COOPERATOR REPORT TO: US COAST GUARD
Preliminary Analysis of Hazards at the Kamokuna

Ocean Entry

Prepared by the U.S. Geological Survey Hawaiian Volcano Observatory
March 29, 2017

Background

Since the onset of the Pu'u O'0 eruption in
abouthalf the time (as of March 2017), constructing dozens of lava deltas and adding about 440
acres of new | and Abowewatds thesé deltag hawk ranged itHs&eviiaom * i .
tiny surfaces measured in 18s100sof square meter&quare yards)p to massive shelvd®9s

of acres in sizeThe largest delta documented was 64 acres in size.

The lavadeltashave usually beguto form assoon as a lavllow reaches the watefhe size of

the subsequenktta islikely determinedin part,by the length of time that the lava flow feeding

it remains active, and presumalalgoby the sizeand (or) slop®f the neaishore coastadlope

upon which the delta forms. Most of the delta is composed of lava riltatlaccumulates on

this slope fragmented during the interaction between the active lava flow and the cold sea water.
When thisfan of material builds up to sea level, latreat nolongerinteracs with sea water, and

is therefore not fragmented, emplaced on top, producing ttedatively smoottlow surface

that characterizes the visible lava delta. Thus, the lava deltas that we see are built upon a
naturally unstable base.

Overtime, most(if not all) deltas experience collapses where portions of the deltas fall into the
water, probably in response gubmarine landslides or slumps causedl)gompaction of the

rubble underlying the delta surfa¢@) oversteepening of the untigng fan of rubbleat the

front of the delta, (3) erosion of the submarine delta by strong ocean currents or surf, (4) shaking
caused by strong surf or earthquakes, or (5) perhaps by some other process not yet identified.
These are in addition to normal erosion from wave ackitost collapses are small agd

unreported, and even those up to several acres in size might be missed, or only identified days
later during aerial reconnaissance missions. Typically, the continflex of lava causethe

collapsed part ahe delta to rebuildor at least begin to rebuild, within a few dag&en

obscuring evidence that a collapse had taken place



Sketch showing (&) developmenand structure, as well &s) collapse of a lavdelta
(https://hvo.wr.usgs.gov/hazards/oceanentry/deltacoljapse

Observations have shown that at least some larger delta coltajpsese ranging in size from

several acres th0s d acres—occurred in piea@eal fashion, as the collapse of a series of

smaller slices from the front of the deMde infer that these scenarios are caused by

considerably larger submarine landslides that develop progressively, often lasting several hours.

On rare occasions, delta collapses trigger small explesi@team blasts-that can hurl both

molten and solid fragments of the delta up to hundreds of nm{gteds) both inland and out to
sea.Even collapses of about 1 acre have triggered explodi@is collapses can also cause

local tsunami capable of flooding the adjacent delta, or even the land above the adjacent sea cliff.
Hot, acidicsteam can also engulf the immediate area, posing yet another hazard.

Summary of current conditions

The episode 61g | ava flow reached the ocean a
at a location known as Kamokuna, and quickly began to build a lava delta. Many small collapses
were reported bilational Park Service (NP®ersonnel over theoflowing months, as the delta

grew, butby the end of the yearad a surface area abbout B acres Starting at mieafternoon

on DecembeB1, 2016, the lava deltabruptlybegan to collapse pieteal into the oceaiM ost

of the deltaslid into the watewover the next several hours, leaving behind narrow remnant ledges

at the base of the sea cliffat totaédabout 2.5 acres

As the collapse progressed, it began to eat into the older sdaetiiffd andadjacent to the east

end of the diéa, sequentially removing another 4 acres of land, possibly due to undercutting
promoted by the delta collapse. This portion
Volcanoes National Park viewing area. The collapse of the older sea difimia instances,

produced large waves that splashed back onto the sea cliff. The total area that collapsed,

including the Kamokuna delta and the older sea cliff, was approximately 25 acres.


https://hvo.wr.usgs.gov/hazards/oceanentry/deltacollapse
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Map showing the area of the episode 619 lava flow near the amahshe Kamokuna lava delta
on January 3, 2017

Lava continued to enter the ocean following the dedtipse, but did so as a larfyeehoselike
stream of lava that emerged from a lava tube exposed at a height approximatgly7Z2Lfth
above the water in the face of a sea cliff that is 28-90 ft) high. This entry point is located at:
19.32056N, 155.04015W (see miatpps://hvo.wr.usgs.gov/maps/uploads/imadd.jpg.

Unlike previously documented collapses at this delta and others, the delta did not immediately
begintoref or m after the New Year’'s Eve coll apse. V
extremely steep slope descending underwater from the basesefitleéff. Until the offshore

region shallows enough (or the deldas likely forming below water becomes less steep) to

allow net accumulation of lava above sea level, construction of a new delta will not occur.

[Note: Observations at the coastline dicatethat asmall deltamayhave begun to form,

starting about March 20]


https://hvo.wr.usgs.gov/maps/uploads/image-364.jpg
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Kamokuna lava delta before and after the DeceBbg2016 collapse. (left) View of the delta on
Octoberl4,2016, when ~15 acres (USGS photo by L. DeSmitl{daght) After the December 3delta
collapse, showing remnants of the delta (USGS photo by M. Patrick, Jdn@axy7).

Ongoing hazards

Sea cliff collapse — Vertical sea cliffs in the vicinity of the lava entmgve proven to benstable
produdng collapses of various size3hese collapseserepreceded by the development of
shoreparallel cracks inland of the cliff edge. For instanceJanuary 25, HVO geologists noted
anarcuatecrack running parallel to th#8-m-high (~90-ft-high) sea cliffabout15 m (~50 ft)

inland of thestream of lava at the Kamokuna ocean entry. Ground inspection of this crack on
SaturdayJanuary 28showed 30 cn~12 in) of separation across the crack. On Wednesday
February 1, four days later, this ckahad widenedo about 70 cn~28 in) and he seaward

block was visiblyoscillating by up to about 2 c(r1 in), possibly in response to explosions
below as hot lava mixed with the cool ocean water. In addition, the ground in the immediate
vicinity was shalng.

A portion of the block estimated to be ab80Gtm long(~260 ft) collapsed into the ocean on
February 2. HVO geologists in the field at the tinedserveda wave propagating outward from
the sea cliff but noted the wave was no larger thgpical oceanswell. Photographs of the
collapse by visitors at the National Park viewing area show a large rebound splash which also
threw dense blocks from the collapsed siifaroughly 100 m(~330 ft) out to sea.



Saturday, Jan 28 Wednesday, Feb 1

(left) Sea cliff crack inland from Kamokuna ocean emnyJanuar8, 2017, when ~30 cm wide, and
(right) on February, 2017, when ~ 70 cm wide. (USGS photos,

https://hvo.wr.usgs.gov/multimedia/uploads/multimediaFile-1627.ipg).

The ollapseof smallportions of this cliff continued for some days afsayme observed and
filmed by tourists aboard tour boatg he few collapses for which good observations exist
showed that the cliff crumbled to piecestagll. While the collpses that were observed
occurred as single events, it is difficult to know if other events might progress inland in
piecemeal fashigrtaking off additional sliceof the sea cliffIt is also not known if all sea cliff
collapsesnclude only that part ahe sea cliff above wateoy if, during larger collapses, part
the submarine clifmightalso fail.

Tephra jets — The stream of lava entering tbeean producesitermittent explosions of spatter
and fine fragments ncl udi ng Pa&las’'ed lmai rHVO' s | i mited
entry, largefragments of molten lavarebeingthrownvertically at leas830-40 m (about100-
130ft), with some landing on the adjac&&m-high (~90 ft-high) andbuilding asmalltephra

cone Mostfragments however, areaining offshore. Without a continuous record of activity we
cannot state precisely how fduis hot spatter can be thrown, lpdst experience suggests that
small pieces of material can be lofted as tagt as faas 100 n(~330 ft). Large explosions

with evengreater throw distancare possible[https://pubs.usgs.gov/fs/2000/fs160Q]]

obs


https://hvo.wr.usgs.gov/multimedia/uploads/multimediaFile-1627.jpg
https://pubs.usgs.gov/fs/2000/fs152-00/
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Photo showing a tglpical 'tephra jet at the Kamokuna ocean entry (USGS photo, 30 January 2017).

Delta collapse and submarine slope collapse — As long as lava enters the ocean, further delta
construction and collapsentscould occur at some point. Thesellapses can be small or
large andoccur withlittle or no warning.While submarine slope failuregre probably closely
associated with delta collapsesme might occur in the absencealefta collapsesie have no
way of presently detecting amonitoring this phenomengonor do we know if it presents any
perceivable hazardHowever thefailure of thesteepfan of rubble developing offshongrobably
will displace water, potentiallgreatng surface waves, thougte have no information on how
largetheresulting waves-if any—might be.

For a schematic diagram illustrating the delta collapse process, see this fact sheet:
https://pubs.usgs.gov/fs/2000/fs16Q/

Ballistics — Large dense fragments ejected dursgmedelta collapses can be thrown in all
directions from the point of collapse, including out to, sSeaesponse to the explosive
interaction ofthe hot deltawith cold sea water Based on a review okarly 30years of diéa
collapse and ejectdistanceobservationsnined fromthe HVO recordgnext section)we
consider a radius of 300, or about 1000tf as areasonable minimurhigh hazard zone around
a lava deltawhenoneis presente.g.,see event of JanuaBg, 1996 below)

Explosions ardess likelyfor collapses of older, coolenaterial though observations of the
recent sea cliff collapses have shown that ballistics can also be thrown peshapsh ag00
m (~330 ) out to sea due to the dynamics of the rebounding sfdistving the impact othe
sea cliffinto the watey as noted above


https://pubs.usgs.gov/fs/2000/fs152-00/

Ballistic block thrown inland during explosion triggered by a lava delta collapse (USGS photo;
https://hvo.wr.usgs.gov/hazards/oceanentry/deltaexplosions/4303053. L.jpg

There is no obvious relatishipbetweerthe size of the deltandthe extent oballistic hazard.
Both large and small lava deltas (arge and smalbortionsof deltas) have collapsed and
triggered explosions. Why some collapses lead to explosions and somigisiioot knownbut
likely dependson how hot the collapsing rock is, and possibly the,ssk@eand abruptness of
the collapseas well aghe nature of the submarine slope.

Waves and surges — During collapse events, water is displaced impulsively and one or more
waves can be produced that travel radially away from ol& pf collapse or explosiolRuring
theDecembeB1, 2016 collapse event, NPS eyewitnesses noted wavsplashesprobably
related to the collapse the older sea clificrashing atop theoughly 15m-high (~50-ft-high)
seacliff near the publicviewing area. HVO has seen one video clip of a small fishing boat
taking on water when a small collapse event occurezaiby(unrelated to the December 31
collapse)sending a wave out to sea.

An analysis by NOAA scientists evaluating wahaighs thatcould be generated sea cliff

collapses indicate thaor a reasonable range of collapse sizes the current sea clifivaves

of between about 1.5 and 5(Band 16 ftin height could travel up to 100 330 ft)from

shore. With the exception tife splash in the immediate impact zone, these waves are not steep


https://hvo.wr.usgs.gov/hazards/oceanentry/deltaexplosions/4303053_L.jpg

and breaking. Rather, they are more like those in a typical ocean swell and will diminish rapidly
in size with distance from the impact zone.

Scalding water — Lava entry into the ocean produces a plume of hot, acidic water that travels
offshore or along shore dependingameancurrents. RecentHVO thermal imaging documented
surfacewatertemperaturesf 60 °C (142 °F) up to about 50 m off shore, and tempesdar

high as44 °C (11 F) extending more thaBOO m seaward. Past evaluation of this plume of hot
water suggests it may lienited to the upper42 m(3-7 ft) of the water column.

(left) FLIR imageand (right) oblique aerial photographtheplume of hot water at tHeamokuna ocean
entry extending several hundred meters off shBoaits for scalUSGS phots, 16 March 2017;
https://hvo.wr.usgs.gov/multimedigiloads/multimediaFild 653.jpg.

“Laze” — Interaction of hot lava and seawater produces a cloud of steam, hydrochloric acid
droplets, and volcanic glass particles that can be harmful to br@hikdaze will drift

downwind sothe hazards stronglydependent on wind conditionshich can change
throughout the dayhe plume is typicallyisible inanHVO webcam:
https://hvo.wr.usgs.gov/cams/panorama.php?cam=HPadtitudes of the &ze plume have not
been rigorously tracked, bahecdotakvidence suggests that near the ocean entry, it remains
typically below abouB00 m (1000 f) above ground level We have no data on how oftére
laze plume drifts offshore into arethsit could impacboat traffic.

The size of the laze plume can increase significantly during delta collapsebof fasidic
plume can envelop nearby areas, causing scalding and potentially, if inhaled, pulmonary edema
and death.


https://hvo.wr.usgs.gov/multimedia/uploads/multimediaFile-1653.jpg
https://hvo.wr.usgs.gov/cams/panorama.php?cam=HPcam

Laze plume drifts offshore from the ocean entry on 3 January 2017; edge of firehose visible (USGS
photo;https://hvo.wr.usgs.gov/multimedia/uploads/multimediaE#&8.jpg.

Summary of hazardous delta collapses during Pu‘u ‘O‘0 eruption

Not all delta collapse events from 1988 to present are inclUdesllistincludescollapse events
that did one or more of the following: (1) triggered explosions that thmeltenspatter odense
rocksonto the adjacent sea cjifR) caused localized tsungn(8) also caused the collapse of
slices of the adjacent, older sea ¢l&ghd (4) promptedhcidentswhere peopl@earbyhad to run
for safety.Information was gleaned fromV O internal reports, with some additions frétvO
field logbookentries.

1) March 26, 1988

Lava delta location/name: Ku papa‘ u
Collapse size: No apparent collapse
Summary:NPS per sonnel |1k (FO6gni)adst oMhe erdnyera dwakened

atl25AMby a roar “ | i keportal lajgehydromagmaticexplosianstidat lasted
for about an hour, ejecting material up tmat 100 m {330 f) vertically and 1080150 m
(~330490 ft) laterally from twotephraconesat the front othe deltaObservationshe next day
found that both cones were heavily mantled with spatter, betaternephracone had a
conspicuous deposit of dense spatter bombs, up to fosiballthat littered the area up to 60 m
(=195 ft)inland of the cone. Blocks afense rock were also abundanthe deposit around the
eastern conél'he event was mferred to beheresult ofalarge landslide or slumping evehtat
opened cracks in the delta, which channeled water tava¢ube and no actual collapse was
identified. The size of the delta was not reported, so it could not be determined if blocks and
debris reached the adjacent sea cliff.


https://hvo.wr.usgs.gov/multimedia/uploads/multimediaFile-1588.jpg

2) May 30, 1988

Lava delta location/name: Ku papa‘ u
Collapse size: Not reported
Summary:Cat astrophic slumping of the underlying

delta unsupported, causiadarge deltacollapse at 19:58M, resulting in large explosion$he
blasstossed blocks adensep a h o e h o e mo (~830 ft)imland buflitOMas nat reported
if this reflects the distandaland fromthe edge ofthecollapse scar dhesea clift

3) July 12,1988

Lava delta location/name: Ku papa‘ u
Collapse size: ~1 acre
Summary: The entire delta broke off into the ocean without warnai@:42 AM Two large

explosions occurred 120 seconds aparthrowing spatteiabout 100 m verticalland sending

spectators runningpattemwvasdeposited withiraradius of 50 m inland frorthe sea cliff but

most ofthedeposit fell 30 n{~100 ft)inland from cliff where it covered 120% of ground

surface. Fallout included 380-cm-long (4—12-in-long) ribbon and cowdung bombsT his was

the first collapse witnessed by an HVO scient
possible means ofescabeor anyone on the delta at the ti me

4) August 15, 1988

Lava delta location/name: Kupapa ' u
Collapse size: ~4 acres
Summary: Almosttheentire delta collapseat 6:14 AM andNPS employees living at

Waha' ul a f edtetinthelday, amdll depdsit of spattewas discovered thabvered
an area about 10 (r33 ft)wide and 20 n{~66 ft) long. Since the entire delta collapsete
infer the deposit to be amesea cliff.

5) September 15, 1988

Lava delta location/name: Ku papa‘ u
Collapse size: ~1 acre
Summary: A major collapseat 11:07 PMremovedhe entire deltatriggering explosions that

produced a tephra cone and hurled densesizedfragments ofhe sea cliffonshore.
6) January 23, 1989

Lava delta location/name: Ku papa‘ u

Collapse size: Not reported

Summary: A major delta collapseccurred at 8:44 AM, claiming 50% of the defaibsequent
explosions threw densddeks of laval0-50 cm(~4-20 in)in diametemwerethrown 46-50 m

(~1306-165 ft) inland fromthe edge of the collapse



7) April 19, 1993

Lava delta location/name: L ae * ap u Kk i
Collapse size: ~1 acre
Summary: A major collapseevent starting é:43 PMwasfollowed byanexplosioncontaining

incandescemnocks. Thesdéragmentswvere directed to the northwest atownup t0200 m
(~655 ft)inland from thesource of the explosion (roughly 120 m, or about 395 ft, inland from
the sea cliff) Several metesized(yard-sized)blocks were found within 20 i2-65 ft) of ocean
and did not reach the sea cliffeyond this area, fragments were gengral5 cm(<10 in). One
person disappeared intiee oceanwhen the part of the delta thesere standing on collapse2l?
visitorsweretreated for injuries sustained from falls or from getting hit by rocks

8) May 15, 1993

Lava delta location/name: Kamoamoa
Collapse size: Not reported
Summary: A deposit of nostly baseballto footballsizedrockswasdiscovered on May 17

scatteredo the north and west up 100 m (~330 ft)inland fromthe ocearentry, with smaller
debris extending 150 m (~490 ft) inlarfkkhe date of May 15 is inferred from seismic data.

9) November 26, 1993

Lava delta location/name: Kamoamoa
Collapse size: ~5 acres
Summary: Cracks formed on the delta in riidbvember. On the afternoon of November 26,

vigorous tephra jets startelh the evemg, a Arge surface flow came out atrack onthedelta
as thedeltaappeared tdilt seaward sending spectators running. Thias followel by a major
delta collaps@andlarge explosiorat 9:28 PM A localized tsunamivashed onshore right
afterward

10) February 22, 1994

Lava delta location/name: Kamoamoa
Collapse size: ~2.5 acres
Summary: Part of the delta collapsed on February 22, depositeag@et of ribbon spatter and

cow dung bombsip to80 m(~260 ft) inlandfrom theresulting scarp. Fimegrainedtephraand
lava fragmentsvere found hundreds of meters from the entry.

11) July 8, 1994

Lava delta location/name: Kamoamoa
Collapse size: ~2 acres
Summary: An inactive part of the delzollapsedat 12:36 AM Denseblocks up to 0.5 nf20 in)

in diameter were deposited-3®M m(~100-130 ft)inland on thesurface of the remainindelta
by the resulting localized tsunami.



12) January 30, 1996

Lava delta location/name: Kamokuna

Collapse size: ~4 acres

Summary: Part of the Kamokuna delta collapsed progressively, in piecemeal fashion, over a
period of about 6 hours. Multiple explosions occurred, throwing blocks up to 75 cm (~30 in)
across up t@50 m(~820 ft)inland from the original coastliné separate repodtated than

dense rocks were ejected to a height of nearly 100 m (~330 ft) and thrown more than 300 m
(~985 ft) inland, but does not specify if this is from the point of the explosion or the sea cliff.
The final collapse in the sequence creataahall, hd local tsunamthatdeposited 5&m-
diameter(20-in-diameter)locksup to30 m(~100 ft)inland fromedge of the collapse scar on
the delta

13) July 12, 1996

Lava delta location/name: L ae * ap u K i

Collapse size: ~3 acres

Summary: A collapseon July 12cutback into older sea clifind triggeredxplosionsthat
depostedspatter and small blocks-530 cm(2—12 in)in diametemup to30 m(~100 ft)inland of
thesea cliff.

14) December 2, 1996

Lava delta location/name: L ae * ap u ki

Collapse size: ~34 acres

Summary: Thedelta began to collapse in piecemeal fashion starting at 7:50 AM and continued
over the next 2.5 hours, until the entire&&e delta was gone. In addition, another 8 acres of
older sea cliff collapsed as well, bringing the total collapse area tor84. @ense rock

fragments weréhrown 100 m(~330 ft)inland, and finer debris as much as 320 m (1,050 ft)
inland, from the sea cliff Blocks more thaB0 cm(12 in) acrosswverethrown 50 m(~165 ft)

inland.

15) December 10 or 11, 1998

Lava delta location/name: Kamokuna

Collapse size: ~14 acres

Summary: A largedelta ollapse sometime on December 10 or 11, removed about 14 acres,
including 6 acres dhe older adjacergtea cliff.

16) March 8, 1999

Lava delta location/name: Kamokuna

Collapse size: ~20 acres

Summary: Nearly the entire Kamokuna delta collapsed on Martchh@ collapse was preceded
by an explosionthatrocked the ground artirewspatter 6675 m(~195-245 ft) into the air
Seven people othedelta, who had walked pastwing signs, ran for it and made a narrow
escapeThedeltacollapsed shortly afterward.



17) April 13, 1999

Lava delta location/name: Kamokuna

Collapse size: Not reported

Summary: The auter margin of delta apparently collaps&tygering spattering that ejected
ribbon spatter up to 1 1 yd)long and flattened bombs the size of dinner plates, as well as
dense rocksip to 20cm (~8 in) in diameter The deposiformeda continuous ground cover 30
35 m(~100-115 ft)inland fromthesea cliff.

18) August 18, 1999

Lava delta location/name: Kamokuna

Collapse size: ~15acres

Summary: A collapse in the morningemoved about 15 acres of land, includirig5 acres of
theactive delta and ~3.5 acres of older sea cliff.

19) August 27, 2005

Lava delta location/name:East L ae
Collapse size: ~11 acres

Summary: A localized tsunamitriggered when part ¢dhe delta collapsedwept lbocks as large
as 1 m(~1 yd)ontoadjacent parts of the delta.

apuki

20) November 28, 2005

Lava delta location/name:Ea st L ae
Collapse size: ~44 acres

Summary:St arting at 11:10 AM, and |l asting for ab:q
collapsed in piecemeal fashiohimost the entiré84-acresdelta collapsedand an additional 10

acres of the older sea cliff held the delta fell in as well, bringing the total size of the collapse to

44 acresLithic blocks up to 15 cnf~6 inches)acrosswverethrown 150 m(~490 ft)inland from
thepre-collapse cliff Spatterwasthrown 100 m(~330 ft) inland, and finer debris wadeposited

up to550 m(~1,800 ft)inland, with almosttotal groundcoverageup to 230 m(~755 ft) inland

apuki

21) May 10, 2007

Lava delta location/name:East L ae
Collapse size: ~23 acres

Summary: The East Lae’ apuki | ava delta began to c
around 2:25 PM and continued for at least the next 4 hours, removing part of the delta and

adjacent older sea cliffistsizeddense rocks wertirownup to140 m(~460 ft)inland fromthe
resultingcollapse scar in the deltéhelargestdenseblock, found 40 m (~130 ft) inland, was

~90 cm(~35 in)across A 35-cm-diameter(~14-in-diameter) rockvas thrown 120 ng~395 ft)

inland. Surprisingly, be collapseccurred 2 monthsfier the ocean entry stopped.

apuki



22) July 30, 2008

Lava delta location/name: Waikupanaha

Collapse size: ~2 acres

Summary: A small delta collapse occurred between 5:00 and 6:00 AM, based on anomalous
seismicity.Blocks of dense lava up 8D cm(~32 in)across but on average aboli® cm(~4 in)
across, weréghrownas far as10 m(~360 ft)inland.

23) August 27, 2008

Lava delta location/name: Waikupanaha

Collapse size: 1-2 acres

Summary: A small delta collapse occurred between 10:00 and 11:00 PM, based on seismicity.
Dense rocksverethrownas far ad80 m(~590 ft)inland from the sea cliff Theaverage block
sizewas5-10 cm(~2—4 in), butmany blocksvere25 cm(~10 in) across.

24) December 7, 2008

Lava delta location/name: Waikupanaha

Collapse size: 34 acres

Summary: A delta collapse occurred on the morning of December 7, possibly between 2:40 and
5:23 AM, based on seismicitfist-sized rocks and smaller fragmefefi as far a215 m(~705

ft) inland Several denseocks werdound 375 m(1,230 ft)inland, butwe cannot unequivocally

say thathey weredeposited byttis explosion

25) January 18, 2009

Lava delta location/name: Waikupanaha

Collapse size: Not reported

Summary: Denseblocks of lava, thought to be recemgrefound impacted intthe tephra cone

on top of the sea clitbn January 222009 We infer that these are from a collapse that reportedly

occurred on January 18.

26) February 17, 2009

Lava delta location/name: Waikupanaha

Collapse size: Not reported

Summary: A crack acrosshedeltawas observed on February 16, and was seen to be wider the
next day. At about 1:30 PM, the deltalepked throwing dense, angular fragments uRi® m
(~900 ft) inland from edge of the collapse sca24® m(~785 ft)inland fromthe older sealiff.

The deposit included pebbl® footballsizedrocksas well as cowdlung bombs

27) December 31, 2016

Lava delta location/name: Kamokuna



Collapse size: ~25 acres

Summary: A piecemeal collapsef the deltebegan in migafternoon and continued into the
evening. In addition tthe collapse of about 21 acres of tihelta, about 4 acres of the etdsea
cliff behind ando the east of thdelta also collapsk taking with it a portion of th&lPSpublic
viewing arealL.ittle explosive debrisvasproduced.



