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Ala Wai Canal PrejeetFlood Risk Management Study, O’ahu,
Hawali’i

Document Type: Draft-Feasibility Study Report with Integrated Environmental Impact Statement (EIS)
Responsible Agencies State of Hawai’i, Department of Land and Natural Resources (DLNR)?

(Project Sponsors): U.S. Army Corps of Engineers®

Study Authority: Section 209 of the Flood Control Act of 1962 (Public Law 87-874)

Location: Ala Wai Watershed, City and County of Honolulu; O‘ahu, Hawai’i

Tax Map Key(s):

4-034-001-008.-00 9:00 010,052 8-029:011004;
036:002;2-9-067:008-through-012,-015-through-017 A comprehensive list of TMKs

and impacts can be found in Appendix C, Addendum 1. The design process will
identify the final design features. The final design features will be evaluated for
environmental impacts and real estate and land use impacts.

Actions Requiring HRS Use of State and County lands and funds; Use of Conservation District lands; Use
Chapter 343 Review within historic site as designated in the National Register and Hawai’i Register; Use
within Waikiki Special District

Determination The USACE and DLNR have determined that the proposed action requires the
preparation of an EIS, based on the requirements of NEPA and HRS Chapter 343.

NOTES:

2The State of Hawai'i is the proposing agency for purposes of complying with Hawai’i Revised Statutes (HRS) Chapter 343; the accepting
authority would be the-Geverner Mayor for the City and County of Honolulu. By letter dated September 20, 2019, the Governor for the
State of Hawaii designated the Mayor for the City and County of Honolulu to accept the HRS Chapter 343 EIS as the Governor’s

representative.
bThe USACE is the lead agency for purposes of complying with the National Environmental Policy Act (NEPA).

ABSTRACT

This-Draft Feasibility Study Report with integrated Environmental Impact Statement (Feasibility Report/EIS) has
been prepared for the Ala Wai Canal PrejectFlood Risk Management Study, Oahu, Hawaii. The purpose of the
Ala Wai Canal PrejectFlood Risk Management Study is to reduce riverine flood risks in the Ala Wai Watershed.
The study is authorized by Section 209 of the Flood Control Act of 1962 (Public Law 87-874), which is a general
study authority for surveys in harbors and rivers in Hawai’i “with a view to determining the advisability of
improvements in the interest of navigation, flood control, hydroelectric power development, and other
beneficial water uses, and related land resources.” Section 209 does not authorize implementation of the

proposed action.

Flooding associated with a 1-percent annual chance exceedance (ACE) rainfall event would affect approximately
1,358 acres within the Ala Wai Watershed, including over 3,000 properties with an estimated $318-million-1.14
billion in structural damages alone (at-2643 2016 price levels). In response to identified flood-related problems
and opportunities, a series of flood risk management measures were identified and formulated into five
alternatives. The alternatives were evaluated through an iterative screening and reformulation process,
resulting in tentative selection of a plan for implementation. The tentativelyselectedrecommended plan would
reduce flood risks by improving the flood warning system, and constructing six in-stream debris and detention
basins in the upper reaches of Makiki, Manoa and Palolo streams, one standalone debris catchment feature,
three multi-purpose detention areas in open spaces through the developed watershed, and concrete floodwalls
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rengheup-te averaging 4 feet high along one or both sides of approximately 1.9 miles of the Ala Wai Canal
(including threetwo pump stations). Potential adverse impacts include those related to biological resources
(aquatic habitat), cultural resources, recreation, and visual resources; however, measures to avoid, minimize,
and mitigate these impacts have been incorporated to the extent practicable. Although some degree of impact
would occur, project analyses have not identified significant, unavoidable adverse impacts that would remain
after implementation of proposed mitigation measures. Unavoidable environmental impacts to aquatic habitat
would be fully compensated for by eliminating migratory passage barriers at two in-stream structures in Manoa
Stream to improve connectivity for native aquatic fauna. This mitigation would be monitored for up to 5 years to
ensure its performance. The tentativelyselectedrecommended plan is the national economic development plan.

The State of Hawaii Department of Land and Natural Resources, Engineering Division is the non-Federal cost-
sharing sponsor for all features. Based on October-2615 2016 price levels, the estimated total project first cost
of the tentativelyselectedrecommended plan is $173,364,000-306,095,000. In accordance with the cost-sharing
provisions of Section 103 of the Water Resources Development Act (WRDA) of 1986, as amended [33 U.S.C.
2213(ea)], the Federal share of the project first cost would be about $112,687,000 198,962,000 (65 percent) and
the non-Federal share would be about $68,677,000-107,133,000 (35 percent). The cost of lands, easements,
rights-of-way, relocations, or disposal areas is estimated at approximately $7747,000-17,194,000. The non-
Federal sponsor would be responsible for the operation, maintenance, repair, replacement, and rehabilitation
(OMRR&R) of the project after construction, a cost currently estimated at about $982,000-985,000 per year.

Based on a-3-5 2.875 percent discount rate and a 50-year period of analysis, the expected annual costs are
estimated to be $8;504,000-13,117,000, including OMRR&R. The tentatively-selectedrecommended plan is
estimated to be-99-8 99.9 percent reliable in protecting portions of Honolulu, Hawaii from a flood which has a 1
percent chance of occurrence in any year. The tentativelyselectedrecommended plan would reduce average
annual flood risks and would leave average annual residual damages estimated at $999,000-5.4 million. The
expected annual benefits are estimated to be $20,256:000-48,331,000 with net average annual benefits of
$11,752,000-35,214,000. The benefit-cost ratio is approximately-2-38 3.68 to 1.

PUBLIC REVIEW

Comments on the Draft Feasibility Report/EIS may-besubmittedwere received during a 45-day public review
period. Written comments sheuld-behave been submitted to USACE (pursuant to NEPA) and DLNR (pursuant to
HRS Chapter 343); the applicable addresses are listed below. Fe-beconsidered-during preparation-ofthe Final
Feasibiliby-Report/ElScommentsmustbeComments postmarked by-Octeber? November 9, 2015 have been

included in this report.

e Honolulu District, U.S. Army Corps of Engineers (ATTN: Ala Wai Canal Project); Building 230, CEPOH-PP-C;
Fort Shafter, HI 96858 (email: AlaWaiCanalProject@usace.army.mil)

e State of Hawai’i, DLNR Engineering Division (ATTN: Gayson Ching); P.O. Box 373; Honolulu, HI 96809 (email:
Gayson.Y.Ching@hawaii.gov)

For further information on the project, please contact Berek-Chow-Mike Wyatt at USACE at (808)-835-4026 835-

4031 or Berekd-Chow@usacearmy-mitMichael.D.Wyatt@usace.army.mil, or Gayson Ching at DLNR Engineering
Division at (808) 587-0232 or Gayson.Y.Ching@hawaii.gov.
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Executive Summary

This-BraftFinal Feasibility Study Report with Integrated Environmental Impact Statement (EIS), hereafter
referred to as the “Feasibility Report/EIS;” or FFEIS, has been prepared for the Ala Wai Canal Project, O’ahu,
Hawai'i. It assesses the risk of flooding in the Ala Wai Watershed, and describes a range of potential alternative
plans formulated to reduce flood risk, with identification of a tentativelyselectedrecommended plan for
implementation. It constitutes both a-draft Feasibility Study Report in accordance with the U.S. Army Corps of
Engineers (USACE) planning process, and an Environmental Impact Statement (EIS) as required to comply with
both the National Environmental Policy Act (NEPA) and Hawaii Revised Statutes (HRS) Chapter 343. Following
public and governmental agency review, this-Draftthe Feasibility Report/EIS will-beis finalized and submitted to
Headquarters USACE, the Assistant Secretary of the Army for Civil Works, and the Office of Management and
Budget for review and approval. If approved, a Chief of Engineers Report would be sent to Congress
recommending authorization of the Ala Wai Canal Project.

A Record of Decision (ROD), the governing document authorizing the Federal FFEIS, was signed by the Assistant
Secretary of the Army Civil Works (ASACW) on 13 September 2018, thereby completing the Federal FFEIS. While
the date on this HRS Chapter 343 FFEIS is June 2020, all information herein is based on information gathered for
the 2017 Federal FFEIS. Any information, data, and modeling after the completion of the Federal FFEIS will be
utilized and evaluated in future design phases. Any changes will be evaluated for environmental impacts and
supplemental documentaipon will be developed commensurate with the level of impacts. Post-authorization
clarifications were incorporated into the Hawaii FFEIS to comply with HRS Chapter 343 requirements.!

ES-1 Purpose and Need

The purpose of the project is to reduce flood risk within the Ala Wai Watershed. Flooding has occurred within the
watershed on multiple occasions, resulting in recorded property damages and health and safety risks. Analyses
conducted in support of this project show that the 1-percent annual chance exceedance (ACE) floodplain extends
over approximately 1,358 acres of the watershed. Modeling results indicate the 1-percent ACE flood would result
in damages to more than 3,000 structures, with approximately $218-millien-1.14 billion in structural damages
alone (2643-2016 price levels), not accounting for loss in business income or other similar economic losses. A
rendering of the potential extent of inundation resulting from the 1-percent ACE flood is illustrated in Figure ES-1.

110 comply with Hawaii HRS Chapter 343 requirements, the Hawaii FFEIS has been updated with track changes to show editorial changes between the
Draft FEIS and Federal FFEIS (marked in blue font), and also from the Federal FFEIS to HRS Chapter 343 compliance (marked in red font). An Errata which
was part of the Federal FFEIS was also incorporated into the body of the text as part of Chapter 343 compliance. The full Errata can be found in Appendix J.
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EXECUTIVE SUMMARY

Figure ES-1. USACE Rendering of 1-Percent Annual Chance Exceedance Flood

ES-2  Study Area and Need for Action

The Ala Wai Watershed is located on the southeastern side of the island of O‘ahu, and includes Makiki, Manoa,
and Palolo streames, all of which drain to the Ala Wai Canal. The Canal is a 2-mile-long waterway constructed
during the 1920s to drain extensive coastal wetlands, thus allowing development of the Waikiki District. A large
portion of the watershed, including most of Waikiki, is highly susceptible to flooding.

A high risk of flooding exists within the watershed because of the natural geography, coupled with aging and
undersized flood conveyance infrastructure. Based on the peak flows computed for this study, it is estimated
that the Ala Wai Canal has the capacity to contain about a 20--+te-18-percent ACE flood before overtopping the
banks. The risk of flooding is exacerbated by the flashy nature of the streams in the watershed, with heavy rains
flowing downstream extremely quickly due to steep topography and relatively short stream systems.

Overtopping of the Canal has previously flooded Waikiki multiple times, including during the November 1965
and December 1967 storms and during the passage of Hurricane Iniki in 1992. Upstream areas are also at risk of
flooding, as demonstrated by several recent events, including the October 2004 storm that flooded Manoa
Valley and the March 2006 storm that flooded Makiki. The October 2004 event was estimated to have a

4 percent chance of occurring in any single year, and caused more than $85 million in damages (at2004-price
levels}-{USACE, 2006a). Multiple other past flood events have been documented within the watershed over the
course of the past century. In addition to recorded property damages, these events have contributed to health
and safety risks, including two known deaths associated with flooding in December 1918 and December 1950
(USACE, 2006a).

Within the 1-percent ACE floodplain, the affected population is comprised of approximately 54,000 residents
plus an additional estimated 79,000 visitors in Waikiki on any given day. In addition to threatening the safety of
both residents and visitors, a major flood event could result in catastrophic damages to structures and property
throughout the watershed, with impacts to Waikiki crippling the local economy. Given the extent of
development within the watershed (particularly in the Waikiki District), there are potentially significant benefits
associated with implementing flood risk management measures.
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EXECUTIVE SUMMARY

ES-3  Study Authority

The Ala Wai Canal Project feasibility study is authorized under Section 209 of the Flood Control Act of 1962
(Public Law 87-874). Section 209 is a general study authority that authorizes surveys in harbors and rivers in
Hawai’i “with a view to determining the advisability of improvements in the interest of navigation, flood control,
hydroelectric power development, water supply, and other beneficial water uses, and related land resources.”

Section 209 does not provide authority to implement the recommended project.

ES-4  Study Sponsor

The USACE is the Federal sponsor of the project; the non-Federal sponsor is the State of Hawai’i Department of
Land and Natural Resources (DLNR), represented by the Engineering Division. A Feasibility Cost Sharing
Agreement (FCSA) was originally executed with DLNR in March 2001; the agreement was amended in
December 2006 and November 2012.

ES-5 Objectives and Constraints

Based on the flood risk management goal, specific flood-related problems were defined for the Ala Wai
Watershed, as listed below.

e Flooding can result from typical rainfall events, and is exacerbated by the flashy nature of the streams and
debris generated by the surrounding watershed.

e Urbanization of the watershed has placed more people and properties at risk of flooding.
e Historic alterations to the stream channels do not adequately manage flood risk.
e Stream channel capacities are diminished due to debris and sediment.

e Flooding may be exacerbated by climate change and associated projected increases in sea level rise.

Opportunities to reduce flood risk in the study area generally correspond to the problems, and include reducing
flood peaks, improving channel and bridge conveyance capacities, reducing debris contributions, and improving
education and communication of flood risks. Other opportunities that were identified, but were determined to
be outside the scope of the study include reducing runoff and improving the storm drainage system, routine
dredging of the Canal, and addressing land ownership boundaries and maintenance responsibilities.

In response to the flood-related problems and opportunities identified for the study area, the planning objective
for the Ala Wai Canal Project is to reduce riverine flood risks in the Ala Wai Watershed through the 50-year
period of analysis. Constraints considered in the planning process include, to the extent practicable, avoidance
and/or minimization of the following: induced flood damages and/or shifting of flooding to downstream areas;
development of infrastructure that is incompatible with existing regulations or policies; induced development in
the existing floodplain; significant reduction of migratory pathways or habitat for native aquatic species, or
increase of habitat for invasive aquatic species; and impacts to nearshore marine resources at the mouth of the
Canal.

ES-6 Alternative Plan Formulation Strategy

The strategy for formulating alternative plans incorporated a methodical approach to assembling flood risk
management measures into alternative plans, and a multi-criteria screening process based upon existing data
and available information, coordinated professional judgment, and risk-informed assumptions. In general, the
process involved an initial grouping of conceptual flood risk management measures based on the identified
problems within the watershed; these groupings were used to compile alternative plans, which were then
focused from broad flood risk management concepts to a combination of site-specific actions that best met the
overall planning objectives/constraints.
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EXECUTIVE SUMMARY

An iterative planning process was utilized in the development of the recommendation contained within this
report. An increasing level of detail was used at each stage-efthealternativesformulationproeecesssuccessive
iteration, as needed to develop and refine the conceptual management measures and alternative plans, and
ultimately, to provide the basis for evaluation and comparison of the final array of alternatives. In general, the
early stagesiterations of the plan formulation process were based on concept-level information using available
information from existing studies coupled with professional judgment, and culminated with the development of
35% design-level engineering plans and cost estimates for the tentativelyselectedrecommended plan. As noted
in the following sections, the nomenclature for the alternatives was modified over the course of the plan
formulation process to reflect refinements made to each alternative (e.g., after refinements were made,
Alternative 2 was renamed Alternative 2A).

ES-7 Management Measures and Alternative Plans

Over the course of the planning process, a variety of structural and non-structural flood risk management
measures were identified, with a focus on the following approaches to flood risk management: (1) peak flow
reduction, (2) increased channel capacity, (3) debris management, and (4) minimization of flood damages. This
effort relied on the results of previous reports and studies, particularly the Ala Wai Flood Study (USACE, 2006)
and the Manoa Watershed Project (Oceanit, 2008a), as well as sponsor and stakeholder input and professional
judgment. The conceptual measures were sited and screened using a set of project-specific criteria, including
technical feasibility, availability of land, implementation costs, operations and maintenance (O&M)
requirements, legal and public acceptability, flood damage reduction, and life safety risks. Through the screening
process, some measures were eliminated while others were refined and combined into an array of alternatives.
The conceptual flood risk management measures that were carried forward from the screening process were
then grouped to address the existing flood-related problems and opportunities, with the grouping used to
define the initial array of alternatives based on various strategies for addressing flood risk. The resulting
alternatives, and the primary focus of each is listed below:

e Alternative 1 (Manoa Dam): This alternative was formulated to maximize attenuation of water in the upper
Manoa watershed, where the majority of peak flows are generated.

e Alternative 2 (Multiple Debris and Detention Basins in Developed Portion of Watershed): This alternative
was formulated to maximize attenuation of water through multi-purpose detention basins within open
spaces in the currently developed portions of the watershed.

e Alternative 3 (Multiple Debris and Detention Basins in Upper Watershed): This alternative was formulated
to modify the location and dimension of measures in Alternatives 1 and 2, with debris and detention basins
in the upper watershed to address concerns related to construction of a single, large dam and use of park
space.

e Alternative 4 (Ala Wai Focus): This alternative was formulated to maximize structural solutions where the
majority of the benefits occur (i.e. along the Ala Wai Canal).

e Alternative 5 (Non-Structural): This alternative was formulated based on all of the non-structural measures
that were initially identified, including raising or waterproofing (and in some cases, installing ring levees or
non-structural berms) for approximately 340 structures within the watershed.

In general, each alternative was formulated to address existing flood risk throughout the watershed, while
maintaining focus on the primary strategy for each alternative. In addition, debris catchment was incorporated
into the upper reaches of Manoa and Palolo streams (either as a stand-alone measure, or as part of a detention
basin), in order to address known debris-related problems. Where economically feasible, opportunities to
reduce flood damages through non-structural measures were included as part of the four structural alternatives.
In particular, improvements to the existing flood warning system were included in all of the alternatives.
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EXECUTIVE SUMMARY

Over the course of the planning process, the alternatives were screened and reformulated, with additional
technical analysis and refinement as needed to maximize completeness, effectiveness, efficiency, and
acceptability; an “A” was added to each alternative name to reflect these refinements. Through this process,
Alternatives 1A, 4A, and 5A were eliminated from further consideration. Alternative 1A was eliminated as it was
determined that the most effective location for a single, large dam would be in the middle of the watershed
(where there is an adequately-sized drainage area), but given the density of urban development, this is not
considered a practicable solution. Alternative 4A included several measures along the Ala Wai Canal that were
determined to not be practicable or effective (pumping peak flows from the Canal, widening/deepening the
Canal, and adding another outlet to the Canal); in the absence of these other measures, the floodwalls along the
Canal would need to be up to 14 feet tall, which was determined to be unacceptable. Alternative 5A was
iteratively refined based on the economic justification for individual non-structural measures, and ultimately
was reduced to only 100 to 125 structures (or less than 2 percent of the structures in the floodplain displaying
sufficient damage to be economically justified); it was determined that this alternative would not meet the
project objective.

Based on the outcome of this process, the No Action Alternative and Alternatives 2A and 3A were defined as the
Final Array of Alternatives, and were carried forward for evaluation and comparison. This process incorporated
agency and public input obtained through scoping efforts and other stakeholder engagement activities.

ES-8 Evaluation and Comparison of Alternatives

To support the evaluation and comparison of the Final Array of Alternatives, the design and engineering
information for Alternatives 2A and 3A was developed to a 10% level of design. Cost estimates were developed
based on the design plans (with placeholder costs for mitigation activities based on the anticipated amount of
impact to aquatic habitat and cultural resources); contingencies were identified according to a cost risk analysis.
The resulting cost estimates were used to refine the economic benefits. The refinedpreliminary cost and benefit
estimates are summarized in Table ES-1.

Table ES-1. RefinedPreliminary Cost and Benefit Estimates for the Final Array of Alternatives ($000)

Alternative 2A Alternative 3A
Estimated Cost (at October 2013 price level)? $221,231 $178,096
Estimated Average Annual Cost (3.5% for 50 years)®? $11,097 $8,923
Total Annual Benefits $24,814 $32,272
Annual Net Benefits $13,717 $23,349
BCR 2.24 3.62

Notes:
2 The price level is based on the preparation date of the cost estimate. The-pricelevelanddiscovntrate-willbeupdated priortothe

®Estimated Average Annuall Cost includes Interest During Construction (IDC) and O&M requirements.
For flood risk management projects, the primary criteria for plan selection are based on total benefits and total
cost, in which the results of the economic analyses are used to establish Federal interest. In the case of this
project, life safety considerations were also taken into account. Consistent with the requirements of the USACE
Planning Guidance Notebook (Engineer Regulation [ER] 1105-2-100), the evaluation and comparison of
alternative plans was presented in terms of the plan contributions to National Economic Development (NED),
Environmental Quality (EQ), Regional Economic Development (RED), and Other Social Effects (OSE); this
evaluation is presented in Section 3.79.1.
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EXECUTIVE SUMMARY

ES-9 Plan Selection

The USACE planning process requires detailed economic analyses (and associated refinements) to ensure that an
alternative plan being considered for selection is economically justified, such that no other variation of that plan
could be more economically beneficial (i.e., no other variation could better maximize the NED account).
Specifically, these analyses include incremental justification (to ensure that each measure included in the
alternative is economically justified) and optimization (to ensure that the scale of each measure maximizes
benefits). In the case of this project, it was determined that the alternative plans in the final array provided a
reasonable basis for evaluation and comparison, and that detailed economic analyses and refinements should
only be performed for the higher-ranking alternative identified through the evaluation and comparison process.
It was determined that similar analysis and refinements were not needed for the other action alternative in the
final array, as they would not affect the relative comparison between the alternatives. Based on this approach,
additional detailed economic analyses and design refinements were conducted for Alternative 3A. Various
increments and refinements were considered (with additional alternative number modifiers added accordingly),
leading to identification of Alternative 3A-2.2 as the NED plan.

Federal policy requires that the NED plan be recommended for implementation unless there are overriding
reasons for recommending another plan. The attributes of the NED plan were reviewed relative to the planning
objectives, criteria and engineering standards, and it was determined that there were no overriding reasons that
warranted recommendation of another plan, such that the NED Plan was identified as the tentatively
selectedrecommended plan.

ES-10 Compensatory Mitigation Measures

Consistent with USACE regulations (ER 1105-2-100), which require that changes in habitat value be quantified
using ecosystem output model, the Hawai’i Stream Habitat Equivalency Procedure (HSHEP) was used to quantify
the loss of habitat function associated with implementation of the tentativelyselectedrecommended plan. The
HSHEP model was developed to support management of Hawai’i’s streams and associated habitat for
freshwater flora and fauna through a collaborative effort by biologists at the State of Hawai’i Division of Aquatic
Resources (DAR) and researchers at various universities, agencies, museums, and private companies. To confirm
its applicability to the Ala Wai Canal Project, the model was reviewed by the USACE Ecosystem Planning Center
of Expertise (ECO-PCX), and was certified for project use on May 19, 2015.

Using the HSHEP model, the habitat quality of the existing and future without-project conditions were
guantified. Anticipated changes in the model variables were defined for the with-project condition, based on the
design for the tentativelyselectedrecommended plan. The modeling results indicate a loss of 292-295 habitat
units (HUs). Potential mitigation concepts that could be implemented to offset this anticipated loss of habitat
quality were identified and refined through an iterative process, in coordination with the resource agencies,
resulting in the identification of a suite of possible mitigation alternatives. These mitigation alternatives were
developed to the 10-percent design level; habitat benefits were estimated using the HSHEP model and cost
estimates were prepared. The habitat modeling results and the cost estimates were used to complete a Cost
Effectiveness and Incremental Cost Analysis (CE/ICA), which provided the basis for selection of the mitigation
alternative to be included as part of the tentativelyselectedrecommended plan. Based on this process, the
selected mitigation alternative is comprised of two measures, both of which involve removal of a migratory
passage barrier for native aquatic species in Manoa Stream. A detailed description of the mitigation
development and selection process, and the conceptual mitigation design information is provided in the
Mitigation and Monitoring Plan (Appendix E).

ES-11 Tentatively SelectedRecommended Plan

Following identification of Alternative 3A-2.2 as the tentativelyselectedrecommended plan, additional
engineering and design work was completed, up to an approximately 35% level of design. The flood risk
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| management measures included in the tentativelyseleetrecommended plan are listed in Table ES-2; maps
showing the location of these measures are presented as Figure 12.

Table ES-2. Summary of the Tentatively-SelectedRecommended Plan

Flood Risk
Management
Measure

Description

Waihi Debris and
Detention Basin

Earthen damstructure, approximately 24-37 42 feet high and 225 477 feet across; arehbox culvert to allow
small storm flows to pass; concrete spillway above culvert with grouted rip-rap on upstream and downstream
side; debris catchment feature located on upstream end of culvert:; approximately 150 feet of riprap for
energy dissipationstruetureto-belocated-en and scour protection downstream-end of culvert. New access
road to be constructed for construction and O&M-.

Waiakeakua Debris
and Detention Basin

Earthen damstructure, approximately 2634 37 feet high and 485 401 feet across; arch culvert to allow small
storm flows to pass; concrete spillway above culvert with grouted rip-rap on upstream and downstream side;
debris catchment feature located on upstream end of culvert; approximately 150 feet of riprap for energy
dissipation-structure-teo-belocated-en and scour protection downstream-end of culvert.

Woodlawn Ditch
Detention Basin

Three-sided berm, approximately 15 feet high and 840 feet across; arch culvert to allow small storm flows to
pass; concrete spillway above culvert with grouted rip rap on upstream and downstream side.

Manoa In-stream
Debris Catchment

Concrete pad, approximately 8 feet wide and 60 feet across; steel posts (up to approximately 7 feet high)
evenly spaced 4 feet apart along concrete pad.

Kanewai Field Multi-
Purpose Detention
Basin

Earthen berm, approximately 2-9 feet high, around 3 sides of the field; grouted rip-rap inflow spillway along
bank of Manoa Stream to allow high flows to enter the basin; existing drainage pipe at south end of basin to
allow water to re-enter stream.

Wai‘oma‘o Debris
and Detention Basin

Earthen damstructure, approximately 24-33-5 34 feet high and 428 275 feet across; arehbox culvert to allow
small storm flows to pass; concrete spillway above culvert, with grouted rip-rap on upstream and downstream
side; debris catchment feature located on upstream end of culvert:; approximately 150 feet of riprap for
energy dissipation-structure-to-beltocated-on and scour protection downstream-end of culvert. Excavation of
approx-imately 2,000-3,060 yd? to provide required detention volume upstream of berm; lew-flow-channel

with-existing-substrate-to-berestored-followingexcavatien—new access road to be constructed for construction
and O&M:-.

Pukele Debris and
Detention Basin

Earthen damstructure, approximately 24-38 35 feet high and 426 82 feet across; archbox culvert to allow small
storm flows to pass; concrete spillway above culvert with grouted rip-rap on upstream and downstream side;
debris catchment feature located on upstream end of culvert:; approximately 150 feet of riprap for energy
dissipation-structure-to-betocated-on downstream-end of culvert. Excavation of approx. 14,330 yd? to provide
required detention volume upstream of berm; new access road to be constructed for construction and O&M-.

Makiki Debris and
Detention Basin

Earthen damstructure, approximately 24 36 feet high and 100 feet across; arch culvert to allow small storm
flows to pass; concrete spillway above culvert with grouted rip-rap on upstream and downstream side; debris
catchment feature located on upstream end of culvert:; approximately 150 feet of riprap for energy dissipation
structure-to-belocated-en and scour protection downstream-end of culvert. Excavation of approximately
3,035 yd? to provide required detention volume upstream of berm; New access road to be constructed for
construction and O&M-.

Ala Wai Canal
Floodwalls

Concrete floodwalls ranging up to approximately 4 feet high, offset from existing Canal walls. Existing stairs to
be extended and new ramps to be installed to maintain access to Canal; floodgate to be installed near McCully
Street. FhreeTwo pump stations to accommodate storm flows and gates installed at existing drainage pipes to
prevent backflow from the Ala Wai Canal during a flood event.

Hausten Ditch
Detention Basin

Concrete floodwalls and an earthen berm (approximately 4.3 feet high) to provide detention for local drainage;
install concrete wall with four slide gates adjacent to the upstream edge of the existing bridge to prevent a
backflow from the Ala Wai Canal during a flood event.

Ala Wai Golf Course
Multi-Purpose
Detention Basin

Earthen berm, up-te-appreximately-on average 2.7 feet high, around the north and east perimeter of the golf
course; grouted rip rap inflow spillway along bank of Manoa-Palolo Drainage Canal to allow high flows to enter
the basin; sediment basin within western portion of golf course; floodgate across the main entrance road;
passive drainage back into Ala Wai Canal.

Floodwarning System

Installation of 3 real-time rain gages (Manoa, Makiki, and Palolo streams) and 1 real-time streamflow or stage
gage (Ala Wai Canal) as part of flood warning system for Ala Wai Watershed.

THIS DOCUMENT IS BASED ON THE INFORMATION AVAILABLE AT THE TIME OF PUBLICATION. THE U.S. ARMY CORPS OF ENGINEERS PLANNING PROCESS IS DYNAMIC AND RESPONSIVE TO
PUBLIC AND STAKEHOLDER INPUT; IT IS POSSIBLE THAT THE CONTENT HEREIN MAY CHANGE AS A RESULT OF REVIEW COMMENTS RECEIVED. THIS DOCUMENT DOES NOT NECESSARILY
REPRESENT THE PERSPECTIVE OF HIGHER REVIEW LEVELS WITHIN THE AGENCIES INVOLVED OR THE EXECUTIVE BRANCH OF THE FEDERAL GOVERNMENT.



EXECUTIVE SUMMARY

Each of the measures is-assumed-to-haveatife-expectaney-of50-yearsincludes life-cycle maintenance costs, with

maintenance performed on a routine basis. Consistent with USACE regulations, the O&M responsibilities would
be fulfilled by the non-Federal sponsor. General O&M requirements are described in Section 3.6.5.1; a detailed
plan will be prepared during the detailed design phase for the project.

ES-12 Expected Project Performance

The tentativelyselectedrecommended plan provides protection for the 1-percent ACE flood event with a 95-
percent cond|t|onal non-exceedance probablllty (CNP) and aHews—ﬁeeZ—ﬁeet—ef—ﬁFeebea«cd—éa—reqwremeﬂt—ﬁeF

e withhas been identified as the
economically optimal
pli AIthough the teetatwely—se#eeteelrecommended plan would protect the majority of the watershed from
the 1-percent ACE floodplain, it would not entirely eliminate flood risk. The without-project expected annual
damages are estimated to be approximately $23-26-45.2 million; the residual expected annual damages
associated with the tentativelyselectedrecommended plan are estimated to be lessthan$1-55.4 million (with

the highest residual damages in Makiki and the area surrounding the University of Hawaii, Manoa).

ES-13 Project Costs
The project first cost (October 2645 [Budget-Year2016} price level) for the tentativelyselectedrecommended

plan is summarized in Table ES-3. The project first cost (constant dollar cost) serves as the basis for providing the
cost of the project for which authorization is sought; it includes costs associated with (1) preconstruction

engineering and design (PED),2 (2) construction (including mitigation activities for impacts to aquatic habitat and
cultural resources), (3) lands, easements, rights-of-way, relocations and disposal (LERRD), and (4) contingencies.
In accordance with ER 1110-2-1302 and Engineering Construction Bulletin (ECB) 2007-17, a cost risk analysis was
conducted to identify and measure the cost impact of project uncertalntles Contmgenues were |dent|f|ed using
the-Abbreviateda Cost Risk Analysis-temp :

of the Final Feasibility Report/EIS.

Table ES-3. Cost Summary

Construction Item Cost ($000)

Lands and Damages® $7.747

Relocations 9,885

Elements™

Dams (Debris and Detention Basins) $71.288

Fish & Wildlife $229

$30;376

Levees and Floodwalls
$58,912

$25:459

Pumping Plants $67.009

Floodway Control and Diversion Structures

$6,470

2 PED costs were estimated using historical and default percentages for elements includes project management, planning and environmental compliance,
engineering and design, document reviews, value engineering, life cycle updates, contracting and reprographics, and engineering/planning during

construction. Fhesecostswillberefined-asthe project progresses:
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Table ES-3. Cost Summary

Construction Item Cost ($000)

$901

Cultural Resources Preservation
$786

$174

Buildings, Grounds and Utilities (Flood Warning System) $356

SUBTOTAL $Li T IEL
$205,050

PED $31.112
$56,627

Construction Management $17.351
$27,224

TOTAL PROJECT FIRST COST (October 2015 [Budget-Year-20161 Price Level)® ® $173,364
$306,095

2 Elements are based on the Civil Works Breakdown Structure as required in ER 1110-2-1302 and Engineering Manual (EM) 1110-2-1304, “Civil Works
Construction Cost Index System (CWCCIS)” which is used in the Micro Computer-Aided Cost Engineering System (MCACES) software program used to develop
the cost estimates. Detailed cost estimates are presented in Appendix D.

€ isted-with-mitic onforimo o-aa h ein

“TheThe price level for project first cost is the date of the common point in time of the pricing used in the cost estimate.-Fhe-price-levelwill

ES-14 Equivalent Annual Costs and Benefits

The expected annual costs and benefits, and the resulting benefit-cost ratio are summarized in Table ES-4. The
calculations are based on the estimated project cost3 (October 2043-2016 [Fiscal Year 2014-2017] price level),
and assume a 50-year period of analysis and a Federal discount rate of 3-5-2.875 percent (i.e., the Federal
discount rate established for the evaluation of water resources development projects in Fiscal Year 2044-2016).

Table ES-4. Expected Annual Benefits and Costs

Category Cost ($000)
$166,592
$306,095
$9,835
$13,602
$176,426
$319,697
$7,522
$12,132
$982
$985
$8,504
$13,117
$20256
$48,331

Total Estimated Cost (October 2013 [Fiscal-Year201412016 Price Level)®

Interest During Construction

Total Investment Cost®

Interest and Amortization of Initial Investment

OMRR&R

Expected Annual Cost

Expected Annual Benefits

3 The estimated project cost differs from the project first cost (presented in Table ES-23), as the project first cost is the estimated cost brought to the
effective price level (that is, the date of the common point in time of the pricing used in the cost estimate).
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Table ES-4. Expected Annual Benefits and Costs

Category Cost ($000)

$15752

Net Annual Benefits
$35,214

k

Benefit-Cost Ratio

w
()]
[*]

ES-15 Cost Sharing

In accordance with the cost share provisions in Section 103(<a) of the WRDA of 1986, as amended (33 U.S.C.
2213(ea)), the non-Federal sponsor is responsible for providing al-LERRD,-a minimum 5 percent cash
contribution, all LERRDs required for the project, and any additional funds necessary to make its total
contribution equal rettess-thanto at least 35 percent of total project eestane-costs. In addition, the non-
Federal sponsor is responsible for 100 percent of the OMRR&R. . Table ES-5 summarizes the estimated cost-
shared amounts based on project first cost (October 2015-[Budget-Year-2016] price level).

The total project cost, which is the constant dollar cost (that is, the project first cost) fully funded with escalation
to the estimated midpoint of construction, is estimated to be $200,124,000-352,204,000. This is the estimate
used in Project Partnership Agreements (PPA); these costs will continue to be refined through the detailed
design phase.

Table ES-5. Cost-Sharing Responsibilities for the Tentatively-SelectedRecommended Plan

Federal Cost Non-Federal Cost Total Cost
Category ($000)* ($000)° ($000)*
. $117.154 $117.154
Project Features ’ ’
! $151,438 81,544 $232,982
LERRB®LERRD $0 ST $7747
$19,215 $19,215
p_EDbPEDa $%‘1/_1_1_2 227 $3_171-1‘2
$42,323 222,790 $65,113
Construction Management $17;35% $17;354
& $22,682 12,213 $34,895
Subtotal $165,617 SFF4 $173;36
$216,443 $135,761 $352,204
5 percent Cash Contribution (88,668 $8,668
17,610) $17,610
Additional Contribution (544;262) $447262
$30,099 ($30,099)
TOTAL (October 20152016 price level) $112,687 $60,677 $173,364
$228,932 $123,272 $352,204
Percent of Total 65% 35%

2 PED costs incurred after completion of the Feasibility Report/EIS will be cost shared between the Government and the project sponsors in
accordance with a Design Agreement. Upon initiation of project construction, all costs incurred under the Design Agreement will be included
as part of the total project costs and subject to the project cost sharing requirements in accordance with the PRAconstruction agreement,

which will be executed before award of the first construction contract.

ES-16 Environmental Consequences

Consistent with the requirements of NEPA and HRS 343, the consequences of implementing each alternative
were assessed, based on the range of resources that comprise the human and natural environment. The
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assessment of environmental consequences involves the comparison of the effects of each alternative plan (i.e.
the tentatively-selectedrecommended plan and Alternative 2A) relative to the No Action (future without-
project) conditions. For those resources that may be adversely affected, measures that would be implemented
to mitigate the potential impacts were identified. The environmental consequences and associated mitigation
measures are summarized in Table ES-6.

Potential adverse impacts include those related to biological resources (aquatic habitat), cultural resources,
recreation, and visual resources; however, measures to avoid, minimize, and mitigate these impacts have been
incorporated to the extent practicable. Although some degree of impact would occur, the analysis has not
identified significant, unavoidable adverse impacts that would remain after implementation of proposed
mitigation measures. Implementation of the proposed project is expected to protect a large portion of the
watershed (including its residents and visitors) from flooding and flood-related safety hazards. These benefits
are expected to outweigh any remaining adverse impacts.

ES-17 Public Involvement and Agency Coordination

A significant number of stakeholder and agency meetings and other public involvement efforts have been
conducted throughout the planning process to date. In general, the timing and focus of these events has been
determined in response to project-related needs and stakeholder interests and desires.

A wide range of input has been provided as part of the various public and agency meetings held to date. In
general, stakeholders have expressed support for the project and emphasized the need for near-term action to
reduce the risk of flooding. Concerns have been raised relative to the project sponsors’ ability to fund and
maintain the project, as well as potential impacts of the project (particularly those associated with visual,
cultural and recreational resources)-, and acquisition of private property. Input received to date is summarized
in Section 6, with additional detail in Appendix G.

ES-18 Required Permits and Environmental Compliance

There are a variety of Federal and State laws and regulations that are applicable to the project, and for which
compliance is required before construction. The status of regulatory compliance, as well as compatibility with
local plans and policies is provided in Section 7. Permits and approvals that are expected to be required include
the following:

e National Environmental Policy Act (NEPA) compliance

e (Clean Water Act Section 404 compliance

e Endangered Species Act (ESA) Section 7 compliance

e  Fish and Wildlife Coordination Act (FWCA) compliance

e National Historic Preservation Act (NHPA) Section 106 compliance

e Hawai’i Revised Statutes (HRS) Section 343 compliance

e (Coastal Zone Management Act (CZMA) Federal Consistency Determination
e Department of Health Section 401 Water Quality Certification

e National Pollutant Discharge Elimination System (NPDES) permit

e Conservation District Use Permit

e Forest Reserve Special Use Permit

e Stream Channel Alteration Permit

e HRS Section 6E Historic Preservation review

e Special Management Area (SMA) permit

o Waikiki Special District permit

e Community Noise Permit
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e Building and Grading Permits

ES-20—-Recommendation

The-preliminary recommendation of the District Engineer of Honolulu District, U.S. Army Corps of Engineers, is
that the tentatively-selectedrecommended plan (Alternative 3A-2.2) be authorized for implementation as a
Federal project.

Based on October 2845-2016 price levels, the estimated total project first cost of the tertatively-selected
recommended plan is $173,364,000-5306,095,000. The Federal share of the project first cost would be about
$112.687,000-5198,962,000 (65 percent), and the non-Federal share would be about $60,677,000-5107,133,000
(35 percent). The non-Federal sponsor would be responsible for OMRR&R of the project after construction, a
cost currently estimated at about $928,000-5985,000.

This recommendation will be contingent upon such discretionary modifications as deemed necessary by the
Chief of Engineers and funding requirements satisfactory to the Administration and Congress.

This Environmental Impact Statement was done as part of a Federal feasibility analysis. Project features and land
use requirements identified in the recommended plan were based on this analysis. To move into the next phase
after feasibility, Congressional authorization, funding, and a partnership agreement with a non-Federal entity is
required. As the design is refined, the impacts and environmental consequences of those actions will be
evaluated and mitigated accordingly. The impact analysis within this document will be utilized as a threshold to
determine whether additional environmental review is triggered.

4 Unresolved Issues has been moved to Section 5.19.5.
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Table ES-6. Summary of the Environmental Consequences (IMP) and Proposed Mitigation Measures (MM) for the Tentatively-SelectedRecommended Plan and

Alternatives

No Acti
Impact?® ° ctl?n Tentatively-SelectedRecommended Plan Alternative 2A
Alternative
GEOLOGY, SEISMICITY, and SOILS
Impact (IMP) GEO-1: Erosion resulting from No impact Approximately 52-55 acres of ground disturbance; best Greater extent of ground disturbance
construction-related ground disturbance management practices (BMPs) would be implemented as part of | (approximately 67 acres). Less than
Stormwater Pollution Prevention Plan (SWPPP). Less than significant; no mitigation required.
significant; no mitigation required.
IMP GEO-2: Erosion resulting from O&M activities No impact BMPs would be implemented as part of SWPPP. Less than Same as tentatively-seleetedrecommended
significant; no mitigation required. plan.
IMP GEO-3: Reduced functionality and/or No impact Mitigation Measure (MM) GEO-1: Detailed geotechnical analyses | Lower risk associated with debris catchment
unintended hydraulic consequences due to to be conducted as part of PED and design refinements to be measures in upper watershed. Less than
landslide, subsidence, liquefaction or collapse made accordingly. Less than significant with mitigation. significant; no mitigation required.
SURFACE WATER RESOURCES
IMP SUR-1: Placement of dredged or fill material No impact Construction would involve placement of approximately 1,234 Debris catchment structures would involve
within Waters of the U.S. (including areas cubicyards{yds®)five acres of fill; in waters of the U.S.; in less fill; additional fill for 600-foot-long
considered to be riffle and pool complexes) addition to avoidance and minimization measures, culvert along Manoa Stream; the same
compensatory mitigation would be implemented (see MM BIO- mitigation would be implemented (see MM
4). Less than significant with implementation of mitigation. BIO-4). Less than significant with
mitigation.
IMP SUR-2: Increased channel/bank erosion due to | No impact Measures sited and designed to minimize the need for Same as tentativelyselectedrecommended

disturbance during construction

excavation and grading; BMPs would be implemented as part of
SWPPP. Less than significant; no mitigation required.

plan.

HYDROLOGY AND HYDRAULICS

IMP HYD-1: Reduced extent of potential flooding

Existing flood
risks would not
be addressed.

Implementation of tentativelyselectedrecommended plan

would substantially reduce the 1-percent ACE floodplain, with
decreased water surface elevations of approximately 2.2 feet.
Beneficial.

More residual flooding above Ala Wai Golf

Course, and along upper Manoa and Palolo
streams; decreased water surface elevation
of approximately 1 foot. Beneficial.

WATER QUALITY
IMP WQ-1: Increased sediment and associated No impact BMPs would be implemented as part of SWPPP; excessive levels Same as tentatively-selectedrecommended
pollutants in stormwater runoff during construction of sediment-bound pollutants not anticipated. Less than plan.
significant; no mitigation required.
IMP WQ-2: Accidental release of hazardous No impact BMPs would be implemented as part of SWPPP. Less than Same as tentatively-selectedrecommended

materials during construction

significant; no mitigation required.

plan.
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Table ES-6. Summary of the Environmental Consequences (IMP) and Proposed Mitigation Measures (MM) for the Tentatively-SelectedRecommended Plan and

Alternatives

No Acti
Impact?® 0 ctl?n Tentatively-SelectedRecommended Plan Alternative 2A
Alternative
IMP WQ-3: Flushing and mobilization of No impact Multi-purpose detention basin locations already subject to Manoa District Park detention basin (and

contaminants by flood waters within multi-
purpose detention areas

flooding; pathways and/or concentration levels of contaminants
not expected to significantly change. Less than significant; no
mitigation required.

associated culvert) in area that could have
higher levels of anthropogenically derived
contaminants. Less than significant; no
mitigation required.

IMP WQ-4: Capture and removal of sediment and
debris (including trash and other man-made
debris)

No capture and
removal of
debris/sediment

Removal of sediment/debris would provide water quality benefit
to downstream waters; project is not explicitly designed to
capture sediment, so quantity of sediment and any associated
pollutants to be removed has not been quantified. Beneficial.

Same as tentativelyselectedrecommended

plan.

BIOLOGICAL RESOURCES

IMP BIO-1: Displacement of kukui copse at Makiki No impact MM BIO-1: Trees will be either replaced in-kind following Same as tentatively-selectedrecommended
Detention Basin, and niu and milo trees along Ala construction or relocated to a suitable location near the project plan.

Wai floodwall area. Less than significant with mitigatien.site restoration.

IMP BIO-2: Ongoing vegetation management, No impact Approximately 18 acres subject to vegetation management; Approximately 27 acres subject to

including trimming and clearing, as part of
operations and maintenance

predominantly non-native and/or landscaped species. Less than
significant; no mitigation required.

vegetation management. Less than
significant; no mitigation required.

IMP BIO-3: Temporary flood-related impacts to
vegetation during large-scale flood events

Vegetated areas
within

Approximately 148 acres subject to inundation during 1-percent
ACE flood; predominantly non-native or landscaped species. Less

Approximately 153 acres subject to
inundation. Less than significant; no

floodplain than significant; no mitigation required. mitigation required.
subject to
flooding.
IMP BIO-4: Introduction of new invasive plant No impact MM BIO-2: Implementation of BMPs, including Same as tentatively-selectedrecommended
species washing/inspection of construction equipment, plan.
certification/inspection of revegetation materials, and
monitoring of revegetated areas. Less than significant with
mitigation.
IMP BIO-5: Disturbance and decreased habitat No impact Non-listed native terrestrial species are generally common and Same as tentatively-selectedrecommended
availability for native (non-listed) terrestrial widespread; affected habitat represents very small part of range | plan.
wildlife species available to species. Less than significant; no mitigation
required.
IMP BIO-6: Direct impacts (e.g., injury, death) to No impact MM BIO-3: In-stream work would be limited to low-flow Same as tentatively-seleetedrecommended

native aquatic species as a result of construction
and O&M activities

conditions and standard dewatering and fish exclusion protocols
would be implemented. Less than significant with mitigation.

plan.
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Table ES-6. Summary of the Environmental Consequences (IMP) and Proposed Mitigation Measures (MM) for the Tentatively-SelectedRecommended Plan and

Alternatives

Impact?® No Actl?n Tentatively-SelectedRecommended Plan Alternative 2A
Alternative

IMP BIO-7: Impacts to in-stream aquatic habitat No impact Approximately 4,638-1,898 linear feet of stream within the Approximately 1,742 linear feet of stream
permanent construction hmitsfootprint; approximately 192-295 within construction limits; a similar amount
HUs would be lost. of HUs would be lost; the same mitigation
MM BIO-4: In addition to avoidance and minimization measures, | would be implemented (MM BIO-4). Less
compensatory mitigation would be implemented (removal of than significant with mitigation.
existing barriers to native species passage at two in-stream
structures). Less than significant with mitigation.

IMP BIO-8: Potential impacts to Hawaiian hoary No impact MM BIO-5: Removal of vegetation >15 feet in height to be Less potential for impact in upper

bat resulting from construction activities (e.g., use conducted outside the breeding season (+ure-2-July through watershed as compared to tentatively

of heavy equipment, vegetation removal) Septemberi5)August).August All construction activities would selectedrecommended plan; the same
occur during daytime hours to avoid potential bat foraging mitigation would be implemented. Less
activities. Less than significant with mitigation. than significant with mitigation.

IMP BIO-9: Potential impacts to Oahu elepaio from | No impact MM BIO-6: Trimming or clearing of vegetation in areas of Less potential for impact in upper

construction activities (e.g., use of heavy suitable habitat would be restricted during the nesting season watershed as compared to tentatively

equipment, vegetation removal) (January through Mayune). Less than significant with selectedrecommended plan; the same
mitigation. mitigation would be implemented. Less

than significant with mitigation.

IMP BIO-10: Potential impacts to Hawaiian No impact In the unlikely event that species are present, it is expected they | Same as tentativelyselectedrecommended

waterbirds from construction-related disturbance would readily disperse to nearby areas with higher quality plan.

and increased predation in detention basins during habitat in response to disturbance. Less than significant; no

inundation mitigation required.

IMP BIO-11: Potential impacts to blackline No impact MM BIO-7: Actions to avoid and minimize potential impacts to Less potential for impact in upper

Hawaiian damselfly from construction activities
(e.g., use of heavy equipment, vegetation removal)

the species wil-sehave been identified ithrough consultation
with USFWS; potential actions could range from
modificationrelocation of prejectfeaturelocation-ordesign;ESA
protected species prior to construction to implementation of
other measures to minimize impacts. The objective would be to
reduce impacts to a less-than-significant level. Less than
significant with mitigation.

watershed as compared to tentatively
seleetedrecommended plan; the same
approach to mitigation would be
implemented. Less than significant with
mitigation.
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EXECUTIVE SUMMARY

Table ES-6. Summary of the Environmental Consequences (IMP) and Proposed Mitigation Measures (MM) for the Tentatively-SelectedRecommended Plan and

Alternatives

Impact?® No Actl?n Tentatively-SelectedRecommended Plan Alternative 2A
Alternative
CULTURAL RESOURCES
IMP CUL-1: Construction and operations related No impact MM CUL-1: Treatment recommendations to mitigate potential Less potential for impact in upper
impacts to archaeological and historic resources impacts include avoidance, historic documentation, data watershed as compared to tentatively
within the APE recovery, and community assistance. A Programmatic seleetedrecommended plan, but additional
Agreement is also being developed to establish a process for potential for impact at Manoa District Park;
further resource identification and effects determinations, and the same mitigation would be
resolving adverse effects. Less than significant with mitigation. implemented. Less than significant with
mitigation.
IMP CUL-2: Construction of floodwalls and pump No impact MM CUL-2: Solicitation of design input from interested Floodwalls would be approximately one
stations that diminish views toward and along Ala consulting parties and the State Historic Preservation Officer foot higher (on average) than for the
Wai Canal (SHPO), and incorporation of such input as feasible into the final | tentatively-seleetedrecommended plan; the
design; historic documentation would also be developed. Less same mitigation would be implemented.
than significant with mitigation. Less than significant with mitigation.
IMP CUL-3: Temporary impacts to cultural No impact Measure locations are dominated by non-native species, and Less area within the upper watershed would
practices associated with access limitations within there would still be abundant opportunities to gather resources be temporarily impacted during
measure locations during construction along streams in the upper watershed. Following construction, construction. Less than significant; no
none of the measures are expected to limit access to cultural mitigation required.
resources or practices. Less than significant; no mitigation
required.
IMP CUL-4: Removal or destruction of rocks from No impact MM CUL-3: CensiderwaysMicro-site measure locations to Same as tentatively-seleetedrecommended
the stream bed as a result of construction distributerocksnotintendedavoid impacts to bereturned-te-the | plan.
stream-bed-fellowing-traditional cultural properties (TCPs),
assess measure |locations prior to construction for significant
cultural resources and avoid impacts to eemmunity-members-oer
eulnmnlersanizations dthin-theraspastive-abupeelas TCP
resources to the greatest extent possible during construction.
Less than significant with mitigation.
IMP CUL-5: Inadvertent discovery of human No impact MM CUL-4: Construction contractor would immediately cease all | Same as tertativelyselectedrecommended
remains or other cultural materials work in the area, and appropriate agencies would be notified plan.
according to applicable laws, including NHPA and HRS Section 6E.
Less than significant with mitigation.
LAND USE
IMP LU-1: Temporary construction-related No impact MM LU-1: Construction phasing, easements, and restoration of Same as tentatively-selectedrecommended

disruption of existing land uses

temporarily disturbed areas to pre-project conditions. Less than
significant with mitigation.

plan.
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EXECUTIVE SUMMARY

Table ES-6. Summary of the Environmental Consequences (IMP) and Proposed Mitigation Measures (MM) for the Tentatively-SelectedRecommended Plan and

Alternatives

No Action . :
Impact?® X Tentatively-SelectedRecommended Plan Alternative 2A
Alternative
IMP LU-2: Permanent acquisition of real estate. No impact MM LU-2: The non-Federal sponsor will acquire properties in Same as recommended plan.
accordance with Federal and State real estate laws. Private
property owners will be compensated. Less than significant with
mitigation.
RECREATION
IMP REC-1: Temporary loss of access and use of No impact MM REC-1: Provide adequate notification to inform users of No measures in the Honolulu Forest
recreational facilities during construction construction and alternative recreation locations/access. Less Reserve, but temporary recreation impacts
than significant with mitigation. at Manoa District Park; the same mitigation
would be implemented (MM REC-1). Less
than significant with mitigation.
IMP REC-2: Displacement of recreational area by No impact Measures designed to have the smallest footprint possible, and Same as tentatively-selectedrecommended

permanent footprint of debris and detention
features

to minimize impacts to recreational activities during non-flood
conditions. Additional coordination and mitigation for canoe
paddling will be addressed during the design phase. Less than
significant; no mitigation required.

plan.

IMP REC-3: Limited access and/or use of

Recreational

Multi-purpose detention basin sites currently flood (thereby

Same as tentatively-seleetedrecommended

recreational facilities during and immediately areas would impacting recreational uses); O&M activities would be plan.

following flood conditions (to allow for post-flood continue to be programmed as part of the standard flood responses activities to

clean-up and recovery) subject to minimize post-flood maintenance response time. Less than

flooding significant; no mitigation required.

VISUAL RESOURCES

IMP VIS-1: Temporary visual impacts associated No impact Construction area to be kept free of litter and excess Same as tentatively-selectedrecommended

with construction (e.g., equipment, staged equipment/materials, and maintained in a clean and organized plan.

materials, etc.) condition. Less than significant; no mitigation required.

IMP VIS-2: Addition of in-stream detention basins No impact In-stream detention basins would be screened by existing In-stream debris catchment would be

and debris catchment features in the mid to upper vegetation; measures have also been designed to sit within the installed in lieu of detention basins in most

watershed existing stream channel to the extent possible, and would not be | upper watershed locations, resulting in less
substantially visible from locations beyond the immediately visual impact. Less than significant; no
adjacent areas. Less than significant; no mitigation required. mitigation required.

IMP VIS-3: Addition of multi-purpose detention No impact Multi-purpose detention basins would be comprised of an Additional multi-purpose detention basin at

basins in open space areas

earthen/grass berm, which are expected to blend and be visually
commensurate with the existing park or golf course facilities.
Less than significant; no mitigation required.

Manoa District Park. Less than significant;
no mitigation required.
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EXECUTIVE SUMMARY

Table ES-6. Summary of the Environmental Consequences (IMP) and Proposed Mitigation Measures (MM) for the Tentatively-SelectedRecommended Plan and

Alternatives

Impact? No Act|?n Fentatively-SelectedRecommended Plan Alternative 2A
Alternative
IMP VIS-4: Addition of flood walls and associated No impact MM VIS-1: Design refinements will consider opportunities to Floodwalls would be approximately 1 foot
pump stations along Ala Wai Canal reduce the structure dimensions and incorporate design details higher (on average) than for the tentatively
to reduce visual impacts (e.g., use of construction materials selectedrecommended plan; the same
and/or landscaping to blend structures into surrounding mitigation would be implemented (MM VIS-
environment); this effort will incorporate design input solicited 1). Less than significant with mitigation.
as part of the NHPA Section 106 consultation process. Less than
significant with mitigation.
HAZARDOUS AND TOXIC WASTE
IMP HAZ-1: Accidental release of hazardous No impact BMPs would be implemented as part of SWPPP. Less than Same as tentatively-selectedrecommended
materials (e.g., gasoline, diesel fuel) during significant; no mitigation required. plan.
construction or O&M
AIR QUALITY
IMP AQ-1: Construction-related impacts to air No impact BMPs would be implemented to avoid and minimize potential Same as tentatively-selectedrecommended
quality due to fugitive dust and internal impacts. Less than significant; no mitigation required. plan.
combustion engine emissions
IMP AQ-2: Air emissions from vehicles used for No impact Emission levels would be very low, and would be expected to Same as tentatively-selectedrecommended
0o&M have negligible impact. Less than significant; no mitigation plan.
required.
NOISE
IMP NOI-1: Temporary construction-related noise No impact MM NOI-1: Community Noise Permit to be obtained; BMPs Same as tentativelyselectedrecommended
that exceeds the State’s maximum permissible would be implemented as part of permit requirements. Less plan.
noise levels than significant with mitigation.
IMP NOI-2: Temporary increase in noise levels No impact Noise levels during O&M would be short-term and would only Same as tentatively-selectedrecommended
associated with O&M activities occur on a periodic basis. Less than significant; no mitigation plan.
required.
TRAFFIC AND TRANSPORTATION
IMP TRN-1: Construction-related impacts to traffic No impact MM TRN-1: Preparation and implementation of Transportation Same as tentatively-selectedrecommended

and transportation resources (e.g., increased
congestion; reduced capacity; reduced access and
parking, etc.)

Management Plan. Less than significant with mitigation.

plan.

THIS DOCUMENT IS BASED ON THE INFORMATION AVAILABLE AT THE TIME OF PUBLICATION. THE U.S. ARMY CORPS OF ENGINEERS PLANNING PROCESS IS DYNAMIC AND RESPONSIVE TO PUBLIC AND STAKEHOLDER INPUT; IT IS POSSIBLE THAT THE CONTENT

HEREIN MAY CHANGE AS A RESULT OF REVIEW COMMENTS RECEIVED. THIS DOCUMENT DOES NOT NECESSARILY REPRESENT THE PERSPECTIVE OF HIGHER REVIEW LEVELS WITHIN THE AGENCIES INVOLVED OR THE EXECUTIVE BRANCH OF THE FEDERAL

GOVERNMENT.

ES-18




EXECUTIVE SUMMARY

Table ES-6. Summary of the Environmental Consequences (IMP) and Proposed Mitigation Measures (MM) for the Tentatively-SelectedRecommended Plan and

Alternatives

Impact?® No Actl?n Tentatively-SelectedRecommended Plan Alternative 2A
Alternative
IMP TRN-2: Reduced potential for flooding within Roadways Reduced potential for flooding would provide improved access Same as tentatively-selectedrecommended

important thoroughfares and collector roads (as
well as smaller access roads)

would continue
to be at risk of
flooding.

within and out of the watershed during flood conditions,
including routes used for evacuation and flood response
activities. Beneficial.

plan.

PUBLIC HEALTH AND SAFETY

IMP SAF-1: Decreased number of residents and
visitors subject to flood-related health and safety
risks

Flood-related
health and
safety risks
would not be

Increased protection for the majority of the watershed'’s
residents and most (if not all) of the visitors to Waikiki.
Beneficial.

Slightly less protection than tentatively
selectedrecommended plan due to
additional residual flooding north of the Ala
Wai Golf Course, and along the upper

addressed. reaches of Manoa and Palolo streams.
Beneficial.
IMP SAF-2: Removal of critical infrastructure and Critical 2 of the 4 fire stations, the police station, both medical clinics, Same as tentatively-seleetedrecommended
other public facilities including schools from the 1- | infrastructure and 6 of the 9 emergency shelters would be removed from the plan.

percent ACE floodplain, thus increasing resiliency
in response to flood events

would not be
removed from

1-percent ACE floodplain. Beneficial.

floodplain.
IMP SAF-3: Heightened awareness of flood-related | No impact Increased understanding of potential for flooding, as well as Same as tentatively-selectedrecommended
risks, which is expected to translate to increased increased communication of imminent flood events via plan.
levels of preparedness improvements to the flood warning system. Beneficial.
IMP SAF-4: Potential safety concerns with No impact Multi-purpose detention basin locations already subject to MM SAF-2: Because inlet for Manoa District
detention basins related to risk of failure and flooding; only would be inundated during large-scale floods. Park detention basin is not visible to park
water-related safety hazards (e.g., drowning) MM SAF-1: Regulation under Dam Safety Program (including users, a flood warning system would be
compliance with safety requirements). Less than significant with | provided and would activate when water
mitigation. enters the basin.
PUBLIC SERVICES AND UTILITIES
IMP UTL-1: Decreased flood-response burden on No impact Beneficial. Same as tentatively-seleetedrecommended
police, fire and medical emergency services plan.
IMP UTL-2: Temporary interruption in utility No impact Less than significant; no mitigation required. Same as tentatively-seleetedrecommended
service during construction plan.
IMP UTL-3: Development and implementation of No impact Beneficial. Same as tentatively-seleetedrecommended

detailed O&M plan

plan.

SOCIOECONOMICS AND ENVIRONMENTAL JUSTICE
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EXECUTIVE SUMMARY

Table ES-6. Summary of the Environmental Consequences (IMP) and Proposed Mitigation Measures (MM) for the Tentatively-SelectedRecommended Plan and
Alternatives

Impact?® No Actl?n Tentatively-SelectedRecommended Plan Alternative 2A
Alternative
IMP SOC-1: Reduced potential for displaced No impact Beneficial. Same as tentatively-selectedrecommended
people/housing, impacts to employment/income, plan.
and improved social connectedness in response to
flood
Note:

2 The impact number (IMP) and associated mitigation number (MM) listed in the table are also indicated in the impact analysis discussion in Section 5.0, so as to provide a quick reference between the summary
table and the corresponding text.
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1.0 Introduction

The Ala Wai Watershed is located on the southeastern side of the island of O‘ahu, Hawai’i, and includes Makiki,
Manoa, and Palolo streams, all of which drain to the Ala Wai Canal. The Canal is a 2-mile-long waterway
constructed during the 1920s to drain extensive coastal wetlands, thus allowing development of the Waikiki
District. A large portion of the watershed, including most of Waikiki, is highly susceptible to flooding. At the
request of the State of Hawai’i Department of Land and Natural Resources (DLNR), the Ala Wai Canal Project>®
(hereafter referred to as “the project”) is a flood risk management study being investigated by the U.S. Army
Corps of Engineers (USACE) under the authority of Section 209 of the Flood Control Act of 1962.

Investigations, such as those carried out under Section 209 of the Flood Control Act of 1962, are funded by
specific appropriations and are conducted through a feasibility phase. The feasibility phase consists of a study to
investigate and determine the extent of Federal interest in plans to reduce flood risk. Specifically, the study
includes (1) an assessment of the risk of flooding, (2) analysis of a range of alternatives formulated to reduce
flood risk, and (3) identification of a tentativelyselectedrecommended plan for implementation. ThisdrafiThe
Feasibility Study Report describes the resulis-efthefeasibiity-studyprocess to arrive at a Federal recommended
plan, and includes an integrated Environmental Impact Statement (EIS), as needed to comply with the National
Environmental Policy Act (NEPA) and Hawai’i Revised Statutes (HRS) Chapter 343. Following public and
governmental agency review, this-draftthe Feasibility Study Report with Integrated EIS, hereafter referred to as
the “Feasibility Report/EIS,” will be finalized and submitted to USACE Headquarters for review and approval,
then transmitted to Congress as part of a request for project authorization. Project construction is dependent
upon Congressional appropriation of funding for the Federal share of the project. Once authorized and funded,
the USACE can provide assistance through construction; operations and maintenance (O&M) are the
responsibility of the non-Federal sponsor.

This EIS was done as part of a Federal feasibility analysis. Project features and land use requirements identified
in the recommended plan were based on this analysis. To move into the next phase after feasibility,
Congressional authorization, funding, and a partnership agreement with a non-Federal entity is required. As the
design is refined, the impacts and environmental consequences of those actions will be evaluated and mitigated
accordingly. The impact analysis within this document will be utilized as a threshold to determine whether
additional environmental review is triggered.

1.1 Study Authority

The Ala Wai Canal Project feasibility study is authorized under Section 209 of the Flood Control Act of 1962
(Public Law 87-874). Section 209 is a general study authority that authorizes surveys of harbors and rivers in
Hawai’l-<, but does not provide authority to implement the recommended project. The authorization reads as
follows:

The Secretary of the Army is hereby authorized and directed to cause surveys for flood control
and allied purposes including channel and major drainage improvements, and floods aggravated
by or due to wind or tidal effects, to be made under the direction of the Chief of Engineers, in
drainage areas of the United States and its territorial possessions, which include the following
named localities: Provided, That after the regular or formal reports made on any survey are
submitted to Congress, no supplemental or additional report or estimate shall be made unless
authorized by law except that the Secretary of the Army may cause a review of any examination
or survey to be made and a report theron submitted to Congress, if such review is required by
the national defense or by changed physical or economic conditions: Provided further, That the

5 The project title was originally named the “Ala Wai Canal Project” and for consistency purposes, will remain as such in the congressional
documentation.
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Government shall not be deemed to have entered upon any project for the improvement of any
waterway or harbor mentioned in this title until the project for the proposed work shall have
been adopted by law:

Harbors and rivers in Hawaii, with a view to determining the advisability of improvements in the
interest of navigation, flood control, hydroelectric power development, water supply; and other
beneficial water uses, and related land resources-~Sectien-209-doesnetprovideauthoribyrte
mplementthe recommendedproject..

1.2 Study Sponsor

The USACE is the Federal sponsor of the project; the non-Federal sponsor is the State of Hawai’i DLNR,
represented by the Engineering Division. A Feasibility Cost Sharing Agreement (FCSA) was originally executed
with DLNR in March 2001; the agreement was amended in December 2006 and November 2012.

1.3 Study Scope (Federal Interest)

Consistent with the study authority, the scope of this study is to assess the feasibility of a project to reduce the
risk of flooding in the Ala Wai Watershed; flood risk management is a primary mission of the USACE.

Justification for Federal investment in a project is based on the significance of the problem and the benefits of
possible solutions from a national perspective. A plan recommended for Federal investment must be cost-
efficient, wherein the benefits exceed costs; benefits can include non-monetary benefits such as reducing life-
safety issues. Flooding has occurred within the Ala Wai Watershed on multiple occasions, resulting in recorded
property damages and health and safety risks. Given the extent of development within the watershed
(particularly in the Waikiki District), there are potentially significant benefits associated with implementing flood
risk management measures. As such, investigation of a project to reduce the risk of flooding is within the Federal
interest.

Originally this study was scoped to address multiple purposes, incorporating both flood risk management and
ecosystem restoration.® However, justification for ecosystem restoration needs to be based on national, public,
and technical biological resource significance. An analysis of biological resource significance determined that the
resources within the Ala Wai Watershed are significant at a regional level (versus at a national level). As such,
ecosystem restoration was removed from the scope of the study. The flood risk management measures have
been developed in compliance with existing laws, USACE regulations and policies, with ecosystem impacts
avoided and minimized to the full extent practicable. In particular, the USACE Environmental Operating
Principles (EOP) require “mutually supporting economic and environmental sustainable solutions.” The
ecosystem-related information previously identified as part of the study has been incorporated as part of
environmentally sustainable design considerations, particularly as related to maintaining in-stream habitat and
migratory pathways for native aquatic species, including endemic gobies (o‘opu), shrimp (‘opae) and mollusk
species (hapawai and hihiwai).

1.4 Purpose and Need

In accordance with the requirements of NEPA, a statement should be developed for Federal actions that briefly
specifies the underlying purpose and need to which the agency is responding (40 Code of Federal Regulations
[CFR] Section 1502.13). The purpose and need statement establishes why the Federal agency is proposing an
action and drives the process for alternatives consideration, in-depth analysis and selection of the preferred
alternative through the NEPA process.

6 previous phases of the project also contemplated secondary objectives including water quality, water supply, and recreation. Based on the rescoping of
the project to focus on flood risk management, these secondary objectives were not carried forward.
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The purpose of the project is to reduce flood risk within the Ala Wai Watershed. A high risk of flooding exists
within the Ala Wai Watershed because of aging and undersized flood conveyance infrastructure. Based on the
peak flows computed for this study, it is estimated that the Ala Wai Canal has the capacity to contain about a 20-
te-10-percent annual chance exceedance (ACE) flood” before overtopping the banks. The risk of flooding is
exacerbated by the flashy nature of the streams in the watershed, with heavy rains flowing downstream
extremely quickly due to steep topography and relatively short stream systems.

Overtopping of the Canal has previously flooded Waikiki multiple times, including during the November 1965
and December 1967 storms and during the passage of Hurricane Iniki in 1992. Upstream areas are also at risk of
flooding, as demonstrated by several recent events, including the October 2004 storm that flooded Manoa
Valley and the March 2006 storm that flooded Makiki. The October 2004 event was estimated to have a

4 percent chance of occurring in any single year, and caused more than $85 million in damages (at 2004 price
levels) (USACE, 2006a). Multiple other past flood events have been documented within the watershed over the
course of the past century. In addition to recorded property damages, these events have contributed to health
and safety risks, including two known deaths (associated with flooding in December 1918 and December 1950)
(USACE, 2006a).

Analyses conducted in support of this project show that the 1-percent ACE floodplain extends over
approximately 1,358 acres of the watershed. Within the floodplain, the affected population is comprised of
approximately 54,000 residents plus an additional estimated 79,000 visitors in Waikiki on any given day. In
addition to threatening the safety of both residents and visitors, a major flood event could result in catastrophic
damages to structures and property throughout the watershed, with impacts to WaikikT crippling the local
economy. Modeling results indicate the 1-percent ACE flood would result in damages to more than

3,000 structures, with approximately $318-million-51.14 billion in structural damages alone (2043-2016 price
levels), not accounting for loss in business income or other similar economic losses.

1.5 Study Area

The Ala Wai Watershed is located on the southeastern side of the island of O‘ahu, Hawai’i. The watershed
encompasses 19 square miles (mi?) (12,064 acres) and extends from the ridge of the Ko‘olau Mountains to the
nearshore waters of Mamala Bay. It includes Makiki, Manoa, and Palolo streams, which flow to the Ala Wai
Canal, a 2-mile-long, man-made waterway constructed during the 1920s to drain extensive coastal wetlands.
This construction and subsequent draining allowed the development of the Waikiki District. The study area is
shown in Figure 1.

Overall, the Ala Wai Watershed contains approximately 200,000 residents, and is the most densely populated
watershed in Hawai’i. The upper portion (approximately 7.5 mi? or 40 percent of the watershed) is zoned as
Conservation District, which is intended to protect natural and cultural resources, including the island’s aquifer.
The remaining approximately 11 mi? of the middle and lower watershed is heavily urbanized, supporting a high
density of single-family residences, condominiums, hotels and businesses, as well as many public and private
schools, including the University of Hawai’i at Manoa (UH), the largest university in the state. Within this urban
footprint, the population density is one of the highest in the nation with 12.36 persons per urbanized acre
(Fulton et al., 2001). In addition to a variety of residential, commercial, and institutional development, the
watershed also includes the Waikiki District, a prime tourist destination that attracts more than 79,000 visitors
per day. In large part because of the tourism industry, Waikiki is the primary economic engine for the state,
providing 7 percent of the gross state product, 7 percent of the civilian jobs in the state, and 9 percent of the
State and County tax revenue (DBEDT, 2013).

7 The 1-percent ACE floodplain is the area that is inundated by a flood with a 1-percent chance (1 in 100) of occurring in any single year. These are also
commonly referred to as the 100-year floodplain and 100-year flood (but does not necessarily mean that this degree of flooding occurs every 100
years). This definition also applies to floods of other magnitudes (e.g., a 20-year flood is a flood that has a 5-percent chance of occurring and a 10-year
flood has a 10-percent chance of occurring in any single year, respectively).
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1.6 Study History and Background

In response to a request from DLNR, the reconnaissance phase of the Ala Wai Canal Project was initiated in
April 1999. At that time, Federal, State, and local agencies sought a comprehensive management and
restoration plan to restore aquatic habitat and biological diversity in the Canal and upstream tributaries. The
reconnaissance report was submitted in August 1999 and recommended that the USACE assist the State with
restoration of the Canal. Approval by USACE for continuation into the feasibility phase was granted in
September 1999.

Independently, the Ala Wai Flood Study was initiated in September 1998 under the Planning Assistance to States
(PAS) Program (Section 22 of the Water Resources Development Act [WRDA] of 1974) to determine the
potential flood risk to the Waikiki area, in response to a request by the DLNR Land Division. The study was
completed in October 2001 and documented a high flood hazard associated with potential overtopping of the
Ala Wai Canal. This study identified several mitigative measures and conceptual alternatives that could
potentially minimize flood damages to Waikiki and surrounding area. The results of this technical study were
used to establish that the USACE could be involved in the investigation of flood risk management in the Canal.
As a result, a flood risk management objective was added to the Ala Wai Canal Project, thus expanding the
project focus to both ecosystem restoration and flood risk management in the Canal area.

The FCSA was executed between USACE and the non-Federal sponsor, DLNR Engineering Division, in 2001. The
feasibility phase of the project was initiated in July 2002, and an EIS scoping meeting was held in June 2004.
Subsequently, in October 2004, heavy rains caused Manoa Stream to overtop its banks, resulting in significant
damages. In response, the USACE temporarily ceased work on the feasibility study, such that the project could
be expanded to include the upstream portions of the Ala Wai Watershed. While the cost-share agreement was
being amended to address a more comprehensive scope, the U.S. Department of Agriculture (USDA) Natural
Resources Conservation Service (NRCS) received Federal funds to identify specific actions to address flooding in
Manoa Valley. The Manoa Watershed Project was initiated in 2006 and resulted in detailed topographic
mapping, hydrologic and hydraulic modeling, and identification of potential measures to address specific flood
problems.8 However, because of insufficient Federal funding to complete the project, the Manoa Watershed
Project was terminated before implementation.

Information developed through the Manoa Watershed Project by NRCS was subsequently incorporated into the
Ala Wai Canal Project, which was re-started in 2007. A second EIS scoping meeting was held in October 2008.
Project-related efforts were primarily focused on bringing the technical information for the entire watershed up
to the same level of detail as produced for Manoa under the Manoa Watershed Project.

In October 2012, a charrette was held to re-scope the study as part of the USACE Civil Works Planning
Modernization process.® The purpose of the charrette was to bring together the USACE project delivery team
(PDT), Pacific Ocean Division, and Headquarters staff with the non-Federal sponsor and other cooperating
agencies, in order to determine the path forward for completing the feasibility study in compliance with current
USACE planning requirements. Key outcomes of the charrette included consensus on the problems and
opportunities, objectives and constraints, screening and decision criteria, the initial array of alternatives, and a
framework for identification of the tentativelyselectedrecommended plan. Based on the project review at the
charrette, ecosystem restoration was eliminated as a study objective, as it was determined that the biological
resources within the watershed do not have enough national significance to adequately justify ecosystem
restoration as an objective. However, as described in Section 1.3, the ecosystem-related information previously
identified as part of the study is being incorporated where possible as part of environmentally sustainable

8 This work was conducted by the USACE on behalf of NRCS via a Support Agreement in compliance with a Memorandum of Agreement between USACE
and USDA, pursuant to the Economy in Government Act (31 .US.C. s.1535.).

9 The charrette was held on October 16 through 19, 2012, with the purpose of reaching consensus on the actions needed to complete the project on

budget and schedule, including a clear path for identification of the tentativelyselectedrecommended plan (USACE, 2012). Participants included the
project delivery team, non-Federal sponsor, USACE Division and Headquarters staff, and cooperating agency representatives.
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design considerations, particularly as related to maintaining in-stream habitat and migratory pathways for native
aquatic species.
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1.7

Related Projects and Activities

A variety of projects and activities have been recently completed, are ongoing, or are planned for
implementation in the watershed. Although not part of the project, the scope and status of these efforts have
been tracked for consideration in the planning process, conceptual design development, and impact analysis.
Table 1 summarizes the related projects and activities that have been identified, and the applicability to the
planning process. This list will continue to be updated and refined based on ongoing input from the non-Federal
sponsor and project stakeholders.

Table 1. Related Projects and Activities

Applicability to Planning

routing through the Ala Wai Canal, with landing
between Ala Moana and McCully Bridge

Project Name Description Project Sponsor Status
Process
. . Three major compon.ents to addres? damage Reduces potential flood
Hamilton Library from 2004 flood: (1) library renovation, .
. . . Completed damages; incorporated as
Reconstruction (2) construction of new chiller and transformer | UH . - L .
. Sy e L in 2010 part of existing conditions in
Project building, and (3) hazard mitigation to minimize .
. . . economic model
impact of any future flood on library operations
UHC . Specifically fi d
Drainage Master | Development of drainage plan for U campus, | 2033 lndate |l drainage, which s
g as part of overall Master Plan In progress g, )
Plan not part of USACE authority
Plan Identifies specific flood
UH Hazard Multi- | Development of hazard mitigation plan for the . mitigation actions, but plan
e UH adopted in .
Mitigation Plan UH system itself does not reduce extent
2009 .
of flooding or damages
Rainfall Construction of two concrete dispersion Does not affect hydrologic
Dispersion channels designed to spread out point DLNR Completed modeling of peak flows or
Channels, Round discharge from existing drainage culverts on in 2010 extent of flooding; considered
Top Drive Round Top Drive as part of existing conditions
Ala Wai Earthen swales leading to the Canal were filled Zoranleted e
. : . . Specifically focused on
Elementary in when the bike path and community garden State Dept. of 2ol . pecirically . : L
. . . . internal drainage, which is
School Drainage were created; project re-established Education (DOE) | Currently .
. N not part of USACE authority
Improvements drainageways from the school to Canal incomplete
A.Ia Wai Sewer Replacgment of te.mporary St?wer pipe from the | City and County Completed Does not affect flood risk
Pipe Ala Wai Canal behind Ala Wai Elementary School| of Honolulu in 2013 management in watershed
Replacement down Ala Wai Boulevard to Ala Moana park (CCH) &
; e
HECO 46kV - . underways ‘
Undereround Remov§l 9f exllstlng 46-kilovolt (kV) Hawaiian construction | Does not affect flood risk
Cnaerground transmission line that crosses the Canal . planned-for management, but would be
Cable adjacent to Ala Wai Elementary School; to be Electric Co. coordinated for purposes of
ProtectionRelocat ) o ntary ! (HECO) 26172618 L purp
. .~ | replaced via directional drilling below Canal design/implementation
ion Project Completed
in 2019
Cold deep sea water pumped up from the
o bottom of thg ocea.n and passed thrc?ugh heat Does not affect flood risk
Waikiki Sea exchanger, with chilled water then distributed .
. . . - In planning management, but would be
Water Air via an underground distribution system to Kaiuli Energy -
e . o . . stage coordinated for purposes of
Conditioning various buildings; intake pipe proposed for

design and implementation
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Table 1. Related Projects and Activities

Project Name

Description

Project Sponsor

Status

Applicability to Planning
Process

Construction

. Demolition of existing concrete chute structure : Reduces potential flood
Woodlawn Bridge and construction of a new grouted rip-rap dro . damages; incorporated as
Flood Mitigation . & PTaparoP | pinR awardedin ges; Incorporated as
. structure to increase the bridge opening part of existing condition in
Project . 2016 .
conveyance capacity hydraulic model
completed
in 2019
Transit planning study to address
transportation needs through Waikiki; study Stud Does not affect flood risk
Waikiki Regional presents eight proposals to address existing Y management, but would be
. . . . CCH completed -
Circulator Study problems, including core network of pedestrian . coordinated for purposes of
. . . in 2013 L .
and bike paths (e.g., pedestrian bridge over design/implementation
Ala Wai Canal)
R . . L . Ala Wai Does not affect flood risk
Riparian Planting of native plants in riparian corridor
. . f _ Watershed management, but would be
Restoration Pilot along tributary to Manoa Stream to test e In progress -
Project survivorship rates in shaded areas Association coordinated for purposes of
(AWWA) design/implementation
Development of a watershed management
Watershed plan for the Primary Urban Center, as requireq Honolulu Board ‘
by the State Water Code; the goal of the plan is Plan development has not
Management . . of Water Supply | future In
Plan to provide short-, mid-, and long-range (BWS) roaress started
guidance for the sustainable management and progress
use of surface and ground water resources
Bath tric (hyd hi f the Al
2 . ymetric (hy rogr_ap ic) furvey O. e A W Does not significantly affect
Wai Canal and the Manoa-Palolo Drainage srotinsin .
. . . . potential flood damages;
Ala Wai Dredging | Canal, and a topographic survey of the existing 201E- . .
. . . maintenance dredging does
and Ala Wai Canal walls and pedestrian walkway cradeing .
DLNR not reduce flood impacts, but
Improvement area to be conducted. Based on the survey uected-te .
. . . would be coordinated for
Project results, the Canals will be dredged and eceurin urposes of
improvements will be made to the Canal walls 2647In P p . .
. design/implementation
and pedestrian walkway area. progress
Formed as a result of the Hawai’i Disaster Risk
Workshop; th f th ist . .
. orkshop; the purpose o . e group s O. Current actions of working
increase awareness regarding catastrophic roup are not expected to
Ala Wai natural disaster risk, and facilitate stakeholder group . P
. . S . . . affect project analyses, but
Partnership engagement in designing, funding, building and | Various In progress .
. S . outcomes will be used to
Working Group maintaining integrated infrastructure systems . .
. . inform the planning process
that improve the resilience of vulnerable as apbropriate
communities in the Ala Wai Watershed and pprop
Waikiki.
Ala Wai Canal :?&ISSZ:ETEE: Oitbrisett T;Z:g?nmezroiliir: State Does not affect flood risk
Watershed g. . PIng, tpregress management in watershed.
. control, construction site runoff management, Department of . .
Implementation . . . . . Last updated | Integrated into the City &
o discharge management) in compliance with Transportation - .

and Monitoring . . N in CCH FY19 County of Honolulu’s Annual

National Pollutant Discharge Elimination (DOT) .
Plan . . Monitoring Plan.

System (NPDES) permit requirements

Periodi | of h i h

eriodic rem_oyé of tras /d_ebrls and ot ?r_ Community . Does not affect flood risk
Stream Clean-ups | clean-up activities along Manoa and Makiki Ongoing
groups management

streams
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SECTION 1.0 INTRODUCTION

1.8 Planning Process

The USACE feasibility planning process is comprised of six steps, as specified by USACE planning regulations and
guidance, including Engineer Regulation (ER) 1105-2-100 “Planning Guidance Notebook” (USACE, 2000). These
steps include (1) specification of water and related land resources problems and opportunities, (2) inventory,
forecast, and analysis of water and related land resources conditions within the study area, (3) formulation of
alternative plans, (4) evaluation of the effects of the alternative plans, (5) comparison of the alternative plans,
and (6) identification of a tentativelyselectedrecommended plan based upon the comparison of the alternative
plans. This process is based on a 50-year period of analysis extending from the base year (which in the case of
this project is assumed to be 2026, based on the proposed construction schedule).

Recognizing the need to modernize their planning process with an emphasis on delivering high-quality feasibility
studies within shorter timeframes and at lower costs, the USACE has recently applied a SMART [Specific,
Measurable, Attainable, Risk Informed, Timely] planning approach to the six-step process (USACE, 2012a). The
SMART planning approach emphasizes risk-based decision making (focusing on Specific, Measurable, Attainable,
Risk Informed, [and] Timely goals and decisions) and focuses on three primary requirements for feasibility
studies (referred to as the “3x3x3 Rule”): completion within 3 years, at a cost of no more than $3 million, and
with 3 levels of vertical team alignment (including the applicable USACE District, Major Subordinate Command
(MSC), and Headquarters). Other key components include (1) focusing the detailed analysis and design on the
tentatively-selectedrecommended plan, and (2) identifying the appropriate level of detail, data collection, and
modeling based only on what is necessary to complete the feasibility study.

The planning process was primarily conducted by the PDT, which comprises designated representatives from the
project sponsors (USACE and DLNR Engineering Division), partnering agencies (CCH), and consultants. The PDT is
responsible for overseeing the planning process, and meets on a regular basis to review and make decisions
relative to project development tasks. Consistent with the requirements of the SMART planning process and
3x3x3 Rule, periodic reviews are held with the vertical team (comprising USACE District, Division, and
Headquarters staff) to confirm the direction of project development relative to major milestones.

1.9 Report Organization

As noted above, this report integrates into a single document the results of the USACE feasibility planning
process, as well as the NEPA and HRS Chapter 343 environmental review requirements, including analysis and
disclosure of the potential environmental impacts and mitigation (as needed to inform planning and decision-
making). An overview of the report chapters as related to the planning process is provided below. Those
chapters or sections required by NEPA and/or HRS Chapter 343 are indicated by an asterisk in the Table of
Contents.

e Chapter 2 (Need for and Objectives of Action) addresses the specification of water and related land
resources problems and opportunities, which is the first step in the planning process. Building on this
information, it presents the objectives and constraints of the proposed project.

e Chapter 3 (Plan Formulation) is the heart of the feasibility process and therefore is presented before the
detailed discussion of resources and effects. It summarizes key elements of the second step of the planning
process (inventory and forecast of watershed conditions) to the extent necessary to establish the future
“without-project condition” for consideration in the development of alternative plans. It presents the results
of the third through sixths steps with increasing detail per each successive iteration, including formulation,
evaluation and comparison of alternative plans, as well as the identification of the tentatively
seleetedrecommended plan.

e Chapter 4 (Summary of Alternatives) briefly summarizes the alternatives that were considered as part of
the environmental impact analysis, pursuant to NEPA and HRS Chapter 343. This chapter also includes a
summary of those alternatives eliminated from further consideration (and the rationale for their
elimination).
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o Chapter 5 (Affected Environment and Environmental Consequences) covers the second step of the
planning process (inventory, forecast, and analysis of water and related land resources) in greater detail
than what was provided in Chapter 3. It also provides additional detail on the fourth step of the planning
process (evaluation of the effects of the alternative plans).

The remaining chapters discuss public involvement and agency coordination (Chapter 6); describe compliance
with applicable laws, policies, and plans (Chapter 7); provide a detailed description of the tentatively
selectedrecommended plan (Chapter 8), present the recommendation (Chapter 9); list the report preparers
(Chapter 10); and provide the index and references (Chapters 11 and 12).
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2.0 Need for and Objectives of Action

2.1 Problems and Opportunities

Problems and opportunities are those conditions that can be addressed through water and related land resource
management of the study area, and serve as the foundation for the remainder of the planning process. Based on
the broadly defined goal for flood risk management, specific flood-related problems and opportunities were
defined for the study area. This information was compiled as part of an iterative process, based on the results of
previous studies and input from the project stakeholders. The resulting list of problems and opportunities is
summarized below.

2.1.1 Flood-Related Problems

¢ Flooding can result from typical rainfall events, and is exacerbated by the flashy nature of the streams and
debris generated by the surrounding watershed.

Within the study area, rain typically falls in the mountainous areas of the upper watershed, often with little
precipitation in the lower elevations. Rain storms can be intense in volume but typically are of a limited
duration, and the timing of the peak flow rate from mountains to sea is approximately 30 minutes. The flashy
nature of these flood events can result in conditions that threaten life safety and cause significant property
damages.

The results of modeling conducted in support of this project indicate that peak flow discharge from the
1-percent ACE flood would be approximately 19,500 cubic feet per second (ft3/s) at the mouth of the Ala Wai
Canal.10 The modeling results indicate that the majority of the peak flow delivered to the Ala Wai Canal is
from Manoa Stream; Palolo Stream has the next highest contribution, followed by Makiki Stream. Peak flows
are enhanced by decreased infiltration, both as a result of impervious surface area in the urbanized
watershed and invasive species dominated forests in the upper watershed.

In October 2004, flash flooding occurred in Manoa Stream that was an estimated 4- to 5-percent ACE flood
event. The energy of the flood dislodged trees in the upper watershed and from the stream banks and
transported debris from the urbanized watershed, resulting in blocked bridges; cars were also transported
from one stream bank to the other (see Figure 2). Over $85 million in damages was caused by this event{at

2004 -price-levels).

Figure 2. October 2004 Flood, Debris Blockage and Car Damage at Woodlawn Bridge, Manoa Stream

10 additional detail regarding the hydrologic and hydraulic modeling effort is provided in Appendix A.
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SECTION 2.0 NEED FOR AND OBJECTIVES OF ACTION

In March 2006, 40 days of consistent rainfall fell within the watershed. Although none of the storm events
were very large (typically a 10-percent ACE event or less), the consistent rain resulted in flooding in the

Figure 3. Flooding on Makiki Stream in 2006
(Source of photo (left): M. Baker, Century Center; (right): D. Oda, Honolulu Star Bulletin)

o Urbanization of the watershed has placed more people and properties at risk of flooding.

Modeling conducted in support of the project indicates that approximately 1,358 acres of the Ala Wai
Watershed is within the 1-percent ACE floodplain, as shown in Figure 4. Over 3,000 properties are in the
1-percent ACE floodplain, with an estimated $318-millien-51.14 billion in structural damages alone (at a 2043
2016 price level). The majority of the economic damages are expected to occur within Waikiki, given the type
and value of development within this portion of the existing floodplain. It is important to note that the USACE
modeled floodplain shows a greater extent of flooding than the National Flood Insurance Program (NFIP)
maps, which were recently updated and are in the process of being adopted by the Federal Emergency
Management Agency (FEMA), as the USACE model incorporates a larger area into the analysis and accounts
for impacts from increased urbanization in the upper watershed.

The potential for flooding creates a life safety risk for residents, visitors and workers in the watershed. The
affected population within the existing 1-percent ACE floodplain is comprised of an estimated 54,000
residents, plus an additional estimated 79,000 visitors in Waikiki on any given day. The affected population is
expected to be even larger during daytime hours, when there is an influx of students to at least 3340 public
schools, private schools, and universities (with approximately 28,529-48,000 students), as well as workers to
the Waikiki District and other centers of employment (e.g., UH), which collectively provide more than 65,000
jobs. As evidenced by past flooding events, there is a potential for life loss from flooding in the watershed; in
addition, health and safety threats include injuries associated with movement of debris and/or health
concerns related to contaminated floodwaters. These threats are compounded by the fact that many people
within the study area are unaware of the potential threats, so may not be adequately prepared or able to
respond in the event of a flood.

Much of the critical infrastructure in the watershed is located within the existing 1-percent ACE floodplain,
which elevates the life safety risks and decreases the community’s ability to recover from potential flooding
events. This infrastructure includes 4 fire stations, 1 police station, 2 hospitals, 2 nursing facilities and 9
emergency shelters. In addition, the existing floodplain includes many of the major roadways in the
watershed, including the primary access in and out of Waikiki.
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SECTION 2.0 NEED FOR AND OBJECTIVES OF ACTION

e Historic alterations to the stream channels do not adequately manage flood risk.

The Ala Wai Canal was originally designed and constructed to provide drainage, not flood protection.11

Pravioy celecing ethasacaee e-contathron O-percentA cod-t=dyrare Noeda,199
7

Based on current modeling (which incorporates canal depths based on bathymetric survey data from 2008),
the Canal is expected to enlyhold the capacity to contain a 20-percent ACE flood. Development activities
along Makiki, Manoa, and Palolo streams have resulted in channel projects with different capacities along the
same stream. As a result of these non-systematic channel projects, choke-point locations have been created,
such as those on Makiki Stream at Fern Street and on Manoa Stream at Woodlawn Drive, resulting in a
reduced channel capacity to handle flood flows. In addition, much of the existing flood risk management
infrastructure is approaching the end of its design life. This aging infrastructure may not be functional in 2076
(the end of the design life for the Ala Wai Canal Project).

Similarly, the storm drainage system managed by CCH is also aging and, in many cases, in need of
improvements to meet the present day development and runoff levels. Some of the storm drainage systems
do not adequately convey the water off the landscape and to the stream channels, thus increasing sheet flow
flooding on streets and other open areas within the watershed. Local drainage issues are not a focus of this
study but have the potential to add to the localized flooding issues. CCH is developing plans and projects to
address the storm drainage issue in areas of concern within the study area.

e Stream channel capacities are diminished due to debris and sediment.

Historically, the upper watershed was dominated by a native forest that was well adapted to the tropical flash
flood systems in the watershed. The canopy structure was complex and captured rainfall, absorbing and
slowing its energy before it hit the ground. The trees had strong, stable roots to withstand high water and
wind velocities and secure sediment. The understory also helped to stabilize soil. The upper watershed is now
dominated by invasive tree species with shallow root systems, limited understory cover, and a simple canopy
structure that does not adequately slow the rainfall. As a result, during large storm events, the upper
watershed contributes a high amount of large woody debris and sediment, beyond natural background levels.
This sediment and debris decreases channel capacities and blocks flow under bridges, thus exacerbating
flooding. For example, debris from both the upper watershed and surrounding urban areas resulted in
blockage of flow under the Woodlawn Drive Bridge during the 2004 Manoa flood; this caused flows to jump
out of the channel and flood the UH campus (USACE, 2006a).

In addition to debris from the upper watershed, debris from adjacent properties also contributes to the
problem. In Hawai’i, land is typically owned to the centerline of the stream and landowners are responsible
for maintaining the stream. Within the study area, there are more than 1,000 property owners of the stream
channels. CCH has some responsibilities to maintain the stream when there is an imminent threat of flood or
to clean up in response to a flood event. However, regular maintenance has been limited to the properties
and bridges owned by CCH or the State of Hawai’i. There is no regular comprehensive maintenance program
for the entire stream system within the watershed.

¢ Flooding may be exacerbated by climate change and associated projected increases in sea level rise.

In the last 30 years, Hawai’i has seen the 1 percent ACE daily rainfall events increase by 12 percent. Climate
change models, while not conclusive, indicate that this trend may continue, which has the potential to affect
the frequency of intense flooding in the future.

The island of O‘ahu is already experiencing impacts from sea-level rise. The Waikiki area has experienced an
increase in flooding and inundation of underground parking areas and stormwater outfalls associated with
high tide events. Dewnscaled-climatecha or-thearea-from-Diamond-Head to-Pearl Harbor

1 It has been estimated that in the early 1900s, approximately 85 percent of the modern Waikiki district was under water (Hibbard and Franzen,

1986). Growing health concerns over mosquitoes and a desire to more fully develop the Waikiki District led to the construction of the Ala Wai Canal to
divert the streams and drain the wetlands (Weigel, 2008). The Canal was constructed in the 1920s, with dredged material used to fill the wetlands
makai (oceanward) of the Canal; this allowed these areas to be developed for residential and commercial purposes.
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SECTION 2.0 NEED FOR AND OBJECTIVES OF ACTION

result, climate change scenarios were integrated into the study to evaluate current and forecasted future

conditions. Following USACE sea level rise guidance, the low, intermediate and high sea-level rise rates for
2075 are 0.41, 1.02 and 2.96 feet (0.12, 0.31, and 0.90 meters).

e Hurricanes and tsunamis cause flood damage in the lower portions of the watershed, in addition to the
rainfall flooding events.

Hurricane-related storm surge can cause extensive flooding. In Hawai’i, Hurricane Iniki (1992) resulted in
flooding of roads and underground garages and the first level of some Waikiki hotels. However, hurricanes in
Hawai’i typically occur between June and November, which is primarily during the dry season (May to
September). Hurricanes are not the same as the meteorological events that can bring intense flood-
producing rainfall, which usually occur during the wet season (October to April). Rain associated with
hurricanes passing Oahu historically has not been heavy enough to cause significant flooding. The largest
recorded storm events in Hawaii were caused by different meteorological conditions from hurricanes, such as
an upper level trough or low pressure system over a tradewind condition, which allows moist air to aggregate
and produce heavy showers and thunderstorms. Such events are meteorologically different than passing
hurricanes or tropical storms. The November 2000 flood in Hilo, Hawaii had 32 inches in 24 hours, the East
Honolulu New Year's Eve flood of 1987/88 had 22 inches in 24 hours, and the downtown Honolulu Flood of
March 5-6, 1958 had 17.41 inches in 24 hour are examples of damaging floods of this type of meteorological
condition (US Amy Corps of Engineers, 1985). Fortunately, Oahu has never been directly hit by a hurricane in
modern recorded history, so there is no data that hurricane wave run-up and hurricane produced rainfall can
occur at the same critical time period. The passage of Hurricane Iniki to the south of Oahu in 1992 did caused
water to top the banks of the Ala Wai canal due to wave set-up but rainfall on Oahu from this hurricane was
insignificant. Thus, based on the data, high rainfall storm events were considered independent of hurricanes.
Similarly, tsunamis are not expected to be coincident with a major storm resulting in riverine flooding. Given
the low probability of these events occurring at the same time, it was decided that potential storm surge
would not be included as part of the hydraulic conditions utilized in the economic modeling;12 a discussion of
the risks censidered-aspartof thisdecisiensea level rise and coincident flooding are further discussed in
Section 8.3. Regardless of this decision, seme-ef-the flood-risk reduction measures (e.g., Ala Wai Canal
floodwalls) were evaluated under coincident storm conditions, but only in terms of project performance. The
results of this analysis show that line of protection improvements would be expected to provide protection
from storm surge within the Ala Wai Canal.

2.1.2 Flood Reduction Opportunities

Opportunities to reduce flood risk in the study area generally correspond to the problems described in
Section 2.1.1. Opportunities that have been identified to date include the following:

e Reduce flood peaks in the watershed.

e Improve channel and bridge conveyance capacities.

e Reduce runoff though increased infiltration.

e Improve the storm drainage system.

e Reduce debris contributions from the watershed and stream channels.

e Incorporate environmentally-sustainable design features into flood risk management features (including
those to maintain fish passage).

e C(Clarify land ownership boundaries and maintenance responsibilities.

o Improve flood warning system.

12 The backwater condition for the hydraulic model is based on mean high tide, inter-annual tidal variability and future sea level rise.
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e Educate and increase communication of flood risks.
e Provide tools or incentives to help property owners protect their property (such as flood insurance).

It is important to note that some of these opportunities may exceed the authority of the USACE and/or non-

Federal sponsor, and therefore may not be pursued as part of this project. Beyond those opportunities listed
above, routine dredging of the Ala Wai Canal, coastal storm protection and localized drainage issues are not

within the scope of study and may be addressed through other Federal, State, and City and County programs
and projects. However, relevant information from those efforts would be incorporated by reference into the
study where applicable.

2.2 Objectives and Constraints

2.2.1 Federal Objective

As specified in the USACE Planning Guidance Notebook (ER 1105-2-100), the Federal objective of water and
related land resources planning is to contribute to national economic development (NED) consistent with
protecting the Nation’s environment, pursuant to national environmental statutes, applicable Executive orders
(EOs), and other Federal planning requirements. To demonstrate consistency with the Federal objective, the
effects of a project must be analyzed to demonstrate that the project benefits outweigh the costs within the
context of the NED account. The NED account displays changes in the economic value of the national output of
goods and services.

2.2.2 Planning Objective

In general, the Federal objective is not specific enough to guide the plan formulation process, so rather is
considered as an overarching goal. As such, a focused planning objective was developed specifically for this
project. Planning objectives represent desired positive changes from the future without-project conditions, and
should be defined based upon the problems and opportunities identified for the study area.

The planning objective for the Ala Wai Canal Project is to reduce riverine flood risks in the Ala Wai Watershed
through the 50-year period of analysis.

2.2.3 Planning Constraints

Constraints are restrictions that limit the planning process, and should be considered as part of project
development; these can include resource constraints (such as limitations on schedule, budget, and/or technical
knowledge) and legal constraints (such as limitations in USACE policy), as well as study-specific constraints
identified by the PDT and project stakeholders. Constraints identified to date and considered in the planning
process include, to the extent practicable, avoidance and/or minimization of the following:

e Shifting of flooding to downstream areas

e Induced flood damages (e.g., through impacts to internal drainage)

e Development of infrastructure that is incompatible with existing land uses, regulations or policies;
e Induced development in the existing floodplain

e Significant reduction of migratory pathways or habitat for endemic aquatic species, or increase of
habitat for invasive aquatic species

e Impacts to nearshore marine resources at the mouth of the Canal

2.3 Related Issues

Based on the scoping and stakeholder involvement efforts conducted to date, there are several issues and
concerns that have been identified beyond the flood-related problems listed in Section 2.1.1; these are
summarized in the following bullets. It is important to recognize that not all stakeholder concerns can be
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addressed within the current project authority; however, to the extent possible, these issues and concerns were
considered throughout the feasibility planning process.

o Need for stream maintenance: One of the issues repeatedly raised by stakeholders is inadequate
maintenance of the waterways within the watershed. Maintenance-related issues are complicated by the
fragmented land ownership along the waterways, inconsistent approaches to maintenance by different
landowners, limited accessibility, limited resources and excessive costs. Several State and County agencies
are tasked with maintenance of waterways, but overlapping jurisdictions and non-coordinated approaches
result in poor maintenance practices.

e Desire for more natural stream conditions: Stakeholders have expressed the desire that no additional
stream channelization occur within the watershed, as well as an interest in restoring existing concrete
channels to a more natural condition.

o Degraded water quality: Stakeholders have repeatedly expressed concerns regarding the water quality of
the streams and channel in the watershed. Water quality is an important health and safety concern,
particularly to recreational users in the Ala Wai Canal (e.g., canoe paddlers). Water quality issues start in the
upper watershed with such problems as uncontrolled erosion and bacteria. Water quality issues also include
polluted runoff and the input of trash into the streams from adjacent residential and urbanized areas. Trash
and debris exiting the Canal is also a concern to the DLNR Division of Boating and Ocean Recreation (DOBOR)
and to users of the Ala Wai Boat Harbor, as debris can damage boats and is expensive to remove.

e Low awareness of flood risks: Many residents are not aware of the potential flood risks. In some parts of
the watershed (e.g., the urbanized portion of Palolo Valley), flooding has not occurred since the storm drain
system was put in place and the stream was channelized. Significant flooding from the Ala Wai Canal has not
occurred since the late 1960s; therefore, residents are generally not aware of the potential magnitude of
flooding. However, many stakeholders are concerned about the potential additional impact of sea-level rise
in the lower reaches of the watershed. Community members throughout the watershed highlighted the
need for better information and education of both adults and children on watershed issues, including flood
risks and how to better care for the streams.
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3.0 Plan Formulation

Based on the six-step feasibility planning process, plan formulation involves development and evaluation of
alternative plans to address the specific planning objectives. Consistent with the requirements of the USACE
Planning Guidance Notebook (ER-1105-2-100), the planning objectives and determination of Federal interest
guide the planning process, which results in identification of a tertativelyselectedrecommended plan. This
chapter summarizes the specific plan formulation process that was conducted for the project.

3.1 Plan Formulation Strategy

Given the multiple layers of complexity and geographic scope of the study, the PDT developed a strategy to
guide the plan formulation process. The plan formulation strategy incorporated a methodical approach to
assembling flood risk management measures into alternative plans, and a multi-criteria screening process based
upon existing data and available information, coordinated professional judgment, and risk-informed
assumptions. Figure 5 shows the overall structure and results of the formulation process. In general, the process
involved an initial grouping of conceptual flood risk management measures based on the identified problems
within the watershed; these groupings were used to compile alternative plans, which were then focused from
broad flood risk management concepts to a combination of site specific actions that best met the overall
planning objectives/constraints. The nomenclature for the alternatives was modified over the course of this
process to reflect refinements made to each alternative (e.g., after refinements were made, Alternative 2 was
renamed Alternative 2A). Details regarding the approach and outcome of the plan formulation process are
provided in the subsequent sections.

An increasing level of detail was used at each stage of the alternatives formulation process, as needed to
develop and refine the conceptual management measures and alternative plans, and ultimately, to provide the
basis for evaluation and comparison of the final array of alternatives. In general, the early stages of plan
formulation were based on concept-level information using available information from existing studies coupled
with professional judgment, and culminated with the development of 35% design-level engineering plans and
Class 3 cost estimates for the tentativelyselectedrecommended plan. The planning process consisted of a
number of iterations which include the following:

e lteration 1: Initial Formulation of Alternative Plans — Development and grouping of management
measures into alternative plans at a conceptual level; screened via qualitative criteria; completed in
2012

e |teration 2: Viable Array of Alternative Plans — Cursory technical analysis was performed to site
management measures in the landscape; site-specific conditions were then evaluated under broader
environmental, cultural and effectiveness criteria to screen to a final array; completed in 2013

e lteration 3: Final Array of Alternative Plans — Conceptual designs (10%) were developed for each plan
along with detailed modeling, cost estimates and environmental analysis; comparison between plans in
the final array was completed and a recommended plan selected; completed in 2015

e lteration 4: Refinement of the Selected Plan — The selected plan was evaluated in increments using
economic criteria and optimized for levels of protection; a cost-schedule risk analysis was completed
and design refinements (35% design) integrated to fully estimate the anticipated costs of plan
implementation; completed in 2016

A variety of models were used to support the plan formation process, including Hydrologic Engineering Center’s
Hydrologic Modeling System (HEC-HMS) for the hydrologic modeling, Hydrologic Engineering Center’s River
Analysis System (HEC-RAS) for hydraulic modeling, and Hydrologic Engineering Center’s Flood Damage
Reduction Analysis (HEC-FDA) for the economic analysis.
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3.2 Screening Criteria

A comprehensive set of screening criteria were developed for the formulation of flood risk management
measures and alternatives as part of the Re-scoping Charrette.13 The criteria were defined within the context of
the Federal criteria specified in the USACE Planning Guidance Notebook (ER 1105-2-100), which should be
considered for all Federal water resource projects, and include the following:

e Completeness (or the extent to which a given alternative plan provides and accounts for all necessary
investments or actions to ensure realization of the planned effects)

e Effectiveness (or the extent to which an alternative plan alleviates the specified problems and achieves the
specified opportunities)

e Efficiency (or the extent to which an alternative plan is the most cost effective means of alleviating the specific
problems and realizing the specified opportunities)

e Acceptability (or the viability of the alternative plan with respect to acceptance by State and local entities and
the public, and compatibility with existing laws, regulations, and public policies)

The resulting screening criteria are summarized in Table 2. These criteria were used at each stage of the
formulation process, with the metrics reflecting the increasing level of detail, so as to help focus and refine the
measures and alternative plans.

Table 2. Screening Criteria Considered in Plan Formulation Process

Criteria

Description

Technical feasibility?

The extent to which the measure/alternative can be constructed and/or implemented

Implementation cost®

The cost to implement the measure/alternative (not including operations and maintenance costs)

O&M requirements®

The actions (and associated cost) required to operate and maintain the measure/alternative

Cost-effectiveness®

The extent to which the benefits of the measure/alternative outweigh the overall cost

Availability of land?®

The extent to which the necessary land (and adequate space) is available for implementation of the measure/alternative

Acceptability — public
sentiment®

The extent to which the measure/alternative would displace people and/or activities, or would generate significant
stakeholder concerns

Acceptability — legal®

The extent to which the measure/alternative is consistent with applicable laws, regulations and policies

Compatibility/dependency?

The extent to which the measure/alternative requires additional actions to function properly

Social fairness¢

The extent to which the measure/alternative treats each community fairly (i.e., does not transfer flood risk to another
community, or does not unfairly favor one community over another)

Flood damage reduction®

The extent to which the measure/alternative reduces flood damages within the watershed

Reduction in life safety risks®

The extent to which the measure/alternative reduces life safety risk factors (e.g., affected population and flood characteristics)

Community resilience®

The extent to which the measure/alternative contributes to the community’s ability to recover from a large flood event
(considering impacts to critical infrastructure)

Environmental (biological)
impact?

The extent to which the measure/alternative would result in significant impacts to biological resources (including in-stream
habitat and fish passage for key aquatic species, riparian habitat, and water quality)

Archaeological/cultural
impact?

The extent to which the measure/alternative would result in significant impacts to historical, archaeological, and/or cultural
resources

Note: The screening criteria were defined within the context of the four Federal criteria, as follows:
2 completeness ° effectiveness © efficiency ¢ acceptability

13

Criteria specific to ecosystem restoration were originally identified as part of the Re-Scoping Charrette, before ecosystem restoration was eliminated as a project Gb}eet—i—vegurgosc. These related to

aquatic species habitat, fish passage, riparian habitat, and water quality. Although these were applied during early stages of the alternatives formulation process, they were no longer used for screening

once the ecosystem restoration eb}eet—t—ve purpose was eliminated. However, given the overall interest in avoiding/minimizing environmental impacts and providing environmentally sustainable
solutions, a more general environmental impact criterion was added for the flood risk management measures and alternatives.
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Figure 5. Plan Formulation Approach
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3.3 Key Assumptions Regarding Anticipated Future Conditions

The future without-project condition (i.e., the No Action Alternative for the NEPA and HRS Chapter 343 analysis)
is the most likely condition expected to exist in the future in the absence of a proposed project. The future
without-project condition defines the benchmark against which the alternative plans are evaluated. In general,
the anticipated future conditions should consider present day actions, laws, and policies (such as regular
maintenance of existing structures), as well as reasonably foreseeable actions (such as capital improvement
program [CIP] budgeted items, changes in land use, and climate change), with assumptions based on existing
literature or best professional judgment from subject matter experts.

The key assumptions relative to future conditions are summarized below; a detailed discussion of the
methodology and assumptions is provided in Appendix A (with results of the hydrologic and hydraulic modeling
of the future without-project floodplain summarized in Chapter 5.4.2.1).*

e Sea-level Rise: Sea-level rise within the project area will range between 8-25and-222fee+0.41 t0 2.96
feet (6-08-+te-0-68-meter0.125 to 0.90 meters)-+n-2670 by 2075 (based on USACE analysis of the low,
intermediate, and high rates). The modeling of future conditions is based on the intermediate rate of
sea-level rise, which was added to the starting backwater condition (mean high tide of 1.08 feet) plus
the inter-annual variability of the tidal data of 0.4 feet in the Ala Wai Canal.

o lnereased-Rainfall: PastRecent studies have indicated that the frequency of heavy rainfall events on
Oahu will not increase while-thelightest-precipitation-events-areprojected-toor decrease- under future
climate change. The modeling of the future-without project condition is based on ar-8,12and-16
percentinerease-inthe-National Oceanic and Atmospheric Administration (NOAA) Atlas 14 values,
which do not quantitatively take the pro1ect|ons for the—tew—mtemore&afee—aﬁd—mgh—%ef—future
rainfall fregueney-intensity; ; g
mpaets—m—ﬂqe-um%edéta%es-%a#et—a—zegg-)—” resultlng from cllmate change into account.

e Increased Imperviousness: Land uses within the watershed are not anticipated to significantly change in
the future, but redevelopment of the urban areas is expected to result in increased imperviousness
within the watershed; the overall impact relative to quantity of runoff is expected to be small, but
cumulative over time. The increase in runoff from the urban areas was incorporated into the hydrologic
modeling of the future without-project conditions by increasing the Curve Number (CN) values for those
areas within the urbanized portion of the watershed to account for less infiltration.14

e Debris Generation: The amount of debris generated within the watershed is not expected to
significantly increase from the estimates used in the existing without-project condition model. Invasive
species, which can result in increased debris and sediment contributions because of their shallow root
systems and brittle branches, are already dominant throughout much of the upper watershed. The
modeling of the future without-project condition assumed no increase in debris generation for the low
rate, a 5 percent increase in the bulking factor for the intermediate rate, and a 10 percent increase for
the high rate.

14 The CN method (Natural Resources Conservation Service, 2004) is used in the existing without-project model to account for infiltration and impervious
areas and is based on land cover and hydrologic soil group classification.
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3.4 Conceptual Flood Risk Management Measures

In response to the identified problems and opportunities, a broad array of potential flood risk management
measures was compiled. Specifically, this included conceptual structural measures within the following five
categories, each of which represent a different approach to flood risk management: (1) peak flow reduction,

(2) increased channel capacity, (3) debris management, and (4) minimization of flood damages. This effort relied
on the results of existing report and studies, particularly the Manoa Watershed Study and the Ala Wai Study
(Oceanit, 2008a; USACE, 2001), as well as sponsor and stakeholder input and professional judgment.

Based on the screening criteria listed in Section 3.2, the management measures were screened, resulting in
several measures being eliminated from further consideration. In particular, a number of the flood risk
management measures were based on a broader multi-purpose, comprehensive watershed planning approach
and therefore were determined to not be within the USACE’s authority specific to flood risk management. The
initial measure screening effort was conducted as part of the Re-Scoping Charrette (USACE, 2012), with
additional screening by the PDT based on subsequent analysis. The conceptual flood risk management measures
identified for consideration in the plan formulation process and the final results of the conceptual measure
screening process are listed in Table 3.

3.5 Non-Structural Solutions

Consistent with USACE policies and regulations which require equal consideration of structural and non-
structural solutions, non-structural measures were also formulated. In general, flood risk is based on a
combination of probability and consequence; non-structural measures focus on reducing the consequence of
flooding (as opposed to the probability of flooding), Specifically, non-structural measures reduce the
consequence of flooding by modifying the characteristics of development in the floodplain and the behavior of
people living within the floodplain (as opposed to modifying the characteristics of floods). That is, they change
the use of the floodplain or accommodate existing uses in the floodplain, without changing the extent and
nature of the flood itself.

The initial effort to identify non-structural measures was based on a high-level screening of structures/ buildings
within the existing floodplain that would sustain enough damage to economically justify some kind of non-
structural solution, and determination of whether a non-structural solution would be technically adequate, cost
effective and capable of implementation. This effort identified opportunities for floodproofing and other non-
structural approaches for approximately 340 structures or buildings (including approximately 115 residential and
225 commercial/institutional structures and buildings) along Manoa, Palolo, and Makiki streams, as well as in
Waikiki. These generally include raising, relocating, and acquiring or buying-out structures; floodproofing; and
building individual berms and floodwalls to protect small clusters of buildings. Acquisition and permanent
relocation were not further considered, as these solutions are not justifiable due to the land prices in Hawai’i.
Flood warning systems were also identified as another form of nonstructural solution that could be developed
for the Ala Wai Watershed. As these systems contribute to improving life safety and community resilience for a
relatively small cost, there is no separate economic justification.

Non-structural solutions were considered both as a stand-alone non-structural plan, as well as in combination
with structural solutions; these efforts are discussed further throughout the remainder of Section 3. A detailed
description of the methods and results of the non-structural formulation process is provided in Appendix B.

3.6 Iteration 1 — Initial Formulation of Alternative Plans
3.6.1 Definition of Stream Reaches

To allow for consideration of problems and opportunities on a site-specific basis, as the foundation for the plan
formulation process, the streams and canals within the watershed were delineated into distinct reaches. The
stream reaches were primarily defined based on hydraulic conditions (such as stream confluences and bridge
locations), and were further delineated based on geomorphologic characteristics (e.g., steep upper reaches vs.
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depositional lower reaches), channel conditions (e.g., natural vs. concrete), and surrounding land use. The
extent of each reach is shown in Figure 6.

3.6.2  Preliminary Grouping of Structural Measures

The conceptual flood risk management measures that were carried forward from the screening process, as
indicated in Table 3, were then grouped into various combinations. This effort was conducted as part of the Re-
Scoping Charrette, using focus groups to combine various management measures to address the existing flood-
related problems and opportunities in the geographic subregions of the watershed (i.e., Manoa, Makiki, and
Palolo streams and the Ala Wai Canal), with the location of each measure generally assigned based on the
stream reaches shown in Figure 6. This process was informed by the results of the previous studies specific to
Manoa and the Ala Wai Canal (Oceanit, 2008a; USACE, 2001); these concepts were then extrapolated to address
problems within Makiki and Palolo.

Through this process, some measures that had been initially carried forward were screened from further
consideration. In particular, the measure that involves pumping peak flows from the Ala Wai Canal was
eliminated due to technical feasibility and significant implementation cost (including real estate acquisition
requirements). As summarized in Table 3, it was determined that the size of the pumps needed to move the
necessary volume of water would be excessive; the discharge pipes would need to extend into the ocean to
avoid discharge into the boat harbor; and floodwalls would still be needed along the Canal (to account for
increased hydraulic head when the gates are closed). In addition, the cost of the pumps and the land needed to
house the pumps would be significant.

These efforts resulted in identification of eight preliminary groups of conceptual management measures, as
listed in Table 4 and shown in Figure 5.

3.6.3 Initial Array of Alternative Plans

Based on a review of the preliminary grouping of management measures within the context of the identified
problems, planning objectives and previous study results, it was determined that the formulation of alternative
plans should build on these groupings, with a focus on maximizing solutions that address flood risk and benefits
in key areas likely to be impacted throughout the watershed (as opposed to taking a reach by reach approach).
Using the results of the measure screening and preliminary measure groupings, as well as the preliminary
identification of non-structural solutions, the following strategies were developed by the PDT to guide the
formulation of an initial array of alternatives:

e Attenuate water in areas with the highest volume of peak flow (i.e., the upper reaches of Manoa
Stream).

e Distribute floodwater attenuation across available open space areas in the urbanized watershed.

e Maximize solutions where the majority of the flood risk and damages occurs (i.e., the Ala Wai Canal).

e Incorporate non-structural solutions, where possible.

Based on these strategies, the PDT generated a total of four structural alternative plans. Of the four structural
plans, two involved solutions centering on a single measure: one based on a dry reservoir (dam) in Manoa, and
one focused on modifications to the Ala Wai Canal. The other two alternatives were comprised of a composite
of detention basins that sought to cumulatively attenuate floodwaters across the watershed. Of these, one
involved siting detention basins in available open space areas throughout the urbanized watershed (with
minimal detention in the upper watershed). Recognizing the potential community impacts associated with use
of park space, the other alternative sought to maximize detention in the upper watershed (in a similar location
as the dam, but through a combination of smaller-scale features). Formulation of the detention alternatives
generally involved combining several of the preliminary measure groups, in order to eliminate duplication in the
initial array of alternatives. Consistent with USACE requirements, a non-structural alternative was also
formulated, and was comprised of all the potentially justifiable non-structural measures that were initially
identified for the watershed.
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Table 3. Identification and Screening of Conceptual Flood Risk Management Measures

Results of Measure Screening?

flows; create flow modification structures upstream of bridges to increase velocities under bridges

el
Measure Category Conceptual Measure General Description B %
e8| £ Rationale
EE|E
S8 &
. . . . Subsurface detention basins were initially carried forward, but were eliminated from further consideration durin
Detention basins (surface | Create surface and/or subsurface temporary storage facilities to collect flood flows during larger . L y . . . . &
. reformulation of the initial array due to limited flood damage reduction (e.g., small storage capacity) and high
and sub-surface) storm events; operate to control storm flow . . . . . . . .
implementation cost (i.e., not cost effective). Surface detention basins were retained for further analysis.
Retention and infiltration ers . Eliminated from further consideration based on limited flood damage reduction (e.g., small storage capacity) and
. L Create facilities to capture and return storm flows into shallow or deep groundwater areas; can be L . . .
basins / injection wells / . . . o high implementation cost (i.e., not cost effective).
used to intercept hill slope runoff; can be used to create wetlands for habitat
wet ponds
Dams / reservoirs Create larger storage facilities than detention basins; can also create permanent pools for habitat ° Carried forward for further analysis.

Peak Flow Reduction . . Initially carried forward for further analysis; must be paired with an associated measure (e.g., detention basin).
Diversion/Bypass L . . . . . ) . .
structures (surface and Create sub-surface diversions to divert flows from constricted channel areas; create surface ° Woodlawn Ditch bypass structure subsequently eliminated from further consideration, as it was determined to be
sub-surface) diversions to protect hill slope areas; create sub-surface or surface diversion from Canal to ocean cost prohibitive (including significant real estate requirements). Noelani bypass structure also eliminated because

detention basin was not carried forward.
Initially carried forward, but subsequently eliminated from further consideration based on technical feasibility and
Pump peak flows Install pump system to pump peak flows out of streams/Canal . high implementation cost associated with excessively large pumps, extensive discharge pipes into ocean, and
floodwalls.
Various methods of retaining stormwater to allow for natural infiltration and decreased runoff; Eliminated from further consideration as measure is not within the USACE authority and does not substantially
Low Impact Development | typically implemented on individual properties (residential or commercial) in many locations . decreased flood risk. If desired, measure would need to be pursued by the non-Federal sponsor.
throughout watershed
. . . . . Initially carried forward, but subsequently eliminated from further consideration based on high implementation
Widen stream Widen stream channels/Canal to increase flow capacities; channels can also be widened to allow v . d 4 . . & P L
. . . L] costs and lack of available land. Measure also presents significant cultural impact concerns for the Canal, which is a
channel/Canal more natural channel evolution (e.g., channel migration) . .
historic property.
Deepen stream _— . ;. Eliminated from further consideration as the cost is substantial, and measure does not provide for significant
Deepen existing stream channels and/or dredge Canal to increase flow capacities L] . . . . .
channel/Canal increase in capacity; therefore the measure is not cost effective.
Levees and floodwalls Create levees and floodwalls to increase capacities of streams/Canal . Carried forward for further analysis.
Increase Channel, Storm dd | outlet for the Al | d h hul d Il df d, b b ly el df furth d d land labil
; ; Create additional outlet for the Ala Wai Canal (e.g., extend on the Kapahulu end to exit near Initially carried forward, but subsequently eliminated from further consideration due to land cost/availability. In
Drain and Bridge Add outlet for Canal X (eg P ° ay seauenty e . ; ; / Y
Capacities Natatorium) addition, measure would result in water quality and other significant environmental impacts.
Add overflow channel for . . Eliminated from further consideration due to high implementation cost and limited land availability, as well as a
Add overflow channel for the Ala Wai Canal; could function as a wetland swale . . . € P . . ¥
Canal limited capacity to reduce flood damages; therefore the measure is not cost effective.
Improve local drainage Modify or improve storm drainage system where needed or to work with other flood risk o Eliminated from further consideration as measures is not within USACE authority. If desired, measure would need
system management improvements; retrofit to reduce maintenance requirements to be pursued by the non-Federal sponsor.
. . Modify or replace bridges (and modify channel as needed) to allow more capacity to pass peak Carried forward for further analysis, but subsequently eliminated as measure would not substantially address
Modify or replace bridges ¥ P ges ( y ) pacity to pass p ° \ q Y Y

existing flooding problem and the cost is excessive.
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SECTION 3.0 PLAN FORMULATION

Table 3. Identification and Screening of Conceptual Flood Risk Management Measures

Results of Measure Screening?

planning

flood management plans

el
Measure Category Conceptual Measure General Description B %
e8| £ Rationale
EE|E
S8 &
Debris basins / collection Construct debris basins to collect natural debris and/or install structures (e.g., vortex trash ° Carried forward for further analysis.
structures separators, net systems, screen/rack systems, trash booms, etc.) to collect urban debris in streams
Debris Management
Vegetation management Develop and implement vegetation management program that includes inspection, clearing and . Ellml.nated from further consideration as measure is not within USACE authority; O&M responsibilities are the
program trimming of vegetation likely to contributes debris to streams purview of the non-Federal sponsor.
Flood control district Obtain no-cost maintenance easement from stream-side landowners; a single entity would be o Eliminated from further considerations as the USACE does not have the authority to implement this measure.
responsible for operations and maintenance as a special drainage district
Third-party land trust Use third-party land trust to acquire land adjacent to the streams/canal and improve maintenance ° Eliminated from further considerations as the USACE does not have the authority to implement this measure.
party under single ownership
Maintenance permittin Develop general permits to facilitate maintenance activities by both private landowners and . Eliminated from consideration as measure is not within USACE authority; O&M responsibilities are the purview of
Channel Maintenance P g government agencies the non-Federal sponsor.
Stream bank maintenance | Manual and/or organization to help landowners design, permit and implement actions to restore o Eliminated from consideration as measure is not within USACE authority; O&M responsibilities are the purview of
program and maintain portions of the stream bank located on private property the non-Federal sponsor.
Establish maintenance fund for operations and maintenance (responsibility assigned to single Eliminated from consideration as measure is not within USACE authority; O&M responsibilities are the purview of
Maintenance fund entity); fees could be assigned based on degree of risk reduction (e.g., those no longer within (] the non-Federal sponsor.
floodplain as a result of project)
- Elevate or flood-proof structure in the flood hazard areas; encourage construction of structures in Carried forward for further analysis.
Decrease susceptibility of . . . . .
. the flood prone areas to use flood resilient materials; acquire and relocate residences outside the .
existing structures
flood hazard areas
S Manage future Implement floodplain development standards through zoning ordinances, building codes, or Eliminated from further considerations as the USACE does not have the authority to implement this measure.
Minimize Flood Damages . hd
development establishment of flood easements
Flood preparedness Outreach communication strategies to communicate flood risk, encourage flood preparedness, The primary responsibility to undertake this activity would be the non-Federal sponsor. Workshops to address
prep and purchase of flood insurance; provide improved site specific flood warning system; update .

flood preparedness planning for the Ala Wai Canal would be initiated prior to the completion of the study.

Note:

@ The measure screening was initially conducted as part of the Re-Scoping Charrette held on October 16 through 29, 2012 (USACE, 2012b); additional screening was subsequently conducted by the PDT.
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SECTION 3.0 PLAN FORMULATION

Table 4. Preliminary Grouping of Conceptual Management Measures?

A Manoa Dam

B Manoa Debris and Detention Basin Measures (including Noelani School detention basin and a series of detention basins and
diversions throughout Manoa)

C Manoa/Palolo Debris and Detention Basin Measures

D Manoa/Palolo Dry Reservoir and Detention Basin Measures

E Lower Makiki, Mo ili‘ili, and Waikiki Detention and Low Levee Measures (including a dry reservoir in Manoa)

F Combination of Manoa and Palolo Dry Reservoir and Detention Basin Measures with the Lower Makiki, Mo‘ili‘ili and Waikiki

Detention and Low Levee Measures

G Ala Wai Canal Measures (including widening the Canal and building an additional outlet to the ocean through Kapi‘olani Park)

Note:

2 The preliminary measure groupings were developed at the Re-Scoping Charrette. They initially included a group of ecosystem restoration measures,
as ecosystem restoration was still a project objective at this time. As previously described, ecosystem restoration was subsequently dropped as an
objective, based on which, this group of measures was eliminated from further consideration in the plan formulation process.

Through the course of this effort, additional screening was performed on the management measures, based on
further consideration of technical data and best professional judgment. The following summarizes the
management measures that were eliminated from further consideration and the rationale for screening; this
information is also reflected in Table 3.

Woodlawn Ditch Bypass. This measure would require a large underground diversion structure (8-foot by 8-
foot box culvert) to be constructed along Woodlawn Drive from Woodlawn Ditch and entering Manoa
Stream downstream of Woodlawn Bridge. Based on the high implementation cost (including significant real
estate requirements), this measure was determined to not be cost effective and was therefore eliminated
from further consideration.

Additional Outlet for Ala Wai Canal. The group of measures focused on modifications to the Ala Wai Canal
(Group G) was originally conceptualized to include construction of an additional outlet from the Canal to the
ocean. However, further analysis identified land availability as a key concern (as the measure would require
use of Kapi‘olani Park, which is a heavily used regional park). In addition, long-shore current studies suggest
that polluted waters from the Ala Wai Canal would be transported to beaches throughout Waikiki and could
result in impacts to designated Federal and State marine protected areas, favored surfing spots, and coral
reef areas. As such, the measure was eliminated from further consideration.

Widening Ala Wai Canal: The group of measures focused on the Ala Wai Canal also originally included
widening of the Canal. Further analysis indicated that this measure would involve extremely high
implementation costs. In particular, a significant amount of land acquisition would be required, presenting
concerns with land availability and overall real estate cost (due to both the large number of properties, as
well as the real estate values in the Waikiki District). This measure would also require major modification of
the Canal, which is listed as a historic property on the Hawai’i Register of Historic Places.

The resulting alternatives, and the primary focus of each is listed below:

Alternative 1 (Manoa Dam): This alternative was formulated to maximize attenuation of water in the upper
Manoa watershed, where the majority of peak flows are generated.

Alternative 2 (Multiple Debris and Detention Basins in Developed Portion of Watershed): This alternative
was formulated to maximize attenuation of water through multi-purpose detention basins within open
spaces in the currently developed portions of the watershed.
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e Alternative 3 (Multiple Debris and Detention Basins in Upper Watershed): This alternative was formulated
to modify the location and dimension of measures in Alternatives 1 and 2, with debris and detention basins
in the upper watershed to address concerns related to construction of a single, large dam and use of park
space.

e Alternative 4 (Ala Wai Focus): This alternative was formulated to maximize structural solutions where the
majority of the benefits occur (i.e., along the Ala Wai Canal).

e Alternative 5 (Non-Structural): This alternative was formulated based on all of the non-structural measures
that were initially identified, including raising or waterproofing (and in some cases, installing ring levees or
non-structural berms) for approximately 340 structures within the watershed.

In general, each alternative was formulated to address existing flood risk throughout the watershed, while
maintaining focus on the original strategy for each alternative. In addition, debris catchment was incorporated
into the upper reaches of Manoa and Palolo streams (either as a stand-alone measure, or as part of a detention
basin), in order to address known debris-related problems. Where economically feasible, opportunities to
reduce flood damages through non-structural measures were included as part of the four structural alternatives.
In particular, improvements to the existing flood warning system were included in all of the alternatives. The
measures that were included in each alternative in the initial array, and the general location of each measure
(based on the reaches defined in Section 3.6.1), are listed in Table 5.

The initial array of alternatives was then screened by the PDT using the screening criteria described in

Section 3.2. Based on the principles of SMART planning, the screening process relied on existing information
from previous studies (e.g., Manoa Technical Report and Ala Wai PAS Study), as well as best professional
judgment. The results of this process confirmed that all five alternatives in the initial array were suitable to carry
forward for further refinement and consideration as part of the plan formulation process.
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Table 5. Initial Array of Alternative Plans

Sub- . Alternative
watershed Measure Stream Reach Location 112 3 2
Dry dam MAN8 Upper watershed L

Debris and detention basin MANS Waihi Stream e o
Debris catchment MANS8 Waihi Stream o
Debris and detention basin MANS8 Waiakeakua Stream e (o
Debris catchment MANS8 Waiakeakua Stream o
Detention basin MANG6a Below Woodlawn Cemetery e | o
Manoa
Debris catchment MANG6a Po’elua Place o (o o
Multi-purpose detention basin MAN4 Manoa District Park °
Debris catchment MAN3 Innovation Center o o
Multi-purpose detention basin MAN2 Noelani School °
Multi-purpose detention basin MAN1a/1b UH Athletic Field L]
Non-structural (e.g., floodproofing)?| MAN 1-6, MPC1/2 Various structures o | o o o
Debris and detention basin WAI2 Wai‘6ma‘o Stream °
Debris catchment WAI2 Wai‘6ma‘o Stream e (o o
Debris and detention basin PUK2 Pikele Stream o
Palolo Debris catchment PUK2 Pikele Stream o o o
Floodwalls PAL4 Palolo Stream o o
Floodwalls (right bank) MPC1 Just before Ala Wai Canal L °
Non-structural (e.g., floodproofing)?| PAL3/4 Various structures e | o o o
Debris and detention basin KAH2 Roosevelt High School e | o
Detention basin MAKS5 Old BWS Site e o
Makiki
Floodwalls MAK1a Adjacent to Jack-In-The-Box L L]
Non-structural (e.g., floodproofing)?| MAK 1-4, KAH1, KAO1 | Various structures o | o o o
Low floodwalls (<6 feet) ALA1, ALA2, ALA3 Both sides of canal e (o
Floodwalls (>6 feet) ALA1, ALA2, ALA3 Both sides of canal L
Als Wai Detention/pump system HAU1 Hausten Ditch L
Multi-purpose detention basin ALA3 Golf course e | o
McCully Bridge modifications ALA2 McCully Bridge L] L]
Non-structural (e.g., floodproofing)®| ALA2, ALA3 Various structures o | o o o
All Flood warning system Not applicable (N/A) | Throughout watershed e | o o o
Note:

2 All of the identified non-structural measures were included in Alternative 5; select non-structural measures were added to each
structural alternative, where economically justified.

3.7

To further refine the alternatives, a variety of technical analyses were conducted. This effort incorporated
additional water surface elevation modeling and a more detailed siting process, with an overall focus on
maximizing completeness, effectiveness, efficiency, and acceptability. Based upon the results of these analyses,

[teration 2 - Viable Array of Alternative Plans
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the PDT reformulated the alternatives; an “A” was added to each alternative name to reflect these refinements.
In addition, mitigation requirements for environmental impacts were estimated and considered as part of the
screening process. These efforts are further described in the following subsections; the resulting changes to each
alternative as part of the reformulation process from the Initial Array to the Viable Array are summarized in
Table 6.

3.7.1  Technical Analysis and Refinement

Structural Measures

To supplement the additional water surface elevation modeling, a multi-disciplinary site visit was conducted in
July 2013.15 The purpose of the site visit was to validate assumptions regarding site-specific conditions, and
refine the conceptual design and engineering information for the suite of measures. Particular attention was
paid to constructability, construction and maintenance access, and potential impacts to sensitive biological and
cultural resources. The PDT used both the modeling results and the site visit observations to reformulate each
alternative, with measures added/removed based on the extent of their contribution to potential flood risk
reduction. Measure locations were modified as needed to improve efficiency and effectiveness. Key outcomes
of the technical analyses and reformulation process are as follows:

e It was originally assumed that the peak flows in the watershed primarily originate in the upper-most
reaches of Manoa. However, the hydrologic analysis indicated that the volume is also high in the mid-
Manoa watershed. Thus concentrating attenuation in just the upper Manoa watershed does not provide
as much protection as originally assumed. As such, it was determined that low floodwalls were needed
along the Ala Wai Canal as part of Alternative 1 to address flooding in Waikiki (additional detention
capacity within the urbanized watershed did not adequately address flooding in Waikiki).

e The measure at Po’elua Place was designed to include both the intake for the Manoa District Park
detention basin and a debris catchment feature. For those alternatives that do not include the Manoa
District Park detention basin, the debris catchment was moved from Po’elua Place downstream adjacent
to the park, thus eliminating the need to acquire privately-owned real estate (Alternatives 1 and 3).

e Based on the design inflow (950 ft3/s), it was determined that the Noelani underground detention basin
would be full in less than five minutes (based on a 1-percent ACE flood), and thus would have minimal
impact on reducing flood peaks. Given the high land and construction costs ($25.6 million and $9.3
million, for the detention basin and associated bypass structure), this measure was determined to not
be cost effective and was eliminated from further consideration (Alternative 2).

e The detention basin that was originally sited at the UH Athletic Field was switched to nearby Kanewai
Field, because it was determined to be more cost effective (Alternative 2). Specifically, the Kanewai Field
detention basin has a larger capacity, and does not require the use of pumps.

e Based on the site visit, several of the debris and detention basins were re-sited to better accommodate
construction and maintenance access requirements and to minimize potential environmental and
cultural impacts. Specifically, the detention basin at the old Board of Water Supply dam (Makiki) and the
debris and detention basin measures on Pikele and Wai‘Oma‘o streams (Palolo) were originally sited in
far upstream reaches; however, these areas were found to have steep topography (which inhibited
access) and a high potential for sensitive natural and cultural resources. As such, the measures were re-
sited to more suitable locations, generally still in the upper reaches but far enough downstream to
address the identified concerns.

e Based on observations made during the site visit, the Palolo Stream floodwalls were eliminated from
further consideration (Alternatives 1 and 4); specific issues include insufficient space for construction

15 The site visit was conducted on July 30 through August 1, 2013 and included the following participants: USACE, DLNR (Engineering and DOFAW), City &
County of Honolulu (ENV, DDC), and USFWS.
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access, extensive private property requirements for construction easements, and high construction
costs. Given the existing constraints, the addition of detention basins in the upper watershed was
determined to be the only viable structural solution that would address flood risk in Palolo.

e The proposed floodwalls along Makiki Stream were determined to be technically impracticable as they
would have to be 16 feet high to adequately contain 1-percent ACE flows (Alternatives 1 and 4). Similar
to Palolo Stream, the addition of detention basins was determined to be the only viable structural
solution that would address flood risk in Makiki. However, even with the addition of detention basins,
there are sizable portions of Makiki in which flooding would still occur that cannot be addressed by the
project, given the existing constraints.

e Alternatives 1 and 4 initially included modification of McCully Bridge, as needed to increase conveyance
of floodwaters through the Ala Wai Canal; various modifications (including bridge replacement) were
considered and analyzed. The cost of bridge modification was determined to be excessive; in addition,
there would be significant impacts to historic properties and traffic. Modeling results showed that
upstream detention could replace the need for bridge modifications, and would also allow for lower
floodwall heights. As upstream detention was determined to be a more cost-effective and acceptable
approach, the bridge modification measure was eliminated from further consideration.

e With the addition of floodwalls along the Ala Wai Canal, it was determined that drainage from Hausten
Ditch needed to be addressed. A detention basin and a pump system were both considered; a detention
basin (with sluice gates) was found to be more cost effective (in large part because of the high O&M
costs for the pump system), so was incorporated into the viable array of alternatives.

Non-Structural Measures

Additional analysis of the non-structural measures was conducted using the updated hydrologic modeling
results to further assess the potential benefits and costs; in particular, this effort placed more emphasis on the
recurring frequency of damages and resulting larger potential flood damage totals. Based on this analysis, many
of the structures were found to be much larger and more expensive to protect than what was initially assumed.
As a result, the initial list of 340 structures that were considered as candidates for inclusion in the non-structural
alternative was narrowed to a list of between 100 and 125 structures (as further described in Appendix B).

Environmentally Sustainable Design Considerations (Avoidance and Minimization of Impacts)

Guidance in ER 1105-2-404 specifies that the plan formulation process should (where practical and supportable)
incorporate efforts to avoid or minimize significant adverse impacts within the guiding principle of limiting
damage to the natural ecosystem. Compensatory mitigation should only be considered after these principles
have been considered. In the spirit of this requirement, the conceptual designs were reviewed for opportunities
to avoid and minimize impacts and otherwise incorporate environmentally sustainable design features. This
effort considered site-specific information regarding ecosystem-related problems and opportunities generated
during previous phases of the project, including those related to in-stream habitat and migratory pathways for
native aquatic species, erosion and sedimentation, and riparian habitat (USACE, 2011). Specific approaches that
were incorporated into the conceptual designs include the following:

e Flood risk management structures were designed to have the smallest footprint possible, while still
meeting engineering and structural requirements for providing adequate flood control.

e In-stream detention basins were sited to take advantage of the natural topography, such that existing
topographic features were used to form the detention basin to the extent possible, thus minimizing the
extent of grading.

e Specific to Wai‘Oma‘o debris and detention basin, which requires excavation for the detention basin, the
low-flow channel and existing substrate would be replaced within the excavated basin following
construction, to minimize potential habitat impacts.
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e The in-stream detention basins use natural-bottom arch culverts where feasible (as opposed to standard
box or circular culvert) to minimize habitat loss and maintain in-stream passage for native aquatic
species.

e All measures were designed to maintain a suitable grade for migration of native species. In particular,
the designs avoid any features that could result in free-falling water (e.g., through the formation of an
overhanging lip/culvert), which would eliminate passage of native species.

e The in-stream detention basins incorporate energy dissipation features, as needed, to maintain channel
form and minimize the potential for erosion and sedimentation.

Compensatory Mitigation for Impacts to Biological Resources

The USACE Planning Guidance Notebook (ER 1105-2-100) requires demonstration that “damages to significant
ecological resources have been avoided or minimized to the extent practicable; that unavoidable damages to
these resources have been compensated to the extent justified; and, that restoration opportunities for
significant ecological resources have been given appropriate consideration.” The regulations further specify that
mitigation requirements should be considered as an integral component of each alternative plan. Based on
these requirements, and after consideration of the avoidance and minimization measures described above, the
PDT determined that compensatory mitigation would be required for unavoidable impacts to biological
resources. In particular, impacts to the aquatic environment are anticipated in order to achieve the project
objective of reducing flood risk.
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Table 6. Refinements from the Initial Array to the Viable Array of Alternatives

Sub- Stream . Alternative Summary of Changes from Initial Array to
hed Measure Reach Location Viable Array for Each Alternati
watershe eac 1 1A 2A 3 3A aA 5A 1able Array Tor Eaci ernative
Dry dam MANS8 Waihi/Waiakeakua Streams | . No substantial changes
Debris and detention basin MANS8 Waihi Stream U U . No substantial changes
Debris catchment MANS Waihi Stream . No substantial changes
Debris and detention basin MAN8 Waiakeakua Stream U . . No substantial changes
Debris catchment MANS8 Waiakeakua Stream U No substantial changes
Detention basin MANG6a Below Woodlawn Cemetery . . . No substantial changes
. . Location changed for Alternative (Alt.) 1 and 3
(] L] L]
Debris catchment MANGa Po'elua Place (based on cost effectiveness); Po’elua Place
still proposed for Alt. 2, as part of the intake
Manoa Debris catchment MANS Manoa District Park ° ° for the Manoa District Park Detention Basin.
Multi-purpose detention basin MAN4 Manoa District Park U No substantial changes
Debris catchment MAN3 Innovation Center . . . No substantial changes
Eliminated from further consideration as
Multi-purpose detention basin MAN2 Noelani School measure would not be cost effective (fills with
water in less than 5 minutes).
Multi-purpose detention basin | MAN1a/1b UH Athletic Field Measure location changed from UH Athletic
Field to Kanewai Field as this location is more
Multi-purpose detention basin MAN1a/1b Kanewai Field . cost effective (does not require pumps).
) MAN1/4/5, . Refined to include approx. 50 structures with
Fl fing? \V} . . . . . . .
oodproofing MPC2 arious structures potential for floodproofing.
Debris and detention basin WAI2 Wai‘dma‘o Stream . . . . Detention added for Alt. 1 and 4 (in place of
Debris catchment WAI2 Wai‘dma‘o Stream . . floodwalls and bridge modification along Ala
Wai Canal). Locations modified to address
Debris and detention basin PUK2 Pikele Stream U o © o access requirements and minimize potential
Debris catchment PUK2 Pikele Stream . ° environmental/ cultural impacts.
P3lolo Eliminated from further consideration as there
Floodwalls PAL4 Palolo Stream . is insufficient construction access; detention
basins added in its place.
Fl Il Alt. 2 limi floodi
Floodwalls (right bank) MPC1 Just before Ala Wai Canal . . . . o‘odwa. added to Alt. 2 to eliminate flooding
at ‘lolani School.
Floodproofing? PAL3-4 Various structures © © O ® e O O Reflne(?l toinclude appr(?x. 20 structures with
potential for floodproofing.
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Table 6. Refinements from the Initial Array to the Viable Array of Alternatives

Sub- Measure Stream Location Alternative Summary of Changes from Initial Array to
watershed Reach 1A 2A | 3 | 3A 4A 5A Viable Array for Each Alternative
. . . . Localized modificati f location t
Debris and detention basin KAH2 Roosevelt High School L . U U U oca. |z.e moditica |o.n ot measure focation to
maximize cost-effectiveness.
Detention basin MAKS old BWS Site . Location modified to address access
requirements and minimize potential
Debris and detention basin MAK4 Above BWS Pump Station © © environmental/cultural impacts.
Makiki Eliminated from further consideration as
. modeling indicated floodwalls would need to
Floodwalls MAK1a Adjacent to Jack-In-The-Box be 16 feet high; detention basin added its
place.
Floodoroofing? MAK2, Various structures . . . . . . Refined to include approx. 40 structures with
P & KAH1, KAO1 potential for floodproofing.
Floodwalls added to Alt. 1 as attenuation in
Low floodwalls (<6 feet) ALA1/2/3 Both sides of canal U U U U . upper Manoa watershed does not provide
adequate protection.
Floodwalls (>6 feet) ALA1/2/3 Both sides of canal No substantial changes
Measure added to accommodate drainage
f H Ditch; ion f
Detention/pump system HAU1 Hausten Ditch . . . o rom Hausten Ditch; detenthn eature was
found to be more cost effective than pump
Ala Wai system (less O&M).
Multi-purpose detention basin ALA3 Golf course . O . No substantial changes
Eliminated from further consideration based
. I . on excessive cost and significant impacts to
M lly B fi ALA2 M lly B
cCully Bridge modifications cCully Bridge traffic and historic properties; replaced with
detention on upstream reaches.
Refined to includ . 15 struct ith
Floodproofing? ALA2, ALA3 Various structures o U o L © © N |ne. o Incude apprz?x structures wi
potential for floodproofing.
L\It(r)Sétural Flood warning system N/A Throughout watershed O . O . . . No substantial changes
Note:

2 All of the identified non-structural measures were included in Alternative 5; select non-structural measures were added to each structural alternative, where economically justified.
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SECTION 3.0 PLAN FORMULATION

The USACE planning process requires that the mitigation for the tentativelyselectedrecommended plan be
based on functional habitat loss and quantified using a habitat-based methodology (i.e., ecosystem output
model). However, recognizing the need to consider mitigation as part of each alternative plan for purposes of
plan formulation (with associated costs included as part of the total project cost), a preliminary estimate of the
potential mitigation requirement was developed for each alternative plan (with the understanding that the
mitigation requirements would be refined for the tentativelyselectedrecommended plan; see Section 3.10). To
identify the preliminary mitigation estimates, the approximate extent of impacts to aquatic habitat and adjacent
forested upland habitat was determined based on conceptual engineering and design information, and a proxy
cost was developed for mitigation based on publically available information for similar projects. The resulting
estimates were included as part of the implementation costs, which are summarized as part of the screening
results (see Table 7).

Mitigation for Impacts to Cultural Resources

Similar to the considerations for environmental mitigation, it was determined that there could be substantial
requirements for addressing potential impacts to archaeological, historical, and cultural resources, and that
these should also be accounted for as part of the screening-level costs. Based on the understanding that the
specific impacts to these resources were not yet defined, the approach to estimating screening-level costs was
based on identifying areas with a high potential for impact. The potential occurrence of archaeological, historical
and cultural resources was assessed based on a review of previous archaeological studies and a site
reconnaissance survey, as summarized in the Cultural Resources and Ethnographic Study for the Ala Wai
Watershed (Cultural Surveys Hawai’i, 2010); this information was also supplemented by observations made by
the team during the multi-disciplinary site visit. For those areas with known archaeological, historical and
cultural resources (or a high likelihood that these resources could occur), screening-level costs were assigned
based on the estimated extent of ground disturbance in that area (using a proxy cost per acre). The screening-
level costs are intended to capture the range of activities that may be required to mitigate potential
archaeological, historical and cultural resource impacts through the design and construction phases, including
(but not limited to) additional resource evaluation, archaeological monitoring and data recovery.

3.7.2  Screening of the Viable Array

Based on the reformulation and refinements described above, the PDT reviewed each alternative within the
context of the plan formulation strategy and overall planning objectives. This evaluation resulted in two key
findings:

e Alternatives 1A and 3A are similar in that they both focus on attenuation of water in the upper
watershed: Alternative 1A through a single, large dam and Alternative 3 through several smaller
detention basins. Other measures originally in Alternative 1A include floodwalls along Palolo and Makiki
streams, as well as modification of McCully Bridge. However, as detailed in Section 3.6-4-1, these
measures were all subsequently screened out and replaced with detention (consistent with the
measures included in Alternative 3A). Based on the modeling of peak flows, both alternatives also
require floodwalls along the Ala Wai Canal to provide adequate protection in the Waikiki area. As such,
the main distinction between Alternatives 1A and 3A is the use of a single, large dam versus multiple,
smaller detention basins. Analysis of these measures indicates that the smaller detention basins
outperform the single, large dam (i.e., substantially less cost for similar level of protection), with less
transfer of risk to the downstream community. Efficiency of the single, large dam is limited by siting
constraints, as the areas with sufficient open space for a dam have smaller drainage areas; siting the
dam further downstream would increase the drainage area (thus increasing its efficiency), but would
displace a substantial number of residential properties. As Alternative 1A would impact significantly
more area within the upper watershed, it is also expected to result in a higher degree of impact to
biological and cultural resources, thus a greater mitigation burden than Alternative 3A.
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e Alternative 4A was originally conceptualized to focus on measures in the lower watershed, as part of the
strategy to maximize solutions where the majority of the damages occur. However, as described in
Section 3.6.4.1, these measures were subsequently screened from further consideration, with upstream
detention found to be a more cost-effective and acceptable approach to addressing the existing flood-
related problems. By replacing the measures in the lower watershed with detention, it was determined
that Alternative 4A would essentially duplicate the strategy assumed for Alternative 3A, and would thus
be too similar to allow for adequate comparison and differentiation.

After confirming that neither Alternative 1A nor Alternative 4A would represent the NED plan (based on the
conceptual costs and benefits, as further discussed in Appendix B), the PDT eliminated both from further
consideration according to the rationale described above. Additional screening was then performed on the
remaining three alternatives (Alternatives 2A, 3A, and 5A), as needed to define the final array of alternatives.
This process utilized the same set of screening criteria as previously described, with further refinement of the
metrics. The results of the screening are presented in Table 7.

Consistent with principles of the SMART planning process, screening was based on existing information
generated for the Manoa Watershed Study and Ala Wai PAS Study, with additional concept-level information
developed as needed. For those measures identified in the Manoa Watershed Study (primarily those in Manoa),
the existing design information, cost estimates, and real estate requirements were used. For those measures
identified in the Ala Wai PAS Study (USACE, 2001), the existing design information was used, based upon which
concept-level costs and real estate requirements were developed. For newly-identified measures (primarily
those in Makiki and Palolo), new concept-level design information, cost estimates and real estate requirements
were developed. Based on this information and the water surface elevations from the HEC-RAS model,
economic benefits were estimated using the HEC-FDA model.

Analysis of this information resulted in elimination of Alternative 5A, as it would provide very low net benefits
and would be ineffective at improving life safety. As the focus of non-structural solutions is on modification of
existing development in the floodplain, purely non-structural plans are often not efficient or effective in highly
urbanized environments. Specifically, Alternative 5A does little to address the overall flooding problem
throughout the watershed and results in high levels of residual flooding (more than 94 percent of the total
expected annual damages). Relatively few properties incur enough flood damage to economically justify
individual non-structural solutions (e.g., flood proofing or elevating the structure), thus the total benefits of this
alternative are relatively small (which translates to few, if any, net benefits). Although the stand-alone non-
structural alternative was eliminated, selective non-structural measures were still considered as part of other
alternatives, where economically justifiable.

3.8 [teration 3 - Final Array of Alternative Plans

Based on screening of the viable array, two alternatives were carried forward as part of the final array:
Alternative 2A and Alternative 3A. As further described in the following subsections, each of the measures in
these alternatives were further refined to provide an adequate basis for evaluation and comparison. The
conceptual design information for each measure is summarized in Table 8; the location of the measures in
Alternative 2A and 3A are shown in Figures 7 and 8, respectively.

3.8.1 Refinement and Analysis of Final Array

The design and engineering information for each of the alternatives was developed to a 10% level of design,
building on the existing design concepts. Updates to the HEC-RAS model were performed, as needed to support
the design development process. Key refinements that were incorporated as part of this effort are listed below.

e The Hausten Ditch detention basin was modified to accommodate trailer access for the adjacent canoe
clubs.

o Afloodgate was added at the entrance to the Ala Wai Golf Course to accommodate incoming and outgoing
traffic._The floodgate consists of a passive structure that would rise and fall with water levels within the
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canal. This is intended to be a completely autonomous operation and will not require manual operation
during flood events.

e Staging and access requirements were identified and incorporated into the designs for all measures.

e Different possible floodwall configurations were identified to account for historic property constraints and
the possibility that the floodwalls cannot be built on top of the existing walls (due to insufficient structural
integrity).

e Atotal of threetwo pump stations were incorporated into the Ala Wai Canal floodwall system to prevent
flooding behind the floodwalls from interior drainage.

e Gates were added to the existing drainage pipes into the Ala Wai Canal to prevent floodwaters from flowing
back up the pipes and flooding behind the floodwalls.
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Table 7. Screening of the Viable Array of Alternatives (10% Design, 2013 Price Level)

Alternative
Criteria Metric
2A 3A 5A
Technical feasibility N/A (already established as part of previous screening)
Total Project Cost (at less than 10% level of detail), including
Implementation Cost Planning Engineering and Design (PED), Supervision & $272,885,153 $223,917,299 $78,691,000
Administration (S&A), environmental, and real estate
Interest During .
Construction (IDC Calculated from rough order of magnitude (ROM) costs $11,919,000 $8,858,000 $2,791,000
Construction (IDC)
O&M Costs Rough order of magnitude (ROM) cost of O&M requirements $1,881,500 $771,500 $50,000
Cost-effectiveness Screening-level benefit cost ratio (BCR) and net benefits (eliminate | 1.77 3.04 2.81
alternative if BCR <1.0) $10.8 million $21.5 million $6.3 million

Availability of Land

N/A (already established as part of previous screening)

Acceptability — Public
Sentiment

Qualitative assessment on stakeholder and/or sponsor concerns
(based on previous stakeholder engagement efforts and sponsor
input)

Use of park space; use of golf
course; infiltration and ground
movement near Woodlawn
Cemetery

Use of upper watershed and golf
course; O&M requirements;
infiltration/ ground movement
near Woodlawn Cemetery

None identified

Acceptability - Legal

Qualitative assessment of conflicts with study authority or
applicable laws, regulations and policies

None identified

None identified

None identified

Compatibility/
dependency

N/A (already established as part of previous screening)

Social Fairness

Qualitative assessment of whether neighborhoods receive same
level of protection (based on estimated benefits); number of
measures per neighborhood

Medium (flood protection); high
number of measures

High (flood protection); medium
number of measures

Low (flood protection); low

number of measures

Flood Damage

Flood damage reduction benefits (based on preliminary HEC-

Reduction RAS/HEC-FDA model runs) $24.8 million $32.3 million $9.8 million
Reduction in Life Approximate number of persons impacted by reduced floodin 100,000 200,000 6,000
Safety Risks PP P p ¥ g ’ ! !
Community Resilience Qualitative assessment based on reduction of flood impacts to 206 Medium 500 High 100 Low

streets, parks, critical infrastructure and commercial buildings

Environmental
Impacts

Degree of impact and potential mitigation requirements

Medium (400 linear feet of stream
impacts plus 600-foot-long culvert
along Manoa Stream, 3.2 acres of
upland impacts)

Medium (950 linear feet of stream
impacts, 8.0 acres of upland
impacts)

Low (assumes no
mitigation)

Cultural impacts

Degree of impact and potential mitigation requirements

Medium (assumes mitigation for
27.2 acres; could include burials)

Medium (assumes mitigation for
20.7 acres; could include burials)

Low (assumes no
mitigation)
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Additional detail on these refinements, and the resulting 10% level of designs for Alternatives 2A and 3A are
provided in Appendix A.

Non-Structural Components

Additional analysis of potential non-structural components was conducted to identify those that are practicable
and economically justified, such that they should be included as part of the alternatives in the final array. An
iterative process was used to evaluate the economic justification of non-structural measures, with an increasing
level of detail as needed to identify individual measures that would strengthen the alternatives in the final array.
The results of this analysis indicate that none of the non-structural measures would add net benefits to any of
the alternatives, and therefore, it is not economically justifiable to protect individual structures through non-
structural measures. The structural solutions in the final array of alternatives alleviate the most frequent and
problematic flooding, such that they capture the majority of the benefits; the residual damages are insufficient
to offset the incremental cost of including any non-structural measures. Additional detail regarding the
evaluation of non-structural measures is provided in Section 4.2.2 of the Economic Analysis (Appendix B).

Table 8. Final Array of Alternatives

Alt.
Measure Brief Description of Measure
2A | 3A
MANOA
Waihi debris and . Earthen berm, approximately 24 feet high and 225 feet across; arch culvert to allow small storm flows to
detention basin pass; concrete spillway above culvert with rip-rap on upstream and downstream side
L . Concrete pad, approximately 8 feet wide and 140 feet across; steel posts (up to approximately 7 feet high
Waihi debris catchment . P PP ¥ P (up PP v gh)
evenly spaced 4 feet apart along concrete pad
Waiakeakua debris and . Earthen berm, approximately 20 feet high and 185 feet across; arch culvert to allow small storm flows to
detention basin pass; concrete spillway above culvert with rip-rap on upstream and downstream side
Waiakeakua debris . Concrete pad, approximately 8 feet wide and 140 feet across; steel posts (up to approximately 7 feet high)
catchment evenly spaced 4 feet apart along concrete pad
Woodlawn Ditch detention . . Three-sided berm, approximately 15 feet high and 840 feet across; arch culvert to allow small storm flows
basin to pass; concrete spillway above culvert with rip-rap on upstream and downstream side
, . Basin with small berm and debris catcher to capture debris on east side of stream; grate with inlet to
Po’elua debris catchment . R - - . . . T . )
culvert for delivery of water to Manoa District Park detention basin; requires acquisition of residential lot
Manoa in-stream debris . Concrete pad, approximately 8 feet wide and 60 feet across; steel posts (up to approximately 7 feet high)
catchment evenly spaced 4 feet apart along concrete pad
- . . Earthen berm (approximately 13 feet high) around 3 sides of Manoa District Park; 600-foot-long culvert
Manoa District Park multi- . . . S Lo
. R . from Poelua Place to detention basin; concrete spillway with rip-rap; drain pipe to release water back to
purpose detention basin
stream
Innovation Center . . Acquisition of residential property; lower grade to allow high flows across site; debris catchment structures
Improvements installed along edge to catch debris as flows re-enters stream
Kanewai Field multi- . Earthen berm (approximately 7 feet high) around 3 sides of field; inflow spillway on northwest end that
purpose detention basin allows high flows to enter basin; existing drainage pipe at south end to allow water to re-enter stream
PALOLO
I . Earthen berm, approximately 24 feet high and 120 feet across; arch culvert to allow small storm flows to
Wai‘dma‘o debris and ) o . .
detention basin . pass; concrete spillway above culvert with rip-rap on upstream and downstream side; excavation of
approximately 2,000 cubic yards (yd®) to provide required detention volume
Wai‘oma‘o debris . Concrete pad, approximately 8 feet wide and 50 feet across; steel posts (up to approximately 7 feet high)
catchment evenly spaced 4 feet apart along concrete pad
Pukele debris and . Earthen berm, approximately 24 feet high and 120 feet across; arch culvert to allow small storm flows to
detention basin pass; concrete spillway above culvert with rip-rap on upstream and downstream side
_ . Concrete pad, approximately 8 feet wide and 25 feet across; steel posts to approximately 7 feet high
Pukele debris catchment . P Pproxi Y W P (up pproxi 4 igh)
evenly spaced 4 feet apart along concrete pad
Manoa-Palolo Drainage . Add floodwalls (approximately 9 to 12 feet high) along the right bank of the Canal from the Ala Wai Canal
Canal floodwall up to Date Street
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Table 8. Final Array of Alternatives

Alt.
Measure Brief Description of Measure
2A | 3A
MAKIKI
Roosevelt debris and . . Earthen berm, approximately 24 feet high and 260 feet across; arch culvert to allow small storm flows to
detention basin pass; concrete spillway with rip-rap on upstream and downstream side
Makiki debris and . . Earthen berm, approximately 24 feet high and 100 feet across; arch culvert to allow small storm flows to
detention basin pass; concrete spillway above culvert with rip-rap on upstream and downstream side
ALA WAI
. ncrete fl IIs along Ala Wai Canal, i roximately 5-4 feet high; three-t
Ala Wai Canal floodwalls . . Concrete ‘oodwa s along Ala Wai Cana Fafngmg—u-p—te. ; Mgg approximately 5-4 feet hig two
pump stations and gates to address potential flooding on land-side of floodwalls

Hausten Ditch detention . . Concrete floodwalls and earthen berm (4.3 feet high) to provide detention for local drainage; install slide
basin gates at existing bridge to control flow of floodwaters between Hausten Ditch and Ala Wai Canal
Ala Wai Golf Course multi- . . Earthen berm, up-te-approximately-on average 2.7 feet high around outside perimeter of golf course
purpose detention basin property, with floodgate across main entrance road; passive drainage back into Ala Wai Canal
ENTIRE WATERSHED

. Installation of 3 real-time rain gages (Manoa, Makiki, and Palolo streams) and 1 real-time streamflow or
Floodwarning system . . R . .

stage gage (Ala Wai Canal) as part of flood warning system for Ala Wai Watershed

Operations and Maintenance Requirements

For each measure included in the final array, the anticipated O&M requirements were refined using the
technical information developed for the project to date, an understanding of the requirements for similar
features that have been implemented elsewhere, and input received from the non-Federal sponsor. The O&M
costs were calculated using construction and engineering information along with the estimated dimensions of
each measure. As the non-Federal sponsor would be responsible for fulfilling all O&M requirements, this
information was provided for review and input by the non-Federal sponsor. A summary of the O&M
requirements for each measure type is summarized in Table 9; the cost estimates for each alternative are
summarized as part of the screening results (see Sectier-3-6-5-2above).

Given that Alternatives 2A and 3A are comprised of similar types of measures, a similar range of O&M activities
would be required. However, the total O&M cost is anticipated to be higher for Alternative 2A as the measures
included in that alternative require a larger area to be maintained (e.g., cutting/clearing vegetation), which
translates to a higher O&M cost.

Table 9. O&M Requirements for Measures in Final Array of Alternatives

Measure Type Summary of O&M Requirements

Debris and detention basin Cut/clear vegetation within cleared zoned (20 feet around perimeter of berm) twice per year;
Clear accumulated debris following flood event or annually (whichever is greater)

Multi-purpose detention basin Cut/clear vegetation within cleared zoned (20 feet around perimeter of berm) twice per year;
Assumes minimal sediment or debris removal would be required

Debris catchment Clear accumulated debris twice per year

Floodwalls Inspect and maintain gates (e.g., greased) annually; Inspect, test, and maintain pump system
annually; Inspect floodwalls and repair as needed (e.g., patching)

Flood warning system Inspect and test annually (includes annual operating cost)

Note:

! Debris and sediment cleared from the flood risk management measure locations would be disposed of at an existing authorized
facility that is qualified to accept the material.
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Flood Risk Management and Life Safety

Overall, both alternatives in the final array would significantly reduce flood risk and contribute to life safety
within the watershed, with some relatively minor differences. Alternative 2A would reduce the extent of the
1-percent ACE floodplain from approximately 1,358 acres to 494 acres. In general, the water depths within the
floodplain would decrease and velocities would slightly decrease (or stay the same), particularly within the
adjacent roadways; a summary of the depths and velocities at sample locations throughout the floodplain is
provided in Table 10. The portions of the affected population comprised of residents would be significantly
reduced from approximately 54,000 to 16,000 people;1® the approximately 79,000 visitors to the Waikiki District
would also be removed from the affected population. In addition, many of the areas to which students and
workers routinely migrate into the watershed (e.g., UH) would no longer be within the 1-percent ACE floodplain.
Most of the critical infrastructure within the existing 1-percent ACE floodplain would no longer be subject to
flooding; infrastructure remaining in the floodplain would include 2 fire stations (the Makaloa station in Ala
Moana and the Wilder station in Makiki), 2 nursing facilities (Hale Nani in Makiki and Manoa Cottage in
Kaimuki), and 2 emergency shelters (Lunalilo Elementary and Washington Intermediate in McCully-Ma'ili’ili).

Alternative 3A would result in approximately the same amount of area taken out of the 1-percent ACE
floodplain, with similar depths and velocities of floodwaters as Alternative 2A. The affected population would be
slightly higher (an additional 1,300 people), with approximately 2,250 more students within the floodplain
during daytime hours (at Hokulani Elementary and lolani School). Most of the same critical infrastructure would
be protected as compared to Alternative 2A, although an additional evacuation shelter would remain in the
floodplain (Hokulani Elementary). Management of these residual risks is explored in Section 3.9.3 through the
addition of a Manoa-Palolo Drainage Canal floodwall to the selected plan, however, as shown in further sections
of this report, the additional infrastructure could not be justified economically. Further, Alternative 3A
significantly reduces the magnitude of peak flood stages in affected areas (by approximately two feet), and as a
result, the relative depth of flooding in the vicinity of the Manoa-Palolo Drainage Canal is significantly reduced.
Further residual risk management for the recommended plan is discussed in Section 8.3 of this report.

Although they would contribute to flood protection, several of the detention basins are located in central areas
of the community and are immediately proximate to emergency shelter facilities (in particular, those at Manoa
District Park and Kanewai Field). These could preclude the use of the adjacent shelters during flood events, and
could also present some degree of health and safety concerns associated with detention of water in publically
accessible areas. As Alternative 2A was formulated to focus on detention within the urbanized watershed, these
concerns are more pronounced than for Alternative 3A (which is intended to focus detention in the less
publicaily accessible areas of the upper watershed); the fundamental difference between the two alternatives is
based on the use of Manoa District Park.

16 The affected population was approximated using the percentage of each individual census block that falls within the 1-percent ACE floodplain
multiplied by the population of that census block.
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Table 10. Depth and Velocities at Select Locations for the Final Array of Alternatives

Existing Without-Project

Alternative 2A

Alternative 3A

iona
Location Overbank Depth (ft) Velocity (ft/sec) Depth (ft)° Velocity (ft/sec) | Depth (ft)° | Velocity (ft/sec)
Makiki St (at Nehoa St) Left 7.0 0.6 2.4 0.6 2.4 0.6
~ Moku PI (at Keeaumoku) Left 7.0 0.0 5.6 0.0 5.6 0.0
5 Wilder Ave (at Kewalo St) Channel 2.5 2.8 1.7 2.0 1.7 2.0
2 Punahou St (at Philip St) Left 1.5 14 0.2 1.5 0.2 1.5
Kalakaua Ave (at Makaloa St) Right 4.0 0.1 3.6 0.1 3.6 0.1
Pakanu Place Left 1.0 0.6 1.0 0.6 - -
Poelua Street Right 4.0 1.2 4.0 1.2 - -
Kinohou Place Left 3.5 0.6 3.5 0.6 - -
< East Manoa Road (at Manoa District Park) Left 2.0 1.3 0.5 1.3 - -
g Lowrey Avenue Right 4.0 0.9 1.0 1.0 - -
-<§r. Woodlawn Drive Left 2.0 1.1 - - - -
Kalawao Street Left 1.0 0.7 - - - -
UH Split (near East-West Road) Channel 1.0 1.2 - - - -
Stan Sheriff Center (UH) Channel 1.0 0.4 - - - -
Kanewai Field Left 6.0 1.1 - - 5.7 0.8
Ahe Street (Wai‘0ma‘o) Left 2.0 1.1 2.0 1.1 - -
10th Avenue (Pikele) Left 1.0 1.2 1.0 1.2 - -
9th Avenue (near Palolo Valley District Park) Left 0.9 1.4 0.9 1.4 - -
= Mahana Street Right 7.0 1.2 7.0 1.2 6.7 0.7
.g Kekona Place (at Palolo Avenue) Left 3.5 1.4 3.5 1.4 - -
@ | Below Kekona Place Left 4.0 1.5 4.0 1.5 - -
Waialae Ave (at Kapi‘olani Boulevard) Left 2.0 1.1 2.0 1.1 - -
Lukepane Ave and Winam Ave (Lower Palolo) Left 7.0 0.0 1.0 0.6 2.2 0.8
Kapi‘olani (at Kamoku) Right 3.0 1.1 2.8 0.3 - -
_ | Ala Wai Boulevard (at Liliuokalani Ave) Left 3.0 0.1 - - - -
g g Kapi‘olani (at University) Right 3.0 1.0 - - - -
Kalakaua (at Kalaimoku) Left 2.0 0.8 - - - -
NOTES:

@ Locations selected by USACE engineers based on representative sites within the existing 1-percent ACE floodplain; depths and velocities are estimated based on HEC-RAS modeling.
b"_"indicates site is no longer within 1-percent ACE floodplain. It is important to notes that there may still be localized flooding in these locations (e.g., due to internal drainage issues,
inadequate storm drain capacity, etc.).
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Estimated Costs and Benefits

To further evaluate the differences between Alternatives 2A and 3A, the preliminary estimates of cost and
benefit were refined. Costs were developed based on the 10% level of design plans (at a Class 4 estimate level),
with contingencies identified according to a cost risk analysis. Economic benefits were refined based on
additional HEC-FDA modeling. The results are summarized in Table 11; further detail regarding the cost
estimates and economic benefits for the final array are presented in Appendices D and B, respectively.

Table 11. Refined Cost and Benefit Estimates for the Final Array of Alternatives ($000)

Alternative 2A Alternative 3A
Estimated Cost (October 2013 price level)? $221,231 $178,096
Estimated Average Annual Cost (3.5% for 50 years)*? $11,097 $8,923
Total Annual Benefits $24,814 $32,272
Annual Net Benefits 13,717 23,349
BCR 2.24 3.62
Notes:

2 The price level is based on the preparation date of the cost estimate.-Fhe-pricelevelanddiscovntrate-willbeupdated priortothe

b Estimated Average Annual Cost accounts for Interest During Construction and O&M requirements.

Residual Damages

Residual damages are those remaining after implementation of a plan, and can be measured in terms of the
difference in expected annual damages between the with- and without-project conditions. Based on the
additional economic analysis, the residual damages associated with Alternatives 2A and 3A were identified; the
distribution of residual damages by reaches is listed in Table 12. Under Alternative 3A, all of the communities
have a moderate to large reduction in residual damages, as compared to Alternative 2A. The most significant
difference is in the Ala Wai community, where Alternative 3A yields $9.6 million less residual damages than
Alternative 2A, thus making Alternative 2A less desirable.

Table 12. Residual Expected Annual Damages for the Final Array of Alternatives ($000)

Alternative 2A Alternative 3A
Reach Damage Categories Residual Damage Categories Residual
Commercial Public Residential Damages Commercial Public Residential Damages

ALA1 0 0 0 0 4 1 0 5
ALA2 0 0 0 0 0 0 0 0
ALA3 4,864 0 156 5,020 0 0 0 0
MPC1 19 0 20 39 12 0 13 25
MPC2 150 15 420 585 3 0 20 23
Ala Wai Subtotal 5,033 15 596 5,644 19 1 33 53
KAH1 0 110 110 0 0 156 156
KAH2 0 1 1 0 0 1 1
KAO1 6 48 55 7 0 66 73
MAK1 1,660 474 2,134 1,594 0 446 2,039
MAK2 207 14 143 365 112 8 85 205
MAK3 0 28 28 0 0 26 26
MAK4 0 25 25 0 0 7 7
Makiki Subtotal 1,874 14 829 2,717 1,712 8 787 2,507
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Table 12. Residual Expected Annual Damages for the Final Array of Alternatives ($000)

Alternative 2A Alternative 3A
Reach Damage Categories Residual Damage Categories Residual
Commerecial Public Residential Damages | commercial Public Residential Damages
MAN1 0 904 116 1,020 0 459 58 517
MAN2 0 10 0 10 0 0
MAN3 8 0 12 20 0 0
MAN4 0 0 17 17 0 0 9
MANS 0 0 67 67 0 0 42 42
MANG6 0 0 46 46 0 0
MAN7 0 0 4 0 0
UNI1 0 185 0 185 0 0
UNI2 0 665 0 665 0 0
Manoa Subtotal 8 1,764 261 2,033 0 459 110 570
PAL1 0 0 11 11 0 0 8 8
PAL2 0 1 15 15 0 0 8 8
PAL3 0 0 185 185 0 0 140 140
PAL4 0 1 53 54 0 0 62 62
PUK1 0 0 0 0 0 0 0 0
WAI1 0 0 0 0 0 0 0 0
Palolo Subtotal 0 2 264 266 0 0 218 218
TOTAL 6,915 1,795 1,950 10,660 1,731 468 1,148 3,348

3.8.2  Screening of the Final Array

To ensure that the alternative plans in the final array should be carried forward for evaluation and comparison, a
final round of screening was performed. Similar to previous stages of formulation, screening focused on the
same set of criteria as previously described, with further refinements to the metrics. As shown in Table 13, the
results of the screening process indicated that the remaining alternatives in the final array were suitable to carry
forward for consideration. These results were confirmed as part of an In-Progress Review with the USACE
Vertical Team on April 21, 2014.
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Table 13. Screening of the Final Array of Alternatives®

Criteria

Metric

Alternative 2A

Alternative 3A

Implementation
Cost

Total project cost (fully funded)

$221 million

$178 million

Oo&M
Requirements

Estimated O&M cost; assessment of whether
O&M activities requires a change in practice,
equipment, or access

$1.3 million (change from existing practices relates to pump
stations and gates along the Canal)

$1.0 million (change from existing practices
relates to pump stations and gates along the
Canal)

Cost-effectiveness

Screening-level BCR and net benefits

2.24
$13.7 million

3.62
$23.3 million

Public Sentiment

Qualitative assessment of stakeholder
concerns based on sponsor/stakeholder input
to date

Sponsor concern over use of park space; use of golf course;
O&M requirements; infiltration and ground movement
associated with Woodlawn Cemetery

Sponsor concerns over use of upper watershed
land; use of golf course; O&M requirements;
infiltration and ground movement associated with
Woodlawn Cemetery

Legal Acceptability

Qualitative assessment of whether alternative
complies with authority granted by Congress
and applicable laws, regulations and policies

None identified

None identified

Social Fairness

Qualitative assessment of whether
neighborhoods receive same level of protection
based on flood damage reduction benefits

High flood protection in most neighborhoods, high number of
measures in Manoa

High flood protection in most neighborhoods,
medium number of measures in Manoa

Flood damage
reduction

Expected annual benefits (based on
preliminary HEC-RAS/HEC-FDA model runs)

$25 million

$32 million

Life safety risk

Assessment of reduction in life safety risk
factors (affected population, flood
characteristics, warning system)

Floodplain area decreased to 494 acres; affected population
decreased to approximately 16,100 residents; visitors to
Waikiki removed from affected population. Safety concerns
associated with detention basins located in publically
accessible areas (e.g., Manoa District Park and Kanewai Field).

Floodplain area decreased to 506 acres; affected
population decreased to approximately 17,300
residents; visitors to Waikiki removed from
affected population.

Community
Resilience

Assessment of resiliency factors, including
critical infrastructure and other facilities

Minimal critical infrastructure is located in the floodplain (2
fire stations, 2 nursing facilities, and 2 emergency shelters).

Minimal critical infrastructure is located in the
floodplain (2 fire stations, 2 nursing facilities, and
3 emergency shelters).

Environmental
impacts

Degree of impact and potential mitigation
requirements

Approx. 400 linear feet of stream impacts plus 600-foot-long
culvert along Manoa Stream, 3.2 acres of upland impacts

Approx. 950 linear feet of stream impacts, 8.1
acres of upland impacts

Archaeological/
cultural impacts

Degree of impact and potential mitigation
requirements

Assumes mitigation required for impacts to 37.8 acres; could
include burials

Assumes mitigation required for impacts to 35.2
acres; could include burials

Note:

@ Pursuant to the requirements of NEPA, the No Action Alternative is carried forward as part of the Final Array of Alternatives, but is not shown as part of this table.
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3.8.3  Process for Plan Selection Based on Final Array

Consistent with the requirements of the USACE planning process, detailed economic analyses (and associated
refinements) are needed to ensure that an alternative plan being considered for selection is economically
justified, such that no other variation of that plan could be more economically beneficial (i.e., no other variation
could better maximize the NED account). Specifically, these analyses include incremental justification (to ensure
that each measure included in the alternative is economically justified) and optimization (to ensure that the
scale of each measure maximizes benefits).

Based on the principles of the SMART planning process (and the outcome of screening), it was determined that
the alternative plans in the final array provided a reasonable basis for evaluation and comparison, and that
detailed economic analyses and refinements should only be performed for the higher-ranking alternative, as
identified through the evaluation and comparison process. It was determined that similar analysis and
refinements were not needed for the other action alternative in the final array, as they would not affect the
relative comparison between the alternatives.

As such, the evaluation and comparison process was used to identify which of the alternatives in the final array
best meets the criteria for selection. Based on the outcome of this effort, detailed economic analyses were then
used to refine that alternative as needed to identify the NED plan, thus providing the basis for tentative plan
selection. Following is a discussion of the evaluation and comparison of the final array of alternative plans,
followed by a discussion of the detailed economic analyses and refinements that were subsequently conducted.

3.9 Evaluation and Comparison of Alternative Plans

For flood risk management projects, the primary criteria for plan selection are based on total benefits and total
cost, in which the results of the economic analyses are used to establish Federal interest. In the case of this
project, life safety considerations were also taken into account. Consistent with the requirements of the USACE
Planning Guidance Notebook (ER 1105-2-100), the evaluation and comparison of alternative plans is also
presented in terms of the four national accounts, as summarized below.

3.9.1 System of Accounts

The USACE planning process incorporates four accounts to facilitate the display and comparison of the beneficial
and adverse effects of each alternative plan. The mode of analysis, commonly referred to as the “System of
Accounts,” displays the positive and negative effects of broad categories of impacts in a tabular format. The
accounts include those that relate to contributions to NED, Environmental Quality (EQ), Regional Economic
Development (RED), and Other Social Effects (OSE). As previously described, the NED account displays changes
in the economic value of the national output of goods and services. The EQ account displays the beneficial and
adverse effects of the plans on ecological, cultural, and aesthetic resources. The RED account displays changes in
the distribution of regional economic activity (e.g., income and employment). The OSE account displays plan
effects on social aspects such as community impacts, health and safety, and recreational opportunities.

Table 14 presents the evaluation and comparison of the final array of alternatives based on the System of
Accounts, as well as other plan evaluation factors, including contributions to the planning objectives, avoidance
of the planning constraints, and response to the Federal evaluation criteria specified in the Planning Guidance
Notebook (ER 1105-2-100).

THIS DOCUMENT IS BASED ON THE INFORMATION AVAILABLE AT THE TIME OF PUBLICATION. THE U.S. ARMY CORPS OF ENGINEERS PLANNING PROCESS IS DYNAMIC AND RESPONSIVE TO
PUBLIC AND STAKEHOLDER INPUT; IT IS POSSIBLE THAT THE CONTENT HEREIN MAY CHANGE AS A RESULT OF REVIEW COMMENTS RECEIVED. THIS DOCUMENT DOES NOT NECESSARILY
REPRESENT THE PERSPECTIVE OF HIGHER REVIEW LEVELS WITHIN THE AGENCIES INVOLVED OR THE EXECUTIVE BRANCH OF THE FEDERAL GOVERNMENT.

3-31



SECTION 3.0 PLAN FORMULATION

Table 14. System of Accounts Displaying Preliminary Effects of Final Array of Alternatives

No Action Alternative

Alternative 2A

Alternative 3A

PLAN DESCRIPTION

Alternative Plan Details

The No Action Alternative and future
without-project condition provides no
physical project constructed by the
Federal Government.

Alt. 2A focuses detention within the urbanized
watershed (Manoa District Park, Kanewai Field,
Woodlawn Ditch, Makiki and Roosevelt), with debris
catchment in the upper watershed (Waihi,
Waiakeakua, and Plkele and Wai‘d6ma‘o streams);
measures in the lower watershed include detention
at Hausten Ditch and the Ala Wai Golf Course, and
floodwalls along the Ala Wai Canal.

Alt. 3A focuses detention in the upper watershed
(Waihi, Waiakeakua, Pikele and Wai‘d0ma‘o
streams), with limited detention in the urbanized
watershed (Makiki, Roosevelt, Kanewai Field);
measures in the lower watershed include
detention at Hausten Ditch and the Ala Wai Golf
Course, and floodwalls along the Ala Wai Canal.

PLANNING ASSESSMENT

A. National Economic Development (NED)

(1) | Estimated Cost (October S0 $221,231 $178,096
2013 price level)

(2) | Estimated Average S0 $11,097 $8,923
Annual Cost (50 years;
3.5%)

(3) | Total Annual Benefit S0 $24,814 $32,272

(4) | Annual Net Benefits $0 $13,717 $23,349

(5) | BCR N/A 2.24 3.62

Environmental Quality (EQ)

(1)

Aquatic Habitat

The extent and quality of aquatic habitat
is expected to be commensurate with the
existing conditions

Approximately 400 linear feet of stream would be
affected (primarily within urbanized portion of
watershed) plus a 600-foot-long culvert would be
installed along Manoa Stream; design includes arch
culverts with a natural substrate bottom where
feasible to maintain in-stream passage for native
aquatic species

Approximately 950 linear feet of stream would be
affected (primarily within the upper portions of
the watershed); design includes arch culverts
with a natural substrate bottom where feasible to
maintain in-stream passage for native aquatic
species
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Table 14. System of Accounts Displaying Preliminary Effects of Final Array of Alternatives

No Action Alternative

Alternative 2A

Alternative 3A

(2)

Water Quality

Water quality is anticipated to be
commensurate with that of the existing
condition.

In-stream debris and detention is expected to
provide some degree of water quality improvement
through capture of debris and sediment (though not
likely as much as Alt. 3A). Construction could result
in short-term water quality impacts, but these
would be minimized through BMPs.

In-stream debris and detention (particularly in
the upper watershed) may provide some degree
of water quality improvement through capture of
debris and sediment. Construction could result in
short-term water quality impacts, but these
would be minimized through BMPs.

3)

Threatened &
Endangered Species

The distribution and occurrence of
threatened and endangered species is
anticipated to be commensurate with the
existing conditions, although ongoing

threats could further diminish populations.

Seasonal restrictions on vegetation clearing would
be implemented to avoid impacts to Hawaiian hoary
bats and O‘ahu elepaio, should they occur. Given
the smaller extent of disturbance in the upper
watershed, potential impacts are expected to be
less than for Alternative 3A.

Seasonal restrictions on vegetation clearing
would be implemented to avoid impacts to
Hawaiian hoary bats and O‘ahu elepaio, should
they occur.

(4)

Archaeological, Historic,
and Cultural Resources

Archaeological, historic and cultural
resources are anticipated to be
commensurate with that of the existing
condition.

Project would affect traditional cultural properties
(TCPs) and historic properties (especially in and
around the Ala Wai Canal, which is listed on the
Hawai’i Register of Historic Places); there is also a
potential for inadvertent discoveries. Alt. 2A has a
smaller footprint in the upper watershed, which
could reduce impacts to cultural resources.
Additional areas of potential impact include the
Manoa District Park detention basin and Manoa-
Palolo Drainage Canal Floodwalls.

Project would include impacts to TCPs and
historic properties (especially in and around the
Ala Wai Canal, which is listed on the Hawai’i
Register of Historic Places); there is also a
potential for inadvertent discoveries. Alt. 3A
would impact a greater amount of area in the
upper watershed, which could increase impacts
to cultural resources.

Visual Resources

Visual resources are anticipated to be
commensurate with that of the existing
condition.

Measures in upper watershed are not expected to
significantly affect views from publically-accessible
locations (though some would be visible from
adjacent areas). Measures in the urbanized
watershed (including detention basins at Kanewai
and Manoa District Park) would be visible but have
been designed to blend with the surrounding
environment. The floodwalls would affect views
toward and along the Canal; floodwall heights
would be approximately one foot higher than Alt.
3A (on average).

Measures in upper watershed are not expected
to significantly affect views from publically-
accessible locations (though some would be
visible from adjacent areas, including residences
in Palolo). Measures in the urbanized watershed
(such as the Ala Wai Golf Course detention basin)
would be visible but have been designed to blend
with the surrounding environment. The
floodwalls would affect views toward and along
the Canal, but would be approximately one foot
lower than Alt. 2A (on average).
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Table 14. System of Accounts Displaying Preliminary Effects of Final Array of Alternatives

No Action Alternative

Alternative 2A

Alternative 3A

C. Regional Economic Deve

lopment

Business and Tax
Revenues

(1)

Number of visitors, revenues, sales,
inventories and taxes generated would all
be commensurate with that of the
existing conditions, although these could
diminish in response to flooding,
especially in Waikiki.

Number of visitors, revenues, sales, inventories and
taxes generated could experience a faster growth
trend in comparison to the existing conditions as
the risk of flooding is substantially decreased.

Number of visitors, revenues, sales, inventories
and taxes generated could experience an even
faster growth trend as compared to the existing
conditions, as well as Alt. 2A, as the risk of
flooding is even further reduced.

Employment

Jobs and wages would be commensurate
with that of the existing conditions,
although they could diminish over time
due to the risk of flooding, especially in
Waikikl.

Jobs and wages could experience a faster growth
trend than what would be commensurate with the
existing conditions as the risk of flooding is
substantially decreased. The millions of dollars
invested by the Federal and local governments in
the project would have a positive short-term, if not
long-term, effect on local employment as the
money turns and churns through the economy.

Jobs and wages could experience a faster growth
trend than what would be commensurate with
the existing conditions as the risk of flooding is
substantially decreased. The millions of dollars
invested by the Federal and local governments in
the project would have a positive short-term, if
not long-term, effect on local employment as the
money turns and churns through the economy.

D. Other Social Effects (OSE

)

(1) | Public Health and Safety

There is a high level of flood risk in
watershed, with a large affected
population, including 79,000 visitors in
Waikiki District. The potential for life loss
is relatively low, in large part because of
the existing flood warning system;
however there are health and safety
threats due to injuries associated with
movement of debris and health concerns
from contaminated floodwaters.

Health and safety risks would be reduced through a
significant decrease in floodplain area and affected
population (slightly better than Alt. 3A). New gages
would be added to help maintain the existing

warning system. The potential for life loss is expected
to be minimal, but there is still some degree of threat

due to injuries associated with debris and health
concerns from contaminated floodwaters. There are

also safety concerns associated with detention basins

located in publically accessible areas (e.g., Manoa
District Park and Kanewai Field).

Health and safety risks would be reduced through
a significant downsizing of the floodplain area and
the size of the affected population (slightly less
than Alt. 2A). New gages would be added to help
maintain the existing warning system. The
potential for life loss is expected to be minimal,
but there is still some degree of threat due to
injuries associated with debris and health
concerns from contaminated floodwaters. The
proposed detention basins are in less publically
accessible areas, resulting in fewer safety
concerns than Alt. 2A.

Population at Risk

Floodplain is approximately 1,358 acres;
affected population includes 54,100
residents plus approximately 79,000 daily
visitors in Waikiki.

Floodplain area decreased to 494 acres; affected
population decreased to approximately 16,100
residents; visitors to Waikiki removed from affected
population. Increased safety concerns associated
with detention basins located in publically
accessible areas (e.g., Manoa District Park).

Floodplain area decreased to 506 acres; affected
population decreased to approximately 17,300
residents; visitors to Waikiki removed from
affected population.

THIS DOCUMENT IS BASED ON THE INFORMATION AVAILABLE AT THE TIME OF PUBLICATION. THE U.S. ARMY CORPS OF ENGINEERS PLANNING PROCESS IS DYNAMIC AND RESPONSIVE TO PUBLIC AND STAKEHOLDER INPUT; IT IS POSSIBLE THAT THE CONTENT
HEREIN MAY CHANGE AS A RESULT OF REVIEW COMMENTS RECEIVED. THIS DOCUMENT DOES NOT NECESSARILY REPRESENT THE PERSPECTIVE OF HIGHER REVIEW LEVELS WITHIN THE AGENCIES INVOLVED OR THE EXECUTIVE BRANCH OF THE FEDERAL

GOVERNMENT.

3-34




SECTION 3.0 PLAN FORMULATION

Table 14. System of Accounts Displaying Preliminary Effects of Final Array of Alternatives

No Action Alternative

Alternative 2A

Alternative 3A

3)

Critical Infrastructure

Watershed supports an aging population;
much of the critical infrastructure is in the
floodplain [4 (of 7) fire stations, 1 (of 2)
police stations, 2 (of 9) hospitals, 2 (of 14)
nursing facilities, and 9 (of 21) emergency
shelters].

Minimal critical infrastructure is located in the
floodplain (2 fire stations, 2 nursing facilities, and 2
emergency shelters).

Minimal critical infrastructure is located in the
floodplain (2 fire stations, 2 nursing facilities, and
3 emergency shelters).

(4)

Recreation

Recreation is important to residents and
visitors in the watershed. Recreational
opportunities would continue to be
provided, with some facilities subject to
flooding during large storm events.

Alt. 2A would help protect existing recreational
facilities, including Kapi‘olani Park. Detention basins
at Manoa District Park, Kanewai Community Park
and Ala Wai Golf Course could impact recreational
uses; floodwalls along the Ala Wai Canal would also

impact pedestrians/ runners and paddlers/kayakers.

Alt. 3A would help protect existing recreational
facilities, including Kapi‘olani Park. Recreational
use could be impacted as a result of the Ala Wai
Golf Course detention basin and the Ala Wai
floodwalls; detention basins in the upper
watershed areas could also affect recreational
users.

PLAN EVALUATION

A. Contribution to Planning Objectives

(1) | Reduce riverine flood Does not meet planning objective: flood Floodplain area decreased to 494 acres. Affected Floodplain area decreased to 506 acres. Affected
risks in the Ala Wai hazards would not be reduced. population decreased to approximately 16,100 population decreased to approximately 17,300
Watershed through the residents; visitors to Waikiki removed from affected | residents; visitors to Waikiki removed from
50-year period of population. Alt. 2A includes detention in publically- affected population.
analysis accessible areas (e.g., Manoa District Park), which

generates additional safety concerns.
B. Avoidance of Planning Constraints

Avoid shifting of flooding
to downstream areas

No changes are anticipated under the No
Action Alternative.

Alt. 2A is not expected to result in shifting of
flooding to downstream areas.

Alt. 3Ais not expected to result in shifting of
flooding to downstream areas.

Avoid induced flood
damages

No induced flood damages are anticipated
under the No Action Alternative.

Alt. 2A is not expected to result in induced flood
damages.

Alt. 3A is not expected to result in induced flood
damages.

Avoid development of
infrastructure that is
incompatible with existing
land uses or policies

No Federally sponsored development is
expected within the project area under
the No Action Alternative.

All of the flood-risk reduction measures in Alt. 2A
are expected to be compatible with existing land
uses and policies.

All of the flood-risk reduction measures in Alt. 3A
are expected to be compatible with existing land
uses and policies.

(4)

Avoid induced
development in the
existing floodplain

No Federally sponsored development is
expected within the project area under
the No Action Alternative.

Alt. 2A is not expected to induce development
within the floodplain.

Alt. 3Ais not expected to induce development
within the floodplain.
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Table 14. System of Accounts Displaying Preliminary Effects of Final Array of Alternatives

No Action Alternative

Alternative 2A

Alternative 3A

(5)

Avoid significant
reduction of migratory
pathways or habitat for
endemic aquatic species,
or increase of habitat for
invasive aquatic species

Migratory pathways and habitat for
aquatic species is expected to be
commensurate with the existing
conditions.

Alt. 2A is not expected to affect migratory pathways
or substantially reduce habitat for native aquatic
species; compensatory mitigation would be
implemented to offset any reduction in habitat
quality.

Alt. 3A is not expected to substantially affect
migratory pathways or habitat for native aquatic
species; compensatory mitigation would be
implemented to offset any reduction in habitat
quality.

(6)

Avoid impacts to
nearshore marine
resources at the mouth
of the Canal

No impacts to nearshore marine
resources are anticipated as a result of
the No Action Alternative.

Alt. 2A is not expected to adversely impact
nearshore marine resources; minor improvements
to water quality may be realized (as a result of
sediment and debris capture in the detention
basins), but the benefits are not expected to be
measurable.

Alt. 3Ais not expected to adversely impact
nearshore marine resources; minor
improvements to water quality may be realized
(and possibly to a greater extent than Alt. 2A),
but the benefits are not expected to be
measurable.

Response to Federal

Planning Criteria

(1)

Completeness

BoesnetmeetMeets criterion: However
no action does not achieve study
objectives.

Meets criterion: Alt. 2A accounts for all actions
necessary to achieve desired level of flood risk
management.

Meets criterion: Alt. 3A accounts for all actions
necessary to achieve desired level of flood risk
management.

(2)

Effectiveness

BeesnotmeetMeets criterion: Weuld-ret
. ¢ .
rmanagementHowever, no action does not

achieve study objectives.

Meets criterion: Alt. 2A would provide $12,928 in
annual net benefits.

Meets criterion: Alt. 3A would provide $22,241 in
annual net benefits.

Efficiency

Dees-noetmeetMeets criterion: However
no action does not achieve study

objectives.

Meets criterion: Alt. 2A has a BCR of 2.13

Meets criterion: Alt. 3A has a BCR of 3.36.

(4)

Acceptability

Does not meet criterion for Federal
standards for community-based flood risk
management and residual flood risks; the
No Action Alternative is not acceptable
because flood risks in the Ala Wai Canal
would remain in the range of 10 to 20%
ACE.

Meets criterion: Technically feasible and would
generally satisfy other Federal standards for
community-based flood risk management.
Compatible with existing laws, regulations and
public policies, reducing flood risks in the Ala Wai
Canal Reach to 1% ACE.

Meets criterion: Technically feasible and would
generally satisfy other Federal standards for
community-based flood risk management.
Compatible with existing laws, regulations and
public policies, reducing flood risks in the Ala Wai
Canal Reach to 1% ACE.
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3.9.2  Analysis and Refinement of Alternative 3A

As shown in Table 14, the System of Accounts, Alternative 3A provides higher net benefits, which in
combination with a lower project cost results in a significantly higher benefit-cost ratio than Alternative
2A (3.36 versus 2.13). Therefore, based on the process presented in Section 3.6-5-3, detailed economic
analyses were conducted for Alternative 3A. Various increments and refinements were considered (with
additional alternative number modifiers added accordingly). This includes the addition of the Manoa-
Palolo Drainage Canal floodwall to Alternative 3A to provide public health and safety protection to lolani
School and Ala Wai Elementary. The analyses and refinement focused on maximizing the benefits of
Alternative 3A as needed to identify the NED plan, thus providing the basis for tentative plan selection.
The methodology and results of this effort are summarized below, with additional detail provided in
Appendix B.

3.9.3 Incremental Justification

The focus of the incremental analysis was to confirm that each measure in Alternative 3A is
economically justified. Based on best professional judgment, the increments considered in the analysis
were defined based on economic efficiency; the analysis started with the increment that was assumed
to add the most net benefits (Increment 0), with each subsequent increment added to the analysis
based on contribution of benefits. The increments that were analyzed are listed in Table 15; key results
are summarized in the following paragraph and illustrated in Figure 9.

Table 15. Increments Used for Incremental Justification

Increment Measure(s) Added

0 Flood-warning system, Ala Wai Canal floodwalls, Ala Wai Golf Course multi-purpose detention basin, and
Hausten Ditch detention basin

1 Waiakeakua Debris and Detention Basin, Waihi Debris and Detention Basin, and Manoa In-stream Debris
Catchment

2 Pikele Debris and Detention Basin and Wai‘6ma‘o Debris and Detention Basin

3 Roosevelt Debris and Detention Basin

3.5 Makiki Debris and Detention Basin (remove Roosevelt Debris and Detention Basin)

4 Roosevelt Debris and Detention Basin and Makiki Debris and Detention Basin

5 Woodlawn Ditch Detention Basin

6 Kanewai Field Multi-purpose Detention Basin

7 Manoa-Palolo Drainage Canal Floodwall

tnitiaty-Since the performance of the features included in increment zero (the base plan) is dependent
on upstream detention, this increment initially appears to be at parity economically, or slightly negative,
between costs and benefits. This increment, however, is integral towards providing line of protection to
the most urbanized neighborhoods of the study area and dramatically increases in performance as
additional upstream increments are added.

It was assumed that the Roosevelt debris and detention basin would add more net benefits than the
Makiki debris and detention basin:, however, these measures were analyzed individually (as Increments
3 and 3.5) to confirm this assumption. As shown in Figure 9, the results of the analysis instead indicated
that the Makiki debris and detention basin added more net benefits than the Roosevelt debris and
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detention basin. The two measures were analyzed together (as Increment 4), but were found to have
fewer net benefits than the Makiki debris and detention basin alone (Increment 3.5); thus, the Roosevelt
debris and detention basin was eliminated. As such, Increment 5 was based on adding the Woodlawn
Ditch detention basin to Increment 3.5 (Alternative 3A-1).

As part of the analysis, it was also determined that the Innovation Center Improvements did not provide
any flood reduction benefit; instead, the Kanewai Field Multi-purpose detention basin was analyzed as
Increment 6 (Alternative 3A-2) and was found to be economically justified. As there were still net
benefits available, the Manoa-Palolo Drainage Canal Floodwall was analyzed as Increment 7 (Alternative
3A-3); this increment did not add net benefits, so was not further considered during this iteration.

Incremental Analysis - Net Benefits

$12,000
$10,000
$8,000
$6,000

$4,000

Net Benefits ($000)

$2,000

S0

Inc. 0 2 4 6 8

-$2,000
Alternative 3A - Increments

Figure 9. Results of Incremental Analysis

Building on the results of the incremental justification, further analysis was conducted to determine
whether net benefits would be maximized if the height of the Ala Wai Canal floodwalls were increased,
in lieu of the Kanewai Field detention basin (as Increment 6). This analysis also included consideration of
non-structural solutions to protect Kanewai Field, as needed to allow for comparison of benefits. The
results of the analysis confirmed that benefits were maximized with the addition of Kanewai Field
detention basin, as the incremental cost of this measure was approximately $3 million, while replacing
the detention basin with higher floodwalls and non-structural protection was more than ten times the
cost. Additional information on this analysis is provided in Appendix B.

3.10 Iteration 4 — Economic Optimization of the Selected Plan

Consistent with EC 1165-2-214, USACE conducted a technical, policy and independent peer review of the
draft Feasibility Report and Environmental Impact Assessment, which included Alternative 3.2 as the
tentatively selected plan. The review noted changes in USACE guidance since the completion of the
initial technical analysis which consequently required updates to hydrologic and hydraulic modeling. As
modeling updates were completed, analysis focused on the evaluation of the effects of changes to
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modeling on the selected plan, Alternative 3.2. Changes to system hydrology and hydraulics resulted in

changes to the following:

e Detention Basin Storage: Detention basins required the addition of storage to meet storage

targets. In some cases, this included excavation upstream and in others, raising the spillway

elevation to increase storage volumes.

e Water Surface Profiles: Water surface profiles in the area of Ala Wai Canal were found to be

higher in the without-project condition (up to one foot higher)

Additional optimization analysis completed after the technical, policy and independent peer review are

described below.

3.10.1 Summary of Design Changes

Changes to the underlying system hydrology and hydraulics resulted in a number of changes required to

the desigh components of the selected plan. Changes include the following:

Table 16. Summary of Design Changes between Draft and Final Report

Flood Risk Management
Measure

Original Design

Design Changes

Waihi Debris and

[Oetention Basin

Earthen structure, approximately 24 feet high and 225

Structure height increased to 3742 ftz; length increased to 477

feet across; arch culvert to allow small storm flows to
pass; concrete spillway above culvert with grouted rip
rap on upstream and downstream side; debris
catchment feature located on upstream end of culvert.
New access road to be constructed for construction and
O&M.

ft

Arch culvert replaced with a 12'x6’ box culverts

Culvert length increased from 130 ft to 205 ft-
Approxszimately 150 linear feet of riprap scour protection
added downstream of culverts

Project footprint increased from 12,714 ft? to 35,200 ft

The changes in design from draft to final were evaluated for
impacts and the mitigation coordinated for the affected
areas.

Waiakeakua Debris and

Earthen structure, approximately 20 feet high and 185

Structure height increased to 3437 fts; length increased to 401

Detention Basin

feet across; arch culvert to allow small storm flows to
pass; concrete spillway above culvert with grouted rip
rap on upstream and downstream side; debris
catchment feature located on upstream end of culvert;
energy dissipation structure to be located on
downstream end of culvert.

ft

Arch culvert length increased from 110 to 200 ft-
Approx-imately 150 linear feet of riprap scour protection
added downstream of culverts

Project footprint increased from 29,180 ft?to 41,620 ft?

The changes in design from draft to final were evaluated for
impacts and the mitigation coordinated for the affected
areas.

Woodlawn Ditch Three-sided berm, approximately 15 feet high and 840

[etention Basin feet across; arch culvert to allow small storm flows to
pass; concrete spillway above culvert with grouted rip No change-
rap on upstream and downstream side.

Nlanoa In-stream Debris Concrete pad, approximately 8 feet wide and 60 feet

(atchment across; steel posts (up to approximately 7 feet high) No change-

evenly spaced 4 feet apart along concrete pad.

KManewai Field Multi-

Earthen berm, approximately 7 feet high, around 3 sides

Hurpose Detention Basin

of the field; grouted rip rap inflow spillway along bank of

Manoa Stream to allow high flows to enter the basin;
existing drainage pipe at south end of basin to allow
water to re-enter stream.

Berm height increased to 9 ft-

The changes in design from draft to final were evaluated for
impacts and the mitigation coordinated for the affected
areas.
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Flood Risk Management
Measure

Original Design

Design Changes

Wai‘6ma’‘o Debris and

Earthen structure, approximately 24 feet high and 120

Structure height increased to 33-5-34 ft-; length increased to

Detention Basin

feet across; arch culvert to allow small storm flows to

275 ft

pass; concrete spillway above culvert, with grouted rip
rap on upstream and downstream side; debris
catchment feature located on upstream end of culvert.
Excavation of approx. 2,000 yd3 to provide required
detention volume upstream of berm; low-flow channel
with existing substrate to be restored following
excavation. New access road to be constructed for
construction and O&M.

Arch culvert replaced with a 12’x6’ box culvert:
Culvert length increased from 130 ft to 170 ft=

Approx-imately 150 linear feet of riprap scour protection
added downstream of culvert:

Detention basin excavation increased to 3,060 yd3:

Project footprint increased from 6,985 ft?to 19,890 ft%

The changes in design from draft to final were evaluated for
impacts and the mitigation coordinated for the affected
areas.

ukele Debris and
etention Basin

Earthen structure, approximately 24 feet high and 120

Structure height increased to 38-35 ftz; length decreased to 82

feet across; arch culvert to allow small storm flows to
pass; concrete spillway above culvert with grouted rip
rap on upstream and downstream side; debris
catchment feature located on upstream end of culvert.
New access road to be constructed for construction and
O&M.

ft

Arch culvert replaced with a 12°x6’ box culvertz

Culvert length increased from 130 ft to 160 ft-
Approx-imately 150 linear feet of riprap scour protection
added downstream of culverts

Excavation of 14,330 yd3from 15,620 ft? upstream of
structure for additional detention capacity-

Project footprint increased from 2,920 ft?to 16,660 ft*
The changes in design from draft to final were evaluated for
impacts and the mitigation coordinated for the affected
areas.

Nakiki Debris and
etention Basin

o l=

Earthen structure, approximately 24 feet high and 100

Structure height increased to 38-36 ft.

feet across; arch culvert to allow small storm flows to
pass; concrete spillway above culvert with grouted rip
rap on upstream and downstream side; debris
catchment feature located on upstream end of culvert.
New access road to be constructed for construction and
O&M.

Arch culvert length increased from 130 ft to 160 ft-

Approx-imately 150 linear feet of riprap scour protection
added downstream of culvert:

Excavation of 3,035 yd3from 14,040 ft? upstream of structure
for additional detention capacity=

Project footprint increased from 7,250 ft?to 17,165 ft%

The changes in design from draft to final were evaluated for
impacts and the mitigation coordinated for the affected
areas.

Ala Wai Canal Floodwalls

Concrete floodwalls ranging up to approximately 4 feet

Floodwall height optimized as described below. The floodwall

high, offset from existing Canal walls. Existing stairs to

near the outlet to the ocean was extended at an elevation of

be extended and new ramps to be installed to maintain

7.9 ft MSL between the Kalakaua Bridge and the Ala Moana

access to Canal; floodgate to be installed near McCully

Bridge to account for future sea level rise (described in

Street. Two pump stations to accommodate storm flows

Section 8.3).

and gates installed at existing drainage pipes to prevent
backflow from the Ala Wai Canal during a flood event.

The changes in design from draft to final were evaluated for
impacts and the mitigation coordinated for the affected
areas.

Hausten Ditch Detention

Concrete floodwalls and an earthen berm
(approximately 4.3 feet high) to provide detention for
local drainage; install concrete wall with four slide gates

Hasin

adjacent to the upstream edge of the existing bridge to
prevent a backflow from the Ala Wai Canal during a
flood event.

Floodwall and berm heights optimized as described below.

The changes in design from draft to final were evaluated for
impacts and the mitigation coordinated for the affected
areas.

la Wai Golf Course
Nulti-Purpose Detention
asin

Im = 17>

Earthen berm, averaging 4 feet high, around the north
and east perimeter of the golf course; grouted rip rap
inflow spillway along bank of Manoa-Palolo Drainage

Canal to allow high flows to enter the basin; sediment

Berm height increased to an elevation ranging between 10.0-
11.9 ft MSL; berm averages 2.7 feet in height above the

existing surface
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Flood Risk Management

Measure

Original Design

Design Changes

basin within western portion of golf course; floodgate

The changes in design from draft to final were evaluated for

across the main entrance road; passive drainage back

impacts and the mitigation coordinated for the affected

into Ala Wai Canal. areas.

Changes resulting from design alterations have been reflected in the Table-+# 18 description of the
recommended plan, however, the alternatives utilized for comparison has not been changed in Iteration
4. Given the relative differences between in the comparison of Alternative Plans provided in Table 14 of
Iteration 3, it is assumed that relative differences in evaluation criteria are similar and therefore the
evaluation, comparison and selection outlined in Iteration 3 remains valid. Comparisons of Alternative
Plans in the Section 5 EIS portions of the report have generally been updated to reflect the current
estimated impacts of the recommended plan based on the most current information. The cost
estimates and analysis of benefits associated with the selected plan were also updated during this
iteration of the plan formulation.

3.10.2 Economic Analysis of Additional Increments

Changes in water surface profiles and the resulting changes to the benefits and costs provided the
opportunity to revisit the incremental analysis discussed in Section 3.9.3. In particular, concerns were
raised regarding the increases in the water surface profile at Ala Wai Canal and the effect of that future
without-project condition on areas of the right bank that were without protection including lolani
School and Ala Wai Elementary School. The previous incremental economic analysis (Section 3.9.3)
justified floodwalls around the Ala Wai Canal and a levee at the Ala Wai Golf Course, but was unable to
justify the Manoa Palolo Drainage Canal floodwall (Increment 7), a floodwall between lolani School, Ala
Wai Elementary and the Ala Wai Canal. With updated cost estimates, benefits analysis, and system
hydraulics, the inclusion of the Manoa Palolo Drainage Canal continued to remain unjustified
economically as the economic benefits did not outweigh the costs and therefore did not add to the net
benefits of the overall selected plan. In addition, because the water surface profiles were reduced
between the with-project and the without-project condition, damages within this reach could not be
considered induced flooding resulting from the with-project condition. As a result, it was determined
that Increment 7 did not meet Federal interest requirements and would not be considered further in the
recommended plan.

In accordance with USACE EM 1110-2-1413, economic analysis was conducted on pump station interior
drainage features to verify that the stations meet applicable guidance and that the economic benefits
exceed the costs. The three pump stations proposed as a part of the tentatively selected plan intercept
trunk storm sewer systems and are intended to prevent backwater flooding due to the installation of
flap gates on the storm sewer outfalls.

The flood footprint for interior flooding in the absence of Pump Stations 1 and 2 partially overlaps the
existing flood footprint for the without-project condition, however, this footprint extends much further
to the east across Kapahulu Avenue into adjacent residential neighborhoods which would otherwise be
relatively unaffected by flooding in the Ala Wai Canal (Figure 22). Water surface elevations associated
with interior flooding increase above the without project condition significantly within those areas of
overlap (between 0.9°-1.7’). Further, interior flooding adversely affects two emergency shelters, one
fire station and evacuation routes for Waikiki including Kapahulu Avenue, Monsarrat Avenue and
Kalakaua Avenue. Given the increase in water surface elevations between the without-project and
interior flooding condition, the inclusion of Pump Stations 1 and 2 meet the minimum facilities criteria
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designated by USACE guidance and are included as an integral element to the line of protection features
for the Ala Wai Canal.

In the vicinity of Pump Station 3, the flood footprint for interior flooding exists entirely within the flood
footprint for the without-project condition (Figure 22). Water surface elevations associated with
interior flooding decrease below the without project condition significantly within those areas (-2.28’) as
a result of the recommended plan. Consequently, Pump Station 3 does not meet the minimum facilities
requirement prescribed by USACE guidance and was excluded from inclusion in the recommended plan.
In the absence of a pump station, a backwater effect from local drainage is expected with approximately
1-foot depths within the intersection of Date Street and University Avenue, and approximately 1.5-foot
depths near Ala Wai Canal, resulting from a 10% ACE storm. Flooding associated with the backwater
effect in these areas is considered residual damage. Local drainage improvements implemented in this
area could improve this condition.
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3.10.3 Economic Optimization of Recommended Plan Features

The measures in Alternative 3A-2 (based on adding Kanewai Field detention basin as Increment 6) were then
reviewed to confirm that each is optimally scaled (that is, whether the scale of each measure maximizes
benefits). Based on anprevious analysis of the 10% level of design documents, it was determined that

and

d c c c

percent-ACE flood-eventDebris

optimization was not necessary for the debris

detention basins.
a () ne an A

and detention basins were designed to m

7
a) a

Specifically,each-of the detention-basins

aximize storage to the greatest extent

possible given the constraints of the built environment (neighborhoods, existing uses) and estimated

environmental impacts. As debris and detention basins with a lower level of protection would still require

nearly the same footprint and would not offer significant cost savings, it was determined that down-scaling
would provide minimal (if any) benefit, and therefore was not considered as part of the optimization process.
Therefore, the optimization efforts focused on the height of the floodwalls along the Ala Wai Canal.

FerUsing the purpeses-efthe1035% level of design, the Ala Wai Canal floodwalls were assumed to have an

average height of 4 feet. This was considered to be the baseline for the optimization effort; the floodwall heights
were then subsequently adjusted in 1-foot increments. The analysis accounted for design elements that would

differ depending on the floodwall height. Specifically, starting at an average height of 5 feet, the floodwalls
include more robust footings and floodgates for access to the Canal; the 4-foot-high floodwalls include less
robust footings and stair access. As shown in Table 1617, lowering the floodwall heights by 1 foot (i.e., 3-foot

average height; Alternative 3-A-2.1) resulted in lower net benefits, such that this iteration was not found to be

economically justified. Similarly, raising the floodwall heights by 1 foot to an average of 5-feet-high

(Alternative 3A-2.3) also resulted in lower net benefits. As such, average 4-foot-high floodwalls were determined

to be the optimized level (Alternative 3A-2.2).

Table 1617. Optimization Results (S000)*

Cost/Benefit Description Alt. 3A-2.1 Alt. 3A-2.2 Alt. 3A-2.3 Alt. 3A-2.4

P (Avg. 3-ft Floodwalls) | (Avg. 4-ft Floodwalls) | (Avg. 5-ft Floodwalls) | (Avg. 6-ft Floodwalls)
Plans & Specs $29.429 $55,736 $2—97443 _5_56 627 $3—1,é5—2 5_57 608 $3—2—,949 _$_58 624
Construction Management $16:415 $26,795 $16;420 $27,224 $17.598 $27,696 $17.875 $28,183
Lands® $7488 517,194 $7/488 $17,194 $7488 $17,194 $7,488 S$17,194
Construction Contract $113,200 $201,660 $113.240 $205,050 $121.369 $208,764 $123.263 S212,626
Estimated Cost (October $166,532 $301,385 | $166,591 $306,095 | $178,007 $311,262 | $180,675 $316,627
20132016 price level)
Interest During Construction $9,831 S$13,511 $9,835 513,602 $10,508 $13,701 $11.096 $13,805
Total Investment $176,363 5314,896 $176,426 $319,697 $188,515 $324,963 $191,771 $330,432
Annualized Total Investment
(50YR@2.52.875%) $7,519 $11,950 $7,522 512,132 $8,037 512,332 $8,176 512,539
Annual O&M $£982 $985 £982 5985 $£982 S$985 $982 $985
Expected Annual Cost (EAC) £8,501 512,935 $8,504 513,117 $9,019 513,317 $9,158 513,524
Residential $9,280 $19,656 $9,445 $19,803 $9,455 $19,811 $9,455 $19,811
Commercial $8,118 524,841 $8,263 524,953 $8,271 $24,962 $8,272 524,962
Public $2,504 $3,568 $2,548 $3,575 $2,551 $3,575 $2,551 $3,575
Expected Annual Benefits (EAB) $19,902 $48,065 $20,256 $48,331 $20,277 $48,348 $20,278 $48,348
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Net Benefits $11;401 $35,130 $11,;752 $35,214 $11,;258 $35,031 $11;120 $34,824
Benefit/Cost Ratio 234 3.72 238 3.68 225 3.63 221 3.57

3.11 Identification of NED Plan

Federal policy requires identification of the plan that reasonably maximizes net NED benefits (i.e., the NED plan);
the NED plan must be recommended for implementation unless there are overriding reasons for recommending
another plan. According to the results of the incremental justification and optimization process described above,
Alternative 3A-2.2 was identified as the NED plan; the results summarized in Table 4617 (and shown in Figure
10) illustrate how the costs and benefits were used to bracket Alternative 3A-2.2 as the NED plan. Given that the
net benefits associated with 3-foot average height floodwalls (Alternative 3A-2.1) are only marginally lower than
those associated with 4-foot average height floodwalls (Alternative 3A-2.2), additional analysis may-bewas
conducted before the Final Feasibility Report/ElSprior to finalizing this report to determine whether the

floodwall heights can be further optimized (i.e., whether net benefits are further maximized at an average

height between 3 and 4 feet). However, forthe purpeses-eofthis DraftFeasibilityRepert/ElS;initial results were
confirmed and the NED plan is based on an average floodwall height of 4 feet,censistentwith-theresulisefthe

currentlevel-of-analysis.
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Figure 10. Identification of the NED Plan and the Tentatively-SelectedRecommended Plan

3.12 Selection of Tentatively SelectedRecommended Plan

As described above, Alternative 3A-2.2 was identified as the NED plan; Federal policy requires that the NED plan
be recommended for implementation unless there are overriding reasons for recommending another plan. The
PDT reviewed the attributes of the NED plan relative to the planning objectives, criteria and engineering
standards and determined that there were no overriding reasons that warranted recommendation of another
plan, and as such identified the NED Plan as the tertatively-selectedrecommended plan.

As part of this process, the PDT weighed the attributes of Alternative 3A-2.1 relative to those of the NED plan, as
this alternative incorporates lower floodwalls (average height of 3 feet) with only a slight reduction in net
benefits. Based on this evaluation, the PDT identified several important distinctions which underscore the
designation of the NED plan as the tentativelyselectedrecommended plan. In addition to maximizing net
beneflts the NED plan prowdes an additional $%'—;'>4~QQ€L§2 2 m||||o nin expected annual beneflts for only a
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; -.costs. Given these
factors, the NED plan also provides for a more resilient and robust project, as further discussed in Section 8.3.

The only advantage of Alternative 3A-2.1 is that the floodwalls would be approximately one foot lower (at an
average height of 3 feet), which would reduce the degree of potential visual impacts toward and along the Ala
Wai Canal by increasing visibility over the floodwalls. However, this was not considered to be adequate

justification for selection of Alternative 3A-2.1 as the tentativelyselectedrecommended plan. Asprevieushy-It

should be noted—add#maahaaai*&w%ay—b&eende&ted—beﬁe%e that the EMaJ—Feaabuﬁy—RepeﬁEts—t&dete%wne
whetheroptimization of the floodwall heigh

heights- was based upon the economic benefits and not to a specn‘lc Ievel of protectlon, such as the 1% ACE
flood event.

3.13 Compensatory Mitigation

Following identification of the tentativelyselectedrecommended plan, the compensatory mitigation
requirements were further refined for impacts to Waters of the U.S. (including streams and/or other aquatic
resource functions).1? This effort built upon the preliminary mitigation information that was originally
incorporated into the Viable Array of Alternatives (as described in Section 3.6-4-1); the results fall within the
range of mitigation requirements and costs that were identified to allow for evaluation and comparison of the
alternatives.

Consistent with USACE regulations (ER 1105-2-100), which require that changes in habitat value be quantified
using ecosystem output model, the Hawai’i Stream Habitat Equivalency Procedure (HSHEP) was used to quantify
the loss of habitat function associated with implementation of the tentativelyselectedrecommended plan. The
HSHEP model was developed to support management of Hawai’i’s streams and associated habitat for
freshwater flora and fauna through a collaborative effort by biologists at the State of Hawai’i Division of Aquatic
Resources (DAR) and researchers at various universities, agencies, museums, and private companies. To confirm
its applicability to the Ala Wai Canal Project, the model was reviewed by the USACE Ecosystem Planning Center
of Expertise (ECO-PCX), and was certified for project use on May 19, 2015. A detailed description of the HSHEP
model and its applicability to the project is provided in Appendix E.

Detailed stream surveys were conducted throughout the watershed, with the resulting data processed according
to the variables in the HSHEP model, as needed to quantify the habitat quality associated with the existing and
future without-project condition (in terms of habitat units [HUs]). Anticipated changes in the model variables
were then defined for the with-project condition, based on the conceptual design for the tentatively
seleectedrecommended plan. The modeling results were then compared, with the loss in habitat quality resulting
from the with-project condition used to define the mitigation requirements.

The results of the stream surveys, in combination with best professional judgment, were also used to identify
potential mitigation concepts that could be implemented to offset the anticipated loss of habitat quality. These
concepts were refined through an iterative process, in coordination with the resource agencies, resulting in the
identification of a suite of possible mitigation measures. The increase in habitat quality associated with each of
the mitigation measures was quantified using the HSHEP model, and these results were used to combine the
measures into different mitigation alternatives that could be implemented to compensate for the loss of habitat
quality associated with the tertatively-selectedrecommended plan. Each of the mitigation alternatives was
developed to the 10-percent design level, and cost estimates (Class 4) were prepared. The habitat modeling
results and the cost estimates were then used to complete a Cost Effectiveness and Incremental Cost Analysis
(CE/ICA), which provided the basis for selection of the mitigation alternative to be included as part of the

tentatively-selectedrecommended plan.

17 Subsequent to screening of the Viable Array of Alternatives, it was determined there is not an adequate basis for consideration of upland forested habitat
as a significant resource. Efforts have been incorporated into the design process to avoid and minimize impacts to the extent practicable; however,
compensatory mitigation is not required for unavoidable impacts to upland (including non-wetland riparian) habitat.
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Based on this process, the selected mitigation alternative is comprised of two measures, both of which involve
in-stream improvements to eliminate a migratory passage barrier for native aquatic species in Manoa Stream.
The location of these measures is shown in Figure 11. In each location, there is currently an in-stream structure
where undercutting has resulted in an overhanging lip (such that the stream flow is free-falling and does not
maintain contact with the surface of the structures), which creates a passage barrier for native aquatic species.
The proposed mitigation involves installation of grouted stone as part of the existing in-stream structure to
provide a suitable surface for migration of the native species to upstream habitat. A detailed description of the
mitigation development and selection process, and the conceptual mitigation design information is provided in
Appendix E.
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4.0 Summary of Alternatives

As described throughout Section 3, a range of alternative plans were identified as part of the plan formulation
process. Several of the alternatives were eliminated from further consideration, resulting in a total of three
alternatives that were carried through the plan formulation process (including the No Action alternative). These
alternatives constitute the range of alternatives analyzed for the purpose of NEPA and HRS Chapter 343
compliance. Following is a summary of the alternatives that were eliminated from further consideration,
followed by a brief description of the alternatives considered for the purposes of NEPA and HRS Chapter 343
compliance.

4.1 Alternatives Considered but not Evaluated in Detail

Both NEPA and HRS Chapter 343 require that a-éraftan EIS describe alternatives that meet the objectives of the
action, regardless of cost, in sufficient detail to explain why they were rejected. Following is a description of the
alternatives that were considered but rejected from further evaluation. These include alternatives comprised of
different flood-reduction measures in varying locations throughout the watershed, based on the broad flood-
reduction strategies used to formulate the initial array of alternatives.

As described in Section 3, other approaches to reducing flood-related risks in the watershed, such as widening
the Canal and modifying McCully Street Bridge, were eliminated in the early stages of formulation as they were
determined to not be feasible or effective (see Table 3). Other locations outside of the watershed were not
considered for implementation of flood-risk measures as these would not meet the planning objective, which is
specific to reducing flood risk in the Ala Wai Watershed.

4.1.1 Maximize Attenuation in Upper Watershed (Single Large Dam)

As described in Section 3, one of the fundamental strategies contemplated in the plan formulation process was
to attenuate the floodwaters entirely (or almost entirely) in the upper watershed. This concept was developed
into Alternative 1A, and was designed to be an approximately 350-foot-wide dam across Waihi and Waiakeakua
streams. The dam would be approximately 50 feet high, with two concrete and grouted rip-rap spillways. It
would detain flows associated with the 1-percent ACE event, or approximately 17,000,000 cubic feet (390 acre-
feet) of water.

However, based on the hydraulic modeling conducted over the course of the plan formulation process, it was
determined that peak flow contribution occurs throughout the upper and middle reaches of the watershed. As
such, the most effective location for a single, large dam would be in the middle of the watershed (where there is
an adequately-sized drainage area), but given the density of urban development, this is not considered a
practicable solution. In terms of providing detention in the upper watershed, smaller detention basins were
found to outperform the single dam (i.e., substantially less cost for similar level of protection), with less transfer
of risk to the downstream community. In addition, the single dam would impact more than three times the
amount of area within the upper watershed (as compared to the smaller detention basins), which is expected to
translate to proportionately more impacts to both biological and archaeological/cultural resources. In addition,
the scale of the dam would result in greater visual impacts, as the structure would be more than twice the
height of the detention structures. For these reasons, this alternative was rejected from further consideration.

4.1.2  Focus Solutions Where Most Damages Occur (Ala Wai Canal)

One of the other fundamental strategies considered in the plan formulation process was to address flooding
through structural solutions along the Ala Wai Canal, which is the area where the most damage would occur. A
variety of measures were initially considered, but most of these (such as pumping peak flows from the Canal,
widening/deepening the Canal, and adding another outlet to the Canal) were eliminated in the early stages of
formulation as they were determined to not be practicable or effective (see Table 3). One of the few remaining
flood reduction measures that could be implemented along the Ala Wai Canal was the addition of floodwalls.
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However, analyses previously conducted for the Ala Wai PAS Study indicated that in the absence of other flood
risk management measures in the upper portions of the watershed, the floodwalls along the Ala Wai Canal
would need to be up to 14 feet tall (USACE, 2001). This approach was determined to be unacceptable, primarily
due to the visual impacts toward and along the Canal, as well as impacts to the Canal as a historic site;
therefore, this alternative was dropped from further consideration. Shorter floodwalls were found to be an
effective solution, when considered in combination with detention basins throughout the watershed; this
approach is included as part of Alternatives 2A and 3A.

4.1.3 Non-Structural Plan

Consistent with USACE planning requirements, a purely non-structural plan was considered as part of the plan
formulation process. Non-structural measures are proven methods and techniques for reducing the
consequence of flooding (e.g., flood damages), and generally involve changing the use (or accommodating
existing uses) in the floodplain, without changing the extent and nature of the flood itself. They include such
measures as raising, relocating and acquiring or buying-out structures, floodproofing, and building individual
berms and floodwalls to protect small cluster of buildings.

As detailed in Appendix B, the non-structural plan was formulated by screening for structures that sustain
enough damage to economically justify some kind of non-structural solution. An iterative screening process was
used to evaluate the economic justification for individual buildings. Through this process, it was determined that
the non-structural plan would not reduce the overall flood risk in the watershed sufficiently to meet the project
objective. Ultimately, the only structures that are justified for inclusion in the non-structural plan are selective
properties with a high concentration of value. Such an alternative does not adequately meet the project
objective, nor would it be considered socially fair or politically acceptable. The stand-alone non-structural
alternative was, therefore, dropped from further evaluation.

4.2 Alternatives Carried Forward
4.2.1  No Action (Future Without-Project)

The future without-project condition is defined as the most likely condition expected to exist in the future in the
absence of the project, and serves as the benchmark against which other alternatives are evaluated. In general,
future without-project forecasting should account for conditions such as climate variability, sea-level rise,
subsidence, geomorphologic changes, and changes in development over the 50-year period of analysis. Based
on an analysis of the anticipated future conditions within the watershed, the future without-project condition
for this study were defined according to changes in sea-level, rainfall frequency, debris generation and
transport, and extent of impervious area. Substantial changes in land subsidence, seismic influences, and
geomorphologic conditions are not expected over the period of analysis, so were not further evaluated.

A detailed discussion of these conditions is provided in Section 5.

Under the No Action (future without-project) alternative, the Federal government would take no action toward
implementing a specific flood risk management plan. A large portion of the watershed, including approximately
54,000 residents (plus 79,000 visitors), would remain within the 1-percent ACE floodplain. In addition to
threatening public health and safety, a large-scale flood event would be expected to result in significant
structural damages throughout the watershed, including most (if not all) of the Waikiki District; estimated
structural damages associated with the 1-percent ACE flood are approximately $218-millien-51.14 billion.
Emergency costs associated with responding to the flood event, impacts to critical infrastructure, and
disruptions to local business would also be substantial.

4,22  Tentatively SelectedRecommended Plan (Alternative 3A-2.2)

The tertatively-selectedrecommended plan is comprised of a series of in-stream debris and detention basins in
the upper reaches of the watershed (one in Makiki, three in Manoa, and two in Palolo), one stand-alone debris
catchment feature in the middle reach of Manoa Stream, three multi-purpose detention basins in open spaces
adjacent to the streams/Canal (Kanewai Field, Ala Wai Community Park, and Ala Wai Golf Courses), floodwalls
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along most of the Ala Wai Canal (at an average of 4 feet high) with-threeand the Manoa Palolo Drainage Canal
along with two associated pump stations, and improvements to the flood warning system. In addition, the plan
includes removal of two migratory passage barriers for native aquatic species in Manoa Stream as compensatory
mitigation for impacts to aquatic habitat. A brief description (including the approximate extent of disturbance)
of each measure, as well as the associated O&M activities, is presented in Table4# 18; the location of the
measures is shown in Figures+iand 12. Figure 14 shows the locations of measures included in the
recommended plan following refinement outlined in Iteration 4 (Section 3.10).

4.2.3  Alternative 2A

As described for the plan formulation process, several of the measures in Alternative 2A are also part of the
tentatively-selectedrecommended plan; these include several of the multi-purpose detention basins, the Ala Wai
Canal floodwalls (but at an average height of approximately 5 feet) and improvements to the floodwarning
system. Differences between Alternative 2A and the tentatively-selectedrecommended plan include (1) debris
catchment features in the upper watershed rather than debris and detention basins and (2) additional detention
in the urbanized watershed (Manoa District Park) in lieu of detention in the upper watershed. Given the smaller
project footprint in the upper watershed, it is expected that Alternative 2A would require slightly less
compensatory mitigation for impacts to Waters of the U.S. than the tentativelyselectedrecommended plan
(although the reduced impacts in the upper watershed would be at least partially offset by the need for a 600-
foot-long culvert along the edge of Manoa Stream, as needed to divert flood waters to the Manoa District Park
detention basin). A detailed analysis of the mitigation requirements was not conducted, but it is assumed that
the compensatory mitigation measures (or a subset of those measures) defined for the tentatively
selectedrecommended plan would also be incorporated as part of Alternative 2A (see Figure 11).

Based on the process described in Section 3.6-5-2, additional analysis and refinement of Alternative 2A was not
conducted subsequent to the evaluation and comparison process, such that Alternative 2A is based on the
information described for the final array of alternatives. A brief description (including the approximate extent of
disturbance) of each measure is presented in Table-17 18; the location of each measure is shown in Figures-14
are 13. The O&M requirements are also listed in Table-+7 18; these are expected to be similar in nature to those
required for the tentativelyselectedrecommended plan, but the level of effort (and associated cost) is assumed
to be higher as the measures in Alternative 2A require a larger area to be maintained (e.g., cutting/clearing
vegetation).
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Table 1718. Summary of the Fentatively-SelectedRecommended NED Plan and Alternative 2A (lteration 3)

Alt Total Area of Permanent Structure Temporary Vegetation Extent of
M ’ 0&M Reaui ¢ Disturbance Footprint Disturbance Management Inundation
easure equirements . .
28 Sk Description of Measure q Total Area | Length of Total Length of | (€8, Staging) | Total Area | Lengthof | (duration for
NED (ac) Stream (ft) | Area(ac) | Stream (ft) (ac) (ac) Stream (ft) 1% ACE)
MANOA
Earthen dam-structure, approximately 24-37-42 feet high and 225-477 feet across; areh box 06
N . culvert to allow small storm flows t(? pass; co-ncrete spillway above culvert with grouted rip- Cut/clear vegetation within cleared zoned (20 feet around perimeter of 135 acros
Waihi Debris and rap on upstream and downstream side; debris catchment feature located on upstream end ; ) ) . ) 10 0 B3 4= e
K . . . . o structure) twice per year, allowing no woody vegetation to grow in this area. 0.1 0.3 40 inundated
Detention Basin of culvert-; approximately 150 feet of riprap for energy dissipation-structure-to-belocated 7CIear accumulated debris following flood event and annuall 1.5 355 0.8 355 ¢
en and scour protection downstream-ead of culvert. New access road to be constructed for J V- or ::p to4.5
construction and O&M-. ours
Waihi Debris Concrete pad, approximately 8 feet wide and 140 feet across; steel posts (up to Cut/clear vegetat_|on within cleared.zoned (20 feet arounfi perlmeter'of .
Catchment . approximately 7 feet high) evenly spaced 4 feet apart along concrete pad concrete pad) twice per year, allowing no woody vegetation to grow in this 0.3 48 0.07 8 0.1 0.2 40 None
PP v & ¥ sp P € pac. area. Clear accumulated debris following flood event and annually.
Earthen éam-structure, approximately 26-34-37 feet high and 485-401 feet across; arch 6:-9-acre
Waiakeakua culvert to allow small storm flows to pass; concrete spillway above culvert with grouted rip- | Cut/clear vegetation within cleared zoned (20 feet around perimeter of dam 12 100 07 110 3.2 acres
Debris and . rap on upstream and downstream side; debris catchment feature located on upstream end | structure) twice per year, allowing no woody vegetation to grow in this area. 1'7 350 1'0 350 0.1 0.5 40 inundated
Detention Basin of culvert; approximately 150 feet of riprap for energy dissipation-structure-to-belocated Clear accumulated debris following flood event and annually. - I = — forupto9
en_and scour protection downstream-end of culvert. hours
Wala.keakua Concrete pad, approximately 8 feet wide and 140 feet across; steel posts (up to Cut/clear vegetat.lon within cleared.zoned (20 feet arounf:l perlmeter.of .
Debris . approximately 7 feet high) evenly spaced 4 feet apart along concrete pad concrete pad) twice per year, allowing no woody vegetation to grow in this 0.2 48 0.03 8 0.1 0.2 40 None
Catchment PP ¥ g Y sp P J pad. area. Clear accumulated debris following flood event and annually.
Three-sided berm, approximately 15 feet high and 840 feet across; arch culvert to allow 1.7 acres
Woodlawn Ditch » app v ) g . ! . Cut/clear vegetation within cleared zoned (20 feet around perimeter of 12 inundated
. ) . . small storm flows to pass; concrete spillway above culvert with grouted rip-rap on . . ) . ) 1.9 120 11 60 0.1 40
Detention Basin . berm) twice per year, allowing no woody vegetation to grow in this area. 1 for up to 10
upstream and downstream side.
hours
Po’elua Place Earthen berm and debris catcher with metal poles to capture debris on east side of Manoa Cut/clear vegetation within cleared zoned (20 feet around perimeter of
Debris . Stream; grate with inlet to culvert for intake of water to the Manoa District Park multi- berm) twice per year, allowing no woody vegetation to grow in this area. 0.6 165 0.2 0 0.1 0.1 0 None
Catchment purpose detention basin. Clear accumulated debris following flood event and annually.
Manoa In-stream . . Cut/clear vegetation within cleared zoned (20 feet around perimeter of
) Concrete pad, approximately 8 feet wide and 60 feet across; steel posts (up to . . . o
Debris . approximately 7 feet high) evenly spaced 4 feet apart along concrete pad concrete pad) twice per year, allowing no woody vegetation to grow in this 0.1 48 0.01 8 0.1 0.1 40 None
Catchment PP v g ¥ sp P g pac. area. Clear accumulated debris following flood event and annually.
Manoa D|§tr|ct Earthen berm (approximately 13 feet high) around 3 sides of Manoa District Park:: 600- Cut/clear.vegetatlon W|th|n.c|eared zoned (20 fegt around perlmeFer of .6.6 acres
Park Multi- . . . . . berm) twice per year, allowing no woody vegetation to grow in this area. inundated
. foot-long culvert from Poelua Place to detention basin; concrete spillway with grouted rip- . L ) ; 12.9 600 2.2 0 0.1 9.4 0
Purpose . . L > Area within berm to be maintained as a field for park use (with no woody for up to 10
. . rap on detention and stream side; 2-foot drain pipe to release water back to Manoa Stream . . .
Detention Basin vegetation) during non-flood conditions. hours
| i | i ithin cl ire si i
nnovation Decrease existing grade to allow high flows onto the site; debris catcher installed with Cut/c.ear vegetation wit |n. cleared zon.ed (?nt|re site) twice per year, . =0 L)
Center . A . . - allowing no woody vegetation to grow in this area. Clear accumulated debris 1.1 0 0 0.1 0 None
metal pipes along edge of site to catch debris as flows re-enter Manoa Stream. . 1 1
Improvements following flood event and annually.
- . . . . . Cut/cl tati ithin cl d d (20 feet d perimeter of 5.1
Kanewai Field Earthen berm, approximately 7-9 feet high, around 3 sides of the field; grouted rip-rap ut/c ear_vege ation wi |n_c eared zoned ( ee_ aroun pe.rlme. eroe . acres
. . . - . . L berm) twice per year, allowing no woody vegetation to grow in this area. &5 inundated
Multi-Purpose i d inflow spillway along bank of Manoa Stream to allow high flows to enter the basin; existing o o ) ) 70 0.9 70 0.1 5.5 0
. ; . . . Area within berm to be maintained as a field for park use (with no woody 6.1 forup to 10
Detention Basin drainage pipe at south end of basin to allow water to re-enter stream. . . o
vegetation) during non-flood conditions. hours
PALOLO
Earthen dam-structure, approximately 24-33-5-34 feet high and 126-275 feet across;
arehbox culvert to allow small storm flows to pass; concrete spillway above culvert, with 0.7
Wai‘éma‘o grouted rip-rap on upstream and downstream side; debris catchment feature located on Cut/clear vegetation within cleared zoned (20 feet around perimeter of dam 1.0 .acre
K upstream end of culvert:; approximately 150 feet of riprap for energy dissipation-structure structure and excavation area) twice per year, allowing no woody vegetation 455 03 130 T
Debris and . - . - . ) . 1.6 0.1 11 40 inundated
. . to-belocated-on and scour protection downstream-end of culvert. Excavation of to grow in this area. Clear accumulated debris following flood event and 720 0.5 320
Detention Basin . 3 . . B forup to 10
approx-imately 2,606-3,060 yd3 to provide required detention volume upstream of berm; annually. hours
ew-How-channebwith-existing substrate to-be restered following excavation—new access
road to be constructed for construction and O&M.-.
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SECTION 4.0 SUMMARY OF ALTERNATIVES

Table 1718. Summary of the Fentatively-SelectedRecommended NED Plan and Alternative 2A (lteration 3)

Alt Total Area of Permanent Structure Temporary Vegetation Extent of
M ’ 0&M Reaui ¢ Disturbance Footprint Disturbance Management Inundation
easure equirements . .
28 Sk Description of Measure q Total Area | Length of Total Length of | (€8, Staging) | Total Area | Lengthof | (duration for
NED (ac) Stream (ft) | Area(ac) | Stream (ft) (ac) (ac) Stream (ft) 1% ACE)
Wai gma © Concrete pad, approximately 8 feet wide and 50 feet across; steel posts (up to Cut/clear vegetat.lon within cleared.zoned (20 feet arounf:l perlmeter.of .
Debris . approximately 7 feet high) evenly spaced 4 feet apart along concrete pad concrete pad) twice per year, allowing no woody vegetation to grow in this 0.4 48 0.1 8 0.1 0.1 40 None
Catchment PP ¥ & Y sp P J pad. area. Clear accumulated debris following flood event and annually.
Earthen dam-structure, approximately 24-36-35 feet high and 120-82 feet across; areh-box
culvert to allow small storm flows to pass; concrete spillway above culvert with grouted rip- 04
Pikele Debris rap on upstream and downstream side; debris catchment feature located on upstream end Cut/clear vegetation within cleared zoned (20 feet around perimeter of dam o5 170 02 130 0.8 acre
and Detention . of culvert-; approximately 150 feet of riprap for energy dissipation-structure-to-belocated structure) twice per year, allowing no woody vegetation to grow in this area. ’ ’ 0.1 0.1 40 inundated
) ; X i . ) 16 810 0.4 310
Basin en downstream-end of culvert. Excavation of approx-imately 14,330 yd? to provide Clear accumulated debris following flood event and annually. forupto9
required detention volume upstream of berm; new access road to be constructed for hours
construction and O&M:-.
Cut/clear vegetation within cleared zoned (20 feet around perimeter of
Pikele Debris Concrete pad, approximately 8 feet wide and 25 feet across; steel posts (up to / & . . ( . P . .
o . . concrete pad) twice per year, allowing no woody vegetation to grow in this 0.2 48 0.1 8 0.1 0.1 40 None
Catchment approximately 7 feet high) evenly spaced 4 feet apart along concrete pad. . .
area. Clear accumulated debris following flood event and annually.
Manoa-Palolo . Add concrete floodwalls (9 to 12 feet high-in elevation) along the right bank of the Canal Cut/clear vegetation within cleared zoned (20 feet around perimeter of 21 0 2:0 0 01 (als) 0 None
Canal Floodwalls from the Ala Wai Canal to Date Street. floodwalls) twice per year, allowing no woody vegetation to grow in this area. ' 0 ’ 0
MAKIKI
. Earthen éam-structure, approximately 24 feet high and 260 feet across; arch culvert to . - . 0.8 acre
Roosevelt Debris PP v . & ) ) Cut/clear vegetation within cleared zoned (20 feet around perimeter of dam .
. allow small storm flows to pass; concrete spillway with grouted rip-rap on the upstream : ) . . . inundated
and Detention . B . A S structure) twice per year, allowing no woody vegetation to grow in this area. 1.1 170 0.5 120 0.1 0.2 40
. and downstream side; 20-foot-wide perimeter to be maintained as cleared around . . forupto9
Basin . Clear accumulated debris following flood event and annually.
perimeter of berm. hours
Earthen dam-structure, approximately 24-36 feet high and 100 feet across; arch culvert to
allow small storm flows to pass; concrete spillway above culvert with grouted rip-rap on 0.5 acre
Makiki Debris upstream and downstream side; debris catchment feature located on upstream end of Cut/clear vegetation within cleared zoned (20 feet around perimeter of dam 06 175 03 130 inL;ndated
and Detention . . culvert:; approximately 150 feet of riprap for energy dissipation structure-te-be-located-en structure) twice per year, allowing no woody vegetation to grow in this area. ’ 0.1 0.1 40
. . . . . . 15 780 0.4 310 forupto9
Basin and scour protection downstream-end of culvert. Excavation of approximately 3,035 yd3 to Clear accumulated debris following flood event and annually. hours
provide required detention volume upstream of berm; New access road to be constructed
for construction and O&M:-.
ALA WAI
Concrete floodwalls ranging up to approximately 4 feet high, offset from existing Canal . o .
walls.Floody - g Eup pp __ L y e g e Lt € Cut/clear vegetation within cleared zoned (20 feet around perimeter of
Ala Wai Canal o o 5 foot hih & ) oA Exstngstairs tobe extended and | floodwalls) twice per year, allowing no woody vegetation to grow in this area. 0o
° ° - s . Periodically inspect drainage pipes and gates, and remove any impediments 11.8 0 0.3 0 0.3 0 None
Floodwalls new ramps to be installed to maintain access to Canal; floodgate to be installed near L . 0
. ] to movement. Inspect, test, and maintain pump systems annually. Paint
McCully Street. Three-Two pump stations to accommodate storm flows and gates installed
o . . . . and/or grease metal parts, as needed.
at existing drainage pipes to prevent backflow from the Ala Wai Canal during a flood event.
Cut/clear vegetation within cleared zoned (20 feet around perimeter of berm
Concrete floodwalls and an earthen berm (approximately 4.3 feet high) to provide and floodwalls) twice per year, allowing no woody vegetation to grow in this 3.5 acres
Hausten Ditch . . detention for local drainage; install concrete wall with four slide gates adjacent to the area. Area within berm to be maintained as a field for recreational use during 14 70 0.2 35 01 11 35 inundated
Detention Basin upstream edge of the existing bridge to prevent a backflow from the Ala Wai Canal duringa | non-flood conditions. Periodically inspect slide gates and actuators and ’ ’ ’ ’ forupto4
flood event. remove any impediments to movement. Paint and/or grease metal parts, as hours
needed.
. Cut/clear vegetation within cleared zoned (20 feet around perimeter of
. Earthen berm, up-to-appreximately-on average 2.7 feet high, around the north and east / . g . ( ) P . )
Ala Wai Golf . ; . . _ _ berm) twice per year, allowing no woody vegetation to grow in this area. 134 acres
. perimeter of the golf course; grouted rip-rap inflow spillway along bank of Manoa-Palolo s L . .
Course Multi- . . ) . o Area within berm to be maintained as a golf course (with no woody 4.0 inundated
. . Drainage Canal to allow high flows to enter the basin; sediment basin within western L . . f . 25.6 70 70 0.6 8.4 0
Purpose . . ) . ) vegetation in sediment basin) for recreational use during non-flood 4 for up to 10
. . portion of golf course; floodgate across the main entrance road; passive drainage back into e . . . .
Detention Basin . conditions. Periodically inspect floodgate and remove any impediments to hours
Ala Wai Canal. .
movement. Paint and/or grease metal parts, as needed.
NON-STRUCTURAL
Floodwarnin Installation of 3 real-time rain gages (Manoa, Makiki, and Palolo streams) and 1 real-time Periodically inspect gages for proper operating conditions. Keep area around
Svstem g . e | streamflow or stage gage (Ala Wai Canal) as part of flood warning system for Ala Wai sensors free from sediment deposits and plant growth, or other impediments minimal minimal minimal minimal minimal 0 0 None
¥ Watershed. to data collection.
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SECTION 4.0 SUMMARY OF ALTERNATIVES

Table 1718. Summary of the Fentatively-SelectedRecommended NED Plan and Alternative 2A (lteration 3)

Alt Total Area of Permanent Structure Temporary Vegetation Extent of
M ’ 0&M Reaui ¢ Disturbance Footprint Disturbance Management Inundation
easure equirements . .
28 Sk Description of Measure q Total Area | Length of Total Length of | (€8, Staging) | Total Area | Lengthof | (duration for
NED (ac) Stream (ft) | Area(ac) | Stream (ft) (ac) (ac) Stream (ft) 1% ACE)
COMPENSATORY MITIGATION
Falls 7 and 8 . . Instal!atloh of grout_ed stongs to ellr.mnate passage barrier by providing a suitable surface Pe_rlodlcally inspect in-stream structure for potential erosion or undercutting; 0.05 110 0.004 10 0.05 0 0 None
for migration of native species at 2 in-stream structures. reinforce as needed.
TOTAL FOR ALTERNATIVE 2A 11.1 315 152.6
67.3 2347 707 2.3 27
TOTAL FOR ALTERNATIVE 3A (NED Plan) 147.7
57.0 3503 9.5 1898 2.0 18 315

Note:

FSP=tentativelyselectedNED = National Economic Development Plan; the recommended plan
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5.0 Affected Environment (Existing Conditions) and
Environmental Consequences

5.1 Introduction

Pursuant to NEPA and its implementing regulations (40 CFR Part 1500 through Part 1508), Federal agencies are
required to assess the environmental effects of their proposed actions before making decisions. Similarly, HRS
Chapter 343 and its implementing rules (Hawai’i Administrative Rules [HAR] 11-200) also require environmental
review for projects that include certain regulatory triggers; in the case of this project, DLNR is required to
comply with HRS Chapter 343 given the use of State and County lands or funds, use of the Conservation District,
use within a historic site (as designated in the Hawai’i Register), and use within the Waikiki District. The purpose
of both NEPA and HRS Chapter 343 is to inform decision-makers and the public of the likely environmental
effects of a proposed action and its alternatives.

HRS 343-5(f) states that “[w]henever an action is subject to both the National Environmental Policy Act of 1969
... and the requirements of [HRS 343], the [Office of Environmental Quality Control (OEQC)] and agencies shall
cooperate with Federal agencies to the fullest extent possible to reduce duplication between Federal and State
requirements. Such cooperation, to the fullest extent possible, shall include joint environmental impact
statements with concurrent public review and processing at both levels of government. Where Federal law has
environmental impact statement requirements in addition to but not in conflict with [Chapter 343, HRS], the
[OEQC] and agencies shall cooperate in fulfilling these requirements so that one document shall comply with all
applicable laws.” Under NEPA, the Federal agency is responsible for determining whether an EIS is required,
based on assessment of whether a Federal action has the potential to “significantly affect the quality of the
human environment.” In the case of HRS Chapter 343, an agency may determine that an EIS is required, thereby
choosing to not prepare an environmental assessment (EA) and instead proceeding directly to preparation of an
EIS, beginning with an EIS Preparation Notice (EISPN) as provided by the rules. In the case of this project, it was
determined that an EIS was the proper form of compliance under both NEPA and HRS Chapater 343; pursuant to
343-5(f), this report serves as a joint document. Pursuant to the respective requirements of NEPA and HRS
Chapter 343, a Notice of Intent (NOI) to prepare an EIS was published in the Federal Register on October 2,
2008,18 and an EISPN was published in OEQC’s Environmental Bulletin on October 23, 2014.

Consistent with the intent of NEPA and HRS 343, this chapter presents information on the existing conditions for
the affected environment and describes the consequences of implementing each alternative, based on the
range of resources that comprise the human and natural environment. Specific requirements and considerations
for these analyses are discussed below.

5.1.1  Affected Environment

For each resource, the existing conditions within the project area are described, with a brief summary of historic
conditions where applicable. The analysis of effects described in the subsequent Environmental Consequences
section uses the Affected Environment description as the baseline to identify changes to the resource under
future with- and without-project conditions. In addition to the environmental setting, this section also describes
the regulatory setting, as appropriate. Key regulatory compliance activities are described in the subsections
below, as appropriate; the status of regulatory compliance is further addressed in Section 7.0. Additional detail
regarding applicable regulations and policies is provided in Appendix E.

For most resources, the area of concern is generally limited to the construction limits for each measure, as
shown in Figures 11 through 13. However, for some resources, the project-related effects must be considered

18 An NOI was originally published on June 14, 2004 (69 Federal Register [FR] 32996) with a supplemental NOI published on October 2, 2008 [73 FR 57339)
to address the scope changes in the FCSA Amendment 1, dated December 2006.
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SECTION 5.0 AFFECTED ENVIRONMENT (EXISTING CONDITIONS) AND ENVIRONMENTAL CONSEQUENCES

within the context of the surrounding vicinity. For example, the evaluation of land use, aesthetics, noise, traffic,
and socioeconomics also includes the surrounding areas. Potential effects relative to resources that occur across
a broader area — climate, geology, and air quality — were considered at a regional scale.

Although environmental conditions are generally subject to some change over time, most of these resources are
not expected to change significantly under the without-project condition over the period of analysis. However,
any changes expected in the future-without-project condition are described in the Environmental Consequences
section for the No Action alternative, as further described below.

5.1.2 Environmental Consequences

The evaluation of environmental consequences involves the comparison of the effects of each alternative plan
relative to the No Action (future without-project) conditions. Environmental consequences (also referred to as
effects or impacts) may be adverse or beneficial, and include both direct and indirect effects. Direct effects are
caused by the action and occur at the same time and place; indirect effects are caused by the action and are
later in time or farther removed in distance, but are still reasonably foreseeable. For those resources that may
be adversely affected, measures that would be implemented to mitigate the potential impacts are described.
The approach taken for mitigation follows the recommended steps set forth by the President’s Council on
Environmental Quality in the NEPA regulations (40 CFR Part 1508.20 [a-€e]), and includes (in order of preference)
avoidance, minimization, and compensation.

Criteria were identified for each resource to assist with evaluation of the potential for significant adverse effects;
the criteria are based on the definitions of significance and the specific considerations identified for NEPA

(40 CFR 1508.27) and HRS Chapter 343 (HAR 11-200-12), as well as other standards of professional practice.
Based on the significance criteria, the analysis presented for each resource concludes the degree of potential
impact as one of the following:

e Beneficial. This effect would provide benefit to the environment as defined for that resource.

e No Effect. This effect would cause no discernible change in the environment as measured by the
applicable significance criteria; therefore, no mitigation would be required.

e Less than Significant. This effect would cause no substantial adverse change in the environment as
measured by the applicable significance criteria; in general, no mitigation would be required (but in
some cases may be incorporated as a best practice or to meet other regulatory requirements).

e Significant. This effect would cause a substantial adverse change in the physical conditions of the
environment or as otherwise defined based on the significance criteria. Effects determined to be
significant fall into two categories: those for which there is feasible mitigation available that would avoid
or reduce the environmental effects to less-than-significant levels, and those for which there is either no
feasible mitigation available or for which, even with implementation of feasible mitigation measures,
there would remain a significant adverse effect on the environment. Those effects that cannot be
reduced to a less-than-significant level by mitigation are identified as significant and unavoidable.

For each identified impact and associated mitigation measure (if applicable), a discrete impact and mitigation
number is indicated (IMP and MM, respectively); these numbers allow for a quick reference between the text
and the summary of impacts (as provided in Table ES-6). Based on the plan formulation strategy, as described in
Section 3, the tentativelyselectedrecommended plan and Alternative 2A share many similarities, but differ in
terms of a few key measures. Given this, the discussion of impacts associated with Alternative 2A focuses only
on the differences from the tentativelyselectedrecommended plan.
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SECTION 5.0 AFFECTED ENVIRONMENT (EXISTING CONDITIONS) AND ENVIRONMENTAL CONSEQUENCES

5.2 Geology, Seismicity and Soils

5.2.1  Affected Environment
5.2.1.1 Regulatory Framework

Regulations and policies that relate to geology, seismicity, and soils and are being considered as part of the
proposed project include the following:

e (Clean Water Act, Section 402
e HRS Chapter 342D (Water Pollution), with implementing rules in HAR 11-55
e Revised Ordinances of Honolulu (ROH), Chapters 16 (Building Code)

5.2.1.2 Environmental Setting
Geologic Conditions

The Ala Wai Watershed lies on the southern slope of the Ko‘olau volcano, the younger and more easterly of two
shield volcanoes that built the island of O‘ahu. Much of the eastern side of the Ko‘olau volcanic shield has been
removed through erosion and structural collapse; the remnants form the Ko‘olau Mountain Range. The Ko‘olau
Mountain Range has been deeply dissected by erosional forces, resulting in gullies and gulches separated by
steep ridges. Tributary streams generally originate in the upper elevations of the watershed and join to form
single master streams (such as Manoa Stream), converging in deep and wide valleys. Alluvial soil from the ridges
and mountainous areas has been gradually removed by sheet erosion and transported to the lower valley floor
by surface runoff, accumulating as thick alluvial sequences. The Honolulu coastal plain, which generally extends
from Pearl Harbor to Koko Head, is comprised of interlayered terrigenous and marine sediments and calcareous
materials, as well as volcanic deposits produced by rejuvenated-stage volcanism (Stearns, 1939).

Seismicity

In Hawai’i, seismicity is closely linked with volcanism; earthquakes tend to be concentrated in volcanically active
areas, primarily around the island of Hawai'i. In the area encompassing O‘ahu and Maui, seismicity is generally
related to tectonic activity along seafloor fractures and faults, such as the Diamond Head Fault, which extends
along the seafloor northeast of O‘ahu (Furumoto et al., 1990). Several earthquakes ranging in magnitude from
4.0 to 5.0 have been historically documented along this fault (Fletcher et al., 2002). Although the seismic risk on
O‘ahu is relatively low compared to more volcanically active areas, the sedimentary layer that underlies
Honolulu, particularly along the shoreline, is more prone to heightened ground motion than adjacent areas of
bedrock (Fletcher et al., 2002; Furumoto et al., 1990). In 1997, the Uniform Building Code (UBC) seismic risk
ranking for O‘ahu was upgraded from 1 to 2A, indicating a higher risk of seismicity than previously thought.1®
The current seismic site class code is the International Building Code (IBC).

Subsidence

The potential for and rate of subsidence in Hawai’i is generally linked to volcanic activity (and the associated
weight of material contributed by the active volcanoes), with the rate of subsidence increasing with proximity to
currently active volcanoes. As such, the highest rates of subsidence occur on Hawai’i Island, where geologically
young volcanic rocks are causing flexure in the underlying lithosphere. Some degree of subsidence also occurs
on Maui, because of its proximity to Hawai'i Island and its relatively young geological age. In contrast, the islands
of O‘ahu and Kauai lie outside the area of subsidence, and are subject to uplift due to material moving down and
outward from the subsidence zone. In general, O‘ahu and Kauai are considered relatively stable; rates of uplift
have been less than 0.1 millimeter per year (mm/yr) since the last interglacial period with an estimated mean of
0.06 mm/yr over the last 200,000 years (Fletcher and Jones, 1996; Caccamise, 2003).

19 The uBC system classifies seismic hazards on the basis of the expected strength of ground shaking and the probability of the shaking actually occurring within
a specified time. The ranking is based on six seismic zones, ranging from 0 (no chance of severe ground shaking) to 4 (10 percent chance of severe shaking
in a 50-year interval).
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SECTION 5.0 AFFECTED ENVIRONMENT (EXISTING CONDITIONS) AND ENVIRONMENTAL CONSEQUENCES

Surface Soils

Based on maps published by the USDA (1972), the soil series and land types in the Ala Wai Watershed are
summarized below; additional information, including the physical and engineering properties of each soil type, is
contained in the Final Geotechnical Assessment for the Ala Wai Watershed (Pacific Geotechnical Engineers, Inc.,
20009).

The uppermost portion of the watershed generally consists of rocky mountainous land, where the ground
surface is very steep and soil cover is very thin. Upper Manoa and Palolo Valleys are dominated by Lolekaa soils,
which are derived from older alluvium and colluvium deposited at the foot of steep, mountainous areas. The
alluvium and colluvium that cover the valley floors and extend along the stream channels are mapped as Hanalei
and Ka’ena soil series in Manoa Valley, and as Lualualei, Kawaihapai, and Ka’ena soil series in Palolo Valley; these
are all younger, unconsolidated soils. Surface soil conditions in Makiki Valley are dominated by volcanic cinders;
these include Tantalus soils in the upslope areas and Makiki soils in the downslope areas. Some of the sidewalls
of the gulches carved by the tributary streams are mapped as Rock land. Deposits of younger alluvium found in
portions of these gulches and at the lower end of Makiki Stream are mapped as Ka’ena and Kawaihapai soil
series.

A large portion of the coastal plain within the watershed consists of fill (Sherrod et al., 2007), including some
areas mapped as Pearl Harbor soil and Jaucus sand. Based on data from available borings drilled in the area, fill
materials were placed on lowlands and shallow offshore areas, and are largely underlain by younger,
underconsolidated alluvium and marsh and lagoonal deposits. Portions of the Honolulu coastal plain are
mapped as ‘Ewa soil, which generally consists of younger alluvium underlain by limestone.

Landslides and Debris Flows

Landslides include a variety of processes that result in the downward and outward movement (e.g., falling,
sliding, spreading, or flowing) of slope-forming materials, such as rock, soil, or fill. They typically involve
substantial volume of material, and occur in soft, clay-rich colluvium (often far removed from streams).
Previously documented landslides within the watershed include the Paty-Alani landslide and the Hulu-Woolsey
Landslide, both of which occurred on the eastern side of Manoa Valley in 1988, as well as the previous
Wai‘oma‘o Slide in Palolo Valley. These were generally slow-moving landslides, which involve incremental
movement of land that remains saturated over a relatively long period of time (Baum and Reid, 1992).

In contrast to slow-moving landslides, debris flows (also referred to as soil avalanches, mud flows, or mudslides)
are related to intense rainfall on steep hillslopes, wherein the mass of sliding soil with the underlying bedrock and
overtopping vegetation moves rapidly, typically down a drainage channel, potentially damaging homes and other
structures located in its path. Previous studies have investigated debris flow events and hazards in the project
vicinity. Based on a landslide inventory by Peterson et al. (1993), most debris flows in the Ala Wai Watershed
occur in the upper slopes of the Ko‘olau Range where annual rainfall is greatest, exceeding 150 inches. Historical
debris flows are concentrated in the headwaters of Waihi Stream, on the east crest of Wa‘ahila Ridge in upper
Pukele Stream, and around Ka‘au Crater.20 Ellen et al. (1993) developed a debris-flow hazard map for southern
O‘ahu from Moanalua Stream to Makapu‘u Point, which includes the Ala Wai Watershed. Although not intended
to predict debris flow locations, the map is designed to provide a large-scale overview of potential hazards in
areas underlain by Ko‘olau basalt based on average long-term debris flow properties. It defines areas with high
hazard (return period of 500 years or less), moderate hazard (return periods of 501 to 2,000 years) and low
hazard (return periods of 2,001 to 10,000 years) (Ellen et al., 1993). The portion of the hazard map that covers
the Ala Wai Watershed area is shown in Figure £415. The results of this study indicate that the potential landslide
hazard is greatest in highly weathered soil on steep slopes in areas of high annual rainfall.

As part of a separate study, Deb and El-Kadi (2009) assessed shallow landslide hazards in southern O‘ahu using a
deterministic model called SINMAP. The model uses slope-stability parameters and geotechnical data to create a

20 The inventory did not include landslide activity on the Honolulu Volcanic rocks in the upper Makiki watershed.
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SECTION 5.0 AFFECTED ENVIRONMENT (EXISTING CONDITIONS) AND ENVIRONMENTAL CONSEQUENCES

soil cohesion index and hydrologic data to create a wetness index. These data were then applied to a geographic
information system (GIS) framework with topographic data and land cover data to compute a stability index.
This index classifies areas by various degrees of susceptibility from low to very high. In general, the areas of high
to very high susceptibility are similar to the moderate and high debris-flow hazard areas identified in Ellen et al.
(1993).

Figure 1415. Portion of Landslide Hazard Map

Note: Orange represents high hazard areas, yellow represents moderate hazard areas, and blue are low hazard areas. Purple areas indicate possible
hazards under extreme conditions, and pink areas were not evaluated. The red outlined dotted area represents an increased hazard because of windblown
soil deposits (Ellen et al., 1993).

5.2.2 Impacts and Mitigation

Effects on geology, seismicity, and soil conditions were considered to be significant if implementation of an
alternative would result in any of the following:

e Substantially alter an important natural geologic feature

e Cause substantial soil erosion

e Increase exposure of people or structures to seismic-related hazards

e Substantially contribute to an increased potential for (or otherwise be affected by) an onsite or offsite
landslide/debris flow, subsidence, liquefaction, or collapse

The potential effects to geology, seismicity, and surface soil conditions that could result from implementation of
the alternatives, measures that would be conducted to mitigate those effects, and the resulting degree of
impact are discussed in the following subsections.

5.2.21 No Action Alternative

Under the No Action Alternative, none of the flood risk management measures would be implemented. As no
features would be constructed, there would be no project-related activities that would affect geologic, seismic
or soil conditions. The physical conditions within each of the measure locations would be expected to be
generally commensurate with the current onsite conditions.

THIS DOCUMENT IS BASED ON THE INFORMATION AVAILABLE AT THE TIME OF PUBLICATION. THE U.S. ARMY CORPS OF ENGINEERS PLANNING PROCESS IS DYNAMIC AND RESPONSIVE TO
PUBLIC AND STAKEHOLDER INPUT; IT IS POSSIBLE THAT THE CONTENT HEREIN MAY CHANGE AS A RESULT OF REVIEW COMMENTS RECEIVED. THIS DOCUMENT DOES NOT NECESSARILY
REPRESENT THE PERSPECTIVE OF HIGHER REVIEW LEVELS WITHIN THE AGENCIES INVOLVED OR THE EXECUTIVE BRANCH OF THE FEDERAL GOVERNMENT.
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Erosional processes, including debris flows and landslides, are expected to continue across the watershed,
especially in areas of potential hazard including steep slopes and high annual rainfall, as noted by Ellen et al.
(1993). Given the potential for more intense episodes of rainfall, these events could potentially occur on a more
frequent basis. In addition, expansion of invasive trees species (particularly those that easily uproot because of
shallow root systems [such as Miconia calvescens]) into the steep upper slopes of the watershed could further
contribute to increased frequency of mass wasting events.21

52.2.2 Tentatively SeleetedRecommended Plan (Alternative 3A-2.2)

The tentativelyselectedrecommended plan would involve implementation of both structural and non-structural
measures throughout the watershed. Non-structural measures (i.e., improvements to the flood warning system)
would not affect the geology, seismic or soil conditions within the study area, and therefore are not discussed
further.

The structural measures include construction of detention basins and floodwalls, as well as mitigation measures,
each of which would involve ground disturbance. The majority of the sites in the mid to lower portions of the
watershed are located in highly disturbed environments, with no natural topography or substrate present. The
proposed location for flood risk management measures in the upper watershed are generally comprised of
native substrate, but none include important geologic landforms or topographic features. Although no impacts
are expected to geologic or topographic features, erosion could occur during construction as a result of ground
disturbance associated with vegetation clearing, excavation and/or grading during construction (IMP GEO-1). A
summary of the relevant activities at each measure site and the estimated extent of ground disturbance
associated with each is provided in Table-4# 18. To the extent possible, the measures have been sited to
minimize the need for excavation and grading, and to take advantage of existing cleared areas that can be used
for staging and access. For example, where possible, the detention basins use natural topography to minimize
the extent of ground disturbance needed to construct the berm. In addition, site-specific BMPs to control
erosion would be implemented at each measure location. The BMPs would be specified in the Stormwater
Pollution Prevention Plan (SWPPP) that would be developed in compliance with the requirements for an NPDES
permit; further discussion of the SWPPP and NPDES permit requirements is provided in Section 5.6. With
implementation of these BMPs, the extent of erosion is expected to be less than significant; no mitigation is
required.

Following construction, no major forms of ground disturbance are anticipated at any of the measure sites. It is
expected that normal operation of the debris and detention basins would help to capture sediment and debris
that is transported via streamflow. Sediment and debris that accumulates within the debris and detention
features would be removed as part of the routine O&M activities and disposed of at an approved, offsite
location that is qualified to accept the material. Sediment and debris removal would have some potential to
result in erosion (IMP GEO-2). BMPs to control erosion, similar to those used during the construction phase,
would be identified and implemented as part-efthe SWPRPR.necessary. With implementation of these measures,
erosion-related impacts as part long-term O&M are expected to be less than significant; no mitigation is
required.

Although there is some degree of seismic hazard on the island of O‘ahu, the proposed measures are not
expected to be highly susceptible to seismic activity or otherwise increase exposure to seismic-related hazards.
All of the measures would be designed to meet IBC standards and other relevant requirements related to
earthquake safety, such that seismic-related impacts are not anticipated.

Some of the proposed measures, particularly those located in the upper watershed area, may be located
downslope of areas that are subject to increased risk of debris flows or landslides. As described above, areas
where potential landslide hazards are greatest are those with highly weathered soil on steep slopes in areas of
high annual rainfall (e.g., Waihi, Waiakeakua, Palolo, and Wai‘0ma‘o debris and detention basins). Construction

21 Thjs assumption is based on the best professional judgment of knowledgeable biologists, including Rob Hauff (DOFAW), Stephen Miller (USFWS),
Rachel Neville (OISC), Miranda Smith (KMWP), and Deanna Spooner (Hawai’i Conservation Alliance), as discussed on April 22, 2010.
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and operation of the measures is not expected to increase the risk of landslide or debris flow events, as these
features are not designed to hold water for long periods of time, such that they would not substantially increase
soil saturation over time. However, debris flows are most likely to occur during heavy rainfall, when water
retention for flood control is most needed; as previously noted, future climate conditions are expected to
further increase the potential for these events. In addition to subjecting the structure to high-momentum
impacts from boulders and other debris, any such debris flows could rapidly fill the detention structure, leading
to overtopping and unintended hydraulic consequences (IMP GEO-3). The design is based on the assumption
that none of the measures have been sited in unstable or unsuitable substrate, such that they would increase
the risk for any such event. However, detailed geotechnical analyses would be conducted as part of the PED
effort during the next phase of the project, as needed to finalize the design for each measure (MM GEO-1). With
implementation of this measure, impacts related to debris flows and landslides are expected to be less than
significant.

5.2.2.3 Alternative 2A

In general, the type of flood management measures included in Alternative 2A are consistent with those in the
tentativelyselectedrecommended plan, such that the nature and degree of impacts are generally expected to be
similar. However, the locations of the measures (and the associated impacts) differ between alternatives. They
key differences in the potential impacts of Alternative 2A versus the tentativelyselectedrecommended plan are
as follows:

e Construction and operation of the measures in Alternative 2A would result in a greater extent of disturbance
(see Table-+7 18); however, with implementation of erosion control BMPs, potential impacts associated with
erosion and sedimentation would be expected to be less than significant.

e Under Alternative 2A, the debris and detention basins in the upper Manoa and Palolo watershed are
replaced by debris catchment structures. Although these structures would function to capture debris, there
is expected to be a lower risk associated with unintended hydraulic consequences because of landslide or
debris flow events, as compared with the debris and detention basins in the tentatively
selectedrecommended plan.

Based on these factors, and with implementation of erosion control BMPs, the potential impacts of
Alternative 2A on geology, seismicity, and soils is expected to be less than significant.

5.3 Groundwater Resources

5.3.1 Affected Environment
5.3.1.1 Regulatory Framework

Regulations and policies that protect groundwater resources and are being considered as part of the proposed
project include the following:

e HRS Chapter 174C (State Water Code)

5.3.1.2 Environmental Setting

On O‘ahu, groundwater primary occurs in flank basal aquifers or in high level dike-impounded systems. In most
of the island’s coastal areas, including the southern shore, low permeability sedimentary deposits (commonly
referred to as “caprock”) restrict the seaward flow of groundwater, thus increasing the overall thickness of the
basal aquifer. The basal aquifers are recharged by infiltration of precipitation and inflows from upgradient
groundwater systems. Groundwater discharge typically occurs directly to streams, or by seepage and springs
(especially near the coast).

Within the Ala Wai Watershed, groundwater generally occurs within basal unconfined flank aquifers. The basal
aquifers located within the Ala Wai Watershed are the Nu‘uanu, Palolo, and Wai‘alae-West aquifer systems,
which are part of the Honolulu aquifer sector. It is expected that, where present, high-level dike-impounded and
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perched groundwater in the upper portion of the watershed contribute to the recharge of the underlying basal
aquifers.

The State of Hawai’i Commission on Water Resource Management (CWRM) is responsible for determining the
sustainable yield for each aquifer; the total estimated sustainable yield for the island of O‘ahu is 407 million
gallons per day (mgd) (CWRM, 2008b). The estimated sustainable yield for the Honolulu aquifer sector is

50 mgd. Of this total, the Nu’uanu, Palolo, and Wai‘alae-West aquifer systems have estimated sustainable yields
of 5, 14, and 4 mgd, respectively (CWRM, 2008a). Because of concerns for diminishing reserves of developable
groundwater and threats to water quality at developed sources, protection of the Honolulu aquifer sector as a
groundwater management area was instituted in 1981, resulting in a requirement for water use permits
(CWRM, 1990).

5.3.2 Impacts and Mitigation

Effects on groundwater resources were considered to be significant if implementation of an alternative plan
would result in any of the following:

e Substantially deplete groundwater supplies
e Interfere with groundwater recharge

The potential effects to groundwater supply and recharge that could result from implementation of the
alternatives are discussed in the following subsections. Discussion of potential impacts to groundwater quality is
provided in Section 5.6.

5.3.2.1 No Action Alternative

Under the No Action Alternative, none of the flood risk management measures would be constructed, such that
no activities affecting groundwater conditions would occur. The physical conditions within each of the measure
locations would be expected to be generally commensurate with the current onsite conditions.

Changes in rainfall over time are expected to reduce groundwater recharge and therefore impact O‘ahu’s water
supply, which is highly dependent on groundwater wells. Coupled with increased evaporation rates caused by
rising air temperatures, groundwater recharge rates could be significantly affected, resulting in changes to both
aquifer levels as well as base flow in the streams. In addition, rising sea levels could contribute to increased salt
water intrusion into the freshwater lens (National Assessment Synthesis Team, 2000), although the presence of
the caprock may limit the degree of intrusion (BWS, 2009b). These potential changes have been widely
described, but no attempt to quantify future changes in groundwater availability or recharge rates for Hawai’i
has been identified to date.

53.2.2 Tentatively SelectedRecommended Plan (Alternative 3A-2.2)

The tertatively-selectedrecommended plan would involve construction of a series of detention basins, debris
catchment structures, and floodwalls, which would collectively function to reduce flooding hazards. None of

these flood risk measures (or the associated mitigation measures) are expected to involve disturbance of the
groundwater table or other impacts to the underlying aquifer.

As part of the focus of developing environmentally sustainable measures, each of the structures has been
designed such that base stream flows would not be affected. In particular, the detention structures would
include natural-bottom arch culverts or box culverts that are adequately sized to allow both base flows and
small-scale storm flows to freely pass; the detention structures would only function to detain flood waters
associated with larger storm events (i.e., those exceeding the 20-percent ACE level). As such, these features are
not expected to affect groundwater infiltration by diminishing base flows.

As shown in Table-+7# 18, detention of water during peak flows could result in inundation behind each of the
detention structures for up to approximately 10 hours (for a 1-percent ACE flood event). Although these
conditions are not expected to occur on a frequent basis, they could serve to enhance groundwater recharge, at
least on a short-term, localized basis. As the recurrence interval and scale of detention associated with future
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flood events cannot be predicted, the potential benefits to groundwater recharge (if any) are not readily
quantifiable.

5.3.2.3  Alternative 2A

Alternative 2A is comprised of similar types of measures as those in the tentativelyselectedrecommended plan,
with the measures distributed throughout different locations in the watershed. Consistent with the analysis
provided in Section 5.3.2.2, construction and operation of the measures in Alternative 2A is not expected to
directly or indirectly affect groundwater resources, either based on disturbance of the groundwater table or
reduced infiltration from diminished base flows. Detention of flood waters in the detention basins could provide
short-term, localized enhancement of groundwater recharge; however this effect would likely be less
pronounced than for the tertativelyselectedrecommended plan, as Alternative 2A includes fewer detention
basins.

5.4 Surface Water Resources

54.1  Affected Environment
54.1.1 Regulatory Framework

Regulations and policies that protect and/or regulate work within surface water features and are being
considered as part of the proposed project include the following:

e (Clean Water Act, Section 404

e Rivers and Harbors Act, Section 10

e HRS Chapter 174C (State Water Code)
54.1.2 Environmental Setting

Historically within the watershed, surface water occurred in a variety of settings, including streams, springs,
ponds and wetlands. Urbanization and development activities have subsequently altered or destroyed many of
these features, including the broad coastal wetlands that occurred throughout the Waikiki area and most of the
spring-fed ponds. At the present time, surface water within the Ala Wai Watershed is almost entirely confined to
streams and canals. These are described below, followed by a discussion of channel stability and sediment
transport associated with these features.

Streams

Streams in the Ala Wai Watershed include Manoa, Palolo, and Makiki streams (and their tributaries). Each
stream generally consists of an upper, middle, and lower reach that flow to an estuarine reach and then to the
Ala Wai Canal, before discharging to the ocean. In this context, upper reaches are the tributary streams, which
are steep, relatively straight courses in down-cutting channels, and are dominated by step-pool or cascade
features. With decreasing slope, the middle reaches are slightly meandering, and are dominated by plane bed
and riffle-pool features. Lower reaches flow across the coastal plain and are typified by sediment accumulation.
The estuarine reaches are those in which sea water and freshwater mix, typically along a gradient of increasing
salinity seaward. The approximate extent of these reaches for the streams in the Ala Wai Watershed is shown in
Figure 6.

Alteration of these streams over time to minimize flooding in adjacent areas has resulted in significant changes
in the natural drainage patterns. All three of the major streams in the Ala Wai Canal system have been altered,
with typical modifications including lined channels, elevated culverts, revetments, blocked or filled-in channels,
and extended culverts (Timbol and Maciolek, 1978). Within the urbanized portion of the watershed, Makiki
Stream is an almost entirely man-made system comprised of underground and open-ditch concrete-lined
channels, (Kido, 2006); the reach between Wilder Avenue and King Street is contained in an extended culvert,
located almost entirely underground. Nearly the entire length of Palolo Stream, from the confluence of Pikele
and Wai‘oma‘o streams, to its juncture with Manoa Stream, has been lined, consisting of a wide concrete
channel and high concrete banks. Although significant portions of Manoa Stream remain as a natural channel, as
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