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Study Area

[Ahupua'a Kamiloloa

Kapa'akea
Homestead Areas

Kamiloloa-One Ali'i
Homestead Areas

Kawela
2 Tsunami

1-2 Stream
Flooding

2 Big Waves

3 Storms

2 Erosion

3 Sea Level

3 Seismic
Rankings: Kawela

1 = Low Hazard Ce-l:v:r:-‘;’nr:ll:lk:r:slly
4 = High Hazard

Molokai and Lanai
Damaging high
waves* and
high waves due
to hurricanes o

Moom
high waves pir el

Molokai
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1978 Nov 13 High e
1983 Mar 14 High mrt
0 10km 1962 Sap 11 ok, high waves.

Lakos and rosorvors Lanai

" 1000-2000 feat 28

TS Tropical storm South Shores
101 Height of surl (feet) 197 T ot

*Does not include waves due to tsunamis.

NOTE: East, west, and south shores of Molokal end north and east shores
ot

reduced seasonal wave energy.

“onﬂ\

PACIFIC SWEL
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East Shores
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EVACUATE ALL SHORELINES AND SHADED AREAS

(If outside the tsunami evacuation areas, avoid non-essential travel.)

TSUNAMI EVACUATION M

KAI MAP 3: KAPUKAULUA (KAKAHAIA BEACH PARK)
KAMILOLOA TO KAUNAKAKAI

Kawela Plantation 1
Kavela Plantation 2
1

Kawela Plantation 3

Kapuaiwa
Coconut

Grove
N { mauka
Kaunakakai // o m [ s, ey Al \
Harbor | \&/ o ks Kalokooh Fishpond
& P bz,
Not Note
lote ‘ When

Secure, remove or put to bounda
Sea all vessels in harbors N along
e to the probabilty of roadw
strong curents and wave considered to be safe

from wave action.

Continuous Load Path Connection

pn
Vo

Rafter-to-Top Plate Connections:
Transfer forces from the roof to
the top plate

Top Plate-to-Stud Connections:
Transfer forces from the top
plate o the stud

Floor-to-Floor Connections:

Transfer forces from the second

story to the firststory.
Stud-o-Sill Plate Connections:
Transfer forces from wall studs

o the mudsil Foundation
m & Tie Down

Sill Plate-to-Foundation Connections:
Transfer forces from the mudsillinto
the foundation

Courtesy of
Simpson Strong-Tie
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University of Hawai'i Sea Grant College Program

HOMEOWNER'S
HANDBOOK

TOPREPARE FOR

http://seagrant. soest hawaii.edu/homeowners-handbook-to-prepare-for-natural- hazards/

Attempting to Complete the Load Path for
Single Wall Houses

HPT Hurricane Clip

Post and Pier Retrofit in
4th Edition
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SEA LEVEL RISE NOAA DIGITAL COAST SLR VIEWER

1950-2010

Tide gauge in
Kahului Harbor
indicates rising tides

Risk model combines

Coastal Erosion

Flooding

= Sea Level Rise

Exposure Area

Kahului, HI  2.32+/-053 mmiyr
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A GLIMPSE OF THE FUTURE
Today’ s King Tide = Tomorrow’ s Average Water Level

® satellite

Digital Elevation Model (DEM)

EXPOSURE

Sea Level Rise Exposure Area O

o5t
1R
20t
¢ 22ft

VULNERABILITY

Potential Economic Loss €

data €2018.6 gey 62018, Digtali 2 map emor

photo credit: Asa Ellison "A Honoapiilani Hwy, Olowalu MM14, May 2017

SEA LEVEL RISE IMPACTS IN HAWAII

Increased rain storms =

FLOODING

Silt runoff and bleaching impacts
on REEFS

Salt intrusion to WETLANDS

Coastal erosion leading to
seawalls = BEACH LOSS

Wave overtopping = CLOSED
ROADS

Vulnerable INFRASTRUCTURE
Kamehameha Highway

Fire Station

;10250 10

Fuel Tank Farm

Today waves break offshore along the edge of the reef

Graphic not to scale.

Il

PacioOs

HDx

SOEST

N
g
{oman}

ey

©o




Wave-driven Components

| Water Level Changes

Bathymetry

ISLAND RESULTS

SLR-XAWITH 3.2 FEET OF SEA LEVEL RISE
[

ACRES OF LAND IN SLR-XA

|-

Mangroves

Coral Reefs

Nature buffers wave energy with reefs, plants, sand & dunes

Living shorelines try to emulate & copy nature

Diagram exaggerated and not to scale

ISLAND RESULTS
SLR-XA WITH 3.2 FEET OF SEA LEVEL RISE
L

NUMBER OF STRUCTURES
FLOODED
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ISLAND RESULTS

SLR-XAWITH 3.2 FEET OF SEA LEVEL RISE
[

MILES OF ROAD
FLOODED

COASTAL EROSION

Combination of Causes:

Sediment transport
hindered or interrupted

Currents & seasonal wave
conditions move sand

Storms move sand quickly .‘5%-
(episodic erosion)

Sea-Level Rise (chronic
erosion)

Shore armoring (seawalls)

ISLAND RESULTS

SLR-XAWITH 3.2 FEET OF SEA LEVEL RISE
[

ECONOMIC LOSS
due to structure and land loss

= =

How does sand, silt, pebbles, and rocks
move along the coastline?

Longshore Transport
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Changing Beach Face or Profile

Normal beach profile
Big waves can eat into sand dunes and

back shore areas to redistribute sand
seaward and replenish the beach

Beach

Adjustment for large waves
The extra sand makes the nearshore

shallower so that the waves break

=R - further offshore

offshore

Dunes
and beach
release sand

Recovery
Normal currents push the sand back up

to be held and captured by dune or
back shore vegetation

Coastal dunes and
beach store sand until

next large wave event B
Sand moves
onshore

Large waves, which tend to occur seasonally
in Hawaii, cause a beach to temporarily
change its profile.

Sd
Rubble — — — — g%l we

Sand

Silt/Clay—

Reef crest Fore reef

Beach Reef flat

Carbonate-rich sandy mud

Coastal facies Terrigenous mud
with carbonate sand

A

Ancestral reef
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SEDIMENT TRANSPORT

Google

Imagery ©2019 Google, Data SOEST/UHM, Map data ©2019 Google 2000 ft

HUMAN IMPACTS: ARMORING

Initial shore profile

Initial shore profile

Shoreline profile after retreat
0L il (no change in width)
= widfh —

Beaches on chronically eroding shores
can maintain their natural width as they
slowly retreat landward.

Shoreline profile after retreat

Beach loss

Source: U.S. Amy Corps of Engineers (1991)
Beach loss eventually occurs in front of
a seawall where there is chronic
erosion.

Often Causes a Domino Effect
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shoreline access
is Iost because of erosion g

o "Unstabilized -
Stabilized - i:;illlos;eserved

beach lost *

land preserved

s buffer & absorb wave energy ',
eess to the ocean :

Image: County of Maui, Jim Buika



EROSION RESPONSE OPTIONS

Restore w/Soft N

EROSION RESPONSE OPTIONS

SILLS -

Parallel to existing
or vegetated
shoreline, reduces
wave energy, and

BREAKWATER -
(vegetation

optional) - Offshore of
structures intended  al
to break waves,

prevents erosion.  reducing the force
Suitable formost  of wave action, and sites
areas except high  encourage sediment pi
wave energy accretion. Suitable  hard
environments. for most areas. struc
Source: https://www.fisheries.noaa insi ing-living

Beach and Land Erosion at Project Beach

Beach and Land Erosion Causing Pollution at

Looking East, 22 August 2006 - before geotube Project Beach, 4 August 2009 — before

groins.

geotube groins

Stable Road, 2006 & 2009 (before restoration)
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Construction at King’s Park, Newport, Rl
Photos courtesy of Janet Freedman

Natural Fiber Blankets
to Stabilize the Soil

to increase stability B

Area to be Excavated
fo Install Sand Filled Tubes

NOT TO SCALE

Naturalized
Living
Shoreline

Image: County of Maui. Jim Buika

Kama’ole Il Beach Park:
Community-based native plant & dune restoration

1/28/19

11



