Orr, TR, 2018, GIS shapefiles for lava flows at Kilauea voicano, 1790-1982: U.S. Geological Survey data |7 7.‘ Zone 3 - less hazardous areas due to gmaw distance

rekease, hitps://dal,org/10.5066/PSB7I0AL.
Wolfe, £, W, and Morrs, J,, 1996, Geclagic Map of the 1snd of Havall: U.S. Gedlogical Survey IMAP 2524, from recently active vents and (or) because of topography

Wright TL Chun 1Y, Esposo ), Heliker C, Hadge ], Lockwood 1P, and Viogt S.M,, 1992, Map showing | g
lava-flow hazard zones, Island of Hawall US Geological Survey Miscellaneous Fiekd Studies Map 2193, ) Zone 5 pm 'W loDOQ’BDhY

Lava flow hazard zone boundaries are approximate and gradational

> Base map source: LANDSAT 15 m satelite image obtained from Hawail Statewide GIS Program They are nck distinct as portrayed on the map,
Map showing the subaerial extents of historical lava flows from Kilauea. Lava flow hazard zones and districts of the County of Hawai'‘i are also depicted.
9

Version 1: June 4, 2020

Figure2-9a. Historic Lava Flows fro¥ o f |(-dZ&06 to 2018)
Graphic Courtesy: USGS 2020

https://volcanoes.usgs.gov/vsc/file mngr/file243/HVO website Kil historical activity table 20200604.pdf
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Lava flows from Mauna Loa, 1843-2018

Nurmerous eruptions that occurred only at the
summit of Mauna Loa are not depicted on the map.

A submarine eruption on the west flank of Mauna
Loa in 1877 is not depicted on the map.

Lava flow year (CE)

1984
4 I

1880-1881
e

1855-1856

Island of

£ ’ Hawai'i
<4 Lava Flow Hazard Zones
J Wright and others (1992) )
|

- Zone 1 - summit and rift 2ones, where venis
have been repeatedly active in historical time

' Zone 2 - adjacent to and downsiope of Zone 1

- I Zone 3 - less hazardous areas due to greater distance
from recently active vents and {or) because of topography

Zone 6 - protectad by topography

Q 4 8 16 Mies
Lava fliow hazard 200e boundardes are apgecmate and gradational. They are not distingt as portrayed oo the sap.
™ 0 5 xo zo Kilometers 53 Nlow polypon data from Wolfe and Morrs (1996) and unputlched HVD dats,
vicke, E W, and Mormis, ], 1956, Gaobge Map of the Iriand of Hamnil US. Geclogiesl Survey THAPR 2629
2 . et e Wrght TL, Chun )Y, Espasa )., Hetier <, Modge 1, Lockwose 1P, and Yogt 5.M,, 1952, Map showing
ol feusp sosrget LANCGAY. 25 sl frage fava-flow hazard zoces, dand of Manal: US Geologcal Survey Mistelanecus Fieks Studes Nap 2193.

abtaned from Hail Satewide GIS Program

Map showing the subaerial extents of historical lava flows from Mauna Loa. Lava flow hazard zones and districts of the

County of Hawai'i are also depicted.
Figure2-10b. Historic Lava Flows frofdlauna Loa(1843to 2018)

Graphic Courtesy: USGS 2020

https://volcanoes.usgs.gov/vsc/file mngr/file
241/HVO_ website Mauna Loa historical activity table 20200604.pdf
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221 YR[! ! 9!

Yot dzSI Aa GKS @&2dzy3aSad @2t0ly2 2y GKS LatlyR 2F |+ gl
2019%).t NBaSyid RIFIe&x GKS Yofl dzSIF aKASEtR @2t 0Fly2 A& O0O2yaiRSs
times since 1952 and almost continuously from 1983 to 2018 within the volcano's East Rift Zone. From 2008 to 2018
GKS 1 It SYIl WdzYts setive lavidpoidSantmproldicigéskolunie, served as a major tourist attradti@0.18,

the decadedong continuous activity on theiddle East Rift Zone subsided, and the summit lava lake drained following

'y Ay NXza A 2 Wowek Fadt Rift dhethat rdgSltedlida 4nonth eruption The 2018 eruption represents

Yot dzSIda fFNBS&G SNHZJW A2ZYy Ay | LILIsEREdcyibpSeSat thsummit withie S 1 NA& .
the same time period (U.S. Geological SUpj#yGE2019b).

Although this volcano is not currently erupting according to USGS HVO, monitoring data shows that there are steady
rates of seismicity and ground deformation and low rates of sulfur dioxide emissions still ongoing (USGS 2019c).
Therefore, hazards still exishdhe LERZ eruption area and at the summit, which shows that impacts from eruptions

can have a longpsting impact on the community. 3 dzY Yl NB 2F &St SOG Yot | dzSF Qa KA&

PRE1790

Geologist have determined thétereisd 01 2F 2f R SELI2aSR NRO]l |G Yofl dSI 2
its complete eruption historyh y f @ | 62dzi wmn LISNOSyYy G 2F Yof | dzSI U aThél dzNF | «
other 90 percent of the volcano's surface is coveredaa flows younger than 1,000 years, and about 20 percent of

those flows are less than 200 years QUSGS 2019¢e)

Prior to 1790researchindicates significant explosive eruptions occurred repeatedly during a3&&r period between
about 1500 and 1790, y R £ a2 NBLISIF §SRf & 0SG6SSy | o2dzi pnn YyR wmn
between 1500 and 1790 included the occurrence of at least a dozemiagng, grounehugging clouds of ash, rock,

and volcanic gas. Su¢hLJ®@ N2 Of | & (i A GngdhezhmdsSdangerousNdBall oXanic phenomespeeding at
hurricane velocities and having temperatures of several hundred degrees Celsius. Although explosive eruptions at
Y o f lardz@iftequent in human terms, they are not rare geologicili$GR019e)
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1790

Before the series of eruptions thatgge—

happened in the 20 century,
Yot dzSI Qa &dzYYAd
formed a deep caldera (Swanson al

was able to interact with magmg
forming explosive, steardriven
eruptions. These eruptions adde
more than 11 meters of explosivg

USGS presumes that at least four
the historical eruptions that dated
more than 300 years ago entered th
jet stream.

There are historical narratives tha
describe an eruption that occurdein
1790that caused severaleaths,but Lo :
the exact number is unknown. To fini Cliff exposure of Explosive Depissthat Erupted Between 1500 and 180(
out more about this event, field The 1790 Eruption Deposits are Less than 10 Percent of the Total Thic

from these deposits (top layer).

research was completed by théSGS Photo Courtesy: USGS and Don S
and the | YA OSNBA G z T [ B AN 19/9 OLlJ 33)/ an on swanson.

any2l G2 RSGSN¥YAYS G(KS SEGSy( 27T rebdarBhers c6mndudd that thérd was a/ a 2 v
sequence of explosive deposits from the 1790 event and that there were at least three explosive surges. The
researchers have also concluded that if an event occutoddy of the same size as the 1790 event, the egjuo

wouldt TFSOG |t 27F tpldeyesc? dzy R Fy¥ RNy I § WIRT 1 A @EWKaisbn alcRUSGS2R19F NB Y
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1924 HALEMAYMAW
Ly alé& wmdounX Yofl dzSI Qa . | Wdzz
was the site omore than 5Cexplosive eventduring a
2.5week period (USGS 2018hjhe lava lakewithin
I € SYIF~dzYlk~dz RN} AYySR Ay 'R

by earthquake activity, cracking in the ground,
faulting, coastal subsidence, and hundreds of fi
earthquakesnthe Lower East Rift Zon& he expldse
events in Mayreated clouds of rock particles, wet asl
and steam and doubled the diameter of the
I £ SYI Yedtvplutkedzom the larger explosions
reached as high as 5.5 miles. Rock fragments as h¢
as 400 punds weresjectedfrom the rim of the crater.
Wet ash from these events disrupted the rail line a
destroyed rooftops. Large cracks occurred along
coastline and roadways. As a restitere was one 9 ELJ 234 A @S 9 NHzLII A2y [/ 2f dzY)
fatality andmany peopleevacuatedthe Puna distict May 1924.

because of the destruction created by these volcalK S Ly F’@h;t‘? %orrtesg: le?chSd 35032
hazards (USGS 2018h). yutl-a YKk y2Saddz3a

24 halemaumau.html

1955LowERPUNA

In February 1955the LERZI f 2y 3 M ~f ! =81
erupted for the first time since 1840 (USG
2018e). This eruption lasted for 88 day:
opening 24 vents that stretcheddm Kapoho
G2 ©Said 2 XKalapaKaSroadFigkte
2-12). The lava flows from this event covere
more thansix miles of public roads. The flo
cut off all access to lower Puna and requirg
evacuation of most coastline residents. Seve
homes and thousands of acres of land we
coveredby lava (USGS 2018e).

Volcanic hazards caused by this event idetl
earthquakes, lava flow, subsidence, and ash. y BT -
leé észY}\l:l 2-_F Yo,fl dzél\— A1 a1t oes 1z a0 a4 A x rfA A rY x T x AR

_ _ Fountain of Lava Produced by the lilewa Cone.
as the caldera region began to subside, clou Photo Courtesy: USGS,

of black ash were released from the explosiol K (i (i LJA YK K @2f Ol yv2Sa ddzaI3adI2 Ok O3
and lava continued to flow out of the venits

the LERZnto the surroundingaress. The Hawaiian Volcano Observatory scientidiserved that this event had an
irregular progression of activity. Typically, flank eruptions retreatifias the magma supply wanes. However, the
eruption opened new vents both upft and downrift. Researchers also withessed unusual magma types.
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Characteristics of the lava indicated that the lava was stored near the source vents for a prolonged period of time and

it contained more magnesium, suggesting the lava was more primii8&S 2018e).

This event marked the first eruption that occurred in any populous area in US terrfbeylessons learned from this

event led to improved procedures to ensure human safety (USGS 2018e).

Kapoho
Crater

Pohoiki

Kaueleau

Keekee

Kehena

Figure2-12. LavaHows fromthe 1955Y o f |Edgfidn
Map Courtesy: USGBHttps://volcanoes.usgs.gov/volcanoes/kilauea/geo hist 1955.html
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1959KR [ ! | I&l!

A few years after the 1955 eruption, another eruption occurred frc
theYot Fdz8F L1A / N}GSNI AY b28SY.
provided some of the first measurable tdaabout the magma
NEaSNB2AN a2adsSYy 4G Yofl dsSl o
earthquakes were recorded about 35 miles below the volcano.
result, the summit reservoir was beginning to fill with new mag
Several shallow earthquakes fmMled this fill, which caused magm
to move even faster into the summit reservoir. Eventually, a fiss
broke throughY o f Hkilghater, sending lava to the bottom of the
crater where it started to podiorming a lava lak@JSGS 2018b).

0o

(@]

A single erupting vent contributed the lava lake and channel, whic
widened significantly as flow persisted. Black tephra deposits crea
byY o f Hkdg3dter built a cone adjacent to the lava fountain, na
OFffSR t dzWdz t dztf WA @ 5dz2NA y 3 GK
slidinto the lava lake, which today are topographic islands above
surface of the area where the lava lake cooled. Lava fountd
reached 1,900 feet in height, which is the highest recorded heigh

wind created a constantly changing pattern of the pumice plumes t
were created by the lava fountains. These clouds of glowing
fragments were typically blown back into the forest before falling j§§ .
the ground (USGS 2018b). Lava Fountain Erupting from Iki Crater.

Photo Courtesy: USGS,
After 16 episode of fountaining, thdavalake started to drain back https://volcanoes.usgs.gov/volcanoes/kilat

into the open vent. Large sections of the darkened lava lake crust v ea/geo_hist kilauea_iki.html
pulled apart as new lava drained back into the vent. The summit reservoir ultimately gained magma by the end of this
event. Resarchers found that the summit gained a net @rillion cubicmetersof magma (USGS 2018b).
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1960 KAPOHO

The resulting gain of magma after the 195~
eruption at the summitwas the cause for an 4 |
eruption in January 196@h the LERZ neal 'H{*
Kapoho(USGS 2018c). The shallow reservg:.+ =
0SYSIGK (GKS adzyyYad j 5
was overfilled with magma, which createf'i: Sl g
more pressure and more earthquakes. Mor.s ..ﬂ’ .
than 1,000 earthquakes were recorded nort -«
of Kapoho on January 12960. The following

day, the size and frequency of earthquakg

increased drastically, severely cracking th =g P T s
ground along the Kapoho fault line througlGround Fractures Through Kapoho V|IIage Céujsed by Magma Mi
the town. The volcano erupted on January 1 Underground After the 1960 Eruption.

MmpcnE RSaiGNReAy3d (K Photo Courtesy: USGS,

KidLBaYkkP2f Ol y2Saddzadadiz gk @2

Kapoho. Methanexplosions occurred as lavi
flowed through vegetation. Dark steam clourdsrying high amounts of astere released as lava interacted with the
groundwater. Lava flows traveled XkiBometers km), reaching the ocean by January 15 and éregtew landbeyond
the old shorelindoy 100 meters (USGS 2018c).

After four days oérupting, the summit began to subside as magma left the storage reservoir and flowed down the East
Rift Zone to the Kapoho area. The subsidence led to a series of earthquakes ah@ thd I LJAS 2F G KS | |
Crater. The subsidence also formed cracks in the lava lake cooling shell, which created a pathway for lava to pore into
0KS ON}GSNRa ANBgAY3I LAGO . @ al NOK3X (KS fskwdsaboudZ2t t | LJ
million cubic meters (USGS 2018ayure2-13 depicts the fallout deposits of tephra and ash and lava flow from the
historical eventdrom 1959 and 1960.
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(o
Mauna AREA
ala Kea JHilo / ﬁgp Mountain View
Mf:;m Ki\ﬂe°
fi
~NE
Kilauea 1T 'Z'G ! o5

caldera

EXPLANATION

I Kapcho January-February 1960
I Kilauea Iki, November-December 1959
= Main roads present today

@ Town 7y Town buried by lava
@ cCrater ) Fallout deposit (tephra and ash)

0 10 KILCMETERS
1 1

L
0 5 10 MILES

Figure2-13.Y o f I dz@djoinihgyMauna LoaShowing Relation of Kapoho irLower Puna to theSummit Area
GKSNBE Yofl dzSIF LA locae® | I £ SYl WdzYl Wdz | NB
Map Courtesy: USGBHttps://volcanoes.usgs.gov/volcanoes/kilauea/geo _hist _kapoho.html

1969101974 MAUNAULU

The Mauna Ulu eruption occurrdtbm May 1969to July 1974and was labeled at the time as the longdsisting and

Y2al0 @2fdzvYAy2dza SNUzLIi A2y 2y (USGS$ 204Z6) Thé eruption opritinuédybver-1{¥00f S I
days and produced 350 million cubic meters of lava. About nine months prior to the@ruipicreased seismic activity

and shortlived eruptions broke out along theastRft Zone of the volcano. The main eruption started along a long
FAA&Adz2NE aeadSy odzi Y20SR (2 6KSNB (K SWardtedryyrR | @atir. [ ¢S & ¢
This area was recently covered by lava flows and vents releasing hot volcanic gas, which created the ideal conditions
for lava fountains to occur (USGS 2017b).
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Eleven fountaining events took place from the si

of Mauna Ulu, reaching heights excieg 1,700 .
feet (USGS 2017b). The fallout from thegse e o
fountains formed a tephra mound south of the
vent. Lava flows spilled into the ocean and flowsg
AyGd2 GKS W EFS [/ NFXasi
FNRBY GKS F2dzydlAyao
Crater wa nearly full, and cracks sudden
opened releasing lava flows far down the ri

zone. The Mauna Ulu continued to release la

AyGd2 GKS WwWIilFS /NYGSN St R
that eventually matured into the Mauna Ul

edifice seen today (USGS 2017b).

The edifice continued to grow throughout the¢ Lava Flowing from the Summit Crater of Mauna Ulu Eastwal

years of the eruption. Eventually, the walls of tFinto a Pool at the West End of the Trench in February 1972. P

summit fissure began to collapse, which gradua Courtesy: USGS,

widened into a crater that contains a lava Iak'https://volcanoes.usqs.qov/volanoes/kiIauea/qeo hist_ mauna

Lava flows from théake moved underground anc dilu-nim|

FSR I FAaadNB 2y (GKS Straid Ftryl 2F GKS aldzyl ! f dzd . @
pressurization. By February 1972, lava began to enter the summit crater of Mauna Ulu and spilled froatethiato

I GONBYOK SyGSNARy3 | tF@F GdzoS 2F GKS W fFS / NIGSN® [

the sea Figure2-140 ® ¢tKAa fF@F 2LSYSR yS¢ FArAaadaNBa dzZLINAFO 6A0GK

From December 1973 to July 1974, the remaining eruptive activity came from the Mauna Ulu. ThefsheMauna
Ulu continued to grow, and the lava lake became increasingly stagnant, ending theiforigg eruption (USGS 2017b).
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Figure2-14. Lava Hows of the Mauna Uluzuption.
Map Courtesy: USGSHttps://volcanoes.usgs.gov/volcanoes/kilauea/geo hist mauna_ulu.html

19837102018PUW W m WY

¢CKS tdzWdz WnWI SNMYzLJiA2y o6S3FYy Ay wmMopyo FyR (2 G4KA& RI @
Yof | dzSI Qa (%5lyeais) inhke Msi 200524f3SGS 201). The lava flows from this eruptionvedrastically

changed the landsgee and caused many issues foountyresidents. This eruption was divided into 61 separate
episodes of activity. The first set starts with the eruption that happened in January 1983 as the first set of fissures
broke outalongthe East Rift Zone. By &uth983, the eruption occurred out of one vent. Throughout the next three
yearsm2 NB (GKFy nn &SLINIYGS fF@F F2dzyilrAyAy3a SLIAaz2RSa ¥2N
By the late 80s, activity localized at Kupiandi&GS 201. Figure2-15illustrates the extent of lava flow from 1983

to 2008.
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Figure2-15. 1983 to 2008 dzW Wrzllaweninundation Extent
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¢KS tdzWdz WYnWI A& RS
cinderand-spatter cone (USGS 209 The
lava flows that helped to create this structur
impacted the surrounding communities
destroying several homes. As the eruptic
continued, activity shifted northeast along the
Yot dzSIFQa 9Fad wATid
fountains started to wane but led to the star
of nearly continuous lavdlows from a new
vent. As a result, a lava ponchged to form

over the vent, which built a new shield calle
the Kupaianaha (USGS 2Q1.9

The eruption took a turn in 1990vhen
breakouts from a lava tube progssively
entered the Kalapana community. Thisea
was completely buried beneath lava by the er
of the year. Concurrently, the volume of la
that erupted from Kupaianaha started t
RSOt AYS (KNRdZAK Ndtgym
increased (USGS 209 nhce activity at
Kupaianaha stopped, lava started to erupt fro
fissures in thewest flank oft dzZWdz Wn W
flank vents continued to build a broad shield
the southwest side of the cone. Lava flows th

were sent to the ocean built a series of lav o -
RStiGlra 2y Yotl dSI Qa +ASgs 27T il wéstHadk¥ndiO9Pwitk’Shield Growing a

added about 418 acres of new land to th.’ bas 2F¥ GKS /2yS o02L) Hvasiriaok

in 1997 After Collapse of the &er (bottom photo). Photo Courtes'
County (5GS 2019. USGS

. § . https://volcanoes.usgs.gov/volcanoes/kilauea/geo hist 1983.htr
. e WI vy dzl NE MphpT = u

experienced many collapses, enlarging its

ONJ G SN ¢CKS tFNBSald O2tflLJAS 200dzZNNBR laiptrgd, dutting offa Y O
the supply of magma to the eruption (USGS 2019 & | NB a dz (X § K Gaired, &t thefctaterSloor y t d
dropped about 500 feet, creating a largap on the west side of the cone. Following this gap, new fissures broke open
YR SNHzZLJGSR oNASTFE& Ay | yR yuSd NE 2odgNB diz / (NG §i SNF BréteK K DK K
experienced more lava eruptions from new vents outside its crater on the flanks of its @bieled to various lava
SPSyiGa NIy3IAyd FNRBY ASOSNIt Y2yl Haverirg nest OFSISIUSGS2GIO NA (|

The Pz Whontinued activity after new fissures erupted on its east flank in June 2014 (USGS 2018 fissures

f SR (2 GKS aKdzZiR2éy 27F (KS Yiav&flowthat répllly addancédddithedsy Fhisi K S 3
gl & aLIWZNNBR o6& yS¢g SNUzZLJISR FTAaaddz2NBa 2y (GKS Srad Tt y]
t n Kizetween July and late October 2014, nearly reaching Highway 130. Highway 130 is the only transit route for
nearly 10,000people who live in the lower Puna District. By +Dielcember 2014, the flow threatened then K 2 |
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Marketplace but ultimately stagnated. Ultimately, the lava flow halted and cooled just prior to redching \&llage
Road (USGS 2019B)gure2-16displays thed dzWdz Wn Wl tF @ Ft 26 FNBY Hamn (G2 Hn

hy alé& HnX HnmcX F ySg oO0NBF{12dzi FNRY GKS Srad Ftlyl 2
the base of the Pulama pali by the end of June and entered the sea at Kamokuna on July 26, 2016. On April 30, 2018,
the crater floorandlav € ' {S 2F t dzWdz YnWI OFGFaGdNRLKAOIff& O2ff ! LA

I Pu'u '0'6 Lava Flow (2014-2015)

_Waa Waa
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O\ K Hawaiian Acces,_>
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O\ - ,"[,j,:kapoho Beach Lots
\ Hawaii's Eden' Jbggat/onland Hawaii

= Roc Estates, \ \ \ \*

" _Fern Fores!
< Vacation” A\ TN
T sanggstates” N\

ehena Beach Estates

— s
HiLO KEA'AU

\ o i HAWAIIAN

2 - @ PARADISE

\f >

PARK

PAHOA,

Data Sources: ESRI, Basemap; Tetra Tech, 2018 - Volcanic High Hazard Areas (Lava Zones 1- 3); USGS HVO, 2018 - Puu'0'5 Lava Flow; County of 4 4 8 /
Hawail, 2012, Community Planning Districts; 2018 - Major/Minor Roads f Miles /=

Figure2-16.t dzZW@dz Wn Wl wnamn G2 wnamp [ @ Cf2¢ Lydzyl

2018KR[ ! | ®LOWEREASTRIFTZONE

hy ! LINARE onsX HanmyX I &aSNARSE 2F SINIKIldzZ 1Sa 200dz2NNBR ¢
and magma moved toward the Lower East Rift Zone. Numerous ground cracks were reported in and around Leilani
Estaes. On May 3, lava broke through the surface in Leilani Estates, with records indicating a lava fountain spewing
from the initial fissure on Mohala Street. & | NXadzZ 46X |6l AWA [/ 2dzyde [/ AGAf 5
Leilani Estates and Lanipa Gardens subdivisionThe island experienced its most significant earthquake since 1975
whena 6.9y Ay A dzRS SI NIKIjdzZl 1S 2 0OO0dzNN®B Ray® lUSGIHV@ wotifi¥daHe butis I Q a
2F LRGSYGALf SELX 2 aA 2 K RresldentialiDis&ster Ddziandtion (FEMA 4B8aIE ¥V dz8  dzS |
Volcanic Eruption and Earthquakes) was issued on May 11.
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A Presidential Disaster Declaration (FEA8&6:DRHI ¢
Yot dzSF +2f OFyAO 9 NHzLII A )
on May 11, 2018. The lava flow covered 8,448 acre A 100+ days of constant eruption and lava flow
land and permanently altered the landscapeigure 9 NHzLJd SR_ _U Ks SldAghts
2-17). The alert level was then reduced from magmasupply _|n Just over 3 months
WARNING to aVATCHon August 17, 2018, allowin Largest summit caldera collapse in 200 years
. . Highest S@emission rates ever measured at
officials, residents, and responders to make t A . )
" Yofl dzSII 6bpnXZnnn 02Y
transn!on from respone to recovery. There have be 60,000+earthquakes ranging from 0.5 to 6.9
no active lava flows since Augwtl8, though lava was magnitude
seenin FissuAreVS in'LeAiIavni Estaia§epten1ber 5,2018 A 13.7 square miles inundated with lava
BERIE N SRR A S UBAdl  A 875 acres new landreated along shoreline
September 5, 2018, after 30 dayassedwithout seeing A 723structures destroyed, including
lava on the surface. The Puna District suffe approximately293 primary residences
significant losses esggially from lava inundation. Entire A 3,000 residents displaced
neighborhoods, such as Kapoho Vacationland, Kap A 116structures isolatet| (prior to road
Beach Lots, and Lanipuna Gardens; schools, such a¢ restoration)
h YI [nT FYR 6SI OK LJ NJ & A 1,770parcels impacted t 2y R&
were covered with lava. In addition to lava flo
earthquakes and air pollutants including sulfur dioxide,
ash, tephra, and laze, affected not only the residents of Puna but across the island and state.

Hamy Yofl dzSF LYLI C

The sheer volume of the magma supply was one of t
most significant distinguishing characteristiok the .
Hnmy Yot | Bzbile 2-18 @ Simiiltangously, A 32.3 miles public and private roads inundateg
Yofl dzSF 0a adzYYiid SELISNR S 0 12.44 mileCounty maintained roads a
years, with a total of 500 meters ,@40 feet) 0 19.86 miles privately maintained
subsidence and tens of earthquakes each day rattli .roads :
. .. . 14.5 miles waterlines destroyed
surrounding communities. Dozens of new fissures -
. . . 900 utility poles destroyed

opened along a line of craters in the Puna Distric . .

. . . 2 geothermal wells inundated, 1 isolated
Many of these cracks leaked lava into residential areg . .

i 1 electrical substation isolated
Volcanic gases and ash created a cloud/ax that ;
_ N ) 1 water well isolated

reached.thela tlry R 2Tﬁie S|Im.6;I¥ttanIi§GIIBIIeIe_1ted 1 public charter school inundated
events impacted residential, agricultural, business

~ . 8 © . Estmated $236.5 million in damages to roads ‘
UZdNRau2z Odz UdNI &2 FYyR 3 waterlines and facilities (e.g. parks) Ax2
l}la}ional Park closed, slowing tourisamd the Iocal A Closure of Puna geothermal plant, which
Soz2yz2vyeo I YFE22N) Li2gS adzLJL)t ASE Hw: 2F (KS §
connection to the Hawaiian Electric Light Compa ’
(HELCO) occurred, and several roads and critical

facilities were inundated or isolated by lava causing multiple road blocks in the C&inye2-19). The inundation

of major roadways was of particular concern because most roads servicing Puna District subdivisions are privately

owned and notdesigned for through trafficLava hundated more than 30 miles of roadways in the Puna District.

LY FNF adNUzOGdzNBE L YL Of
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The eruption lasted 107 days, one of the longé
eruptions in recent history in lower Pun&Vithin a few
months of the start of the 2018 eruption; HVO reporte
a total of 24 known fissures, 60,000 earthquakes an
SNHzLJG A2y SljdzAa @t S@$h Qa2
supply. Throughout the eruption, uncertainty regardin
the duration of the event, its extent, and total damacg
remained high. This uncertainty led to social tensic
and fatigue across the affected community, responde
and local officialsAlthough there were no fatalities, the
event was quite destructive in terms of displacement
residents, structure destruction, land coverage, a
cultural and environmental resources impact.

Natural and Cultural Resources Impact Facts:
HAamy Yofl dzS|

500 acres forest reserves inundated

17 Exceptional trees inundated

80 Anchialine poolsmundated

Pohoiki Boat Ramp isolated

Pohoiki Bay filled

Ka Lua Wai a Pe{&reen Lake) inundated
Kapoho Bay inundated

2 AWILI S ¢ARSLIR2t & a
District inundated

Ahalanui Beach Park inundated

v > > >y D>y D> D>

>

The vast majority of destroyed, isolated, or forced vacant homes by mandatory evacuation werecmeupied
homes. It is estimated that there were 800 domesticated animals present in the affected area before the eruption.
These animals included dogs arats, exotic pets, and

livestock. Due to lack of sheltering options, anima 902y2YAO LYLI OG ct O
escaping, and abandonment due to rapid evacuatio
many of these animals were not evacuated.

Smallbusinesses experienced decreased
revenues and closures
Decreased tourism revenue and adjustmentg

Puna experienced its most significant earthquake :
P 9 g i to marketing and products

May 4, 2018, dgrlng the recqu thdst SO $296 million reduction in tax rolls (property
temblor measuring 6.9 on the Richter Scale occurre loss)
It was the largest earthquake to impact the County ¢ A 2,950 jobs lost

lhgl AWA YR GKS tdzyt $415 million revenue lost countyide
earthquake. The epicenter was located just offshore A $236 million infrastructurdoss

nearby the Royal Gardensi®ivision. As expected, A $296 million home loss

the shaking was the most severe in the Royal Garde A $99.4 million loss following I & Vaélc&oes
subdivision area (according to the Modified Mercal National Park closure

LyGdSyaaride {OFfS0-OPMH KA $27.9 million agriculture log®sulting in
shaking footprint extending throughout much of decreased agriculture and floriculture

t dzy'l Qa ¢ A SN we extEpibh iy the 4 production

southeastern tip, containing Kapoho Vacationland an®
Kapoho Beach Lots. This southeastern tip experienced

Gf AAAKNR y 3¢ akKE{Ay3o ¢ KS ST aid SNy asdvitsthe higHes cobcaniratiodfofO i Q a
structuresd dzZA £ G LINA2NJ (2 mMpypQa FTR2LIGAZ2Y 2F (GKS aSAavYao O2R
FNRY -@d NEKFHE (22 k DEMgRRZE20) A K

Parcels were inundated and isolated by lavi(re2-21).
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Lava Flow Progression - 05 May - 01 August 2018 &) FEMA
FEMA-4366-DR-HI D
USGS, Acres covered by lava:
8,576 (USGS, 01 August 2018) S Hile
Acres (est.) of lava outside of original o
coast line in Kapoho Bay area: - B
840 (USGS, 01 August 2018)
Data Layer / Map Description:
Select Days of Lava Progression derived
from USGS and UH-Hilo DSAV daily
aerial imagery overflights.
Legend
Coastine [0 52712018 8212018
FieldTime [ 52812018 8252018
®one Ra 552018 [0 5202018 6282018
Kapoho py 562018 5202018 62772018
572018 53112018 202018
582018 ezo1s [ 72018
5912018 aaz018 [ 752018
I 5122018 o4z01s [ 72018
[ 5142018 esz01e [ 71102018
I 5152018 [ eerzo1s [ 7122018
I 5162018 [ e7i2018 [ 71162018
N 5172018 [N ee2018 [N 71er2018
I 5182018 [ eo2018 [ 7232018
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B 5222018 @142018 [ 7202018
- [ 5232018 172016 [ 72018
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[ s252018 w1ez01s [ #2018
N s2e2018
N
Miles 0
g 0 04 08 12
jz Data Sources:
FEMA, ESRI
Created by FEMAA325-DR-HI GI5 UnifUser Name: msmootl il Misp Creafion: (02. 70181200 DT, Coordinate System: WGS 1082 Word Mercator

Figure2-17. Lava Flow Progression frothe Y o f [Edza&ibn fromMay 5 to August 12018

- H ) = { DRAFT MAP FOR COUNTY OF HAWAI'l USE

KTIauea y°|can° EaSt Rlﬂ Zone 1 £ —[THESE DATA ARE PRELIMINARY AND SUBJECT TO CHANGE

Flow Thicknesses, August 2018 — v —
PRELIMINARY

Thickness (meters):

o5 No data
available

B ;-0 for areas

- 10-15 displayed
in black.

B 15-20

[ J20-25

B 25 - 30

I 30- 55 (max on land)

I 55 - 280 (max in deita)

Figure2-18.9F a wA TG %2y S [ @F Cf2¢ ¢KAOlySaa FTNRBY |

N

.
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A Fissures
O Roadblocks

E Gates

Il Lava Fiow Expansion (HVO) - 8/1/18
- Lava Flow Outline (HVO) - As of 7/31/18
[[] HELCO Power Outage

D Mandatory Evacuation Area

Road Access

— Placard Access
==—=- Restricted Use
—— Inaccessible

Figure2-19. Roadblocks and Gates Established for Controlling Road Access Duri@ti®y o f | dzSI 9 @Sy i

2-40
SECTIOR ¢ VOLCANIC HAZARD




[ 2dzy & 27F | IRBKAIs&sdment 2 O

June 2020
\ - Epcentar Buildings/ Sq. mi.
0-25

Major Road

Minor Road 2
o [ s0-100
: L) Community Development Planning Area - 100-250
Modified Mercalli Intonsity Scale B
0 wNone-Lignty
[0 vivery Lignt - Moderate)

VI (Light Strong)

VIl (Moderate-Very Strong)
- Vill (Moderate/Heavy - Severe)

onland Hawaif

Roads, 2012 Gommunity e

Figure2-20. Map of May 4,2018 Earthquake Event arldensity ofPre1985 Structures

Data Sources: ESRI, Rasemap; USGS, 2018 - Shakehtap, Fpicenter. Tetra Tech, 2019 - Bulking Density: County of Haist, 2019 - Public/Private.
Plarning Districts

Data

Sources: FSRI, Basamap; USGS HVO,
‘Courty of Hawail 2019 Major:Minor Roorls, 2012 Communiy Development Planting Disirict

Figure-21. Inunated and Isolated Areas fromthen my  YEvdnt dzS |

y. 2018
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2.2.2 MAUNA LOA

Mauna Loa is the largest active volcano
Earth (USGS 2017g) although recently,
Phhnhonu, in the northwest Hawaiian ridge
was named the largest volcano using n
mapping techniques ah calculations (Garcia
Tree, Wessel, & Smith 2020 | dzy |

aboveground surface area covers over half t
County with a surface area of about 1,9
square miles. This volcano is still in the shie
building stage and is currently in the process
adding as much as 95 percent of its ultima
volume. Scientisthave determinedhat this
volcano emerged above sea level abo

300,000 years ago anthas beengrowing al dzy'b [ 21 Q& { dzY YA i /2yGrAaya
rapidly upward since then (USGS 2017e). Several Pit Craters. This Caldera Formed About 1,000 Years £
Photo Courtesy: USGS,

There are five broad areas on the volcano a‘https://volcanoes.usqs.qov/volcanoes/mauna loa/geo hist sumr

across the volcanos surface, 33 radial venw ry-html

have been observed on the north and west sectors of the volcano (USGS 2017e). This volcano also includes submarine
flanks, which have been mantled by landslide deposiiae of these depositenay have producea gant tsunami

about 105,000 years ago. AsteepA RSR NA TG T12yS 2F (GKS aldzyl [2] Q&4 az2dz
experienced erosion that created deep canyons and valleys where old flows occurred. These hills are an example of
how riftscan migrate due to years of erosion and form new features to the volcanic system (USGS 2017e).

Mauna Loa is not known to have produced an explosive eruption since 1843 (USGS 2017e). However, evidence from
four debris fans made up of fragmented rock depo#ndicate that an explosive eruption is possiblesutmary of
significanthistorical eruptions documented by USGS are highlighted in the remaining parts of this section.

1935

aldzyl [ 2F SNHzZIJISR Ay b2@SY0SNI mdpo p)dlows travefe@ B&ils east peP I 0
day toward the residents of Hilo after flowing through the saddle area between Mauna Loa and Mauna Kea (USGS
2016a). The eruptive vent was bombed in December 1935 and flow stopped in early January 1936.
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Aerial View bythe Naval Air Service of the 1933 Mauna Loa Eruption from a Fissure Across the Rim and Floor of
az21d¥WngS26S2 /NIGSNI G GKS 22t O0Fy20a {dzYYAd o
https://vol canoes.usgs.gov/volcanoes/mauna _loa/geo hist 1935.html

1942

The April 1942ruption of Maunaloa 221 LJX I OS 6KAfS 22NIR 2FNJLL yA@KGIGAS
(USGS 2017a). The eruption was kept hidden from the public so that Japanese military would not find out and use the

J3f2¢ 2F GKS f+ @ 4G yAIKG (G2 3FdzARS 4FNLIX FySa G2 | gt
migrated down the Northest Rift Zone. The eruption ended in May and by then had already reached within 7 miles of
0§KS dzLJLISNI 2 FAn1SE '1F FNBF 2F 1 Af2 o0!'{D{ HAamMTIOO®
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Aerial Photograph of the 1942 Mauna Loa Lava Flow Spreading Downslope Toward Hilo. Smoke from Burning
Trees in Cater of Flow and Scattered Cinder Cones at the Summit of Mauna Kea are Visible.
Photo courtesy: USGBItps://volcanoes.usgs.gov/volcanoes/mauna_loa/geo hist 1942.html

1950

Priorto the eruption in 1950, magma pressure in the volca.-
remained high following an eruption from the summit

Mauna Loa that took place in 1949 (USGS 201¢
Earthquake swarms occurred throughout 1949, and a lal.
6.4-magnitudeearthquakewas felt in Mayl950. As a result,
AY WdzyS mMppnz | FAaadiNBE S
Rift Zone and led to multiple parallel fissures opening al
the rift zone (USGS 2018a). Within three hours, the |
flows crossed the main highway on the west coast of t
Caunty. Several structures were destroyed and complet
inundated by the lava including the structures in the coas
@Attt 3S 2dukal FHe MajaSlgWs passed throu

. e

<%

{ 2 dzi K

commercial and residential areas, over highways, throu Y | W| Lidzy' I [ | @I Cf2¢é6a 9y
the forests, and contimed to flow down into the ocean 1950 Mauna Loa Eruption.
creating clouds of steam. This eruption lasted for 23 days Photo Courtesy: USGS,

erupted 376 million cubic meters of lava. This is equivahhttps://volcanoes.usr?.s.qi\ggglﬁaml)es/ mauna_loa/c
to about 3.5to 4 years of output from thé dzW¥ dzerdtiol | 0_hist At
2F Yofl dzSIF o! {D{ HAmMyl 0®
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1975

Mauna Loa experienced a shelived eruption in July 1975 (USGS 2017c). Lava fountains erupted from fissures
extending across the lengthof Mg I [ 2 Q& &adzYYA G OF f IRBRI XY @2 | (A o6 &249858) S
Northeast andSouthwestRift Zones. Six hours of activity lasted in the caldera. Lava fountaining continued along the
NortheastRift Zone for less than a day before completely ending.

Image from the 1975 Mauna Loa Eruption. Lava Fountains up to 65 Feet High
Erupted from Fissures on the North Flank of the Volcano.
Photo Courtesy: USGI{ps://volcanoes.usgs.gov/volcanoes/mauna_loa/geo _hist 1975.html

1984

Mauna Loa erupted in 1984 followingtaee-year period of increasing earthquake activity beneath the volcano (USGS
2016c¢). Prior to the eruption, the earthquakes reached a maximum frequency afterraa@itude earthquake
occurredbeneath the southeast flank of Mauna Loa. The volcano started to inflate shortly after a brief summit eruption

in July 1975. The eruption began in March 1984 after eruptive fissures appeared rapidly down to the southwest rif
iT2yS ONRP&aa GKS a2dziKSNY KIFIfF 2F az2l1dz¥ngS2 s Shbdheastb S F
Rift Zone. Eventually, four parallel flows moved down the northeast flank and all eruptive activity became confined to
these ventgFigure2-22) (USGS 2016c).
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Lava flows started to move from these vents toward the community of Hilo (USGS 2016c¢). Smoke from burning
vegetation, loudexplosions from methane gas along the flow front, and levee breaching were a few of the disturbances
caused by this eruption. Fortunately, the lava never reached the community. Researchers conclude that this event
shows that dense vegetation, gentle sés and low temperature of erupted lava can slow down the flow of lava, which

is valuable insight to mitigate the risk of future eruptions (USGS 2016c).

0 5 10KILOMETERS

CONTOUR INTERYAL 1000 METERS

Figur§2-22. Areas Coyered by Lava F!ows,Dyring tes4 Eruptiorj of thevMauna Loa ) o
ctzg ! NBELINSaSyiua SNHzZLJUAGDS FTAadadzZNBa R2¢gy az2dzZiKgSau N
NELINBaSyida tF@lF Ft26a SEGSYRAy3I | ONRP&aa y2NIKSFad KIFf7F
zone. Fdw C represents new lava fissures in the morning of March 25. Flow D represents four parallel flows moving
down northeast flank in the evening of March 25. Flow E represents lava vents moving down Hilo in the morning on
March 26. Flow F represents new swygllel flows that formed on March 29. Flow G represents lava flows that broke
out on April 5. Photo Courtesy: USG8tps://volcanoes.usgs.gov/volcanoes/mauna_loa/geo hisi984.html

2.2.3 MAUNA KEA

Mauna Kea is the highest peak in the County (USGS 2018g). This shield volcano is built upon the southern flank of the
Y2KIfF +2f€ Ol y2 OMaurth Kea ér§oédl most ke€eintly bevged about 6,000 and 4,500 years ago from

at least seven separate sumndtea vents, producing lava flows and cinder conbtauna Kea is in the advanced
postshield stage (Hawasiubstage); geologic researchdtncluded thaeruptions from this volcano are less frequent,

and the chemistry of the & has changed moving away from the source of magma generation. The oldest rocks on
the surface of this volcano erupted between 200,000 to 250,000 years ago (USGS 2018g). The chemistry of these rocks
are typical of a basaltic volcano in the pasitield sage, and this is consistent with Mauna Kea being over one million
years old. The steep and more irregular shaped surface of this volcano are evidence tisigldshagma, which has

higher viscosity, erupted from the cones of Mauna Kea. This cherofsinge in the lava created prominent cinder

cones, which are now called the Lahpehoe Volcanics. The series of eruptions that formed these structures was
likely sporadic clusters of events that produced large volumes of tephra and ashfall. Todaghtheakes up a
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R2YAYFY(d LRNIA2Y 27F al dzgdologitSrdicate thaf MauyalKéacoddedudd dgaivaftany 3 0 &
beinginactivefor 4,000 years it is a moderate threat volcano in thdSGS National Volcano Early Warning System
(NVEWSYP The Hawaiian Volcano Observatory continues to monitor Mauna Kea for any signs of activity.

Views of the Upper South Flank of Mauna Kea. The Prominent Cinder Cone (lower right) Erupted About 4,000 Years
' 32d azad hGKSNI/2ySa | N&est NI 2F GKS [ I dzL]
Photo Courtesy: USGIips://volcanoes.usgs.gov/volcanoes/mauna_kea/geo hist_summary.html
ldzF tnf A Aa (GKS GKANR @2 d2913p

2 dzy U @
Currently it is in the posshield stage of activity. USGS h.

documented that six different vents erupted lava between the lgsss—
1700s and 1801. Lava flows from two of these events created lan
the west coast of the islanthcluding the areavhere the Kehole
Airport islocated(USGS 2017i). e

2241 ' L[ [!L

CdzNI KSNIXY2NBZX yn LISNOSyd 27 |
lava flows over the past 5,000 years (U2GE/H. Over the last few
decades, resorts, homes, and commercial buildings have been
2y GKS @2t Ohe/rot decefit fadtiyity Wiad series of
earthquakes in 1929 that did not result in an eruptioScientists

O2yaARSNJI ldzt tnf b A | LRAGSYGALl { y2 (K
erupt againlUSG2017hH.
LYFr3aS 2F GKS 1dz tfnf
https://volcanoes.usgs.gov/volcanoes/hual:
ail
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225[ n~ LI L

¢CKS [I"AKA @2t0Fly2 Aa Ly OGABS ¢f
seamountvolcano rises 3,189 feet below sea level and generates freq§
earthquake swarms.The summit of this volcano is a calddike depression
reaching 1.7 miles wide and 2.3 miles long (USGSK. The most recen
O2y FANNSR SNHzLI A 2 y1998;Tit whsll assbdiated véitio &)
earthquake swarm that began in July and quickly intensified. Thousand
earthquakes, including over a dozen with magnitudes greater than 4.5, vis
recorded from beneath the summit and south flank of the volcano betweln S
YR {SLIGSYOSNI mdbpc @ { OASyidAraita 2o0%k

region showed that a significant portion of it had collapsed. Fresh pillow g
and glassy fragments collected during submersible dives also confirmed

occurrence of an emqtion USGS 2017q) {SFFt22N) al LJ 2F
Photo Courtesy: USGS,

¢KS Yzal NBOSyd LAGZ yz2g OFtf SR httpsiivolcances.usgs.gov/volcania O NB
SENIKIldzk 1 S® ¢KS [I~AKA @2t0Fy2 . _ _ Sak[l1AKAK NHzLIG 2
but it is not known when it will reach above sea level. Howesaentist speculatehiat with a growth ofl6.4 feet per

1,000 yearsthat it will be as much a200,000 years before it breaches the ocean surface (28GH.

I LILIA

. S0FdzaS [IWAKA Aa adGgatt a2 RSSLI oSySI-tokerylotfirea2vd&hoy U & &
LF [I"AKA @oSNB (2 SNHzLIiz AG YI& OlFdzAS LI NILGAFE RNIAYAY
in 1996. If an eruption or stronger earthquakes occur, very small tsunami waves may affect southeast shores of the
LAt yR i@®$GSI2028. | A ~

2.2.6 KOHALA

The Kohala volcano is the oldest abavater volcano in the County (Bays and School of Ocean and Earth Science
Technology [SOEST] 2015). Scieniislisatethat this volcano erupted more than 65,000 years ago. This volcano is

an elongated mountain that runs northwest to southeadt. is estimated that early 300,000 years ago, a huge

I @+t yOKS O2yadzySR I at A0S 27T riginiofe than®@@ riilésloyf dtQthe ogeAnNIBoK S | &
(Bays and SOEST 2015).
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Y2KFfF +2fOlFly2Qa b2NIKSNYy Cflyl FYR {KSSNJ/fATT 2
Photo Courtesy: SOESittps://www.soest.Hawaii.edu/soestwp/announce/news/acloserlook-at-kohala-
mountain-the-big-islandsoldestabove-water-volcano/

2.3 Probability of Occurrence

Although probabilitis of recurrencénave not been assigned to lava zones in the County, HVO and USGS have tried to
predict future eruptions based on the historical timelines for each volcano. Researchers take note that explosive
eruptions of any size take place infrequeritithe County. However, additional research has been done to assess the
LR2GSYydALrf NARaA]l 27F Y oRedentzBdrkhis clarifiddithe éxplagige n&UNSHabt erdgsficnsd

Once thought rare, it now known that o t Icaizrbduce expldage eruptions from its summit caldera region lasting

over periods as long as centuri@sske et al2019). Deposits that were found 9 to 17 km from the proposed vent and
ALINBI R 2@0SNJ cp aldza NS 1Y a2dziKSI ad 2idgbickts 908 d@mndhiEia T NP Y
suggest that the deposits were dispersed bygegeam winds. According to the researchers, the lithic deposits that
GSNBE F2dzyR FINB (22 fIFNHS FyR (22 ¢ARSt& RAA&UG NRsicaii SR I (
or by a buoyance eruption column. Therefore, the analysts conclude that the eruption could have only been explosive
FYR GKIFIG GKA&A A& SOARSYOS (KIFIG GKS YofldzSI Ll2asSa | aa
coverageoverwhichit can spread its deposits.

HVO conductsolcanic monitoring and surveillaneehich isbased on the movement of molten rock or magma and/or
volcanic gabeneath a volcano that will precede any large eruptiéf/O aims to provide weeks to mostbf warning
guidanc ¥ LI GSYyGAFf SNHzZLIiA2ya G al dzyTheSeSatesthé potektial taedt, (2 F
based in part on the probability of future eruptions, from each of the volcanoes it monitors as follows 20885S

2019):

A Y ot t deS/High. This volcano last erupted in 2018 and is considered certain to erupt again.
A Mauna Lar Very High. It last erupted in 1984 and is considered certain to erupt again.
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| dzI fr MigH. K is likely to erupt again.

Mauna Kea Moderate.

[ I T HighA However, the impacts of the eruptions are underwater.
Kohala Low. Volcano isot active.

Overdl, volcanic hazard events will continue to occur in the County. To reiterate, the County is known for frequent
200dz2NNBy OS 2F tF @ Ft2¢ SNHAJIA2ya 2y YofldzSF ySFEN Al
Southwest Rift Zone. Mauga2 I = G KS &ASO2yR Y2aid | OGA@GS @2t 0Fy2 2y {cFk
eruptive quiescence, having erupted only twice during the last 60 y&uiw to this time, Mauna Loa was much more

active, erupting, on average, about every fivé Y& ® ¢CKS fA1StEAK22R GKIF G 7¥Fdzi dzNB €
will interfere with human activity and infrastructure increases as communities and other development encroach on
these active volcanoe$i(EMA2018).

| dzI fand Madna Kea are both Bttonsidered activel dzlI f ppsed-nfore of a threat than Mauna Kea (Kauahikaua

2019) | dzl feruptdd most recently in 1801 whereas Mauna Kasterupted about 4500 years agdUSGS 20179)
l'y20KSN) @2t OFy2 2F y2(0S candaspotidted With the HaWalisaidctaia and ik 18catéd2 dzy” 3 ¢
Mp YAfSA 6Hy 1Y0 a2dziKSFad 2F Yot dzSI dzy RSNBIFGSNI 2FF |
consistently monitored since 1996€ | * HaQdisei®n€ network Thisgrowingseamount may eventually break

the surface, adding a new island to the Hawalislandchain, withan estimate of 200,000 years based on a growth

rate of 16.4 feet per 1000 years However, there are no estimated potential impacts to residents iafiéistructure

FNRY [ I~ AHBMADDHBNNB Yy Gf & o

Based on historical record, the County has experiencedFseral Emergency Management Ager@&EMA
declarations associated with volcanic hazards since 198MA2018). Further, the historic FEMAakser declaration

record shows that the County may experience a major event that leads to a FEMA declaration roughly once every 10
years. After reviewing the volcanic hazard events that occurred in the County since 1823, there have been nearly 100
volcanc eruptions; with varying severity and impadtiEMA2018).

2.4 Climate Change

Changing future conditions may impact the dispersion and areas of impact of the volcanic Wamacthanges in wind

and rainfall frequency and intensity may alter the dispergid volcanic gas emissions thus adversely impacting human
health. It should be noted that the types of volcanic activity that could impact climate are not those typically associated
with Hawaiianvolcances. The massive outpouring of gases and ash can influence climate patterns for years following

a volcanic eruption. Fe conversion of sulfur dioxide to sulfuric acid is the most significant climate impact from a
volcano. For example, the Pinatubo eruption in the Philippines in 1991 was one of the largest volcanic events in the
20th century, injecting 20 million tons &fdzf FdzNJ RA2EARS Ay (2 G(KS &GN} (2&LIKSNS
by as much as 1.8egrees Fahrenheitl for 3 years after its eruption. In contrast, the carbon dioxide released in
recent eruptions has not been shown to lead to a detetdabcrease in global warming (USGS HVO 2017c).

Additional hazards produced by volcanic activity could impact the local climate of the County or exacerbate the current
environmental effects of climate change, affecting local vegetation and the commuRity.example, vegetation
destroyed by volcanic activity takes time to recover, and the length of recovery is dependent on the amount of rain and
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changes in the climate that the area is experiencing (Oregon State Universilgtd. The landscape also bexes

altered after lava inundation such as changes in infiltration capacity, which influences the type of species that grow
after a volcanic event (The National Academics of Sciences, Engineering, and Medicine 2017). In an already dry or
water-stressed envonment that may be caused by changes in climate or rain frequency, reduced infiltration can cause
increased runoff and sediment transport into water supplies and reduce availableateil content for the growth of
vegetation to recover after a volcargawent.
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SECTION 3. METHODOLOGY

This countywide volcanic risk assessment provides th Key Terms
technical data and foundation from which to make fisK
informed decisions to msure the County becomes more
resilient to future volcanic hazard events. The followin
section describes the hazard data collected, community asg
inventories compiled, and the methodologies used for th
analysis. The risk assessment results are sumsathfor the
County as a wholeSgction 4.}, and for each Community
Development Plan (CDP) Distrise¢tions 4.2 through 4)&o
that volcanic risk may be integrated into the upcomingERAECHREICIEIECEIEIREEIvSC CHEe)
General Plan and CDP District plan updates. hazard on a community and its assets.

Community AssetsThe land, people, structures
facilities, systems, environment and cultural sit
that have value to a community.

ExposureThe spatial relationship between the
presence of hazards and community assets.

Probability: The likelihood of a hazard even
occurring in the future.

Risk (Probability x Impact): The potential for
impacts (i.e. damage or loss) created by t
. . interaction of hazards and their associateq
3.1 VolcanicHigh FazardArea Sty
Vulnerability: Characteristics of community asse
that make them susceptible to impacts frol

hazard exposure.

Volcanic activity on the island is comprised of multiple hazar
that are not all reflected on the U.S. Geological Survey (US
lavaflow hazard zone map; refer ®ection 2 Hazard Profile
for detailed descriptions of the volcanic hazards in the County.

To focus recovery and mitigation efforts on the areas with greatest volcanic hazard risk, the Core Planning Team (CPT),
in consultation with USGS Hawaiian Volcano Observatory (HVO), delineatéchaic High Hazard Area based on the

best available voladc hazard spatial data. The Volcanic High Hazard Area is the corabéaedf lava zones 1 and 2

(with a 1,006foot buffer), historic lava flow areas dating back to 1790, Aladional Earthquake Hazard Reduction
Program (NEHREMass soils D and Eigure3-1).

The following smmmarizes the best available volcanic hazal
spatial data and the reason why individual spatial layers we
selected for inclusion in th¥olcanic High Hazard Aredf a
hazard identified in Section Héazard Profil¢ is not listed A Lava zones 1 and 2

below, there is no geospial data available to support this [RaEERESUCIEERISIEEEYELUR)
evaluation. When additional spatial data becomes available [RAEENERSACESIELEEEE
is recommended that th&olcanic High Hazard Araa well as
the risk assessment be updated accordingly.

Volcanic High Hazard Aredrea that represents
the greatest risk from the volcanic hazard

3.1.1 LAVA FLOW

As.dlscussed irSection 2- Hazard Profile the USGS 4 2F b2dSYoS NIMaunav_dzgold \
delln.eated Iav§flow hazard zones 1 through 9.convey thqus GOSNE KAIK GKNBF

relative volcanic hazard across the island (refdfiture2-2,
in Section 2 There are no current probability estimates

associated with these zoneshelmap reflectdongterm lavaflow hazard$ased on geologic dat According tdJSGS
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HVO, hazard assessments assume that future eruptions will be similar to those in the-pashe past 200 years,

S NXzLJG A 2 y ZGand2VEun lodavedadelirred at their summits and/or along one of their rift zanasd future

eruptions on these volcanoes are likely to occur in the same ar€hel1859 eruptionof Mauna Loa is an exception;

the eruption occurred on theorthwest flankof the volcano Overall, the longerm lavaflow threat is greatest on

Yot dzSI FyR alydpakii [ DA OBK 20802 y2Saz F2tf26SR 6& |dzZ fn

USGS HVO is clear that the published-Bfa2 ¢ KI I | NR 02dzyRI NASa | N8B | LILINRBEAY!
boundary between lavilow hazard zones is not a sharp line that, in one step, yguc® NP aa& FTNRBY 2y S 12y
(USGS 2019). These boundaries are not specific enough to determine the absolute degree of danger at any particular site.
A change in the degree of hazard can be found over one mile or riibeelavaflow hazard zoneare designed to show

the relative hazard across the island and meant to be used for general planning purposes only (Wright et al. 1992).

¢CKS /t¢ O2yadzZ SR gAGK ! {D{ |l xh Ay Wdz & wnmgp (2 RSOS
VolcanicHigh Hazard Arealt was agreed that lava zones 1 and 2 are the most susceptible to future lava flows. In
adzYYFNERZT tF@F 12yS m AyOfdzRSa adzyYAda FyR NATG T 2ySa
active in historical time; lava zer? includes areas adjacent to and downslope of lava zone 1; with 15 to 25% of lava
zone 2 being covered by lava since 1800. As a result, the CPT decided that lava zones 1 and 2 were to be included in
the Volcanic High Hazard é&. Utilizing lava zonesahd 2 for this risk assessment is in alignment with the Pacific
5AaladSNI/SyidSNRa 6t5/0 wnmy Yofl dzSF 9NHzZIiA2Y wAiail ! a:
as well.

Lava zones 3 and 4 cover Mauna Loa radial vents and hisi@ifidas events have crossed into these zones. Although
not included in the Volcanic High Hazard Area, USGS indicates lava zones 3 and 4 present moderate risk to potential for
future lava flows.

The County added a 1,0600t buffer to each lava zone 1 a2do account for the uncertainty of the location to these
boundaries and use in this assessment. Areas in lava zones 2 through 9 that are located within tfeof [@f€er of

lava zone 1 were recategorized as lava zone 1. Areas in lava zones 3 thrthiag) are located within the 1,08@ot

buffer of lava zone 2 were recategorized as lava zone 2. All results reported, either when summarizing exposure within
the Volcanic High Hazard Area or individual lava zones 1 and 2, include thi$ob0B0ffer.

Although the USG@elineated lavélow zones are based dhe mapped locationsf ventsand lava flows, frequencies

of past eruptionsand topography, the CPT also included historic lava flow flows dloanic High Hazard Aredhe

CPT considered these historic lava flow events and associated inundation extent because lava zones do not have an
associated probability. However, tosic lava flows can establish a pattern of behavior and provide insight into areas
that may be impacted by future lava flows. When considering policy and mitigation, it is important to understand
where previous impacts have occurred to avoid future retpatilosses.

Thehistoric lava flow spatial data available delineates eruptions dating back to Er@@r€¢3-1). In modern history,

1790 seems like a very long time ago to consider lava flows to inform future decision making. To put things in
perspective, theHawaiian Islands began to form more thah million years agoMauna Lodikely emerged above sea

level about 300,000 years ago, and it has grown rapidly upward sincéW8®S 2017ap I dzy' I Y SIF = | dzl f nf
[2FZ YR Yotl dzSI FNB Ofl aaAFTASR | &thepdadIDHGD Selgrs an@havethh 0 S
LR GSYydAlf G2 S NtbeLadost kcHvie Aojcano on Yhe islandizSd- approxima®y percent covered

with lavaflows less than 1,100 years in aggince 1790, 78.97 square miles (or 50,544.4 acres) of lsistma flows
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have occurred outside of lava zones 1 and 2; impacting areas in lava zom4 igure3-2). Therefore, when looking

at the entire gedogic record of these volcanoes, examining historic events dating back to 1790 is relatively a short
period of time. In some cases, the spatial file displaying the historic lava flow extent spans multiple events over decades
of time. Therefore, any lavilow repetitive loss analysis in this report presents a minimum count.
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Figure3-1. Volcanic High Hazard Area
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