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PURPOSE. This Coastal and Hydraulics Engineering Technical Note (CHETN) reviews the
development of the conceptual regional sediment budget for the West Maui Region which is a
component of Hawaii Regional Sediment Management (HRSM) investigations. This document
discusses the methodology used for determining volume change rates as well as numerical modeling
completed, including the Particle Tracking Model (PTM), in support of identifying sediment
pathways in the region. The results of these investigations were used to create the present day
sediment budget for the West Maui Region using the Sediment Budget Analysis System (SBAS)
software.

BACKGROUND. Regional Sediment Management refers to the effective use of littoral,
estuarine, and riverine sediment resources in an environmentally sensitive and economical
efficient manner. RSM was officially implemented at the U.S. Army Corps of Engineer
(USACE) Honolulu District in February 2004. The Honolulu District (POH) overall RSM plan
IS to investigate RSM opportunities along all regions in Hawaii. Conceptual regional sediment
budgets have been developed in various regions throughout the islands in order to gain a general
understanding of the control that morphology and coastal processes have on sediment pathways
and transport volumes. The regional sediment budget for the West Maui Region was developed
to help inform future sediment management planning and decisions, and to aid in identification
of potential RSM projects within the region.

The West Maui Region incorporates a thin coastal margin backed by steep mountainous terrain
that has been vastly altered by agricultural and urbanized development. Increased siltation
within nearshore waters associated with loss of forest land, historical agriculture practices,
stream channelization, and rapid development has impacted coral reef health. Shoreline erosion
threatens upland development consisting of large-scale resorts, hotels, condominiums and single-
family homes. Shoreline hardening is being proposed along portions of the region’s shoreline.
The State of Hawaii, as the Hawaii RSM non-federal sponsor, and the County of Maui are
looking for more natural solutions to the erosion problems being experienced in the West Maui
Region. The federally authorized West Maui “Ridge to Reef” Initiative will engage various
federal, state and county agencies in the implementation of a strategy to reduce the threats of
land-based pollution to coral reefs in West Maui. The limits of the West Maui RSM Region are
shown in Figure 1, which coincides with the limits of Honolulu District’s West Maui Watershed
Study and the West Maui “Ridge to Reef” initiative.

Honolulu District’s RSM focus in Fiscal Year 2014 was the West Maui Region. Figure 2 shows
the littoral cells that comprise the region from south to north are Hanakaoo, South Kaanapali,
North Kaanapali, Honokawai, Kahana, Kahana Sunset, Napili Bay, Kapalua Bay, Oneloa Bay,
Honokahua Bay, Mokuleia Bay, and Honolua Bay. There are no federally authorized coastal
flood risk management or navigation projects in the region, but in September 2012, the
Department of Land and Natural Resources (DLNR) and the U.S. Army Corps of
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Figure 1. Location map of the West Maui RSM Region which coincides with the limits of
Honolulu District’s West Maui Watershed Study and the R2R initiative.

Engineers, Honolulu District signed a $3 million cost-share agreement to develop a watershed
study to support the West Maui “Ridge to Reef” (R2R) initiative. The initiative is one of the first
efforts in the state to implement a comprehensive management strategy to address impacts to
coral reefs across multiple watersheds. West Maui has some of the most severely impacted coral
reefs in the state. Causes of coral reef decline are complex and not yet fully understood.
However, land-based pollution is known to be a serious threat to coral reef ecosystems.
Increased sedimentation associated with loss of forest land, historical agriculture practices,
stream channelization, and rapid development has clearly impacted coral reef health. The West
Maui R2R initiative will engage various federal and state agencies and organizations in the
implementation of a strategy to reduce the threats of land-based pollution to coral reefs in West
Maui. RSM efforts in West Maui will inform the R2R initiative and the watershed study as to
sediment pathways in the nearshore environment.

APPROACH. Shoreline change for the region was quantified by the United States Geological
Survey (USGS) in their report titled “National Assessment of Shoreline Change: Historical
Shoreline Change in the Hawaiian Islands” (USGS 2012). Coastal Modeling System (CMS)
numerical models CMS-WAVE and CMS-FLOW were implemented to simulate wave
transformation and water circulation within the region. Prevailing (tradewind) and predominant
(northwest and south swell) wind and wave conditions were simulated in steering mode to
capture the interdependence of waves and currents, in addition to analysis using the Particle
Tracking Model to identify the dominant sediment pathways. Results from the shoreline change
analysis and coastal processes modeling were utilized to develop the West Maui regional
sediment budget.
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Figure 2: Map of littoral cells that comprise the West Maui Region.

Shoreline Change Analysis. U.S. Geological Survey: Shoreline change rates were
calculated by the USGS from “long-term” and “short-term” shoreline data. All available
shorelines were used for long-term rate calculations. Post World War 11 shorelines were used for
short-term rate calculations. A minimum of three historical shoreline positions were required
when calculating a shoreline change rate with the technique employed by the USGS. The
average of all long-term rates for West Maui is -0.15 £ 0.01 m/yr and 85 percent of transects are
erosional in the long term. All subregions in West Maui are erosional in the long- and short-term
based on average rates. The Napili-Kapalua subregion has the highest average erosion rates, -
0.22 £ 0.02 m/yr in the long term and -0.19 + 0.03 m/yr in the short term. Other areas of
significant long-term erosion include Honokowai (up to -0.5 + 0.4 m/yr), Kahana (up to -0.4 +
0.1 m/yr), and Napili Bay (up to -0.4 £ 0.2 m/yr)

The average of all long-term rates for West Maui is -0.15 £ 0.01 m/yr and 85 percent of transects
are erosional in the long term. Erosion is slightly lower in the short-term than in the long-term
rate, with an average short-term rate of -0.13 £ 0.01 m/yr, and 77 percent of transects that are
erosional. The maximum short-term erosion rate (-0.7 = 1.7 m/yr) was found at Mokuleia
Beach. The percentage of accretion increased from 14 (for long-term rates) to 18 (for short-term
rates).

Honolulu District: In order to estimate the quantity of sand represented in the shoreline
changes reported by the USGS, the Honolulu District utilized a conversion value of 0.4 cubic
yards of sand per foot of shoreline change (per foot of shoreline length). Within various littoral
cells, the current shoreline position was acquired by USACE in 2014 through the use of Global
Positioning System equipment. Since the USGS study tracked the movement of the beach toe
(intersection of the beach profile and reef flat), the recently acquired shoreline positions were
adjusted to reflect the offset between the surveyed shoreline and the beach toe. Figure 3 and
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Figure 4 display shoreline positions (from south to north) for the years 1997 and 2014 along the
Hanakaoo and South Kaanapali littoral cells, respectively.

STANCE FROM BASELINE [ft]

s

B00

Figure 3: Shoreline change within the Hanakaoo littoral cell for the years 1997 and 2014.
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Figure 4: Shoreline change within the South Kaanapali littoral cell for the years 1997 and 2014.

The shoreline along the southern 0.3 miles of the Hanakaoo littoral cell receded while the central
portion of the shoreline (from 0.3 to 0.6 miles) was relatively stable. The northern shoreline in
the cell (from 0.7 to 0.8 miles) also receded over the period. In contrast, shoreline advance was
noted along the entire half mile of the South Kaanapali shoreline from 1997 to 2014. Maximum
shoreline advance (on the order of 60 feet) can be seen at the southern and northern limits of the
cell while the central portion experienced uniform shoreline advance (nominally 30 feet).

Figure 5 and Figure 6 show the corresponding volume change rates in cubic yards per year
(cylyr) for the two littoral cells over the various time periods available in the USGS shoreline
change database. The rates were relatively small in both littoral cells (z 5,000 cy/yr) for all time
periods. Extreme rates of erosion occurred in the Hanakaoo littoral cell during the periods of
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1961-1963 (-24,000 cy/yr) and 1988-1992 (-17,000 cy/yr). Rates of note in the South Kaanapali
littoral cell occurred from 1912-1932 (-7,000 cy/yr) and 1988-1992 (with a rate of -8,000 cy/yr
which includes the impacts of Hurricane Iniki). For the present time period (1997-2014), the
volume change rates in the Hanakaoo and South Kaanapali littoral cells were -2,148 cy/yr and
3,308 cylyr, respectively. Corresponding figures for the other littoral cells in the region are
provided in Appendix A.
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Figure 5: Volume change rates through time (in cubic yards per year) for the Hanakaoo littoral
cell.
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Figure 6: Volume change rates through time (in cubic yards per year) for the South Kaanapali
littoral cell.

Numerical Modeling. An understanding of the sediment transport processes for the West
Maui region requires evaluation of waves and circulation in the region as well as neighboring
areas and islands affecting sediment movement in the study area. A wave and flow modeling
study was implemented in order to infer regional sediment transport patterns and to provide the
basis for the development of a detailed sediment budget. The regional processes influencing the
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West Maui shoreline that were considered in setting up the numerical model are complex and
include the following:

1. A multi-directional wave climate with waves arriving from north, south, and occasionally
west

Wave sheltering from the islands of Lanai, Molokai and Kahoolawe

A propagating tide from south to north through Auau and Pailolo channels

Large internal tides in Hawaii

Complex nearshore bathymetry including coral reefs

The northeast trade winds occurring throughout the year affect west Maui region strongly
from April to November. These winds intensify by 50% in the channels between the islands
of Maui, Molokai and Lanai due to a funneling effect (Storlazzi and Field, 2008).

ok wn

CMS-Wave and CMS-Flow models (Demirbilek and Rosati, 2011) were used to develop
estimates of waves and currents. To better understand coastal dynamics in coral reef habitats,
the US Geological Survey obtained wave and current data at four locations (Figure 7) along the
west coast of Maui. Data included hourly observations of waves, currents, temperature, salinity
and turbidity off the West Maui coast for about 4 months between June and October 2003
(USGS, 2004). All measurements were on the inner shelf in water depths of 9 to 12 meters.
These wave and current data were used in the present study to calibrate and validate numerical
models.
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Figure 7: Locations of USGS Data collection

Grid bathymetry for the wave and current models was created using the island-wide bathymetry
dataset maintained by Dr. Kwok Fai Cheung at the University of Hawaii School of Ocean and
Earth Science and Technology, Ocean and Resources Engineering Department. In order to
properly estimate the wave and current fields for the west coast of Maui, a nested grid system
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with a parent grid and a child grid was used. Figure 8 shows the two nested grids. The domain
of the parent grid covers a rectangular area of 133 x 165 km, and includes four islands (Maui,
Molokai, Lanai, and Kahoolawe) and part of eastern coast of Oahu. The parent grid consists of
147 x 181 cells with variable cell size ranging from 250 x 500 m to 1500 x 1500 m. The child
grid covers a rectangular area of 9 x 22 km that includes only the west coast of Maui. It consists
of 188 x 533 cells with a variable cell size ranging from 20 x 20 m to 250 x 250 m. The parent
grid was run in full-plane mode, to allow waves to enter the domain from both the north and
south directions. A spatially varying friction factor was applied to both CMS-FLOW and CMS-
WAVE to incorporate the effects of increased friction over nearshore reefs on currents and wave
breaking.

Depth, m (MSL)

Figure 8: Parent (red) and child (white) rectangular grid domains

The CMS model calibration was conducted for July-October 2003. The CMS-Wave parent grid
simulation was forced with incident waves and winds from the Wave Information Study (W1S)
hindcast data (http://wis.usace.army.mil/hindcasts.shtml) along the northern and southern model
boundaries. Figure x shows the WIS stations available in the study area, with those that were
used for model boundary conditions (Stations 82517 and 82546 for north and south, respectively)
circled in red. Figure 4 shows wind and wave inputs to the parent grid for July-October 2003.
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Figure 9: Map showing WIS Hindcast Stations and those used to force CMS-Wave (circled in
red), as well as NOAA tide stations used to force CMS-Flow (starred).

The WIS data show the hindcast wave heights from Station 82517 (north of Maui) are generally
greater than wave heights at Station 82546 (south of Maui), as Station 82517 is exposed to larger
waves from NE (Gulf of Alaska), NW (Japan Sea), and E directions (easterly waves generated
by the trade wind). On the south side of Mauli, the coast is sheltered from waves from E, NE, N,
and NW. The wave periods from Station 82546 are overall greater than wave periods at Station
82517, as the majority of waves south of Maui is the swell from the distant southern hemisphere.
The southerly and easterly wave directions at Station 82546 (south of Maui) are the result of
southern swell mixed with local wind waves generated by the tradewind.

The CMS-Flow parent grid simulation was coupled to CMS-Wave using measured water levels
from two NOAA tide stations. Water level data were available from Station 1615680 at Kahului
Harbor, and Station 1617433 at Kawaihae Harbor (Figure 9). Tidal effects on currents are
relatively small in the Hawaiian Islands because the tidal range is less than 1 m. Model results
from both the wave and flow parent grids were used to drive the child grids. Both models were
calibrated with data from the four USGS gauges.
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Figure 10: Wind and wave forcing for the July-October 2003 simulation.

Figure 11 shows the comparison of model wave heights and period with measured data at PUM
(Puamana) and BRK (Black Rock) July 2003. The blue line indicates forcing with wave
parameters only; the green line indicates forcing with the full 2-D wave spectra. Figure 12
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shows the model calculated water levels and measured data at APT (Kahana) and PUM
(Puamana) for July 2003. Figure 13 shows model current results and data at HKW (Honokowai)

for July 2003.
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Figure 11: Calculated and measured wave heights at Puamana (PUM) and Black Rock
(BRK) for July 2003.
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Figure 13: Calculated and measured current comparison Honokowai (HKW) for July 2003.

The long-term time series simulations were completed for two selected time periods. The first
was for the entire year of 2003, representing an extreme storm year. The second was the 15
month period from September 2009 to December 2010, representing a typical year, including a
full winter wave season. Results from these two long-term simulations are used in the Particle
Tracking Model (PTM) simulations to investigate seasonal pathways of sediment transport along
the west Maui shoreline. Two snapshots of wave and current fields for 3 July 2003 (@0600
GMT) are shown in Figures 14 and 15, respectively. Offshore waves parameters at this time
were Hs=1.7m, Tp=7.5s, and Dir = 57 from WIS 82517 (north boundary) and Hs= 1.1m, Tp=
14.6s, and Dir = 127 from WIS 82546 (south boundary). The tide was at 0.203m MLLW and
0.369m MLLW at the north and south boundaries, respectively, and on the way down from the
peak high tide. The figures indicate that the West Maui shoreline was dominated by south swell,
and in turn, primarily north directed currents during this summer swell.

12
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The Particle Tracking Model provides powerful visualizations of potential sediment transport
utilizing the results from both CMS-WAVE and CMS-FLOW. Figure 16 shows the PTM
solution after 14 hours or run time for a November 2003 north swell event, with sediment
sources placed in the North Kaanapali cell along the nearshore profile, as well as a point source
placed in the South Kaanapali cell. This example figure illustrates the south directed transport
that is predicted during a north swell event along the Kaanapali shoreline by the PTM.

Figure 16: Particle Tracking Model results for transport of sand after 14 hours from north swell
simulated by CMS-Wave and CMS-Flow. (Sources shown in yellow, particles in red)

SEDIMENT BUDGET. The results of the wave/circulation model steering runs and the
subsequent PTM visualizations, in combination with the shoreline change analysis, were
intended to inform development of a conceptual regional sediment budget for the time period
1997 through 2014. Shoreline locations and annual volume change rates for each littoral cell
were calculated as shown Figures 5 and 6 (along with similar figures provided in Appendix A).
The relatively low rates of annual volume change calculated for the period 1997 through 2014
indicate that the majority of littoral cells were stable to slightly accretionary. For this reason,
transport directions and quantities have not been assigned to the annual volume change rates

14
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shown in Figure 17 and Figure 18 for the southern and northern portions of the West Maui
Region, respectively.

Fure 17: Annual volume change rates for the southern portion of the West Maui RSM region
(quantities are cubic yards/year).

Figure 18: Annual volume change rates for the northern portion of the West Maui RSM region
(quantities are cubic yards/year).

15
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CONCLUSIONS. The analysis of shoreline change completed by USGS/UH/POH, as well
as numerical modeling of waves, currents and sediment pathways has aided in an increased
understanding of the coastal processes at work along the West Maui Region shoreline. Overall,
the dynamics of the area are very complex, with a wave climate affected by intricate bathymetry,
wind, and island sheltering; currents that vary from nearshore to offshore and within the water
column; varying coastal morphology including headlands; and a very limited supply of sediment.
Current and wave models indicate that large wave events in the summer and winter drive the
majority of sediment transport (northward directed in summer and southward directed in winter).
This resulted in small values of net transport of sediment, though shorelines can be drastically
affected by this seasonal pattern. There is also evidence of nearshore eddy formation due to
coastal morphology, which in combination with quickly changing wave conditions increases the
complexity of sediment transport in the region, with sediment pathways changing on short-term
(hours) to longer-term (weeks and months) temporal scales. In summary, this is a very dynamic
and seasonally affected shoreline, and the RSM investigations completed here are one tool that
will help inform future shoreline management in the region.

POINTS OF CONTACT. This CHETN was prepared as part of the Regional Sediment
Management program, and was written by Jessica H. Podoski, P.E. of the U.S. Army Corps of
Engineers Honolulu District, Honolulu, HI, with input from the Hawaii RSM PDT. Additional
information pertaining to Hawaii RSM can be found on the following website;
http://gis.poh.usace.army.mil/rsm/index.htm.
Also, feel free to visit the RSM Program website at;
http://rsm.usace.army.mil.
Questions regarding this CHETN or the RSM Program may be addressed to:
Linda S. Lillycrop Linda.S.Lillycrop@usace.army.mil
(RSM Program Manager)
This ERDC/CHL CHETN-xxx-xx should be cited as follows:
Podoski, J.H., Smith, T.D, Demirbilek, Z. and Lin, L., 2014. Hawaii RSM:
Regional Sediment Budget for the West Maui Region. Coastal and Hydraulics
Engineering Technical Note ERDC/CHL CHETN-XIV-xx. Vicksburg, MS: US
Army Engineer Research and Development Center, Coastal and Hydraulics
Laboratory (ERDC-CHL)
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APPENDIX A
West Maui Region

Shoreline Location and Volume Change Rate Figures
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Figure Al: Shoreline locations within the North Kaanapali littoral cell for the years 1997 and
2014.
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Figure A2: Volume change rates through time (in cubic yards per year) for the North Kaanapali
littoral cell.
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HONOKOWAI LITTORAL CELL

WEST MAUI REGION: HONOKOWAI HISTORIC SHORELINES
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Figure A3:

Shoreline locations within the Honokawai littoral cell for the years 1997 and 2014.
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Figuré A5: Shoreline locations within the Kahana littoral cell for the years 1997 and 2014.
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Figure A6: Volume change rates through time (in cubic yards per year) for the Kahana littoral

cell.
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Figure A7: Shoreline locations within the Kahana Sunset littoral cell for the years 1997 and

2014.
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Figure A8: Volume change rates through time (in cubic yards per year) for the Kahana Sunset

littoral

cell.
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NAPILI BAY LITTORAL CELL
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Figure A9: Shoreline locations within the Napili Bay littoral cell for the years 1997 and 2014.
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Figure A10: Volume change rates through time (in cubic yards per year) for the Napili Bay

littoral cell.
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Figufe All: Shoreline locations within the Kapalua Bay littoral cell for the years 1997 and

2014.
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Figure A12: Volume change rates through time (in cubic yards per year) for the Kapalua Bay

littoral

cell.
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ONELOA BAY LITTORAL CELL
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Figure A13: Shoreline locations within the Onelos Bay littoral cell for the years 1997 and 2014.
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Figure A14: Volume change rates through time (in cubic yards per year) for the Oneloa Bay

littoral cell.
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HONOKAHUA BAY LITTORAL CELL
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Figure A15: Shoreline locations within the Honokahua Bay littoral cell for the years 1997 and
2014.
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Figure A16: Volume change rates through time (in cubic yards per year) for the Honokahua Bay
littoral cell.
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MOKULEIA BAY LITTORAL CELL
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Figure A17: Shoreline locations within the Mokuleia Bay littoral cell for the years 1997 and
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Figure A18: Volume change rates through time (in cubic yards per year) for the Mokuleia Bay

littoral cell.
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Figure'A19: Shoreline locations within the Honolua Bay littoral cell for the years 1997 and
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Figure A20: Volume change rates through time (in cubic yards per year) for the Honolua Bay

littoral

cell.
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