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Infrastructure
Prepared for the City and County of Honolulu by Wilson Okamoto Corporation, May 2018.
This paper is one of seven thematic white papers prepared to inform the Primary Urban Center
Development Plan (PUC DP) comprehensive update. The Primary Urban Center stretches from
Wai‘alae‐Kāhala to Pearl City, mauka to makai. The PUC DP provides guidance for land use and
infrastructure, and public investment decisions that relate to development, growth areas,
housing, transportation, and conservation in the Primary Urban Center. The PUC DP is one of
eight regional plans for O‘ahu required by the City Charter and adopted by the City Council by
ordinance. The PUC DP employs a time horizon of roughly 20 years and is periodically updated.
Section Headings:
1. Introduction
2. Transportation
3. Water
4. Wastewater
5. Drainage
6. Next Steps for the PUC DP

1. Introduction
The Primary Urban Center (PUC), along with the ʻEwa region, is one of the designated growth
areas on the island of Oʻahu to which anticipated major growth in population and economic
activity will be directed. The region includes the coastal plains extending from Waiʻalae‐Kāhala
in the east to Pearl City in the west, and stretches from the shoreline to the westerly slopes of
the Koʻolau mountain range. Together with the Oʻahu General Plan, the Primary Urban Center
Development Plan (PUC DP) presents a vision for the future development of the region and
serves as a guiding document for public policy, investment, and decision‐making.
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Figure 1: The Eight Regional Plan Areas of Oʻahu

Source: Department of Planning and Permitting

Paper Objective:
Infrastructure systems support essential public services, urban development, and economic
growth, so it is important that the PUC DP address this critical role. The purpose of this white
paper is to provide a broad discussion of the important issues and trends associated with
infrastructure in the PUC, including the transportation system, and the major wet utility
infrastructure systems of water, wastewater, and drainage. This paper will provide an overview
of the transportation system in the PUC that includes the major roadway systems, traffic
operations, and Complete Streets and multimodal initiatives targeted by the City and County of
Honolulu; it will incorporate known existing and anticipated operational deficiencies, future
roadway and multimodal planning efforts, and other future transportation improvements. This
paper will also identify existing and potential deficiencies of each major wet utility infrastructure
system, past and present system planning efforts, and major wet utility infrastructure
improvements currently planned or identified.
The information presented in this paper is limited in scope and is intended for use in the
regional planning process to update the PUC DP. It is not intended as a comprehensive analysis
of each individual system, which in some cases extends beyond the boundaries of the PUC.
Long‐range plans for each individual system should be addressed by the functional plans
prepared by other public agencies to further implement the vision, policies, principles, and
guidelines that will be set forth in the PUC DP.
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2. Transportation
The transportation system in the PUC provides mobility to residents, workers, military
personnel, and visitors traveling throughout the region and beyond. The major infrastructure
components in the PUC include roads and highways, airports, and harbors. Roads and highways
in the PUC accommodate vehicles as well as a network of public transit, pedestrian, and bicycle
facilities. A key element of the existing 2004 PUC DP is to develop and maintain a balanced
transportation system that reduces reliance on cars and improves alternate transportation
modes connecting neighborhoods and activity centers. Emphasis on multiple mode options will
continue to be a feature of the PUC DP moving forward.

Existing Conditions: Transportation
Roads and Highways
Roadways in the PUC range from an extensive highway system owned and administered by the
State of Hawaiʻi Department of Transporta on (HDOT); local arterials, collector roads, and
streets owned and administered by the City & County of Honolulu Department of Transportation
Services (DTS); and a small proportion of federal and private roads. The primary HDOT highways
in the PUC include the Interstate H‐1 Freeway and H‐3 Freeway (John A. Burns Freeway), the
Likelike Highway (Route 63), Nimitz Highway (Route 92), and Pali Highway (Route 61), the H‐201
Freeway (Moanalua Freeway), and a portion of Kamehameha Highway (Route 99). The primary
City roadways in the urban core include North and South King Streets, Beretania Street,
Dillingham Boulevard, Moanalua Road, Waiʻalae Avenue, and other facili es.
The PUC is spread out across the coastal plain. Therefore, most of the principal arterial roads in
the PUC are oriented in the east‐west (Diamond Head‐ʻEwa) direc on with arterial and collector
roads providing mauka‐makai access to the ridge and valley communities. The Department of
Facility Maintenance (DFM) administers maintenance programs for City and County owned
roads, traffic signs and markings, and bridges.
Parking facilities are also a part of the transportation infrastructure that accommodates
vehicles. Currently there are on‐ and off‐street parking spaces and parking facilities in the PUC
that are both publicly and privately‐owned.

Public Transit
The City has a fixed‐route bus transit system (TheBus) and paratransit system (TheHandi‐Van)
operated by O‘ahu Transit Services (OTS). As of 2016, TheBus system consisted of 96 fixed
routes that serve approximately 3,837 bus stops and carry approximately 70 million passengers
each year.1 The buses share the roads with all other vehicles except in Downtown along the
Hotel Street Bus Mall where there is there a dedicated bus transit lane. TheBus routes are
classified into several categories: Frequent Urban Routes, Major Suburban Routes, Local Routes,
and weekday Commute Routes. All ten of the Frequent Urban Routes are located within the
PUC serving activity centers along the major corridors.
1

Oʻahu Metropolitan Planning Organiza on. 2016. Oʻahu Regional Transportation Plan 2040.
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The Honolulu Authority for Rapid Transportation (HART) began operations in 2011 to implement
rail transit on Oʻahu on a corridor extending from East Kapolei to Ala Moana. There are 21 total
proposed stations along the partially completed elevated guideway. 15 stations are planned in
the PUC: Pearl Highlands, Pearlridge Center, Aloha Stadium, Pearl Harbor Naval Base, Honolulu
Airport, Lagoon Drive, Middle Street, Kalihi, Kapālama, Iwilei, Chinatown, Downtown, Civic
Center, Kakaʻako, and Ala Moana Center. The proposed rail corridor and rail transit sta on
locations along with the surrounding land use are shown in Figure 2 through Figure 4.
HART has been asked to explore options for extensions beyond Ala Moana Center to the
University of Hawaiʻi at Mānoa (UH Mānoa) and Waikīkī on a preliminary, conceptual level, and
will be seeking City Council approval to conduct planning and engineering activities that would
preserve such future options. The PUC DP update will include, as appropriate, any proposals for
possible rail extensions if they become available from HART.

Pedestrians
Honolulu has a favorable climate and topography for walking. However, the longstanding
prioritization of automobiles rather than pedestrians in much of Honolulu’s existing street
design combined with the relatively large physical separation between walking destinations
discourage many people from walking in the PUC as a primary form of transit. For instance,
many of the PUC’s well used arterial and commercial streets require pedestrians to cross
multiple lanes of traffic. Walking is generally within individual neighborhoods as a result of
limited connectivity and considerable distances between activity centers in the PUC.
The DTS is currently developing the O‘ahu Pedestrian Plan, to be completed in spring 2019. It
will be a long‐term action plan to make Oʻahu more walkable, livable, and healthy through
improved pedestrian facilities. The project involves conducting an inventory of existing
conditions that will be used to propose and prioritize improvements to facilitate pedestrian and
multimodal travel. The PUC DP update will seek to incorporate the findings and
recommendations of the Pedestrian Plan, as appropriate.
The Honolulu Age‐Friendly City Action Plan (2015) also prioritizes pedestrian mobility, safety,
and the implementation of Complete Streets and Transit‐Oriented Development (TOD)
principles to reduce auto dependency and improve the pedestrian environment. The PUC DP
update process will monitor, and incorporate as needed, the City’s Complete Streets projects
that include alterations for pedestrian safety, comfort, and connectivity.
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Figure 2: Rail Plan Areas - Leeward Community College to Aloha Stadium

Source: Department of Planning and Permitting

Source: Hawaii State Office of Planning, 2015
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Figure 3. Rail Plan Areas - Aloha Stadium to Middle Street

Source: Hawaii State Office of Planning, 2015
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Figure 4. Rail Plan Areas - Middle Street to Ala Moana

Source: Hawaii State Office of Planning, 2015
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Bicycles
The PUC had 24.8 miles of bikeways as of the existing 2004 PUC DP. Since then, the City has
added and improved over 40 miles of bikeway facilities in the PUC—including a new protected
bicycle lane along King Street (see Table 1). The City plans to add at least 5 miles of new bikeway
facilities per year over the next few years with the goal of creating a robust bicycle network in
Honolulu’s urban core. The bicycle network plan is generally targeted for implementation within
existing roadway right‐of‐ways shared by the various travel modes.

Table 1: Existing Bikeway Facilities in the PUC
Bikeway Facility
Buffered bike lanes
Climbing bike lane
Conventional bike lanes
Path
Protected bike lanes
Route
GRAND TOTAL

Total Mileage in the PUC
1.47
6.46
22.47
18.04
2.46
14.24
65.13
Source: Department of Transportation Services, 2018

Since its completion in 2012, The Oʻahu Bike Plan has guided DTS bikeway planning for the
island of Oʻahu. The Plan’s short‐range projects focus on high volume destination areas in the
PUC such as Downtown, Waikīkī, and UH Mānoa (See Figure 5). An update to the O‘ahu Bike
Plan was kicked‐off in January 2018, and will focus on establishing a low‐stress network of
bikeways aimed at servicing existing and prospective bike riders from a wide range of skill levels.
New or improved bike paths, bike boulevards, buffered bike lanes, and protected bike lanes are
included among the proposed bikeway facilities. The timing of the bike plan update should allow
the updated bike network to appear in the PUC DP update.
Bikeshare Hawaiʻi launched a bikesharing program (Biki) in June 2017 to provide “bikesharing”
rental services and increase the multimodal options for Honolulu. Biki bicycles are available to
the public for shared use on a short‐term basis for a nominal fee. Users can use the bicycles to
travel short‐distance point‐to‐point trips with the ability to borrow a bicycle from one station
and return it to another. Currently all 100 Biki Stops are located in the PUC and found
throughout the Downtown, Kakaʻako, Ala Moana, McCully‐Mōʻiliʻili, and Waikīkī areas. Biki’s
near‐term expansion plans include new stops in the PUC areas of Kapiʻolani Park/ Diamond
Head, UH Mānoa, Makiki and Iwilei. The City currently allows Bikeshare Hawaiʻi to place Biki
Stops in rights‐of‐way per a formal agreement.
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Figure 5: O‘ahu Bike Plan Map – Kalihi to Diamond Head

Source: O‘ahu Bike Plan, DTS, 2012
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Airports
The main airport for the City & County of Honolulu, and the State of Hawaiʻi, is located within
the PUC approximately five miles northwest of the Downtown area. Recently renamed as the
Daniel K. Inouye International Airport (HNL), the Honolulu International Airport serves as a
major transport hub and is host to more than 20 million travelers each year. The airport is
owned and operated by the HDOT Airports Division and has four active runways including the
12,000‐ foot Reef Runway, which was the world’s first major runway built entirely offshore. The
HNL and the Joint Base Pearl Harbor Hickam (JBPHH) operate as a joint use facility and share
runways and taxiways. The HDOT is currently updating the 2010 Honolulu International Airport
Master Plan, and is implementing a state‐wide modernization program.
The Airports Division is self‐sustaining and does not receive general funds (income tax revenue)
to operate. Instead, revenue is generated through various user fees. In 2015, the Hawaiʻi State
Legislature passed a resolution urging HDOT to complete a feasibility study and provide
recommendations on how the airports should be operated. The study recommended the
establishment of an airport corporation, which has been formally proposed twice in as many
years to the Hawaiʻi State Legislature. The latest attempt in 2018 under Senate Bill 2996, again
failed to pass.

Harbors and Marinas
More than 80 percent of all goods consumed by Hawaiʻi residents and its visitors are imported
to the islands and, of that, more than 98.6 percent flows through the Port Hawaiʻi commercial
harbor system.2 The landside of Oʻahu’s State‐owned commercial harbors, Honolulu Harbor and
Kewalo Basin, are located within the PUC.
Honolulu Harbor is administered by the HDOT Harbors Division and serves as the primary port of
entry for overseas cargo and the hub of the State’s commercial harbor operations. It has over
five linear miles of mooring space, 200 acres of container yards, and over 30 major berth
facilities. Like the Airports Division, the Harbors Division is self‐sustaining and generates
revenues through collected rates and charges for the use of the harbors system and its
properties to fund operating expenses. The Capital Improvements Program (CIP) is also funded
by the Harbor Division’s revenues and proceeds from the issuance of revenue bonds. In 2018,
HDOT began the Honolulu Harbor 2050 Master Plan (HHMP) update which will replace its
existing 1997 plan with a 2020 time horizon. The update will focus on strategic development for
the harbor including infrastructure, optimizing uses and operations, capacity demands, and
resilience.
Although owned by the State, Kewalo Basin is under the jurisdiction of the Hawaiʻi Community
Development Authority (HCDA) and currently operated and managed by a third party, The
Howard Hughes Corporation. The harbor at Kewalo Basin consists of 143 boat slips that are used
for commercial and recreational purposes. Other recreational boating facilities in the PUC
include the Ala Wai Harbor, Keʻehi Small Boat Harbor, and Sand Island Launch Ramp. All three
of these facilities are under the jurisdiction of the State Department of Land and Natural Resources
2

Department of Transportation. (2017, February 7). HDOT Harbors Division Bond Rating Upgraded by Standard
& Poor’s [Press Release]. Retrieved from http://hidot.hawaii.gov/blog/2017/02/07/hdot‐ harbors‐division‐
bond‐rating‐upgraded‐by‐standard‐poors/
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(DLNR) Division of Boating and Ocean Recreation (DOBOR). The Waikīkī Yacht Club also operates
a private 150‐boat dock on the ‘Ewa shore opposite the Ala Wai Harbor.
The U.S. Navy has a naval station in the PUC at Pearl Harbor located approximately 6 miles west
of Honolulu. Pearl Harbor is the headquarters of the U.S. Pacific Fleet and provides berthing and
shore side support to surface ships and submarines, as well as maintenance and training. The
four lochs of the harbor are formed by the Waipiʻo and Pearl City peninsulas and Ford Island.

Major Transportation Policies, Programs, and Regulations
Complete Streets
In 2009, State legislation required each county to adopt a Complete Streets policy to create a
comprehensive, integrated network of streets that are safe and convenient for all people and
that support multiple travel modes. Three years later, the Honolulu City Council adopted a
“Complete Streets” policy and ordinance. Complete streets elements may include sidewalk
improvements, bikeway facilities, intersection improvements (such as roundabouts), and other
features that support safe and convenient travel. The Complete Streets Design Manual was
completed in 2016 to provide guidance on planning and designing streets in accordance with the
legal framework established in the provisions of Hawaiʻi Revised Statutes (HRS) Section 264‐
20.5. That same year, the first Complete Streets Program Administrator was hired to implement
Complete Streets improvements. As of today, several Complete Streets projects are ongoing or
have been recently completed across the island. Some of these are being undertaken in order to
integrate Complete Streets solutions into planned roadway repaving or rehabilitation projects.
Others are standalone planning and design projects. Current project areas in the PUC include
Pearl City, Kalihi, Liliha‐Nuʻuanu, Waikīkī, Āliamanu‐Salt Lake, Downtown, and University
Avenue.
As an additional part of the Complete Streets initiative, the DTS has been requesting that project
proponents prepare a Transportation Assessment (TA) in place of a Traffic Impact Analysis
Report (TIAR) for projects with potential traffic impacts. Unlike the vehicle‐oriented TIAR, the
intent of the TA is to consider the impact of the proposed development on all modes of
transportation and promote measures to improve accessibility and safety.

Transit-Oriented Development
The City’s Transit‐Oriented Development (TOD) program serves to integrate Honolulu’s rail
transit system, now under construction, with the long‐term growth and development goals of
the surrounding communities. In the PUC, Neighborhood TOD Plans for the ʻAiea‐Pearl City,
Downtown, and Kalihi transit station areas have all been adopted. The planning process is
ongoing for the Airport, and draft TOD plans for Ala Moana and Hālawa are pending City Council
review. A separate TOD Overlay Plan has been developed for the Kakaʻako Community
Development District that remains under the jurisdiction of the HCDA. Each TOD Neighborhood
Plan articulates a vision to create “live, work, play” communities supported by a multi‐modal
transportation system, anchored by the convenience of rail transit. More recently, the City
initiated an infrastructure master planning process to support the TOD vision for the Iwilei ‐
Kapālama rail station areas. The planning process has been engaging stakeholders to identify
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and plan for infrastructure needs to support development in the area. A significant goal of the
PUC DP update will be incorporating all of the completed TOD plans and ongoing TOD planning
efforts into the framework of the DP.

Oʻahu Metropolitan Planning Organization
The Oʻahu Metropolitan Planning Organiza on (OahuMPO) is responsible for coordinating
transportation planning on Oʻahu in accordance with the Federal Surface Transportation
Assistance Act of 1973 (CFR 23 Part 450). This mandate is intended to ensure that existing and
future expenditures for transportation projects and programs are based on a comprehensive,
cooperative, and continuing (3‐C) planning process. Federal funding for transportation projects
and programs are channeled through this planning process. Participating agencies include the
City, State, and HART.
The Oʻahu Regional Transporta on Plan is a federally mandated document that is updated
every five years by the OahuMPO. The Oʻahu Regional Transporta on Plan 2040 (ORTP 2040) is
the latest update that was approved by the OahuMPO Policy Board on April 13, 2016. The
document not only sets forth a land transportation strategy but also lists transportation
improvement projects to be funded through the year 2040. The capital projects set forth in the
ORTP 2040 include congestion mitigation and alternative projects; modernization projects;
transit projects; and operations, maintenance, system preservation, and safety projects.

State Transportation Plans
The Hawaiʻi Statewide Transporta on Plan (2011) is the State’s comprehensive document that
guides future planning for land, air and harbor transportation facilities and programs. Of the
three, development of the land transportation plan is the only one in which the OahuMPO and
the counties lead the planning process. While pedestrian and bicycling issues are addressed in
each of the county land transportation plans, the State also sponsors a more comprehensive
planning effort for these two modes.


Statewide Pedestrian Master Plan. The vision of the Statewide Pedestrian Master Plan
(May 2013) is to provide a safe and well‐connected pedestrian network that encourages
walking among all ages and abilities. The plan identifies and prioritizes several areas of
concern along the state highway system where pedestrian improvements are
recommended. These areas have the following characteristics: safety concerns; gaps in
the existing sidewalk; and/or locations near busy pedestrian‐intensive land uses and
pedestrian attractors; and high concentrations of pedestrian‐oriented populations.
Thirteen “areas of concern” were identified in the City and County of Honolulu, eight of
which occur in the PUC between the Kalihi and Waikīkī as areas that should be targeted
for improvements.



Bike Plan Hawaiʻi. Bike Plan Hawaiʻi (2003) is the result of the State’s comprehensive
planning effort focused specifically on bicycling. The plan outlines how the State intends
to accommodate and promote bicycling in the transportation system. Recommendations
of the Honolulu Bicycle Master Plan (1999) are incorporated into Bike Plan Hawaiʻi.
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Honolulu Airport Master Plan. The HDOT Airports Division is in the process of updating
the Honolulu International Airport Master Plan (2010). In addition, the Airports Division is
in the process of implementing a statewide airport modernization program. The airport
modernization program is intended to upgrade Hawaiʻi’s airports to meet visitor
expectations, while preserving a unique character that is respectful and reflective of the
Hawaiian culture and history. The $2.7 billion program will be funded through airport user
fees which include airline rents and landing fees, federal grants, passenger facility charges,
and airport revenue bonds that will be paid back with airport user fees. Improvement
costs at HNL are estimated at $750 million. Near‐term projects include a new mauka
concourse, widening of taxilanes G and L, a consolidated rental car facility, Hawaiian
Airlines Cargo Maintenance Facility, new employee parking lot, Diamond Head Commuter
Terminal, and Aloha Air Cargo Facility.



Oʻahu Commercial Harbors 2020 Master Plan. The Oʻahu Commercial Harbors 2020
Master Plan (May 1997) serves as a long‐range guide for commercial harbor development
on Oʻahu. Limited space has been one of the major constraints to improvement and
development of the commercial harbors on Oʻahu. However, the HDOT Harbors Division
has been working on expanding Honolulu Harbor by redeveloping the former Kapālama
Military Reservation property for a new container terminal that will handle current and
projected cargo volumes. The Kapālama Container Terminal Project is the centerpiece of
the State’s Harbors Modernization Plan resulting from the approval of Act 200 (2008). The
Kapālama Container Terminal Project will be constructed in two phases over a four‐year
period and is targeted for completion in 2022.



Honolulu Harbor Master Plan. HDOT Harbors Division is also in the process of updating
the Honolulu Harbor Master Plan that will present a vision for the development of
Honolulu Harbor to the year 2050. Work on updating the plan started in 2018 and is
expected to take about three years to complete. The plan will identify opportunities for
waterfront development and to maximize much needed space for cargo activities. The
timing of the update with the PUC DP update presents an opportunity to coordinate
policies and objectives related to waterfront development in the PUC and reconnecting
pedestrians to the waterfront across the Nimitz Highway.
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Key Transportation Issues in the PUC
Increasing Congestion
Within the PUC, the urban core developed laterally along the coastal plain to the east and west
while suburban development extended mauka up the ridges and into adjoining valleys. Three
major arterials traverse the Koʻolau Mountain Range connec ng the PUC to Windward Oʻahu,
while Interstate route H‐1 extends eastward, becoming Kalanianaʻole Highway to serve
communities in East Honolulu and beyond. Westward, beyond the PUC, Interstate route H‐2 and
Kunia Road, respectively, split off of H‐1 to serve the communities of Central Oʻahu and connect
to the North Shore communities, which are served by Kamehameha Highway to the east, and
Farrington Highway to the west. H‐1 continues on to the second city of Kapolei and then merges
with Farrington Highway to serve communities along the Waiʻanae Coast. This transportation
and development pattern has dispersed the island’s population over great distances.
As of 2007, 71% of jobs and major commercial centers remained concentrated in the PUC.3 The
PUC also accommodates approximately 70% of all visitors to Oʻahu, including hotel rooms and
resort condominiums that support service and other tourism jobs.4 As a result, the region
attracts many more vehicle trips than it generates and major roadways are usually congested
during the morning and afternoon commutes, particularly along H‐1. In 2007, approximately
3,185,000 trips were made on a daily basis by residents islandwide including trips to and from
work, trips while at work, trips to and from the university, to and from shopping, and other
trips5. The number of daily trips made by residents islandwide is expected to increase by 27% to
approximately 4,043,000 trips by the year 20356. As the highways become more congested,
commuters look for alternate routes in the surrounding neighborhoods to bypass the congested
highways. Secondary impacts to these neighborhoods become apparent as local arterial and
collector roads become congested as well. Neighborhoods in the PUC, such as the ʻAiea‐Pearl
City and the Diamond Head‐Kaimukī areas are particularly affected by these secondary impacts.
Public transit is also affected, as buses cannot move any faster than other traffic on the road,
thereby decreasing transit efficiency and utility. The constant congestion has in fact led Honolulu
to be consistently ranked as one of the worst cities for traffic in the nation.
Although increasing roadway capacity might have been a viable solution in the past, it is no
longer feasible in most cases to build new or widen existing highways due to prohibitive costs
and the lack of available space. Other strategies such as contraflow lanes, high‐occupancy
vehicle lanes (“zipper lanes”), and cost‐effective operational improvements (e.g. resurfacing,
restriping, intersection modifications, etc.) have been implemented to help alleviate the
congestion problems to improve traffic flow. A focus on travel demand management (TDM),
such as through outreach, promotion and marketing of alternative transportation, employer‐
based commuter programs, bike sharing, car sharing, and vanpool, has been a key strategy in
3

Oʽahu Metropolitan Planning Organiza on. (November 2011). Congestion Management Process State of
Congestion on Oʽahu. http://www.oahumpo.org/wp‐content/uploads/2013/02/CMP‐State‐of‐Congestion‐
on‐Oahu‐2011‐11‐Final.pdf
4
Ibid.
5
Ibid.
6
Ibid.
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addressing transportation congestion issues. Despite these initiatives, Oʻahu residents con nue
to rely heavily on single‐occupant automobiles for transportation and it is expected to remain
that way in the near‐term to 2035. According to HART, rail transit will eliminate an estimated
40,000 car trips from congested streets and highways. However, the impacts of new
development and increased densities on the existing transportation infrastructure remain a
concern in spite of future improvements offered by rail projects and TOD development.

System Preservation
In addition to being one of the most impacted cities for traffic congestion, Honolulu has also
ranked rather high nationally for deteriorated road conditions. A backlog of deferred
maintenance projects adds to the problem along with the high costs of routine maintenance and
repair. These costs increase as both the counties and State make payouts for damage claims that
result from driving on poorly maintained roads. The costs of driving on roads in disrepair also fall
back onto drivers as increased needed maintenance, fuel consumption, and tire wear, increase
vehicle operating costs. Accelerated vehicle deterioration and depreciation also come at a cost
to drivers.
In 2013, the City started implementation of a five‐year plan to repave 1,500 miles of road over a
period of five years. Other preventative maintenance strategies being explored by the City
include development of a preservation program and the possibility of using a rubberlike sealant
such as “slurry seal” (emulsion that coats the entire road surface) to extend the useful life of the
roads. Even the slurry seal, however, has its limitations and can’t be used on roads with too
many potholes or cracks. Routine bridge inspections are also conducted to assess the condition
of a bridge and provide recommendations for corrective action, cost estimates, and load ratings.
Corrective action is typically recommended for bridges that are classified as “structurally
deficient”, meaning the bridge meets the minimum tolerable limits to be left in place as is.
However, structurally deficient bridges eventually become unusable and unsafe for crossing if
left to deteriorate further.
One of the major hurdles in maintaining satisfactory roadway conditions has been the lack of
adequate funding. Traditional revenue sources have declined in recent years since the 2008
economic downturn. Another contributing factor is fuel‐efficient vehicles yielding lower gasoline
tax revenue without adjustment. The overall result of revenue lost from various sources has
been insufficient State and City funding for the maintenance of existing facilities. As a result, the
current HDOT administration has been focusing their efforts on system preservation and safety
projects over capacity projects like building expensive new roads. The Senate introduced
legislation in 2017 b to collect more in registration fees for fuel hybrid and electric vehicles to
appropriate to the State Highway Fund, but the bill failed to progress.

Safety
Roadway safety remains a top priority in land transportation planning not only for drivers, but
for pedestrians and bicyclists as well. There were a total of 106 traffic‐related deaths statewide
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in 2017. HDOT’s Strategic Highway Safety Plan 2013‐2018 (SHSP) is intended to guide county
and community organizations in their efforts to address traffic‐related issues statewide.
Strategies highlighted in the SHSP to improve safety include legislation and funding, educational
and community actions, enforcement, and improved engineering. Other state initiatives to
address safety concerns on Hawaiʻi’s roadways have included Walk Wise Hawaiʻi, Arrive Alive,
and the Safe Routes to School program.
Specific areas of concern regarding roadway safety identified by Oʻahu’s residents in the ORTP
2040 planning process included aggressive driving; impaired driving; safety of bicyclists and
pedestrians, motorcycles, and mopeds; and reducing traffic‐related deaths and injuries. Projects
identified in the ORTP 2040 address the issue of safety either directly or indirectly by means
such as improved lighting and signing, as well as general widening and improved roadway
configurations.

Climate Change Resiliency
Hawaiʻi’s coastal communi es and ecosystems are exposed to a wide variety of coastal hazards
including high wave events, hurricanes, tsunamis, and extreme tides. The impacts of these
events are exacerbated by the rise of sea level and may be further amplified by changing storm
and cyclone patterns. The combined effects of these phenomena can cause shorelines to
retreat, bluffs and cliffs to catastrophically fail, and low coastal areas to become inundated. The
Hawaiʻi Sea Level Rise Vulnerability and Adaptation Report released in December 2017 by the
Hawaiʻi Climate Change Mi ga on and Adapta on Commission es mates that sea levels may
rise by 3.2 feet in the mid to latter half of this century. Projected sea‐level rise will undoubtedly
increase erosion and flooding statewide and expose our coastal communities to greater hazards.
Many of the existing infrastructure systems are aging and in need of repair and replacement.
These issues will be compounded by rising sea levels, storm surges, heat waves and extreme
weather events, stressing or even overwhelming essential services. Disruptions in essential
infrastructure services are particularly catastrophic in part because many of these infrastructure
systems are reliant on each other. For example, electricity is essential to multiple systems, and
a failure in the electrical grid can affect potable water and wastewater systems, transportation
services, and public health.
Transportation facilities are vulnerable to damage caused by severe storms, rising sea levels, and
extreme temperatures. Storm surges and increased rainfall intensity from severe storms and
rising sea levels leave low‐lying infrastructure susceptible to flooding while higher temperatures
can accelerate the deterioration of pavement on roads and runways. Vulnerabilities are
becoming more pronounced as the frequency of severe events increases and disruptions in the
transportation system affect public safety and quality of life.
Sea level rise will also pose a growing threat to coastal roadways and access to airport and
harbor facilities, as illustrated in Figures 6 and 7. The Daniel K. Inouye International Airport and
Honolulu Harbor will face challenges addressing sea level rise. Although these facilities
themselves are expected to remain functional, new facilities and major renovations will be
designed to accommodate rising sea levels. The challenge of sea level rise is not limited to the
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Figure 6: Road Network Vulnerability PUC East

°

§
¦
¨
H201

¬
«

NUUANU/PUNCHBOWL

63

KALIHI VALLEY

LILIHA/KAPALAMA

¬
«
Honolulu International
Airport

§
¦
¨
H1

92
KALIHI‐PALAMA

MANOA

¬
«

PALOLO

61

DOWNTOWN

§
¦
¨

ALA MOANA/KAKAAKO

H1

KAIMUKI

Pacific Ocean

¬
«
72

WAIKIKI

WAIALAE‐KAHALA

0 0.250.5

1 Miles
DIAMOND HEAD

ROADWAY NETWORK INFRASTRUCTURE VULNERABILITY TO SEA LEVEL RISE
PRIMARY URBAN CENTER AREA - EAST

PUC Boundary
Major Roadways
Roadways

Sea Level Rise (SLR)
3.2 Feet SLR
5 Feet SLR

Figure 7: Road Network Vulnerability PUC West

ROADWAY NETWORK INFRASTRUCTURE VULNERABILITY TO SEA LEVEL RISE
PRIMARY URBAN CENTER PLAN AREA - WEST

PUC Boundary
Major Roadways
Roadways

Sea Level Rise (SLR)
3.2 Feet SLR
5 Feet SLR

PUC DP WHITE PAPER: INFRASTRUCTURE

elevation of mean sea level relative to the elevation of facilities, but will be primarily
experienced as damage caused by natural hazards such as king tides, storm and hurricane
surges, and tsunami events, all of which may be amplified as sea levels rise.
Not only are transportation systems affected by climate change, they also directly contribute to
climate change. The transportation sector is the second‐biggest source of greenhouse gases
(GHGs) in the U.S. In 2010, the U.S. transportation sector (including air travel) accounted for
27% of all U.S. heat‐trapping greenhouse gas emissions, with cars and trucks accounting for 65%
of that total. Over half of all oil use in Hawaiʻi is for transporta on including air and
ground/water transportation, although strides have been made to reduce overall vehicle
emissions and reliance on petroleum through the use of fuel‐efficient or electric vehicles. The
transportation sector, however, remains a major contributor of GHG emissions in the U.S.

Transportation Policy and Plan Consistency
Plans establish the foundation for goals, objectives, and policies that provide guidance for future
actions and growth in an area. When there is insufficient coordination in the planning process,
entrenched stakeholders, divergent and changing visions, altered goals and objectives, or failure
to update planning documents as they become outdated, future actions and policies lose
relevance. There is an opportunity for the PUC DP to identify some of these inconsistencies as it
relates to transportation policies and plans, and to establish a clear vision with common
objectives for coordinated development in the PUC.
For example, several streets in the urban core currently have road widening designations that
were imposed decades ago. There is currently an inconsistent implementation policy that
addresses these situations only as areas only come up for redevelopment. The result so far has
been an incongruous saw tooth road pattern.

Major Transportation Trends in the PUC
Multimodal Transportation
The primary trend in transportation in the PUC is a renewed interest in other travel modes that
challenge the dominance of autos over roadway capacity. The challenge is being mounted in
spite of traditional travel demand modelling that will always favor auto traffic due to sheer
volume. A focus on achieving realistic goals for integrating other travel modes should be
pursued. It is anticipated that investing in rail, a robust bicycle plan, complete streets initiatives,
TOD, and increased walking and biking improvements will reduce dependence on autos in the
longer term; all of these ongoing initiatives can be supported in the PUC DP. Other methods,
such as car sharing programs and managing parking supply and demand, should also be
explored.
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Autonomous Vehicles
The advancement of autonomous vehicles and connected vehicle technology is expected to
widely transform the roadway and parking landscape over time. The technology is advancing at
such a pace that proving grounds and pilot programs are currently or soon‐to‐be deployed
across the nation. Plans for growth and development in the PUC should consider the potential
for adoption of this technology in Hawaiʻi and the infrastructure needed to accommodate the
shift.

3. Water Supply Infrastructure
Hawaiʻi’s groundwater resources provide nearly all of Hawaiʻi’s domestic water and roughly half
of all freshwater used throughout the State. The Honolulu Board of Water Supply (BWS) is a
semi‐autonomous agency that is responsible for the management, control, and operation of
Oʻahu’s municipal water system. The six key func ons of the BWS are to sustain, capture, treat,
move, store, and deliver safe, dependable, and affordable water to Oʻahu’s residents now and
into the future. The 2004 PUC DP outlines policies and guidelines related to integrated resource
management, water conservation, upgrades and capacity improvements needed to serve
population increases, and protecting and maintaining watersheds to ensure an adequate supply
of high quality water with sufficient infiltration recharge into groundwater aquifers. The
updated PUC DP will continue to promote these policies and guidelines while also considering
future water trends and availability.

Existing Conditions for Water Supply
Service Area
The eastern and central portions of the PUC overlie the Honolulu Aquifer while the western
portion of the PUC area overlies the Pearl Harbor Aquifer, the largest supplier of groundwater
on Oʻahu, and the source of most of the PUC’s municipal supply. The sustainable yield of the
Honolulu Aquifer is 50 mgd, with 165 mgd for the Pearl Harbor Aquifer. Pursuant to the State
Water Code, Chapter 174C, HRS, enacted in 1987 for the purpose of protecting Hawaii’s water
resources, the State Commission on Water Resource Management (CWRM) determined that
water resources from the Honolulu and Pearl Harbor aquifers may be threatened by existing or
proposed withdrawals or diversions of water. Accordingly, the aquifers are designated as Water
Management Areas (WMA) under the authority of the Commission on Water Resource
Management (CWRM).
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The BWS municipal water system served approximately 460,950 people in the PUC as of 2010.9
The 2010 per capita daily demand (gpcd) for the region was 151 gpcd. Based on the historical
per capita demand, trends by land use districts, and future implementation plans for water
conservation programs, the projected per capita demand for 2020 is 145 gpcd and 140 gpcd for
2025 to the year 2040. BWS projects the future per capita demand rates will decrease as the
BWS conservation programs expand. In the PUC, the future annual most probable demand
projection for the year 2040 is 68.7 mgd. The future high range annual demand projection for
the year 2040 is 74.4 mgd.
In addition to the BWS system, water is distributed by several other systems in the PUC,
including the U.S. Navy, the U.S. Army, and owners of individual wells.

Water Infrastructure
The infrastructure that is used to capture, store, and deliver potable water to its customers
consists of wells, tunnels, shafts, booster pumps, reservoirs, and transmission and distribution
system pipelines.
Groundwater in the PUC is captured using 79 groundwater wells, three shafts, and two tunnels.
Groundwater wells on the coastal plains penetrate the ground and tap groundwater sometimes
hundreds of feet below the surface. Unlike a well that penetrates into the groundwater aquifer
with a small diameter hole, shafts are dug out of water‐bearing rock near the water table or the
top of the saturated portion of the aquifer. As such, shafts are able to supply significantly
greater amounts of water than an individual well. Tunnels are another source of water supply
and are dug horizontally into the mountain to penetrate the dike layer and access stored water.
The BWS uses a total of 81 source pumps to pump the water from the various water sources in
the PUC. Reservoirs are then used to store water throughout the BWS system to provide
adequate water for high demand periods and fire protection, improve the dependability of the
system, and ease stress from fluctuating pumping pressures and demands. In total, there are 91
reservoirs in the PUC, capable of storing 72.5 million gallons (MG).
Once the water has been moved to the general area of demand, it is then delivered by the
distribution system to every BWS customer and fire hydrant. The distribution system pipelines
include distribution mains that are less than 16 inches in diameter and a majority of laterals that
range from 1 inch to 12 inches in diameter. In addition to the potable water distribution system,
the BWS also has a nonpotable water distribution system in the PUC that is supplied by Kalauao
Springs (brackish water) and serves users from ʻAiea to the Airport.

9

Board of Water Supply. (2016). Water Master Plan. City and County of Honolulu.
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Almost half of all BWS potable pipelines are made of cast iron, while 22% is made of ductile iron,
and the remainder is made of polyvinyl chloride (PVC), concrete cylinder, asbestos‐cement,
copper, or galvanized iron. Ductile iron has shown to be the best performing material based on
historical main breaks per mile and is the default standard pipe material for all new BWS pipe
installations. PVC, concrete cylinder and asbestos‐cement are no longer allowed by BWS for new
pipe installations. The age of BWS pipes varies, with the oldest in service for over 100 years as of
2013 (latest data). The most miles of in‐service pipes were installed during the mid‐1960s (see
Figure 8).

Figure 8: Age Profile of Potable Pipelines on Oʻahu

Source: Board of Water Supply, 2016

Major Water Supply Policies, Programs, and Regulations
State Water Code
Under the State Water Code, each county must prepare a long‐range “water use and
development plan” and submit it to CWRM for approval and inclusion as an element of the
Hawaiʻi Water Plan. The Oʻahu Water Management Plan (OWMP), prepared by the City
Department of Planning and Permitting (DPP) with the assistance of the BWS, was adopted by
CWRM and the City Council in 1990. The OWMP applies water use data to DPP’s population
forecast data to derive BWS‐served populations, per capita demands, and water demand
forecasts by land use district for long‐range planning of source development and water system
infrastructure sizing.
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The OWMP has evolved into a framework of eight regional watershed management plans, one
for each Development Plan/Sustainable Communities Plan district. The BWS began the
development of the eight district‐wide watershed management plans in 2004, and the Primary
Urban Center Watershed Management Plan (PUC WMP) is currently under development. The
PUC WMP will investigate existing water demand and supply, project future water demands,
and identify supply options to meet those demands. The PUC WMP will also identify critical
watersheds and develop watershed protection strategies to maintain the quality, quantity, and
sustainability of Oahu’s surface and groundwater sources. A draft document for public review is
anticipated to be available by November 2018. Because the PUC WMP is being updated only
slightly ahead of the PUC DP, it provides a unique opportunity to closely align the plans.

Water Master Plan
The BWS initiated the Water Master Plan (WMP) (2016) to evaluate the entire water system,
quantify future demands and source options, and identify necessary improvements, and balance
needs and costs of providing water to residents and visitors for the next 30 years. Unlike the
OWMP, the WMP is focused less on general resource management and more on infrastructure
planning. The main objectives of the WMP are water quality, health, and safety; system
reliability and adequacy; cost and affordability; water conservation; and water resource
sustainability.
As part of the WMP process, the BWS undertook a comprehensive condition assessment of
Oʻahu’s water system to obtain data that would help determine funding priorities based on
criticality and condition. The BWS evaluated all of its potable water storage reservoirs, granular
activated carbon (GAC) treatment facilities and pump stations, and the physical condition of
selected critical pipelines, tunnel facilities, and baseyards. The BWS also developed hydraulic
models of its water system to evaluate the existing system under both current and future
demand conditions to identify deficiencies and evaluate capital and/or operational
improvements to address those deficiencies. The findings of the 2016 WMP process will be used
to inform the PUC DP process.
The WMP shows development of BWS projects in three primary categories: renewal and
replacement (R&R), capacity expansion, and research and development (R&D). R&R and
capacity expansion are the two largest categories of projects included in the annual rolling six‐
year CIPs. Within those categories, the system improvements projects are evaluated and placed
within five major groups consisting of: pumps, reservoirs, pipelines, treatment facilities, and
operating facilities.
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Key Water Supply Issues
Infrastructure Maintenance
Most of the potable water pipelines in the PUC are made of cast iron or ductile iron. These
pipelines wear out and corrode over time due to constant exposure to running water and the
corrosive nature of volcanic soils in Hawaiʻi. A small crack or hole can eventually become a main
break if unnoticed and unattended. Water main breaks are an unavoidable occurrence in water
systems despite having proactive programs in place to help identify leaks before they become
breaks. The clustering of historical main breaks across Oʻahu is illustrated in Figure 9. Since
investment in infrastructure generally has not kept pace with system needs over time, these
resultant effects are further compounded. The BWS has explored the use of alternative
materials, such as PVC, for its transmission and distribution lines. The results, however, have
shown that the life of the PVC material is not performing as expected.

Figure 9: Historical Main Break Locations across Oʻahu

Source: Board of Water Supply, 2016
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Climate Change Resiliency
Water pipeline infrastructure is typically located about three feet to eight feet below ground
level. It is anticipated that as sea level rises, so will groundwater levels, thereby inundating
underground infrastructure in low‐lying coastal areas. Repairing water main breaks in these
areas will become more difficult as water will need to be pumped out of the trench before the
break can be repaired. Unique challenges, such as dewatering, can lead to prolonged repair
times, higher repair costs, and service disruptions.
Another likely outcome of sea level rise is the movement of saline water into freshwater
aquifers known as salt water intrusion. While salt water intrusion occurs naturally to some
degree in most coastal aquifers, excessive levels can lead to contamination of drinking water
sources. This issue is of particular concern for Hawaiʻi as almost all of our drinking water comes
from our fresh water aquifers. Droughts, in addition to salt water intrusion, could have
detrimental effects on existing water sources resulting in the need to develop new sources. The
location and availability of new sources in connection with the location of future growth and
development will determine the amount of infrastructure investment required to meet basic
water demands in the future.

Population Growth
The WMP provides two scenarios for future annual water demands. Both the most probable,
and high range demand scenarios are based on population projections and estimated per capita
water demand, with adjustments incorporated to reflect higher growth occurring in certain land
use districts over others based on local development plans. The “most probable” demand
estimates apply downward trends in per capita demands due to conservation gains to the entire
population. The “high range” demand estimates maintain existing per capita demands
throughout the planning period, with the downward trends in per capita demands being applied
only to the incremental increase in population from 2010 to 2040. A two percent increase in
demand from 2012 to 2040 is anticipated in the PUC under the “most probable” demand
scenario while a 10 percent increase is anticipated under the “high range” scenario. The
projected increase equates to an additional 1.3 mgd and 7.0 mgd, respectively. The BWS is
planning to meet additional water demand in the PUC with the long‐range integration of
multiple water resource strategies, developing new sources in Waipahu and Waiawa, and
constructing new trunk lines in central Honolulu. Keeping up with the demand will continue to
be a challenge as the urban core densifies, and development will need to be coordinated
amongst many stakeholders.

Water Quality
The Safe Drinking Water Act (SDWA) protects public health by regulating the nation’s public
drinking water supply. The Safe Drinking Water Branch of the State Department of Health (DOH)
is tasked with protecting Hawaiʻi’s drinking water sources (surface water and groundwater) from
contamination and assuring that owners and operators of public water systems provide safe
drinking water to the community. Even with regulations in place, the water system is still
vulnerable to potential contamination from external pollutants, such as wastewater from cesspools
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or industrial spills. The Red Hill Bulk Fuel Storage Facility, for example, supports military
operations in the Pacific and is located in the PUC. The facility stores up to 250 million gallons of
fuel using 20 steel linked tanks (18 operational and 2 inactive), encased in concrete, and built
into cavities that were mined inside of Red Hill. Each tank has a storage capacity of
approximately 12.5 million gallons. The tanks are connected to three pipelines that run 2.5
miles through a tunnel to fueling piers at Pearl Harbor. The cavity in which the tanks are built
lies under approximately 100 feet of rock. While filling up one of the tanks after maintenance
and repair work in 2014, the U.S. Navy estimates that 27,000 gallons of JP‐8 jet fuel was
released from the tank. The spill was reported to DOH with the Navy subsequently draining the
tank and collecting samples from existing monitoring wells. Results taken in and around the tank
indicated a spike in levels of hydrocarbons in soil vapor and groundwater. While drinking water
monitoring results confirmed compliance with federal and state safety standards for drinking
water both before and after the January 2014 release, the potential for another event such as
this to occur remains a risk.

Major Trends for Water Supply
One Water
A national trend in city water management has been the “One Water” approach. A One Water
Approach considers the water cycle as an integrated system, recognizing the interconnectedness
of surface water and groundwater supply, stormwater, wastewater, and energy. Some of the
benefits to a One Water approach include greater resilience and reliability; opportunities to
optimize regional infrastructure; sustainable community development; new regulatory flexibility
or synergistic opportunities; economic growth opportunities; and increased coordination among
agencies/departments. The BWS is interested in the integration of this approach into the PUC
WMP. Associated recommendations for the PUC DP update may include integration of green
infrastructure and other Low Impact Development (LID) and conservation strategies as well as
recommendations for planning for sea level rise.

4. Wastewater Infrastructure
The 2004 PUC DP outlines policies and guidelines related to implementation of wastewater
collection system improvements to provide adequate service and sound facilities to existing
neighborhoods. It also discusses timely increases in system capacity to areas planned to undergo
improvement or change in use, as well as implementation of adequate and timely
upgrades/expansions of wastewater treatment facilities to meet the growth demands of the
PUC. These policies and guidelines in addition to long‐term solutions needed to address system
vulnerabilities will be brought forth in the revised PUC DP.
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Existing Conditions for Wastewater
Service Areas
The great majority of the PUC is served by the City’s Māmala Bay Sewerage District, which is
administered by the Department of Environmental Services (ENV). The Māmala Bay Sewerage
District is divided into the East Māmala Bay and West Māmala Bay subdistricts. The majority of
the PUC, from Kāhala to Hālawa, is within the East Māmala Bay service area where collected
wastewater is processed at the Sand Island Wastewater Treatment Plant (Sand Island WWTP).
The remainder of the PUC, from Hālawa to Pearl City, is within the West Māmala Bay service
area where collected wastewater is processed at the Honouliuli Wastewater Treatment Plant
(Honouliuli WWTP) in the ʻEwa district. Also within the PUC is the Joint Base Pearl Harbor‐
Hickam where collected wastewater is processed at the U.S. Navy’s Fort Kamehameha
Wastewater Treatment Facility. The entire wastewater pumping and treatment system in these
areas, and for the entire island, is monitored at the Sand Island Operations Control Center,
which continuously collects data from ENV’s 70 pump stations, nine wastewater treatment
plants, and four preliminary treatment facilities islandwide.

Wastewater Infrastructure
The City’s wastewater infrastructure in the PUC includes the collection system (wastewater
collection lines, pump stations, and force mains), the Sand Island WWTP, the deep ocean outfall,
and the solids disposal system. Sewer pipes in the PUC range broadly from 4‐inches to 84‐ inches
in diameter, with the larger pipes found at the down‐stream reaches of the East Māmala Bay
sewerage subdistrict in the Sand Island, Ala Moana, Waikīkī and Downtown areas. The sewer
pipes similarly range in age with some having been in service for almost 100 years in the Liliha,
Makiki, Downtown, and Nuʻuanu neighborhoods. A total of 15 wastewater pump sta ons
(WWPS) help to convey wastewater flows within the PUC to the Sand Island WWTP. The WWPS
initially receives wastewater via gravity flow before it is pumped through a force main to a
higher elevation where the gravity flow transport resumes towards the WWTP.
The Sand Island WWTP has been in operation since 1976 and is Oʻahu’s largest WWTP providing
advanced primary wastewater treatment, generally by removing debris and gritty materials.
Treated effluent from the facility is disposed through an 84‐inch diameter pipe via a deep ocean
outfall with a diffuser, which lies 2.3 miles offshore at a depth of 240 feet. Sludge, which is the
solid component removed from the wastewater stream during treatment is “digested”
anaerobically and disposed of at the H‐Power facility. A second egg‐shaped digester was
completed in 2016 and has increased treatment capacity at the facility allowing the City to
approve new housing units in the designated growth areas of Honolulu’s dense urban core. In
addition to providing capacity, the second digester adds redundancy in the event the other
digester is not operational. In fiscal year 2016, 65.3 mgd of wastewater was processed at the
Sand Island WWTP compared to a current treatment capacity of an average flow rate of 90 mgd
and peak wet weather hydraulic capacity of 271 mgd (EISPN 2017).
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The portion of the PUC served by the West Māmala Bay sewerage subdistrict includes a
wastewater collection system with six WWPS that convey flows to the Honouliuli WWTP located
outside of the PUC. At the Honouliuli WWTP, a portion of the wastewater is treated for reuse
while the remaining effluent, which has received secondary treatment, is disposed of through
the Barbers Point Deep Ocean Outfall located approximately 1.7 miles offshore at a depth of 200
feet. The solids treatment and handling processes include thickening, storage/blending,
stabilization, dewatering and disposal.
The other major WWTP discharging to coastal waters offshore is the Fort Kamehameha
Wastewater Treatment Facility, which has a shallow water discharge system with a flow of
approximately 6.1 mgd. Past upgrades to the Fort Kamehameha Wastewater Treatment Facility
has improved the quality of discharge through tertiary treatment and nutrient removal and
segregation of incompatible wastewaters for pretreatment through the Industrial Wastewater
Treatment Complex and the Bilge Oily Wastewater Treatment System.

Major Wastewater Policies, Programs, and Regulations
Wastewater Facilities Plans
The ENV released an environmental impact statement preparation notice (EISPN) for the Sand
Island WWTP Facility Plan in October 2017. The proposal includes improvements to expand and
upgrade the existing Sand Island WWTP facility to provide secondary treatment and to upgrade
and develop various non‐process support facilities. More recently the ENV has prepared
facilities plans that are focused more on the treatment facility itself. In the past, however, the
ENV has prepared wastewater facilities plans that encompass the collection, treatment, and
disposal systems for an entire sewerage district. The last facilities plan prepared for the East
Māmala Bay sewerage subdistrict was in 1993, which was accompanied by an Environmental
Impact Statement. A comparable wastewater facilities plan and EIS were prepared for the West
Māmala Bay sewerage subdistrict in 2001. Neither plan has since been updated in such a
comprehensive approach, although the ENV recognizes the need to update the facilities plans in
consideration of the entire sewerage district.

Consent Decree
In 2004, a coalition of environmental groups filed an independent enforcement action against
the City. Following a series of legal proceedings in 2010, a comprehensive settlement was
reached with the City by the U.S. Department of Justice, U.S. Environmental Protection Agency
(EPA), State of Hawaiʻi and the environmental groups to address Clean Water Act compliance for
Honolulu’s wastewater collection and treatment systems. The consent decree included a
detailed compliance checklist and schedule for the City to upgrade its wastewater collection and
treatment system islandwide to eliminate sanitary sewer spills. The agreement gives Honolulu
until 2035 to meet secondary‐treatment standards at the Sand Island WWTP. As a result,
improvements needed to meet the requirements of the consent decree have generally taken
precedence over other sewer improvement projects, such as increasing capacity to meet
growing demand.
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The ENV is currently working on upgrades at multiple pump stations within the PUC, including at
the Hart Street WWPS. Planned improvements to the conveyance system include removing
pump stations from the Waikīkī area (Beach Walk, Ala Moana Park, and Fort DeRussy WWPS)
and constructing a sewer tunnel system that will use gravity to transfer wastewater from the Ala
Moana Park WWPS to the Ala Moana WWPS. Such a tunnel would also store excess flows
entering the collection system during storms, thereby preventing spills.

Key Issues for Wastewater
Infrastructure Maintenance
The East Māmala collection system is much older than the West Māmala collection system with
sewer mains in some areas approaching 100 years old. Inadequate sewer capacity and
infrastructure deficiencies in the aging collection system are recognized as a major obstacle for
new development in Honolulu. The current wastewater policy requires new developments to
pay for the correction of existing system deficiencies and improvements directly related to the
project. In many cases though, prohibitive costs for off‐site wastewater facilities make
contemplated development economically infeasible.

Infiltration and Inflow
Due to its age and older pipe technology, the East Māmala collection system experiences
significant water infiltration and inflow (I/I). I/I occurs when stormwater or groundwater enters
the sewer system through infrastructure deficiencies such as cracked pipes, leaky manholes, or
improper/illegal connections. Most inflow results from stormwater and most infiltration results
from groundwater. In effect, the increase in I/I increases the volume of wastewater that must be
treated at the Sand Island WWTP and disposed of. On average, the Sand Island WWTP processes
about 65 million gallons per day (mgd) which increases to about 250 mgd during heavy rains.10
Thus, the promotion of sustainable LID storm water practices could prove crucial to decreasing
inflow from runoff, which in turn reduces stress on system capacity. When I/I occurs there is
also an increase in salinity, particularly in coastal areas where brackish water or below ground
seawater infiltrates the system. The higher salinity, in turn, leads to higher corrosion rates in
pipes and can affect the wastewater treatment process.

Capacity
The TOD districts are designated as primary growth areas within the PUC. Most of the existing
and planned developments in these areas are served or will be served by either the Sand Island
WWTP or the Honouliuli WWTP, including pockets of older developments that are still served by
cesspools or septic systems. The ENV has been successful in identifying and addressing sewer
capacity of larger trunk lines whose capacity is critical for entire regions, but the network of
sewer systems discharging into those lines is complex. The ENV uses computer models to assess

10

L. Kahikina, personal communication, December 14, 2017.
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system capacity but much of the effort to address area capacity issues is necessarily done on a
project‐by‐project basis, since each project affects surrounding capacity differently. This lack of
certainty has been frustrating to developers in a heated development market, which includes a
considerable shortage of affordable housing, and the City’s effort to promote TOD in the PUC.
The cost of the improvements needed to meet the Consent Decree has been estimated at $5.2
billion. These improvements are intended to protect the environment by reducing the potential
for spills and improving the quality of effluents. With so much of the ENV’s resources directed to
the Consent Decree, concerns have been raised that addressing sewer capacity constraints on
Accessory Dwelling Units (ADU), affordable housing projects, or TOD development, has not been
a high priority. The ENV works with developers and, in the case of ADUs, homeowners, to
identify any sewer capacity constraints for their project, some of which can be located well
downstream of a project. In some cases, developers may fund improvements and be credited
toward their Wastewater System Facility Charge, which is assessed for additional wastewater
demand a project would generate. The fund is used for future sewer improvements, although
not necessarily for improvements to the system serving the project that paid into it. If the cost
for required capacity improvements greatly exceeds the Sewer Facilities Charge, the developer
may decide against proceeding. In at least one instance developers formed a hui (investment
pool) to build sewer improvements that served their projects, with the excess capacity being
offered to other developers who were willing to pay to use it, thus allowing the investment to
be recovered. This type of co‐investment in infrastructure can be incentivized by compensating
the provider based on the performance of the improvements. This arrangement, however,
would also need to be accompanied by rate and standards regulations, as well as fixed term
concession contracts that are subject to competitive bidding or contract renegotiation when the
private service‐ provision contract expires.

Climate Change Resiliency
Sea level rise could potentially increase infiltration in the sewer system as the groundwater table
rises and potentially increases the salinity of the wastewater collected for treatment. This
increase in infiltration could affect overall system capacity while higher salinity levels could lead
to higher corrosion rates of the pipes. Similar to the water delivery system, sewer main breaks in
low‐lying areas would prove difficult to repair as inundated conditions could prolong repair
times and increase service disruptions. Figures 10 and 11 illustrate the wastewater
infrastructure that would be exposed to a 3.2‐foot and 5.0‐foot rise in sea level.
The Sand Island WWTP is located at a lower elevation site (8 feet msl) so that gravity can be
used to transport wastewater flows through the collection system. It is also near the coast
where the ocean outfall pipe length can be shorter. The location, however, also makes it
susceptible to the impacts of rising sea levels particularly those that are likely to occur with
periodic events such as king tides and storm surges. Potential disasters such as hurricane surges
or tsunami will also be exacerbated by a higher sea level. Long‐term plans for the Sand Island
WWTP will need to address these sea level rise concerns and other related impacts.
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Cesspools
While centralized sewer systems serve almost all of the PUC, there are still over 2,400 on‐site
sewage disposal systems within the PUC, 92% of which are cesspools that provide no treatment
of wastewater before it is discharged into the ground (see Figures 12 and 13). The DOH has
stated that untreated wastewater from cesspools can contaminate groundwater, drinking water
sources, streams, and the ocean with disease‐causing pathogens, algae‐blooming nutrients, and
other harmful substances. The Wastewater System rules (HAR §11‐62) were amended in 2016 to
include a ban on the construction of new cesspools statewide. The new rules also implemented
a 2015 law providing a tax credit of up to
$10,000 to disconnect from a cesspool by connecting to a sewer or converting to a septic system
during the next five years (limited to $5 million or about 500 cesspool upgrades per year). Under
the law, owners of cesspools located within 200 feet of the ocean, streams or marsh areas, or
near drinking water sources can qualify for the tax credit. Few cesspool owners, however, have
taken advantage of this tax credit.
The Legislature more recently passed Act 125 during the 2017 regular session which requires the
replacement of all cesspools by 2050, unless exempted. Act 125 also broadens the eligibility
criteria for tax credits to offset costs and requires the DOH to investigate existing cesspools,
assess incentive programs, and report to the Legislature. The DOH’s report written in response
to Act 125 in December 2017 identifies 14 critical areas in the state of Hawaiʻi with high
concentrations of cesspools that should receive priority for replacement. Of the 14 areas, 5 are
located on Oʻahu. The Diamond Head area is currently the only high priority area within the
PUC; the impacts from all other cesspools in the PUC have yet to be fully analyzed (refer to
Figure 13). In this area, there are 240 cesspools with an effluent discharge of 0.17 mgpd. This
area was assigned a priority level of 3, meaning there are potential impacts on sensitive waters.
The cesspools are installed into bare rock very near a shoreline popular with recreational users.
This area is also very close to existing sewer infrastructure and connection to that system
appears possible.

Major Trends for Wastewater
Water Reclamation
Statewide efforts to manage and preserve potable water resources have included recycling
water, or water reclamation. Water reclamation involves treating wastewater to a level suitable
for industrial processing, irrigation, and other non‐potable uses. Common uses include cooling
towers, irrigation for golf courses, landscaping, and ornamental ponds. Water reclamation has
been practiced in Hawaiʻi for many years and gradually increased after the DOH developed
Hawaiʻi’s first reuse guidelines in 1993. Since then, recycled water has become a more viable
solution for both water supply and wastewater disposal concerns. The quality of recycled water
is closely monitored by the DOH to ensure it meets all health and safety standards to make it
suitable for human contact. Benefits associated with water reclamation include year‐round
availability, even in times of drought, lower costs as compared to new water sources, and
conservation of water resources.
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Figure 10: Wastewater Infrastructure and Sea Level Rise Vulnerability/ PUC East

CITY AND COUNTY OF HONOLULU WASTEWATER
INFRASTRUCTURE VULNERABILITY TO SEA LEVEL RISE
PRIMARY URBAN CENTER AREA ‐ WEST

Figure 11: Wastewater Infrastructure and Sea Level Rise Vulnerability/ PUC West
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Figure 12: Cess Pools in the PUC Plan Area / East

Figure 13: Cess Pools in the PUC Plan Area / West
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Water reclamation is currently happening in the ʻEwa region at the Honouliuli Water Recycling
Facility (HWRF) located adjacent to the Honouliuli WWTP. The facility currently has the capacity
to produce 10 mgd of R‐1 water per day for irrigation uses and 2 mgd of Reverse Osmosis (RO)
for industrial uses. Major constraints to supporting more recycled water use in the PUC include
the upfront costs of constructing an independent pipeline system to deliver water to potential
users, and the limited amount of space for new systems within existing rights‐of‐way.

5. Drainage
The 2004 PUC DP identifies the control and management of urban watersheds, and the
protection of its coastal water quality as the leading stormwater management issues. Methods
of retaining and detaining stormwater for gradual release into the ground are currently the
preferred strategy for the management of stormwater. Other strategies include utilizing Best
Management Practices (BMPs) to retain stormwater onsite minimizing stormwater peak runoff
and discharge rates, and preserving stream and estuarine habitats.

Existing Conditions

Watersheds of the PUC

Service Area



Waiawa*

The PUC is comprised of 17 watersheds that are drained
via natural drainageways and streams into Māmala Bay
which extends from Diamond Head (Lēʻahi Crater) in the
east, to Kahe Point in the west (see Figure 14). Major
drainageways to the west include Waiawa, Waimalu,
and Hālawa Streams which flow into the East Loch of
Pearl Harbor. The central sections are drained by
Moanalua Stream and Kalihi Stream, which flow into
Keʻehi Lagoon; and Kapālama Canal and Nuʻuanu
Stream, which empty into Honolulu Harbor. To the east,
the Mānoa, Pālolo, and Makiki Streams drain to Māmala
Bay via the Ala Wai Canal.



Waimalu*



Kalauao*



ʻAiea+



Hālawa*



Salt Lake



Moanalua*



Keʻehi



Manuwai



Kalihi+



Kapālama+



Nuʻuanu*



Makiki*



Ala Wai+



Mānoa‐Pālolo*



Diamond Head



Waiʻalae Nui+

Drainage Infrastructure
Stormwater infrastructure in the PUC consists of Federal,
State, City, and private systems, each managed by the
respective entities. The Departments of Planning and
Permitting (DPP), Design and Construction (DDC), and
Facilities Maintenance (DFM) share responsibility for the
City’s drainage system. According to data from the
Honolulu Land Information Service (HOLIS), the City’s
drainage system consists of a network of catch basins,
reinforced concrete pipes (RCPs), box culverts,
corrugated metal pipes, ditches, swales, and channels

*BWS priority watersheds for
management/protection.
+BWS secondary priority watersheds for
management/protection.
Source: Board of Water Supply, 2016

PRIMARY URBAN CENTER DEVELOPMENT PLAN UPDATE |3 6

PUC DP WHITE PAPER: INFRASTRUCTURE

that direct runoff towards nearby receiving waters and ultimately into the ocean. The RCPs range
in size from 18 inches to 120 inches in diameter. Many of the lower reaches of the major streams
in the PUC have been channelized to facilitate the rapid transport and disposal of runoff from the
urbanized areas.
In general, the development of stormwater infrastructure is tied to individual projects and is
constructed by developers according to City standards before it is then dedicated to the City for
operation and maintenance. There are currently no impact fees for drainage.

Figure 14: Watersheds of the PUC

Credit: Townscape for Board of Water Supply (BWS), 2016
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Major Drainage Policies, Programs, and Regulations
Clean Water Act
The City’s drainage system qualifies as a large municipal separate storm sewer system (MS4)
that uses a system of conveyances separate from wastewater to move stormwater for discharge
directly into receiving waters. To prevent harmful pollutants from being washed or dumped into
MS4s, the U.S. EPA requires a National Pollution Discharge Elimination System (NPDES) permit
and a stormwater management program (SWMP). The City’s Storm Water Management
Program Plan (SWMPP) has been designed to address the requirements of the permit and
program to reduce to the Maximum Extent Practicable (MEP) the discharge of pollutants to and
from its MS4. The City’s Rules Relating to Water Quality and Rules Relating to Storm Drainage
Standards (2017) are one component of the Plan that require private developers to comply with
the NPDES permit. The City’s MS4 NPDES permit has an expiration date of January 15, 2020.

State Water Code
The Commission on Water Resource Management (CWRM) has the duty to protect stream
channels from alteration, whenever practicable to provide for fishery, wildlife, recreational,
aesthetic, scenic, and other beneficial instream uses as defined by the State Water Code. A
Stream Channel Alteration Permit (SCAP) is required to improve or divert existing streams. The
purpose of the SCAP HRS 174C‐71(3)(C) is to protect, enhance, and reestablish, where practical,
beneficial instream uses of water including the creation of a permit system to regulate the
alteration of stream channels.

Rules Relating to Water Quality
The Rules Relating to Water Quality (Rules) apply to all development and land disturbing
activities within the City and County of Honolulu and establish minimum requirements for the
selection, design, implementation and maintenance of BMPs to protect the MS4 and receiving
waters from pollutants that are associated with land disturbance, surface hardening, and land
use activities. The pollutants of concern (POC) addressed by these Rules include, but are not
limited to, sediment, nutrients, trash, pathogens, pesticides, oil, grease, hazardous waste, toxic
waste, metals, and organic compounds.
All BMPs must be designed, used, and maintained in compliance with the standards and
specifications set forth in these Rules at all times. Where these Rules do not provide standards
and specifications for a BMP, the BMP must be installed and maintained in compliance with the
manufacturer’s specifications, which must be kept onsite and immediately made available for
inspection upon request by the director. If BMPs fail, notwithstanding their intent or design, the
BMPs shall be modified or upgraded to prevent any further failure in the same or similar
circumstances. Additionally, all projects involving development or land disturbing activities shall
be inspected on a regular basis to ensure that BMPs are properly installed, used, and
maintained.
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Required permitting varies based on the category of the project. However, all forms of
development require an Erosion and Sediment Control Plan (ESCP) approved by the Director of
DPP. Depending on the priority of the project, Storm Water Quality Strategic Plans, Storm Water
Quality Reports (SWQR), and/or Storm Water Quality Checklists (SWQC) may be required.

User Fees
There is currently a drainage connection license fee to connect into the City drainage system. In
addition, the DFM is considering the implementation of user fees for the drainage system.
Preliminary plans involve charging monthly user fees to landowners based on the area of
impermeable surfaces for each parcel. Allowances would be granted to those who could
demonstrate improvements have been made to retain storm water runoff on‐site.

Key Drainage Issues
Flooding
During significant storm events in the past, the PUC has experienced localized flooding partly
due to stormwater runoff exceeding the capacity of the drainage system. Infrastructure
deficiencies found in most of the older in‐town neighborhoods and topography also contribute
to flooding issues. Low‐lying areas particularly prone to flooding during storm events as well as
with high tides include Māpunapuna, Iwilei, Kapālama, Downtown (near Bishop Street), McCully‐
Mō‘ili‘ili and near the Ala Wai Canal. Many private roads, particularly near Kalihi and Kakaʻako,
with inadequate drainage improvements also experience flooding during rain events.
An Iwilei‐Kapālama Infrastructure Needs Assessment is being undertaken to determine the
appropriate solution for frequent and severe flooding problems in the area. Implementation will
likely depend on a partnership between private and public interests. The study will also present
preliminary sea level rise and climate‐change adaptation strategies for this area.
In addition, the DLNR plans to dredge the Ala Wai Canal in 2019 for flood control and increased
recreational use of the waterway. Maintenance dredging has routinely been performed over the
years. The Corps is working on a flood control project as a long‐term solution. Flood control
projects associated with the BWS reservoirs in Nuʻuanu are also planned.

Erosion and Water Quality
Designated growth areas and incremental build‐out of hillsides and lower valley slopes can also
affect both natural and urbanized drainage systems. Increased lot coverage by larger buildings
and more extensive paving increases the volume and rate of stormwater discharge.11 Once
buildings and pavement are introduced, the clearing of vegetation decreases the capacity of a
watershed to capture moisture, increasing the amount of run‐off. The loss of vegetation can also
catalyze erosion whereby storm water run‐off carries sediment into streams, degrading water
quality, fish habitat, and diversity of aquatic species. Sediment also reduces the hydraulic
effectiveness of the surface water system as it settles into ditches, culverts, and drainageways.
11

Department of Planning and Permitting. (2014). Primary Urban Center Development Plan.
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Runoff sources include point and nonpoint source discharges such as effluent from wastewater
treatment plants, urban storm water runoff, lawn and agricultural fertilizer runoff, industrial
discharges, livestock wastes, and failing septic systems, as well as atmospheric deposition from
burning fossil fuels. These types of human activities contribute nutrients like phosphorus and
nitrogen to the air, water, and soil. Excessive concentrations of nutrients are harmful to streams,
estuaries, and near shore waters as they increase plant growth and sedimentation rates, and
decrease water clarity and dissolved oxygen (DO) concentrations. Runoff from impervious
surfaces can increase water temperature, thereby negatively influencing the rate of plant
photosynthesis, and timing of reproduction, migration, and metabolic rates of aquatic
organisms. As water temperatures increase, the DO content in the water decreases, adversely
impacting aquatic environments. High levels of bacteria from sewage or rotting plants resulting
from urbanization could also decrease DO levels.
Additionally, urban development can impact the acidity or basicity (pH) of a water system by
increasing bacterial activity, human‐made wastes, acid precipitation, chemicals in runoff, and
accidental chemical spills in the environment. Furthermore, human activities can contribute to
high turbidity (cloudiness) in aquatic environments that can last for long periods. Heavy boat
traffic and recreational personal watercraft can also stir up sediment and increase erosion from
stream banks. Consequently, the health and productivity of aquatic ecosystems are greatly
diminished in urban areas.

Climate Change Resiliency
Existing urban drainage systems were designed for past climate conditions and might not be
suitable for current circumstances or able to accommodate future changes.12 Generally, current
drainage systems are designed to handle the 100‐year storm event which refers to rainfall totals
that have a one percent probability of occurring at that location in any year. However, issues
related to climate change such as an increase in the frequency and duration of this type of heavy
rainfall event is not necessarily considered. The amount of stormwater that can be readily
infiltrated during heavy rainfall reduces as the soil becomes saturated. Any increases in
frequency and duration will further reduce the amount of water that can be readily infiltrated
and could lead to more flooding. In coastal areas, a higher groundwater table will similarly
reduce the amount of stormwater that can be readily infiltrated into the ground. Thus, changes
in storm intensity associated with climate change have the potential to overburden drainage
systems, which may lead to flood damage, disruptions to local transportation systems,
discharges of untreated sewage to waterways and increased human health risks. Figures 15 and
16 illustrate the stormwater infrastructure that would be vulnerable to exposure from a 3.2‐foot
and 5.0‐foot rise in sea level.

12

Kang, N., Kim, S., Kim, Y., Noh, H., Hong, S.J., and Kim, H.S. (2016) Urban drainage system improvement for
climate change adaptation. Water 2016, 8, 268.
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Trends for Drainage
Low Impact Development
The City continues to require minimum and encourage greater use of LID and other green
infrastructure building techniques to reduce stormwater runoff, increase ground water
recharge, and/or provide opportunities for using stormwater. Such techniques include
excavated basins, bioretention facilities, rain gardens, vegetated rooftops, rain barrels and
permeable pavements. The use of LID techniques presents opportunities to reduce the amount
of I/I that adversely affects capacity of the wastewater system. It is important that LID
techniques continue to be encouraged in the PUC DP.

Stormwater Reuse
Stormwater is currently an “untapped” water resource that could be collected and stored on a
larger scale for non‐potable water uses, such as irrigation. The DFM is currently exploring the
possibility of creating a closed drainage system in the future. A closed drainage system would
close off all outfalls to surface waters and use pipes, culverts and manholes to convey
stormwater to detention basins or other centralized infiltration areas. It is envisioned that the
stormwater could also be stored and treated for redistribution for non‐potable uses, such as
irrigation. Other ways in which stormwater could be collected for reuse includes subsurface
chamber stormwater management systems and hydrodynamic devices. A major constraint,
however, is the limited space in the PUC for independent stormwater conveyance and detention
facilities. Costs would be an additional major constraint if the stormwater could not be
conveyed via gravity flow and pumps or pending other equipment that would be required.

Renewable Energy
Pumped‐storage hydropower is currently being tested on Kauai’s west side. The proposed
system will use an upper storage pond connected by a five‐mile‐long buried steel pipeline to a
lower pond. During the day, inexpensive solar power would be used to push the water uphill
to the storage pond. At night, when demand for electricity is at its peak, the water would be
released, flowing downhill through the pipe to turn a turbine and generate electricity. Some of
the constraints to implementing this in the PUC include an unreliable source of water, high
costs, and limited space.
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6. Next Steps for the PUC DP
The PUC DP update can support the various infrastructure plans and improve existing
challenges by implementing the following:









Align the planning processes associated with various updates to separate infrastructure
plans occurring at the same time.
Incorporate the findings of recent infrastructures studies and the policies and
objectives of existing and updated infrastructure plans into the PUC DP.
Identify inconsistencies between existing policies and plans as well as areas of overlap
to establish a clear vision with common objectives for coordinated infrastructure
development in the PUC.
Develop long‐term goals to address climate change and take the necessary
implementation steps to achieve those goals. Various stakeholders should be included
in this discussion.
Identify priority issues and priority areas to allocate the necessary resources for
infrastructure improvements.
Continue to promote infrastructure policies that are consistent with the goals and
objectives for future growth in the PUC consistent with the General Plan.
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Figure 15: Stormwater Infrastructure Sea Level Rise Vulnerability / PUC East

Figure 16: Stormwater Infrastructure Sea Level Rise Vulnerability / PUC West

