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WAIKIKI BEACH COMMUNITY ADVISORY COMMITTEE
EXECUTIVE SUMMARY

BACKGROUND

Waikiki Beach is a globally recognized
icon of Hawai‘i and is the state’s largest
tourist destination. Waikiki Beach also
has tremendous cultural significance and is
the birthplace of the sport and culture of
surfing. The beaches, reef ecosystems,
and myriad world-renowned surf breaks
are valuable natural resources that support
the culture and lifestyle of Hawai‘i, and &
the idyllic image of Waikiki.

Waikiki Beach is a highly engineered &
urban  shoreline with the modern
configuration largely the result of past 3%
management efforts (e.g., groins, seawall,
and sand fill) intended to widen the beach.

Many sections of Waikiki Beach are substantially narrowed or completely lost due to chronic
beach erosion, lack of coordinated management, and insufficient capital investment. Beach loss
results in a variety of negative economic, social, cultural, and environmental impacts. Therefore,
it is important to fully understand the cumulative effects of shoreline development, recreational
activities, and coastal processes (natural and human-induced) that control the movement of sand
within the littoral system.

The Waikiki Beach Community Advisory Committee will help to address the complex issues
associated with beach sustainability by building consensus and identifying and resolving
conflicts relating to Waikiki Beach management. The committee will provide important guidance
for planning and prioritizing future beach management projects at Waikiki.

The State Department of Land and Natural Resources (DLNR) and the Waikiki Beach Special
Improvement District Association (WBSIDA), in partnership with the University of Hawai‘i Sea
Grant College Program (UH Sea Grant), seek to assemble a small group key stakeholders to
advise the State and County on future beach management and maintenance projects in Waikiki.
For the purposes of this project, we define Waikiki Beach as the beaches and nearshore coastal
zone extending from Kaimana Beach (Natatorium) to Fort DeRussy Beach (Hilton Hawaiian
Village). The primary purpose of the advisory committee is to identify and prioritize beach
management projects in Waikikt and to help inform these projects.

Waikiki Beach Community Advisory Committee



Waikiki Beach Advisory Committee Goals

1.

2.

(98]

Advise the WBSIDA, the DLNR and UH Sea Grant on the development and implementation
of a Waikiki Beach Management Plan.

Ensure that future beach management projects address the issues and concerns of the
Waikiki community and local stakeholders.

Adpvise the State, County and stakeholders on beach management projects in Waikiki.
Provide community coordination, education, and outreach efforts about beach management
issues and projects in Waikiki.

Provide diverse perspectives and guidance for future beach management and planning
activities in Waikiki.

Identify and evaluate alternatives for beach management and maintenance in Waikiki.

Specific Committee Activities

1.
2.
3.

N

Meet semi-annually for updates or more frequently as needed during projects.

Serve as a sounding board for proposed projects in Waikiki Beach.

Provide local knowledge and expertise about important social, cultural, economic and
environmental issues related to Waikiki Beach.

Provide strategic insights on Waikiki Beach management and ideas to overcome
obstacles, capitalize on opportunities, and support long-term planning.

Facilitate partnerships with relevant agencies, organizations and individuals.

Serve as community representatives for specific beach management issues and
concerns.

Committee Benefits

Members of the Waikiki Beach Advisory Committee will benefit — waikiki Beach Community Advisory
from hearing about and collaborating on state-of-the-art research Committee Composition
and other project plans being conducted by university

researchers and government agencies. Members will also benefit

35 Committee Members Total

from being part of a network of partners with diverse knowledge EI

and perspectives. All stakeholders will benefit from the external - -
perspectives and strategic thinking provided by diverse &I
individuals. The success of the Advisory Committee would be of

mutual benefit to Advisory Committee members by serving as an v -y

example of effective early coordination and education for all
members and facilitate the early identification of project
concerns.

Coordinator Contact Info:

Dolan Eversole

University of Hawai‘i Sea Grant College Program
Waikiki Beach Management Coordinator
808-956-9780  eversole@hawaii.edu

Waikiki Beach Community Advisory Committee 2



Waikiki Beach Community Advisory Committee (April, 2020)
https://www.wbsida.org/waikiki-beach-community-advisory-committee

The Waikiki Beach Advisory Committee is composed of approximately 35 people from a cross-
section of local government, community groups and businesses.

Name Organization/Business

Agencies & Organizations

Lauren Blickley Surfrider Foundation- Regional Manager

Keone Downing Save our Surf

Rick Egged Waikiki Beach Special Improvement District Association
Dolan Eversole UH Sea Grant (WBSIDA)

Bob Finley Waikiki Neighborhood Board

Chip Fletcher University of Hawaii

Jim Fulton Duke’s Oceanfest/ WBSIDA

Shellie Habel University of Hawai‘i Sea Grant/DLNR

Jim Howe C&C Dept of Emergency Services

Kalani Kaanaana Hawai‘i Tourism Authority

Guy H. Kaulukukui C&C of Honolulu Department of Enterprise Services
Sam Lemmo Department of Land and Natural Resources-OCCL
Michelle Nekota C&C Parks Department

Rob Porro University of Hawai‘i/ NDPTC

Josh Stanbro C&C Office of Climate Change, Sustainability & Resiliency
Meghan Statts Oahu District Manager, DLNR/DOBOR

John Tichen C&C Ocean Safety- Chief

Ed Underwood Department of Land and Natural Resources-DOBOR
Individuals & Operators

Brian Benton Dive and Surf O’ahu

Ted Bush Waikiki Beach Services

John Clark Ocean and Beach Expert/Historian

Bob Hampton Waikiki Beach Activities

George Kam HTA/Quiksilver

Mike Kelley Aqualani Beach and Ocean Recreation

Rus Murakami Waikiki Beachside Bistro

George Parsons Maitai Catamaran

Didi Robello Aloha Beach Services

Soo/Richard Stover Holokai Catamaran

John Savio Na Hoku and Manu Kai Catamarans

Hotels

Connie Deguair Hilton Hotels

Kelly Hoen Outrigger Hotels

Corbett Kalama Weinberg Foundation

Lee Nakahara Kyo-ya

Fred Orr Sheraton Hotels

Patty Tam (Neal Sklodowski) | Halekulani

Waikiki Beach Community Advisory Committee
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WAIKIKI BEACH COMMUNITY ADVISORY COMMITTEE

Tuesday, November 7, 2017 4:00pm to 5:30pm
Sheraton Princess Kaiulani

Meeting Summary
1. Meeting Called to Order- Rick Egged (4:07)

2. Introductions- Rick Egged (4:10)
- Committee structure, framework and geographic extent of the projects.
- Ground rules and meeting expectations
- Geographic scope for Waikiki Beach Improvement projects.

3. Community Advisory Committee- Dolan Eversole (4:15)
- Project Outreach Plan and Composition
- Public Informational meeting Dec 5" 5pm.
- Website development

4. Waikiki Beach Management Plan- Dolan Eversole (4:20)
- Project Background, Goals and Scope
- Focus is on the “Why” for Waikiki, the “What” and “How” will come later.
- Phases of Waikiki beach Management Plan
- Goals and scope of the Waikikt ESI/FS.

5. Waikiki EIS & Feasibility Study- Sam Lemmo (4:30)

- Project Background- COP 21 Climate Accord meeting in Bonn, Germany

- Hawai‘i Climate Change Commission conducting Risk and Vulnerability Assessment
for Sea-Level Rise using 3.2 ft of sea-level.

- Next generation mapping using Sea-Level Rise Exposure area.

- Mapping indicates beach erosion will accelerate in the future.

- Waikiki requires engineering to mitigate the effects of Sea-level rise.

- Project partnerships are very important to legislative funding requests.

- Sea Engineering on contract with the State DLNR for the Waikiki Technical
feasibility study/ EIS.

- WBSIDA is handling the Waikiki beach Management Plan and public outreach for
this project.

6. Group Discussion top priority for beach issues. (4:40)
(See Summary Table and Chart below)

7. 6:10 Meeting Adjourned

8. Next Meeting planned for February, 2018.

Waikiki Beach Community Advisory Committee Meeting Summary 1
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Name Comments 1%t Priority 2" Priority
Bob Finley Would like to see more input on Stakeholder Managing
(Waikik projects, interested to see who is using | input, beach use | people and
Neighborhood the beaches and how homeless are dealt | and collaboration | experience,
Board) - .
with. public safety
and access.
Michelle Nekota | Excited to collaborate, City needs Sediment Managing
(C&C Parks) technical support on beach projects. management, people and
Beach erosion a major problem, ADA erosion/waves experience,
access is a problem in Waikiki. public safety
and access.
Chip Fletcher Would like to see the productive Sediment Stakeholder
(University of exchange of information to support the | management, input, beach
Hawai'i, SOEST) | shared management of the beach erosion/waves | use and
resources. Waikiki is a man-made collaboration
beach. Offered idea to back-pass sand
from the Royal Hawaiian side
seasonally. Need to avoid fracturing
the sand grains during hydraulic
pumping.
Soo Stover Top issue is beach loss and wave run up | Sediment Infrastructure
(Holokai affecting their catamaran operations. management, and access
Catamaran) High tides make loading/unloading erosion/waves
unsafe. Outrigger Reef had to close
main beach access during king tides.
Brett Greenberg | King Tides causing beach flooding. Sediment Economic
(Aqualani Beach Even moderate tides causing flooding management, impacts
g’;‘gggﬁg‘g) now. Beach loss is hurting business. erosion/waves
Importance of surfing to Waikiki.
George Parsons | King Tides causing beach flooding. Sediment Managing
(Maitai Catamaran) | Beach loss is hurting business. Had to management, people, public
temporarily relocate during high tides. | erosion/waves safety and
Historical beach at Sheraton, public access.
access stairs need to reopen.
George Kam Protection of surf sites and local access. | Surfing and Infrastructure
(HTA/Save Our The host culture of surfing needs to be | natural and access
Surf) protected and preserved. Public resources.
infrastructure is lacking and needs to be
upgraded and maintained.
Keone Downing | Sand volume limitations “how much Surfing and Sediment
(Save Our Surf) sand is too much?” Concern over natural management,
technical study with only one resources. erosion/waves

engineering firm. Would like to see
distribution of tasks in the EIS.

Waikiki Beach Community Advisory Committee Meeting Summary
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Name Comments Primary Focus | Additional
Focus

Dolan Eversole | Water quality, beach access alongshore, | Water Infrastructure
(UH Sea Reef health, Infrastructure maintenance. | quality/Natural and access
GrantWBSIDA) Economic studies will help justify Resources

maintenance projects in Waikiki.
Rus Murikami Better balance between visitors and Managing Infrastructure
(Waikiki Beachside | |ocals. Should strive for better people, public and access
Bistro) experience and excellence. Improved safety and

experience/infrastructure access.
Sam Lemmo Maintain modest nature of Waikiki Sediment Stakeholder
(DLNR-OCCL) Beach. Recycle sand don’t add more. management, input, beach

Committee input important for the erosion/waves use and

management approach. collaboration
Kevin Allen Public safety as it pertains to staffing Managing Infrastructure
(C&C Ocean needs for beach changes. Public safety, | people, public
Safety) risk management safety and

access.
Bob Hampton Value of Waikiki Beach. Water quality | Water Economic
(Waikiki Beach and stigma of unknown water quality. quality/Natural impacts
Activities) PR issues long after the event has past. | resources
Ted Bush Storm Mitigation benefits, erosion Sediment Infrastructure
(Waikiki Beach leading to seawall failure. General management,
Services) condition of Waikiki is terrible. erosion/waves
Rick Egged Storm mitigation benefits of beaches, Sediment Infrastructure
(WIA/WBSIDA) climate change impacts management,
erosion/waves

Fred Orr Public access for Halekulani and Sediment Managing
(WBSIDA/Sheraton | Sheraton seawall. Kuhio Beach management, people, public
PK) foundation erosion, Need to stabilize erosion/waves safety and

beach, Water quality access.
John Clark Need to plan for a high-quality beach. Surfing and Sediment
(Waikikt Beach Protect “canoes” surf, surfing as a natural management,
Expert and prime resource resources. erosion/waves
Historian)
Jim Howe Risk Management is multi-disciplinary. | Managing Infrastructure
(C&C DES) Need to better understand/manage people, public

people to mitigate risk. Act 170 will safety and

change the way the City operates access.

relative to liability and risk. Public

safety, risk management 6-point risk

management approach.

1.Legal risk, 2.Financial risk,

3.Environmental risk, 4.Cultural, 5.

Social 6. Physical
Hubert Chang Happy for the WBSIDA and Sediment Stakeholder
(Hawaiian Oceans | management planning is showing management, input, beach

Waikiki Beach Community Advisory Committee Meeting Summary




Waikiki) progress. Look to the past for examples | erosion/waves use and
of what worked. collaboration
Aaron Rutledge | Beach erosion, bringing more sand Sediment Managing
(Star Beachboys) needs to be thought out. Urgent need to | management, people, Public
erosion control now. erosion/waves safety and
access.
Jim Fulton Legacy of Duke, tradition and safe Managing Sediment
(Dukes beach conditions. people, Public management,
OceanfestWBSIDA) safety and erosion/waves
access.
Didi Rabello Waikiki canoe rides a unique Sediment Surfing and
(Aloha Beach opportunity. Sand loss due to management, natural
Services) Hurricanes Iniki and Ewa, removal of erosion/waves resources.
Kuhio groins accelerated erosion, sand
has migrated to Baby Royals channel,
need to stabilize the cell, suggestion to
have marine special events help fund
beach projects, need action now,
waiting too long for management to
catch up with erosion. Suggest move
sand seaward to lower elevation of
beach to mitigate wave run up.
Megan Statts Public access to and along the Managing Sediment
(DLNR-DOBOR) shoreline. people, public management,
safety and erosion/waves
access.
Brad Romine Support for efforts underway and happy | Sediment Surfing and
(UH Sea to offer assistance management, natural
Grant/DLNR) erosion/waves | resources.
Matt Gonser Concern about impacts to City facilities, | Infrastructure Economic
(C&C OCCSR) need to preserve economic activities in impacts
Waikiki.
Marvin Heskett | Water quality impacts, SLR and septic | Water Infrastructure
(Surfrider tanks due to ground water table, storm | quality/Natural
Foundation) water run off resources

Sediment management, erosion/waves

Water gquality/Natural resources

Managing people, public safety and access.

Stakeholder input, beach use and collaboration

Economic impacts

Surfing and natural resources.

Infrastructure

Waikiki Beach Community Advisory Committee Meeting Summary
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Waikiki Beach Management Top Priorities

OSediment management,
erosion/waves

B Managing people, public
safety and access.

@ Infrastructure

OSurfing and natural
resources.

O Stakeholder input, beach
use and collaboration

B Economic impacts

OWater quality/Natural
resources

L

Summary of Waikiki Beach Community Advisory Committee Meeting November 7, 2017

Waikiki Beach Community Advisory Committee Composition

Non-Profit
12%

Government
30%

Business
37%

|
|

Summary of Waikiki Beach Commumty Advisory Committee Compos1t10n by Sector |
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WAaIkIki BEACH COMMUNITY ADVISORY COMMITTEE
HO’OMAU ‘O WAIKIKI KAHAKAI

“WAIKIKI BEACH RENEWS ITSELF”

March 20, 2018 Meeting Summary

MEETING AGENDA

Date: March 20, 2018 1:00pm to 4:00pm

Location: Waikiki Beach Marriott Resort & Spa
Kaimuki 1 Rm (2nd floor of the Kealohilani Tower)
2552 Kalakaua Ave, Honolulu, HI 96815, USA

Host: Waikiki Beach Special Improvement District Association (WBSIDA)
Organizer:  Dolan Eversole, University of Hawai‘i Sea Grant/ WBSIDA
Cell (808) 282-2273 email: eversole@hawaii.edu

MEETING AGENDA
1. Introductions- Facilitator (10 mins)
- Project Background, Goals and Scope
- Ground Rules, Committee structure, framework and role.

2. Community Advisory Committee Updates (10 mins)
a. First meeting and public meeting summary
b. Advisory Committee Composition (New Members)
c. WBSIDA Website Updates

3. Waikiki Beach Problem Mapping and Response Exercise (90 mins)
Goal: Identify highest priority beach management issues and list potential
solutions.
Group Exercise- Maps of Waikiki
Identify top beach management priority and potential solutions
Group Discussion: Waikiki Beach mapping overview and outcome

4. Kuhio Beach Sandbag Groin Project (Concept engineering design feedback) (60 mins)
Goal: Assess designs for Kuhio groin. Provide feedback on design elements.
e Project Background, Goals and Scope
e Design: Design rational and approach and various design alternatives.
e Group Discussion: Summary and outcome

Pau Hana Social gathering and talk story- Moana Terrace Bar

Waikiki Beach Community Advisory Committee Meeting 3/20/2018 Summary
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3-20-2018 Meeting Summary
Committee composition, past meeting summaries and information can be accessed online at:
https://www.wbsida.org/waikiki-beach-community-advisory-committee/

Background Information

The Waikiki Beach Community Advisory Committee (WBCAC) is intended to help to
identify and address Waikiki Beach management issues. The committee provides important
guidance for planning and prioritizing future beach management projects in Waikiki.

Waikiki Beach Advisory Committee Goals

1. Advise the WBSIDA, the DLNR, the City and County of Honolulu and UH Sea Grant
on the development and implementation of a Waikiki Beach Management Plan.

2. Ensure that future beach management projects address the issues and concerns of the
Waikiki community and local stakeholders.

3. Advise/recommend on specific beach management projects in Waikiki.

4. Provide community coordination, education, and outreach efforts about beach
management issues and projects in Waikiki.

5. Identify and evaluate alternatives for beach management and maintenance in Waikiki.

General Summary:
e 19 of the 31-member committee (61%) were Overall Top Solution for Waikiki Beach
present for the 3-20-18 meeting.
e The meeting consisted of 3 group exercises
designed to obtain feedback on priorities for
future beach management plans.

Beach expansion
and/or creation —

PRIORITY AREAS 33% main spance
e The Royal Hawaiian Cell was considered the
#1 choice for beach management planning and
maintenance (50%), followed by Kuhio Beach
(25%) and Halekulani (19%)

PRIORITY ASSET

e The top asset identified for Waikiki included the economic value of the beach but it is
recognized how closely connected and inter-related each value is to each other.

PRIORITY PROBLEM

e The top problem identified for Waikiki varied greatly by cell but tended included
Erosion/wave run-up and Structural Damage.

PRIORITY SOLUTION

e The top solution identified for Waikiki varied by cell but included beach maintenance
and beach restoration using local sand sources with specific “other” options.

Waikiki Beach Community Advisory Committee Meeting 3/20/2018 Summary
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Exercise #1
Waikiki Beach Problem Mapping and Response Exercise (60 mins)
Goal: Identify highest priority beach management issues and rank potential solutions.

This exercise started with each committee member being assigned to a group and a rotation
sequence for 6 separate breakouts by geographic beach area. Each breakout asked the
participants to rank the top 3 assets, problems and potential solutions. The results for each cell
are summarized in Appendix A and more generally below.

General Summary: Overall the results suggest the following:

1. Preferred solutions vary by each beach cell but tend to generally favor the softer
maintenance-oriented solutions.

2. Looking just at the 1% choice solutions, we see that beach maintenance is favored
followed by beach expansion and beach restoration.

3. Generally, the most favored overall solutions included beach maintenance and beach
restoration using local sand sources with specific “other” options that vary by cell.

4. While there are exceptions in some beach cells, the least favored solutions included;
shoreline reconfiguration, beach restoration using non-local sand sources, removal of
existing structures and maintenance and repair of existing structures.

Top Solutions For Waikiki Beach

1 2 3

o
S

No Action
Maintenance and/or repair of existing structures

Replace existing structures with similar design, location, and functions

Replace existing structures with different design, location, and/or
function

Remove existing structures

Beach maintenance

Beach restoration-local sand

Beach restoration using compatible sand from non-local sources
Beach expansion and/or creation

Shoreline reconfiguration

Other: Remove Crushed Coral-replace, T-head at Ft DeRussy, Traffic
Plan, Plant Trees

||r|‘ll

u 1st Choice mTop 3 Choices

Waikiki Beach Community Advisory Committee Meeting 3/20/2018 Summary 3
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Exercise #2- Kuhio Beach Sandbag Groin Project

This portion of the meeting consisted of a general introduction of the problem area at Kuhio
Beach fronting the Duke Kahanamoku Statue and recent erosion responses from the City. This
was followed by a briefing from Sam Lemmo of the DLNR on potential mitigation strategies and
the DLNR’s progress on developing a response to the erosion. There was general discussion and
questions from the Committee regarding various options to address the erosion here.

General Summary:

1. Committee members are supportive of a rapid response to the erosion problem here. A
possible solution of sandbag groin(s) possibly 2 or 3 was discussed and seemed to be
agreeable to the Committee. Although no vote was taken, there were no objections to the
project moving forward into a design phase.

2. Sand sources for a project in this area are estimated at ~1000 cubic yards and are
recognized as important component of this project. Concern was raised about public
safety if the Kuhio swim basin is significantly deepened.

Discussion:

1. Sam Lemmo introduced the DLNR’s plan to address the erosion at Kuhio in part based
on the Committee’s input and prior stakeholder meetings on this subject.

2. The project design goal is to stabilize the area with something that can be permitted and
built quickly, possibly as a temporary structure.

3. A potential design may include a short sandbag groin to replicate the effect of the older
concrete groins that were removed in 2012.

4. Dolan Eversole described a potential sand source of 1000 cy for this project from the
Diamond Head basin of Kuhio Beach as part of a beach maintenance project to reshape
the beach profile and utilize excess sand remaining from the 2012 beach maintenance
project. This would be in partnership with the City and County Parks Department.

5. Funding sources are not confirmed but the estimated cost of $400,000 would likely be a
cost share between the State and the Waikiki Beach Special Improvement District.

6. Permitting can be complex for this type of project. Sam and Dolan met with the Army
Corps of Engineers in September, 2017 about this project to see if it could be considered
under the existing 2012 Beach Maintenance project. The initial response was negative
from the Army Corps.

7. Permitting could take 1 year or more but there is strong interest in finding a faster
expedited (possibly emergency) permitting route.

8. Concern was raised about deepening the Kuhio swim basin water depth as part of the
sand bypassing and beach maintenance project.

9. Question if the beach slope is steepened will it erode if the sand is removed from the
basin? This was addressed by several staff that the slope will not be steep enough to
create an erosion problem in the basin.

10. The City and County used to do this type of beach maintenance annually with long-arm
excavators and back hoes to re-shape the beach here but has stopped in recent years.

11. Will the concrete foundation be removed? Dolan Eversole responded that the project
goal for now is to stabilize the area with structures and sand and bury the foundation.
Removal would be very intrusive and may expose even more dirt fill.

Waikiki Beach Community Advisory Committee Meeting 3/20/2018 Summary 4
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Exercise #3- Beach Project Priority Exercise

This exercise included a simple vote for what beach areas are the highest priority for each
committee member. Each committee member was given two votes and allowed to vote by show
of hands for which beach cell has the highest priority for developing plans for beach
management, maintenance and/or improvements. The Royal Hawaiian Beach cell was the
favored beach area for priority by the Committee followed by Kuhio Beach and Halekulani.

Waikiki Beach Community Advisory Committee
03/20/2018 Meeting Top Project Priorities By Cell

Ft
Derus
6%

Kuhio
25%

Royal
Hawaiian
50%

‘Waikiki Beach thtoral Cells

-y

;as. )

Waikiki Beach Community Advisory Committee Meeting 3/20/2018 Summary 5
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Appendix A: Summary of Priority Solutions by Beach Cell
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FT. DERUSSY
BEACH, WAIKIKI

ASSETS & VALUES ISSUES & PROBLEMS

Assets and Values e PYOBIEMS
er: Parking,
Other: Good Sand Quality, Erosion/wave
Beach, Volleyball Homeless, run-up
2% sidewalk... 23%

Recreational

31% Structural

Lack of

Amenities Damage
et Historic/cultural e =
26% 15% Shoreline /— Environmental
Access Degradation
15% 15%
FT DERUSSY BEACH SOLUTIONS
B 1st Choice M 2nd Choice 3rd Choice
0 1 2 3 4 5 6

NO ACTION

STRUCTURES

REPLACE EXISTING STRUCTURES WITH SIMILAR
DESIGN, LOCATION, AND FUNCTIONS

REPLACE EXISTING STRUCTURES WITH DIFFERENT
DESIGN, LOCATION, AND/OR FUNCTION

REMOVE EXISTING STRUCTURES

MAINTENANCE AND/OR REPAIR OF EXISTING
1

BEACH MAINTENANCE

BEACH RESTORATION USING COMPATIBLE SAND
FROM LOCAL SOURCES
BEACH RESTORATION USING COMPATIBLE SAND
FROM NON-LOCAL SOURCES

BEACH EXPANSION AND/OR CREATION

[En

SHORELINE RECONFIGURATION 1 1 (

OTHER: REMOVE CRUSHED CORAL-REPLACE, T-HEAD
AT FT DERUSSY, TRAFFIC PLAN, PLANT TREES



ASSETS & VALUES

Other:
access...

Economic
Value

HALEKULANI

BEACH, WAIKIKI

ISSUES & PROBLEMS

Lack of Amenities

Other: No Beach

%
2% Erosion/wave

28% run-up
Recreational 29%
28%
Historic/ Environmental
Aesthetic cultural Degradation——
11% 28% 10%
HALEKULANI BEACH SOLUTIONS
M 1st Choice M 2nd Choice 3rd Choice
0 1 2 3 4 5 6 7

NO ACTION

MAINTENANCE AND/OR REPAIR OF EXISTING
STRUCTURES

REPLACE EXISTING STRUCTURES WITH SIMILAR
DESIGN, LOCATION, AND FUNCTIONS

REPLACE EXISTING STRUCTURES WITH DIFFERENT
DESIGN, LOCATION, AND/OR FUNCTION

REMOVE EXISTING STRUCTURES

BEACH MAINTENANCE

BEACH RESTORATION USING COMPATIBLE SAND
FROM LOCAL SOURCES

BEACH RESTORATION USING COMPATIBLE SAND
FROM NON-LOCAL SOURCES

BEACH EXPANSION AND/OR CREATION

SHORELINE RECONFIGURATION

OTHER: REVETMENT



ROYAL HAWAIIAN
BEACH, WAIKIKI

ASSETS & VALUES ISSUES & PROBLEMS

Other: Recreational Other: Too much sand
. b Lack o
0% o
Amenities

6%
Shoreline

Access
13%

Aesthetic
18%

Environmentaj
Degradation
10%

ROYAL HAWAIIAN BEACH SOLUTIONS

M 1st Choice M 2nd Choice 3rd Choice

o
[y
N
w
B
(%]
[<)]
~N
[+
o

10

NO ACTION

MAINTENANCE AND/OR REPAIR OF EXISTING
STRUCTURES

REPLACE EXISTING STRUCTURES WITH SIMILAR
DESIGN, LOCATION, AND FUNCTIONS

REPLACE EXISTING STRUCTURES WITH DIFFERENT
DESIGN, LOCATION, AND/OR FUNCTION

REMOVE EXISTING STRUCTURES

BEACH RESTORATION USING COMPATIBLE SAND
FROM LOCAL SOURCES

BEACH RESTORATION USING COMPATIBLE SAND
FROM NON-LOCAL SOURCES

BEACH EXPANSION AND/OR CREATION

SHORELINE RECONFIGURATION

OTHER: PROTECT SURF SITES, T-HEAD GROIN,
MAINTAIN SURF CULTURE



KUHIO BEACH
WAIKIKI

ASSETS & VALUES ISSUES & PROBLEMS

Other: Safe water Other: Water Erosion/wave

3% Quality/Stor run-up
water, lack of 21%
restrooms
Recreational 24%
29%
Aesthetic
23% Historic/cultural Lack of Environmental
14% Amenities Degradation Shoreline
14% 24% Access
0%
W 1st Choice ® 2nd Choice 3rd Choice
0 1 2 3 4 5 6 7 8 9

NO ACTION

MAINTENANCE AND/OR REPAIR OF EXISTING
STRUCTURES

REPLACE EXISTING STRUCTURES WITH SIMILAR
DESIGN, LOCATION, AND FUNCTIONS

REPLACE EXISTING STRUCTURES WITH DIFFERENT
DESIGN, LOCATION, AND/OR FUNCTION

REMOVE EXISTING STRUCTURES
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BEACH RESTORATION USING COMPATIBLE SAND
FROM LOCAL SOURCES

BEACH RESTORATION USING COMPATIBLE SAND
FROM NON-LOCAL SOURCES

BEACH EXPANSION AND/OR CREATION

SHORELINE RECONFIGURATION

OTHER: MAINTAIN SAFE SWIM, IMPROVE WATER
CIRCUALTION, RE-DIRECT STORM WATER



UEENS BEACH
WAIKIKI

ASSETS & VALUES ISSUES & PROBLEMS

Other: Kapahulu

groin safety (divin,
Homeless, movi
screen

27%
Lack of
. Amenities
Aesthetic Historic/cultural 9% Environment
Other: Volleyball, 27% 8% Shoreline Degradation
great beach 18%
B Access

9%

QUEENS BEACH SOLUTIONS

MW 1st Choice M 2nd Choice 3rd Choice

o
=

2 3 4 5

(=]
~N

NO ACTION

MAINTENANCE AND/OR REPAIR OF EXISTING
STRUCTURES

REPLACE EXISTING STRUCTURES WITH SIMILAR
DESIGN, LOCATION, AND FUNCTIONS

REPLACE EXISTING STRUCTURES WITH DIFFERENT
DESIGN, LOCATION, AND/OR FUNCTION

REMOVE EXISTING STRUCTURES

BEACH MAINTENANCE

BEACH RESTORATION USING COMPATIBLE SAND
FROM LOCAL SOURCES

BEACH RESTORATION USING COMPATIBLE SAND
FROM NON-LOCAL SOURCES

BEACH EXPANSION AND/OR CREATION

SHORELINE RECONFIGURATION

OTHER: HOMELESS ENFORCEMENT, KAPAHULU
GROIN SAFETY, REMOVE MOVIE SCREEN



KAPIOLANI BEACH
WAIKIKI

ASSETS & VALUES ISSUES & PROBLEMS

Other: No Beach, Economic Other: No beach, Erosion
Park area Value 12% /wave
2% 15% Lack of run-up
Amenities 20%
Recreational 15%
34%
Shoreline Access
esthetic g%
22% Environment:
Degradation
15%
KAPIOLANI BEACH SOLUTIONS
MW 1st Choice M 2nd Choice 3rd Choice
0 1 2 3 4 5 6

NO ACTION

MAINTENANCE AND/OR REPAIR OF EXISTING
STRUCTURES

REPLACE EXISTING STRUCTURES WITH SIMILAR
DESIGN, LOCATION, AND FUNCTIONS

REPLACE EXISTING STRUCTURES WITH DIFFERENT
DESIGN, LOCATION, AND/OR FUNCTION

REMOVE EXISTING STRUCTURES

BEACH MAINTENANCE

BEACH RESTORATION USING COMPATIBLE SAND
FROM LOCAL SOURCES

BEACH RESTORATION USING COMPATIBLE SAND
FROM NON-LOCAL SOURCES

BEACH EXPANSION AND/OR CREATION

SHORELINE RECONFIGURATION

OTHER:NEW RECESSED BEACH, REVET SEAWALL
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WAIKIKI BEACH COMMUNITY ADVISORY COMMITTEE
HO’0MAU ‘O WAIKIKI KAHAKAI

“WAIKIKI BEACH RENEWS ITSELF”

MEETING AGENDA

Date: September 27, 2018* 1:30pm to 4:00pm

*Rescheduled August 23, 2018 meeting due to Hurricane Lane
Location: Royal Hawaiian Hotel

Regency I Room

2559 Kalakaua Ave, Honolulu, HI 96815
Host: Waikiki Beach Special Improvement District Association (WBSIDA)
Contact: Dolan Eversole, University of Hawai‘i Sea Grant/WBSIDA

Cell (808) 282-2273 email: eversole@hawaii.edu
MEETING AGENDA

1. Waikiki Beach Community Advisory Committee Updates (15 mins)
a. Advisory Committee composition. (New members)
b. March meeting issue mapping summary. (Handout)

2. Royal Hawaiian Groin Design Update (15 mins) (Handout)
a) sea-level rise (SLR) consideration and new “L-spur” design.
b) Timing and application status.

3. Kuhio Beach Sandbag Groin Project (30 mins) (Handout)
Final sandbag groin design update.

Design rationale and construction plan.

Access plan, timing and application status.

Group discussion, questions and comments.

4. Waikiki Conceptual Designs - Halekulani, Royal and Kuhio (90 mins) (Handout)
a) DLNR Waikikit EIS project background, goals and scope.
b) Review conceptual designs for Kuhio, Royal and Halekulani cells.
c) Pedestrian access, SLR, public safety and aesthetic considerations for designs.
d) Timing and application status.
e) Group discussion, questions and comments.

4pm Pau
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9-27-2018 Meeting Summary
Committee composition, past meeting summaries and information can be accessed online at:
https://www.wbsida.org/waikiki-beach-community-advisory-committee/

Background Information

The 32-member Waikiki Beach Community Advisory Committee (WBCAC) is intended to
help to identify and address Waikiki Beach management issues. The committee provides

important guidance for planning and prioritizing future beach management projects in
Waikiki.

Waikiki Beach Advisory Committee Goals

1.

2.

(98]

Advise the WBSIDA, the DLNR, the City and County of Honolulu and UH Sea Grant
on the development and implementation of a Waikiki Beach Management Plan.
Ensure that future beach management projects address the issues and concerns of the
Waikiki community and local stakeholders.

Advise/recommend on specific beach management projects in Waikiki.

Provide community coordination, education, and outreach efforts about beach
management issues and projects in Waikiki.

Identify and evaluate alternatives for beach management and maintenance in Waikiki.

Waikiki Beach Community Advisory Committee Meeting 9/27/2018 Summary



General Meeting Summary:

21 of the 32-member committee (66%) were present for the 9-27-18 meeting.

The meeting consisted of several project updates and a ranking sheet exercise for six
different conceptual engineering designs for the three priority beach cells (Royal, Kuhio
and Halekulani).

Follow up discussion with several committee members and stakeholders on the overall
outreach and communication strategy for the conceptual designs has resulted in the
development of an overall project goals, objectives and strategies.

Based on the above input, the WBSIDA is in the process of developing specific criteria
for the identification of the desired recreational use, design rational and outcome
objectives for each design cell. This is thought to assist in the committee assessment and
ranking of various conceptual designs.

Project Updates

Royal Hawaiian Groin (RHG)- A project update was provided to the committee on the
various design changes planned for the RHG including the change in the shoreward
portion to “L-head” and an overall increase in the overall crest elevation by 1.5ft to
account for future projections of sea-level rise.

Discussion of the RHG centered on public safety measures that can be built into the
design to prevent and/or mitigate public access along the top of the groin.

A suggestion of possibly adding a lifeguard station to the base of the RGH was brought
up. There was acknowledgement this may serve to improve observational coverage and
emergency response time from the RHG to the Ft. DeRussy groin which is currently
unguarded.

Kuhio Beach Groin (KBG)- A project update was provided to the committee on the
various design changes planned for the KBG.

Discussion included the KBG function, dimensions, orientation, sand source and
installation methodology.

Concern raised by several committee members about the use of the proposed sand barrow
area in the Diamond head basin for the beach fill next to the KBG as it may increase the
slope of the beach and cause a deepening of the shallow wading area leading to a safety
concern. Other safety concerns were raised regarding slip/fall hazards on the groin as
well as novice surfers hitting the groin.

A suggestion was made for the planned KBH be oriented similar to the pre-existing groin
in order to orient the groin into the prevailing waves, as opposed to shore-perpendicular.

Waikikt Beach Community Advisory Committee Meeting 9/27/2018 Summary 3



Conceptual Design Ranking Exercise (60 mins)
Goal: Evaluate and rank potential conceptual designs.

This exercise started with a presentation and discussion on six different conceptual designs for

the three priority beach cells.

Committee members were asked to rank the various designs on a

1-5 scale (1= no support, 5 = full support) (Appendix A). The ranking sheet was also emailed
out to all committee members as part of a briefing packet before the meeting and a form-fillable
version was sent after the meeting. The results for this exercise are summarized below.

General Summary: Considering the limited sample size!, the overall the results suggest:

1.

2.

Preferred designs vary by each beach cell but tend to favor Options E and F (Halekulani
T-heads and T-heads + SLR) as the top ranking for the first choice (Figure 1).

Similar ranking is observed if we look at the 1%t choice PLUS the 2™ choice with Option
F Halekulani T-heads + SLR as the overall preferred design (Figure 2).

Option C (Royal Hawaiian Beach) was an equal 2™ to Option E when considering the 1%
choice PLUS the 2" choice (Figure 2).

While there are exceptions in some beach cells, the least favored designs include Option
B (Kuhio w/ breakwaters and C Royal Hawaiian.

Note Option C ranked an equal 3™ with 3 other designs when looking at 1%t choices only
an equal 2" when looking at 1% Plus 2™ choices and an equal least preferred for the 5
choice. This seems to indicate a bi-modal distribution of ranking results or in other
words the committee is largely split on this option with the same number of results as the
5% choice as there are for 1% plus 2" (Figure 3). This might indicate more information
and discussion is needed in order resolve this difference of opinion with this option if
there is an interest in pursuing this option.

! A larger sample size will result in more statistically relevant and representative results. This could be done as an
online survey to a wider stakeholder group and/or as public survey. Ideally future surveys will evaluate and rank
various options for each cell rather than rank overall for all cells.

Waikiki Beach Community Advisory Committee Meeting 9/27/2018 Summary



Conceptual Design Ranking Exercise — Results

Figure 1.

1st Choice Waikiki Advisory Committee Concept

Design
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Option A- Kuhio Option B- Kuhio Option C- Royal Option D- Option E- Option F-
Beach (Ewa Basin) Beach Hawaiian Beach Halekulani Halekulani (T- Halekulni (T-
(Breakwaters) (revetment) Heads) Heads + SLR)
Figure 2.

1st and 1st + 2nd Ranking
Waikiki Advisory Committee Concept Design

W 1st
MW 1st +2nd

Number of Votes
O P N W b U OO N

Option A- Kuhio Option B- Kuhio Option C- Royal = Option D- Option E- Option F-
Beach (Ewa Beach Hawaiian Beach Halekulani  Halekulani (T- Halekulni (T-
Basin) (Breakwaters) (revetment) Heads) Heads + SLR)

Conceptual Design Options
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Figure 3.
Waikiki Advisory Committee Concept Design Ranking

Option F- Halekulni (T-Heads + SLR)
Option E- Halekulani (T-Heads)
Option D- Halekulani (revetment)
Option C- Royal Hawaiian Beach
Option B- Kuhio Beach (Breakwaters)

Option A- Kuhio Beach (Ewa Basin)

o
N
S

6 8 10 12
Total Number of Votes

H1st m2nd ®m3rd m4th m5th

Waikiki Advisory Committee Concept Design
Ranking

1st 2nd 3rd 4th 5th

B Option A- Kuhio Beach (Ewa Basin)  m Option B- Kuhio Beach (Breakwaters)

wv

SN

w

N

[Eny

m Option C- Royal Hawaiian Beach m Option D- Halekulani (revetment)

B Option E- Halekulani (T-Heads) B Option F- Halekulni (T-Heads + SLR)
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Conceptual Design Ranking Exercise —
Additional Committee Written Comments Received
(In no particular order)

No T-Heads

Safety critical for locals and visitors

Surf and recreation important

In favor of T-Heads but not the groins leading from shore to the heads.
Favor Breakwaters over groins

All structures are temporary, plan accordingly

Fully support T-Groins just need more details

Option A is good but B is better but need 3 more groins towards Kapahulu groin

A S A o A

Option C is good but need to take out T-Groin inshore of Canoes

—
=]

. Option E is good but need to move western most groin out of Halekulani channel

—
—

. Option B- need to add replacement for Slippery Wall (Kuhio Breakwall)

—
N

. Consider Multi-modal groins for safety, designed for safe access.

—
(98]

. Design safe water entry areas and signage

[S—
AN

. Allow more mauka room for a beach to form and elevate beach

—
()]

. Design multi-use recreational access (stairs) rather than restrict access.

—
[©))

. Safety concern for eddie formation and current flows (Koolina lagoon example)

—
J

. Possible impacts of sand movement Ewa side of T-head

Waikiki Beach Community Advisory Committee Meeting 9/27/2018 Summary



Appendix A: Sample of Conceptual Design Ranking Sheet

NAME:

Waikiki Beach Conceptual Designs- Comment Sheet
1= no support, 5 = fully support

What is your level of your support for the following conceptual designs?
1-5 Scale
a) Kuhio Beach Option A (Ewa Basin only)
b) Kuhio Beach Option B (A +Breakwaters)
c) Royal Hawaiian Beach (L-spur and T-head)
d) Halekulani Option A (Revetments)
e) Halekulani Option B (T-Heads)
f) Halekulani Option A (T-Heads + SLR)

a. b. C.

Other comments you want to add?

Waikiki Beach Community Advisory Committee Meeting 9/27/2018 Summary
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WAIKIki BEACH COMMUNITY ADVISORY COMMITTEE
HO’OMAU ‘O WAIKIKI KAHAKAI

“WAIKIKTI BEACH RENEWS ITSELF”

MEETING AGENDA
Date: Wednesday, February 13, 2019 2:00pm to 4:00pm
Location: Queen Kapiolani Hotel- Leahi Room 3rd floor

150 Kapahulu Ave. Honolulu, HI 96815
(Parking located across Kapahulu at the Zoo parking lot)

Host: Waikiki Beach Special Improvement District Association (WBSIDA)
Contact: Dolan Eversole, University of Hawai‘i Sea Grant/WBSIDA
Cell (808) 282-2273 email: eversole@hawaii.edu

MEETING AGENDA

1. Waikiki Beach Community Advisory Committee Updates (10 mins)
a) Advisory committee composition. (Introduce new members)

2. Waikiki Priority Project Areas — DLNR EIS Project Scope (60 mins) (Handout)
a) DLNR Waikiki EIS project background, goals and scope.
b) September 27, 2018 meeting conceptual designs ranking summary. (Handout)
c) Review beach maintenance techniques for Waikiki.
I.  Ft DeRussy sand back-passing

ii.  Waikiki Beach maintenance (Royal Hawaiian Cell)

iii.  Small-scale dredging systems

iv.  Kuhio Beach basin improvements
d) Group discussion, questions and comments.

3. Waikiki Beach Improvement Project Status Update (30 mins)
a) Royal Hawaiian groin.
b) Kuhio Beach sandbag groin.
¢) Repair of Kuhio Sand-filled Mattress
d) Post-storm assessment

4pm Pau
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WAIKIKI BEACH COMMUNITY ADVISORY COMMITTEE
MEETING MINUTES

Date: Wednesday, February 13, 2019 2:00pm to 4:00pm
Location: Queen Kapiolani Hotel- Leahi Room 3rd floor
150 Kapahulu Ave. Honolulu, HI 96815
Contact: Dolan Eversole, University of Hawai‘i Sea Grant/ WBSIDA
email: eversole@hawaii.edu

MEETING SUMMARY

I.  Waikiki Beach Community Advisory Committee Updates
a) Advisory committee composition. (Introduce new members)
b) September 27, 2018 meeting conceptual designs ranking summary. (Handout)

I1.  Waikiki Priority Project Areas — DLNR EIS Project Scope (Handout)
a) DLNR Waikiki EIS project background, goals and scope.
e Presenter: Dolan Eversole (Hawaii Sea Grant / WBSIDA)
e Introductions (# of attendees = 18)
Review of last WBCAC meeting
e Review summary results of 9/27/2018 WBCAC meeting (Eversole)
e Primary goal of WBCAC is to obtain feedback from key stakeholders to inform
conceptual planning for beach improvement projects.
e Review of past WBCAC assessments and how this information is being used to direct the
next design phase of the EIS project.
e WBCAC identified priority project cells (Kuhio, Royal Hawaiian, Halekulani)
e WBCAC ranked conceptual project designs for each cell.
o Halekulani beach cell groin field
o Royal Hawaiian beach maintenance
o Kuhio swim basins improvements
e WBCAC informed selection of engineering design criteria for each cell. Feedback
included assets & values, issues & problems, and potential solutions.
e WBCAC preferred solutions for priority cells:
o Kuhio — beach maintenance (concerns re: ocean safety and water quality)
o Royal Hawaiian — beach restoration/maintenance using locally sourced sand, no
new structures
o Halekulani — beach expansion or creation
e Offered Committee the opportunity to share comments or concerns as a critical juncture
in the EIS process.
e Questions and discussion.


mailto:eversole@hawaii.edu

Project-Specific updates

Presenter: David Smith, PhD (Sea Engineering, Inc.)
Sand is a critical component of any beach restoration project.
Concerns re: sand, color, odor, fines (turbidity), coarse material (cobble), fracturing.
Sand recovery methods:
o Pneumatic sand conveyance system (unsuccessful in 2012).
o Hydraulic dredge & pump from offshore sand deposits (successful in 2006, 2012).
o Clamshell dredge & barge from offshore sand deposits.
o “Eddy Pump” small-scale diver-operated dredge.
Sand conveyance methods:
o Pumping and back-passing
o Conveyor belts can transport sand from barge to truck and truck to beach.
Group discussion, questions and comments.
o Committee discussion on the merits of sand quality and how to sort or filter
undesirable components.
o Discussion regarding small-scale pumping systems and the possibility of utilizing
a system in Waikiki.
Questions and discussion.

Waikiki Beach Improvement Project Status Update

a)

Royal Hawaiian Groin Replacement

Presenter: Dolan Eversole (Hawaii Sea Grant / WBSIDA)

Nearing the end of the regulatory permitting process.

Anticipate construction commencing Winter 2019 to Spring 2020.

Project duration 2-3 months.

Project will require partial beach closure (likely in the mornings) during construction.
Staging and construction area at the Royal Hawaiian beach fronting the Royal Hawaiian
hotel likely to be significant and ongoing during construction.

Kuhio Beach Sandbag Groin

Presenter: Dolan Eversole (Hawaii Sea Grant / WBSIDA)

Short-term project (5-10yrs) to allow us to develop/implement a long-term solution.
All permit applications have been submitted and are under review.

Anticipate construction commencing Fall, 2019 (Sep-Nov).

Project duration 2-3 weeks and will require partial beach closure at Kuhio Beach park.

Post-storm assessment (Feb 10 high wind/surf event)

Presenter: Dolan Eversole (Hawaii Sea Grant / WBSIDA)

Kona Low event transported a substantial volume of sand to the Diamond Head end of
Royal Hawaiian Beach, adjacent to the Kuhio swim basin.

Overall the event was beneficial to Waikiki by increasing beach sand volumes.
Sand-filled mattress was damaged in summer of 2018 and repairs are being planned.
Diamond Head side of Royal Hawaiian Groin experienced seasonal erosion.

No other storm impacts were observed or discussed.



WAIKIKI BEACH COMMUNITY ADVISORY COMMITTEE
HO’0MAU ‘O WAIKIKI KAHAKAI

“WAIKIKI BEACH RENEWS ITSELF”

MEETING AGENDA

Date: September 27, 2018* 1:30pm to 4:00pm

*Rescheduled August 23, 2018 meeting due to Hurricane Lane
Location: Royal Hawaiian Hotel

Regency I Room

2559 Kalakaua Ave, Honolulu, HI 96815
Host: Waikiki Beach Special Improvement District Association (WBSIDA)
Contact: Dolan Eversole, University of Hawai‘i Sea Grant/WBSIDA

Cell (808) 282-2273 email: eversole@hawaii.edu
MEETING AGENDA

1. Waikiki Beach Community Advisory Committee Updates (15 mins)
a. Advisory Committee composition. (New members)
b. March meeting issue mapping summary. (Handout)

2. Royal Hawaiian Groin Design Update (15 mins) (Handout)
a) sea-level rise (SLR) consideration and new “L-spur” design.
b) Timing and application status.

3. Kuhio Beach Sandbag Groin Project (30 mins) (Handout)
Final sandbag groin design update.

Design rationale and construction plan.

Access plan, timing and application status.

Group discussion, questions and comments.

4. Waikiki Conceptual Designs - Halekulani, Royal and Kuhio (90 mins) (Handout)
a) DLNR Waikikit EIS project background, goals and scope.
b) Review conceptual designs for Kuhio, Royal and Halekulani cells.
c) Pedestrian access, SLR, public safety and aesthetic considerations for designs.
d) Timing and application status.
e) Group discussion, questions and comments.

4pm Pau
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9-27-2018 Meeting Summary
Committee composition, past meeting summaries and information can be accessed online at:
https://www.wbsida.org/waikiki-beach-community-advisory-committee/

Background Information

The 32-member Waikiki Beach Community Advisory Committee (WBCAC) is intended to
help to identify and address Waikiki Beach management issues. The committee provides

important guidance for planning and prioritizing future beach management projects in
Waikiki.

Waikiki Beach Advisory Committee Goals

1.

2.

(98]

Advise the WBSIDA, the DLNR, the City and County of Honolulu and UH Sea Grant
on the development and implementation of a Waikiki Beach Management Plan.
Ensure that future beach management projects address the issues and concerns of the
Waikiki community and local stakeholders.

Advise/recommend on specific beach management projects in Waikiki.

Provide community coordination, education, and outreach efforts about beach
management issues and projects in Waikiki.

Identify and evaluate alternatives for beach management and maintenance in Waikiki.

Waikiki Beach Community Advisory Committee Meeting 9/27/2018 Summary



General Meeting Summary:

21 of the 32-member committee (66%) were present for the 9-27-18 meeting.

The meeting consisted of several project updates and a ranking sheet exercise for six
different conceptual engineering designs for the three priority beach cells (Royal, Kuhio
and Halekulani).

Follow up discussion with several committee members and stakeholders on the overall
outreach and communication strategy for the conceptual designs has resulted in the
development of an overall project goals, objectives and strategies.

Based on the above input, the WBSIDA is in the process of developing specific criteria
for the identification of the desired recreational use, design rational and outcome
objectives for each design cell. This is thought to assist in the committee assessment and
ranking of various conceptual designs.

Project Updates

Royal Hawaiian Groin (RHG)- A project update was provided to the committee on the
various design changes planned for the RHG including the change in the shoreward
portion to “L-head” and an overall increase in the overall crest elevation by 1.5ft to
account for future projections of sea-level rise.

Discussion of the RHG centered on public safety measures that can be built into the
design to prevent and/or mitigate public access along the top of the groin.

A suggestion of possibly adding a lifeguard station to the base of the RGH was brought
up. There was acknowledgement this may serve to improve observational coverage and
emergency response time from the RHG to the Ft. DeRussy groin which is currently
unguarded.

Kuhio Beach Groin (KBG)- A project update was provided to the committee on the
various design changes planned for the KBG.

Discussion included the KBG function, dimensions, orientation, sand source and
installation methodology.

Concern raised by several committee members about the use of the proposed sand barrow
area in the Diamond head basin for the beach fill next to the KBG as it may increase the
slope of the beach and cause a deepening of the shallow wading area leading to a safety
concern. Other safety concerns were raised regarding slip/fall hazards on the groin as
well as novice surfers hitting the groin.

A suggestion was made for the planned KBH be oriented similar to the pre-existing groin
in order to orient the groin into the prevailing waves, as opposed to shore-perpendicular.

Waikikt Beach Community Advisory Committee Meeting 9/27/2018 Summary 3



Conceptual Design Ranking Exercise (60 mins)
Goal: Evaluate and rank potential conceptual designs.

This exercise started with a presentation and discussion on six different conceptual designs for

the three priority beach cells.

Committee members were asked to rank the various designs on a

1-5 scale (1= no support, 5 = full support) (Appendix A). The ranking sheet was also emailed
out to all committee members as part of a briefing packet before the meeting and a form-fillable
version was sent after the meeting. The results for this exercise are summarized below.

General Summary: Considering the limited sample size!, the overall the results suggest:

1.

2.

Preferred designs vary by each beach cell but tend to favor Options E and F (Halekulani
T-heads and T-heads + SLR) as the top ranking for the first choice (Figure 1).

Similar ranking is observed if we look at the 1%t choice PLUS the 2™ choice with Option
F Halekulani T-heads + SLR as the overall preferred design (Figure 2).

Option C (Royal Hawaiian Beach) was an equal 2™ to Option E when considering the 1%
choice PLUS the 2" choice (Figure 2).

While there are exceptions in some beach cells, the least favored designs include Option
B (Kuhio w/ breakwaters and C Royal Hawaiian.

Note Option C ranked an equal 3™ with 3 other designs when looking at 1%t choices only
an equal 2" when looking at 1% Plus 2™ choices and an equal least preferred for the 5
choice. This seems to indicate a bi-modal distribution of ranking results or in other
words the committee is largely split on this option with the same number of results as the
5% choice as there are for 1% plus 2" (Figure 3). This might indicate more information
and discussion is needed in order resolve this difference of opinion with this option if
there is an interest in pursuing this option.

! A larger sample size will result in more statistically relevant and representative results. This could be done as an
online survey to a wider stakeholder group and/or as public survey. Ideally future surveys will evaluate and rank
various options for each cell rather than rank overall for all cells.

Waikiki Beach Community Advisory Committee Meeting 9/27/2018 Summary



Conceptual Design Ranking Exercise — Results

Figure 1.

1st Choice Waikiki Advisory Committee Concept
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Option A- Kuhio Option B- Kuhio Option C- Royal Option D- Option E- Option F-
Beach (Ewa Basin) Beach Hawaiian Beach Halekulani Halekulani (T- Halekulni (T-
(Breakwaters) (revetment) Heads) Heads + SLR)
Figure 2.

1st and 1st + 2nd Ranking
Waikiki Advisory Committee Concept Design

W 1st
MW 1st +2nd

Number of Votes
O P N W b U OO N

Option A- Kuhio Option B- Kuhio Option C- Royal = Option D- Option E- Option F-
Beach (Ewa Beach Hawaiian Beach Halekulani  Halekulani (T- Halekulni (T-
Basin) (Breakwaters) (revetment) Heads) Heads + SLR)

Conceptual Design Options
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Figure 3.
Waikiki Advisory Committee Concept Design Ranking

Option F- Halekulni (T-Heads + SLR)
Option E- Halekulani (T-Heads)
Option D- Halekulani (revetment)
Option C- Royal Hawaiian Beach
Option B- Kuhio Beach (Breakwaters)

Option A- Kuhio Beach (Ewa Basin)
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Conceptual Design Ranking Exercise —
Additional Committee Written Comments Received
(In no particular order)

No T-Heads

Safety critical for locals and visitors

Surf and recreation important

In favor of T-Heads but not the groins leading from shore to the heads.
Favor Breakwaters over groins

All structures are temporary, plan accordingly

Fully support T-Groins just need more details

Option A is good but B is better but need 3 more groins towards Kapahulu groin

A S A o A

Option C is good but need to take out T-Groin inshore of Canoes

—
=]

. Option E is good but need to move western most groin out of Halekulani channel

—
—

. Option B- need to add replacement for Slippery Wall (Kuhio Breakwall)

—
N

. Consider Multi-modal groins for safety, designed for safe access.

—
(98]

. Design safe water entry areas and signage

[S—
AN

. Allow more mauka room for a beach to form and elevate beach

—
()]

. Design multi-use recreational access (stairs) rather than restrict access.

—
[©))

. Safety concern for eddie formation and current flows (Koolina lagoon example)

—
J

. Possible impacts of sand movement Ewa side of T-head

Waikiki Beach Community Advisory Committee Meeting 9/27/2018 Summary



Appendix A: Sample of Conceptual Design Ranking Sheet

NAME:

Waikiki Beach Conceptual Designs- Comment Sheet
1= no support, 5 = fully support

What is your level of your support for the following conceptual designs?
1-5 Scale
a) Kuhio Beach Option A (Ewa Basin only)
b) Kuhio Beach Option B (A +Breakwaters)
c) Royal Hawaiian Beach (L-spur and T-head)
d) Halekulani Option A (Revetments)
e) Halekulani Option B (T-Heads)
f) Halekulani Option A (T-Heads + SLR)

a. b. C.

Other comments you want to add?

Waikiki Beach Community Advisory Committee Meeting 9/27/2018 Summary



Waikiki Beach Engineering Design Criteria

KUHIO BEACH
WAIKIKI

ASSETS & VALUES ISSUES & PROBLEMS

Other: Safe water Other: Water Erosion/wave

3% Quality/Stor run-up
water, lack of 21%
restrooms
Recreational 24%
29%
Aesthetic
23% Historic/cultural Lack of Environmental
14% Amenities Degradation Shoreline
14% 24% Access

0%

KUHIO BEACH SOLUTIONS

M 1st Choice ® 2nd Choice 3rd Choice

NO ACTION

MAINTENANCE AND/OR REPAIR OF EXISTING
STRUCTURES
REPLACE EXISTING STRUCTURES WITH SIMILAR
DESIGN, LOCATION, AND FUNCTIONS

REPLACE EXISTING STRUCTURES WITH DIFFERENT
DESIGN, LOCATION, AND/OR FUNCTION

REMOVE EXISTING STRUCTURES

I
.
1
I
seack marntenance |
I
1
]
L

BEACH RESTORATION USING COMPATIBLE SAND
FROM LOCAL SOURCES

BEACH RESTORATION USING COMPATIBLE SAND
FROM NON-LOCAL SOURCES

BEACH EXPANSION AND/OR CREATION

SHORELINE RECONFIGURATION

OTHER: MAINTAIN SAFE SWIM, IMPROVE WATER
CIRCUALTION, RE-DIRECT STORM WATER



Waikiki Beach Engineering Design Criteria

DESIRED ASSETS & USES

Maintain calm and shallow water uses and beach-ocean interaction (swimming, bathing)
Maintain ocean access at Ewa basin (Surfing access)

Maintain existing commercial uses

Maintain cultural/historical sense of place

Maintain public access along Kapahulu groin and esplanade

Preserve/protect surf sites (Walls, Queens, Baby Queens)

® o o & & ¢

EXISTING ISSUES & PROBLEMS

Beach Erosion and seaward slumping

Water quality impacts

Infrastructure and amenities lack of maintenance
Seasonal beach erosion

Public safety hazard on breakwater

Beach loss at Diamond Head end of beach cell

® O O 6 o O

DESIGN STRATEGIES & OPTIONS

Beach maintenance and restoration using locally sourced sand

Small-scale beach maintenance (use existing basin sand for beach profile shaping)
Replace existing structures with a different design function

Improve water quality within basin (additional testing)

Reduce sand loss through the breakwater channel

Stabilize/manage seasonal beach dynamics

® & o o ¢ @




Waikiki Beach Engineering Design Criteria

f.;;.\\ A o =

»Ss ROYAL HAWAIIAN
BEACH, WAIKIKI

ASSETS & VALUES ISSUES & PROBLEMS

Recreational Other: Too much sand
18%

Other:

& Amenities

6%

Shoreline
Access
13%

Aesthetic
18%

Environmental
Degradation
10%

ROYAL HAWAIIAN BEACH SOLUTIONS

M 1st Choice M 2nd Choice 3rd Choice

NO ACTION

MAINTENANCE AND/OR REPAIR OF EXISTING
STRUCTURES

REPLACE EXISTING STRUCTURES WITH SIMILAR
DESIGN, LOCATION, AND FUNCTIONS

REPLACE EXISTING STRUCTURES WITH DIFFERENT
DESIGN, LOCATION, AND/OR FUNCTION

REMOVE EXISTING STRUCTURES

BEACH RESTORATION USING COMPATIBLE SAND
FROM LOCAL SOURCES

BEACH RESTORATION USING COMPATIBLE SAND
FROM NON-LOCAL SOURCES

BEACH EXPANSION AND/OR CREATION

SHORELINE RECONFIGURATION

OTHER: PROTECT SURF SITES, T-HEAD GROIN,
MAINTAIN SURF CULTURE



Waikiki Beach Engineering Design Criteria

DESIRED ASSETS & USES

Active uses and dynamic beach-ocean interaction

Maintain mixed recreational use (swimming, surfing, bathing)

Maintain economic/commercial use (catamarans, canoes, surf lessons/beach rentals)
Maintain cultural/historical sense of place

Maintain vessel ingress/egress through channel

Preserve/protect surf sites (Canoes, Queens, Baby Queens)

® o o & & ¢

EXISTING ISSUES & PROBLEMS

Beach Erosion/Wave Run-up

Seasonal beach erosion

Structural failure of structures

Limited seasonal lateral access

Beach loss at Diamond Head end of beach cell

® o ¢ & o

DESIGN STRATEGIES & OPTIONS

Beach restoration using locally sourced sand

Small-scale beach maintenance (use nearshore sandbar for sand back-passing)
Replace existing structures with similar design

Limited new shoreline structures-preserve open beach and view planes
Improve lateral access alongshore (Pinch point at Moana)

Reduce sand loss through the sand channel

Stabilize/manage seasonal beach dynamics

LR 2 2R 2 2 2 4




Waikiki Beach Engineering Design Criteria

ASSETS & VALUES

Other: Economic

access... Value
28%
Recreational
28%
Historic/
Aesthetic cultural
11% 28%

HALEKULANI
BEACH, WAIKIKI

ISSUES & PROBLEMS

Lack of Amenities

Other: No Beach

%
2% Y Erosion/wave

HALEKULANI BEACH SOLUTIONS

H 1st Choice ® 2nd Choice

NO ACTION

MAINTENANCE AND/OR REPAIR OF...
REPLACE EXISTING STRUCTURES WITH..

REPLACE EXISTING STRUCTURES WITH...

REMOVE EXISTING STRUCTURES

BEACH MAINTENANCE

BEACH RESTORATION USING..

BEACH RESTORATION USING...

BEACH EXPANSION AND/OR CREATION
SHORELINE RECONFIGURATION

OTHER: REVETMENT

o

run-up
29%
Environmental
Degradation——
10%
3rd Choice
1 2 3 4 5 6 7



Waikiki Beach Engineering Design Criteria

DESIRED ASSETS & USES

Maintain mixed recreational use (swimming, surfing, bathing).

Maintain high level of water quality

Preserve submarine groundwater discharge at Halekulani Channel (Kawehewehe)
Maintain vessel ingress/egress through Halekulani channel

Preserve/protect surf sites (Populars, Threes, Fours)

® ¢ & &

EXISTING ISSUES & PROBLEMS

Beach Erosion/Wave Run-up
Overtopping of seawalls
Structural failure of seawalls
Limited lateral access

Wave reflection off seawalls

® ¢ O & O

DESIGN STRATEGIES & OPTIONS

Beach Expansion and/or restoration

Maintain and/or replace existing structures with similar design
Improve lateral access alongshore (Boardwalk, walkway and/or beach)
Reduce wave reflection off structures

Reduce sand loss through the Halekulani sand channel

Improve health and resilience of reef ecosystem

® o ¢ & & @
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WAIKIKT BEACH COMMUNITY ADVISORY COMMITTEE
HO’OMAU ‘O WAIKIKI KAHAKAI

“WAIKIKI BEACH RENEWS ITSELF”

MEETING AGENDA

Date: Wednesday, October 30th, 2019 2:00pm to 4:30pm

Location: ~ Waikiki Beach Marriott Resort & Spa
Kaimuki 1 Room 2nd floor Kealohilani tower (makai tower)
2552 Kalakaua Avenue (Parking is validated- Kealohilani tower )

Host: Waikiki Beach Special Improvement District Association (WBSIDA)
Contact: Dolan Eversole, University of Hawai‘i Sea Grant/WBSIDA

Cell (808) 282-2273 email: eversole@hawaii.edu
MEETING AGENDA

1. Waikiki Beach Community Advisory Committee (10 mins)
a) Introductions and advisory committee composition. (Introduce new members)
b) Review of past meeting summaries and outcomes

2. Waikiki Beach Improvement Project Updates (20 mins)
a) Kuhio Beach sandbag groin.
b) Royal Hawaiian groin.
c) Waikiki Beach Perception Surveys Update
d) World Surfing Reserve Application

3. Waikiki Priority Project Areas — DLNR EIS Project Scope (60 mins) (Handout)
a) DLNR Waikiki EIS project background, goals and scope.
b) DLNR Sea-Level Rise R&V Assessment Update
c) September 27, 2018 meeting conceptual designs ranking summary. (Handout)
d) Review beach improvement conceptual designs for Waikiki.
i.  Ft DeRussy sand back-passing

ii.  Halekulani cell concepts

iii.  Waikiki Beach maintenance (Royal Hawaiian Cell)

iv.  Small-scale dredging systems

v.  Kuhio Beach basin concepts
e) Group discussion, questions and comments. (60 mins)

4:30pm Pau Optional social 5-6pm at the pool bar.



2:00pm

2:15pm

2:25pm

3:15pm
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WAIKIKI BEACH COMMUNITY ADVISORY COMMITTEE
Marriott Resort Waikiki Beach
October 30, 2019

Meeting Minutes

Opening remarks and introductions (Rick Egged, WBSIDA)
Review of past meeting outcomes (Dolan Eversole, Hawaii Sea Grant / WBSIDA)

Waikiki Beach improvement project updates (Sam Lemmo, DLNR OCCL)
Kuhio Beach Sandbag Groin

Press release 10/30

Construction begins 11/04

Will be doing daily monitoring

K. Downing — is sand fill for bags compatible with the existing beach? Is it sand or
crushed coral? What is plan when groin fails; how long will bags remain in place?
S. Lemmo - if it fails, we will adapt it or remove it; sand fill would be disposed of
off-site; sandbags are larger than those used at Royal Hawaiian Groin;

C. Fletcher — what is failure and what is success? Will beach cell be more stable
than what is currently there? Flanking will lead to proliferation of groins. Is the
beach in this area an erosional or depositional feature?

S. Lemmo — failure is if sand does not remain stable in the beach cell or significant
flanking occurs on the downdrift side;

K. Downing — does it make sense to spend money to repair this area temporarily or
just focus on a larger, more permanent solution.

Royal Hawaiian Groin Replacement

Construction planned for Jan-Mar 2020

Construction duration will be approximately 3 months

Staging materials at Kuhio Beach

Structure is an L-head rubblemound groin with a concrete cap

Crest elevation was lowered to reduce the structural footprint

K. Downing — is a rubblemound groin stronger or weaker with the concrete spine;
D. Smith — ideally, we would have removed the existing groin; maintaining the
existing groin was a condition of the permit; the armor layer is designed for the
crown wall to be cast-in-place;

C. Fletcher — K. Downing raised a valid point; recommend further detailed analysis
be conducted prior to final design and construction.

Discussion of Waikiki as a World Surfing Reserve (Dolan Eversole)

K. Downing — what has this organization done to help any of the beaches that have
been designated as world surfing reserves?

D. Eversole — one example where land was purchased to create a conservation
easement.
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3:30pm BREAK
3:40pm Waikiki EIS Update (Sam Lemmo) Strong emphasis on climate resilience
4:00pm Beach Improvement Conceptual Designs (David Smith)

S. Lemmo — does Kuhio design take into consideration the erosion hot spot at the
Waikiki Tavern?

R. Porro — any adaptable features in the design so the structures can be modified for
higher sea level?

D. Smith — designed to be equipment-accessible with the idea that future
modifications will be necessary.

D. Eversole — are there other materials (other than rock), such as modular structures?
D. Smith — could use coral, concrete armor units, etc.; other options that would need
to be evaluated.

C. Fletcher — Fort DeRussy sand in borrow v’ placement areas is different; borrow
area is crushed coral that is easily cemented; what is origin of sand in the placement
area?

C. Fletcher — Royal Hawaiian Beach compaction, cementation, fracturing caused by
trucking; also turbidity

R. Porro — projects seem to be discrete; are they are plans for recurring maintenance;
if there is an approved maintenance plan, FEMA funding could be available after a
disaster.

ADDITIONAL NOTES

¢ Questions are generally technical and focused on engineering challenges.

e Why are we encasing the existing RHG? Who made this requirement and why?

e Need to show model conditions on slides (wave height, direction, period).

e Need 3D renderings in addition to 2D plan views.

e For EIS, need to explain that shoreline has been consistently re-engineered over the past
century (show examples of 3-4 photos showing evolution of each area); projects are
relatively small in the context of the history of Waikiki.

e Investigate including a “maintenance program” to qualify for FEMA post-disaster funds.
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WAIKIKI BEACH COMMUNITY ADVISORY COMMITTEE
Wednesday, October 30, 201'22:00pm to 4:30pm
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WaIkiki BEACH COMMUNITY ADVISORY COMMITTEE
HO’OMAU ‘O WAIKIKT KAHAKAI
“WAIKIKI BEACH RENEWS ITSELF”

MEETING AGENDA

Date: Tuesday, January 19th, 2020 2:00pm to 3:30pm

Location: Zoom Meeting
https://us02web.zoom.us/j/82555500228?pwd=SzJWbTJycWtvUkFzeW5yN282Q
243QT09

Meeting I1D: 825 5550 0228 Passcode: 889179
One tap mobile +12532158782,,82555500228#,,,,*889179# US

Host: Waikiki Beach Special Improvement District Association (WBSIDA)
Contact: Dolan Eversole, University of Hawai‘i Sea Grant/WBSIDA
Cell (808) 282-2273 email: eversole@hawaii.edu

MEETING AGENDA

1. Waikiki Beach Community Advisory Committee (10 mins)
a) Welcoming, introductions and committee background.

2. Waikiki Beach Maintenance Project Updates (20 mins)
a) Royal Hawaiian groin
b) Waikiki Beach Maintenance Project

3. Waikiki Beach Improvements —EIS Project Scope (30 mins) (Handout)
a) Waikiki EIS project background, goals and scope.
b) Review beach improvement and maintenance conceptual designs for Waikiki.
i.  Fort DeRussy Beach Sector — Beach Maintenance (sand back passing)
Ii.  Halektlani Beach Sector — Beach Construction with Stabilizing Groins
iii.  Royal Hawaiian Beach Sector - Beach Nourishment
iv.  Kuahio Beach Sector (‘Ewa Basin) — Beach Nourishment & Segmented
Breakwater

v.  Kuhio Beach Sector (Diamond Head Basin) — Beach Maintenance

c) Group discussion, questions and comments. (30 mins)

3:30pm Pau


https://us02web.zoom.us/j/82555500228?pwd=SzJWbTJycWtvUkFzeW5yN282Q243QT09
https://us02web.zoom.us/j/82555500228?pwd=SzJWbTJycWtvUkFzeW5yN282Q243QT09
tel:+12532158782

2:00pm

2:10pm

2:20pm

2:40pm
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WAIKIKI BEACH COMMUNITY ADVISORY COMMITTEE
January 19, 2021
Meeting Minutes

Opening remarks and introductions (Rick Egged, WBSIDA - Dolan Eversole,
Hawaii Sea Grant/ WBSIDA)

Dolan added links to chat regarding the advisory committee and future beach
maintenance project:
https://www.wbsida.org/waikiki-beach-community-advisory-committee
https://www.wbsida.org/waikiki-beach-maintenance

Waikiki Beach Community Advisory Committee (Dolan Eversole)

Review of last year’s meeting minutes, review of criteria used in the Waikiki master
planning and how they were established. Review of executive summary regarding
WBSIDA and goals. Review of documents attached in meeting invitation email.

No questions asked.

Waikiki Beach Maintenance Project Updates (Dolan Eversole, Hawaii Sea Grant
WBSIDA)
Waikiki Beach Maintenance Project 2021
Provided brief intro regarding Royal Hawaiian Groin and K@ihio Sandbag Groin.
2021 Waikiki beach maintenance project similar in scope to 2012 maintenance
project. Mobilization will begin in late January and expected to take 2 weeks. Sand
recovery/dewatering/transport/placement to begin in February and expected to take
3-4 months. Expect to be demobilized sometime in May and completely finished by
June. Outreach material provided to public including FAQ webpage.
Questions (asked via chat window):
e Mike Foley - Cost of the renourishment project?

Answer: Between $3-4 million
e Chip Fletcher — How long from start to stop?

Answer: Up to 4 months

Waikiki Beach Improvements —EISPN Project Scope

Waikiki EIS project background, goals and scope (Sam Lemmo, DLNR OCCL)
Hope to be finished with EIS process by end of 2021.

Dolan shared the following project link:

https://dInr.hawaii.gov/occl/waikiki/

Review beach improvement conceptual designs for Waikiki (Andy Bohlander — SEI)
OEQC Process: Environmental Impact Statement Preparation Notice (EISPN)
EISPN published 12/23/20
Public scoping meeting 1/7/21
Draft PEIS expected to be published Spring 2021
Intro on early consultation process. Background — Economically important to state
through tourism, beach is heavily engineered and in deteriorated state.


https://www.wbsida.org/waikiki-beach-community-advisory-committee
https://www.wbsida.org/waikiki-beach-maintenance
https://www.wbsida.org/s/Waikiki-maintenance-FAQs-12-2020.pdf
https://dlnr.hawaii.gov/occl/waikiki/

3:35pm
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Offshore Sand Resources/Deposits — Reef Runway, Ala Moana, Hilton, Halekulani,
Canoes/Queens, Diamond Head

Overview of Waikiki beach sectors and erosion/flooding issues experienced in each
Reviewed concept designs for each of the four identified projects in the EISPN
including:

1.

Fort DeRussy Beach Sector
* Proposed Action: Beach Maintenance (Sand Back passing)
* Requires ~1,200 cubic yards of sand

Halekiilani Beach Sector

* Proposed Action: Beach Construction with three Stabilizing Groins, potential
for ADA access

* Requires ~60,000 cubic yards of sand

Royal Hawaiian Beach Sector
* Proposed Action: Beach Nourishment, no new structures proposed
* Requires ~25,000 cubic yards of sand

Kiaihio Beach Sector

* Proposed Action: Beach Nourishment, Segmented Breakwater (‘Ewa Basin)
* Proposed Action: Beach Maintenance (Diamond Head Basin)

* Requires ~28,500 cubic yards

Group discussion, questions and comments.

Mike Murray - (via chat box) - Dolan, Great presentation!! Trying to
indoctrinate myself with the overall projects. The sites, you shared, past meeting
minutes helped a lot! | do apologize as | need to leave the meeting just after 3!
Mahalo, mm

Chip Fletcher (via chat box) - Gotta leave for another meeting. Thanks Sam,

Andy and Dolan!

Dolan — Asked to expand on function and use of small scale dredge systems
Answer (Andy B) — These are diver operated systems that transport sand
from nearshore areas (~60 cubic yards of sand per hour, or 360 cubic yards
per day.). Fort DeRussy, Hilton channel, Hilton lagoon, sandbar off of Royal
Hawaiian, Kizhio swim basins are potential candidates.

Dolan (follow up) — How do these systems compare to truck hauling regarding

production rate?

Answer (Andy B) - Unclear but something they would love to test. Exploring
options to conduct a demonstration project.

Rob Porro — (via chat box) - Great presentation, Andy. Question regarding SLR

- what SLR projection was used for the projects? Is there any

modularity/flexibility built in to the designs if SLR is higher than expected?
Answer (Andy B) — 50 year design life based on Sweet et. al. (2017) NOAA
SLR projections.
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(Dolan added) — Royal Hawaiian Groin modified the design to account for
SLR.
Dolan shared website: https://dInr.hawaii.gov/occl/files/2021/01/2020-12-23-
OA-EISPN-Waikiki-Beach-Improvement-and-Maintenance-Program.pdf
e Darren Lerner — (via chat box) Thanks everyone. Gotta run!

3:45pm Pau


https://dlnr.hawaii.gov/occl/files/2021/01/2020-12-23-OA-EISPN-Waikiki-Beach-Improvement-and-Maintenance-Program.pdf
https://dlnr.hawaii.gov/occl/files/2021/01/2020-12-23-OA-EISPN-Waikiki-Beach-Improvement-and-Maintenance-Program.pdf

1-19-21-Waikiki Beach Community Advisory Committee Registration

Report
First Name Last Name Registration Time Approval Status
Kalani Kaanaana | 2021-01-16 12:56:46 approved
Scott Sullivan 2021-01-07 14:52:33 | approved
Neal Sklodowski 2021-01-07 12:04:47 @ approved
Andy Bohlander | 2021-01-07 07:50:53 | approved
soostover 2021-01-11 10:43:23 approved
Mike Shaff 2021-01-07 05:08:27 | approved
Meghan statts 2021-01-07 06:57:56 approved
Shellie Habel 2021-01-16 13:15:37 approved
Doorae Shin 2021-01-07 13:32:50 approved
Roberto Porro 2021-01-07 15:28:19 approved
Lee Nakahara | 2021-01-07 08:32:44 approved
Darren Lerner 2021-01-19 11:57:35 | approved
Jason Woll 2021-01-19 13:51:48 approved
David Smith 2021-01-12 13:44:41 | approved
George Parsons 2021-01-07 09:53:25 approved
Mindy Sanford 2021-01-07 09:44:38 approved
Bob Hampton 2021-01-07 10:45:47 approved
John Clark 2021-01-16 11:28:10 approved
harry robello 2021-01-07 19:53:27 approved
Ted Bush 2021-01-08 09:33:21 | approved
rus murakami | 2021-01-19 10:01:40 approved
Robert Finley 2021-01-07 10:12:50 | approved
Richard Stover 2021-01-11 10:34:32 approved
Dolan Eversole 2021-01-16 10:38:25 approved
Jim Fulton 2021-01-17 12:59:41 | approved
Rick Egged 2021-01-19 11:08:45 | approved
Matthew Gonser 2021-01-19 13:18:53 approved
Mike Foley 2021-01-19 13:58:48 | approved
brett greenberg 2021-01-07 10:48:07 approved




sam
Chip
KEVIN
Mike

Giannicola

lemmo
Fletcher
ALLEN
Murray

Tumino

2021-01-19 11:20:12
2021-01-07 12:07:37
2021-01-19 14:14:56
2021-01-18 11:31:06
2021-01-19 11:57:30

approved
approved
approved
approved

approved
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WAIkIiki BEACH COMMUNITY ADVISORY COMMITTEE
HO’OMAU ‘O WAIKIKI KAHAKAI

“WAIKIKI BEACH RENEWS ITSELF”

MEETING AGENDA
Tuesday, January 25th, 2022 2:00pm to 3:30pm

Zoom Meeting
https://us02web.zoom.us/j/87109477763?pwd=Z1Q2bWIDM3plbjAWZHV4ANTh3djZ0QT09
Meeting ID: 871 0947 7763
Passcode: 348780

AGENDA ITEM

1. Waikiki Beach Community Advisory Committee Briefing (10 mins)
2. Waikiki Beach Improvement Projects Update (10 mins)
3. Waikiki Beach Improvements FEIS Update (30 mins)

a) DLNR Waikiki EIS project background, goals and scope

b) Update on Final EIS timeline and next steps

4. Waikiki Boardwalk Concept (10 mins)

5. Group discussion, questions, comments. (30 mins)

Next meeting July, 2022

3:30pm Pau
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WAIKIKTI BEACH
COMMUNITY ADVISORY COMMITTEE

Meeting Agenda
Tuesday, November 1st, 2022 4:00pm to 5:00pm

Zoom Meeting
https://hawaii.zoom.us/j/93495859345
Meeting ID: 934 9585 9345
Passcode: 632543

MEETING AGENDA

1. Waikiki Beach Community Advisory Committee
a) Welcome, introductions and committee updates

2. Waikiki Beach Improvements EIS Update
a) Update on Final EIS timeline and next steps
b) Small-Scale Beach Restoration Pilot - Kawehewehe

3. Waikiki Projects Update
a) Waikiki Beach Maintenance Project- July, 2022 swell event
b) Royal Hawaiian Groin & Beach Overnight Closure

¢} Ala Wai Harbor Vision Plan (DLNR)
d) Waikiki Resilience Plan

4. Save the Waves, World Surfing Reserve- Application Update

5. Group discussion, guestions, comments.
i.  Next meeting June, 2023

For more information visit: https://www.wbsida.org/waikiki-beach-community-advisory-committee
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WAIKIKI BEACH COMMUNITY ADVISORY COMMITTEE
November 1, 2022

Meeting Summary

Opening remarks and introductions (Rick Egged, WBSIDA - Dolan Eversole,
Hawaii Sea Grant/ WBSIDA)

Waikiki Beach Improvements —Draft EIS Project Scope
https://dInr.hawaii.gov/occl/waikiki/
= Waikiki EIS project background, goals and scope (Dolan Eversole)
= Draft EIS awaiting a Board of Land and Natural Resources hearing.
= Needs Board approval then Governor’s signature, the document can then be
used as an environmental reference for subsequent permits.
= Reviewed the Halekulani beach cell concept plan and Phase I of the plan as
the first priority.
= Reviewed the small scale beach restoration pilot concept for the
Kawehewehe area. Urgent need to mitigate erosion and wave run up that is
impacting public walkway in the area.
= WABSIDA is supportive of the EIS plan and a cost-share partner.

Questions- Waikiki Beach Community Advisory Committee

e Several questions and general discussion around timelines and with the level
of urgency why it is taking so long to get action to mitigate the erosion here.

e The permitting, while streamlined for a small-scale project without structures
will still take time and contracts need to go through the State.

e Discussed the possibility of a delay in the state permitting beach restoration
projects in the summer months could mean a delay if permits are ready in
early summer but can’t be initiated.

e Project needs to have permits developed and submitted to the State DLNR,
no project costs for this yet.

e Earliest expected project start would be Spring, 2023, more likely summer-
Fall 2023.

Waikiki Beach Maintenance Projects

Waikiki Beach Maintenance Project 2021

e Briefing for Royal Hawaiian Groin and Kiihio Sandbag Groin.

e 2021 Waikiki beach maintenance project similar in scope to 2012
maintenance project.

e Beach monitoring reveals the beach has gained sediment since the beach
nourishment was completed in May, 2021. This indicates the beach appears
more stable than before, at least for now.

e The extortionary south swell of July, 2022 brought sand into the Royal
Hawaiian beach which gained 3% area on the sub-aerial (above the water)
portion of the total beach area.

For more information visit: https://www.wbsida.org/waikiki-beach-community-advisory-committee
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Royal Hawaiian Groin and Beach Closure

Royal Hawaiian Groin was completed in September, 2020.

Beach appears to be much more stable since then. Stability is pronounced
near the groin but the entire cell seems to be more stable now.

Beach Closure- A new initiative to have nightly beach closure of the Royal
Hawaiian Beach to address overnight sleeping and property storage.

The WBSIDA is facilitating a process to allow the overnight beach closure to
ensure a safe and clean environment.

The overnight closure would be 2am to 5am which is consistent with the City
and County beach park hours at Kuhio Beach.

Transiting and access to the ocean would be allowed but no loitering, sitting
or lying down between 2am and 5am.

e Action is pending a response from the DLNR.

Waikikt Resilience Plan
e Update on the goals, objectives and status of the Waikiki Resilience Plan.
e Two year effort through the State Office of Planning and Sustainable
Development which has provided funding to the University of Hawai‘i
Community Design Center to develop a framework for a plan.

Waikiki World Surfing Reserve
e Update on the goals, objectives and status of the Waikiki Surfing Reserve.
o Application process underway now and due in the Spring.
¢ Discussion centered around possible projects, stewardship committee
composition and actions.
o General support for the idea and discussion about stakeholder and community
outreach that is being planned for the application.

Group discussion, questions and comments.

Pau

For more information visit: https://www.wbsida.org/waikiki-beach-community-advisory-committee
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1. INTRODUCTION

1.1  Background

The State of Hawaii Department of Land and Natural Resources (DLNR) has initiated the
Waikiki Beach Restoration project, which consists of development of shoreline maintenance and
improvement projects. The project area extends from the Natatorium west to the Hilton
Hawaiian Village. Waikiki Beach is a highly modified urban shoreline, and the shoreline
configuration today is largely the result of past efforts to widen and maintain the beach. Waikiki
Beach is, at least in part, in a deteriorating state and requires regular maintenance and strategic
improvements in order to continue to meet present and future beach needs to serve the growing
Waikiki tourism economy. Many sections of Waikiki Beach are substantially narrowed or have
been completely lost to erosion due to a long history shoreline modification, chronic and
episodic sand loss, a lack of coordinated beach management, and minimal capital investment.

Sea Engineering, Inc. (SEI) has been contracted to accomplish three project objectives; 1)
development of a Feasibility Study for beach maintenance/improvement, 2) preparation of an
Environmental Impact Statement (EIS) for selected beach improvements, and 3) conceptual
design and permitting for selected beach improvements. This work is being accomplished for
the Department of Land and Natural Resources (DLNR), Office of Conservation and Coastal
Lands (OCCL). Project coordination is also being assisted by the Waikiki Beach Special
Improvement District Association (WBSIDA).

A primary objective of the Feasibility Study is to investigate potential sand sources. The
potential sources of sand must be carefully evaluated in terms of quality, quantity, recovery cost,
and general feasibility. Initial investigations for this project concluded that there was no readily
available terrestrial source of suitable sand and that local offshore sand resources should be
evaluated.

The following are objectives of this Sand Source Investigation:

Collect and review existing information regarding previous South Shore sand investigations
Delineate identified sand sources and estimate volumes

Delineate other potential sand sources

Investigate (map and sample) the potentially viable offshore deposits

Analyze the investigation data

Produce a report summarizing the findings and applicability of the sand for beach projects

oakrwdE

1.2 Data sources in this report

Sea Engineering, Inc. (SEI) has performed offshore sand source investigations for several decades.
SEI has worked in both lead and support roles, and company employees have performed sand
investigations as employees of other organizations. SEI’s knowledge base of offshore sand
sources around Oahu is extensive. For the present study, one of the goals was to investigate both
new and existing sand sources, in particular, those known to exist but that have not been well
sampled. Sources of historical data included the U.S. Geological Survey (USGS) and the
University of Hawaii Coastal Geology Group, as well as previous SEI projects. SEI collected
historical data and performed sand source investigations on specific sites for the present project.

Sea Engineering, Inc. 1
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As this project was progressing, Sea Engineering undertook a project with the City and County of
Honolulu to nourish the beach at Ala Moana Regional Park. Sand source investigations were
performed as part of that study, and the results are included in this sand report. That project
identified a sand source directly offshore of the park extending from 70 feet of water offshore to
depths beyond 120 feet. That project also investigated a new deposit off Diamond Head Beach
Park, as well as further investigation of certain sites around WaikiKki.

Sea Engineering, Inc. 2
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2. SAND SOURCE INVESTIGATIONS

2.1 Introduction

A key component to the success of the proposed actions is the availability of a suitable sand source
for beach nourishment. The majority of Hawai‘i beaches are composed of calcareous (calcium
carbonate) sand, which is composed of skeletal fragments of marine organisms such as corals,
coralline algae, mollusks, echinoids, forams, and minor fractions of terrigenous (i.e., volcanic)
sediment. The composition of sand is determined by the relative abundance of each contributing
species and varies with location. The density of calcium carbonate is more than 2.7 g/cm?;
however, microscopic pores and hollow grains make the effective density somewhat lower. The
density and shape of the individual particles affects the transport characteristics when compared
to silica beach sand that is derived from inland sources characteristic of most beaches on
continental U.S. coastlines (Smith and Cheung, 2003).

In the past, sand for beach nourishment was typically obtained from other beaches on O‘ahu and
Moloka‘i or from inland deposits of relict beach and dune sands that were commercially
available. Mokulé‘ia sand, mined by Hawaiian Cement, was a high-quality relict beach sand
deposit found several hundred meters inland of the existing beach on the North Shore of O‘ahu.
The Mokulé‘ia sand is moderately sorted, and the median grain size (Dso) is 0.60 mm. This sand
has reportedly been used for beach nourishment projects at the Hilton Hawaiian Village and
Kwhio Beach. However, this sand source is no longer commercially available.

Maui dune sand was previously mined by Hawaiian Cement and HC&D (formerly Ameron). It
is a fine to medium grain sand with a median grain size (Dso) of 0.25 mm. The sand contains a
relatively high percentage of fines, contains terrigenous sediment (dirt), and has a medium to
dark brown color. It has not been used for beach nourishment projects on O‘ahu. In 2017, the
County of Maui placed a moratorium on mining of inland dune sand, so this sand is no longer
available.

Imported sand has been commercially available for many years to support various industries
including but not limited to construction, landscaping, and golf courses. These sands are often
composed of quartz minerals and can be ordered to desired sand composition, grain size, density,
texture, angularity and color specifications. However, the use of imported sand from outside
Hawai‘i that is not composed of calcium carbonate does not align with State of Hawai‘i
standards and guidelines for beach nourishment.

Offshore marine deposits present an alternative source of sand. These deposits can and have
been dredged and transported to shore to support various beach nourishment projects. Offshore
sand deposits can provide a suitable source of sand for beach fill and nourishment, particularly
when considering the limited availability of suitable, natural sand from inland sources. Offshore
sand deposits occurring within the same littoral cell can have grain size characteristics and
composition that are similar to the adjacent beach sand. Offshore sands were utilized in the 2006
Kahio Beach Nourishment project, and the Waikiki Beach Maintenance I and II projects in 2012
and 2021, respectively.

Sea Engineering, Inc. 3
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2.2  Sand Characteristics and Quality

The State of Hawai‘i Department of Land and Natural Resources (DLNR) established beach
nourishment guidelines, which specify that fill sand used to nourish a beach must meet several
specific requirements:

e Sand shall contain no more than 6% fine material (grain size smaller than 0.074 mm).
Sand shall contain no more than 10% coarse material (grain size greater than 4.76 mm).
The grain size distribution will fall within 20% of the existing beach sand.

The overfill ratio of the fill sand to existing sand shall not exceed 1.5.

Sand will be free of contaminants such as silt, clay, sludge, organic matter, turbidity,
grease, pollutants, and others.

e Sand will be primarily composed of naturally occurring carbonate beach or dune sand.

The majority of the current fill sand requirements are related to grain size. In order to ascertain
the grain size characteristics, a sieve analysis is performed, which is done by mechanically
shaking a sand sample through a series of sieves of decreasing screen size. The material
captured on each sieve is weighed, and this establishes the grain size distribution curves. The
median diameter (grain diameter that is finer than 50% of the sample), or Dso, is often used by
engineers to quantify the grain size of a sample. Similarly, D1s and Dga are obtained, and they
are used to quantify the range of grain sizes present in a sample known as sorting, o, defined by:

O__¢84_¢16_¢95_¢5
B 4 6.6

where = -logz(D) where D is given in millimeters. Descriptive sorting values are presented in
Table 1-1.

Table 1-1 Sorting value descriptions

Sorting Range (¢ units) Description
0.00-0.35 very well sorted
0.35-0.50 well sorted
0.50-0.71 moderately well sorted
0.71-1.00 moderately sorted
1.00 - 2.00 poorly sorted
2.00-4.00 very poorly sorted

4.00 — o0 extremely poorly sorted

Color is also an important consideration when determining whether sand is suitable for beach
nourishment. While natural calcareous beaches range in color from light brown to white, sand in
offshore deposits is typically grayish in color as a result of anaerobic conditions produced by
biologic activity and a lack of wave action and associated mixing. Even though an offshore sand
source may be suitable in terms of grain size characteristics, as illustrated in several offshore
dredging and beach restoration projects in Waikiki, a persistent gray color can be undesirable.
During the 2012 Waikiki Beach Maintenance | project, the offshore sand was noticeably grayer
than the existing beach sand after initial recovery and placement; however, after several weeks of
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prolonged exposure to subaerial conditions and ultraviolet radiation from the sun, the gray color
faded and is no longer discernable from the existing beach sand.

2.3  Methodology

Sea Engineering conducts seafloor investigations from their boats Huki Pau and Huki Pono
(Figure 1-1 and Figure 1-2). The Huki Pau is a 74-foot twin-screw workboat set up to support
diving and marine construction operations. The vessel has a large open well-deck, knuckleboom
crane, and built-in diving stations. The four-point mooring system allows for stable placement of
the boat for vibracore operations.

The Huki Pono is a 43-foot twin screw workboat set up to support diving and marine survey
operations in the Hawaiian islands. The vessel has three steering stations and a large, air-
conditioned deckhouse ideal for use as a support center for survey or ROV operations.

Figure 1-1 Sea Engineering’s work vessel Huki Pau
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Figure 1-2 Sea Engineering’s research vessel Huki Pono

Sea Engineering’s offshore sand investigations typically employ the following: sub-bottom
profiling, side scan sonar surveys, towed camera surveys, diver reconnaissance and sampling, jet
probing, and vibracoring.

Geophysical sub-bottom profiling systems are essentially echo-sounders that use lower acoustic
frequencies to penetrate into the substrate. Where common echo-sounders may use an acoustic
frequency in the vicinity of 200 kHz, sub-bottom system frequencies are typically between

0.5 kHz and 20 kHz. The term sub-bottom refers to a generally hard layer of sediment or rock
that underlies recent soft sediment deposition. The lower the acoustic frequency, the deeper into
the bottom the system can penetrate.

Sea Engineering uses an EdgeTech 0512i “chirp” sub-bottom profiler with an EdgeTech 3200XS
processing system. The chirp processors use signal processing to shape the acoustic wavelets
used to image the substrate, providing significantly greater image resolution than traditional
impulsive systems such as boomers and sparkers. Different wavelets are available with the
system for use in different terrains. After on-site system deployment, trial survey lines are
typically conducted using various pulse configurations. The optimal pulse for the substrate in
Waikiki was found to be a 20 ms pulse with a frequency range of 0.5 kHz to 7 kHz. This
relatively low frequency range is necessary for penetration into the coralline limestone sands and
gravels found in Hawaii. The EdgeTech 0512i system is in fact a specialty system for use in
coarse sand environments.

The sub-bottom data is reviewed with EdgeTech software, sub-bottom horizons are digitized for
processing, and sand thicknesses are measured at discrete locations along the tracklines. Text
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files containing position and either bottom or sub-bottom elevations can be outputted for analysis
and presentation. Surfaces representing the bottom and sub-bottom can be created and the
difference is the volume of sand in the deposit.

Side-scan sonar transmits acoustic signals with wide vertical beam widths out to either side of
the sonar towfish. A receiver then records the signals that are reflected back from the seafloor to
the towfish. Hard bottom areas and features produce more intense reflections than sediments.
The result is a plan view acoustic image of seafloor characteristics, allowing mapping of bottom
type across a swath of seafloor.

Jet probing is conducted to determine the thickness of sediments overlying consolidated or hard
bottom substrate, and is therefore an important means of testing and verifying sub-bottom
profiling accomplished by remote sensing equipment. A jet probe consists of a length of pipe
connected to a water pump by flexible hose. A diver jets the pipe and hose vertically into the
sediment deposit until “refusal” is encountered. The refusal can be described as hard, crunchy,
or soft; hard indicates a solid bottom, crunchy indicates a gravel layer, and soft indicates that the
hole is collapsing and seizing the pipe or that there is insufficient hose to penetrate further.

Vibracoring is a method of pushing a thin-walled tube into the sand deposit and extracting a core
of sediment up to about 8 ft long. The sand characteristics over the full core can be analyzed and
the results interpolated and extrapolated to better characterize the deposit as a whole. Based on
the findings, certain areas within the deposit can then be targeted or avoided, as necessary. Sea
Engineering’s vibracore is shown on the deck of the Huki Pau in Figure 1-3.

Sea Engineering, Inc. 7
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Figure 1-3 Vibracore on the deck of the R/V Huki Pau

2.4  Data Analysis Techniques

Sand cores obtained from the 2017 sand investigations were analyzed by coastal geologists by
dividing the cores into representative layers and assessing overall appearance, including grain
type, shell fragments, color, and grain size. Sand samples were obtained from the cores and
processed for grain size distribution. These logs are presented in Appendix A of this report for
the 2017 field work. The samples were also tested for turbidity. Grain size distribution and
turbidity results for other projects are also included in this report.

2.5  Turbidity methodology

Laboratory turbidity tests were performed on numerous sand samples from offshore sites and
beaches to evaluate the relative differences in turbidity generation between beach sand and
offshore sand and assess possible impacts of turbidity along the beach. Turbidity was
determined by measuring the scattering of the light through sample cells that contained distilled
water and sand in suspension. A total of 28 offshore samples were analyzed for turbidity as
follows:

Sea Engineering, Inc. 8
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e Ala Moana (7)

e Halekulani (6)
Hilton (5)
RR—Inner l1a (6)
RR—Inner 1b (2)
Canoes/Queens (2)

Turbidity was measured using a Hach 2100Q Portable Turbidimeter (Figure 1-4). The
instrument has an optical laser configuration that measures the scattering of the light passing
through the sample cell (Figure 1-5). Turbidity is measured in Nephelometric Turbidity Units
(NTUs), a standard turbidity unit for United States environmental monitoring. The instrument
was calibrated once before the first experiment using the manufacturer’s 20, 100, and 800 NTU
StablCal primary calibration standards and the 10 NTU primary verification standard. The cells
used for the turbidity readings were glass Hach Lab Turbidimeter Sample Cells.

All sample bottles and sample cells were meticulously cleaned. The sample bottles were
vigorously cleaned with tap water. The sample cells were cleaned with tap water and filled with
distilled water, then left filled for a minimum of 24 hours. The sample cells remained filled with
distilled water until use to avoid contamination from air. Before each turbidity test, the cells
were emptied, cleaned with tap water, and filled once more with distilled water until
overflowing. The outside walls were treated with a thin coating of Hach silicone oil to cover
imperfections and scratches and to minimize stray light.

Test samples were prepared with one tablespoon of dry sand placed in a 120 mL Polystyrene
sample bottle. The bottle was then filled with 100 mL of distilled water. Preceding each
turbidity test run, the sample bottle was shaken vigorously to emulate turbulence. The
suspension was immediately poured into a cleaned Hach cell, which was then inverted three
times following the manufacturer’s guidelines and placed in the machine. The turbidity runs
began immediately upon cell insertion within the analyzer.

A reading was taken for each sample at the following time intervals:

30 seconds
1 minute

2 minutes
5 minutes
10 minutes
20 minutes
1 hour

2 hours

4 hours

6 hours

24 hours

Results were stored on the device’s internal memory, then uploaded to a computer for further
analysis.
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Figure 1-4 2100Q Portable Turbidimeter

Light
Detector

Laser 2
Optical
Module Fiber
Incident L—
Light Beam r Aperture
Water
Level ]
Scattered
l’ Light
-
l' 2 SE
\ 1
= o Light
Light Trap Receiver

Figure 1-5 Laser Nephelometer Optical Configuration (Sadar, Cason, and Engelhardt; 2009)
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2.6 Overfill Factor

A beach undergoes an adjustment period following nourishment. The beach equilibrium profile
is achieved as sand moves cross shore and alongshore and there may be an accompanying
decrease in beach volume. This loss of sand is compensated for through an overfill ratio, which
describes the compatibility of the native beach and borrow sands and is dependent on the size
distributions of the native and nourishment (borrow) sand.

The overfill ratio is determined based on the sand size characteristics of the two sands and
represents the volume of fill necessary to yield the desired beach volumes calculated previously.
Bodge (2004) compared overfill ratio methods and developed an expression that is believed to
produce more accurate results than the previous methods.

The mean grain size, M, and sorting, &, for the native and borrow sands are calculated as
presented in the Coastal Engineering Manual (2006) as

_ (P16 + P50 + Pga)
3

o= (Pgs — P16) n (P95 — ¢5)
a 4 6

M

where = -log2(D) where D is given in millimeters.

The dimensionless grain size difference is calculated as

Mb_Mn

’ I
M, — M, =
Op

where subscripts n and b refer to the native (i.e., beach) and borrow (i.e., offshore) sand, and the
overfill ratio is read from Figure 1-6.
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Figure 1-6 Dean’s overfill ratio expressed as a single curve (Bodge, 2004).
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3. POTENTIAL SAND SOURCES

Sand investigations around Oahu have been performed for several decades, including specific
studies pertaining to the characterization and quantification of sand deposits along the south
shore of Oahu. These studies have identified sand sources of varying quantities, including small
patches or thin deposits. The following discussion presents findings from the previous studies as
well as results of the investigations conducted for present projects.

3.1  Canoes/Queens Offshore Sand Deposit

3.1.1 Historical data

The University of Hawaii Coastal Geology Group (CGG) performed extensive jet probing of
sand deposits offshore of Waikiki Beach in 2005. The 406 probe locations are shown in Figure
3-1 indicated by white markers. Sand thicknesses were measured to the depth where the probe
encountered hard refusal or rubble. Sand thicknesses as great as 9 feet, though unusual, were
measured. The probe data was used to produce estimates of sand volume for three sand deposits
shown by the white lines in the figure. Based on the jet probe data, the CGG estimated these
three sand deposits to contain 86,000 cubic yards of sand.

DLNR sponsored nourishment of Kuhio Beach Park during the winter of 2006-2007, utilizing
these sand deposit findings of the CGG. Approximately 10,000 cu. yd. of sand was pumped to
the beach from the site identified immediately offshore of the Canoes surf break. The project
was completed in January of 2007 after a work period of one month. The sand reportedly was
well-sorted with medium grain size of 0.35 mm to 0.40 mm. The sand exhibited a light grey
color which became lighter upon exposure to sunlight and mixing with existing beach sand.

A field program was conducted by Sea Engineering in August and September of 2009 to verify
the findings of the CGG data and estimate the amount of sand that is presently available in
offshore deposits. Using aerial photography and a side-scan survey performed by the CGG as
guides, geophysical investigations were performed on the offshore deposits using sub-bottom
profiling and jet probes. The surveys were performed within practical limits for sand recovery,
including water depth and proximity to shore.

For this survey, an EdgeTech 0512i “chirp” sub-bottom profiler was used with an EdgeTech
3200XS processing system. Sub-bottom tracklines from the August 2009 sub-bottom survey are
shown as the white and red lines in Figure 3-2. More than 10 miles of sub-bottom tracklines
were surveyed. The sub-bottom data was reviewed with EdgeTech software, sub-bottom
horizons were digitized for processing, and sand thicknesses were measured at discrete locations
along the tracklines. The red lines shown in the figure are portions of four tracklines where sand
was identified. These are not the only locations where sand was found; rather, these are
examples shown to illustrate findings of the sub-bottom profiling. The sand thicknesses along
the four red tracks, referred to as W-1 through W-4, are shown in Figure 3-3. For ease of visual
comparison, the figures have the same vertical scale. In August and September of 2009, Sea
Engineering revisited the sites, jet probing in 46 locations to verify the sand thicknesses
identified by the sub-bottom profiling. Those investigations, shown as red markers in Figure
3-2, found sand thicknesses as great as 7 ft. Sand thicknesses measured using jet probing along
tracklines W-3 and W-4 were compared with the results of the sub-bottom profiling. Table 3-1
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shows a comparison of the findings; the jet probe data is also shown in Figure 3-3 where the jet
probes were coincident with the sub-bottom tracklines.

Figure 3-3 shows lines W-2, W-3, and W-4 to have consistent deposits of sand greater than three
feet thick and more than 300 feet wide. Portions of profiles W-1 and W-3 show great variability
along the line, indicating that there is an irregular limestone layer beneath the sand. The jet
probes show good correlation with the results of the sub-bottom profiling.

Based on the geophysical investigations, “Site A” (immediately offshore of the Canoes and
Queens surf sites) was estimated to contain 46,000 cu. yd. of sand. An 18-inch thick sand
sample from this site, WAIK-6, had a median diameter of 0.31 mm and was classified as
moderately well sorted. Approximately 24,000 cu. yd. of sand was dredged from “Site A” and
the beach widening was performed from January to May 2012. Site A is also referred to as
Canoes/Queens in this report.

.
' 2012 Sand
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WAIK-6 (2000) LW \
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Sand Thickness——Kuhio Beach /Waikiki

No. Thickness (ft.) Color
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Figure 3-1 Canoes/Queens sand deposit thicknesses.

(Univ. of Hawaii Coastal Geology Group jet probe locations [white circles]
Sea Engineering core locations [black cross / circle])
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Figure 3-2 Sub-bottom tracklines (white and red lines), jet probe locations (red points), and visible
sand deposits (tan outline and fill). Sea Engineering, 2010.

Table 3-1 Comparison of sand thicknesses (feet), Sea Engineering, 2010.

Trackline W-3 Trackline W-4
Sub-bottom Jet probe Sub-bottom Jet probe
5.2 6.5 4.6 5.5
5.9 7.5 3.6 4.0
6.2 7.0 3.0 4.0
2.0 3.0 4.3 5.0
2.3 2.0 3.9 4.0

2.6 2.0
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Figure 3-3 Sand thicknesses measured by sub-bottom profiler (blue) and jet probes (red).

(Note: tracklines begin in the northwest and progress toward the southeast).

Sea Engineering 2010.
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3.1.2 2017 Sand investigations (Canoes/Queens)

Sea Engineering obtained two vibracore samples from Site A of the 2012 Waikiki Maintenance
Project. The locations of those samples are shown on Figure 3-1. Vibracore “Waikiki 1.1” was
obtained along the western edge of Site A in the location of the 2008 sand recovery, while
Waikiki 2.1 was obtained from a more central location within the site. Grain size analysis shows
the two samples to be quite similar, and generally consistent with the 18-in push-core sand
sample “WAIK-6 obtained in 2009 as part of the 2012 maintenance project. The sand samples
shown in the table have median diameter Dso of 0.29 to 0.33 mm and are considered to be
moderately to moderately well sorted. The percentage of fine material was 0.6% or less. Grain
size distributions for Waikiki 1.1 and Waikiki 2.1 are presented in Table 3-2 and Figure 3-4.

Table 3-2 Canoes/Queens offshore sand deposit summary

Dso Sorting | % Fines | Core length | Water depth | Source | Year
Location (mm) o (inches) (feet)
WAIK-4 (top) 0.26 0.7 0.0 18 ~10 SEI 2009
WAIK-4 (bottom) 0.34 1.2 0.4 18 ~10 SEI 2009
WAIK-6 (top) 0.29 0.6 0.0 18 ~10 SEI 2009
WAIK-6 (bottom) 0.33 0.5 0.0 18 ~10 SEI 2009
Waikiki 1.1 0.33 0.7 0.4 85 9 SEI 2017
Waikiki 2.1 0.33 0.8 0.6 85 13 SEI 2017

Grain Size Distributions
Canoes/Queens offshore samples

100 ‘_—‘K
90 =4=\Naikiki 1.1

=== \Naikiki 2.1

80

- Canoes/Queens

70
60

50 \

40 \
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Sieve size (mm)

Figure 3-4 Grain size distribution for Canoes/Queens offshore sand deposit
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3.1.3 Constraints (Canoes/Queens)

The sand deposit has been used three times in the last 15 years for beach nourishment. DLNR
representatives reported that the dredge pit produced during the 2006-2007 project filled in
quickly when south swells arrived. The offshore sand deposits have limited volume, and
continued use of this deposit could result in a decline in available sand. This would be
particularly true sand from this deposit were used to nourish other beach sectors, in which case
the sand would be removed from the system and would not be expected to return to the deposit.

3.2  Halekulani Channel Offshore Sand Deposit

3.2.1 Historical sand data

The shoreward terminus of the Halekulani Channel is located at the Halekulani Hotel adjacent to
the Sheraton Waikiki. The sand channel extends approximately 4,000 feet offshore where it
widens into a broad sand field in approximately 120 feet of water. Noda (1991) estimated that
approximately 500,000 cu. yd. of sand is contained between the 40-foot and 100-foot depth
contours and 80,000 cu. yd. contained shoreward of the 40-foot depth contour. During the Noda
study, median grain size, Dsp, in this deposit was found to vary from 0.20 mm to 0.39 mm with
the coarser samples found in depths of less than 10 feet. The average sorting parameter, ¢, was
1.1, indicating a moderate to poorly sorted sand. The samples exhibited a gray color.

The University of Hawaii Marine Minerals Technology Center (MMTC) produced a report on
the sand deposits in and around the Halekulani Channel (Barry, 1995). They reported sand
deposits as much as 40 feet thick over a 75-acre area between the 70 and 100-foot depth
contours.

More recently, the U.S. Geological Survey (Hampton et al., 2003) investigated the resource
potential of deposits around Oahu, particularly as a source of sand for beach replenishment. The
Halekulani Channel was included in this study. Numerous vibracore samples up to 6 meters long
were obtained between 2,500 and 5,000 ft offshore, in water depths from 10 to 120 ft. The
Halekulani Channel is divided into two sections. The inshore section is about 900 ft long and up
to about 160 ft wide. Water depths in this area range from 10 to 40 ft, and the sand deposit is
flanked by shallow reef. The USGS obtained four vibracores in this area, and median diameters
of the bulk samples ranged from 0.28 mm to 0.38 mm. The USGS also obtained several samples
in a broader offshore part of the channel; samples in this area were obtained in water depths
between 52 and 72 ft. Median diameters of the bulk samples ranged from 0.23 mm to 0.53 mm.

In February of 2011, Sea Engineering performed sub-bottom profiling along several tracklines
across the Halekulani Sand Channel. The data showed thicknesses of as much as 40 feet in water
depths of 75 to 100 feet. Although only a small portion (<6 acres) of the sand deposit was
investigated, the estimated sand volume was calculated to be nearly 200,000 cy. The sand
thickness measurements by Sea Engineering are less than those of MMTC; however, the trend is
consistent.

In October of 2011, divers from Sea Engineering, Inc., obtained two sand cores in water depths
of 52 and 67 feet. Each core penetrated about 18 in into the sand. Median grain size from the
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52-ft depth sample measured to be 0.20 mm and the sand was well to moderately well sorted,
while also containing 1.2% fine material (<0.075 mm). The sample from the 67-ft depth had a
median diameter of 0.30 mm, was classified as moderately sorted, and contained 1.6% fine
material. The sand samples were gray colored, which is typical of offshore sand deposits.

3.2.2 2017 sand investigations (Halekulani Channel)

Sea Engineering returned to the Halekulani Channel in March of 2017. Guided by the sub-
bottom profiling performed previously by MMTC and SEI, two vibracore samples were
obtained. Sand thicknesses from the MMTC and SEI investigations, along with the vibracore
locations, are shown as Figure 3-5. Vibracore “Halekulani 1.1 was obtained in a water depth of
55 ft. The sample was measured to have a median diameter (Dso) of 0.23 mm with a sorting
parameter of 0.8, which falls in the moderately sorted category. The grain size data is consistent
with the 2011 SEI findings. The sample had 1.8% material classified as “fine” (i.e., passing
through the #200 sieve. “Halekulani 2.2” was obtained in a water depth of 86 feet and had a Dso
of 0.25 mm with sorting parameter of 1.6 (poorly sorted) with 5.5% fine material.

Four additional vibracores were obtained in May of 2018 (“HK 3.1” through “HK 3.4”). The
characteristics of Halekulani Channel offshore sand deposits are summarized in Table 3-3 and
Figure 3-7. Overall, the sand in this part of the channel was considered to be too fine for use on
Waikiki’s beaches.

Holekuloni—52] Halekulani 3.3]

Halekulani—67/ Halekulani 3.2
5 pe =
’ Halekulani—1.1
€ MllHalekulani 3.1
‘ : Halekulani 3.4

Halekulgni—2.2)

\ "WAIKIKI (MMTC)" thicknesses

Figure 3-5 Halekulani Channel offshore sand deposit and core locations (black “+”)
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Figure 3-6 Halekulani Channel offshore sand deposit and core locations (black “+”)

Table 3-3 Halekulani Channel offshore sand deposit summary

Dso Sorting | % Fines | Core length | Water depth | Source | Year
Location (mm) o (inches) (feet)
Halekulani 1 0.28-0.38 | 0.9-1.9 n/a 10-40 USGS | 2003
Halekulani 2 0.23-0.53 | 0.9-1.2 --- n/a 52-72 USGS 2003
Halekulani-52 0.20 0.5 1.2 18 52 SEI 2011
Halekulani-67 0.30 0.9 1.6 18 67 SElI 2011
Halekulani 1.1 0.23 0.8 1.8 68 55 SEI 2017
Halekulani 2.2 0.25 1.6 5.5 84 86 SElI 2017
Halekulani HK 3.1 0.29 0.89 2.3 26 --- SEI 2018
Halekulani HK3.2 0.37 0.91 2.8 42 --- SElI 2018
Halekulani HK 3.3 0.20 0.81 3.9 25 --- SEl 2018
Halekulani HK 3.4 0.27 0.90 3.3 39 --- SEI 2018

Sea Engineering, Inc.
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Figure 3-7 Grain size distribution for Halekulani Channel offshore sand deposit

3.3 Hilton Offshore Sand Deposit

3.3.1 Historical sand data

Sea Engineering (SEI) was contracted in 2004 to investigate possible inland and offshore sand
sources for a project to improve the Hilton Hawaiian Village lagoon. In search of offshore sand,
a survey was conducted offshore of the Hilton Hawaiian Village to identify and map possible
marine sand sources for the lagoon restoration project.

The survey was conducted with differential GPS and divers swimming transects and probing
sand thicknesses. Sand probes were accomplished using a combination of water jet, air jet, and
manual probes. Sand samples were collected using a push corer and hand trowels.
Representative samples were submitted for laboratory grain size analyses.

The primary deposit investigated was approximately 850 ft by 620 ft in dimension, located in
water depths of 40 to 55 feet to the southwest of the Hilton Hawaiian Village beach. The
maximum sand thickness probed was 5 feet, and the average sand thicknesses in the center of the
deposit were about 4 feet. The total estimated volume of sand in the deposit was determined to
be approximately 40,000 cubic yards. The size characteristics of a representative sample showed
the sand to be very similar to the beach sand. The median grain size, Dso, was 0.55 mm and the
sorting was considered moderate. The deposit was characterized by a gray color with visible
shell fragments, giving the appearance of coarser, poorly sorted sand.

The offshore sand was not used for the lagoon improvement project.
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3.3.1.1 2017-2018 sand investigations

SEl returned in 2017 to further investigate the Hilton sand deposit. During initial
reconnaissance, vibracoring directed at the center of the deposit was noted to penetrate more than
6 feet into the sand deposit; 2004 jet probing had only estimated the thickness to be about 4 feet.
Initial analyses of these cores, Hilton 1.1 and Hilton 1.2, were favorable, so SEI followed with a
dive team that systematically jet probed a total of 34 locations in the deposit along defined
transects to better characterize the size of the deposit. The sampling locations and measured
thicknesses are shown on Figure 3-8. The results of the jet probing showed an estimated sand
volume of 45,000 cy of sand.

Five additional vibracore samples were obtained from the Hilton sand deposit following the jet
probing. The vibracore locations are shown on Figure 3-8 and the grain size analysis data from
those vibracores is presented in Figure 3-9 and Table 3-4. Median grain size ranges from 0.47 to
0.83 mm, with a minimal percentage of fines.
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Figure 3-8 Hilton offshore sand deposit thickness.

Jet probes (white “x”) and vibracore locations (black “+”)

Sea Engineering, Inc. 22



Sand Source Investigation Report
Waikiki Beach Improvement and Maintenance Program

Table 3-4 Hilton offshore sand deposit summary

Location Dso Sorting | % fines | Core length | Water depth | Source | Year
(mm) o (inches) (feet)
Hilton 1.1 0.47 0.7 0.7 85 47 SEI 2017
Hilton 1.2 0.48 0.6 0.6 85 47 SEI 2017
H-2X.1 0.54 0.8 14 67 50 SEI 2017
H-2X.2 0.66 0.7 0.7 79 48 SEI 2017
H-2X.5 0.50 0.7 0.7 80 51 SEI 2017
H-2X.6 0.77 1.1 14 79 53 SEI 2017
H-2X.7 0.83 1.7 0.4 86 50 SEI 2017
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Figure 3-9 Grain size distribution for Hilton offshore sand deposit

3.4  Diamond Head Offshore Sand Deposit

3.4.1 Historical sand data

A field program was conducted in December 2010, February 2011, and March 2011 to
investigate offshore sand deposits in the vicinity of Diamond Head. Using aerial photography
and a University of Hawaii Coastal Geology Group (CGG) side-scan survey as guides,
geophysical investigations were performed on specific offshore deposits using side-scan sonar
and sub-bottom profiling. The surveys were performed within practical limits for sand recovery,

including water depth and space for operations.

Sea Engineering, Inc.
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On December 17, 2010, Sea Engineering personnel conducted a survey utilizing a C-MAX CM2
side-scan sonar (SSS) system. The planned side-scan sonar coverage area was determined based
on bathymetry, aerial photographs, and proximity to the project site. The University of Hawaii
Coastal Geology Group previously performed a side-scan sonar survey offshore of Waikiki
between Diamond Head and the Ala Wai boat harbor in water depths as shallow as 12 feet and as
deep as 300 feet. The December 2010 SEI survey covered an area inshore of the CGG survey
where potential sand deposits were identified using aerial photographs. The sonar results
combined with an aerial view of the targeted offshore deposits are shown in Figure 3-10 and the
full coverage is shown in Figure 3-11.

Hard bottom

Sand
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Figure 3-10 Side scan sonar mosaic for offshore sand deposits “D” and “E”
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Figure 3-11 Side-scan sonar mosaic and sub-bottom profiler tracklines

On February 24, 2011, SEI conducted a sub-bottom survey utilizing an EdgeTech 0512i
Subbottom Profiler. Tracklines from that sub-bottom survey were shown previously on Figure
3-11. The sub-bottom data was reviewed with EdgeTech software, sub-bottom horizons were
digitized for processing, and sand thicknesses were measured at discrete locations along the
survey tracklines. This geo-referenced data was imported into AutoCAD and surfaces of the
bottom and sub-bottom were produced. These two surfaces were compared to produce an
estimate the volume of sand in each deposit.

Several passes from west of the Waikiki Aquarium to offshore of Diamond Head Beach Park
were performed with the side-scan sonar system. The tracklines were chosen to supplement the
CGG survey, and to specifically investigate the sand deposits identified from aerial imagery.

The survey data was combined into a single mosaic that covered 2.7 miles parallel to shore with
average cross-shore coverage of 670 feet. The subsequent sub-bottom profiling targeted the sand
deposits identified from aerial imagery and the side-scan sonar mosaic, covering 2.7 miles
offshore of the Natatorium and 4.1 miles offshore of Diamond Head Beach Park.

Sand deposits identified in the side-scan and sub-bottom surveys were also shown previously on
Figure 3-11, labeled as sites “D”, “E”, “G”, and “Diamond Head”. These potential deposits were
outlined and the areas were calculated, and following the sub-bottom survey, estimates of the
sand volumes were calculated. These values are shown in Table 3-5.
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Table 3-5 Offshore sand deposit characteristics

Location Water depth (ft) | Dso (mm) Area (sq. ft.) Volume (cu. yd.)
Site D 20-38 0.20 252,100 4,000
Site E 12-28 0.23 174,400 5,000
Site G 10-22 0.39 319,700 13,000
Diamond Head 20-30 0.40-0.45 1,019,800 110,000

Sites D and E were initially viewed as a favorable sand sources based on the large surface area;
however, the sub-bottom profiling showed that much of the deposits were merely thin veneers of
sand. Site G was found to contain a significant amount of sand—slightly more than 13,000 cu.
yd. The deposit is situated in a gap in the reef that measures 600 ft long by 380 ft wide. Access
to the site would be through a 100-ft wide gap in the reef on the offshore side of the deposit. The
shallow water (typically between seven and 11 ft deep over the sand deposit), the nearby reef,
and limited access could make recovery a challenge.

Table 3-5 also shows the findings of the surveys for a sand deposit identified off Diamond Head
Beach Park (see Figure 3-11). The estimated volume of sand in that deposit based on
geophysical investigations is more than 110,000 cu. yd. This sand deposit is further detailed in
Section 3.4.2.

3.4.2 2018 sand deposit investigations

SEI performed jet probing and sand sampling on February 23, 2018, to further quantify the
Diamond Head sand deposit identified in 2011. Jet probes penetrated between 3 and 6 feet
within the sand deposit, encountering hard refusal at each location. The probe depths generally
confirmed the sub-bottom results.

The sand was found to be light brown at the sand surface, becoming mixed brown and gray
below. Push cores are typically limited to about 24 inches in sand, and samples at Diamond
Head were no different. The sand samples had median grain size in the range of 0.40 to 0.45
mm, the samples were well sorted, and they had less than 1.0% fine material. Grain size
distributions are presented in Table 3-6 and Figure 3-13. Vibracoring and turbidity analyses
were not performed, though initial qualitative tests indicated that the deposit might have low
turbidity.
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Figure 3-12 Diamond Head offshore sand deposit thickness and core locations (black “+”)

Table 3-6 Diamond Head offshore sand source summary

Location Dso Sorting | % fines Jet probe | Water depth | Source | Year
(mm) o (feet) (feet)
DH-1 0.45 0.5 0.8 4 25 SEI 2018
DH-2 0.40 0.6 1.0 6 30 SEI 2018
DH-3 0.43 0.5 1.0 6 30 SEI 2018
DH-4 0.45 0.5 1.0 6 30 SEI 2018
DH-5 n/a n/a n/a 6 35 SEI 2018
DH-6 n/a n/a n/a 3 35 SEI 2018
Sea Engineering, Inc. 27
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Figure 3-13 Grain size distribution for Diamond Head offshore sand deposit

3.4.3 Constraints (Diamond Head)

The Diamond Head sand deposit is estimated to contains about 60,000 cy of high-quality sand.
The deposit is located near surf breaks and is exposed to wind and waves. The site rarely
experiences extended periods of calm weather that the other shores do. Recovery attempts could
result in frequent work stoppages.

Further, the sand would be used on a beach outside of the region, and there could be community
opposition and regulatory requirements that prevent use of this sand in Waikiki.

3.5  Reef Runway Offshore Sand Deposit

3.5.1 Historical sand deposit data

Offshore sand resources at the Reef Runway have been investigated for the past three decades by
a variety of organizations. The University of Hawaii Marine Minerals Technology Center
(MMTC) produced a report on the sand deposits off the Diamond Head half of the Reef Runway.
They reported sand deposits as much as 25 feet thick, though much of the sampling was
performed in 100 to 300 feet of water.

Sea Engineering (1994) performed geophysical testing on a 100-acre site off the west end of the
Reef Runway near the Pearl Harbor entrance channel. The testing was funded by CEROS for the
development of a sub-bottom imaging instrument. Penetration of more than 150 feet into the
sand deposit was achieved, along with 12 inches of vertical resolution of geological features.
Nine sand samples were obtained along a north-south transect through the middle of the survey
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area. Two samples toward the north boundary of the study site showed median grain sizes of
0.44 mm and 0.55 mm, while the other samples were in the range of 0.15 mm to 0.31 mm. All
samples were moderately to poorly sorted.

Sea Engineering (2001) performed single-beam and multi-beam bathymetric surveys and sub-
bottom profiling offshore of the Reef Runway in support of the recovery of the Ehime Maru.
The survey area covered about 500 acres in front of the Ewa half of the runway. The sub-bottom
profiling showed that sand thickness within much of the survey area was up to about 20 feet
thick, while two areas that overlapped the CEROS survey area were found to exceed 30 feet in
thickness.

Pearl
Harbor
Channel

"EHIME MARU"
sand thickness

Figure 3-14 Reef Runway sand deposits and vibracore locations

3.5.2 2017-2018 sand investigations (Reef Runway—Quter)

Sea Engineering conducted investigations on the Reef Runway sand deposits in March and May
of 2017. Initial investigations found patch reefs within the larger survey area, so divers and
underwater video cameras were deployed to ground-truth the sub-bottom data and direct the
vibracore toward larger patches of sand.
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The subsequent vibracore deployments targeted a patch of sand identified from the sub-bottom
profiling as being as much as 40 feet thick. Five vibracore samples were obtained at locations
shown previously on Figure 3-14, and the grain statistics are presented in Table 3-7 and Figure
3-15

Table 3-7 Reef Runway—Outer offshore sand source summary

Location Dso Sorting | % fines | Core length | Water depth | Source | Year
(mm) o (inches) (feet)

RR-2X.1 0.21 0.9 2.7 50 87 SEI 2017

RR-2X.2 0.21 0.9 3.7 38 83 SEI 2017

RR-2X.3 0.15 0.9 5.6 65 105 SEI 2017

RR-2X.4 0.18 0.9 3.9 87 94 SEI 2017

RR 3.1 0.17 1.0 3.9 96 93 SEI 2017
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Figure 3-15 Grain size distribution for Reef Runway—OQuter offshore sand deposit

3.5.3 2018 sand investigations (RR—Inner)

Investigation in the vicinity of the Reef Runway found a sand deposit located in about 60 feet of
water approximately 1,500 to 3,000 feet from the runway (Figure 3-16). The patch of sand,
referred to as RR—Inner 1a is roughly 1,000 ft by 2,000 feet in dimension and was initially
investigated with a sub-bottom profiler to determine deposit thickness. Divers later investigated
the site with a jet probe to verify deposit thickness, and later with a vibracore to determine the
grain size through the deposit. Jet probes penetrated 2 to 4 ft into the sand. The grain size, jet
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probe, and vibracore information are presented in Table 3-8. The deposit contains an estimated
200,000 cy of sand based on the sub-bottom profiling data.

A smaller sand field located nearby to the northwest of the RR—Inner 1a site was also
investigated by the field team. This sand field, labeled RR Inner — 1b, is shown in Figure 3-16
and covers approximately 450,000 sf. Divers performed jet probes in 10 locations and push core
sediment sampling at 2 locations shown on that figure. Jet probes penetrated 2.5 feet to 5 feet
with an average of 3.8 feet. This would indicate around 60,000 cy of sand is possible from this
deposit.

The sand sample data from the two sites is presented in Table 3-8. Samples “RR-6.5" and “RR-
6.6” are in RR—Inner 1b; all the rest are from RR—Inner la.

The median grain size for the samples was in the range of 0.24 to 0.41 mm. The fine material in
the samples ranged from 2.1% to 6.6%, which on average is within DLNR’s range of
acceptability, but notably higher than beach sand, which is typically less than 1% fines. RR
Inner-1a was estimated to have a significant volume of sand, because of the expanse of the
deposit. The deposit is quite thin—jet probes extended only 15 to 30 inches into the sand. Sand
is much less efficiently dredged from thin deposits. The dredging operation would recover only
a small amount each cycle and would be required to move frequently. This is expected to
become relatively expensive compared to other sites investigated.

State Department of Transportation Airports Division also expressed strong concern over cranes
operating near the airport runway. Given the logistical constraints and the marginal sand quality,
these two deposits were not considered for Waikiki.
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Figure 3-16 RR—Inner location map and sand deposit thickness. Jet probe locations shown by
black and white circles.

Table 3-8 RR—Inner offshore sand source summary

Location Dso Sorting | % fines | Probe length | Source | Year
(mm) o (inches)
RR 3.1 (1a) 0.27 0.8 2.1 n/a SEI 2018
RR 3.2 (1a) 0.34 0.8 2.2 n/a SEI 2018
RR-3.3 (1a) 0.33 0.9 2.7 30 SEI 2018
RR 4.1 (1a) 0.36 0.7 2.9 19 SEI 2018
RR 4.2 (1a) 0.41 0.9 5.1 21 SEI 2018
RR 4.3 (1a) 0.34 1.1 6.6 15 SEI 2018
RR 4.4 (1a) 0.24 0.8 3.8 21 SEI 2018
RR-6.1 (1a) 0.41 1.1 1.4 n/a SEI 2018
RR-6.2 (1a) 0.42 0.7 1.3 n/a SEI 2018
RR-6.3 (1a) 0.27 0.8 1.8 n/a SEI 2018
RR-6.4 (1a) 0.34 0.7 1.7 n/a SEI 2018
RR-6.5 (1b) 0.36 0.8 1.4 n/a SEI 2018
RR-6.6 (1b) 0.26 0.7 1.4 n/a SEI 2018

Sea Engineering, Inc. 32



Sand Source Investigation Report
Waikiki Beach Improvement and Maintenance Program

Percent finer than

Grain Size Distributions
RR--Inner 1a offshore samples

=—4—=RR3.1

==—=RR3.2
== RR3.3

== RR4 .1

=#=RR4.2
—+=RR43

==RR4 .4

=—=RR-6.1
RR-6.2

RR-6.3
RR-6.4

- RR--inner 1a

Sieve size (mm)

0.01

Figure 3-17 Grain size distributions for RR—Inner 1a.
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Figure 3-18 Grain size distributions for RR—Inner 1b.
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3.5.4 Constraints (RR—Inner)

The RR—Inner sand deposits are located near the Ewa end of the Daniel K. Inouye Honolulu
International Airport Reef Runway. The deposits are in 30 to 100 feet of water and are believed
to contain more than 250,000 cy of sand. The measured median grain size ranged from 0.24 mm
to 0.42 mm, which is generally similar to Waikiki beach sand. The offshore sand, however,
contains a significant amount of fine material—2.1% to 6.1%—which is expected to produce
noticeable turbidity, even though the fines are less than the limit set forth by DLNR.

Oceanographic conditions are not expected to be a concern during recovery, though waves and
weather will have to be monitored. The site is not located significantly close to any surf sites or
other recreational activities. The site is, however, located close to the Pearl Harbor channel.
Operations are likely to require coordination with the military base and possible the airport. Our
crew was interrogated by a military security boat during field work.

RR Inner—1b contains an estimated 200,000 cy of sand; however, the deposit is thin and
dredging would be inefficient. Extraction of sand from this deposit is expected to have no effect
of the airport’s Reef Runway or any other structure; however, the Department of Transportation
Airports Division has expressed concern over cranes operating near the runway. Coordination
would be necessary for mining of that deposit.

3.6  Ala Moana Offshore Sand Deposit

3.6.1 2018 sand deposit investigations

The University of Hawaii Coastal Geology Group (CGG) produced a report entitled “South
Oahu Reeftop Sand Bodies™ as part of the U.S. Army Corps of Engineers’ Regional Sediment
Management program (2010). The study used aerial images to identify ephemeral and non-
ephemeral sand deposits along the south shore of Oahu. The use of aerial images, however,
limits the findings to visible deposits in shallow water. The sand deposits identified by the CGG
were generally found at water depths less than 60 feet, and most at depths less than about 40 feet.

Sea Engineering performed additional investigations between Ala Wai Small Boat Harbor
channel and Kewalo Basin channel, specifically focusing on water depths of 40 to 100 feet.
Approximately 4.5 miles of drop camera footage and side-scan sonar were obtained. Analysis of
the data revealed a sand deposit extending offshore of Ala Moana Beach Park. Diver jet probes
and sand samples were obtained in 8 locations (Figure 3-19), and the data is presented in Table
3-9. Sand size characteristics and sand thickness were found to be variable across the deposit.

The diver investigations were later followed by a sub-bottom profiler survey of the deposit
thickness (Figure 3-19). The sub-bottom survey found that the deposit had thickness of up to
about 16 feet. The mapped part of the deposit, shown in Figure 3-19, is estimated to contain
about 190,000 cy of sand; the central portion of the deposit, identified by the white polygon and
having the greatest thickness, was estimated to contain 86,000 cy of sand based on sub-bottom
profiling results. Additional jet probing was performed in 2020 to validate the subbottom data.
The sand samples from vibracores of the Ala Moana deposit had median diameters in the range
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of 0.18 mm to 0.51 mm with an average of 0.39 mm and contained up to 1.7% to 5.4% fine
material with an average of 3.6% fines.

Sond Thickness —— “Ala Moana — Offshore”

Number Thickness (ft) Color
0-2 [
2-4 23]

4 -6

6-8

8 - 10

10 - 12

12 - 14

14 - 16

"Ala‘Moana - Qffshore”

Figure 3-19 Ala Moana location map and sand deposit thickness. Jet probe locations shown as
“o0” and vibracore locations shown as “x”.
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Table 3-9 Ala Moana sand source summary (vibracores)

Location Dso Sorting | % fines | Source | Year
(mm) (o)
AMO-3.3 0.44 1.3 3.5 SEI 2018
AMO-3.4 0.49 1.3 3.0 SEI 2018
AMO-3.5 0.38 1.1 3.6 SEI 2018
AMO-3.6 0.46 1.2 3.1 SEI 2018
AMO-3.7 0.49 1.2 1.7 SEI 2018
AMO-3.8 0.23 1.1 3.4 SEI 2018
AMO-3.9 0.42 1.2 25 SEI 2018
AMO-4.1 0.34 1.2 5.1 SEI 2018
AMO-4.2 0.18 1.1 5.4 SEI 2018
AMO-4.4 0.51 1.3 4.7 SEI 2018
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Figure 3-20 3-21 Grain size distribution for Ala Moana sand deposit

3.6.2 Constraints (Ala Moana)

The Ala Moana deposit is located in nearshore waters off Ala Moana Regional Park. The sand
deposit is directly offshore of the popular Courts surf sites, approximately 2,300 feet offshore of
the reef break. The sand deposit is in 70 to more than 100 feet of water, and the central part of
the deposit contains the thickest sand.
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Oceanographic conditions are not expected to be a concern, particularly in the favorable winter
months. The City and County of Honolulu has thoroughly investigated this deposit and has
proposed to use sand from the deposit for their Ala Moana Regional Park Beach Nourishment
project. Use of this sand deposit for Waikiki projects could meet community and City
opposition, as well as regulatory requirements for using sand outside of its native region.

3.7  Pacific Aggregate Inland Sand

Pacific Aggregate has a quarry and processing operation in Waianae that specializes in the
production of coral base aggregate. The property covers 200 acres and the quarry that produces
a wide variety of coral aggregates, primarily for the concrete industry.

During operations they found remnants of an inland beach from a higher sea level stand, now
buried under roughly 30 feet of overburden. The deposit is referred to as "Natural” or "Inland"
sand. This layer is up to about 10 feet thick and the spatial extent is not presently known. A
boring elsewhere on their property showed sand, but no more detail is known at this point.

The quarry mines the “Natural” sand and stockpiles it separately from the crushed limestone
sand. The quarry also produces a "Blended" sample, which is composed of sediment that they
recover from the ground at the base of the “Natural” excavation. This is not actually a controlled
blend, but rather a combination of the “Natural” sand and any surrounding material that
crumbled through the excavation process. The owner reported that the “Blended” sample might
be ~50% “Natural”, though identifying the relative percentages may be difficult.

Sand samples of the “Natural” sand had an observably high quantity of fine material, and in
general, the sand was poorly sorted. At our request, the quarry performed additional processing,
which involved reducing the speed of the rinsing augers and increasing the water flow. This
reduced the percentage of material passing through the #200 sieve to 0.5%. The grain size
characteristics of the four sand samples are presented in Table 3-10 and Figure 3-22.

Table 3-10 “Pacific Aggregate” sand source summary

Sample ID Dso Sorting % fines | Source | Year
(mm) (o)

“Natural Inland” 0.51 1.4 2.8 Pac Agg | 2018
“Natural

Washed” 0.61 1.0 0.5 SEI 2018
“Blended” 0.93 1.3 n/a Pac Agg | 2018
“Blended

Washed” 0.70 1.2 11 SEI 2018

The median diameter of the “Blended Washed” sample Table 3-10 is smaller than for the
“Blended” sample, although the grain size of the washed sample should have been larger. This is
likely because grain size analyses were performed at different times and probably from different
locations in the quarry, highlighting the variability in the Blended sand.
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Grain Size Distributions
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Figure 3-22 Grain size distribution for Pacific Aggregate washed quarry sand

3.7.1 Constraints (Pacific Aggregate)

The “Inland Sand” is a layer of relithified calcareous beach sand in an area where fossil reef is
mined and processed. The Inland Sand is stockpiled and sold as it is mined. The quarry does not
have an estimate of future available or sand quality in other parts of the property.

Trucking from the quarry in Waianae to Waikiki would be needed to use the sand in this project.

The sand has a high amount of fines that can be washed out by the quarry. The extra handling
adds to the cost. Additionally, the sand has not been approved for use on the beach by DLNR.

3.8 Summary

Nine offshore sand deposits were considered for this project. The sand statistics are presented in
Table 3-11 and turbidity test results are presented in Figure 3-23. A representative photograph of
offshore sand samples is presented in Figure 3-24.

Of the sand sources presented in this report, three have direct applicability to the Waikiki EIS
project: Ala Moana, Hilton, and Canoes/Queens. Sand from the Canoes/Queens deposit was
used in the 2006-2007 Kuhio Beach nourishment project and the 2012 and 2021 Waikiki Beach
Maintenance projects. Sand from that deposit is best used as a somewhat perpetual source of
sand for the Royal Hawaiian Beach Sector. A Conservation District User Permit was granted to
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the City in February of 2021 to use Ala Moana to nourish Ala Moana beach. The other sand
deposits have never been mined.

Table 3-11 Offshore sand source data summary.

Deposit Depth Dso | Sorting | % fines | Volume | Vibra- Jet Turbidity
(ft) (mm) (cy) cored | probed test?
Ala Moana 70-120 | 0.37 1.3 3.6 >86,000 Y Y Y
Diamond Head 20-30 | 0.43 0.6 1.0 110,000 N Y N
Halekulani 70-120 | 0.27 1.0 3.3 >200,000 Y N Y
Hilton 40-60 | 0.59 0.9 0.8 45,000 Y Y Y
RR-inner l1a 50-65 | 0.33 0.9 2.9 200,000 N Y Y
RR-inner 1b 25-35 | 0.33 0.9 14 50,000 Y Y Y
RR-outer 100-300 | 0.18 0.9 4.0 n/a Y Y N
Canoes/Queens 10-20 | 0.33 0.8 0.5 >30,000 Y Y Y

Compilation of average turbidity values
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Figure 3-23 Turbidity analysis results for 6 offshore sand deposits
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Figure 3-24 Four representative sand samples from offshore deposits
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4. BEACH SECTORS AND POTENTIAL OFFSHORE SAND SOURCES

The following sections present comparisons of sand from the offshore sand sources in relation to
the four beach sectors for the Waikiki EIS. Recommendations based on the findings of the sand
source investigations are presented. The recommendations are based on the physical
characteristics of the sand deposit and the existing shoreline conditions and proposed project.

Beach nourishment at Waikiki and Ala Moana during the 20th century was accomplished by
mining sand from distant beaches (e.g., Molokai, Waimea Bay, Yokohama Beach) and placing it
directly on the beaches. While this practice is no longer allowed, there is still concern voiced
over transporting sand from one region for use in another.

Beach nourishment using an offshore sand deposit has been performed a total of 4 times in
Hawaii: Kuhio Beach (2006-2007), Waikiki Maintenance (2012 and 2021), and Iroquois Point
(2013). In each of those projects, the sand source was directly offshore or otherwise connected
to the project. The use of sand from an offshore source that is outside of the project area has not
been done previously in Hawaii, and it is possible that proposed use could encounter community
opposition and regulatory constraints that prohibitive the use of sand in other shoreline regions.

4.1 Kuhio Sector

Two sand samples were obtained from the beach face in the Kiihio Beach Park ‘Ewa (west) basin
in February 2021. Figure 4-1 shows the composite grain size distribution of those two samples,
which have a median grain size (Dso) of 0.43 mm. Figure 4-1 also shows the composite grain
size distributions for the offshore sand deposits investigated in this project. The best match for
the beach is the Diamond Head offshore sand deposit. The Ala Moana and Canoes/Queens
offshore sand are reasonable matches for the coarser part of the distribution, before passing
outside the £20% guideline for finer sand. The Hilton offshore sand falls on the coarser side;
however, slightly coarser sand would be expected to be more stable on an eroding beach.
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Figure 4-1 Grain size distributions: Kahio Beach Park, ‘Ewa Basin and offshore sand sources

Given the logistical challenges of obtaining sand from the Diamond Head offshore deposit, the
preferred sand sources for the Kiihio beach sector are the Hilton, Ala Moana, and
Canoes/Queens offshore deposits. Figure 4-2 and Table 4-1 present the grain size distributions
and statistics for the beach and the recommended sources. Sand recovered from the Ala Moana
and Hilton offshore deposits could be used with only minimal overfill, whereas sand from the
Canoes/Queens offshore deposit would require an additional 12,500 cy sand (total of 40,500 cy)
due to the finer sand grain size and increased overfill ratio. Furthermore, the Canoes/Queens
deposit contains a limited volume of sand, has been dredged multiple times, and is better suited
for use in the Royal Hawaiian beach sector. The proposed beach nourishment and structural
modifications should result in slightly reduced wave energy in the ‘Ewa (west) basin.
Additionally, the sand would be contained within the basin by the historical dredge cut in the
reef along the offshore margin of the basin.

Sea Engineering, Inc. 42



Sand Source Investigation Report [%
Waikiki Beach Improvement and Maintenance Program )

100 =

e K 1hio Beach Face (Ewa Basin)
90
= == Beach +20%
80
— = Beach -20%

70 —#— Ala Moana

60 Hilton

Canoes/Queens

Percent finer (%)

0 '
10.00 1.00 0.10 0.01

Sieve Size (mm)

Figure 4-2 Grain size distributions: Kuhio Beach Park, ‘Ewa Basin, Beach Face and
recommended sand sources

Table 4-1 Comparison of sand parameters for Kihio Beach Park

‘Ewa Basin Canoes/Queens Ala Moana Hilton
Median diameter, Dsg (mm) 0.43 0.34 0.37 0.59
Sorting N/A 0.82 1.42 1.02
Overfill factor N/A 1.50 1.10 1.00
Estimated sand required (cy) 25,000 37,500 27,500 25,000
Estimated sand available (cy) N/A 40,000 86,000 40,000

4.2  Royal Hawaiian Sector

The preferred sand source for the proposed beach nourishment action is the Canoes/Queens
offshore deposit, which is the same sand source that was used in the Waikiki Beach Maintenance
I and 11 projects in 2012 and 2021, respectively. The similar sand characteristics to the existing
beach, close proximity to the shoreline, and small percentage of fine material in the
Canoes/Queens offshore sand deposit makes it preferable for this beach sector.

Sand from the Hilton and Ala Moana offshore sand deposits are also viable options. Sand in the
Hilton deposit is coarser and may be more stable on the beach. Utilizing clamshell dredging to
recover sand from either of these deposits and trucking it to the project site may be more
economical when compared to hydraulic dredging due to increased production and less projected
downtime due to pipe plugging.
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4.3 Halekulani Sector

One sand sample was obtained from the beach face fronting the Halekalani Hotel in February
2021. Figure 4-3 shows the composite grain size distribution for the existing beach sand, which
has a median grain size (Dso) of 0.35 mm. Figure 4-3 also shows the composite grain size
distributions for the offshore sand deposits investigated in this project. Nearly all of the offshore
sand falls within £20% of the Halekiilani beach sand grain size distribution. Sand from the
Hilton deposit falls on the coarser side; however, slightly coarser sand would be expected to
stable on an eroding beach. This would be especially important with sea level rise, at which
point the waves are expected to be more energetic.

The recommended potential sand sources for the Halekilani beach sector are the Hilton, Ala
Moana, and Canoes/Queens offshore deposits. Figure 4-4 and Table 4-2 present the grain size
distributions and statistics for the beach and the recommended sources. Sand from any of the
three sources presented (Ala Moana, Hilton, and Waikiki) could be used with no required
overfill. Furthermore, given the volume of sand required, sand combined from both the Hilton
and Ala Moana sand deposits would be suitable for use in this sector.
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Figure 4-3 Comparison of grain size distributions for existing beach sand and offshore sand
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Figure 4-4 Grain size distributions for recommended sand sources - Halekilani beach sector

Table 4-2 Comparison of sand parameters - Halekulani beach sector

Existing Beach Sand | Canoe/Queens | Ala Moana | Hilton
Median diameter, Dsg (mm) 0.35 0.34 0.37 0.59
Sorting N/A 0.82 1.42 1.02
Overfill factor N/A 1.50 1.10 1.00
Estimated sand required (cy) 60,000 60,000 60,000 60,000
Estimated sand available (cy) 60,000 40,000 86,000 40,000

4.4 Ft. Derussy Sector

The proposed action in the Fort DeRussy beach sector involves moving sand from the beach face
fronting the Hale Koa hotel to the beach fronting the U.S. Army Hawai‘i Museum. Two sand
samples were obtained from the beach face on each end of the beach sector in February 2021.
Figure 4-5 shows the composite grain size distribution for the existing sand at the Diamond Head
(east) end of the beach sector, which has a median grain size (Dso) of 0.35 mm. Figure 4-5 also
shows the composite grain size distributions for two samples of the fill sand that will be obtained
from the ‘Ewa (west) end of the beach sector, which is slightly coarser but would be expected to
be more stable on an eroding beach. This is particularly true for the Fort DeRussy beach sector
where no additional sand stabilizing structures are proposed.
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Figure 4-5 Grain size comparison of existing beach sand at borrow site and fill site

45  Summary

Comparison of native beach sand with the available offshore sand sources indicates that there are
limited sand sources available that have sand that adequately meets DLNR’s guidelines for beach
nourishment in Waikiki. These deposits are Ala Moana, Diamond Head, Hilton, and
Canoes/Queens. Within Waikiki, only Hilton and Canoes/Queens have suitable sand, and their
volume is limited. Ala Moana and Diamond Head contain suitable sand; however, they are
located outside of the project area. Use of offshore sand from deposits outside the project area
has not been done to-date in Hawaii. Given heightened awareness on beach erosion, it is
possible that community opposition to sand extraction from their beach area for use somewhere
else could prove prohibitive. Sand availability for future projects in Waikiki could become
increasingly difficult.
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5. OFFSHORE SAND RECOVERY AND TRANSPORT METHODOLOGY

A variety of methods are available to recover the offshore sand. Each method has inherent
advantages, disadvantages, and ranges of applicability. The three most common forms of

dredging used in Hawai‘i are clamshell buckets; 2) submersible slurry pumps; and 3) self-

contained hydraulic suction dredges.

5.1  Dredging System

Dredging systems for beach nourishment purposes are designed to recover sand from the
seafloor and deliver it to an alternate site. There are various ways to accomplish these
operations, some of which store the sand onboard the dredging vessel or deliver it to nearby
barges or ships, while others transport the sand directly through a pipeline to the shore. Storing
the sand on the dredging vessel requires that the vessel return to a commercial harbor on a
regular basis to discharge recovered materials, requiring considerable time, energy, and harbor
space. If the sand is pumped to shore, booster pumps and additional barges may be necessary if
the distance to the project beach is excessive. The third strategy would be placement of the
dredged sand in ships or barges that could be cycled through the recovery and delivery process
close to the project site to increase dredging efficiency. This would allow for simultaneous
loading and offloading of pairs of these barges and would allow the dredge barge to remain in
place for the duration of the recovery effort.

All of these techniques require that the dredge barge be anchored with a stable, minimum four-
point mooring in the recovery area. Anchors would be placed within the sand field and marked
with floats or buoys, as depicted in Figure 5-1. A four-point mooring would allow the barge to
change locations within the recovery area and remain securely anchored without having to adjust
anchor placement.

There are several potential dredging techniques that might be employed for the project, all of
which are discussed in the following sections.
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e 7
Figure 5-1 Example: Anchor and Anchor Float used in the 2012 Waikiki Beach Maintenance
Project.

5.1.1 Clamshell Dredging

Clamshell dredging, shown in Figure 5-2, describes the process of mechanically scooping and
lifting the sediment, in this case sand, from the seafloor. An environmental clamshell bucket,
such as the one shown in Figure 5-3, is lowered from a crane in the open position, and upon the
clamshell reaching the bottom, the crane operator closes the clamshell jaws and lifts the material
out of the water. The operator then rotates the crane and opens the bucket to dispense the
material into a waiting barge, such as a hopper barge (Figure 5-4).

A 15 cy rated bucket for example would have an open footprint of 13 ft by 13 feet, and would
penetrate approximately 2 feet into the bottom, recovering about 12 cy of sand.
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Figure 5-2 Example: Clamshell Dredge with Environmental Bucket
(http://www.conedison.com/ehs/2009annualreport/environmental_stewardship)

Figure 5-3 Example: Environmental Clamshell Bucket
(http://www.alibaba.com/product-free/107658423/Environmental_clamshell_grab.html)
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Figure 5-4 Hopper Barge
(http://lwww.thecargogroup.net/)

Environmental clamshell buckets, also called level-cut buckets, are designed to be able to
remove as little as 6 inches of sediment from the seafloor surface if necessary, while leaving the
lower sediment undisturbed. Figure 5-5 shows a schematic of the level-cut process. The bucket
is lowered to the seafloor with the jaws open. Upon reaching bottom, the jaws are closed,
skimming off the upper portion of sediment. Although the bucket does not penetrate deeply into
the seafloor, the jaw width is great enough that a 6-inch layer of sediment recovered would still
amount to 3 cy of sand.

While recovering a thin surface layer is valuable when dealing with contaminated sediments, in
the case of offshore sand recovery, this process allows for recovery of sand from thin deposits.

Positioning software allows the operator to precisely place the bucket to recover sediment from
the proper location.

Clamshell bucket sizes vary from as small as one cy to over 20 cy, and can be either sealed or
open. Newer technology allows removal of material with only slightly more water content than
in the in situ sediment. The end plates of the buckets overlap and rubber seals help to prevent
loss of water and sediment as the bucket is raised.
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Figure 5-5 Level-cut dredging schematic (www.cablearm.com)

Clamshell dredging is often used in association with a large barge, such as the hopper barge
shown in Figure 5-4, on which the sediment is deposited. Once the sediment is onboard the
barge, transport is accomplished by either moving the barge to a dock and offloading or using a
waterborne sand delivery system to deliver the sand to the shoreline.

The benefits of using clamshell dredging are that it is very mobile, it can operate at any depth
that the crane cable can reach, it can be used in moderate swell conditions, and it can recover a
wide variety of material types. Additionally, little specialized equipment beyond the clamshell is
needed for dredging operations. The technology of the environmental buckets helps to reduce
environmental impacts due to turbidity and increase efficiency in recovering sand, reducing time
and cost of the operation. Additionally, the amount of water that is accumulated from the
clamshell dredging process is much less than with hydraulic dredging presented in the next
section, and the small amount of water can be discharged at an approved location.

The drawbacks are that it is less efficient than other dredging systems, such as those utilizing
hydraulic or slurry pumps, and it requires the sand deposits to be thick enough that the clamshell
does not reach hard substrate.

5.1.2 Submersible Slurry Pump

Submersible slurry pumps, referred to as “Toyo Pumps” after the largest supplier of such, are
distinguishable by the way that they are lowered from overhead and suspended above the
sediment they are pumping. The pumps can be hydraulically or electrically driven, and are
available in a range of sizes. Models are available with up to 400 hp. Toyo DP75B (75hp)
hydraulic pumps were used successfully for dredging both the 2006-2007 Kuhio Beach
restoration project and 2012 Waikiki Beach Maintenance Project. Respectively, the projects
pumped approximately 10,000 and 24,000 cy of sand from offshore onto the beach within the
Kuhio Beach crib walls.

Several equipment elements are required to successfully recover sand utilizing a submersible
pump. A barge and crane are necessary to position a hydraulic or electric powered pump over
the sand bottom. The crane can move the pump across a small area, dependent on the crane size
and length of its boom. Accessing different portions within the recovery area is achieved by
repositioning of the pump barge using a minimum four-point mooring array. Additionally,
depending on the size of the slurry pump, a booster pump may be required if the distance to the
shoreline is excessive. An additional piece of equipment called a “jet ring” can be mounted on
the pump to aid in entraining sand to increase the percent of sand in the slurry. This jet ring

Sea Engineering, Inc. 51



Sand Source Investigation Report [%
Waikiki Beach Improvement and Maintenance Program )

requires a water pump on deck and an additional 4-inch water hose connected to the submersible
pump. An illustration of this dredge system is shown on Figure 5-6, taken from the Kuhio Beach
project after-action report (American Marine, 2007). Figure 5-7 shows the Healy Tibbitts dredge
barge used in the 2012 Waikiki Beach Maintenance Project.

The benefit of the submersible pump is its precise positioning and ability to reach into tight
spaces. Using a crane-tip GPS unit to locate the pump, the operator can accurately position the
pump to within a few feet of any location to effectively remove the sand from near the edges and
corners of the recovery area. In addition, sand recovery with a slurry pump can be more efficient
than mechanical recovery when a high sand to water ratio can be achieved.

The primary drawbacks to the submersible pump are that the operation is labor intensive and it
requires dewatering. Operation requires a crane operator, a rigger, and several people to handle
the pumps, generators, and pipelines on deck. Additionally, the pump must be held at a
relatively constant height above the sand. If the pump is lifted too high it will not entrain the
sand, and if it is too low the slurry will become too concentrated and the pipeline may clog.
Maintaining this balance is especially difficult for the crane operator in the presence of swells
greater than one to two feet; however, the dredge equipment can be operated from an ocean-
going barge, which provides reasonable seaworthiness. Submersible pumping requires that the
slurry be properly dewatered, which increases on-land space requirements. For example, the
2012 Waikiki Maintenance project utilized a one-acre dewatering basin within Kuhio Beach
Park, requiring the Diamond Head basin to be completely closed to the public.

Production records for the 2012 Waikiki Maintenance project showed that the contractor
recovered 400 to 800 cy of sand in a 10-hour day, and placed sand on the beach at a rate of 1,500
to 2,000 cy in a 5-hour day.
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5 Booster hydraulic pump

Figure 5-7 Healy Tibbitts Crane Barge used in the 2012 Waikiki Beach Maintenance Project

5.1.3 Hydraulic Suction Dredge

A hydraulic dredge is a more traditional dredging technology that has proven to be effective for
beach nourishment projects. A hydraulic dredge functions similarly to a submersible pump,
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except that the pump is above water on a surface platform (e.g., boat or barge), and a rigid
suction pipe is lowered from the surface platform down to the seafloor. Dredged material is
typically discharged as a sand-water slurry through a pipeline to shore. An example of hydraulic
section dredging is shown in Figure 5-8.

Hydraulic dredges come in a wide range of sizes, from large ocean-going dredges for
maintaining commercial ports and waterways, to small, trailerable units that are typically used
for lake and reservoir clearing or small marina maintenance. A small hydraulic suction dredge
(Mud Cat) was used in a small-scale sand pumping demonstration project conducted by the State
of Hawai‘i Department of Land and Natural Resources in February 2000 (Noda, 2000).
Approximately 1,400 cy of sand was dredged from a deposit located 1,500 ft offshore of Kihio
Beach and pumped to a dewatering basin excavated into the dry beach area within the Diamond
Head (east) basin of Kuthid Beach Park. Hydraulic suction dredges are otherwise less common in
Hawai‘i in comparison to submersible slurry pumps.

Figure 5-8 Example of hydraulic suction dredge (Ellicott Dredges)

5.2  Small-scale Maintenance Dredging

Nearshore sand deposits are typically too far from the coastline for land-based equipment such as
excavators to reach, and too shallow to access via work vessels. Sand deposits located within
approximately 1,000 ft of the shoreline may be viable for small-scale beach maintenance
purposes, as this sand is likely eroded from the beach.
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Novel dredging approaches must be utilized to recover sand from nearshore deposits. Two
examples of equipment that could potentially be used for nearshore dredging projects are an
ROV subdredge and a diver-operated dredge.

5.2.1 Remote Operated Submersible Dredge

A Remote Operated Submersible Dredge (ROV subdredge) is an electrically powered tracked
hydraulic pump manufactured by EddyPump®© Corporation (Figure 5-9). The pump was
developed for the U.S. Army and U.S. Navy for Logistics-Over-the-Shore (LOTS) operations for
early entry forces and areas that are too dangerous for human operators. It is fully submersible
and capable of being operated remotely from shore. An umbilical would run along the pipeline
providing power and control to the ROV subdredge. The pump would be powered by an electric
power unit located on shore and a small submersible hydraulic power unit mounted on the ROV
subdredge. A Real-time Kinematic (RTK) Global Positioning System (GPS) provides location
data to the landside operator.

An advantage of an ROV subdredge is that it can be operated in shallow water that us
inaccessible by barges. To recover nearshore sand deposits in Waikiki, an ROV subdredge
would be deployed and operated from shore. A pipeline would transport slurry from the ROV
subdredge to two dewatering basins on shore. The pipeline would float on the water surface. A
small support vessel (e.g., small boat or jet ski) would be used to maintain a safety buffer and
assist with maneuvering the dredge pipeline. The operator would move the ROV subdredge
through the sand deposit until a sufficient volume of sand was recovered. A camera mounted on
the ROV subdredge allows the operator to direct the dredge head to the sand deposit for
maximum efficiency. The production rate for the ROV subdredge is expected to be up to 30 to
50 cy of sand per hour.

Additional equipment would be required for proper operation of the ROV subdredge. A 100-kW
diesel generator would be located onshore and provide power to the ROV via the umbilical. One
thousand feet of floating pipeline would connect to the ROV. A bulldozer and skid-steer would
be required to excavate the dewatering basins and push sand to the desired grade.

The primary disadvantage of an ROV subdredge is the initial cost for the equipment. The ROV
subdredge itself would cost approximately $1 million.
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Figure 5-9 Remote Operated Submersible Dredge (Eddy Pump, 2021)

5.2.2 Diver-operated Dredge

A diver-operated dredge is a dredge system that can be manipulated and operated by divers.
Diver-operated dredges are typically used in shipyard operations and the mining and fracking
industries. Using a diver to manipulate the suction hose offers a level of precision that cannot be
achieved by lowering a pump over the side of a vessel. Figure 5-10 shows a diver-operated
dredge pump manufactured by EddyPump®© Corporation. The diver-operated dredge pump is
roughly 6 ft long, 3 ft wide, and 3 ft tall, but dimensions vary depending on the size of the pump
chosen. Figure 5-11 shows a diver on surface supplied area manipulating a diver-operated
dredge nozzle.

Sand recovery would require a four-person dive team working from shore for Occupational
Safety and Health Administration (OSHA) compliance. The dredge pump could be placed on
shore on the beach face, or on a small vessel or float. A floating slurry pipeline and power cable
would extend from the dredge pump to the sand recovery area. The pump would be powered by
a 100kW generator located on shore. A suction hose would be connected to the dredge pump.
The suction hose would be controlled by a single diver. The hose would have a length of 100 ft,
which would enable the diver to dredge sand within a 100-ft radius of the pump. Once the sand
is dredged to the desired depth, the pump would have to be relocated to another area. The 6-inch
pump system can accommodate two divers and two hoses for greater efficiency. A bulldozer
and/or skid-steer would be required to spread the sand to the design grade. The production rate
for one diver is expected to be 20 to 40 cy of sand per hour.
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Figure 5-10 Diver-operated dredge pump

Figure 5-11 Surface supplied air (SSA) diver using a diver-operated dredge

5.2.3 Excavator with Dredge Pump Attachment

An excavator with a dredge pump attached to the boom is a direct method of dredging sand from
nearshore onto the beach. The system would include an excavator, a submersible pump, a slurry
pipeline to shore, and power for the pump. The pump could hang from or be attached to the
excavator boom. The pump would be lowered into the water into contact with the sand and
moved around by the excavator as necessary.

This method has been successfully used for ongoing beach maintenance at the Ko‘Olina lagoons,
where sand regularly migrates (slumps) from the beach face into the water as a result of low

Sea Engineering, Inc. 57



Sand Source Investigation Report m
Waikiki Beach Improvement and Maintenance Program )

wave energy. The excavator is positioned near the water line and a Toyo submersible pump is
lowered into the water. The sand/water slurry is pumped to shore into dewatering basins. Sand
recovery typically extends about 60 ft from waterline into the lagoon.

An excavator outfitted with a cutterhead pump attachment is potentially a more-efficient method
for recovery sand. Eddy Pump makes an excavator attachment that is specifically designed to
connect to the excavator’s existing bucket linkage. The pump can also be powered by the
excavator’s hydraulics, eliminating the need for shore-based power. This configuration reduces
crew size and allows the excavator operator to dredge sand by sweeping back-and-forth with the
excavator arm.

The system could extend further from the waterline by placing the excavator on a Flexifloat
system or in very shallow water by building a platform that rests on the sand. Minimum 40-ton
class excavator is recommended. The coverage area could be extended by using a long-reach
excavator, as long as it can remain balanced. Examples of excavator-mounted pumping are
shown in Figure 5-12.

Advantages of an excavator with a dredge pump are that the equipment is available on-island, is
relatively simple to maneuver and operate, and can be powered by the excavator (no additional
power required). A disadvantage of an excavator is that it has limited reach. Extending the
reach of the excavator would require a platform, such as Flexifloats, or construction of a berm to
drive on. Additionally, a dewatering basin on land would be required. Production rates are
dependent on the pump size and are expected to be 20 to 40 cy per hour.
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Figure 5-12 Excavator dredge pump attachment with 10-in pump and power pack (EddyPump®©
Corporation, 2021)

5.3  Delivery to a Nearby Harbor

Sand sources identified in Section 1 that are too far from the project site to consider pumping the
sand to shore would require dredging of the sand and loading it into a barge, either through
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clamshell dredging or hydraulic dredging. After the barge is loaded with sand, it could be
transported to an offloading site such as a commercial harbor, where the sand would be
offloaded, possibly stockpiled, and transported to the Waikiki project sire. Barging can require
extensive time and energy between towing the barge to a commercial harbor, such as Honolulu
Harbor or Kalaeloa (Barber’s Point) Harbor. Barge travel distances are presented in Table 5-1.

Table 5-1 Barge distances from offshore sand sources to commercial harbors on Oahu

Barge distance (miles, roundtrip)
RR—Inner Ala Moana Hilton
to Honolulu Harbor 13 7 8
to Kalaeloa Harbor 30 40 42
to Ala Wai Boat Harbor 14 3 2

The most efficient method would be to deliver the sand through the Ala Wai Small Boat Harbor
and offload it at the Magic Island parking lot, where the barge would be moored alongside the
parking lot. The barge would be moored with two lines on shore and two anchors within the
harbor. This mooring configuration has recently been used in the Ala Wai canal maintenance
dredging project (R.M. Towill Corporation, 2017). A subsequent biological assessment of the
mooring site for that project reportedly found no concern regarding impacts to EFH.

The sand would be offloaded onto a conveyor belt or similar system and transported into waiting
dumptrucks which would then move the sand systematically to the Waikiki project site. Most of
the Magic Island parking lot would stay open during the day, with the area adjacent to the barge
closed for equipment. This method would have the shortest barge and truck routes, and it would
likely be the fastest and least expensive of the delivery options. Production rates of around 1,000
cy per day could be anticipated with this method.

Alternatives initially considered include delivery to Honolulu and Kalaeloa Harbors. Pier space
at Honolulu Harbor is limited, and personnel at Hawaii Department of Transportation, Harbors
Division, reported that the harbor does not accept bulk product delivery such as sand. Kalaeloa
Harbor would be the nearest commercial facility for offloading sand. Barging to Kalaeloa,
however, would entail an ocean transit of as much as 25 miles to the harbor, offloading of the
barge into dump trucks, and the 25-mile truck route back to the sand recovery site. This method
would result in an involved and circuitous delivery to the project site, which is only a few miles
from the sand deposits presented Section 1. In addition to the distance traveled to deliver the
sand at pier side, additional travel may be required to dewater the barge at an acceptable offshore
location prior to offloading.

If offloading alongside Magic Island is not possible, then discussions within State agencies are
recommended to determine if a short-term offloading site at Honolulu Harbor could be
developed for use during the projects. It is possible that a temporary offloading site could be
accommodated on the west side of Sand Island. There is some presently unutilized land, and a
barge could access the shoreline via the Kalihi channel and the seaplane runway adjacent to the
shore.
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Figure 5-13 Example of barge offloading at Ala Wai and Magic Island

5.3.1 Offloading and trucking to project site

Pier side delivery of sand from a barge requires adequate space to offload sand into dump trucks.
The sand could be loaded onto trucks with an excavator or similar equipment, or a conveyor
system could be deployed for more efficient handling. Examples of sand conveyance from barge
to shore are shown as Figure 5-14 and Figure 5-15. Conveyor belt systems can move an
estimated 150 cy of sand per hour.

Mid-size (15 cu. yd.) or larger (20 cu. yd.) dump trucks could be used to haul the sand to
Waikiki. For reference, 1,000 cy of sand per day would require 50 to 70 truckloads of sand per
day. Careful coordination amongst stakeholders would be necessary to deliver the sand to the
project site.

The advantage of truck hauling is that it minimizes impacts to the seafloor by eliminating
delivery pipes to the shoreline. The disadvantages would include the increased cost due to time,
equipment, and energy to move the sand by trucks rather than pipe it directly to the shoreline,
and additional traffic impacts from moving dump trucks into and out of the project area on a
regular basis.
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Figure 5-14 Barge-mounted conveyor system

Figure 5-15 Barge-mounted conveyor system

5.3.2 Sand Placement

Sand placement would be determined by the individual project needs. As sand is trucked to the
project site, the sand would be moved directly to the beach and placed to the design lines and
grades. There is no dewatering associated with the truck hauling method. Sand movement and
placement during the 2012 Waikiki Beach nourishment project was accomplished using standard
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mechanical equipment, including a front-end bucket loader, dump trucks, and bulldozers. This
method is proposed for use with the present project. Sand movement and placement during the
2006-2007 Kuhio Beach project was accomplished using standard mechanical equipment, a
front-end bucket loader, bulldozers, and trucks (Figure 5-16 and Figure 5-17). Some noise and
smell from the equipment, and possibly some additional short-lived odor from the sand, will be
unavoidable.

For any project, the beach width will be increased from onshore to offshore, thus building dry
substrate for machinery to operate on as it is built seaward. Construction to the design profile
would be verified during construction with surveys and by placing survey stakes with final beach
height markings as references. Design beach profiles and volume calculations would be part of
the construction drawings.

A containment system will be required in the area of active sand placement to reduce the
potential for turbidity impacts to coastal waters during sand placement in the water. Silt curtains
and fences will be required, consistent with previous requirements of the DOH. Schematics of
these containment devices are shown as Figure 5-18 through Figure 5-20.

Figure 5-16 Sand placement, 2012 Waikiki Beach Maintenance Project.
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Figure 5-17 Example: floating silt curtain and small bulldozer used for sand placement in the 2012
Waikiki Beach Maintenance project.
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Figure 5-18 Silt curtain layout for sand placement
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Figure 5-20 Typical silt fence detail

5.3.3 Dewatering

State of Hawaii Department of Health and U.S. Clean Water Act regulations require that the
water accumulated on the barge during the dredging process be discharged in a way that reduces
the occurrence of turbidity in the ocean water. ldeally, the discharge should be accomplished
with no direct dredge water flow back to coastal waters. A direct and effective way to dewater a
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barge is to discharge the water into an enclosed basin on the beach, above the high water line,
and let the water percolate into the ground.

Dewatering for the Waikiki Maintenance projects in 2012 and 2021 was performed in the
Diamond Head basin of Kuhio Beach Park. A sand containment berm was constructed and weirs
were installed to allow fine particles to settle before the water exited the basin.

5.3.4 Operational Considerations

The wave and wind environment at the sand recovery site presents a challenge for the dredging
contractor. Dangerous conditions can occur from both south Pacific swell and tradewinds, and
can be reasonably expected to occur at any point during project construction. The most
advantageous work period is fall to early winter, when southern swell and tradewinds can be
expected to be the least intense. Strong tradewinds can also create seas and currents that would
make it difficult to hold the dredge barge and scows in relatively stable positions. For this
reason, the operation is proposed to occur during low wave and wind conditions in the fall
months.

There are no oceanographic constraints to offloading in a commercial harbor, which would be
expected to be sheltered from wave energy. Placement of sand in Waikiki is generally preferred
in the winter months, when waves are typically lower and low tides occur in the mornings.

54  Fines and Turbidity

Sand recovered from the ocean, though highly compatible with the dry beach sand, would still
have some fine content that would be winnowed from the beach system and moved offshore
during the initial equilibration process and beach erosion events. Dredging, transport, and
placement of carbonate sand can also increase the percent of fines through mechanical abrasion
of the friable grains. Turbidity, or a reduction in water transparency, occurs when fine sediment
particles are suspended in the water column. Turbidity can occur at the offshore sand dredging
site or along the beach where sand is placed.

5.4.1 Turbidity at Dredge Sites

Offshore turbidity is to be expected at the dredge site. As the clamshell bucket grabs sand from
the seafloor, it would disturb fine particles adjacent to the bucket. As the bucket is raised
through the water column, minor volumes of sand containing fine particles would be released
into the water column. Turbidity at the dredge site will be reduced by using an environmental
clamshell bucket, which is an industry best practice and has been used to minimize turbidity
during dredging of harbor channels in Hawaii. Environmental clamshell buckets typically have
tighter seals and overlapping sides. These buckets are designed to minimize sediment loss from
within the bucket, resuspension at the dredge site, and water entrainment with each grab. A
conservative estimate of the amount of material that leaks from an environmental bucket is only
0.5% (Palermo et al., 2008). This material is expected to fall out of suspension rapidly near the
dredge location.

The use of a suction dredge would result in the majority of bottom material disturbed being
drawn into the dredge pipeline, with only a small amount of disturbed material escaping the
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dredge to affect adjacent areas or water quality. Loss rates for suction dredges have been
estimated to be less than 0.1% (Hayes and Wu, 2001). Careful placement of anchors and cables
would insure that they do not move about and disturb/suspend bottom material.

Turbidity generated from dredging operations is expected to be transported with the currents
moving parallel to shore. Wave action has the potential to transport turbidity inshore. These
water quality impacts are expected to be temporary, lasting only during the actual dredging
operations, and are expected to be localized to the immediate vicinity of the dredging. Best
Management Practices (BMPs) will be followed throughout the sand recovery work, consistent
with the State Department of Health Water Quality Certification that will be required for the
project.

5.4.2 Turbidity at Placement Site

Beach restoration projects can generate turbidity plumes that can be unsightly and affect water
clarity for days. Although sand fill placed on a beach must closely match the existing beach sand
with respect to grain size, offshore sand will typically have a higher percentage of fines than
native beach sand. Additionally, fines may be generated during dredging and placement of
offshore sand onto the beach. After placement, wave action can suspend the fines creating
turbidity plumes immediately offshore of the nourished beach.

Silt curtains and containment barriers would be deployed along the shoreline where sand
placement is occurring. Following placement of sand on the beach, there will likely be periodic
turbidity associated with equilibration of the beach profile and planform and during large wave
events, as sand moves along the beach and cross-shore.

Turbidity is a complex phenomenon that is dependent on both the optical and physical properties
of suspended particles, and is difficult to model or predict. To help evaluate possible impacts,
pre- and post-project conditions in Waikiki were examined using available high elevation
photographs, and laboratory turbidity analyses were conducted to compare the borrow and
existing beach sand for this project.

5.4.2.1 Laboratory Turbidity Analysis Results

Turbidity test results for sand samples obtained from Ala Moana, Halekulani Channel, Hilton,
RR Inner-1a, RR Inner-1b, and Canoes/Queens are plotted on Figure 5-21 through Figure 5-26.
Data are plotted as turbidity versus time. The average value for each deposit is plotted on Figure
5-27 for comparison amongst the sand deposits. The turbidity results should not be considered
indicative of turbidity levels that are to be expected during the actual beach nourishment because
they result from artificial experiments in a small sample bottle. Rather, they are useful to
evaluate differences between the existing beach sand and the possible nourishment sand.

All samples tested showed initial turbidity that decreased exponentially with time.
Canoes/Queens samples had the lowest initial turbidity, which should be expected, since this is
likely sand that had been recently transported and had the fine material worked out of it.
Halekulani Channel had the next lowest turbidity; however, that was due to a very low value for
one of the samples. That sample was obtained from the top of a core and may have had fines
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washed out. Sand from the other samples had significantly higher turbidity. Hilton and Ala
Moana had the highest initial turbidity readings; however, the values decreased rapidly over the
first 2 hours. Even though the Hilton samples were the coarsest of the sites, three of the five
samples had initial turbidity in excess of 1,000 NTU, while the other two were in excess of 850
NTU.

Sand turbidity measurements (Ala Moana deposit)
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Figure 5-21 Turbidity results for Ala Moana sand deposit
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Figure 5-22 Turbidity results for Halekulani Channel sand deposit
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Figure 5-24 Turbidity results for RR Inner — 1a sand deposit
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Figure 5-25 Turbidity results for RR Inner - 1b sand deposit
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Figure 5-26 Turbidity results for Canoes/Queens sand deposit
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Figure 5-27 Compilation of average turbidity measurements for offshore sand sources

5.4.3 Waikiki Beach Maintenance Turbidity

The Waikiki Beach Maintenance project was performed in late winter and spring of 2012, when
about 24,000 cy of sand was borrowed from an offshore deposit, pumped to shore, dewatered,
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and placed on the beach. The placement of the sand produced high levels of turbidity, and
immediately following the completion of sand placement, the project experienced a series
summer swell events.

Turbidity was assessed visually from photographs obtained via a University of Hawaii webcam
mounted on the Sheraton Waikiki hotel. Turbidity levels appeared to decrease in general
following completion of sand placement on April 25, 2012. By November of 2012, turbidity on
calm days appeared to have decreased to pre-project levels, though turbidity was still high during
higher wave conditions which are responsible for washing fine material from the beach and
resuspending sediment. A June 24, 2019 view from the Sheraton Waikiki shows the nearshore
water clarity to be comparable to pre-project levels.

5.4.4 Turbidity Impacts Evaluation

Sand from within the offshore sand deposits is expected to become well mixed during
excavation, transport, and placement on the beach. Average turbidity values for the targeted area
in the deposit are important, as they are representative of the material that will eventually be
placed on the beach. Initial elevated turbidity is expected during sand placement and
periodically during larger wave events. The laboratory turbidity analyses indicated that overall
the turbidity should return to typical existing levels after a short period of adjustment.

The Waikiki Beach Nourishment project and results of the turbidity experiments described above
suggest that elevated turbidity following sand placement should be expected.

5.5  Offshore Sand Deposit Chemical Quality

Offshore sand deposits are generally considered to be free of contaminants because they are
typically distant from land runoff sources, are located in oceanic waters characterized by good
mixing and flushing, and sand size particles do not absorb contaminants. The South Shore
marine environment experiences currents driven by the tides, winds, and waves that approach
from the south. The currents offshore of the reef are dominated by the tides. Due to the
exposure to the numerous physical mixing forces, the residence time of the water is short
(Tomlinson, 2011), resulting in high dilution.

Sand is not known to adsorb contaminants and is therefore not typically considered as a risk for
contaminants by the regulatory agencies. The State of Hawaii Department of Health ecological
risk assessment guidance for coastal marine environments in Hawaii states that “many chemicals
that cause ecological effects are known to be associated most strongly with fine-grained
sediment”. Furthermore, CFR Title 40 Section 227.13 used by the EPA to regulate dredge
material disposal states that dredge material is considered to be environmentally acceptable for
ocean dumping if it is composed of sand or to be used for beach nourishment, without the need
for testing.

The offshore sand deposits investigated in this project are not expected to contain contaminants
of concern. Deposit sampling and analysis, however, can be completed during the permitting
phase of the project if deemed necessary by the regulatory agencies.
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56  Sand Compaction

Compaction occurs when grains are pressed together, reducing pore space between them.
Heavily compacted sand can become partially or wholly lithified (solidified), having consistency
ranging from compact but friable (able to be easily broken down into sand grains), to more rock-
like. Indurated (well compacted) beach rock cannot be easily broken up into individual sand
grains.

Sand compaction was observed after the 2012 Waikiki Beach Maintenance project along the
truck haul route between the dewatering basin and the sand placement area. A 1- to 3-foot tall
hardened berm formed along the seaward edge of the haul route (Figure 5-28). SEI engineers
attributed this sand compaction to loaded dump trucks traveling over the beach fill.

Additionally, chemical processes in the form of carbonate dissolution likely contributed to the
hardening of the beach fill. The combination of pressure, dissolution of calcium carbonate
material from fresh water, and the presence of fines could increase the chances of induration
(hardening) of the placed sand. Compaction can be minimized by mechanically loosening or
turning the sand along the truck haul route every few days. Moreover, haul routes can be
monitored and plowed after project completion, if needed.

Figure 5-28 Sand compaction and induration along Waikiki Beach
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5.7 Initial Sand Placement

The slope and shape of a beach face (i.e., beach profile) is a function of grain size and wave
energy. Low energy beaches with finer sand tend to have flatter slopes than high-energy beaches
composed of coarse sand. When sand is first placed on a beach, the sand will generally be loose
and uncompacted. Wave action will help the beach adjust toward an “equilibrium profile” based
on the characteristics of the nourishment sand. During this period, the sand can be expected to
be loosely compacted and users might sink into the sand somewhat. Over a period of time, the
sand is expected to become compacted and resemble the present condition of the beach. The
length of time that compaction would take is a function of wave energy, and therefore, the exact
time compaction would take is unknown.

Users should be alerted of potential changed conditions until the equilibrium profile has been
achieved. The State should consider consulting a signage expert regarding the need to alert the
public of such conditions.

5.8 Coral Rubble

Coral cobbles and rubble were an issue during the 2012 Waikiki Beach Maintenance project.
These larger grains were uncomfortable for beach users, as they tended to accumulate in the
nearshore at the toe of the beach. The potential for coral rubble should be addressed by
engineers during the design process, and efforts should be made to reduce recovery of large
pieces of rubble from the offshore sand deposit. After placement, the rubble may become
concentrated at the beach toe, just offshore of the waterline. This coral rubble could be removed
by hand.

Though the grain size distributions of the offshore sand areas have been documented, coral
rubble, or sediment grains that are much larger than the median grain size, may exist sporadically
within the sand deposit. During offshore sand sampling, limited coral rubble was encountered in
the offshore sand deposits. Rubble, however, may exist in discreet pockets within the sand
deposits.

One of the disadvantages of clamshell dredging is that there is no method to screen coral rubble
from the recovered sand at the dredge site. The contractor, therefore, should monitor the sand
for coral rubble as the clamshell bucket empties the sand onto the scow. If excessive coral
rubble is encountered in an area within an offshore sand deposit, sand recovery operations should
move to a different location within the deposit.

Screening the sand as it is offloaded from the scow is possible, but would drastically slow
production and could still allow cobbles to enter the beach system. Use of a screen or a separator
such as an Trommel screen (Figure 5-29) or a “grizzly” rock screen (Figure 5-30) could be used
to remove coarse material at the placement site.
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Figure 5-30 Grizzly rock screen used to separate coarse material

5.9  Sand Dynamics

Chronic erosion will continue to affect the non-stabilized shoreline reaches in Waikiki. Seasonal
and episodic erosion and beach adjustment events will continue to occur. In addition to these
natural phenomena, Waikiki may also be impacted by large magnitude events such as strong
Kona storms, hurricanes, tsunamis, extreme water level changes, and other oceanographic and
atmospheric catastrophes. Any and all of these can cause a large-scale change in the beach. Asa
result of one or more of these events, all placed sand and more could be lost from the beach.
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5.10 Anoxic Content

There are some portions of the offshore sand areas that have anoxic conditions beneath the
surface of the sand. When sand is recovered from anoxic environments, it would typically have
a gray color and an odor. Both of these issues would be expected as part of the restoration and
enhancement phases. Both the color and odor have been documented to fade with exposure to
sun and air, based on previous sand recovery efforts in Hawaii.

5.11 Marine Activities

The anchor lines at the offshore sand site would be in place for the duration of sand recovery
operations, and floating sections or anchor lines would be marked with floats and lights as
needed. The machinery operating on the barge would be run from the early morning until later
in the afternoon each day. Some lighting would be needed on the barge to conduct operations
during the morning hours.

Dredging and barging would be taking place in the nearshore waters, and are expected to directly
impact ocean recreation and access in the area. Careful planning will be necessary to minimize
these impacts, resulting in a recommendation for longer work days, and working seven days a
week, to significantly reduce the overall duration of the project.

Public safety during construction is of utmost importance. A Notice to Mariners detailing
construction activities and locations should be publicly issued through the United States Coast
Guard prior to mobilization of construction equipment on site. A public awareness campaign is
recommended to be initiated through DLNR to help spread awareness about construction
activities. All onshore and offshore hazards will be clearly marked with signage and/or marker
floats. Transit corridors, both on the beach and in the water, will be clearly labeled. Flag
persons will be provided as needed.

5.12 Beach Activities

Placement operations on the beach would require lengths of the coast to be cordoned off during
trucking operations. Crossing guards would be placed intermittently along the shoreline to assist
the public in transiting across the access route. While operating, the heavy machinery would
emit noise and exhaust. Again, working longer days, seven days a week, will limit the overall
impact by reducing overall project duration. The 2012 Waikiki Beach Maintenance project
moved sand to be beach only in the morning, reopening the beach around noon each day.

5.13 Recreational Hazards

Users experience certain recreational hazards in Waikiki. These hazards include swimming
accidents such as drowning, collisions between users, trips and falls, sharp objects, and poor
water quality. These hazards exist at times and will continue to exist after the improvement
projects.

Users should be forewarned that bottom conditions have changed and may continue to change,
and that hard material still lies below the sand. The State should consider consulting a signage
expert to implement proper signage noting such conditions.
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APPENDIX A
VIBRACORE LOGS AND GRAIN SIZE ANALYSIS
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LOCATION: HILTON AREA, WAIKIKI, OAHU, HAWAII
CORE: H-2X.1

EASTING: 1693294.6

NORTHING: 39587.3

RECOVERED: 5/19/2017

LENGTH: 67 inches

DEPTH: 50 feet

LITHOLOGIC DESCRIPTION

SAND; calcareous; medium-coarse; unconsolidated;
no compaction; moderate to poorly sorted;
heterogeneous; trace amounts of terrigenous
material; 5-10% shell hash, Halimeda, and coralline
algae; downward darkening; downward coarsening.

—— 0-20in: SAND; calcareous; medium-coarse; tan
color; moderate to poorly sorted; poorly rounded;
low sphericity; 0.75” coral cobble at 13”.

———— 20— 43 in: SAND; calcareous; medium-coarse;
grayish-tan color; moderate to poorly sorted;
poorly rounded; low sphericity.

—— 43 — 62 in: SAND; calcareous; coarse-medium; light
gray color; moderate to poorly sorted; poorly
rounded to subangular; low sphericity.

REPRESENTATIVE APPEARANCE
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LOCATION: HILTON AREA, WAIKIKI, OAHU, HAWAII
CORE: H-2X.2

EASTING: 1693378

NORTHING: 39709.2

RECOVERED: 05/19/2017

LENGTH: 79 inches

DEPTH: 48 feet

LITHOLOGIC DESCRIPTION

SAND; calcareous; medium grain; unconsolidated; no
compaction; moderate to poorly sorted;
heterogeneous; trace amounts of terrigenous
material; 0-5% coralline algae; 5-10% shell hash and
subangular coral fragments; downward darkening; no
downward coarsening.

—— 0 -12 in: SAND; calcareous; medium grain; tan
color; moderate to poorly sorted; poorly rounded;
low sphericity.

— @ 12 - 70 in: SAND; calcareous; medium grain;
grayish-tan color; moderate to poorly sorted;
poorly rounded; low sphericity; 2” diameter coral
cobble at 26”.
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LOCATION: HILTON AREA, WAIKIKI, OAHU, HAWAII
CORE: H-2X.5

EASTING: 1693252.3

NORTHING: 39492.9

RECOVERED: 05/19/2017

LENGTH: 80 inches

DEPTH: 51 feet

LITHOLOGIC DESCRIPTION

SAND; calcareous; heterogeneous; medium to coarse
grain; unconsolidated; no compaction; moderate to
poorly sorted; trace amounts of terrigenous
material; 10-15% Halimeda and subangular coral
fragments; 5-10% coralline algae; downward
darkening; no downward coarsening.

@ 0-8in:SAND; calcareous; medium to coarse
grain; tan color; poorly sorted; poorly rounded; low
sphericity; diffuse boundary between upper and
lower sections; 3” coral cobble at 2”.

— 8 —55in: SAND; calcareous; medium grain; grayish
tan color; moderately to poorly sorted; poorly
rounded; low sphericity; diffuse boundary between
upper and lower sections; intact Echinoderm
spines, shells, and subangular coral fragments; 4”
coral cobble layer at 53”.
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LOCATION: HILTON AREA, WAIKIKI, OAHU, HAWAII
CORE: H-2X.6

EASTING: 1693140.2

NORTHING: 39692.3

RECOVERED: 05/19/2017

LENGTH: 79 inches

DEPTH: 53 feet

LITHOLOGIC DESCRIPTION

SAND; calcareous; heterogeneous; medium to coarse
grain; unconsolidated; no compaction; moderate to
poorly sorted; trace amounts of terrigenous material;
10-15% shell hash, Halimeda, and subangular coral
fragments; downward darkening; downward coarsening.

— 0 — 22 in: SAND; calcareous; medium grain; tan color;
moderately to poorly sorted; poorly rounded; low
sphericity; dark 2” diameter contact at 8-10"; sharp
boundary between upper and middle sections.

————@ 22 -51 in: SAND; calcareous; medium to coarse
grain; gray color; moderately-well sorted; poorly
rounded; low sphericity. Diffuse boundary between
middle and lower sections.

—@ 51 — 79 in: SAND; calcareous; coarse to medium
grain; gray color; very poorly sorted; angular to
subangular; low sphericity; 1” coral cobble at 60-
65”; 5” coral cobble at 72”; 2” coral cobble at 79”.

REPRESENTATIVE APPEARANCE
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LOCATION: HILTON AREA, WAIKIKI, OAHU, HAWAII
CORE: H-2X.7

EASTING: 1693255.6

NORTHING: 39803.4

RECOVERED: 05/19/2017

LENGTH: 86 inches

DEPTH: 50 feet

LITHOLOGIC DESCRIPTION

SAND; calcareous; heterogeneous; medium grain;
unconsolidated; no compaction; moderate to poorly
sorted; trace amounts of terrigenous material; 10-15%
shell hash, Halimeda, and subangular coral fragments;
no downward darkening; no downward coarsening;
composition and color was nearly uniform throughout
entire core. large-diameter coral fragments throughout.

—® (0 — 83 in: SAND; calcareous; medium grain; light
gray color; moderately sorted; moderately to
poorly rounded; moderate to low sphericity; intact
shell material; large diameter (1” to 3”) coral
cobbles at 10”7, 20", 23”, 37”, 42”, 62", and 82".
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LOCATION: HILTON AREA, WAIKIKI, OAHU, HAWAII
CORE: Hilton 1.1

EASTING: 1693421.2

NORTHING: 39541.4

RECOVERED: 3/20/2017

LENGTH: 85 inches

DEPTH: 47 feet

LITHOLOGIC DESCRIPTION

SAND; calcareous; heterogeneous; medium to coarse
grain; unconsolidated; no compaction; moderately
well-sorted; no terrigenous material; 10-15% shell
hash, Halimeda, and coralline algae; no downward
darkening; no downward coarsening; composition
and color was nearly uniform throughout entire core.

—— 0 - 34 in: SAND; calcareous; medium; grayish-tan
color (lightest at top); moderately well-sorted;
poorly rounded; low sphericity; appears to beach
quality sand.

— @ 34 -48in: SAND; calcareous; medium-coarse;
tannish-gray color (darkest at bottom); moderately
well-sorted; poorly rounded; low sphericity; 5%
Halimeda in bottom 1”; appears to beach quality
sand.
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LOCATION: HILTON AREA, WAIKIKI, OAHU, HAWAII
CORE: Hilton 1.2

EASTING: 1693421.2

NORTHING: 39541.4

RECOVERED: 3/20/2017

LENGTH: 85 inches

DEPTH: 47 feet

LITHOLOGIC DESCRIPTION

SAND; calcareous; heterogeneous; medium grain;
unconsolidated; no compaction; moderately well-
sorted; no terrigenous material; 10-15% shell hash,
Halimeda, and coralline algae; downward darkening;
no downward coarsening; composition and color was
nearly uniform throughout entire core.

——@ 0 - 27 in: SAND; calcareous; medium grain; tan
color; moderately well-sorted; poorly rounded; low
sphericity; 10-15% shell hash, Halimeda, and
coralline algae; appears to be beach quality sand.

— @ 27 — 85 in: SAND; calcareous; medium grain; dark
tan-grayish color; moderately-well sorted; poorly
rounded; low sphericity; 10-15% shell hash,
Halimeda, and coralline algae; appears to be beach
guality sand.

REPRESENTATIVE APPEARANCE
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Particle Size Distribution Report
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Sea Engineering, Inc.

GRAIN SIZE - mm.

Coarse

3.6
Client:
Project:
Project No:
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(no specification provided)

SIEVE
SIZE

ENGINEERING LABS, INC.

Location: Hilton 1.2 Bottom
Sample Number: 83037 8




LOCATION: REEF RUNWAY, HONOLULU, OAHU, HAWAII
CORE: RR-2X.1

EASTING: 1693294.6

NORTHING: 39587.3

COLLECTED: 05/19/2017

LENGTH: 50 inches

DEPTH: 87 feet

LITHOLOGIC DESCRIPTION

SAND; calcareous; heterogeneous; fine to very-
fine grain; moderately-well sorted; moderately-
compacted; trace amounts of terrigenous
material; 5-10% Halimeda and coralline algae;
traces of shell hash; downward darkening; minor
downward coarsening.

——e 0 -6 in: SAND; calcareous; fine to very-fine grain;
light tan color; moderately-well sorted; rounded;
low sphericity; sharp boundary between upper and
lower sections.

—®@ 6 — 29 in: SAND; calcareous; fine grain; light-gray
color; moderately-well sorted; poorly rounded; low
sphericity.

REPRESENTATIVE PHOTO




Particle Size Distribution Report
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Coefficients

Classification

Atterberg Limits
LL

Material Description

Fine
85

SP

SEAENG030

% Sand

Medium
USCS

Sand
PL
Material Qualification

10
Sea Engineering, Inc.

GRAIN SIZE - mm.

Coarse
Client:
Project:
Project No:

PASS?
(X=NO)

Fine

% Gravel

Coarse
PERCENT

SPEC.”

100

PERCENT
FINER

CONSTRUCTION
ENGINEERING LABS, INC.
Pearl City, Hawaii

(no specification provided)
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Sample Number: 83756 13

Location: RR-2X.1




LOCATION: REEF RUNWAY, HONOLULU, OAHU, HAWAII
CORE: RR-2X.2

EASTING: 1657473.5

NORTHING: 46894.6

COLLECTED: 05/18/2017

LENGTH: 38 inches

DEPTH: 83 feet

LITHOLOGIC DESCRIPTION

SAND; calcareous; heterogeneous; fine to very-fine;
moderately-well sorted; consolidated; moderately-
compacted; trace amounts of terrigenous material;
5-15% Halimeda and coralline algae; traces of shell
hash; uniform appearance; minor downward
darkening; no downward coarsening; sulfurous odor.

e 0 -5 in: SAND; calcareous; fine to very-fine; light
tan color; moderately sorted; poorly rounded; low
sphericity; sharp boundary between upper and
lower sections.

—— 5 — 20 in: SAND; calcareous; fine grain; grayish-tan
color; moderately sorted; poorly rounded; low
sphericity; multiple 2-3” coral cobbles at 14-18".

REPRESENTATIVE GRAIN SIZE
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Material Description

Fine
84
SP

SEAENG030

% Sand

Medium
USCS

Sand
PL

10
Material Qualification

Sea Engineering, Inc.

GRAIN SIZE - mm.

Coarse
Client:
Project:
Project No:

PASS?
(X=NO)

Fine

Pearl City, Hawaii

% Gravel

Coarse
SPEC.”

PERCENT

100

PERCENT
FINER

CONSTRUCTION
ENGINEERING LABS, INC.

o +3"
(no specification provided)

SIEVE
SIZE

Sample Number: 83756 14

Location: RR-2X.2




LOCATION: REEF RUNWAY, HONOLULU, OAHU, HAWAII
CORE: RR-2X.3

EASTING: 1657329.9

NORTHING: 46710.3

COLLECTED: 05/18/2017

LENGTH: 65 inches

DEPTH: 105 feet

LITHOLOGIC DESCRIPTION

SAND; calcareous; heterogeneous; fine grain; well-
sorted; consolidated; moderately-compacted; 0-5%
shell hash, Halimeda, and coralline algae; mixed
appearance in upper 10”; uniform appearance from
10-44”; minor downward darkening; no downward
coarsening; sulfurous odor throughout.

——e 0-10in: SAND; calcareous; fine grain; tan color;
well-sorted; poorly rounded; low sphericity;
mottled appearance with dark gray intrusions
with sulfurous odor (possibly organic material).

—® 10 — 44 in: SAND; calcareous; fine grain; grayish-tan
color; moderately sorted; poorly rounded; low
sphericity; mottled appearance with dark gray
intrusions with sulfurous odor (possibly organic
material).

REPRESENTATIVE GRAIN SIZE
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Particle Size Distribution Report
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Coefficients
Classification

Atterberg Limits
LL

Material Description

Fine
87
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% Sand

Medium
USCS

Sand

PL
Material Qualification

Sea Engineering, Inc.

GRAIN SIZE - mm.

Coarse
Client:
Project:
Project No:

PASS?
(X=NO)

Fine

Pearl City, Hawaii

% Gravel

Coarse
SPEC.”

PERCENT

100

PERCENT
FINER

CONSTRUCTION
ENGINEERING LABS, INC.

o +3"
(no specification provided)
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SIZE

Sample Number: 83756 15

Location: RR-2X.3




LOCATION: REEF RUNWAY, HONOLULU, OAHU, HAWAII
CORE: RR-2X.4

EASTING: 1657555.2

NORTHING: 46661.4

COLLECTED: 05/18/2017

LENGTH: 87 inches

DEPTH: 94 feet

LITHOLOGIC DESCRIPTION

SAND; calcareous; heterogeneous; fine grain; well-
sorted; consolidated; compacted; 0-5% shell hash,
Halimeda, and coralline algae; no coral fragments or
cobbles; minor downward darkening; no downward
coarsening.

——@ 0 -7 in: SAND; calcareous; fine grain; light tan
color; moderately sorted; poorly rounded; low
sphericity; mottled appearance with dark gray
intrusions with sulfurous odor (possibly organic
material).

—® 7 — 57 in: SAND; calcareous; fine grain; light
grayish-tan color; moderately sorted; poorly
rounded; low sphericity; mottled appearance with
dark gray intrusions with sulfurous odor (possibly
organic material); 1” dark gray intrusion at 45”.
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Material Description
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Sea Engineering, Inc.

GRAIN SIZE - mm.
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Client:
Project:
Project No:
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Coarse
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(no specification provided)
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Sample Number: 83756 16

Location: RR-2X .4




LOCATION: REEF RUNWAY, HONOLULU, OAHU, HAWAII
CORE: RR-3.1

EASTING: 1657390.3

NORTHING: 46771.7

COLLECTED: 3/21/2017

LENGTH: 96 inches

DEPTH: 93 feet

LITHOLOGIC DESCRIPTION

SAND; calcareous; heterogeneous; fine grain;
moderately sorted; consolidated; moderately-
compacted; trace amounts of terrigenous material;
0-5% Halimeda, coralline algae, and shell hash; minor
downward darkening; no downward coarsening.

—— 0 -66 in: SAND; calcareous; fine to very fine grain;
light tannish-gray color; moderately sorted; poorly
rounded; low sphericity; 2” diameter cobbles at
28", 52”, and 56”.

—® 66 — 82 in: SAND; calcareous; fine to very fine
grain; light gray color; moderately sorted; poorly
rounded; low sphericity; mottled appearance with
dark gray intrusions.
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Material Description
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% Sand

Medium
USCS

Sand

PL
Material Qualification

Sea Engineering, Inc.

GRAIN SIZE - mm.
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Client:
Project:
Project No:

PASS?
(X=NO)

Fine

Pearl City, Hawaii

% Gravel

Coarse
SPEC.”

PERCENT

100
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FINER

CONSTRUCTION
ENGINEERING LABS, INC.

o +3"
(no specification provided)
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Sample Number: 83756 12

Location: RR 3.1
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LOCATION: HALEKULANI CHANNEL, OAHU, HAWAII
CORE: Halekulani 1.1

EASTING: 1695202.5

NORTHING: 37297.1

RECOVERED: 3/20/2017

LENGTH: 68 inches

DEPTH: 55 feet

LITHOLOGIC DESCRIPTION

SAND; calcareous; heterogeneous; fine to medium
grain; moderately consolidated; well-sorted; trace
amounts of terrigenous material; 5-10% shell hash,
Halimeda, and coralline algae; downward darkening;
downward coarsening; downward darkening.

——@ 0 -—52in: SAND; calcareous; fine grain; grayish-tan
color (lightest near top of section); well-sorted;
rounded; moderate sphericity; no downward
coarsening or darkening; 5-10 % shell hash,
Halimeda, and coralline algae; diffuse boundary
between upper and lower sections.

——@ 52 — 68 in: SAND; calcareous; medium grain; darker
grayish tan color; downward darkening;
moderately-well sorted; rounded; moderate
sphericity.

REPRESENTATIVE APPEARANCE
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LOCATION: HALEKULANI CHANNEL, OAHU, HAWAII
CORE: Halekulani 2.2

EASTING: 1695299.2

NORTHING: 36284.4

RECOVERED: 3/20/2017

LENGTH: 84 inches

DEPTH: 86 feet

LITHOLOGIC DESCRIPTION

SAND; calcareous; heterogeneous; fine to medium
grain; consolidated; high compaction; well-sorted;
trace amounts of terrigenous material; 5-10% shell
hash, Halimeda, and coralline algae; downward
darkening; downward coarsening.

—— 0 -5 in: SAND; calcareous; fine grain; very light tan
color; well-sorted; subangular; low sphericity; 5-10%
shell hash and coralline algae.

——@ 5 —56 in: SAND; calcareous; fine to medium grain;
light tan to grayish color; well-sorted; subangular;
low sphericity; 5-10% shell hash and coralline
algae; 3” diameter coral cobble at 29”.

——@ 56 — 74 in: SAND; calcareous; medium grain;
medium-gray color; moderately well-sorted;
subangular; low sphericity; mottled appearance
with irregular seams of darker-gray material.
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LOCATION:  WAIKIKI, OAHU, HAWAII
CORE: Waikiki 1.1

EASTING: 1698355.9

NORTHING: 38492.7

RECOVERED: 3/20/2017

LENGTH: 64 inches

DEPTH: 9 feet

LITHOLOGIC DESCRIPTION

SAND; calcareous; heterogeneous; fine to medium
grain; unconsolidated; well-sorted; trace amounts of
terrigenous material; uniform composition/color
throughout entire core; downward darkening; no
downward coarsening; appears to be beach quality
sand.

—— 0 -6 in: SAND; calcareous; fine to medium grain;
tan color; well-sorted; rounded; low sphericity; O-
5% Halimeda; lighter-tan sand in upper 6”.

———@ 6 — 51 in: SAND; calcareous; fine to medium grain;

medium-gray color; well-sorted; rounded; low
sphericity; 0-5% Halimeda; 1” diameter coral
cobbles at 19”.

— 51 — 62 in: SAND; calcareous; fine-medium;
darkish-gray color; well-sorted; rounded; low
sphericity; darkest in bottom 12”.

REPRESENTATIVE APPEARANCE
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LOCATION:  WAIKIKI, OAHU, HAWAII
CORE: Waikiki 2.1

EASTING: 1698916.4

NORTHING: 38422.1

RECOVERED: 3/20/2017

LENGTH: 52 inches

DEPTH: 13 feet

LITHOLOGIC DESCRIPTION

SAND; calcareous; heterogeneous; fine to
medium grain; unconsolidated; well-sorted;
trace amounts of terrigenous material; uniform
composition/color throughout entire core;
downward darkening; downward coarsening;
— appears to be beach quality sand.

—— 0 -7 in: SAND; calcareous; fine to medium grain;
light-tan color; well-sorted; rounded; low
sphericity; 0-5% shell hash, Halimeda, and coralline
algae; lighter-tan sand in upper 7”.

— @ 7 — 37 in: SAND; calcareous; fine to medium grain;
light tannish-gray color; well-sorted; moderately
rounded; low sphericity; 0-5% Halimeda; 1”
diameter coral cobbles at 19”.

—® 37 — 52 in: SAND; calcareous; medium grain;
darkish-gray color; well-sorted; angular; low
sphericity; intact shell material; 10-15% coralline
algae.

REPRESENTATIVE APPEARANCE
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FINAL PROGRAMMATIC
ENVIRONMENTAL IMPACT STATEMENT

Waikiki Beach Improvement and Maintenance Program

October 2024

Prepared for:
Hawai‘i Department of Land and Natural Resources

Office of Conservation and Coastal Lands
1151 Punchbowl Street, Suite 131
Honolulu, Hawai‘i 96813

Partnered with:

Waikiki Beach Special Improvement District Association
2250 Kalakaua Ave. Suite 315

Honolulu, Hawai‘i 96815

Prepared by:
Sea Engineering, Inc.

Makai Research Pier
41-305 Kalaniana‘ole Hwy
Waimanalo, Hawai‘i 96795



APPENDIX C

Marine Biological Resources Assessment
Prepared By: AECOS, Inc.



AECOS No. 1662B

Marine biological resources off Waikiki Beach,
O‘ahu

Prepared by:

AECOS, Inc.
45-939 Kamehameha Hwy, Suite 104
Kane‘ohe, Hawai‘i 96744-3221

April 8,2021
Revised May 18, 2021
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Marine Biological Assessment WAIKIKI, O‘AHU

Introduction

Waikiki Beach extends along the shoreline of Mamala Bay on the south shore of
the island of O‘ahu, Hawai‘i (Figure 1). The beaches of Waikiki are chronically
eroding, and the backshore is frequently flooded, particularly during high tides
and high surf events. As the beaches continue to erode, a process that will
accelerate as sea level continues to rise, the shoreline will migrate further
landward. The Hawai‘i Department of Land and Natural Resources (HDLNR)
proposes beach improvement and maintenance projects in the Fort DeRussy,
Halekulani, Royal Hawaiian, and Kiihio Beach sectors of Waikiki (“Project”).
Included is the construction of new beach stabilization structures and the
recovery of offshore sand for placement on the shore. Objectives of the proposed
actions are to restore and improve Waikiki's public beaches, increase beach
stability through improvement and maintenance of shoreline structures, provide
safe access to and along the shoreline, and increase resilience to coastal hazards
and sea level rise. An Environmental Impact Statement (EIS) is being prepared
for the Project, and AECOS was contracted to conduct marine surveys of the
waters adjacent to the Project location to support the EIS development. Our
surveys were undertaken in February and March, 2021. In March, 2021, we
prepared an interim summary report. This full report supplements that summary
report and presents details of our findings.
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Figure 1. Waikiki Project area.
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Marine Biological Assessment WAIKIKI, O‘AHU

Project description

The beaches of Waikiki are composed primarily of imported sand and the
existing shoreline configuration is mostly the result of previous projects to
widen and stabilize the beach. Almost the entire length of Waikiki is armored
by seawalls, many of which are in various states of disrepair. In recent years,
exceptional spring tides (now referred to as king tides) have exacerbated
erosion and flooding in Waikikl. Project improvement and maintenance actions
encompass four beach sectors in Waikiki' (Figures 2 through 6):

1. Fort DeRussy Beach - beach maintenance
The proposed action for the Fort DeRussy Beach sector is to move sand
from an accretion area at the west end of the beach to an eroding area
atthe eastend, relocating approximately 917 cubic meters (1,200 cubic
yards) of sand and widening the beach by an average of 3 m (10 ft).

2. Halekilani Beach - beach nourishment with stabilizing groins
The Halekulani Beach sector spans approximately 442 m (1,450 ft) of
shoreline extending from the Fort DeRussy outfall groin east to the
Royal Hawaiian groin. The proposed action for the Halekulani Beach
sector is to construct a new beach with new stabilizing groins and
produce a wide, stable beach with approximately 46,000 cubic meters
(60,000 cubic yards) of sand fill.

3. Royal Hawaiian Beach - beach nourishment and maintenance
The Royal Hawaiian Beach sector spans approximately 527 m (1,730
ft) of shoreline extending from the Royal Hawaiian groin east to the
‘Ewa groin at Kiuhio Beach Park. The proposed action for the Royal
Hawaiian Beach sector is to conduct periodic beach nourishment to
maintain the beach by recovering sand from deposits located directly
offshore and placing it on the beach.

4.  Kiihio Beach - beach nourishment, breakwater and beach maintenance
The Kihio Beach sector spans approximately 457 m (1,500 ft) of
shoreline extending from the ‘Ewa groin at Kuhio Beach Park east to
the Kapahulu storm drain. The proposed actions for the Kithio Beach
sector are divided into actions for the ‘Ewa basin and the Diamond
Head basin. The improvements to the ‘Ewa basin would involve
removing portions of the existing breakwater, construction of a new
groin and segmented breakwater system, and placement of sand fill to
increase beach width. The proposed action in the Diamond Head basin
would consist of beach maintenance with no modifications to existing
structures.
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Figure 2. Ft. DeRussy Beach Sector conceptual design (SEI, 2021).
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Figure 3. Halekilani Sector conceptual design (SEI, 2021).
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Figure 4. Royal Hawaiian Beach Sector conceptual design (SEI, 2021).
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Figure 5. Kuhio Sector (Diamond Head Basin) conceptual design (SEI, 2021).
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Figure 6. Kithio Sector (‘Ewa Basin) conceptual design (SEI, 2021).
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Marine Biological Assessment WAIKIKI, O‘AHU

Site Description

The fringing reef off Waikiki is an eroded limestone platform influenced by sand
suspension and scour caused by impinging waves. The areas of hard bottom are
generally slightly raised above the sand plains and consist of heavily eroded biogenic
limestone. Numerous dead and weathered coral colonies are attached to the limestone
surfaces. Live coral colonies also occurred sporadically on the limestone platforms
(MRC, 2021). The dominant benthic organisms on the reef platform off Waikiki Beach
are marine macro-algae or limu, which cover most exposed hard surfaces not scoured or
buried by shifting sand. Nearshore algal cover is 75 to 100% (based on visual estimates),
except in areas exposed to sand scour (such as channel margins and limestone outcrops
in sand fields) where algae coverage is less than 25% of the hard bottom. The growth
form of these algae is typically low-growing or turf-like.

Up to 87 different species of algae have been reported from the Waikiki reef since 1969
(Doty, 1969; Chave et al., 1973; OI, 1991; Huisman et al., 2007; MRC, 2007; and AECOS,
2007, 2008, 2009, 2010). Table A is a checklist of algae observed on the reef off Waikiki
Beach from the most recent surveys (February and March 2021), and those observed
previously in surveys off Waikiki Beach (July 2009, May and June 2010) and Kiihio Beach
and Gray'’s Beach (AECOS, 2007, 2008, and 2009a). Although the flora of Waikiki reef
remains relatively diverse today, two invasive red algae (Rhodophyta): Acanthophora
spicifera and Gracilaria salicornia, dominate the benthic flora (Smith et al., 2004;
Huisman et al., 2007; MRC, 2007, 2021; AECOS, 2007a, 2008, 2009a).

Common macro-invertebrates observed in various surveys on the reef flat off Waikiki
include Holothuria atra, H. nobilis, Echinothrix diadema, Tripneustes gratilla,
Echinometra mathaei, Echinostrephus aciculatus, and various sponges (Ol, 1991); E.
matheali, E. aciculatus, and H. atra (MRC, 2007, AECOS, 2007a, 2008, 2009a). Table Bis a
checklist of macro-invertebrates (other than coral) observed on the reef off Waikiki
Beach from the most recent survey (February and March 2021), and observed
previously off Waikiki Beach, Kuhio Beach, and Gray’s Beach (AECOS, 2007, 2008, 2009).

The most common (although total cover comprising less than one percent of the bottom)
hermatypic corals found on the reef flat off Waikiki Beach are Pocillopora meandrina and
Porites lobata (Ol, 1991; MRC, 2007, 2021; and AECOS, 2007, 2008, 2009). In addition,
Cyphastrea ocellina (MRC, 2007, 2021; AECOS, 2007, 2008, 2009), Montipora capitata,
M. patula, P. evermanni, Psammocora stellata, Leptastrea purpurea (AECOS, 2007, 2008,
2009), and L. bewickensis (2009 and 2010 surveys) have been recorded. Table C is a
checklist of corals observed on the reef off Waikiki Beach from the most recent survey
and as observed previously (AECOS, 2007, 2008, 2009).

Distribution of fishes on the reef flat off Waikiki is largely determined by local
topography and bottom composition, Fishes are generally uncommon in keeping with
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the mostly low topography on this inner reef flat. Surveys off Waikiki (MRC, 2007;
AECOS, 2009) found the most common species to be wrasses (Thalassoma duperrey, T.
trilobatum, Stethojulis balteata), Acanthurus triostegus (manini), and Rhinecanthus
rectangulus (reef triggerfish). These surveys also found several species of small juvenile
fishes inhabiting small holes and spaces in the reef structure. Table D is a check list of
the 58 species observed on the reef off Waikiki Beach from the most recent survey and
as observed previously in surveys off Waikiki Beach, Kithio Beach, and Gray’s Beach
(AECOS, 2007, 2008, 2009).

The nearshore waters of Mamala Bay off Waikiki are designated as Class A coastal,
marine waters in Hawai‘i water quality standards (HDOH, 2014). It is the objective of
Class A waters that their use for recreational purposes and aesthetic enjoyment be
protected. Other uses are permitted so long as they are compatible with the protection
and propagation of fish, shellfish, and wildlife, and with recreation. Class A waters are
not to act as receiving waters for any discharge which has not received the best
treatment or control practicable.

Waters in the Project area are included on the HDOH 2020 list of impaired waters in
Hawai‘i—prepared under Clean Water Act §303(d) (HDOH, 2020)}—for nitrate+nitrite,
ammonia, turbidity, and chlorophyll a. These nearshore waters are listed as a “Category
2” water body, meaning some uses are attained; in this case, total nitrogen, total
phosphorus, and Entercocci bacteria. The Project area is also listed as a “Category 5”
water body, meaning that “[a]vailable data and/or information indicate that at least one
or more designated use is not being supported or is threatened, and a Total Maximum
Daily Load Study (TMDL) is needed. The TMDL has been assigned a priority of low.

Methods

On February 18, 19 and March 4, 2021, AECOS biologists conducted surveys to inventory
marine assemblages in the nearshore waters off the Project. Biologists used snorkel gear
to collect data on bottom type, coral colony size-frequency (size, diversity, new recruits,
large colonies, health); diversity, dentification and categorization (common vs.
uncommon) of algae (including crustose coralline algae) and seagrass; and non-coral
macro-invertebrates greater than 3 cm.

Survey Areas and Transect Placement

The baseline biological survey collected data in each of the Project sectors?: (1) Fort
DeRussy; (2) Halekiilani; (3) Royal Hawaiian; and (4) Kiihio Sector (‘Ewa Basin), shown
in Figure 7.

2 At the time of our surveys, sand renourishment was occurring in the Kahié Sector (Diamond
Head basin), and biologists could not enter the sector due to construction.
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Fort DeRussy Sector — Biologists surveyed the sand placement area of the Fort
DeRussy Beach Sector. The survey consisted of a qualitative, reconnaissance snorkeling
survey between the Fort DeRussy groin and the west end of the sand placement area,
and out to approximately 25 m from the shoreline.

Halekulani Sector — Six survey stations were established at the each of the potential
groins and groin heads. One additional station was placed directly in front of the
Halekiilani Hotel, traversing the sand channel. At the groin stations and Halekilani
station, a 60-m transect was run perpendicular to the shore from the beach crest and
terminating near the end of the future groin footprint. At the proposed head stations, a
20-m transect was run parallel to the beach. A survey of benthic composition and coral
size class and abundance (as described below) was undertaken along each 60-m “groin”
transect and 20-m “head” transect.

Royal Hawaiian Beach Sector — Biologists surveyed the Royal Hawaiian Beach Sector,
conducting qualitative surveys of the seafloor. The qualitative survey extended east from
the Royal Hawaiian groin to the Kuhio crib wall, and approximately 20 m out from the
shoreline.

Kuhio Sector (Ewa

Basin)

Royal Hawaiian
Beach Sector

Halekulani Sector
60-m transects

Halekulani Sector
20-m transects

§ Fort DeRussy Sector

Figure 7. Location of survey areas.
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Kiihio Sector (‘Ewa Basin) — Biologists surveyed the entire existing breakwater
structures and immediate surrounding basin floor for corals and other marine biota. A
census of corals was made along the entirety of the existing groin.

Benthic Composition

The point intercept method (also termed a line-point intercept method) was used to
assess benthic composition on each transect. This protocol uses meter marks on the
transect line as sample points. At 0.5-m intervals, the nature of the bottom under each
“point” is identified and assigned to one of the following categories: sand, rubble,
limestone (rock or pavement), turf algae, crustose coralline algae (CCA), live coral, or
macroinvertebrate. Benthic percent cover was calculated by dividing the total number
of points for each category by the total number of points sampled times 100.

Coral Abundance and Size Class Distribution

A two-meter belt survey of coral colonies was conducted on each transect. All corals 1
m to either side of the transect line were counted. Coral abundance was determined as
the number of individuals observed for each transect normalized to number of
individuals per m2. Coral heads were identified to species and assigned to a size class
(1- to 5-cm; 6- to 10-cm; 11- to 20-cm; 21- to 40-cm; 41- to 80-cm; 81- to 160-cm; or
>160-cm) based on the largest horizontal dimension of the colony. Coral size-class
distribution was determined for each coral species recorded. Percent morbidity
(amount of coral colony not alive) and any signs of disease were also recorded.

Results

Fort DeRussy Sector

The dominant substrate here is sand, with patches of rubble and limestone outcrops
(Figure 8). Algal growth on the hard bottom was primarily Padina sp. and A. spicifera.
One Porites sp. coral colony in the 6-10 cm size class was observed in this sector. Fishes
were rare here and included threadfin butterflyfish (Chaetodon Auriga), Hawaiian
sergeant (Abudefduf abnominalis), and spotted boxfish (Ostracion meleagris). Sand
resuspension and shifting was visible.
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Figure 8. At the Fort DeRussy Sector, sand and rubble make up the majority of the bottom
type. Hardbottom areas host algal growth (Padina sp. and A. spicifera).

Halekulani Sector

Figure 9 (above) displays representative photos of the Halekulani Sector survey area.
Two invasive red algae, Acanthophora spicifera and Gracilaria salicornia are abundant
on the reef flat off the Halekulani sector of Waikiki Beach. In addition to these two
invasive algal species, other common species include: Dictyota spp. Neomeris sp.,
Codium edule, Padina australis, Tubinaria ornata, and Asparagopsos taxifolia. Another
invasive species, Avrainvillea amadelpha, is present. Sea urchins are the most
conspicuous invertebrates on the reef flat, particularly Echinometra mathaei, which
burrows into the limestone, and Tripneustes gratilla, which grazes open hard bottom
areas. Holothuria atra, the black sea cucumber or loli, is the most common sea cucumber
here. Scattered coral colonies (Porites spp. and Pocillopora damicornis) occur on the reef
flat in the Halekulani Sector.

Thalassoma duperrey (saddle wrasse) is the most common species on the reef flat in the
Projectarea. Acanthurus triostegus sandvicensis (manini) is also commonly seen in small
schools feeding on benthic algae, and Thalassoma trilobatum (Christmas wrasse),
Stethojulis balteata (belted wrasse), and Rhinecanthus rectangulus (reef triggerfish) are
commonly seen solitarily scavenging for algae and benthic invertebrates. Naso unicornis
(kala) and Arothron hispidus (‘o‘opu hue) are encountered occasionally farther offshore

AECOS, Inc. [1662B.D0OCX] Page | 13



Marine Biological Assessment WAIKIKI, O‘AHU

Figure 9. The dominant bottom types in the Halekulani Sector are sand and rubble (top
left). Coral abundance is very low and coral distribution patchy; Porites sp. (top right) are
uncommon. Acanthophora spicifera and Gracilaria salicornia are abundant on the reef flat

(bottom left). One state- and federally-listed green sea turtle (Chelonia mydas) was
observed (bottom right).

Benthic Composition - Four 60-m transects and two 25-m transects were used to
assess the benthic community of the seafloor in the Halekiilani Sector area. The results
of the point-intercept survey are presented in Figures 10 and 11. The dominant bottom
type is rubble, at 24%, closely followed by sand and macroalgae, with similar covers at
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23% and 19%, respectively. Live coral is low across the transects, at less than 1% of the
total. The category “Other” accounts for basalt rock (boulders and seawall).
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Sand HRubble © Limestone = Basalt B Macroalgae ® Turf algae M Coral HInvertebrate B CCA B Other

Figure 10. Percent benthic cover as measured using point-intercept
along four 60-m transects and two 25-m transects in the Halekiilani Sector.
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Figure 11. Percent benthic cover as measured using point-intercept
along four 60-m transects (T1-T4) and two 25-m transects (T5 and T6).
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Coral Abundance and Size Class Distribution - Coral abundance determined on each
transect is presented in Table 1. A total of 28 colonies were counted on the six transects.
Density of corals in the proposed groin and T-head footprints of the Halekiilani sector is
low, with an average of 0.1 colony/m?2. Results of the coral size class survey are
presented in Table 2 and Figure 12. A total of 28 coral colonies, representing at least
three coral taxa (Pocillopora damicornis, Porites compressa and Porites sp.) were
recorded. The most common species was Porites sp. at 57% of the total. The most
common colony size was the 1- to 5-cm class (39% of the total). Large (41- to 80- cm)
colonies were rare (one Porites sp. colony). No colonies greater than 80 cm was
recorded.

Royal Hawaiian Beach Sector

The Royal Hawaiian Beach Sector is sand with occasional limestone outcrops with algae
(Acanthophora spicifera, Padina sp., and patches of Gracilaria salicornia). Corals and
seagrass are absent. Much of this area is intertidal or shallow subtidal marked by small,
breaking waves most days of the year. Constant resuspension of sediments and sand
scour is observed (MRC, 2021, AECOS, 2009). As such, biotic communities inhabiting this
area are subjected to the effects of shifting sand. Because of these stresses, as well as
limited solid substrate required for settlement, coral communities and seagrass do not
occur in this sector, and are not expected to occur between the Royal Hawaiian Beach
and the dredge site.

Table 1. Total number of coral colonies and coral colony abundance (mean colonies per
m?) counted on six transects.

Survey area Coral count Coral abundance
Transect
(m2) (colonies) (no./m2)
1 60 4 0.1
2 60 2 0.0
3 60 14 0.2
4 60 2 0.0
5 20 1 0.1
6 20 5 0.3
Total 280 28 0.1
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Table 2. Number of coral colonies in each size class by species from two nearshore
transects (100 m? survey area).

Size class (cm) Percent
Taxa 1to5 6to10 11t020 21to40 41to80 81to160 Total 9ftotal
Poc. damicornis 8 3 -- -- - -- 11 39.3%
P. compressa -- -- 1 -- -- -- 1 3.6%
Porites sp. 3 4 3 5 1 -- 16 57.1%

Total count 11 7 4 5 1 -- 28

Percent of total  39.39%  25.0% 14.3% 17.9% 3.6% 0%

n=1

100%

80%

60% w15

m6-10
40%

m11-20

20% = 21-40

m41-60

0%
Pocillopora damicornis Porites compressa Porites sp.

Figure 12. Coral colony sizes (cm) for transects in the Halekulani Sector survey area. n =
total number of colonies measured in size class.
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Kuhio (‘Ewa Basin) Sector

Figure 13 displays representative photos of the Kiihio (‘Ewa Basin) Sector survey area.
Biologists surveyed the entire existing Kuhio crib wall structures and immediate
surrounding basin floor for corals and other marine biota. The bottom substrate in the
basin is sand. No corals or seagrass were observed on the sea floor of the basin. The
intertidal zone of the existing structures is covered with small numbers of nerite snail
(Nerita picea), thin shelled rock crab (Grapsus tenuicrustatus), and macroalgae
(Cladophora sp. Hydrolithon onkodes, Dictyota acutiloba, Laurencia nidifica,
Acanthophora spicifera, and Gracilaria salicornia). Invertebrates common here include
urchins (E. mathaei and Diadema paucispinum) and sea cucumbers (Holothuria atra and
H. cinerascens).

A census of corals was made along the entirety of the existing crib wall. No corals were
observed on the existing structure. Several coral colonies (Pocillopora damicornis) in the
<5 cm size class were observed on the outside of the seafloor beyond the crib wall,
approximately 10 ft (3 m) seaward from the structure.

A total of 17 species of fishes were identified in and around the basin. Fishes closely
associated with the structures included: trumpetfish (Alustomus chinensis), Hawaiian
gregory (Stegastes marginatus), yellowfin goatfish (Mulloidichthys vanicolensis), and
tobies (Canthigaster amboinensis, and C. jacator). Other fishes observed included:
surgeonfishes (Acanthurus triostegus, Acanthurus blochii, juvenile Naso unicornis),
wrasses (Stethojulis balteata, Thalassoma duperrey and T. purpurem), schools of flagtail
(aholehole or Kuhlia xenura), schools of goatfishes (Parupeneuss multifasciatus and P.
porphyreus).

Kihio (Diamond Head Basin) Sector

At the time of our February and March 2021 surveys, the Kihio Sector (Diamond Head
basin) was an active de-watering basin and biologists could not enter the water
However, conclusions about this basin can be made about this sector based on visual
observations and comparisons to the ‘Ewa Basin. The Diamond Head basin is a highly
disturbed area, with visible turbidity plumes. As observed in and around the ‘Ewa Basin,
the Diamond Head basin is assumed to be sand bottom. Due to elevated turbidity, no
seagrass or corals would be expected on the seafloor. Because no corals were observed
on the crib wall of the ‘Ewa Basin, we conclude a similar composition would be found on
the Diamond Head basin wall structures.
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Figure 13. Acanthophora spicifera and Gracilaria salicornia are abundant on the structure
of the Kuhio Sector (top left). Fishes associated with the Kuhio basin structures include
schools of yellowfin goatfish (Mulloidichthys vanicolensis; top right), trumpetfish
(Alustomus chinensis) and wrasses (Thalassoma duperrey; bottom left). Several coral
colonies (Pocillopora damicornis) in the <5 cm size class were observed on the outside of
the seafloor beyond the crib wall (bottom right).
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Discussion

Listed and Protected Species

One state- and federally-listed (endangered or threatened; USFWS and NOAA-NMFS,
2016; HDLNR, 2015; USFWS, undated) marine species was encountered in our survey:
green sea turtle (Chelonia mydas). Other state- and federally-listed marine species—
hawksbill sea turtle (Eretmochelys imbricata) and monk seal (Neomonachus
schauinslandi)—may occur in the general vicinity of the Project, considering the
distribution of these species and their occurrences throughout the Islands as discussed
below.

Invertebrates — Coral species are protected by Hawai‘i State regulations that prohibit
damage to “any stony coral by any intentional or negligent activity causing the
introduction of sediment, biological contaminants, or pollution into state waters”
(HDLNR, 2014). On August 27,2014, NOAA issued a final rule for listing 20 coral species
as threatened under the Endangered Species Act (ESA; NOAA-NMFS, 2014), but none of
these listed coral species occurs in Hawai‘i. On September 20, 2018, NOAA issued a
proposed rule for listing the cauliflower coral (Pocillopora meandrina) as an endangered
or threatened species under ESA (NOAA-NMFS, 2018). A global status review has been
initiated by NOAA to determine whether listing throughout the species range is
warranted.

Hawai‘i Department of Land and Natural Resources (HDLNR) regulates shellfishes such
as pearl oysters (HDLNR, 1987) and ‘opihi (HDLNR, 1989). No ‘opihi species or pearl
oyster (Pinctada margaritifera) were observed in our survey of the Project area.

Sea turtles — The distinct population segment (DPS) of green sea turtle that occurs in
Hawai‘i is federally-listed as a threatened species (USFWS and NOAA-NMFS, 2016;
UFWS, 2018) and as a threatened subspecies (Chelonia mydas agassizi) under Hawai'‘i
regulations (DLNR, 2014).

Threats to the green sea turtle in Hawai‘i include: disease and parasites, accidental
fishing take, boat collisions, entanglement in marine debris, loss of foraging habitat to
development, and ingestion of marine debris. Throughout the global range of green sea
turtle, nesting and foraging habitats are being altered and destroyed by coastal
development, beach armoring, beachfront lighting, vehicular/pedestrian traffic, invasive
species, and pollution from discharges and runoff (NOAA & USFWS, 2007a, 2007b).
Adult green sea turtles forage in shallow nearshore areas and on coral reefs.
Contamination from effluent discharges and runoff has degraded these environments,
and invasive species may reduce native algae species preferred by green sea turtles or
could exacerbate susceptibility to, or development of disease (NOAA-NMFS and USFWS,
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2007a). Fibropapillomatosis, a disease characterized by the presence of internal and/or
external tumors that may grow large enough to hamper swimming, vision, feeding, and
potential escape from predators continues to be a major threat to green sea turtles.
Extremely high incidence has been reported in Hawai‘i, where affliction rates peaked at
47-69% in some turtle foraging areas (Murakawa et al., 2000).

Hawksbill sea turtle is distributed across the Pacific, Indian, and Atlantic oceans.
Hawksbill sea turtle is much less common in the Hawaiian Islands than green sea turtle
and is known to nest only in the southern reaches of the state (NOAA-PIFSC, 2010).
Hawksbill sea turtle is federally-listed as endangered (USFWS, nd) and is also listed as
an endangered subspecies (Eretmochelys imbricata bissa) under Hawai‘i regulations
(HDLNR, 2014). Hawksbill sea turtle faces many of the same threats affecting green sea
turtle (see above section; NOAA & USFWS, 2007b).

Monk Seal — The endangered Hawaiian monk seal (Monachus schauinslandi) is known
to occur in the Project vicinity. The Hawaiian monk seal was first listed as an endangered
species pursuant to the ESA on November 23,1976 (41 FR 51612) and remains listed as
endangered. In that same year, the Hawaiian monk seal population was designated as
"depleted" under the Marine Mammal Protection Act (MMPA). Critical habitat for
Hawaiian monk seals has been designated (NOAA-NMFS, 2015) and includes the
seafloor and marine environment to 10 m above the seafloor from the 200 m depth
contour, through the shoreline and extending onto the land 5 m inland from the
shoreline between identified boundary points. These terrestrial boundary points define
preferred pupping areas and significant haul-out areas. Waikiki is excluded from
terrestrial critical habitat designation (NOAA-NMFS, 2015).

Essential Fish Habitat

The 1996 Sustainable Fishery Act amendments to the Magnuson-Stevens Fishery
Conservation and Management Act (MSFCMA) and subsequent Essential Fish Habitat
(EFH) Regulatory Guidelines (NOAA, 2002) describe provisions to identify and protect
habitats of federally-managed marine and anadromous fish species. Under the various
provisions, federal agencies that fund, permit, or undertake activities that may adversely
affect EFH are required to consult with the National Marine Fisheries Service (NMFS).

Congress defines EFH as “those waters and substrate necessary to fish[es] for spawning,
breeding, feeding, or growth to maturity” (MSFCMA, 1996; NOAA, 2002). EFH
provisions in MSFCMA designate that species harvested in sufficient quantities to
require fisheries management are to be subdivided into similar Management Unit
Species (MUS). Five MUS groups are currently managed in Hawaiian waters:
bottomfishes, pelagics, precious corals, crustaceans, and coral reef ecosystem (Table 3).
In the waters surrounding the Hawaiian Islands, EFH for coral reef ecosystem MUS as
defined by the Final Coral Reef Ecosystem Fishery Management Plan (WPRFMC, 2001)
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and subsequent Fishery Ecosystem Plan for the Hawaiian Archipelago (WPRFMC(, 20093,
2009b, 2016) “includes all waters and habitat at depths from the sea surface to 50
fathoms extending from the shoreline (including state and territorial land and waters)
to the outer boundary of the Exclusive Economic Zone (EEZ).”

Table 3. EFH Designations for Hawaiian Archipelago FEP Management Unit

Management
Unit Species Complex EFH
Eggs and larvae: the water column extending from the
Temperate species, shoreline to the outer limit of the EEZ down to a depth of 650
Tropical species, Sharks,  ft (200 m).
Pelagic Squid

Juvenile/adults: the water column extending from the
shoreline to a depth of 3,280 ft (1,000 m).

Bottomfish and
Seamount
Groundfish

Shallow-water species (0
to 50 fm)

Eggs and larvae: the water column extending from the
shoreline to the outer limit of the EEZ down to a depth of
1,310 ft (400 m).

Juvenile/adults: the water column and all bottom habitat
extending from the shoreline to a depth of 1,310 ft (400 m).

Bottomfish and Deep-water species (50

Eggs and larvae: the water column extending from the
shoreline to the outer limit of the EEZ down to a depth of
1,310 ft (400 m).

Seamount 200 f
Groundfish to 200 fm) Juvenile/adults: the water column and all bottom habitat
extending from the shoreline to a depth of 1,310 ft (400 m).
Eggs and larvae: the water column from the shoreline to the
outer limit of the EEZ down to a depth of 490 ft (150 m).
Crustacean Spiny and slipper lobster
complex, Kona crab .
Juvenile/adults: all of the bottom habitat from the shoreline
to a depth of 330 ft (100 m).
All Currelntly ?awested EFH for the Coral Reef Ecosystem MUS includes the water
Coral Reef Coral Reef Taxa column and all benthic substrate to a depth of 330 ft (100 m)
Ecosystem from the shoreline to the outer limit of the EEZ for eggs,

All Potentially Harvested
Coral Reef Taxa

larvae, juveniles and adults.
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The Western Pacific Regional Fishery Management Council (WPRFMC) has restructured
its management framework from species-based fishery management plans (FMPs) to
place-based fishery ecosystem plans (FEPs). The Hawaiian Archipelago FEP establishes
the framework under which the WPRFMC will manage fishery resources and begin the
integration and implementation of ecosystem approaches to management in the
Hawaiian Archipelago. This FEP does not establish any new fishery management
regulations, but rather consolidates existing fishery regulations for demersal species.
Specifically, this FEP identifies as MUS those species known to be present in waters
around the Hawaiian Archipelago and incorporates all of the management provisions of
the Bottomfish and Seamount Groundfish FMP, the Crustaceans FMP, the Precious Corals
FMP, and the Coral Reef Ecosystems FMP that are applicable to the area.

In addition to EFH, the WPRFMC identifies Habitat Areas of Particular Concern (HAPC)
within EFH for all FEPs. Specific subsets of EFH, HAPCs are areas within EFH that are
essential to the life cycle of federally managed coral reef species. In determining
whether a type or area of EFH should be designated as a HAPC, one or more of the
following criteria established by NMFS should be met: (a) the ecological function
provided by the habitat is important; (b) the habitat is sensitive to human-induced
environmental degradation; (c) development activities are, or will be, stressing the
habitat type; or (d) the habitat type is rare.

The waters off Waikiki are designated as EFH (including water column and all bottom
areas) for coral reef ecosystem, bottomfish, pelagic and crustacean MUS. Of the
thousands of species which are federally managed under the coral reef FMP, at least 40
(juvenile and adult life stages) are known to occur in waters in the vicinity.

Impact Assessment

Marine Resources

The Waikiki Beach Improvement and Maintenance Project is taking place on an
engineered beach and shallow reef flat. Overall, the proposed groin project area is 24%
rubble and 23% sand, offering limited topographical relief and structural complexity.
The Project area supports a low abundance of fishes with low species richness and a
marginal coral community. The daily use by large numbers of waders, fishers, paddlers,
and swimmers influences negatively the biotic community. Areas with little or no
vertical relief are affected by the continually shifting sand and tend to have little algal
and macro-invertebrate diversity, with few or no coral colonies present. These hard
bottom areas may be regularly covered and uncovered by shifting sand.

Coral assemblages in Waikiki are limited by availability of stable hard bottom, silt cover,
competition with algae, and freshwater influence among other factors. No corals were
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observed in the Royal Hawaiian Beach Sector, and one colony was observed in the Fort
DeRussy Sector. At the Kuhio (‘Ewa Basin) Sector, no colonies were observed on the
breakwater structures.

At the Halekulani Sector, overall coral cover at the proposed groin locations is very low
(mean of 0.1 colony/m?). In general, coral colonies here are small, with 64% being less
than 10 cm in diameter. Coral settlement and growth in Waikiki are limited by impinging
waves, scour by rubble and sand, reduced light conditions associated with turbid water
events, and burial with fine sediment. Project-placed boulders and sand fill will bury a
portion of the existing subtidal environment of primarily low relief sand, rubble, and
limestone. This limestone provides substrate for macroalgae and coralline algae growth,
as well as habitat for macroinvertebrates. Placement of boulders and sand will result in
loss of some benthic organisms, including corals. These corals provide ecological
services to the coral reef ecosystem: shelter, reef consolidation, food for corallivores, or
coral gametes. Impacts to corals could be avoided by relocating the few scattered corals
that occur in the footprint of the placed sand and groins. Benthic invertebrates will
repopulate from surrounding habitat after construction is completed and sessile
organisms will colonize new hard surfaces (AECOS, 2014-2020). Additionally, the
Project will provide stable, hard bottom for coral settlement and possibly calmer waters
for coral development, but coral assemblage development may be compromised by
competition for space, freshwater influence, sediment transport, and heavy utilization
of the nearshore by the human population.

Fish abundance and diversity are directly correlated with topographical structure and
complexity (Friedlander and Parrish, 1998; Ménard et al., 2012). Fish species richness,
biomass, and diversity tend to be highest in environments with considerable spatial
relief such as along limestone outcrop/sand bottom interfaces; fish biomass is lowest on
shallow reef flats (Friedlander and Brown, 2006) of the sort in the Project area.
Although most of the Project area reef has low topographic relief, where vertical
structure does occur, fishes are present and sometimes in high numbers. The
distribution of topographical relief on this reef is highly patchy and weakly captured by
our transect locations and survey areas. Stations with visibly greater relief, in the form
of limestone outcrops, existing breakwaters and groins had greater fish abundance than
the reef flat. The substantial structural complexity and topographical relief offered by
the groins is expected to provide habitat for fishes and an increase in fish species
richness, biomass, and abundance can be anticipated, which has been observed at T-
head groins placed at Iroquois Point, O‘ahu (AECOS, 2020).

Two common algae species found in Waikiki are non-native and invasive: A. spicifera and
G. salicornia. These species are widespread off the shores of the Islands, and A. spicifera
is a food favored by green sea turtle. While some turtle foraging resources may be lost
due to sand and groin placement, benthic resources for grazing occur throughout
Waikiki Beach. As such, we expect minimal impacts to turtle foraging. The groin
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structures are not expected to affect species introductions to Hawai‘i but may serve as
habitat for existing introduced species. Future monitoring events should note any
changes in the distribution of A. spicifera and other invasive species in Waikik.

The proposed Project is not expected to result in any significant long-term degradation
of the environment or loss of habitat. Rather, by the construction of the proposed T-
head groins, the Project will improve the shoreline conditions, restore beaches and
increase potential biological habitat in a relatively barren reef flat area. Ecological
services of reef flat habitat will be lost under the project footprints (sand and groin) but
these services are expected to recover over time as the benthic community (including
hard corals) re-establishes. The boulders of the groins are expected to offer a
substratum for sessile organisms, such as corals, and provide increased habitat
complexity for motile fauna (AECOS, 2020). A biological and water quality monitoring
program should be implemented to enhance control over Project construction impacts.

Mitigation

Mitigating for impacts to marine resources is a sequential process of avoiding impacts,
minimizing impacts, and then compensating for unavoidable adverse impacts. The first
step is to avoid impacts through project design. The second step, after avoidance
measures have been incorporated, is to minimize remaining impacts. If unavoidable
impacts still exist after avoidance and minimization, then replacement of lost ecosystem
functions and values is appropriate. This last step is called compensatory mitigation
(Bentivoglio, 2003). Project design decisions should incorporate measures to avoid and
minimize impacts to marine communities associated with beach stabilization to the
extent possible. In particular, impacts to corals in the footprint of the proposed sand
borrow margins should be avoided by excluding those areas from the dredging limits.

The United States Coral Reef Task Force (USCRTF) has identified a portfolio of
compensatory mitigation and restoration options (USCRTF, 2016) and a list of Best
Management Practices (BMPs) that could be implemented to offset adverse impacts on
coral reef communities from development projects. The USCRTF list was reviewed and
screened for appropriateness to anticipated Project impacts, ability to successfully
implement, and impacts already minimized by project specific BMPs. Possible avoidance
and minimization measures that could be taken to offset adverse impacts are provided
below.

Water quality improvements:

= Storm water BMPs
Coral response and rescue team:

= Movement of at-risk corals from a project area
Offsite placement of structures to enhance substrate:

AECOS, Inc. [1662B.DOCX] Page | 25



Marine Biological Assessment WAIKIKI, O‘AHU

= Placement of material that mimics natural coral reef structure
= Deposition of boulders or other artificial material
» Placement of artificial reef modules
Nuisance species removal:
= Removal of nuisance or invasive algae species
= Super sucker removal of invasive algae

Coral and Macroinvertebrate Relocation - To avoid and minimize impacts to selected marine
resources that occur in the Project area, any coral colonies and other macroinvertebrates
(e.g., sea urchins, sea cucumbers) that occur within the direct footprint of the Project could
be relocated, as practicable. Removing corals from the Project area and transplanting them
to another site could avoid and minimize impacts to the coral assemblage. Additionally,
different macroinvertebrates are potential candidates for relocation, including primarily
urchins and sea cucumbers.

Placement of Structures - The Project contains an inherent mitigation in that the proposed
groins are hard substratum additions with substantial vertical relief that would be suitable
for attraction of reef fishes and provide substratum for a wide variety of algae and
invertebrates (including corals). The improvements are intended to increase beach stability
and sand retention, increase resilience and sustainability of the Waikiki shoreline to sea level
rise projections.

Nuisance Species Removal and urchin out-planting - To offset loss of biological assemblages
associated with the loss of hard substrate beneath the enhanced beach, invasive algae
elsewhere could be removed as part of a reef restoration effort. This effort could allow for
an increase in diversity as native algae and invertebrates recolonize the reef. The key to
maintaining low levels of invasive algae is the presence of native herbivores and native
collector urchins (Tripneustes gratilla) are spawned and raised in captivity at the DLNR-
DAR’s Anuenue Fisheries Research Center (O‘ahu) for use as a biological tool to fight
invasive alien seaweeds on reef areas throughout Hawai‘i. Echinoderms rescued from the
Project footprint could be used in such an effort, but only if a location can be identified where
increasing the urchin population would provide the desired benefit.
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TABLE A
List of algae observed on the reef flat in the Project area
off Waikiki Beach (2007-2021).

PHYLUM, CLASS, ORDER,

FAMILY Location of reef QC Code
Species Common name Gray's Kuhio  Waikiki
CYANOPHYTA BLUE-GREEN
ALGAE
Leptolyngbya crosbyana R 05
Lyngbya sp. P 07
Lyngbya majuscule R R 05,10
Symploca hydnoides R R 0 05,10
CHLOROPHYTA GREEN ALGAE
indet. R R 05
Avrainvillea amadelpha CC U R, 0 05,07,21
Bornetella sp. P 07
Bornetella sphaerica R 05
Bryopsis sp. 0 R R 05, 21
Caulerpa racemosa R 0 05,21
Caulerpa sertularioides U 0 05,10, 21
Chaetomorpha antennina R 05
Cladophoropsis luxurians R 05
Cladophora sp. R 0 07,21
Cladophora fascicularis R 05
Cladophora luxurians R 05
Cladophora sericea R 10
Cladophoropsis luxurians R 05
Codium arabicum 0 R R U, 0 05,10, 21
Codium edule C 0 R,R,O 05,10, 21
Dictyosphaeria cavernosa U 8] 05,21
Dictyosphaeria versluysii P R R 07,05, 10
Dictyosphaeria sp. U U 05,21
Enteromorpha sp. U R 05
Halimeda sp. U,U 10, 21
Halimeda opuntia R 0 0 05,21
Halimeda discoidea 0 0 07,21
Microdictyon setchellianum R 05
Microdictyon umbilicatum U 05
Neomeris annulata R R R 07,05, 10
Neomeris sp. U 21
Ulva fasciata U 0 C 0 07,05, 10,
sea lettuce 21
Ulva reticulata U R 05, 21
PHAEOPHYTA BROWN ALGAE
Asteronema breviarticulatum U U 05, 21
Chnoospora sp. R 05
Colpomenia sinuosa R 05
Colpomenia tuberculata R 05
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PHYLUM, CLASS, ORDER,

FAMILY Location of reef QC Code
Species Common name Gray's Kuhio  Waikiki
PHAEOPHYTA (cont.)
Dictyopteris australis R R 05,10
Dictyopteris plagiogramma R 05
Dictyota sp. CO0 10, 21
Dictyota acutiloba 0 0 (0} 05,10, 21
Dictyota bartayresiana alani R 0 05
Dictyota ceylanica P 0 07,21
Dictyota friabilis R R 0 05,21
Dictyota sandvicensis R (0} 05,21
Dictyota spp. A C A U 05, 06,07
Distromium flabellatum R 05
Lobophora variegata R R 0 05,21
Padina spp. C,P U AU 06,07, 05,
10, 21
Padina australis 0 0 0 05,21
Padina japonica 0 0 05
Padina sanctae-cruis 0] 21
Sargassum spp. C 06
Sargassum echinocarpum CC C A 05,07,10
Sargassum obtusifolium A 10
Sargassum polyphyllum R 10
Sphacelaria furcigera R 05
Stypopodium hawaiiensis U 05
Turbinaria ornata UCA R R 05, 06,07,
10, 21
RHODOPHYTA RED ALGAE
indet. R R 05
Acanthophora spicifera . AAA C A C 05, 06,07,
spiny seaweed 10,21
Asparagopsis taxiformis R, C P U U, C 05, 06,07,
10, 21
Botryocladia skottsbergii R 05
Centroceras clavulatum C R 05
Coelothrix irregularis R 05
Dasya sp. P R 07,05
Dasya iridescens R 21
Dichotomaria marginata R 05
Dichotomaria obtusata 0 05
Galaxaura spp. 0,CoO R R, U 05, 06,07,
21
Galaxaura fastigiata 0 R 05
Galaxaura rugosa R 05
Gelidium pusillum R 0 05,21
Gelidiopsis scoparia R 045
Gracilaria sp. R 05
Gracilaria bursa-pastoris R 05
Gracilaria coronopifolia 0 R R 05,10
Gracilaria salicornia AAO C C C 05, 06,07,
10, 21
Hydrolithon breviclavium 0 05
Hydrolithon gardineri R C 05
Hydrolithon onkodes R C C 05, 21
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PHYLUM, CLASS, ORDER,

FAMILY Location of reef QC Code
Species Common name Gray's Kuhio  Waikiki

RHODOPHYTA (cont.)
Hydrolithon reinboldii 0 0,C 05,10, 21
Hypnea sp. R R 05,10, 21
Hypnea cervicornis U 05
Hypnea chordacea R 05
Jania sp. C C 0,0 05,10, 21
Laurencia sp. R 0 0 05,21
Laurencia mcdermidiae R R 05
Laurencia nidifica R 9] 05
Liagora sp. P R R, R 07,05, 10,

21

Liagora ceranoides U R 05,21
Martensia fragilis U 0 05
Martensia sp. p 07
Melanamansia glomerata U C 05
Peyssonnelia rubra R R R 05,21
Plocamium sandvicense R, P R 05,07
Pneophyllum conicum R 05
Portieria hornemannii R R R, R 05,10, 21
Pterocladiella sp. C 06
Pterocladiella caerulescens R R 05
Sporolithon sp. P R 0 07,05, 21
Spyridia filamentosa R 05
Tricleocarpa cylindrica R R R 05,21
Trichogloea sp. C 06
Trichogloea lubrica R 05
Wrangelia sp. R 05
Wrangelia elegantissima 0 05

KEY TO SYMBOLS USED IN TABLE:

Abundance categories:
R - Rare - Only one or two individuals or specimens observed in area.

U - Uncommon - Three to no more than a dozen individuals or specimens observed in area.
0 - Occasional - Seen irregularly and always in small numbers;
C - Common - Seen regularly, although generally in small numbers.
A - Abundant - Found in large numbers and widely distributed.

QC Code:

05 - Reported previously by aquatic biologists from reef offshore Gray’s Beach or Kithio Beach on
March 15 - April 3, 2006, March 22 - 23, 2007, and March 3 - 7, 2008 (AECOS, 2007 and 2008).
06 - Reported previously by aquatic biologists from reef offshore Gray’s Beach in March 2007

(MRC, 2007).

07 - Reported previously by aquatic biologists from reef offshore Gray’s Beach on November 30,
2007, December 10 - 11, 2007, December 13, 2007, December 17, 2007, December 29, 2007,

January 18, 2008, and April 21, 2008 (AECOS, 2009a).
10 - Reported previously by aquatic biologists on July 29, 2009, May 27, 2010, June 4, 2010, and

June 8, 2010 (AECOS, 2010).

21 - Observed in the field by aquatic biologists on February 18, 2021, February 19, 2021 and
March 4, 2021 or collected for identification in the laboratory. None was saved as voucher

specimens.

AECOS, Inc. [1662B.DOCX]

Page | 32



Marine Biological Assessment

WAIKIKI, O‘AHU

List of macro-invertebrates (other than coral) observed on the reef flat

Table B

in the Project area off Waikiki Beach (2007-2021).

PHYLUM, CLASS, ORDER, Location of reef QC
FAMILY Code
Species Common name Gray’s Kiihio Waikiki
PORIFERA, CALCAREA SPONGES
LEUCETTIDAE
Leucetta solida white leucetta R 10
PORIFERA, DEMOSPONGIAE SPONGES
unid. red, orange sponge §) 10
unid. black sponge R 21
ANCHINOIDAE
Hamigera sp. red boring sponge R 10
CHONDRILLIDAE
Chondrosia chucalla meandering sponge R 10
SPIRASTRELLIDAE
Spirastrella vagabunda vagabond boring R 10
sponge
SPONGIIDAE
Spongia oceania black reef sponge R 10
CNIDARIA, ANTHOZOA
ACTINIARIA SEA ANEMONE
AIPTASIIDAE
Aiptasia pulchella glass anemone R 10, 21
ANNELIDA, POLYCHAETA WORMS
unid. R 10
MOLLUSCA, GASTROPODA MOLLUSKS
PATELLIDAE
Cellana sp. ‘opihi R 21
SIPHONARIIDAE
Siphonaria normalis false ‘opihi, ‘opihi- 0 21
‘awa
NERITIDAE
Nerita pacea black nerite, pipipi 0 21
LITTORINIDAE
Littoraria pintado dotted periwinkle,
R 0 21
pipipi kélea
VERMETIDAE
Serpulorbis variabilis variable worm
; ) 0 21
snail, kauna’oa
Dendropomas sp. worm snail 0 21
CONIDAE
Conus imperialis imperial cone R 10
Conus lividus spiteful cone R 10
Conus marmoreus marble cone R 10
Conus pulicarius flea-bite cone R 10
Conus (Vigiconus) flavidus golden-yellow cone R 21
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PHYLUM, CLASS, ORDER, Location of reef QC
FAMILY Code
Species Common name Gray's Kuhio  Waikiki
CYPRAEIDAE
Cypraea sp. unid. cowry R 10
Cypraea caputserpentis serpent’s-head cowry R 10
Cypraea tigrist tiger cowry R 10
MURICIDAE
Morula granulata drupe U 10
Morula uva grape drupe U,0 072,110,
Drupa ricina spotted drupe R 21
RANELLIDAE
Cymatium pileare hairy triton R 10
TURBINIDAE
Turbo sandwicensis Hawaiian turban,
- . . R 10
alilea, ptipti mahina
TURRIDAE
unid. unid. turrid R 10
MOLLUSCA, ANASIPIDAE
APLYSIDAE
Aplysia parvula small sea hare,
. R 10
kualakai
MOLLUSCA, SACOGLOSSA
ELYSIIDAE
Plakobranchus ocellatus ringed sap-sucking R 21
slug
MOLLUSCA, NUDIBRANCHIA
CHROMODORIDAE
Chromodoris decora decorated
: R 10
nudibranch
DENDRODORIDAE
Dendrodoris nigra black dendrodoris R 10
MOLLUSCA, AEOLIDACEA
FLABELLINIDAE
Flabellina exoptata desirable
. R 10
nudibranch
MOLLUSCA, BIVALVIA
MYTILIDAE
Brachidontes crebricostatus Hawaiian mussel R 10
PINNIDAE
Streptopinna saccata baggy pen shell R 10
ISOGNOMONIDAE
Isignomon perna brown purse shell,
_ ¢} 21
nahawele papaua
MOLLUSCA, CEPHALOPODA, OCTOPODA
OCTOPODIDAE
Octopus cyanea day octopus, he‘e
; R,R 10,21
mauli
MOLLUSCA, CEPHALOPODA, TEUTHOIDEA
SEPIOLIDAE
Sepioteuthis lessoniana big fin squid, 05
muhe‘e
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PHYLUM, CLASS, ORDER, Location of reef QC
FAMILY Code
Species Common name Gray's Kuhio  Waikiki
ARTHOPODA, CRUSTACEA, CIRRIPEDIA
BALANIDAE
Amphibalanus amphitrite amphitrite’s rock 0 21
barnacle
CHTHAMALIDAE
Chthamalus proteus proteus’ rock
¢} 21
barnacle
ARTHOPODA, CRUSTACEA, STOMATOPODA
unid. mantis shrimp R 05
Pseudoquilla ciliata ciliated mantis
shrimp R 21
ARTHOPODA, CRUSTACEA, DECAPODA
STENOPODIDAE
Stenopus hispidus banded coral
shrimp R, R 10,21
ALPHEIDAE
Alpheus deuteropus petroglyph shrimp ) 07
CORALLIANASSIDAE
Corallianassa borradailei Borradaile’s ghost
shrimp R, R 10,21
ARTHOPODA, CRUSTACEA,
DECAPODA, ANOMURA
DIOGENIDAE
unid. hermit crab 0 10
Calcinus cf. elegans elegant hermit crab R 21
ARTHOPODA, CRUSTACEA,
DECAPODA, BRACHYURA
XANTHIDAE
unid. pebble crab R 10
GRAPSIDAE
Grapsus tenuicrustheus thin-shelled rock
crab, ‘a’ama Y 21
Percnon planissimum flat rock crab, papa 0 21
Plagusia squamosa scaly rock crab 0 21
ECHINODERMATA, BRITTLE STARS
OPHIUROIDEA
OPHIOCOMIDAE
Ophiocoma erinaceus spiny brittle star p U,0 072,110,
ECHINODERMATA, SEA URCHINS
ECHINOIDAE
CIDARIDAE
Eucidaris metularia ten-lined urchin, R 10
ha‘ue‘ue
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PHYLUM, CLASS, ORDER, Location of reef QC
FAMILY Code
Species Common name Gray's Kuhio  Waikiki
DIADEMATIDAE
Diadema paucispinum long-spined urchin 0,U 06,07
Echinothrix diadema blue-black urchin, 05, 06,
O,R R U
wana 01
Echinothrix calamaris banded urchin, 07,05,
C R 0,0
wana 10, 21
ECHINOMETRIDAE
Echinometra mathaei Kebori hi 05, 06,
rock-bormg urchin, g p ¢ C cC 07, 10,
ina
21
Echinometra oblonga oblong urchin, ‘ina R R C 052,110,
Echinostrephus aciculatus needle-spmed p R 06,10
urchin
Heterocentrotus mammillatus red-pencil urchin U 0 RO (iz, gi,
TOXOPNEUSTIDAE
Tripneustes gratilla collect_or u’rchm, RO U C.R 05,07,
hawa'e 10, 21
ECHINODERMATA, SEA CUCUMBERS
HOLOTHUROIDAE
HOLOTHURIIDAE
Actinopyga mauritiana white-spotted sea 05, 07,
. R, P R 0
cucumber, loli 21
Holothuria atra black b 05, 06,
af sea cuchmber, ¢ o, ¢ U RO 07, 10,
oli okuhi kuhi 21
Holothuria cinerascens ashy sea .Cucumber, U U C 05, 21
loli pua
Holothuria whitmaei teated sea ' R R 10,21
cucumber, loli
CHORDATA, TUNICATA TUNICATES
unid. spp. unid. blue, gray,
white colonial U 10
tunicates
Palythoa tuberculosa Blue-gray/
rubbery/pillow R 21
zoanthid
Zoanthus pacificus Striped zooanthid R 21
Zoanthus spp. Mat zoanthid (0] 21

KEY TO SYMBOLS USED IN TABLE:

Abundance categories:

R - Rare - Only one or two individuals or specimens observed in area.
U - Uncommon - Three to no more than a dozen individuals or specimens observed in area.
O - Occasional - Seen irregularly and always in small numbers;
C - Common - Seen regularly, although generally in small numbers.
A - Abundant - Found in large numbers and widely distributed.

Other symbols and categories:

T - identified by shell or carapace only.

QC Code:
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Table B (continued).

05 - Reported previously by aquatic biologists from reef offshore Gray’s Beach or Kiihio Beach on
March 15 - April 3, 2006, March 22 - 23,2007, and March 3 - 7, 2008 (AECOS, 2007 and 2008).

06 - Reported previously by aquatic biologists from reef offshore Gray’s Beach in March 2007 (MRC,
2007).

07 - Reported previously by aquatic biologists from reef offshore Gray’s Beach on November 30,
2007, December 10 - 11, 2007, December 13, 2007, December 17, 2007, December 29, 2007,
January 18, 2008, and April 21, 2008 (AECOS, 2009a).

10 - Reported previously by aquatic biologists on July 29, 2009, May 27, 2010, June 4, 2010, and
June 8, 2010 (AECOS, 2010).
21 - Observed in the field by aquatic biologists on February 18, 2021, February 19, 2021 and

March 4, 2021 or collected for identification in the laboratory. None was saved as voucher
specimens.
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Table C
List of corals observed on the reef flat in the Project area
off Waikiki Beach (2007-2021).

PHYLUM, CLASS, ORDER,

FAMILY Location QC Code
Genus species Common name Gray’s Kuhio Waikiki
CNIDARIA, ANTHOZOA
ALCYONACEA
ALCYONIIDAE
Sarcothelia edmondsoni blue ’Z(])(i;tlzoral, 1% 1% 07,21
TELESTACEA, ZOANTHINARIA, ZOANTHIDAE
SCLERACTINIA,
ACROPORIDAE
Montipora capitata rice coral <1% <1% 05,06,07,10
Montipora patula spreading coral <1% <1% 05,06,07,10
FAVIIDAE
Leptastrea bewickensis Bewick coral <1% 10
Leptastrea purpurea crust coral <1% 05
Cyphastrea ocellina ocellated coral <1% 05, 06, 21
POCILLOPORIDAE
Pocillopora damicornis lace coral <1% 10, 21
Pocillopora meandrina cauhﬂc;(v(\)/leczlr coral, 1% 1% 05, 06, 07, 10
PORITIDAE
Porites evermanni <1% 05, 21
Porites lobata lobe coral, puna <1% <1% 05, 06,07,10
Porites lutea mound coral 07
Porites sp. <1% 21
SIDERASTREADAE
Psammocora sp. <1% 05
Psammocora stellata stellar coral <1% <1% 07,10, 21

Coral abundances are given in percent coverage.

KEY TO SYMBOLS USED IN TABLE:
QC Code:

05 - Reported previously by aquatic biologists from reef offshore Gray’s Beach or Kithio Beach on
March 15 - April 3, 2006, March 22 - 23, 2007, and March 3 - 7, 2008 (AECOS, 2007 and 2008).

06 - Reported previously by aquatic biologists from reef offshore Gray’s Beach in March 2007 (MRC,
2007).

07 - Reported previously by aquatic biologists from reef offshore Gray’s Beach on November 30,
2007, December 10 - 11, 2007, December 13, 2007, December 17, 2007, December 29, 2007,
January 18, 2008, and April 21, 2008 (AECOS, 2009a).

10 - Reported previously by aquatic biologists on July 29, 2009, May 27, 2010, June 4, 2010, and
June 8, 2010 (AECOS, 2010).

21 - Observed in the field by aquatic biologists on February 18, 2021, February 19, 2021 and
March 4, 2021 or collected for identification in the laboratory. None was saved as voucher
specimens.
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Table D.
List of fishes observed on the reef flat in the Project area
off Waikiki Beach (2007-2021).

PHYLUM, CLASS, ORDER,

FAMILY Location QC Code
Genus species Commonname, ... yahio  Waikil
CNIDARIA, ANTHOZOA
ALCYONACEA
ALCYONIIDAE
Sarcothelia edmondsoni blue lzc;glzoral, <1% <1% 07,21
TELESTACEA, ZOANTHINARIA, ZOANTHIDAE
SCLERACTINIA,
ACROPORIDAE
Montipora capitata rice coral <1% <1% 05, 06,
07,10
Montipora patula spreading coral <1% <1% 05, 06,
07,10
FAVIIDAE
Leptastrea bewickensis Bewick coral <1% 10
Leptastrea purpurea crust coral <1% 05
Cyphastrea ocellina ocellated coral <1% 05, 06, 21
POCILLOPORIDAE
Pocillopora damicornis lace coral <1% 10, 21
Pocillopora meandrina caullﬂowler coral, 1% 1% 05, 06,
ko‘a 07,10
PORITIDAE
Porites evermanni <1% <1% 05, 21
Porites lobata 05, 06
0 0 ) )
lobe coral, puna <1% <1% 07,10
Porites lutea mound coral 07
Porites sp. 21
SIDERASTREADAE
Psammocora sp. <1% 05
Psammocora stellata stellar coral <1% <1% 07,10, 21

KEY TO SYMBOLS USED IN TABLE D:

Abundance categories:
R - Rare - Only one or two individuals or specimens observed in area.
U - Uncommon - Three to no more than a dozen individuals or specimens observed in area.
O - Occasional - Seen irregularly and always in small numbers;
C - Common - Seen regularly, although generally in small numbers.
A - Abundant - Found in large numbers and widely distributed.
Other symbols and categories:
E - Endemic - Found in Hawai‘i and nowhere else.
QC Code:
06 - Reported previously by aquatic biologists from reef offshore Gray’s Beach in March
2007 (MRC, 2007).
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Table D (continued).

07 - Reported previously by aquatic biologists from reef offshore Gray’s Beach on November
30,2007, December 10 - 11, 2007, December 13, 2007, December 17, 2007, December
29, 2007, January 18, 2008, and April 21, 2008 (AECOS, 2009a).

10 - Reported previously by aquatic biologists on July 29, 2009, May 27, 2010, June 4, 2010,

and June 8, 2010 (AECOS, 2010).
21 - Observed in the field by aquatic biologists on February 18, 2021, February 19, 2021 and

March 4, 2021 or collected for identification in the laboratory. None was saved as

voucher specimens.
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ABSTRACT

At the request of Sea Engineering, Inc. (SEI), and on behalf of the Department of Land and Natural
Resources (DLNR), Office of Conservation and Coastal Lands, International Archaeology, LLC prepared a
cultural impact assessment (CIA) in support of the proposed Waikiki Beach Improvement and Maintenance
Program. The beach improvement and maintenance program encompasses four areas of Waikiki Beach—the
Kihio Beach sector, the Royal Hawaiian sector, the Halekdilani sector, and the Fort DeRussy sector—along
the shoreline of Mamala Bay in the Kona District of the Island of O‘ahu, seaward of TMKSs (1) 2-6-001:002,
003, 004, 008, 012, 013, 015, 017, 018, 019; 2-6-002:005, 006, 017, 026; 2-6-004:005, 006, 007, 008, 009,
010, 012; 2-6-005:001, 006; and 2-6-008:029. These sectors include portions of the active beach and
nearshore marine areas and extend to a maximum of approximately 70 m offshore. The CIA is a component
of the program’s Environmental Impact Statement prepared by SEI for the DLNR. The proposed project
includes the construction of new beach stabilization structures and shoreline replenishment primarily using
sand recovered from offshore areas.

The Waikiki region was an important traditional location, noted for its chiefly associations as well as
the wealth of its agricultural and aquacultural development. It has historical associations as the beachside
retreat for the 19th century Hawaiian royalty and wealthy Honolulu residents, and has more recently become
the center of the modern Hawaiian hospitality economy. During the past 130 years, the Waikiki shoreline has
been substantially engineered to create larger sandy beaches for recreation. As such, most of the maintenance
program will occur within modern beach deposits seaward of the 19th century and early 20th century
shorelines.

The intent of the CIA is to present information about past and present practices and resources for
coastal Waikiki to identify issues and concerns relating to the proposed beach improvement and maintenance
program. Over 200 potential cultural consultants were contacted to provide information about cultural
activities and resources within the maintenance program area and to identify any potential affects to these
activities and resources by the proposed program. Seven individuals responded to the consultation request
and provided written consent to include their information in the CIA. In addition, several O‘ahu Island Burial
Council members and meeting participants provided verbal comments following an informatory presentation
about the maintenance program during the February 2021 meeting.

The primary concern for most of the cultural consultants who commented on the project is the
inadvertent disturbance of iwi kipuna (ancestral human skeletal remains) along the beach or in the offshore
sand deposits that will be dredged to expand and replenish the beach. Although the current Waikikt Beach
shoreline is almost entirely engineered and unlikely to contain primary burials, the history and sources of the
sand used to build and replenish the beach during the 20th century remain a concern to some individuals.
Several consultants also expressed concern about the potential disturbance of modern cremated human
remains in the submerged sand deposits immediately offshore from Waikiki Beach where cremated remains
are frequently spread. Alternatively, some consultants feel that the replenishment and stabilization of Waikik1
Beach will protect the burials and cultural deposits inland of the active beach (some of which are recorded as
archaeological sites) from erosion damage.

Several consultants emphasized that the waters of Kawehewehe (also known as Gray’s Beach or the
Halekiilani Channel) in the Halekdlani sector are still actively used by kipuna for healing and to pikai
(purify). One consultant remembers that limu kala (Sargassum echinocarpum) grew in Kawehewehe, and
does not want the area to be disturbed. Two consultants from the City and County of Honolulu’s Department



of Design and Construction cited the danger that coastal erosion poses to the existing causeway structures and
lifeguard stations on the beach.

To address these concerns, 1A recommends that project proponents take the following actions: [1]
carefully evaluate new sources of replenishment sand to confirm they do not contain iwi kiipuna or other
cultural material, [2] monitor all ground-disturbing project work within the historical (pre-20th century)
shoreline areas for exposed or disturbed cultural material and develop a plan to protect these resources in
consultation with cultural stakeholders/organizations and appropriate government agencies, [3] reasonably
address concerns from community members about the disposition of cremated remains, [4] protect
Kawehewehe from damage and allow cultural practitioners reasonable access to the area during construction
work, and [5] regularly engage cultural stakeholders and the local community in future project planning.
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I. INTRODUCTION

At the request of Sea Engineering, Inc. (SEI), and on behalf of the Department of Land and Natural
Resources (DLNR), Office of Conservation and Coastal Lands, International Archaeology, LLC (1A)
prepared a cultural impact assessment (CIA) in support of the proposed Waikiki Beach Improvement and
Maintenance Program (Figure 1 and Figure 2). The beach improvement and maintenance program
encompasses four sectors of Waikiki Beach—Fort DeRussy, Halekiilani, Royal Hawaiian, and Kiihio
Beach—along the shoreline of Mamala Bay in the Kona District of the Island of Oahu, seaward of TMKSs (1)
2-6-001:002, 003, 004, 008, 012, 013, 015, 017, 018, 019; 2-6-002:005, 006, 017, 026; 2-6-004:005, 006, 007,
008, 009, 010, 012; 2-6-005:001, 006; and 2-6-008:029. The CIA is a component of the program’s
Environmental Impact Statement (EIS) prepared by SEI for the DLNR. The proposed project includes the
construction of new beach stabilization structures and shoreline replenishment primarily using sand recovered
from offshore areas.

The purpose of the CIA is to collect information about the past and present cultural resources and
practices associated with Waikiki Beach in order to identify any issues and concerns that may arise from the
proposed beach improvements and future maintenance activities. Individuals and organizations with
historical and cultural knowledge of the project area were contacted by email or letter and invited to review
and comment on the planned project work; the project was also introduced at a meeting of the O‘ahu Island
Burial Council (OIBC) to elicit further comments. The results of these consultations are presented in this
report, along with a summary of the traditional and historical background of the Waikiki area and
recommendations from previous CIAs for Waikiki.

PROJECT AREA DESCRIPTION

Waikiki Beach is an approximately 3,130-m (10,260-ft.) ocean shoreline along the southwest edge of
the Waikiki neighborhood of Honolulu, extending from a breakwater fronting the Hilton Hawaiian Village
Waikiki Beach Resort to the west to a groin fronting the New Otani (Kaimana) Hotel to the east. Almost the
entire length of the beach is armored by seawalls and stabilized by groins that compartmentalize the shoreline
into eight individual “littoral cells” or sectors. The Waikiki Beach Improvement and Maintenance Program
will affect four of these sectors (Figure 3 through Figure 7), which are described individually.

1. The Kuhio Beach sector consists of approximately 460 m (1,500 ft.) of shoreline extending from the
‘Ewa (west) groin at Kiithio Beach Park to the Kapahulu storm drain. The northwestern half of the
sector (called the ‘Ewa basin here) was created in 1939 (Figure 3); the southeastern half of the sector
(called the Diamond Head basin here) was built between 1951 and 1953 (Figure 4). The sector is
essentially an enclosed body of water within a set of constructed crib walls and groins. It is at the
southern end of the curving and protected portion of the Waikik coastline, between two of the three
major stream outlets (Ku‘ekaunahi and ‘Apuakéhau) that once flowed into the ocean.

2. The Royal Hawaiian sector consists of approximately 530 m (1,730 ft.) of shoreline extending from
the Royal Hawaiian groin to the ‘Ewa (west) groin at Kihid Beach Park (Figure 5). It lies at an
inward curve in the Waikiki coastline that allows the development of a wide sand beach, and sits
between two of the three major stream outlets (Ku‘ekaunahi and ‘ Apuakéhau) that once flowed into
the ocean. This sector is the core of traditional and historical activity in Waikiki.



3. The Halekilani sector consists of approximately 440 m (1,450 ft.) of shoreline extending from the
Fort DeRussy outfall groin to the Royal Hawaiian groin (Figure 6). The south-facing shoreline is a
mix of seawalls and discontinuous, small, and narrow sand beaches that front a fully developed urban
landscape. The Royal Hawaiian groin was constructed in 1925-1926; the Fort DeRussy groin was
built in 1917 and was extended in 1969. The remains of at least five, 10- to 20-m concrete block
groins are spaced along the length of the sector.

4. The Fort DeRussy sector consists of approximately 510 m (1,680 ft.) of shoreline extending from the
Hilton Hawaiian Village pier to the Fort DeRussy outfall groin (Figure 7). The southwest-facing
shoreline is a continuous sand beach that fronts a landscaped open space of tended lawn and coconut
trees in the Fort DeRussy Armed Forces Recreation Center. The Hale Koa Hotel is just inland of the
western portion of the sector, and the U.S. Army Museum of Hawai‘i, housed in the historic 1914
Battery Randolph, is at the eastern end of the sector. A wide concrete promenade runs along the
inland edge of the beach.

THE WAIKIKI BEACH IMPROVEMENT AND MAINTENANCE PROGRAM

The proposed Waikiki Beach Improvement and Maintenance Program is intended to address the
ongoing erosion of the shoreline and frequent flooding of the backshore. Without improvements and follow-
up maintenance, sand erosion and rising sea level will likely result in the total loss of Waikiki Beach by the
end of the 21st century. The project’s immediate goals are to restore and improve Waikiki’s public beaches,
increase beach stability, provide safe access to and along the shoreline, and increase resilience to coastal
hazards and sea level rise.

The planned actions and construction methods for each beach sector in the project area are
summarized below.

1. Forthe Kuihio Beach sector, separate plans are proposed for the ‘Ewa basin (west) and the Diamond
Head basin (east):

a. For the ‘Ewa basin, the existing groins on the east and west ends will be removed and
reconstructed to accommodate sea level rise (see Figure 3). The west groin will be
approximately 150 feet long with a crest elevation of +7.5 feet mean sea level (msl), and the
east groin will be approximately 125 feet long and vary in elevation from +7.5 feet msl at the
shoreline to +6 feet msl at the head. A 125-foot-long detached breakwater will be built in the
gap between the groins and will be approximately +6 feet mslto match the heads of the
groins. Construction equipment and material would be transported to the work area through
either the central portion of the park or along the shoreline past the Duke Kahanamoku
statue. Demolition and construction will be conducted with an excavator that is supported by
a temporary work platform extending from the shore to the breakwater. Sand fill from
offshore deposits will be added to the beach after the new structures are completed.

b. For the Diamond Head basin, existing structures will not be modified, but the beach will be
replenished using eroded sand that has settled in a submerged deposit just offshore (see
Figure 4). Approximately 4,500 cubic yards will be recovered and spread across the beach,
widening the existing shoreline by approximately 18 to 26 feet and reducing the offshore
depth of the basin to a uniform bottom elevation of -4 feet msl. The sand will be recovered
and redeposited using either a long-reach excavator operating on an excavated sand
causeway, or a diver-operated dredge that will pump the sand to an onshore recovery area. A
bulldozer and/or skid-steer will spread the sand across the beach.



2. Forthe Royal Hawaiian sector, sand recovered from deposits directly offshore will be used to widen
and replenish the beach (see Figure 5). The beach crest elevation will be increased from about +7
feet above mean sea level (msl) to +8.5 feet msl. Approximately 30,000 cubic yards of recovered
sand will be required to complete the work. To counter ongoing erosion and shoreline recession,
beach nourishment will need to be repeated every eight to 10 years or more frequently if required.
The recovered sand will probably be dredged with a submersible pump mounted on a crane barge and
pumped through a bottom-mounted pipeline to a dewatering basin in the Diamond Head basin of
Kiahioé Beach Park. After drying, the sand will be stockpiled and transported to Royal Hawaiian,
where it will be distributed using bulldozers.

3. For the Halekdlani sector, a new beach with stabilizing groins will be constructed (see Figure 6).
Three new sloping rock rubble mound T-head groins will be combined with the existing Fort
DeRussy and Royal Hawaiian groins to create four stable beach cells. The groin stems will extend
approximately 200 feet seaward from the shoreline and will be of sufficient size to stabilize a +10-
foot beach crest elevation. The groin stem crests could also be wide enough (approximately 10 feet)
to accommodate construction equipment or a pedestrian walkway. The Halektlani Channel will be
left unobstructed for beach catamaran navigation. In addition, approximately 60,000 cubic yards of
sand fill recovered from offshore deposits will be used to create approximately 3.8 acres of new dry
beach area. Construction equipment and materials will likely be transported into the area across the
east end of the Fort DeRussy sector, which may require construction of a temporary access road from
Kalia Road to the beach and a temporary rock rubble mound access berm along the shoreline from
Fort DeRussy to the Royal Hawaiian groin.

4. For the Fort DeRussy sector, sand will be transported from an accretion area at the west end of the
beach (near the Hilton Pier) to an eroding area at the east end (see Figure 7). The sand will be
excavated from the existing beach face extending inshore only as far as necessary to obtain the
required amount, estimated to be approximately 1,200 cubic yards. Dump trucks will transport the
sand across the beach, and a bulldozer will distribute it across the eroding area. This process will
need to be repeated periodically in the future to maintain a stable beach profile.

Construction work will be confined to the active sand portion of Waikiki Beach and nearshore marine
areas up to approximately 200 feet offshore. The work will not extend outside the inland boundary of the
active beach, which is defined by any buildings, roads, seawalls, or other types of construction that constrain
the sand beach.

The sand required for beach nourishment will be almost exclusively recovered from submerged
offshore deposits. In addition to the near-offshore areas mentioned in the descriptions above, sand will be
dredged from one or more known deposits further offshore of the south coast of O‘ahu, using submersible
slurry pumps, self-contained hydraulic suction dredges, and/or clamshell buckets.

ORGANIZATION OF THE REPORT

The CIA is organized as followings. Section I is the introduction, and contains a description of the
project area and a summary of the proposed project work. Section Il summarizes the cultural geography of
the general Waikiki area and the Waikiki Beach sectors that will be affected by the proposed project work. It
includes a discussion of local place names, the traditional history of Waikiki before European contact, and the
post-Contact history of Waikiki through the mid-20th century. Section I11 presents the results of consultation
with Waikiki cultural stakeholders and community members who evaluated the project for potential cultural
impacts. It also contains a summary of responses received following the presentation of the project at the
February 2021 OIBC meeting. The section concludes with a summary of cultural recommendations for the
Waikiki Beach area compiled from previous Waikiki CIAs (Gollin 2017). Section IV summarizes the major



cultural issues that consultants identified after reviewing the proposed project work, and contains
recommendations for addressing these concerns. References cited and a glossary of Hawaiian words used in
the report follows Section IV. Appendix A is the consultation letter. Appendix B is a list of all individuals
approached to provide cultural consultation for this CIA. Appendix C contains emails from consultants
giving permission for their responses to be included in the CIA.
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Figure 3. Planned beach improvement activates within the Kiihio Beach sector, ‘Ewa Basin. Image provided by Sea Engineering, Inc.



Figure 4. Planned beach improvement activities within the Kuhic Beach sector, Diamond Head Basin. Image provided by Sea Engineering, Inc.
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Figure 5. Planned beach improvement activities within the Royal Hawaiian sector. Image provided by Sea Engineering, Inc.
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Figure 6. Planned beach improvement activities within the Halekdlani sector. Image provided by Sea Engineering, Inc.
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Figure 7. Planned beach improvement activities within the Fort DeRussy sector.

Image provided by Sea Engineering, Inc.
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Il. CULTURAL GEOGRAPHY

This section provides an overview of the cultural geography of the Waikiki area and the Waikik1
Beach sectors that will be affected by the planned improvement and maintenance program. Components of
this section are [1] place names that indicate connections between physical locations in Waikiki and
traditional Hawaiian cultural practices, notable people, and important events; [2] the traditional history of
Waikiki, reflecting its political, economic, and spiritual significance in Hawaiian society before European
contact; and [3] the history of Waikiki following European contact in 1778, and its subsequent
transformations in the approximately 200-year span through the mid-20th century.

This section has largely been adapted from Tomonari-Tuggle (2017) and Lauer et al. (2019). Both
reports relied on primary references from Bishop (1881)*, Kamakau (1976, 1991, 1992), Pukui et al. (1974),
and Sterling and Summers (1978). Historical inform ation was also obtained from books and reports held in
the IA library, the State Historic Preservation Division (SHPD) Kapolei Library, and the State Office of
Environmental Quality Control online library of environmental assessments and impact statements
(archaeological reports and CIAs are generally included as appendices).

PLACE NAMES

The project area falls within the ahupua ‘a of Waikiki in the traditional district of Kona. Waikiki
includes the seven valleys from Manoa on the west to Kuli‘ou‘ou on the east; in contrast, the western half of
Kona district consists of smaller ahupua ‘a whose boundaries are generally coterminous with valley areas
(e.g., Nu‘uanu, Kalihi, Kahauiki, and Moanalua). The reasoning behind this difference in ahupua ‘a size is
unknown, although the political prominence of Waikiki and the concentration of chiefs who came to live and
play in this area may have been a factor (Tomonari-Tuggle and Blankfein 1998).

Waikiki translates as “spouting water” (Pukui and Elbert 1986:223), in reference to the wetlands and
abundant water sources of this region. Many traditional place names in Waikiki relate to agriculture or the
requirements for successful agriculture. Three place names (Wai‘a‘ala, Waiaka, and Waikiki) reference water
(wai), one (‘ Apuakéhau) may be the name of a rain, two refer to soil or sand (Kapahulu and Ke*okea), and
three relate to food plants, niu (Cocos nucifera) (Niukiikahi and Uluniu) and ‘uala (Ipomoea batatas)
(Kalau‘uala). The sea (‘Au‘aukai and Hamohamo) is another theme; the place name Kanukua“‘ula refers to a
very fine-meshed fishing net. A single place name, Kalua‘olohe, relates to a historical event and person.

Other Waikiki place names refer to locations where events recounted in Hawaiian traditions occurred,
or places that are related to Hawaiians of historical note (Table 1; Figure 8). An example of the former is
‘Apuakehau (in the Royal Hawaiian sector, roughly where the Royal Hawaiian Hotel sits), which is said to be
where the Maui king Kahekili landed his invasion force in his successful conquest of O‘ahu (Fornander
1919:VI-2:289; Kanahele 1995:79); the general area was called Helumoa and was the site of royal residences,
a heiau, athletic grounds, and a royal coconut grove. Another example is Kawehewehe (at the boundary
between Halekiilani and Fort DeRussy sectors), which was the residence of the Luluka family of noted
Hawaiian historian, John Papa ‘I‘l. The family moved to O‘ahu in the early 1800s, in the company of
Kamehameha who was preparing for the invasion of Kaua‘i (‘11 1959:15); Papa ‘I‘T’s uncle was a member of

! S.E.Bishop completed a survey and map in 1881. He reconstructed the map with a different datum in 1888, and in
1922, Joseph Iao copied the map “with additions and alterations from Government Survey Records.”
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the royal court, and members of the Luluka family were responsible for the royal residence of Kamehameha
at Pua‘ali‘ili‘i at Helumoa.

Traditional place names are associated with each of the Waikiki Beach sectors included in the
proposed project area. In the Fort DeRussy sector, the two place names are Kalia, which is the traditional
Hawaiian name for this general area, and Kawehewehe, which is the name of the former drainage that marks
the east side of the sector (roughly the alignment of Saratoga Road).

Prior to modern development, the Halekiilani sector lay between two drainages, ‘Apuakéhau to the
east (in the Royal Hawaiian sector) and Kawehewehe to the west (along the boundary with the Fort DeRussy
sector). Kawehewehe was the outflow from the large fishpond complex of Kalia, the inland area of present
Fort DeRussy. As markers of a former landscape, ‘ Apuakehau and Ku‘ekaunahi are important as the names
of two of the three major drainages that once cut through the Waikiki coastal plain (see above).

The single place name in the Halekiilani sector is Kawehewehe, which refers to the land and sea area
at the west end of the sector, as well as to the mouth of a drainage that emptied the fishponds of inner Kalia
(roughly along the present alignment of Saratoga Road). It might also be the name of the channel through the
reef in front of the present Halekiilani Hotel (Pukui et al. 1974:99).

Place names in the Royal Hawaiian sector reflect the a/i 7 connections to the area: Helumoa as the
royal center, Helumoa Heiau and Kahuamokomoko as adjuncts to the royal center, Hamohamo along the
coast as part of Lili‘uokalani’s birthright, and Pualeilani as the first beach home of Prince Kiihido. Another
historical place is Muliwai ‘Apuakéhau, which was the mouth of ‘ Apuakéhau Stream, which was one of three
major drainages that flowed into Waikiki waters.

The Kiahio Beach sector contained Lili‘uokalani’s beachside residence, Kealohilani (Kanahele
1928b), which was subsequently the Pualeilani home of Prince Jonah Kaihic Kalaniana‘ole. In the mid-
century Mabhele, the ‘i/i of Hamohamo was awarded to the high chief Keohokalole. In 1859, Keohokalole
transferred the land to her daughter Lili‘uokalani (future queen of Hawai‘i), who established a residence at
Paoakalani (makai of the present Ala Wai Canal) and a beachside cottage that she called Kealohilani. In
1918, Prince Kahio acquired Kealohilani through an out-of-court settlement of his challenge to
Lili‘uokalani’s establishment of a trust (Hibbard and Franzen 1986:37), and built a new home called
Pualeilani on the property.

Until the late 1800s, Ku‘ekaunahi Stream flowed as a wide and slow-moving estuary into the ocean in
the southern portion of the Kiithic Beach sector (the Diamond Head basin, around the present alignment of
Paoakalani Avenue). Another historical place in the Kiihié Beach sector is Muliwai Ku‘ekaunahi, which was
the mouth of Ku‘ekaunahi Stream. This stream was one of three major drainages that flowed into Waikiki
waters.
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Table 1. Place Names of Waikiki Within or Near the Project Area.

Name Description Translation Reference
‘Apuakéehau stream, muliwai; site of present-day Moana Hotel basket [of] dew, probably named  Bishop (1881, 1882)
for arain Kamakau (1991:50,
1992)
‘Au‘aukai land area; designated Fort Land to bathe in the sea Bishop (1882); Pukui

Halemau‘uola
(Loko
Halemau‘uola)

Hamohamo

Helumoa

Ka‘ihikapu (Loko
Ka‘ihikapu)

Kawehewehe

Kawehewehe

fishpond

land area (“ili lele?)

name of /i that was a royal center from at least the 15th
century; site of present-day Royal Hawaiian Hotel

fishpond

stream, muliwai; outlet for fishpond complex in inland Kalia
(Fort DeRussy); shown as “Muliwai Kawehewehe” on GRM
1720 (n.d.) but not on other historical maps

location of the residence of John Papa ‘I‘1, an advisor to
Kamehameha, from around 1803 when Kamehameha moved
to O‘ahu; also the “reef entrance and channel off Gray’s
Beach, just east of the Hale-kai-lani Hotel, Waikiki,
Honolulu”; the sea water of Kawehewehe is said to have had
healing qualities and was known for its fragrant lipoa
seaweed

rub gently (as the sea on the
beach)

chicken scratch (chickens
scratched to find maggots in the
victim’s body, possibly a reference
to a sacrificial heiau formerly at
that location)

the taboo sacredness

the removal

the removal

and Elbert (1986)
Bishop (1881)

Bishop (1881, 1882)

Bishop (1881); Napoka
(1986); Kanahele
(1995); Pukui et al.
(1974:44)

Bishop (1881); Pukui et
al. (1974)

Reg. Map 1720; Pukui
et al. (1974:99)

‘T7 (1959:17); Pukui et
al. (1974:99); Kanahele
(1995:98); McGuire et
al. (2001:69-70); Pukui
(1983:246)
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Name Description Translation Reference
Kahuamokomoko  athletic field, including ‘«/u maika field, said to be on kahua mokomoko, “a place where ~ McAllister (1933:77);
grounds of Royal Hawaiian Hotel; see Site 9980 people assembled to Kanahele (1995:99)

wrestle”(Andrews 1922:239)

Kalia name of /i and general area of Fort DeRussy waited for Bishop (1881); Pukui et

al. (1974:77)

Kapuni land area, surf break the surrounding (perhaps named  Bishop (1881);
for the spreading banyan tree on ~ Kamakau (1991:44,
the Cleghorn ‘Aina-hau estate) 1992h:290)

Kapu‘uiki (Loko
Kapu‘uiki)

Kaohai (Loko
Kaohai)

Kealohilani

Kekio

Keomuku
Kamoku
Kamaku

Ku‘ekaunahi
Kukaunahi
Kuka‘iunahi

Kiuihelani

‘0“0 (Loko ‘O‘0)

fishpond
fishpond

beachside home of Queen Lili‘uokalani; later site of Prince
Kihio’s second Pualeilani home; this is just seaward of Site
5859

land area

land area

stream, muliwai; see Site 5943

Kamehameha’s residence at Pua‘ali‘ili‘i near the mouth of
‘Apuakehau Stream

fishpond

the small hill

the ‘ohai shrub (Sesbania
tomentosa)

heavenly brightness

pool

the shortened sand

standing at Helani (a mythical
land), name of one of
Kamehameha’s chiefs

black honeyeater, Moho nobilis

Bishop (1881); Thrum
(1922:646)

Bishop (1881); Thrum
(1922:644)

Pukui et al. (1974:102)

Bishop (1881, 1882);
Thrum (1922:650)

Bishop (1881, 1882);
Pukui et al. (1974:108)

Bishop (1881, 1882);
Kamakau (1964:74);
Winieski et al. (2002)

Kanahele (1995:136);
Pukui et al. (1974:120)

Bishop (1881); Pukui et
al. (1974:171)
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Name

Description

Translation

Reference

Paweo (Loko Paweo fishpond

I/Loko Paweo II)

Pi‘inaio

Pua‘ali‘ili‘i

Pualeilani

Uluniu

stream, muliwai, kahawai

place of Kamehameha’s residence Kiiihelani near the mouth
of ‘Apuakéhau Stream

name of two residences of Prince Kiihio; see Site 5859 and
Site 5863

land area

turn aside

ascend for (go upstream in search
of?) naio, Myoporum sandwicense
little pig

royal garland of flowers

coconut grove

Bishop (1881); Pukui et
al. (1974:182)

Bishop (1881, 1882);
Thrum (1922:666)

Kanahele (1995:91);
Pukui et al. (1974:190)

Hibbard and Franzen
(1986:37-39)

Pukui et al. (1974:215)
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Figure 8. Place names plotted along the late 19th century Waikiki coastline.

18



TRADITIONS

The chronology of pre-Contact occupation along the Waikiki shoreline is based on a suite of 16
radiocarbon determinations obtained from previous archaeological investigations in the area. The radiocarbon
determinations are problematic in that most samples were run on unidentified charcoal which has potential to
produce dates with inbuilt age (i.e., dates that are older than the target event). Considering this limitation, the
use of Bayesian modeling provides the best current estimate for occupation along the Waikiki shoreline of no
later than AD 1350-1610 (95.4%), and likely AD 1379-1600 (68.2%) (Tomonari-Tuggle 2017).

The earliest Hawaiian settlers probably made their homes on the windward shores of the islands, and
visited the drier southern and western areas only for selected resources like fish and birds. As time passed
and settlers eventually migrated to other parts of O*ahu, coastal Waikiki was probably one of the earliest areas
occupied as it offered easy access to rich ocean resources, a ready freshwater supply from springs and
streams, level and easily developed lands for cultivation and aquaculture, and a bounty of game foods like
ducks and other wildfowl. Some cultivation probably followed the stream courses into valleys like Manoa,
which were also sources for items like hardwood (for tools, weapons, and building materials) and birds (for
feathers) (Tomonari-Tuggle and Blankfein 1998).

The traditions of Waikiki indicate its significance as a nexus of interconnected a/i ‘i histories and as a
highly productive agricultural region. In ancient times, Waikiki was a center of ali i power, “a land beloved

of the chiefs” who resided there because the lands were rich and the surfing was excellent (Kamakau
1991:44).

CHIEFLY ASSOCIATIONS

It is said that Ma‘ilikakahi, the ruling chief of O‘ahu in the mid-14th century (based on genealogical
reckoning), made Waikiki the royal seat of chiefs (Beckwith 1970:383). From that time, it was the residence,
either permanently or part-time, of the high a/i 7. In the 16th century, the Maui chief Kiha-a-Pi‘ilani was born
at ‘ Apuakéhau (Kamakau 1991:50). In the 18th century, after his conquest of the island, Maui king Kahekili
made his home at Waikiki, as did Kamehameha after he succeeded in wresting control of the island from
Kahekili’s successor. Kamakau (1992:394) writes that Kamehameha made Kekauluohi his wife at
‘Apuakehau; she later became one of Liholiho’s five wives and through a later husband, Kana‘ina, she bore
Lunalilo, who would become the first elected Hawaiian king after the death of Kamehameha V in 1872.

Helumoa and Ulukou, areas at the mouth of ‘Apuakéhau Stream, were the focal points of chiefly
residence. The stream emptied into a protected curve of the shoreline that created a “famous surfing spot
called Kalehuawehe” (Napoka 1986:2). Rich fishponds lay to the west, and the expansive inland wetlands
produced a bounty of kalo and other crops. The ocean provided an array of fish. A visitor in the 1850s
described a typical catch (Napoka 1986:3, quoting Harriet Newell Foster Deming):

Sometimes four canoes would be drawn up on the beach at once, filled with shining beauties in nets
... the wealth of color fascinated us as we hung over the sides of the canoes watching the bronzed
fishermen who, naked except for a loincloth, scooped up the fish in their hands and laid them in piles
on the sand.

AGRICULTURE AND FISHPONDS

Waikiki was famous for its extensive irrigated pondfields and fishponds that covered the coastal plain
“from the inland side to the coconut grove beside the sea” (Kamakau 1991:45). Fed by the waters of Manoa
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and Palolo Valleys and by the numerous springs that gave Waikiki its name, the wetland system of expansive
lo i is credited to the 15th century ruling chief Kalamakua-a-Kaiptiholua (Kamakau 1991:45):

He was noted for cultivating, and it was he who constructed the large pond fields Ke‘okea, Kfialulua,
Kalamanamana, and the other /o 7 in Waikiki. He traveled about his chiefdom with his chiefs and
household companions to cultivate the land and gave the produce to the commoners, the maka ‘a@inana.

Kamakau (1992:192) also credits Kamehameha with the creation of the extensive pondfield system,
including the pondfields attributed to Kalamakua-a-Kaipaholua, but this likely reflects Kamehameha’s

modification or expansion of extant /o 4.

HEIAU

The significance of Waikiki Ahupua‘a is also emphasized by the number and kinds of heiau
distributed across this area, particularly along the coast (Kamakau 1976:144; Thrum 1907:44-45). Three of
the eight heiau identified by Thrum (1907) (Table 2) are of the po ‘o kanaka class, i.e., sacrificial heiau that
were “only for the paramount chief, the ali i nui, of an island or district (moku)” (Kamakau 1976:129).

Table 2. Heiau in Waikiki, Based on Thrum (1907).

Name Location Type Description from Thrum (1907)
Helumoa ‘Apuakéhau Heiau po ‘o kanaka place of sacrifice of Kauhi-a-Kama, defeated
mo ‘T of Maui, after his failed raid on O‘ahu in
early 1600s; during the reign of O‘ahu chief,
Ka‘ihikapu
Papa‘ena‘ena at foot of Heiau po ‘o kanaka walled and paved structure of open terraced
Diamond Head front; destroyed by Kana‘ina about 1856, and the
slope stones used to enclose Queen Emma’s premises

Kupalaha Kapi‘olani Park ~ unknown

Kapua Kapi‘olani Park  Heiau po ‘o kanaka

Kamauakapu Kapahulu, husbandry class
Diamond Head

Kulanihakoi ~ Waikiki unknown

Makahuna Diamond Head Ku‘ula class

Pahu-a-Maui Diamond Head unknown

(site of lighthouse
station)

and for road work; said to be the place of a
number of sacrifices by Kamehameha | in early
1800s

said to be associated with working of
Papa‘ena‘ena; entirely obliterated by 1906

torn down in 1860; said to be the place of
sacrifice of Kaolohaka, a chief from Hawai‘i, on
suspicion of being a spy

erected by Kalakaua in 1888 for his Naua
Society; in partial ruins in 1906

site of grass house on Kalakaua’s premises; in
ruins in 1862 (walls torn down much earlier)

large enclosure dedicated to Kane and Kanaloa

destroyed by 1906
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BATTLES

In the late 1700s, warfare in the islands raged. High chiefs amassed huge armies and sailed flotillas
of war canoes between islands in a quest for territorial expansion. At least two assaults on O‘ahu took place
on the beaches of Waikiki. From Maui in 1779 came the warrior-chief Kahekili, who conquered O‘ahu after
three years of fighting. With victory, the high chief made Waikiki his home, specifically at Helumoa near the
mouth of ‘Apuakéhau Stream (the location of Helumoa Heiau). After some time on Maui and Hawai‘i,
Kahekili returned to Waikiki, where he died in 1794. He was succeeded by his son, Kalanikiipule.

A year later, in 1795, Kahekili’s chief rival for power, Kamehameha, staged an attack on O‘ahu. Itis
said that his armada, which included 1,200 double canoes and 10,000 warriors, landed at Waikiki, a
beachhead of relatively calm waters and sandy beaches that offered abundant water, kalo, and other supplies
for his vast army (Kanahele 1995:87). Unlike Kahekili’s three-year battle, Kamehameha was quickly
successful in defeating his adversary, Kalanikiipule, and taking control of O‘ahu. Like the Maui chief,
Kamehameha settled in Waikiki near the mouth of ‘ Apuakéhau Stream. Along with Kona on Hawai‘i Island
and Lahaina on Maui, this served as one of the capitals of his unified (except for Kaua‘i) kingdom.

HISTORICAL BACKGROUND

In 1778, British Captain James Cook made first Western landfall in Hawai‘i, and other European and
American explorers, traders, and missionaries followed. Many wrote accounts and journals that provide an
image of the wetland agricultural landscape of Waikiki. For example, Archibald Menzies (1920:23-24), an
early Western visitor who was naturalist and surgeon on board the HMS Discovery captained by George
Vancouver (in Hawai‘i in 1792-1793), described a visit to Waikiki:

The verge of the shore was planted with a large grove of coconut palms, affording a delightful shade
to the scattered habitations of the natives.... We pursued a pleasing path back to the plantation, which
was nearly level and very extensive, and laid out with great neatness into little fields planted with taro,
yams, sweet potatoes and the cloth plant. These, in many cases, were divided by little banks on which
grew the sugar cane and a species of Draecena without the aid of much cultivation, and the whole was
watered in a most ingenious manner by dividing the general stream into little aqueducts leading in
various directions so as to be able to supply the most distant fields at pleasure, and the soil seemed to
repay the labor and industry of these people by the luxuriance of its productions. Here and there we
met with ponds of considerable size, and besides being well stocked with fish, they swarmed with
waterfowl of various kinds such as ducks, coots, water hens, bitterns, plovers and curlews.

Although Waikiki was the initial capital and residence of Kamehameha on O‘ahu, the growing
number of American and European traders looked to the harbor at Kou (present Honolulu) as a safer and
therefore favored berth for their deeper draft ships. In the first decade of the 19th century, Kamehameha
gradually shifted his capital to that once rural village, and by 1809, he had an established residence near the
Honolulu harbor frontage. His family and members of court and government also made the move, leaving
Waikiki in the care of lesser chiefs and land managers (Kanahele 1995:104-105).

Waikiki, however, remained an attraction for the a/i 7. Only three or so miles from Honolulu, it was
the only place near the city with beaches and surf, and provided an easy escape from the increasingly Western
atmosphere of the new capital (Hibbard and Franzen 1986:10). A/ i, particularly members of the
Kamehameha extended family, built beach cottages on the ocean front. As the 19th century progressed, they
replaced their grass roofed, wooden buildings with more elaborate and modern homes. Hawaiian chiefs and
royalty were joined by haole residents and visitors to form a relaxed community. By the late 19th century, the
homes of a/i i like Emma (wife of Kamehameha 1V), Kapi‘olani (wife of Kalakaua), and Lili‘uokalani
(Queen of Hawai‘i) were located between ‘Apuakehau and the present Kapi‘olani Park, and residences of
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haole businessmen like Davies, Robinson, Brown, and Damon were on the beachfront west of ‘ Apuakéhau
(Wall 1893). The beginnings of the Waikiki tourist trade were also represented at this time by the presence of
the Long Branch, the earliest known bathing establishment at which visitors were provided “a towel, bathing
suit, dressing rooms and a stretch of beach and ocean to enjoy” (Hibbard and Franzen 1986:52), and the W.C.
Peacock property (“Peacock’s”), which would become the site of the first major hotel in Waikiki, the Moana
Hotel, in 1901.

MID-19TH CENTURY LAND PARCELS

In the mid-19th century, major structural changes were made to the ways land was held in Hawai‘i.
In 1848, the traditional system of land tenure was replaced with a Western system of fee-simple land
ownership. This radical restructuring, called the Mahele, divided all lands between the king and 245 high-
ranking ali i; the king later divided his lands between himself (called Crown Lands) and the government
(Kame*eleihiwa 1992). Subsequently, commoners were offered the opportunity to claim fee-simple title to
the land on which they lived or improved; these became known as kuleana lands and were awarded in the
form of Land Commission awards (LCAs; often referred to as kuleana lands).

Unlike most a/i i land awards that were for entire ahupua ‘a, ali ‘i awards in the ahupua ‘a of Waikiki
were for ‘ili. As Kame‘eleihiwa (1992:232) explains, land on O‘ahu was desirable and therefore ‘i/i on O‘ahu
were as valuable as ahupua ‘a on the other islands:

On O‘ahu, the moku of Kona (especially in Honolulu and Waikiki), ‘Ewa, and Ko‘olaupoko were
defined predominantly by ‘ili. This division of ‘Aina into a great number of rather small areas
indicates that O‘ahu was not only more populated, but its ‘Aina were more desired by the Ali‘i and
konohiki.... Although an ‘ili was almost always smaller in size than an ahupua‘a, an ‘ili on O‘ahu
was considered as desirable as an ahupua‘a on the outer islands.

About 250 Land Commission awards (to six a/i 7 and the remaining to local land managers and
commoners) were made in Waikiki (Kanahele 1995:115). The ali i awardees included Kauikeauoli
(Kamehameha I11) (62 acres), high chiefs William Lunalilo (2,229 acres) and Ana Keohokalole (100 acres),
and three lesser-ranked chiefs, Mataio Kektiana6°a (133 acres), Keoni Ana (11 acres), and Kaisara Kapa‘akea
(9 acres). As noted by Kanahele (1995:116), “Their properties all included choice spots located near the
beach, streams or fish ponds.” It is notable that the heirs of these a/i ‘7 awardees include the monarchs
Kamehameha V, David Kalakaua, and Lili‘uokalani; queen consorts Emma Rooke and Kapi‘olani; Princesses
Ruth Ke‘elikolani, Likelike, and Ka‘iulani; and Prince Jonah Kuhio Kalaniana‘ole.

Kuleana awards, most of which were generally less than an acre, lined the Waikiki shore, with
associated inland pieces that provided land for farming. Of the shoreline ‘Gpana,? two fall in the Fort
DeRussy sector, ten in the Halekilani sector, three in the Royal Hawaiian sector, and one in the Kiihio Beach
sector. There were no LCAs awarded south of Ku‘ekaunaha Stream (roughly the alignment of present
Paoakalani Avenue).

THE LATE 19TH CENTURY

In the second half of the 19th century, changes to the Waikiki landscape entailed improvements to
transportation connections between Waikiki and Honolulu, including construction of a tram line between the

2 Only those LCAs that fall in or adjacent to the Waikiki beach improvements project area are counted.
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two areas, and the development of Kapi‘olani Park and an associated residential neighborhood on June 11,
1877 (Brown and Monsarrat 1883).

In the 1860s, rice cultivation experienced a boom across the islands, directed at two markets: export
to California for Chinese emigrants who had settled there after the mid-century Gold Rush and local
consumption by a growing number of Chinese contract laborers who had come to Hawai‘i to work on the
sugarcane plantations (by 1884, there were 18,254 Chinese in the islands; see Coulter and Chun 1937:13).
Rice was second only to sugar in the economic hierarchy in the islands (Haraguchi 1987:xiii). Like sugar,
Hawai‘i’s rice production filled the void created by the U.S. Civil War, when rice farming in the southern
United States was severely curtailed (Coulter and Chun 1937:13). During negotiations for the Reciprocity
Treaty between the U.S. and Hawaiian governments, efforts were made to ensure that rice shared the same
protection as sugar.

Land speculators purchased kalo fields, and in some cases, pulled up young kalo plants to replace
them with rice seedlings (Haraguchi 1987:viv). Many kuleana owners leased their former kalo fields to rice
entrepreneurs, although in some cases, they retained land for the Hawaiian staple food. By 1892, there were
542 acres in Waikiki planted in rice, representing almost 12 percent of the total 4,659 acres in rice cultivation
on O‘ahu (Hammatt and Shideler 2007:17). Nakamura (1979:20, quoting Iwai 1933:80, brackets added)
notes that Waikiki was one of “the most important [rice] growing districts on Oahu.”

At the end of the 19th century, Waikiki Road (roughly the alignment of the present Kalakaua Avenue)
marked the boundary between fishponds and beach lots to the makai, and rice fields to the mauka (Monsarrat
1897). Kapahulu Avenue was the southeastern boundary of the rice fields, with the gridded Kapahulu house
lots and Kapi‘olani Park extending toward the base of Diamond Head (the Kapahulu lands to the east of the
present Kapahulu Avenue appear to have been planned for subdivision in 1899, see Monsarrat 1899).

20TH CENTURY LANDSCAPE CHANGES

The 20th century saw the definitive transformation of Waikiki from quiet retreat and agricultural
breadbasket to a bustling tourist destination. As the popularity of Waikiki among residents—particularly the
foreign/haole population—and visitors grew, the region was eyed for development. Kapi‘olani Park in 1877
was originally developed as a private recreational/open space amenity for high-end residences at the base of
Diamond Head and along the coast (Brown and Monsarrat 1883). In the early 20th century, the extensive
wetlands complex on the coastal plain was valuable for rice cultivation and raising ducks, but was described
as “swamp lands” by those who had visions of development. As noted by Steele (1992:8-3), “in the eyes of
many in Honolulu, [it could] be put to better use ... but only if the land could be ‘reclaimed’ (filled in).” The
first effort in Waikiki reclamation was by the U.S. Department of War in its development of Fort DeRussy at
the western end of Waikiki, which required filling in a large portion of the fishponds.

The agricultural landscape of Waikiki was nearing its end, victim to the allure of Waikiki as a resort
destination. Nakamura (1979:34) writes:

A conflict was developing at Waikiki between wet agriculture and aquaculture, on the one hand, and
urbanization on the other. Urbanization was adversely affecting the good and proper drainage of
surface water flowing from the mountains to the sea. This restricted water, in turn, was labeled
unsightly and unsanitary by those who wished to see wet agriculture and aquaculture at Waikiki
destroyed.

By the end of the first decade of the 20th century, the rice fields and duck ponds that once covered the
entire coastal plain inland of Kalakaua Avenue appear to have been contracted to the northwest, leaving the
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eastern portion of the wetlands complex as pasture or open fields, with scattered buildings and a network of
dirt roads (U.S. Army 1909-1913).

ALA WAI CANAL

The primary impetus for landscape change was construction of the Ala Wai Canal inthe 1920s. The
canal effectively cut off Waikiki from the rest of the Honolulu urban and suburban landscape, and created
developable lands where before there were the expansive wetland agricultural fields. In addition, the canal
was seen as remedying a perceived impact of outflow from the wetlands on the growing bathing industry:
“the proposed drainage canal would carry the runoff away from the Waikiki beaches” (Steele 1992:8-4).

Using so-called unsanitary conditions as a justification, the government (first the post-overthrow
Hawaiian Republic and then the Territorial Government) enacted legislation that forced landowners to fill in
the wetlands, and if they did not, the government would do so and put a lien on the property to pay for the
“improvements.” The end result was the destruction of the agricultural system and in many cases, the loss of
land (Nakamura 1979:67-68):

The Sanitary Commission of 1912 estimated that, of the total amount of land in the district of
Honolulu located below the foothills, one third was wet land. This wet land, which was used for
agriculture and aquaculture, represented, then, a considerable amount of urban real estate if filled in.

Such laws as Chapter 83, R.L. 1905 already existed to deal with filling in wet land. The justification
for such actions would be sanitation, that is, if wet lands were allowed to exist within the district of
Honolulu, the public health would be endangered, for mosquitoes, carriers of dangerous diseases,
would continue to breed.... Thus sanitation was presented as the primary motive in the destruction of
wet agriculture and aquaculture while the profitability of reclaimed was hardly mentioned at all.

Land acquisition for the two-mile long canal began in 1918, either through voluntary purchase or
condemnation (Steele 1992:8-5). Construction began in 1921, with Walter F. Dillingham’s Hawaiian
Dredging Company contracted by the Territory of Hawaii to carry out the work (Nakamura 1979:90). By
1924, the entire length of the canal from its outflow at the west end of Waikiki to its head at Kapahulu Road
was excavated; a proposed outflow from Kapahulu Road to the eastern end of Waikiki was never completed,
aborted by a concern that the on-shore current would take canal runoff west onto the pristine beaches (Cocke
2013). Although the canal was dredged as planned, additional fill was needed to “reclaim” adjacent lands and
additional funds were authorized to widen the canal from 150 to 250 feet. In 1928, the canal was completed.
Steele (1992:8-7) describes the resultant changes in land values and tourism:

... land values had gone from $500 an acre for a piece of agricultural prope