NORTH SHORE WATERSHED
MANAGEMENT PLAN

O‘ahu Watershed Management Plan

FINAL - DECEMBER 2016

P R EPA R ED FOR‘ HONOLULU BOARD OF WATER SUPPLY
@

PREPARED BY: a.GROUP 70

INTERNATIONAL






NORTH SHORE WATERSHED
MANAGEMENT PLAN

FINAL

DECEMBER 2016

PREPARED FOR:
HONOLULU BOARD OF WATER SUPPLY

)

PREPARED BY:
GROUP 70 INTERNATIONAL, INC.

30

GROUP 70



THIS PUBLICATION IS DESIGNED TO PROVIDE GENERAL INFORMATION PREPARED BY
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NATURE OF THE LAW, INFORMATION CONTAINED IN THIS PUBLICATION MAY BECOME
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UTILIZED BY A LAWYER AS A SUBSTITUTE FOR HIS OR HER OWN RESEARCH. THE LAWYER IS
SOLELY RESPONSIBLE FOR ANALYZING AND UPDATING THE INFORMATION TO ENSURE
ACCURACY. THIS PUBLICATION SHOULD NOT BE USED BY NON-LAWYERS AS A SUBSTITUTE FOR
PROFESSIONAL LEGAL OR OTHER ADVICE. IF LEGAL ADVICE OR OTHER EXPERT ASSISTANCE IS
REQUIRED, THE SERVICES OF A PROFESSIONAL SHOULD BE SOUGHT.

THE PUBLISHER, AUTHORS, AND EDITORS SPECIFICALLY DISCLAIM ANY LIABILITY, LOSS OR RISK
INCURRED AS A RESULT OF THE USE AND APPLICATION, EITHER DIRECTLY OR INDIRECTLY, OF ANY
INFORMATION CONTAINED IN THIS PUBLICATION, WHETHER OR NOT NEGLIGENTLY PROVIDED.
ALL PROCEDURES AND FORMS ARE SUGGESTIONS ONLY, AND CHANGES MUST BE MADE
DEPENDING ON THE SPECIFIC CIRCUMSTANCES IN EACH CASE.
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GLOSSARY
NOTE: Terms in this Glossary may have different meanings in other jurisdictions.

Aquifer
A geologic formation(s) that is water bearing. A geological formation or structure that
stores and/or transmits water, such as to wells and springs. Use of the term is usually
restricted to those water-bearing formations capable of yielding water in sufficient
quantity to constitute a usable supply for people’s uses.!

Aquifer Sector Area
A large region with hydrogeological similarities. “Sectors reflect broad hydrogeological
similarities yet maintain traditional hydrographic, topographic and historical
boundaries where possible.”?

Aquifer System Area
An area within a sector showing ground water hydraulic continuity.?

Continuous Stream
A type of perennial stream that flows to the sea year-round under normal conditions,
including streams with diversions.?

Criteria
Measures or standards for judging or selecting among choices.*

Domestic Use
“any use of water for individual personal needs and for household purposes such as
drinking, bathing, heating, cooking, noncommercial gardening and sanitation.”>

Ground Water
“any water found beneath the surface of the earth, whether or not in perched, dike-
confined or basal supply; in underground channels or streams; in standing, percolating
or flowing condition; or under artesian pressure.”®

1 USGS, Water Science Glossary of Terms, http://ga.water.usgs.gov/edu/dictionary.html#A

2 Wilson Okamoto & Associates, Inc., March 1990, Oahu Water Management Plan Technical
Reference Document, Department of General Planning City and County of Honolulu, p. 21.

3 Hawaii Stream Assessment: A Preliminary Appraisal of Hawaii’s Stream Resources, 1990, p. 9.

4 American Planning Association Hawaii Chapter, 1999, From the Ground Up: A Handbook for
Community- Based Land Use Planning, p. 97.

> Revised Ordinances of Honolulu Chapter 30: Water Management, §30-1.2 Definitions

vi NORTH SHORE WATERSHED MANAGEMENT PLAN - FINAL
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GLOSSARY (continued)

NOTE: Terms in this Glossary may have different meanings in other jurisdictions.

Instream Flow Standard
“a quantity or flow of water or depth of water which is required to be present at a
specific location in a stream system at certain specified times of the year to protect
fishery, wildlife, recreational, aesthetic, scenic, and other beneficial instream uses.”®

The amount of water required to protect instream uses such as to protect fish and
wildlife habitat, aesthetic values, or traditional Hawaiian uses.”

Instream Use
“beneficial uses of stream water for significant purposes which are located in the
stream and which are achieved by leaving the water in the stream.”?

Interim Instream Flow Standard
“a temporary instream flow standard of immediate applicability, adopted by the
commission without the necessity of a public hearing, and terminating upon the
establishment of an instream flow standard.”®

Intermittent Streams
Streams that are normally dry during part of the year.?

Interrupted Streams
A type of perennial stream that flows year-round in the upper portions and
intermittently at lower elevations under normal conditions. The interruption may be
natural or man-made.’

Mean Higher High Water
The average of the higher high water height of each tidal day observed over the
National Tidal Datum Epoch (~19 years).'

Median Stream Flow
The flow at the gaging station that is exceeded 50% of the time.

Metered Consumption
The amount of water consumed by a specific user or system as measured by a water
meter or aggregation of meters. Not all water infrastructure has a water meter,
therefore making it difficult to determine the amount of water that is conveyed by that
system.

6 HRS §174 C-3, State Water Code.

7 Oahu Water Management Plan. 1992. p.11

8 HAR §13-167-2.

9 Hawaii Stream Assessment: A Preliminary Appraisal of Hawaii’s Stream Resources, 1990, p. 9.
10 NOAA Digital Coast Sea Level Rise and Coastal Flooding Impacts Viewer, December 2015.

NORTH SHORE WATERSHED MANAGEMENT PLAN - FINAL vii
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GLOSSARY (continued)

NOTE: Terms in this Glossary may have different meanings in other jurisdictions.

Municipal Use
“the domestic, industrial, and commercial use of water through public services
available to persons of a county for the promotion and protection of their health,
comfort, and safety, for the protection of property from fire, and for the purposes listed
under the term ‘domestic use.””®

Non-instream Use
“the use of stream water that is diverted or removed from its stream channel and
includes the use of stream water outside of the channel for domestic, agricultural, and
industrial purposes.”!

Nonpotable Water
“water that does not meet State Department of Health drinking water standards.” '

Palustrine Wetland
Shallow non-tidal freshwater areas that lack flowing water and are dominated by trees
and shrubs.

Perennial Streams
Streams that normally have surface flow year-round, in all or part of their course, as
opposed to intermittent streams. '?

Potable Water
Fit or suitable for drinking.

Stream
“any river, creek, slough, or natural watercourse in which water usually flows in a
defined bed or channel. It is not essential that the flowing be uniform or uninterrupted.
The fact that some parts of the bed or channel have been dredged or improved does
not prevent the watercourse from being a stream.” '3

Streams are considered separate entities when they have a separate mouth to the sea.'?
Stream Channelization
Stream channelization is the realignment or lining of a natural stream channel for the

purposes of flood or erosion control.

Stream Diversion
“the act of removing water from a stream into a channel, pipeline, or other conduit.”'*

""" Honolulu Board of Water Supply, 2004. Definitions. Available URL:
http://www.hbws.org/cssweb/display.cfm ?sid=1415 [Accessed 6/17/14]

12 Hawaii Stream Assessment: A Preliminary Appraisal of Hawaii’s Stream Resources, 1990, p. 9.

13 HAR §13-167-2.

4 HRS §174 C-3, State Water Code.

viii NORTH SHORE WATERSHED MANAGEMENT PLAN - FINAL


http://www.hbws.org/cssweb/display.cfm%20?sid=1415

TABLE OF CONTENTS

GLOSSARY (continued)

NOTE: Terms in this Glossary may have different meanings in other jurisdictions.

Surface Water
“both contained surface water (that is, water upon the surface of the earth in bounds
created naturally or artificially including, but not limited to, streams, other
watercourses, lakes, and reservoirs) and diffused surface water (that is, water occurring
upon the surface of the ground other than in contained waterbodies). Water from
natural springs is surface water when it exits from the spring into the earth’s surface.”'®

Sustainable Yield
“maximum rate at which water may be withdrawn from a water source without
impairing the utility or quality of the water source as determined by the
commission.”!?

Forced withdrawal rate of ground water that could be sustained indefinitely from an
aquifer without affecting either the quality of the pumped water or the volume rate of
pumping. Meant to be a guide for planning.'®

Total Maximum Daily Loads
Calculations of the maximum amount of each pollutant that can enter a given water
body without violating state water quality standards

Water or Waters of the State
“any and all water on or beneath the surface of the ground, including natural or
artificial watercourses, lakes, ponds, or diffused surface water and water percolating,
standing, or flowing beneath the surface of the ground.”'”

Water Management Area
“a geographic area which has been designated pursuant to chapter 13-171 as requiring
management of the ground or surface water resource, or both.”"”

Designated by the Commission when it is determined that water resources in the area
may be threatened by existing or proposed withdrawals or diversions of water. '8

Water Pumpage
The volume of water pumped from a ground water source.

Watershed
An area of land that is defined by ridgelines and drains into a distinct stream or river.

5 HAR §13-167-2.
Oahu Water Management Plan. 1992. p.3
7 HAR §13-167-2.
8 QOahu Water Management Plan. 1992. p.7

(e
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GLOSSARY (continued)

NOTE: Terms in this Glossary may have different meanings in other jurisdictions.

Water Source
“a place within or from which water is or may be developed, including but not limited
to: (1) generally, an area such as a watershed defined by topographic boundaries, or a
definitive ground water body; and (2) specifically, a particular stream, other surface
water body, spring, tunnel, or well or related combination thereof.”?

Water Withdrawal
The volume of water withdrawn from a ground or surface water source.

Wetlands
Areas that are regularly wet or flooded throughout most of the year and are often
characterized by specific plant associations and soil types.

19 HAR §13-167-2.
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ALISH
ASEA
ASYA
AWUDP
BAT
BLNR
BMP
BOC
BWS
CAP
CFS
CWA
CwB
CWRM
CcY
CZM
DAGS
DAR
DBCP
DBEDT
DDC
DM
DHHL
DLNR
DMR
DOA
DOCARE
DOFAW
DOH
DOT
DP

ACRONYMS

Agribusiness Development Corporation

Agricultural Lands of Importance to the State of Hawai’‘i
Aquifer Sector Areas

Aquifer System Area

Agricultural Water Use and Development Plan

Best Available Technologies

Board of Land and Natural Resources

Best Management Practice

Bureau of Conveyances

Honolulu Board of Water Supply

Conservation Action Plan

Cubic Feet per Second

Clean Water Act

Clean Water Branch

State of Hawai‘i Commission on Water Resource Management
Calendar Year

Coastal Zone Management

Department of Accounting and General Services
Division of Aquatic Resources
1,2-dibromo-3-chloro-propane

Department of Business, Economic Development and Tourism
Department of Design and Construction

Department of Facility Maintenance

Department of Hawaiian Home Lands
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ES.1 THE NORTH SHORE WATERSHED MANAGEMENT PLAN
PURPOSE

The North Shore Watershed Management Plan (NSWMP) is a long-range, 20-year plan to
the year 2035 for the preservation, restoration, and balanced management of ground
water, surface water, and related watershed resources in the North Shore district, island of
O‘ahu. The City and County of Honolulu Department of Planning and Permitting (DPP)
and the Honolulu Board of Water Supply (BWS) have jointly prepared the NSWMP, in
accordance with the State Water Code, the Hawai‘i Water Plan, and the City’s Ordinance
90-62 that established the O‘ahu Water Management Plan. The NSWMP is one of eight
district-specific plans that together will form the updated O’ahu Water Management Plan.

The pre-final NSWMP is posted on the BWS website at www.boardofwatersupply.com.
The NSWMP was developed with community collaboration and input via the North Shore
Neighborhood Board #27 Watershed Subcommittee, and the plan was endorsed by the
North Shore Neighborhood Board #27 on June 2, 2016. The plan is being submitted for
adoption and approval by the Honolulu City Council and the State Commission on Water
Resource Management (CWRM), respectively.
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Figure ES.1

CENTRAL O‘AHU

PRIMARY
URBAN
CENTER

The Eight Districts of the O‘ahu Water Management Plan

This Executive Summary provides a brief synopsis of the planning process, major findings,
and recommendations of the NSWMP.

The plan is presented in five chapters and a number of appendices:

Chapter 1. O‘ahu Water Management Plan Overview

Chapter 2. North Shore Watershed Profile

Chapter 3. Existing Water Use and Forecasts of Future Water Use and Demand

Chapter 4. Plan Objectives, Water Supply and Watershed Management Projects and
Strategies

Chapter 5. Implementation of the NSWMP
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ES.2 THE NSWMP AND THE NORTH SHORE SUSTAINABLE
COMMUNITIES PLAN

The State Water Code requires that the County water use and development plans be
consistent with County land use plans and policies. Thus, throughout the planning
process, BWS and DPP have been mindful of the policies and guidelines of the North
Shore Sustainable Communities Plan (NSSCP), which was first enacted in the year 2000.
The NSSCP was revised and adopted in 2011, and thus the NSWMP reflects the policy
changes that are included in the revised NSSCP.

The NSSCP provides a vision for the preservation, conservation, and enhancement of the
region’s natural and scenic resources, recreational opportunities, agricultural lands, and

cultural and historical resources. This overarching vision for the district is the overall
policy guide for the NSWMP as well.

ES.3 THE PLANNING PROCESS

At the outset of the planning process, BWS and DPP established several key guiding
principles for the NSWMP. They directed that the Plan be:

e Community-based

e Environmentally holistic

Reflective of ahupua‘’a management principles

Action-oriented

¢ In alignment with State and City water and land use policies

In accordance with these overall guiding principles, the planning process for the NSWMP
emphasized the importance of two complementary sets of studies and actions:

1. Technical research work: data collection and analysis, review of relevant plans and
programs, creation of maps, charts and graphs, and statistical projections of future
demands for potable and nonpotable water; and

2. Stakeholder outreach and consultation: individual interviews and small group
meetings with community leaders, community groups and organizations, landowners,
developers, public agencies, and elected officials; and general community meetings to
provide a forum for the discussion of watershed issues and needed actions.

As a result of the technical and community-based nature of the planning process, the
conclusions and recommendations are based on both technical analysis and on the
values and ideas of many stakeholders.
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ES.4 GOALS AND OBJECTIVES OF THE NSWMP

BWS and DPP established an overall goal and five supporting objectives for all of the
watershed management plans:

GOAL: To formulate an environmentally holistic, community-based, and
economically viable watershed management plan that will provide a
balance between: (1) the preservation, restoration and management of
O‘ahu’s watersheds, and (2) sustainable ground water and surface water
use and development to serve present users and future generations.

The five major objectives which are common to all of the watershed management plans
for O‘ahu are:

OBJECTIVE #1:  PROMOTE SUSTAINABLE WATERSHEDS
OBJECTIVE #2:  PROTECT AND ENHANCE WATER QUALITY AND QUANTITY

OBJECTIVE #3:  PROTECT NATIVE HAWAIIAN RIGHTS AND TRADITIONAL AND
CUSTOMARY PRACTICES

OBJECTIVE #4:  FACILITATE PUBLIC PARTICIPATION, EDUCATION, AND PROJECT
IMPLEMENTATION

OBJECTIVE #5:  MEET FUTURE WATER DEMANDS AT REASONABLE COST

Each of the Watershed Management Plans developed district-specific sub-objectives
under each of the major objectives. These sub-objectives were articulated based on the
issues and values that emerged for the district from both the technical research work and
the stakeholder consultation process.

Water Supply and Watershed Management Projects and Strategies that respond to and
implement these sub-objectives were then developed into project and strategy
descriptions for this NSWMP.
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ES.5 SUMMARY PROFILE OF THE DISTRICT

North Shore is one of the eight planning districts of O‘ahu. This district is located on the
windward side of the island, and stretches from Ka‘ena Point in the west to Waiale‘e
Gulch near Kawela Bay in the east, spanning a distance of about 20 miles. North Shore is
77,000 acres in size, and has a population of approximately 17,720 people (US Census,
2010).

The largest urbanized areas in the district are Hale‘iwa, Waialua, and Papukea. A single
Neighborhood Board provides opportunities for community dialogue on various local
issues. Kamehameha Highway is the major arterial roadway serving these communities.

The North Shore district consists of 22 watersheds, which include: a portion of
Kaluakauila, Manini, Kawaihapai, Pahole, Makaleha, Waialua, a portion of Kaukonahua,
Ki‘iki‘i, Paukauila, a portion of Poamoho, Helemano, ‘Opae‘ula, Kawai‘iki, Kawainui,
Kawailoa, Anahulu, Loko Ea, Keamanea, Waimea, Kalunawaika‘ala, Pakalena, and a
portion of Paumala (Figure ES.2).

There are eight perennial streams in North Shore. Three of these perennial streams are
“stream systems,” i.e. streams with two or more major tributaries that extend from different
valleys and converge on a coastal plain. The median flows of these streams range from
about 0.2 cubic feet per second (cfs) for Helemano Stream to 14.9 cfs for the Ki‘iki‘i
System. These streams are important habitats for native fresh water species as well as
important sources of water for local farmers.

A watershed is defined as a drainage basin that catches, collects, and stores water that
travels toward the ocean via rivers, streams, or through subterranean springs or seepages.
Watersheds and ahupua‘a often have shared or similar boundaries. However, in North
Shore, watershed boundaries do not line up exactly with ahupua‘a boundaries due to the
larger land areas of the ahupua‘a in North Shore as compared to the watersheds.

NORTH SHORE WATERSHED MANAGEMENT PLAN - FINAL ES-5



EXECUTIVE SUMMARY

Z107 'WEId0Ig S| LIEMEL] 0 1815 1901n0%

,mzzmx:ma

-~ BjE,RYIEMRUN[EY

eua|nYe

e|nexenjey|

LI

PINSIT 2104S YUON D

Alepunog paysiaiean O

puaga

North Shore Watersheds

Figure ES.2

NORTH SHORE WATERSHED MANAGEMENT PLAN - FINAL

ES-6



EXECUTIVE SUMMARY

ES.6 WATER USE AND PROJECTED DEMAND

North Shore utilizes a combination of ground, surface, and recycled sources to meet its
water demands.

Table ES.1 Current In-District Water Use by Source Type

Water Source Estimated Amount (mgd)’
Surface Water 12.42
Ground Water 6.13
Recycled Water 3.94
Total 22.4

Million Gallons per Day

North Shore Primary Surface Water Use (2012) see Table 3.5

Estimated amount is conservative as some users were non-reporting (2010)
Reported averages from the Wahiawa and Schofield Barracks Wastewater
Treatment Plants (2012)

Hw N =

The North Shore district overlays four Aquifer System Areas (ASYA) for ground water: the
Mokulé‘ia, Waialua, and Kawailoa ASYAs of the North Aquifer Sector Area, and a portion
of the Wahiawa ASYA in the Central Aquifer Sector Area. The sustainable yield for each
ASYA is as follows: Mokulé‘ia — 8 million gallons per day (mgd), Waialua — 25 mgd,
Kawailoa — 29 mgd, and Wahiawa - 23 mgd (total). From 2006 to 2010, the Board of
Water Supply provided nearly 3 mgd of potable water to meet this district’s needs. In
addition, there are several small private potable water systems. Ground water is also used
for some agricultural needs where the Wahiawa lIrrigation System (WIS) does not extend,
where high quality water is needed, or when surface water quantities are limited such as
during periods of drought.

Surface water is brought into the WIS from stream diversions in the North and South Forks
of the Kaukonahua Stream, a portion of the Poamoho Stream, and ‘Opae‘ula and
Kawai‘iki Streams. Dole Food and Kamehameha Schools owns and operates different
portions of the WIS. Kamehameha Schools has improved and piped their portion of the
system to minimize system losses. About 5,500 acres were occupied by diversified
agriculture farms using WIS water in 2007. The WIS currently provides 9 mgd (from recent
USGS gage readings) to diversified crops (including seed corn, pasture grass and tree
crops) and to additional acreage of pineapple.

Future water demands were projected in low-, mid- and high-growth scenarios through
the year 2035. The mid-growth demand scenario was selected as the most probable
demand scenario as it is based upon the DPP’s Socio-Economic Policy Projections and
O‘ahu Agriculture: Situation, Outlook and Issues (2011) which was prepared as part of the
City and County of Honolulu’s General Plan update process. The DPP’s Socio-Economic
Policy Projections show an increase in the North Shore’s population to approximately
10% by the year 2035. The greatest increase in the mid-growth demand scenario is from a
nearly 30% increase in agricultural acreage by the year 2035.
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The ultimate demand scenario is a scenario that assumes the full build-out of residential
units within the NSSCP Community Growth Boundary, and irrigation of all the prime and
unique agricultural lands outside of it. The ultimate demand scenario is for an unspecified
time in the future as it reflects an end state that might occur based on land use plans, land
use constraints and considerations of climate change impacts. The ultimate demand
scenario is meant to test the foreseeable limits of supply and demand in the North Shore
district to inform long range water resource management plans and policies on natural
water resources, source augmentation and conservation efficiencies. The ultimate demand
scenario is used for watershed planning purposes and is not tied to City and County of
Honolulu Department of Planning population projections.

The Water Use and Development section of the plan is summarized as follows (Table ES.2
and Figure ES.3):

e The most probable future growth “scenario” is the mid-growth scenario based on
the NSSCP and population projections developed by DPP. The DPP population
projections show an increase in the district’s population by 10% from 2000 to
2035.

e BWS potable water supplied to the North Shore district in CY 2010 was 2.8 mgd.
BWS potable water demand for the district projected to 2035 is 3.0 mgd for the
most probable scenario. Existing BWS potable water sources and systems for the
district are adequate to meet the current and future projected potable water
demand.

e North Shore agriculture demand in 2010 was nearly 25 mgd. The most probable
demand scenario for agriculture in 2035 is nearly 30 mgd. This is based upon an
almost 18% increase in agricultural acreage by 2035, or a less than 1% increase
per year.
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Table ES.2 Water Demand by Water System
2035 (mgd)
Water Svstem 2010 ; ; Ultimate
Y (mgd) Low Mid High Scenario
Scenario | Scenario Scenario
Domestic Water Systems
Board of Water Supply 2.8 2.8 3.0 3.2
Dole Foods 0.0 0.1 0.1 0.1
North Shore Water Company 0.1 0.1 0.2 0.2
Dillingham Airfield 0.1 0.1 0.1 0.1
Total Domestic Water System 3.0 3.1 3.4 3.6 6
Agricultural System
Total Agriculture 24.2 26.1 29.3 32.7 72
TOTAL 27.2 29.2 32.6 36.2 78
Note: See Appendix E for calculation methodology
80.0
70.0
60.0
Base Line (2010)
50.0
= m Low (2035)
€0 40.0
g Mid (2035)
30.0
32.7 High (2035)
20.0 29.3
24.2 m Ultimate
100 =39 371 34 36 0 — i
3.0 3. . .
0.0 I -
Domestic Agriculture
Figure ES.3  Water Demand By Water System
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ES.7 SUMMARY OF DEMAND AND SUPPLY

Figure ES.4 and Table ES.3 summarize the most probable water demand scenario by water
system with supply sources that may be used to meet the demands. The total demand is
nearly 33 mgd by the year 2035.

Total supply to meet the demand is over 38 mgd. Ground water supply in Figure ES.4 and
Table ES.3 is existing permitted well uses, and surface water supply is existing use via
Kamehameha and Dole Food water distribution systems. Domestic water supply systems
are supplied by ground water to meet current and future water demands. A mix of surface
water and ground water are used to meet the current and future agricultural demands.

The analysis shows adequate water supplies to meet the 2035 most probable demand
scenario. The Department of Hawaiian Homelands (DHHL) does not have land on the
North Shore, and thus no related water planning was required. Kalo water demand will
need to be met with additional surface water from springs and Anahulu stream diversions.
Existing water sources supplying lo‘i kalo must be maintained.

One water supply issue not captured in overall demand and supply comparisons of the
most probable and ultimate demand scenarios is the availability of water supplies during
dry periods and drought conditions. These may result from seasonal fluctuations or long
term climate change impacts. Projects that address long term potential water supply issues
are especially important and include ones that respond to 1) irrigation water system losses
in Wahiawa Irrigation System, 2) agricultural water reliability, 3) Wahiawa Reservoir
water quality, and 4) water conservation.

45.00
40.00 w Wahiawa Wastewater
Treatment Plant
35.00 m=m Wahiawa GWMA Permitted
Use
30.00
mm Kawailoa GWMA Permitted
25.00 Use
mm Waialua GWMA Permitted
20.00 Use
[ &i i
15.00 Mokulé‘ia GWMA Permitted
Use
10.00 mmm Surface Water Supply
5.00 —m—TOTAL WATER DEMAND
0.00

2010 2015 2020 2025 2030 2035

Figure ES.4  North Shore Most Probable Demand Scenario and Supply
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Table ES.3 Summary of North Shore Most Probable Demand Scenario and Supply

‘ 2010 2015 2020 2025 2030 2035

DOMESTIC WATER SYSTEMS
BWS Potable Water System Demand 2.81 2.80 2.89 2.94 3.00 3.01
BWS System - Permitted Ground Water Supply!

Waialua GWMA 3.00 3.00 3.00 3.00 3.00 3.00

Kawailoa GWMA 0.75 0.75 0.75 0.75 0.75 0.75
Dole Potable Water System Demand 0.00 0.13 0.13 0.13 0.13 0.13
D‘\;\'Zi'ar:;“g\t/t/e&/\cr"“"d S S 0.26 0.26 0.26 0.26 0.26 0.26
N‘I::g s:‘eo‘:sa‘t’zft:yrsfe?g:zan . 012 | 012| 013] 0.5 016 | 0.18
N;\’/"'gijt)"l;e (‘;N\/mff"mpany i ciepGesIpELA 0.15 0.15 0.15 0.15 0.18 0.18
US Army/State DOT Dillingham Airfield System Demand 0.06 0.06 0.06 0.06 0.06 0.06
Fe&ffl:l?f;eé“vs\/;/‘i"’“"d it Syl 0.07 0.07 0.07 0.07 0.07 0.07
Domestic Water Demand 2.99 3.10 3.21 3.27 3.34 3.37
Domestic Water Supply 4.24 4.24 4.24 4.24 4.27 4.27
AGRICULTURE
Agriculture Water Demand | 2415 | 2517 | 2619 | 2721 | 2823 | 295
Ag Surface Water Supply

KS Surface Water Supply 3.50 3.50 3.50 3.50 3.50 3.50

Dole Surface Water Supply (Wahiawa Irrigation System)? 8.90 8.90 8.90 8.90 8.90 8.90
Ag Recycled Water Supply

Wahiawa Wastewater Treatment Plant? ‘ 1.60 ‘ 1.60 ‘ 1.60 ’ 1.60 | 1.60 | 1.60
Ag Ground Water Supply*

Mokulé‘ia GWMA Permitted Use® 7.80 7.80 7.80 7.80 7.77 7.77

Waialua GWMA Permitted Use® 6.49 6.49 6.49 6.49 6.49 6.49

Kawailoa GWMA Permitted Use® 1.16 1.16 1.16 1.16 1.16 1.16

Wahiawa GWMA Permitted Use” 5.16 5.16 5.16 5.16 5.16 5.16
Agriculture Water Demand 24.15 25.17 26.19 27.21 28.23 29.25
Agriculture Water Supply 34.62 34.62 34.62 34.62 34.59 34.59
TOTAL WATER DEMAND 27.14 28.27 29.40 30.48 31.57 32.62
TOTAL WATER SUPPLY 38.85 38.85 38.85 38.85 38.85 38.85
Kalo Water Demand 1.00 2.80 4.60 6.40 8.20 10.00

1 CWRM Water Use Permit (WUP) Index (2012) and revised 2013 Waialua GWMA WUP

Existing use with current losses; add’l water demands to be met with water conservation savings (eg. piping)

2
3 Effluent from Wahiawa WWTP used for North Shore irrigation and will eventually be used for Galbraith lands irrigation
4

WIS system improvements should be implemented before future water use permits are granted

> Private wells used to meet agricultural needs; excludes wells used to meet potable water demands

Private wells; KS (3.212 mgd), Dole (1.785 mgd - domestic use), and 1.725 mgd of various wells
7 The permitted uses in North Shore Development Plan/NB area (3103-01 Galbraith Estate Del Monte #5, 3203-01 Helemano Pump
25, and 3203-02 Waialua Sugar Pump 26) with a total WMP of 5.162 mgd
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ES.8 ULTIMATE DEMAND SCENARIO AND SUPPLY

Table ES.4 and Figure ES.5 show demands and supplies for the ultimate scenario.

The total estimated demand for domestic uses is 6 mgd and for agriculture 72 mgd for a
total of 78 mgd. The total ultimate demand for 400 acres of kalo is estimated to be 40
mgd.

The supply sources for the ultimate scenario differ from those used to meet the most
probable scenario. Due to the unbounded timeframe, it is assumed that supplies may be
more fully developed and distribution systems will have improved efficiencies. The
ultimate scenario assumes that distribution systems deliver water with minimal losses.

The ground water supply sources include the entire North Shore aquifer sustainable yields
(62 mgd) with well development up to those amounts. For the Wahiawa aquifer, the
currently permitted well amounts (totaling about 5 mgd) supplying the North Shore district
and Galbraith lands are used.

For surface water supply, allowable surface diversions are used and based on declared
uses in 1992 which equate to 33 mgd. Agricultural water system improvements to reduce
water losses are needed to use diverted water wisely and will be needed to provide more
irrigation water. The surface supply for kalo growing will need to be increased as current
permitted diversions are not sufficient for the planned expansion.

Recycled water from the Wahiawa Wastewater Treatment Plant (WWTP) is included as a
supply as it may be used for irrigation of the Galbraith lands. The Schofield WWTP
recycled water is not included as a North Shore supply source due to annual costs of
disposal. These costs could be recovered by creating more localized uses in Central O‘ahu
close to the WWTP.

Ultimate water demand projects and supply account for climate change impacts of less
rainfall and increased temperatures on the North Shore.

These supply sources add up to 102 mgd versus 118 mgd of water demands. Additional
water use permits for springs and stream diversions will be needed. For the 40 mgd of kalo
water demands, it should be noted that this use is not consumptive; much of the water
will be returned to the stream after flowing through the lo‘i kalo. A comparison of the
most probable demand scenario and the ultimate demand scenario with these total supply
sources is provided in Figure ES.5.

In summary, supplies will accommodate an estimated 85% of the ultimate demand
scenario. Therefore, North Shore water supplies need to remain available for North Shore.
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Table ES.4 Ultimate Demand Scenario and Supply

DEMAND (all units in mgd)

Domestic 6
Agriculture 72
Kalo 40
TOTAL DEMAND 118

SUPPLY (all units in mgd)
Ground Water

Mokulé‘ia GWMA Sustainable Yield 8
Waialua GWMA Sustainable Yield 25
Kawailoa GWMA Sustainable Yield 29

Wahiawa GWMA Permitted Use

(for North Shore wells in Wahiawa GWMA) >
Recycled Water (Wahiawa WWTP) 2
Surface Water (CWRM Diversion Listing) 33
TOTAL SUPPLY 102
Balance = Supply - Demand -16

140

120

100 b K

Water Demand
Projection
60 | ==e=\Nater Supply

80 —

40

20 -

Most Probable (Mid-Growth) Scenario Ultimate Scenario

Figure ES.5  North Shore Demand and Supply: Most Probable and Ultimate Scenarios
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ES.9 PROJECTS AND STRATEGIES

The NSWMP provides information on specific Water Supply and Watershed Management
Projects with Champions, and more general information on Watershed Management
Strategies. The strategies are defined as important concepts that do not yet have
“champion” entities that would organize and implement these concepts.

The Projects with Champions are specific projects that are being planned and/or that are
being implemented by a particular public agency or agencies or by a particular
community group or non-profit entity. Many land use and resource management plans
present projects that are general ideas and conceptual by nature. For North Shore,
however, there are many place-specific watershed management projects that are already
ongoing.

The NSWMP presents information on a total of 16 projects with champions, which are
grouped into five categories: 1) Surface Water, 2) Ground Water, 3) Land Management, 4)
Cultural Resources/Traditional Practices, and 5) Water Supply. A Watershed Management
Projects Map is included on the following page (Figure ES.6).

WATERSHED MANAGEMENT PROJECTS AND PROGRAMS WITH PROJECT
CHAMPIONS

Surface Water Projects and Programs

1. Kaukonahua Stream TMDL Implementation

2. Measurable Instream Flow Standards

3. Waialua-Kaiaka Watershed Restoration Study
Ground Water Projects and Programs

4. Potable Wellhead Protection

5. Mokulé‘ia Potable Water System Improvements

Land Management Projects and Programs

6. Agricultural Best Management Practices

7. Low Impact Development Techniques

8. Papuakea Paumala Risk Management

9. Waimea Valley Conservation Action Plan

10. Ko’olau and Wai‘anae Mountains Watershed Partnerships

Cultural Resources/Traditional Practices Projects and Programs
11. Kalo Maintenance and Restoration
12. Kamehameha Schools Loko Ea Fishpond and ‘Uko‘a Marsh Restoration

Water Supply Projects and Programs

13. Wahiawa Reservoir Water Quality Improvements

14. Wahiawa Irrigation System Improvements

15.  Agricultural Water Reliability: Water Storage, Back-up Wells, Stormwater
Reclamation

16. BWS Conservation Programs
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7 NEARSHORE WATERS

Surface Water Land Management Water Supply

1. Kaukonahua Stream TMDL 6. Agricultural Best Management Practices 13, Wahiawa Reservoir Water Quality
Implementation 7. Low Impact Development Techniques Improvements

2. Measurable Instream Flow Standards 8. Pipiikea Paumalii Risk Management 14, Wahiawa lrrigation System

3. Waialua-Kaiaka Watershed 9. Waimea Valley Conservation Action Improvements
Restoration Study Plan 15. Agricultural Water Reliability: Water

10. Ko'olau and Wai‘anae Mountains Storage, Back-up Wells, Stormwater

Groundwaler Watershed Partnerships Reclamation

4. Potable Wellhead Protection 16. BWS Conservation Programs

5. Mokulé‘ia Potable Water System Cultural Resources / Traditional Practices
Improvements 11. Kalo Maintenance and Restoration

12. Kamehameha Schools Loko Fa
Fishpond and ‘Uko‘a Marsh Restoration

Figure ES.6  Watershed Management Projects Map
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The NSWMP also presents basic information on 15 Watershed Management Strategies.
Strategies are defined here as potential actions that would serve to implement the overall
goal, objectives, and sub-objectives of the NSWMP, but that do not currently have a
project champion or are small in scope. Many of these Strategies could become Projects
iffwhen an agency or organization decides to be the champion for that Strategy. The
Strategies are grouped into six categories: 1) Surface Water, 2) Ground Water, 3)
Nearshore Water, 4) Land Management, 5) Cultural Resources/Traditional Practices, and
6) Water Supply.

WATERSHED MANAGEMENT STRATEGIES

Surface Water Management Strategies

A. Assess Stream Ecosystem Health

B. Implement Kaiaka Bay Watershed Flood Mitigation Projects and Planning
C. Conduct a Dredging Study and Systematic Maintenance of Key Areas
Ground Water Management Strategies

D. Implement Drought Mitigation Strategies

E. Improve Wastewater Treatment

F. Encourage Gray Water Reuse

Nearshore Water Strategies
G. Support Malama Papukea-Waimea Makai Watch
H. Designate Waialua Reef as a MLCD

Land Management Strategies
l. Restrict Off-Road Vehicles in Conservation Areas
J. Promote Pollution Prevention Awareness and Education

Cultural Resources/Traditional Practices Strategies
K. Record North Shore Oral History
L. Create North Shore Ahupua‘a Boundary/Stream Markers

Water Supply Strategies
M. Repair and Replace BWS Pipelines

N. Incorporate Climate Change Plans and Initiatives into North Shore Water and
Watershed Planning

P. Implement the Energy Savings Performance Contracting Strategy for Selected BWS
Facilities
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ES.10 IMPLEMENTATION OF THE NSWMP

Implementation of the NSWMP will be a long-term, ongoing process involving many
project champions from public agencies, non-profit entities, community groups, and
private landowners and businesses. Chapter 5 provides plan implementation details.

Phasing and Funding of the 16 Projects with Champions is presented in the
Implementation chapter. The projects are noted as being either “short term” — to be
implemented within the next 5 years — or “long term” — requiring more than 5 years to
implement. These projects may be funded by various federal, state, and city programs and
agencies, and by private foundations and businesses.

The Implementation chapter also provides a presentation and discussion of Priority
Watersheds and Catalyst Projects.

A Priority Watershed is defined as a watershed that: (1) provides various opportunities to
promote sustainable watersheds, and/or (2) needs protection or enhancement of water
quality and quantity, and/or (3) provides opportunities to protect Native Hawaiian rights
and traditional customary practices, and/or (4) presents special opportunities for
organizing and implementing important watershed management actions, and/or (5)
provides significant ground water or surface water supplies to meet current and future
demand.

A Catalyst Project is defined as a high priority project within a critical watershed that,
when implemented, will provide energy, connectivity, information, and inspiration for
other projects and programs within the watershed or district.

The selected Priority Watersheds and Catalyst Projects are discussed below:

e Ki‘iki‘i and Paukauila Watershed Systems — the majority of surface water sources
and diversions for agricultural irrigation are within the Ki‘iki‘i and Paukauila
Watershed System areas as well as major portions of the Wahiawa Irrigation
Systems’ currently irrigated agricultural fields. Also, these watersheds encompass
the population centers and contain flood prone areas.

Catalyst Project: Wahiawa Irrigation System (WIS) Improvements — Fund and
complete repairs to improve the condition of the ditches in the Dole-owned
portion of the WIS.

Catalyst Project: Waialua-Kaiaka Watershed Restoration Study — Obtain
Congressional funding for a feasibility study to determine appropriate flood control
measures. Local community and local governments would then need to pursue
structure relocations and flood proofing.
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¢ Anahulu Watershed System — includes the Anahulu Stream, which historically
provided sustenance to large numbers of Native Hawaiians.

Catalyst Project: Kalo Maintenance and Restoration — Conduct research and
identify potential lo‘i locations; encourage the kalo farmers to offer educational
programs alongside farming practices to provide opportunities for learning about
and access to native Hawaiian cultural practices. The water supply for kalo
should be monitored over time to ensure availability.

¢ Loko Ea Watershed - contains ‘Uko’a Marsh and Loko Ea Fishpond which are two
important cultural resources within the Loko Ea Watershed that contributed to the
abundance and wealth of Waialua.

Catalyst Project: Kamehameha Schools Loko Ea Fishpond and ‘Uko‘a Marsh
Restoration — Provide funding for continued conservation, restoration and
education at Loko Ea Fishpond and ‘Uko‘a Marsh.

The NSWMP identifies a large number of Projects with Champions and Watershed
Management Strategies that are important for water use and watershed health in North
Shore. These projects and strategies require various levels of manpower and funding, and
can only be implemented to the extent that resources are available from the private and
public sectors of the community.

The Implementation chapter concludes with considerations for a dedicated funding source
that could provide ongoing financial resources for implementing important water supply
and watershed management projects.

The proposed Strategies and Projects within this plan are the result of a comprehensive
watershed analysis and stakeholder consultation process. Projects may involve various
governmental agencies and non-governmental organizations. The implementation and
funding of these projects are not the sole responsibility of the Board of Water Supply, City
and County of Honolulu, or State of Hawai’i. This Plan is intended to guide agencies and
organizations in implementing the most important initiatives for North Shore watersheds
and water resources; however, implementation will depend on budgetary priorities, the
availability of grants, and partnering efforts over the long term.
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CHAPTER 1: O‘AHU WATER MANAGEMENT PLAN OVERVIEW

1 O‘AHU WATER MANAGEMENT
PLAN OVERVIEW

1.1 AUTHORITY AND PURPOSE

1.2 O’AHU WATER MANAGEMENT PLAN FRAMEWORK

1.3 O’AHU WATER USE AND DEVELOPMENT PLAN UPDATE
1.4 PLAN IMPLEMENTATION

1.1 AUTHORITY AND PURPOSE

The Watershed Management Plans (WMPs) for O‘ahu have been prepared in accordance
with the requirements of the State Water Code and Revised Ordinances of the City and
County of Honolulu. The State Water Code, Hawai‘i Revised Statues (HRS) Chapter 174C
protects, controls and regulates the use of the State’s water resources for the benefit of its
people and the environment. Under the Code, the County is responsible for preparing the
water use and development plan for the City and County of Honolulu. In response,
Revised Ordinances of Honolulu (ROH) Chapter 30 Water Management, established the
O’ahu Water Management Plan (OWMP), which has evolved into a framework of regional
WMPs by City development plan district to plan for the management of all water
resources within each watershed (Appendices A and B). The development plan districts
are shown in Figure 1.1.

Island of Oahu
Development Plan Areas

Koolauloa Population Distribution
18% = & BWS Water Demand (CY2010)
6.7 MGD
(14 MGD)
"North Shore
1.9 %
2.95 MGD
(2.9 MGD)
ngd
Waianae Central
51% 177 %
4.1 MGD 32.7 MGD
{82 MGD) (17.8 MCD)
Primary Urban Koolaupoko
Center 121 %
Ewa : 456 % 10.7 MGD
106 % . 75.3 MGD {15.9 MGD)
9.9 MGD B ASMaD)
(171 MGD)
East Honolulu
52%:
0.7 MGD
(9.3 MGD)
Figure 1.1 O‘ahu Development Plan Areas
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The State Water Code’s Declaration of Policy recognizes the need for comprehensive
water resources planning and establishes the Hawai’i Water Plan (HWP) as the guide for
developing and implementing this policy (HRS §174C-2). The HWP is intended to serve as
a continuing long-range guide for the Commission on Water Resource Management
(CWRM) in executing its general powers, duties, and responsibilities assuring economic
development, good municipal services, agricultural stability, and environmental
protection.

The HWP currently consists of five major components (plans) identified as the: 1) Water
Resource Protection Plan, 2) Water Quality Plan, 3) State Water Projects Plan, 4)
Agricultural Water Use and Development Plan, and 5) County Water Use and
Development Plans.

The Water Code recognizes that the HWP must be “continually updated to remain useful
and relevant and further specifies that each county shall update and modify its water use
and development plans as necessary to maintain consistency with its zoning and land use
policies” HRS §174C-31(q).

WATER USE AND DEVELOPMENT PLAN (WUDP)

A separate WUDP is to be prepared by each of the four counties and adopted by
ordinance. The objective of the WUDPs is to set forth the allocation of water to land use
in that county. Hawai‘i Administrative Rule (HAR) §13-170-31 states that each WUDP
shall include, but not be limited to:

(1) Status of county water and related land development including an inventory of
existing water uses for domestic, municipal, and industrial users, agriculture,
aquaculture, hydropower development, drainage, reuse, reclamation, recharge,
and resulting problems and constraints;

(2)  Future land uses and related water needs; and

(3)  Regional plans for water developments including recommended and alternative
plans, costs, adequacy of plans, and relationship to the water resource protection
plan and water quality plan.

Additional guidelines for preparing the WUDPs are provided in Administrative Rule §13-
170-32:

(4)  Each water use and development plan shall be consistent with the water resource
protection plan and the water quality plan.

(5)  Each water use and development plan and the state water projects plan shall be
consistent with the respective county land use plans and policies, including
general plan and zoning as determined by each respective county.

(6)  Each water use and development plan shall consider a twenty year projection
period for analysis purposes.

(7)  The water use and development plan for each county shall also be consistent
with the state land use classification and policies.

(8)  The cost of maintaining the water use and development plan shall be borne by
the counties; state water capital improvement funds appropriated to the counties
shall be deemed to satisty Article VIII, section 5 of the State Constitution.
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STATEWIDE FRAMEWORK FOR UPDATING THE HAWAI‘l WATER PLAN

In February 2000, CWRM adopted the Statewide Framework for Updating the Hawai’‘i
Water Plan (Statewide Framework). The objectives of developing and outlining a statewide
framework for the Hawai‘i Water Plan (HWP) are:

To achieve integration of land use and water planning efforts that are undertaken
by federal, state, county, and private entities so that a consistent and coordinated
plan for the protection, conservation and management of our water resources is
achieved;

To recommend guidelines for the HWP update so that the plan and its component
parts are useful to CWRM, other state agencies, the counties, and the general
public;

To develop a dynamic planning process that results in a “living document” for
each component of the HWP which will provide county and state decision-makers
with well formulated options and strategies for addressing future water resource
management and development issues;

To better define roles and responsibilities of all state and county agencies with
respect to the development and updating of the HWP components;

To describe and outline the techniques and methodologies of integrated resource
planning as the basic approach that should be utilized in developing and updating
the County WUDPs;

To facilitate permitting and to identify potential critical resource areas where
increased monitoring or baseline data gathering should proceed;

To establish an overall schedule for phased updating of the HWP; and

To outline an Implementation Plan for near-term and long-term actions.

The Statewide Framework includes the following recommended plan elements for the
County WUDP update process:

County-Specific WUDP Project Description

Coordination with CWRM on Water Resource Management
Stakeholder and Public Involvement

Development of Policy Objectives and Evaluation Criteria
Description of Water System Profiles

Identification of Resource and Facility Options
Development and Evaluation of Strategy Options

Implementation Plan

The Statewide Framework further recommends integration of HWP components at the
county level.
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O’AHU WATER MANAGEMENT PLAN: 1990 ADOPTION TO PRESENT

The initial HWP, including all component plans, was adopted by CWRM in 1990. In
compliance with the State Water Code, the City and County of Honolulu enacted the
O‘ahu Water Management Plan (OWMP) by Ordinance No. 90-62 and codified as
Revised Ordinances of Honolulu (ROH) Chapter 30, Articles 1, 2 and 3, 1990, as
amended. The OWMP serves as the WUDP for the City and County of Honolulu. The
OWMP consists of policies and strategies, which guide the activities of the City and
County of Honolulu and advises CWRM in the areas of planning, management, water
development and use and allocation of O‘ahu’s natural water resources.

The 1990 OWMP described existing uses of water and contemplated future needs for the
island of O‘ahu. The plan highlighted regional water problems and identified major water
development projects. It also described the quality of water required for the contemplated
uses. Informational needs and data gaps identified in the plan included surface water
availability and use and agricultural water demand projections.

CWRM deferred adoption of the 1992 OWMP update pending additional refinement of
plan components. Subsequent updates were complicated because of rapid changes to the
water resources situation on O‘ahu with the closing of the sugar plantations and the
resulting Waiahole Ditch Contested Case in 1995.

In 1999, the Honolulu Board of Water Supply (BWS) began the integrated island-wide
water planning effort to update the OWMP as recommended by CWRM. However, this
approach was met with significant opposition by the public. One of the major concerns
expressed by the public was that it is important to have equal focus on resource
protection, conservation, and restoration as on water use and development. Communities
also desired to be active participants in a community-based planning process. In addition,
the communities consulted wanted assurance that there were sufficient water resources
within their watersheds before island-wide regional water needs were discussed.

In August 2000, the Hawai‘i Supreme Court announced their landmark decision that
changed the way Hawai‘i’s water laws were interpreted. The court drew upon principles
of the Public Trust Doctrine and the Precautionary Principle and have over time, identified
four public trust uses of water that have priority over other water uses: 1) maintenance of
waters in their natural state; 2) domestic water use; 3) the exercise of Native Hawaiian and
traditional and customary rights, including appurtenant rights and 4) reservations of water
for Hawaiian Home Lands (Appendix B.5). In response to these Supreme Court decisions,
BWS decided to expand the water planning approach to include these principles through
a holistic watershed-based approach modeled after the Hawaiian concept of ahupua‘a
encompassing environmental, economic and social/cultural values. A planning framework
for watershed protection and water use and development was established for updating the
OWMP that is inclusive of various legal and planning documents with extensive
community participation that guide the plan.

On March 17, 2004, CWRM approved the OWMP framework, scope of work and
planning elements for regional watershed management plans as meeting the statutory and
statewide framework provisions for updating the County WUDP.
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The Honolulu City Council adopted the Wai‘anae and Ko‘olau Loa WMPs on August 18,
2010 and the Ko‘olau Poko WMP on August 15, 2012. These three of the eight regional
watershed management plans will, together with island-wide water management policies
and strategies in ROH Article 2 of Chapter 30, form the updated O‘ahu Water
Management Plan. In areas where a regional watershed plan has not been adopted, ROH
Chapter 30, and the Technical Reference Document for the OWMP, dated March 1990,
shall serve as the County WUDP.

The Ordinance further states that in conjunction with BWS, the City Department of
Planning and Permitting (DPP) shall be responsible for the preparation of the regional
watershed management plans for the OWMP. The regional WMPs shall be adopted by
ordinance and then submitted to CWRM for adoption. Each regional WMP shall be
updated, at a minimum, in tandem with the respective Development Plans/Sustainable
Communities Plans.

On March 16, 2011, CWRM adopted the Wai‘anae and Ko‘olau Loa WMPs into the
Hawai‘i Water Plan and on September 19, 2012 the Ko‘olau Poko WMP. CWRM has
approved of the regional, watershed-based approach to water resource management as a
viable methodology for the integration of HWP components within the County WUDP.

1.2 O‘AHU WATER MANAGEMENT PLAN FRAMEWORK

The OWMP consists of overall policies and strategies and regional watershed
management plans, that will guide the activities of the City and County of Honolulu and
will also provide advice to CWRM regarding the planning, management, conservation,
use, development, and allocation of O‘ahu’s limited surface water and ground water
resources for the next 20 years to 2035.

The OWMP shall be consistent with relevant Federal, State, and City laws and policy
documents, including:

e Federal Clean Water Act and Safe Drinking Water Act

e Hawai‘i State Water Plan

e State Water Code

e Statewide Framework for Updating the Hawai‘i Water Plan

e Hawai‘i Supreme Court Decisions on the Waiahole Ditch and the Wai‘ola O
Moloka‘i contested cases

e State land use classifications and policies

e City and County of Honolulu Chapter 30, ROH establishing the OWMP island-
wide polices and strategies and regional WMPs.

e General Plan for the City and County of Honolulu and Development Plans and
Sustainable Communities Plans for O’ahu’s eight land use districts

e City Zoning Designations
e BWS Mission of “Water for Life, Ka Wai Ola”
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“Water for Life — Ka Wai Ola”
The resulting WMPs are built on the following key planning principles:

e Community-based

e Environmentally holistic

e Based on ahupua’a management principles
e Action-oriented

e In alignment with State and County water and land use policies.

The following graphic (Figure 1.2) illustrates the planning framework for the OWMP. The
framework identifies the various legal and planning documents that guide the plan. Each
of the eight WMPs by O‘ahu General Plan land use districts will be organized within this
framework and the island overview chapter will provide a consolidating mechanism to
place each of the regions into the proper island-wide perspective.

The framework is meant to establish and guide the watershed management objectives and
strategies specific to each region. The eight WMPs tie directly into the eight land use plans
through common boundaries, vision and policies. A key denominator integrating land use
and water planning is the maintenance of a healthy watershed. Land use plans and water
use and development plans that support growth and existing communities on O‘ahu must
ensure that watersheds remain healthy through sustainable planning practices, watershed
protection projects, and best management practices that minimize impacts.

Given these expressed inter-relationships between land and water, Chapter 30 ROH now
requires that each regional WMP shall be updated, at a minimum, in tandem with the
respective Development Plans/Sustainable Communities Plans. With each iteration, land
use and water planning will become increasingly integrated in vision, policies, goals, and
objectives, so that resource protection and management and infrastructure development
support a sustainable future.
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Framework Diagram

Watershed Management Plans for O‘ahu, County and State Level Planning
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Based on the planning principles and through a consultation process with community
leaders, community groups, public agencies, landowners, and other stakeholders in the
watershed management planning process, BWS then developed an overall statement of
Goals and Objectives for the OWMP, as follows:

GOAL

To formulate an environmentally holistic, community-based, and economically viable
WMP that will provide a balance between: (1) the preservation, restoration and
management of O’ahu’s watersheds, and (2) sustainable ground water and surface water
use and development to serve present users and future generations.

OBJECTIVES

(1) Promote sustainable watersheds.

(2)  Protect and enhance water quality and quantity.

(3)  Protect Native Hawaiian rights and traditional and customary practices.
(4)  Facilitate public participation, education, and project implementation.
(5)  Meet future water demands at reasonable costs.

The WMP objectives were derived from an extensive stakeholder consultation process and
reflect their values and thinking about water resources. These values and thinking were
then consolidated into broad goals and objectives that apply island-wide thus providing
the overall guidance, balance, and consistency for each of the eight district level WMPs.
Each of the eight plans will define more specific sub-objectives, policies, strategies, and
actions that reflect specific district conditions, issues, and needs and provide a balance
among all five plan objectives under the OWMP Framework.

Objective 1. Promote sustainable watersheds

Sustainable watersheds are bio-diverse, renewable, and resource productive land and water
ecosystems extending from the mountains to the coral reefs, that meet present needs without
compromising those of future generations. In a sustainable watershed, there is a holistic
interrelationship among watershed resources including geologic structures, soil characteristics,
forest communities, endemic and indigenous animals, native and introduced species, ground
water aquifers, streams and wetlands, reefs and near-shore waters, traditional and cultural
practices, land use and land development. Healthy, sustainable watersheds should be the
foundation for both land use and water resources management planning.

Sustainable watersheds can be achieved through the implementation of a comprehensive
WMP that promotes a healthy watershed by emphasizing habitat and native species
preservation, active forestry management practices, invasive species and pollution
controls, resource conservation and demand-side management programs, low-impact
development concepts and recycling.

Objective 2. Protect and enhance water quality and quantity
Water is essential to human life and to the health of the environment. As a valuable

natural resource, it comprises marine, estuarine, wetlands, freshwater streams and ground
water environments, across coastal and inland areas. Water has two dimensions that are
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closely linked - quality and quantity. Water quality relates to the composition of water as
affected by natural processes and human activities. It depends not only on water’s
chemical condition, but also its biological, physical and radiological condition. Water
quantity relates to the amount of renewable ground water supply or base stream flow
existing on a sustainable basis. In a healthy environment, water quality and quantity
supports a rich and varied community of organisms and protects public health. Water
quality and quantity influence the way in which communities use the water for activities
such as drinking, swimming, fishing, farming, gathering, or commercial purposes.

Drinking water systems are regularly tested for compliance with EPA Safe Drinking Water
Standards and BWS criteria for system operations and resource monitoring. Watershed protection
projects and programs will ensure that aquifers and streams are healthy and sustainable. Source
water protection programs and the monitoring of hydrologic indicators of rainfall, stream and
spring flows, and aquifer water levels will ensure consistently high source water quality.

BWS ensures the health of the ground water aquifers by monitoring the island-wide index
and deep monitor wells for water levels and chlorides at the top and mid-point of the fresh
water/sea water transition zone. Source water quality can be affected by sea water
intrusion or up-coning brackish water especially during extended drought. Monitoring also
ensures sufficient aquifer recovery during post-drought periods.

BWS, CWRM, University of Hawai‘i and U.S. Geological Survey (USGS), are advancing
research and analytical modeling tools to increase understanding of recharge and ground
water aquifers and streams. The agencies work collaboratively to fund, construct and
utilize 3-dimensional solute transport ground water modeling calibrated with new deep
monitor wells in basal aquifers to:

e Evaluate individual source yields to prevent up-coning and salt water intrusion
during normal rainfall and drought events.

e Optimize existing source pumpage to meet water system demands and avoid
detrimental impacts to the aquifer’s utility (quality and quantity); ensure adequate
aquifer recovery after long drought periods.

e Evaluate aquifer sustainable yields as allocations and pumpage approach
sustainable yield limits to ensure new sources are sustainable.

e Site and size new wells to develop remaining ground water and minimize impacts
to adjacent and down-gradient sources and surface waters.

Objective 3. Protect Native Hawaiian rights and traditional and customary practices

Native Hawaiian water rights are set forth in the State Constitution, Section 221 of the
Hawaiian Homes CWRM Act and Section 174C-101 of the State Water Code, providing
for: a) Department of Hawaiian Home Lands water; b) traditional and customary gathering
rights; and c) appurtenant water rights of kuleana and kalo lands. Native Hawaiian water
uses also include cultural uses for spiritual/religious practices, kalo and other traditional
agriculture, as well as adequate flows of fresh water into the nearshore water ecosystem.
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The Hawai’i Supreme Court held that title to water resources is held in trust by the State
for the benefit of its people and established the exercise of Native Hawaiian and
traditional and customary practices as a public trust purpose, along with the maintenance
of waters in their natural state, domestic water use, and reservation of water for Hawaiian
Home Lands. Some of the objectives proposed for implementing the public trust purposes
include the provision of adequate stream flows, riparian restoration, and control of alien
species. These WMP objectives strive to ensure the availability of healthy and plentiful
water resources.

Protecting Native Hawaiian rights and traditional and customary practices must be done
in conjunction with setting measurable instream flow standards (IFS) for all perennial
streams and stream segments, and balancing in-stream uses, domestic uses, and Native
Hawaiian and traditional and customary uses with off-stream reasonable and beneficial
uses. In developing those standards a precautionary order, consisting of instream studies
such as stream hydrology and bio-assessments for habitat and gathering, is proposed.
Studies of water for public trust purposes are also needed. Only after completing this
evaluation of stream water can a determination of surface water availability for additional
agricultural uses and urban nonpotable uses be accomplished.

Where practical, the WMP will identify the conversion of existing off-stream surface water
uses to recycled water and implement conservation measures to create an opportunity for
stream restoration. BWS will continue to develop new ground water sources that do not
impact surface waters. However, if instream flow standards are established and surface
water becomes available, surface water diversions and ground water development that
may reduce surface water within the allowances granted by the measurable IFS may be
pursued.

Objective 4. Facilitate public participation, education, and project implementation

Planning and managing our island’s water and related resources involves a variety of
stakeholders including end users, landowners, public and private water purveyors, and
government agencies. A collaborative process can result in innovative planning and
implementation that incorporates local knowledge and directly involves area residents.
Public education of water resource issues can support collaboration with informed
stakeholders. Directed water resource curriculum for schools will ensure that knowledge
and respect for water resources will extend to future generations. Ultimately public
participation will result in benefits to the water resources, water users and the related
ecosystems.

Several watershed partnerships have been established in both conservation and urban
areas with community groups, agencies and organizations with similar objectives. These
partnerships pool funding, resources and initiatives toward common objectives of
watershed health, education, project funding, and implementation.

Objective 5. Meet water demands at reasonable costs

Water is essential to all life. O’ahu’s population relies on an abundant and reliable water
supply for drinking, irrigation, agriculture, commercial and industrial use, and fire
protection. O‘ahu’s residents are educated in watershed management practices; water
conservation is not just a message, but a way of life. Efficient water systems promote
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public health and safety and deliver water to meet current and future demands at
reasonable costs. Reasonable costs encompass a balancing of the other plan objectives
and are not necessarily the lowest economic costs. Capital improvements and operations
and maintenance costs should not place an unreasonable burden on water rate payers.
Water systems are flexible yet secure to account for uncertainties and are expanded
concurrent with land use plans and growth forecasts. Withdrawal rates are precautionary
with respect to the resource and are well within established sustainable yields and
instream flow standards, which protect the long-term viability of the water resource and
do not detrimentally impact cultural uses and natural environments.

The allocation of water to land use considers a full range of alternative water sources.
Water quality should be matched with appropriate use. Thus, high quality water is used
for drinking and lower quality water, such as recycled water, is used for irrigation and
industrial processes. New technology allows cost effective, diversified, drought-proof
water systems that develop ground water, surface water, recycled and seawater resources
that meet water demands while balancing other plan objectives.

The following categories describe the primary water planning elements of this objective:

Water Conservation

e Improving distribution system efficiencies will reduce Operations and
Maintenance (O&M) costs and reduce water loss. Infrastructure water loss and
efficiency measures include leak detection and repair of existing pipelines and
ditch systems and the renewal and replacement of water system facilities
(pipelines, ditches, pump stations, reservoirs and treatment systems). Advanced
corrosion protection systems will maximize the life of existing and new pipelines.

e Promoting demand-side management programs provides hardware and behavioral
modifications on customer water use. Water conservation tips, public service
announcements and specific programs tailored to distinct user categories will
effectively reduce water use and defer development of new water sources.

e Educational programs promote conservation as a way of life that affects a
generational change in thinking that starts with the education of our children. BWS

has been promoting water conservation best practices in schools for over 40 years.

Efficient Water Use and New Sources of Supply

e New source development can be deferred with increases in system efficiency,
which is more cost effective. New source options must balance economic costs
with environmental, cultural and social values.

Growth Projections

e Improving water demand forecasting methodologies will ensure that new sources
become available at the appropriate time. The level of accuracy will improve as
the calibration of leading indicators and trends improve.
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Drought Mitigation

A diversified and sustainable water system can mitigate drought impacts. The State
and O‘ahu County Drought Plans have identified mitigation strategies and projects
for water supply, agriculture and wildland fire prevention, to reduce the
detrimental impacts of drought on water uses, the economy and the environment.

Operational Flexibility

An integrated island-wide water system provides operational flexibility, water
service reliability, and hydraulic efficiency. A flexible water system maintains level
of service standards while allowing planned repair and maintenance. An important
element of optimization integrates efficient operations of the existing water systems
with sustainable aquifer pumpage levels.

Water System Reliability, Adequacy and Efficiency

Water system reliability reflects the ability of the distribution system to consistently
deliver water with minimal interruptions during normal and emergency conditions.
Water systems are constantly improved to meet BWS Water System Standards
providing standby pump capacity, infrastructure redundancy, treatment systems,
enhanced security measures, drought mitigation, and disaster response.

Adequate capacity reflects the ability to deliver an acceptable quantity and quality
of water at a suitable pressure and overall responsiveness to customer needs and
planned growth. As aging pipelines are replaced, capacity is added to improve fire
protection, increase low pressure areas and reduce high pressure transients that
could reduce pipeline design life. A diversified water supply system consisting of
a combination of ground water, surface water, recycled water, desalinated water
and seawater resources improves water system adequacy.

Water System Efficiency reflects how well water is produced, delivered and used,
and how energy is utilized. Efficiency is the ability to deliver water with a
minimum of effort, expense or waste. Reliable water systems are energy efficient,
have emergency power generation and are supplied with an increasing proportion
of renewable energy supplies reducing reliance on imported oil. Elements of this
objective include:

o Reducing water system energy use per mgd produced.

o Energy efficiency measures in pumping facilities include motors, variable
frequency drives, lighting, heating, ventilation and use of photovoltaics.

o Peak power load reduction using reservoirs and diesel generators to meet peak
hour water demand results in lower electric bills.

o Researching and supporting renewable energy systems such as H-POWER, wind,
solar, biofuels, OTEC and wave energy will help reduce water pumping power
consumption from imported oil, mitigating some of the global energy uncertainties.

Planning for Uncertainty

Maximize the ability to effectively plan and respond to uncertainties in water
supply, forecasting water demand and climate change adaptation.

1-12
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1.3 O‘AHU WATER USE AND DEVELOPMENT PLAN UPDATE

The OWMP consists of island-wide water management policies and strategies and regional
watershed management plans, which guide the activities of the City and County of Honolulu
and advises the state CWRM in the areas of planning, management, water development and
use and allocation of O‘ahu’s limited water resources. The island-wide policies and strategies
listed in ROH, Article 2, Chapter 30, and restated below, apply to all City agencies “in the
performance of their powers, duties and functions as related to both public and private
development.” The implementation of the strategies will carry out the policies.

Policy 1. Facilities for the provision of water shall be based on the general plan
population projections and the land use policies contained in the
development plans and depicted on the development plan land use maps.

Policy 2. System flexibility shall be maintained to facilitate the provision of an
adequate supply of water consistent with planned land uses. The municipal
water system shall be developed and operated substantially as an
integrated island-wide water system.

Policy 3. Close coordination shall be maintained between federal, state and county
agencies which are involved in the provision or management of water to
ensure optimal distribution of the available water supply.

Policy 4. The quality and integrity of the water supply shall be maintained by
providing for the monitoring and protection of the water supply in
accordance with the requirements of the state water code.

Policy 5. The development and use of nonpotable water sources shall be maximized
in a manner consistent with the protection of the ground water quality.

Policy 6. Water conservation shall be strongly encouraged.

Policy 7. Alternative water sources shall be developed wherever feasible to ensure
an adequate supply of water for planned uses on O‘ahu.

Strategy 1. Develop water resources in consonance with the general plan population
projections and the land use policies contained in the development plans
and depicted on the development plan land use maps. Priority shall be
given to affordable housing projects shown on the development plan land
use maps or processed under HRS Chapter 201E.

Strategy 2. Continue to safely develop the remaining available ground water in
accordance with the requirements of the state water code.

Strategy 3. Use surface water more effectively and efficiently.
Strategy 4. Continue to refine the near and long-term projections of agriculture on the

island to more accurately project the future net release of water currently
committed to agricultural use.
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Strategy 5. Maintain an ongoing water conservation program through the board, using
such approaches as pricing, public information, educational programs,
water-saving devices, and use restrictions and allocations.

Strategy 6. Develop and use nonpotable water sources, wherever feasible, for the
irrigation of agricultural crops, parks and golf courses, landscaping and for
certain industrial uses.

Strategy 7. Continue efforts to develop economical methods of demineralizing
brackish water and desalting seawater.

Article 2 further states that “based on the findings and projections in the OWMP,
provisions for an adequate supply of water to meet island-wide needs for at least twenty
years shall be addressed. This shall be determined after evaluating the anticipated demand
for water use from municipal, agricultural, military and private users; the available
remaining ground water which can be safely developed; the planned and proposed water
source development projects; and alternative water development projects under way.”
The following update provides this basis.

Water use and development on O‘ahu is guided by the City’s General Plan and the
Development Plans and Sustainable Communities Plans for the eight land use districts.
These community-based land use plans describe each community’s vision of their future
and provide land use and infrastructure policies and guidelines. An important aspect of
the City’s land use plans is the establishment of urban growth and sustainable community
boundaries that separate urban and rural development from agricultural and conservation
lands. These boundaries provide adequate area for urban and rural development, protect
important agricultural and conservation lands and facilitate infrastructure master planning.

An essential component of the WMP is the development of region-specific watershed
management projects and strategies that enhance ground water and surface water
supplies, improve land management with respect to water, protect traditional and cultural
practices and facilitate plan implementation. Each regional WMP will consist of about 30
to 40 watershed management projects and strategies derived from stakeholder
consultation and the strategic plans and capital improvement programs of various Federal,
State and City agencies, organizations, communities and watershed partnerships. These
projects meet the five WMP objectives of balancing the protection of natural resources
and the sustainable use of O‘ahu’s water supplies.

The following summary of O‘ahu’s water use and development provides the island-wide
context to review and understand the eight regional WMPs. Together, the proposed regional
watershed management plans update the OWMP as designed in the OWMP Framework.

As part of the process of initiating the update of the OWMP, and consistent with the
guidelines set forth in the Statewide Framework for Updating the Hawai‘i Water Plan,
BWS has compiled information on existing and projected water demands and sources of
supply for the municipal system; State, federal, and private water systems; and prime and
unique agricultural lands. In summary, BWS has evaluated the adequacy of the supply to
meet future potable and nonpotable water needs, and through a combination of
conservation, diversified water supply development and watershed protection strategies,
the City can meet water demands through the 2035 planning period.
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1.3.1 City and County of Honolulu Land Use Plans

The General Plan for the City and County of Honolulu is a comprehensive statement of
objectives and policies, which sets forth the long-range aspirations of O‘ahu’s residents
and the strategies of actions to achieve them. It is the overarching policy document of a
comprehensive planning system that addresses physical, social, economic and
environmental concerns affecting O‘ahu. This planning system serves as the coordinating
structure by which the City provides for the future growth on the island of O‘ahu. The
General Plan provides objectives and policy statements which will help the City achieve a
desirable and attainable residential population distribution among the eight land use
regions, directing the bulk of new growth and supporting infrastructure to the primary and
secondary urban centers and the ‘Ewa and Central O‘ahu urban fringe areas to relieve
developmental pressures in the remaining urban fringe and rural areas and to meet
housing needs.

The City established regional Development Plans (DP) and Sustainable Communities Plans
(SCP) for each of the eight land use planning regions of O‘ahu. Each community-oriented
land use plan is intended to help guide public policy, investment, and decision making
over the next 20 years. Each plan responds to specific conditions and community values
of each region. ‘Ewa and the Primary Urban Center are “development plan” areas where
growth and supporting facilities will be directed and be the policy guide for development
decisions and actions needed to support that growth. The remaining six districts are
“sustainable communities” plans, which are envisioned as relatively stable regions in
which public programs will focus on supporting existing populations. Each land use
district establishes a boundary to contain urban and rural development to protect
agriculture and preservation zoned areas. These plans can be found on the City and
County of Honolulu Department of Planning and Permitting’s website at
http://www.honoluludpp.org/.

1.3.2 Population Forecasts and Municipal Water Demand

Population forecasts are provided by DPP’s land use model utilizing US Census Bureau
and State Department of Business Development and Tourism data, development master
plans and subdivision information. DPP provides the forecasts by transportation analysis
zones (TAZ) and census tracts, which provide more discrete land use coverage
information within each land use district.

BWS applies its water use data to DPP’s population forecast data to derive BWS served
populations, gallon per capita demands and water demand forecasts by land use district
for long range planning of source development and water system infrastructure sizing.
Note that with all long-range forecasts, a range of variation will occur due to uncertainties
in changing economic climate, jobs, tourism, zoning, development starts, population
distribution and water conservation.
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Figure 1.3 BWS Potable and Nonpotable Water Systems Demands: Actual 1970-
2014 and Linear Projection to 2035

BWS water conservation programs starting in 1990 (in particular low flow toilets),
Honouliuli recycled water in 2003 and the economic incentives associated with the
increase in water and sewer rates over the last decade have significantly reduced potable
water demand on O‘ahu. In Figure 1.3, potable demand (blue) plateaued at about 155
mgd from 1990 to 2000 after steady growth from 1970 to 1990. Since 2004, potable water
demand has decreased to 144.5 mgd in 2010 despite a resident population increase of
over 115,000 people. Recycled and brackish nonpotable demands are shown in purple.

In Figure 1.3, potable demand growth rates are linearly projected to 2035 along two
slopes of 1.60 mgd/year from 1970-1990 without conservation and 0.6 mgd/year from
1970-2014 with conservation amounting to 168 mgd in 2035. The trend with
conservation can be considered as the BWS mid-growth scenario, while the 224 mgd
trend without conservation will no longer be considered as a possible scenario. A trend
line from 1990-2014 would show a decreasing trend to some future point, but is not
provided because there is a saturation point at which additional conservation savings will
only be realized at significant costs (see also Figure 1.4).

BWS applies the per capita demand model to forecast future water demands because
population forecasts using the DPP land use model as described above are readily
available. In Table 1.1, the Per Capita Demand is derived by dividing BWS potable water
demand, which includes water loss, by the BWS served population. The served population
accounts for visitors present, residents absent and deducts military and private water
systems. The per capita demand is then multiplied by the projected served population to
derive the potable water demand forecast.
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Table 1.1 O‘ahu Population and Water Demand 2010, By Development/Sustainable
Communities Plan Area

BWS DP area Per Capita
Population Demand Demand
Served (mgd) (gpcd)

DP Resident % Resident Residents Visitors Defacto  Private/
Area  Population Population Absent Present Population Military

Wai‘anae 48,519 5% 2,667 1,349 47,201 6 47,195  9.244 196
‘Ewa 101,397 1% 5575 2,993 98,815 6,757 92,058  17.072 185
%ﬁ:ﬁ' 168,643 18% 9,271 493 159,865 18,822 141,043 17.761 126
PUC 435,118  46% 23,921 79,967 491,164 30,214 460,950  69.448 151
Hoifltulu 49,914 5% 2,744 896 48,066 0 48,066  9.348 194
Kgocl’(';‘“ 115,164 12% 6,331 293 109,126 632 108,494 15.859 146
KOL(C)’La“ 16,732 2% 920 80 15,892 6,398 9,494 1.417 149
North o
shore 17,720 2% 975 1,377 18,122 3,623 14,499  2.929 202

TOTAL 953,207 100% 52,404 87,448 988,251 66,452 921,799 143.08

*Note: Population numbers are from DPP using 2010 census numbers.

Water conservation has a significant and beneficial effect on the per capita demand
factors from 1990 to 2010 as shown in Figure 1.4. From 1990-2010, the per capita
demand decreased 16.5% and through graphical trend analysis, BWS projects per capita
demand to continue to decrease another 7.6% to 2040 as long as water conservation
program goals are achieved.

BWS Gallon Per Capita Day Demand Trend 1980-2040
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Figure 1.4 BWS Gallons per Capita Day Demand Trend 1980-2040

The following tables and descriptions highlight the BWS water demand forecasts by
development plan districts for O‘ahu.
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BWS served population for O‘ahu in Table 1.2 is forecasted to increase 12.1% from
921,799 in 2010 to 1,033,043 in 2035 with the majority of the increase occurring in the
‘Ewa, PUC, and Central O’ahu districts. East Honolulu and Ko‘olau Poko populations are
expected to decrease.

Table 1.2 BWS Served Population by Year and DP Area
BWS Served Population by Year & DP Area
DP AREA 1980 1990 2000 2010 2015 2020 2025 2030 2035
Given Data (Served Pop.) Projected Data (Served Pop.)
Wai‘anae 32,724 37,801 41,731 47,195 48,044 48,892 49,741 50,590 51,439
‘Ewa 24,614 31,321 61,660 92,058 | 104,571 | 117,085 | 129,598 142,111 154,625
Central O‘ahu 77,354 | 105,917 | 124,455 | 141,043 | 144,981 | 148,920 | 152,858 | 156,797 160,735
PUC 435,671 | 466,297 | 447,114 | 460,950 | 465,875 | 470,800 | 475,725 480,649 485,574
East Honolulu 42,829 | 45,646 | 45,702 | 48,066 | 48,014 | 47,962 | 47,910 47,858 47,806
Ko‘olau Poko 107,667 | 116,803 | 113,256 | 108,494 || 108,029 | 107,565 | 107,100 | 106,635 106,171
Ko‘olau Loa 7,816 11,212 10,409 9,494 9,739 9,984 10,229 10,474 10,719
North Shore 11,798 | 14,725 | 14,438 | 14,499 | 14,794 | 15,090 | 15,385 15,680 15,976
TOTAL O‘ahu
Island Population | 740,473 | 829,722 | 858,765 | 921,799 || 944,048 | 966,297 | 998,546 | 1,010,795 | 1,033,043

BWS gallon per capita demand for potable water is forecasted to slow its downward trend to
6.5% from 2010 to 2035 as water conservation capacity approaches saturation, Table 1.3.
‘Ewa has the largest potential for water efficiency savings of 14% despite its dry climate
because of the availability of recycled water for irrigation of large landscaped areas.

Table 1.3 BWS GPCD by Year and DP Area
BWS GPCD by Year & DP Area
Calendar Year: 1980 1990 2000 2010 2015 2020 2025 2030 2035
DP AREA Given Data (GPCD Rate) Projected Data (GPCD rate)

Wai‘anae 235.30 | 239.40 | 223.79 | 195.87 || 197.16 | 191.19 | 185.40 | 179.79 | 174.34
‘Ewa 316,90 | 281.10 | 223.58 | 185.45 | 181.96 | 167.87 | 160.00 | 160.00 | 160.00
Central O’ahu 148.70 | 141.80 | 15596 | 125.93 |[ 125.00 | 125.00 | 123.00 | 123.00 | 121.00
PUC 177.00 | 190.00 | 170.98 | 150.66 |[ 150.14 | 145.38 | 140.77 | 140.00 | 140.00
East Honolulu 144.80 | 190.20 | 221.30 | 194.48 |[ 179.17 | 180.00 | 180.00 | 180.00 | 180.00
Ko‘olau Poko 148.60 | 151.20 | 173.17 | 146.17 |[ 145.00 | 145.00 | 145.00 | 145.00 | 145.00
Ko‘olau Loa 191.90 | 254.20 | 140.55 149.25 | 144.78 | 140.00 | 140.00 | 140.00 | 140.00
North Shore 194.90 | 216.60 | 194.97 | 202.01 |[ 202.73 | 202.83 | 202.93 | 203.03 | 203.14
TOTAL O‘ahu Island

Gallon Per Capita 175.70 | 187.57 | 179.91 155.22 || 153.85 | 149.80 | 146.11 | 145.57 | 145.09
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Assuming a continuation of conservation savings trends, the average day water demand,
in Table 1.4 is forecasted to increase by only less than 7 mgd from 143.08 mgd in 2010 to
149.88 mgd in 2035. The forecast which can be considered as the BWS low-growth
demand scenario is a major reduction from the 52 mgd forecast from 2000. The largest
water demand increase is expected in Ewa due to a population increase of about 62,500
people by 2035. Interestingly, PUC’s water demand is expected to be stable or even
decrease despite an increase of 24,600 people because per capita demand is decreasing.
High rise transit oriented development uses much less water than a townhouse or single
family residence which will reduce the per capita water demand.

Table 1.4 BWS Demand by Year and DP Area

BWS Demand by Year & DP Area

Calendar Year 1980 1990 2000 2010 2015 2020 2025 2030 2035
DP AREA Given Data (Demand) Projected Data (Demand)

Wai‘anae 7.7 9.05 9.34 9.24 9.47 9.35 9.22 9.10 8.97
‘Ewa 7.8 10.60 15.30 17.07 19.03 19.65 20.74 22.74 24.74
Central O‘ahu 11.5 15.02 19.41 17.76 18.12 18.61 18.80 19.29 19.45
PUC 77.1 88.58 76.45 69.45 69.94 68.44 66.97 67.29 67.98
East Honolulu 6.2 8.68 10.11 9.35 8.60 8.63 8.62 8.61 8.61
Ko‘olau Poko 16.0 17.66 19.61 15.86 15.66 15.60 15.53 15.46 15.39
Ko‘olau Loa 1.5 2.85 1.46 1.42 1.41 1.40 1.43 1.47 1.50
North Shore 2.3 3.19 2.82 293 3.00 3.06 3.12 3.18 3.25
TOTAL O‘ahu

Island Demand 130.10 155.63 154.50 143.08 145.24 144.75 144.44 147.14 149.88

Table 1.5 shows O‘ahu’s ground water use as of 2010 totaling 229 mgd including the
Waiahole Ditch and the brackish ‘Ewa Caprock aquifer. Municipal ground water use
constitutes 64% of the total, with military, agriculture and irrigation and other uses taking
up the remainder. Agriculture ground water use includes private wells and the Waiahole
Ditch but overall agriculture ground water use has decreased post-plantation owing to the
availability and use of surface water and the slow rate of diversified agriculture growth.
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Table 1.5 O‘ahu’s Ground Water Use (2010)

WU Percentage of Total
Use Category 12-Mo. MAV 5
Water Use
(mgd)

Municipal 146.4 63.8%
Military 23.2 10.1%
Agriculture* 23.1 10.1%
[rrigation™* 16.7 7.3%
Domestic 0.5 0.2%
Industrial** 19.5 8.5%
Total 229.4 100%

* Includes Waighole Ditch
**Includes ‘Ewa Caprock Brackish aquifer

Table 1.6 summarizes Appendix C by listing O‘ahu’s largest permitted uses of fresh
ground water by user including Waiahole Ditch water uses but excluding saltwater and
brackish caprock water uses in 2010.

Table 1.6 O‘ahu’s Top Fresh Ground Water Users by Permitted Use September

2010
Permitted Use Permitted Use

Owner Owner
(mgd) (mgd)
1. Honolulu BWS 183.58 9. Chevron USA, Inc. 3.60
2. Waialua Sugar 33.48 10. Covanta Energy Corp. 3.34
3. US Navy 28.77 11. Kalaeloa Partners, L.P. 3.17
4. D.R. Horton/Schuler 7.97 12. US Fish and Wildlife 2.91
5. US Army 7.29 13. State of Hawai‘i 2.89
6. Del Monte 5.04 14. Monsanto Company 2.64
7. Dillingham Ranch Aina 4.10 15. Robinson Kunia Land 2.49
8. HRI/Laie Water Co. 3.69 16. Coral Creek 2.19

1.3.3 Department of Hawaiian Home Lands Demands

The Department of Hawaiian Home Lands (DHHL) owns lands in Makaha, Wai‘anae,
Lualualei, Nanakuli, Kalaeloa, Kapolei, Papakolea, Mo'ili‘ili, Waimanalo and Ha’‘ika as
shown in Figure 1.5. DHHL is currently compiling their O‘ahu master plan and their
findings will be incorporated in future WMP’s. DHHL projected water demands of 1.7
mgd (State Water Projects Plan 2003) are incorporated into the BWS municipal water
demand forecasts using the population based per capita demand method. DHHL holds
water reservations in the Waimanalo aquifer of 0.124 mgd and in the Waipahu-Waiawa
aquifer of 1.358 mgd for their projects. DHHL will request that CWRM assign their
reservations toward new or existing sources as their lands are developed. The State Water
Projects Plan and DHHL demands are currently being updated by DLNR Engineering.
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Figure 1.5 Department of Hawaiian Home Lands on O‘ahu
1.3.4 State Water Projects Plan Water Demands

The State Water Projects Plan (SWPP), 2003, identified a total of 24.5 mgd of water
demand for housing, commercial, industrial, institutional, and agricultural uses for State
agencies on O‘ahu to the year 2020. Approximately 51% of O‘ahu’s SWPP demand, or
12.5 mgd, is nonpotable use. The Department of Agriculture’s demand of 7.6 mgd, the
Department of Business Economic Development and Tourism’s demand of 7.2 mgd and
the University of Hawai‘i’s demand of 3.1 mgd comprise the largest water needs among
State agencies.

The SWPP identified several water development strategies to meet their projected water
demands including the use of existing State water system capacity; developing new water
systems based on development master plans such as East Kapolei and Kalaeloa; utilizing
existing BWS water credits from previous source development; and pursuing recycled and
brackish water for nonpotable irrigation. These strategies constitute approximately 17.9
mgd or 73% of O‘ahu’s SWPP total. The remaining 6.7 mgd or 27% of State water
demand can be obtained from BWS through the payment of Water System Facilities
Charges. The BWS municipal water demand forecasts using the population based per
capita demand method of assessing State and County land use plans can be assumed to
incorporate most of the SWPP’s demands except for State owned water systems. An
accounting tying specific source names to projected State agency demands would be
helpful in the next SWPP update.
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The SWPP update should add stronger water conservation and water loss reduction
strategies, which were largely absent in the 2003 SWPP. Leak detection and repair
projects in aging State water systems, such as agriculture, could reduce new source
development, reduce operating and maintenance costs and provide more capacity for
drought mitigation. The SWPP is currently being updated and their findings will be
incorporated in future WMP’s.

1.3.5 Agricultural Water Demand

The State and City have adopted objectives and policies for the preservation of agricultural
lands and for the long-term support of a viable agriculture industry on O‘ahu. City land
use plans have been adopted with growth boundaries in part to protect prime agricultural
lands.

O’ahu’s projected agricultural water demands have a wide variation and are uncertain yet
important for water use planning because of the substantial quantities consumed for
irrigation. Future water demand for agricultural crops depends on the type of crops
cultivated, climate, and number of acres in cultivation. The State Agricultural Water Use
and Development Plan (AWUDP, 2004) estimated a worst and best case range of 7.6 mgd
and 30.4 mgd, respectively, of additional water demand for O‘ahu based on population
projections, partial replacement of imported produce with locally grown produce, and
maintaining farm value growth in diversified agriculture.

Approximately 13 mgd of the projected best case agricultural demand was assumed to be
assigned to private irrigation systems, with the remaining 17 mgd accommodated by the
State’s Waiahole Ditch and Waimanalo irrigation systems. The AWUDP focused on
maintaining existing State diversified agriculture systems and on transforming plantation
water systems to serve diversified agriculture. “With available farm lands and adequate
irrigation water, a significant expansion of diversified agriculture is an attainable and
economically worthwhile goal which can be achieved largely by: 1) replacing much of
Hawai’i’s imported produce with locally grown produce, 2) pursuing niche and off-season
markets of fruits and vegetables for export, 3) growing new or Asian-based specialty crops
for export, and 4) meeting increased demand from the tourism and cruise ship industries
for fresh fruits and vegetables.”

The two irrigations systems studied on O‘ahu are the Waiahole Ditch and Waimanalo
irrigation systems. The Wahiawa Irrigation System in Central O’ahu and North Shore was
not included in the State AWUDP. Based on water metered data from the Lalamilo system
(South Kohala, Hawai‘i Island), dry and wet season water use per acre varied between
2,500 gallons per day per acre (gpd/acre) to 4,600 gpd/acre. According to the AWUDP, an
average of 3,400 gpd/acre is considered the best available estimate and a reliable value
for use in planning and forecasting irrigation water demand for Hawai‘i’s diversified
agriculture industry. It should be noted, that 3,400 gpd/acre is considered a practical
consumptive water use rate which does not include irrigation system water loss.

Figure 1.6 shows the agricultural zoned lands on O‘ahu with the four major irrigation
systems: Waiahole Ditch, Wahiawa, Waimanalo and Punalu‘u. Existing stream diversions
and distribution systems should be inventoried, leaks and evaporation losses reduced to a
reasonable goal and water use verified. Diversion works should include control gates to
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maintain diverted flows at reasonable and beneficial use plus losses. The practice of
diverting maximum stream flow and then releasing unused diverted water into
downstream drainage systems or into different streams should be minimized.
Improvements to existing ditch systems, such as lining or piping ditches, have the
potential to reduce water loss and thereby provide water for the expansion of agriculture
without adding new diversions. Cost and benefit considerations should be factored into
the feasibility of these improvements and will affect implementation. Significant new
surface water diversions require amendments to the IFS, but the studies and processes are
cost prohibitive.

Kamehameha Schools has renovated their Punalu‘u and Kawailoa irrigation systems with
cultural and eco-friendly stream diversion modifications and piped ditch systems to
conserve and enhance the availability of stream water, Figure 1.7. The diversions include
fish ladders on both stream banks and grated intakes to prevent debris and fish from
entering the system. The ditch system was piped to reduce water loss and ditch
maintenance and provide a pressurized irrigation system for farmers. The improvements
keep unused water in the stream because as irrigation declines during the day or season,
the pipe fills up to the intake and diverted flow reduces to zero.

OAHU'S AGRICULTURAL
IRRIGATION SYSTEMS

Legend

ditches
[ Agricultural District

Figure 1.6 Agricultural Zoned Lands on O‘ahu
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Figure 1.7 Punalu‘u Stream Diversion and Piped Ditch

There are large tracts of agricultural lands in the ‘Ewa, Central O‘ahu, North Shore,
Ko’olau Loa and Ko‘olau Poko districts. The 2004 AWUDP estimated that of the 49,500
acres of prime agriculture lands on O’ahu, 11,000 acres are in monocrop cultivation. The
remaining 38,500 acres are idle and available for cultivation. Table 1.7 lists the projected
most probable water demands for each land use district compiled from the regional
Watershed Management Plans and based on the projected use of agricultural lands within
a 2030 and 2035 horizon.

Table 1.7 O‘ahu Agricultural Irrigation Water Demand

Land Use District 0 g Water bemand (mgd
North Shore 24.2 29.3
Central O’ahu 15.8 15.7
‘Ewa 7.0 4.7
Ko’olau Loa 14.5 17.4
Ko‘olau Poko 4.2 6.0
Wai‘anae 2.3 2.4
Total 68.0 86.5

*  Agricultural water demands are the most probable demand scenarios for agriculture from Watershed
Management Plans for Ko‘olau Loa (2030), Ko’olau Poko (2030), Wai‘anae (2030) and North Shore
(2035). Central O’ahu (2035) and ‘Ewa (2035) are from calculations for watershed management plans
under development. Lo’i kalo water demand is not included.

The total agricultural lands water demand of 86.5 mgd utilize 3,400 gallons per day per
acre (gpd/acre) from the State AWUDP for low rainfall areas and 2,500 gpd/acre for high
rainfall areas. Studies indicate that water demands for diversified agriculture in high
rainfall areas such as Punalu‘u, Waiahole, Kahalu‘u and Kane‘ohe, where rainfall exceeds
60 to 70 inches per year, requires less water and averaged 2,500 gpd/acre. Agricultural
irrigation water demand is met with both ground and surface water supplies.
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CWRM,, in the Waiahole Ditch contested case, allocated an average of 2,500 gpd/acre for
large-tract Kunia farms allowing for some continuous proportions of fallow and cultivated
lands. Small farms do not have the area to fallow their fields and will therefore have
higher water demands per acre. Existing systems like the Waiahole Ditch, Wahiawa,
Kawailoa, Punalu‘u, Waimanalo and the ‘Ewa Plantation irrigation systems already
provide a portion of this total. Additional potable ground water supplies in these aquifer
system areas could provide supplemental agricultural water supply especially during
drought. Diversified agricultural water demands in Wai‘anae, PUC, East Honolulu and a
portion of North Shore are largely incorporated into the municipal demand forecasts.
Agricultural water use constitutes only 3% of BWS potable metered water use. Ground
water development is more costly for agriculture than gravity and surface water sources
and may compete with urban uses.

Traditional wetland kalo occurs in almost all districts but according to various studies, the
variability of water demands is large, and inflows can range from approximately 100,000
gpd/acre to 300,000 gpd/acre with temperature as one of the key factors to prevent rot.
While net consumptive use (evapotranspiration and infiltration) averages approximately
50,000 gpd/acre (USGS, 2007), the additional water flow, which is returned to the stream,
is needed to manage temperature and account for ditch losses. This plan therefore
assumes 100,000 gpd/acre as the wetland kalo water demand estimate as presented in the
Ko’olau Poko WMP in discussions with Waiahole kalo farmers. Kalo’s high water use per
acre and limited surface water supplies will limit the expansion and restoration of lo‘i kalo
but because it is important to preserve the remaining traditional kalo lands, the lower
range of water demand will allow a greater amount of restoration. Water loss reduction
strategies in ‘auwai and ditch systems (lining and piping) could provide additional water
reducing the necessity of constructing additional stream diversions and potentially divert
less stream water.

1.3.6 Ground Water Availability

The table of Sustainable Yield and Ground Water Use by Aquifer System Area was
provided by CWRM and BWS for 2010 (Table 1.8). The table shows the seven aquifer
sector areas and 26 aquifer system areas on O‘ahu with their associated revised
sustainable yields adopted in August 2008 by CWRM, water use permits, water use in
2010 and the unallocated sustainable yields. CWRM reduced O‘ahu’s sustainable yields
by 39 mgd in 2008 from 446 mgd to 407 mgd. A complete listing of O‘ahu Water Use
Permit Index is provided in Appendix C, and additional information on sustainable yields
is included in Appendix D, Overview of O‘ahu’s Hydrogeology.

Overall, there is available water on O’ahu, in comparing permitted use that has been
allocated and/or actual withdrawal to sustainable yield. A significant portion of the
remaining untapped supplies exist in remote areas of the island where growth is limited,
infrastructure does not exist or pumping may affect stream flows and will be subject to
future measurable IFS. 2010 was a below normal rainfall year with the first half averaging
60% of normal rainfall. The 5-month moving average recovered to normal rainfall levels
with heavy rains in November and December of 2010. Therefore, 2010 water use was
higher than normal for both agriculture and urban sources. Ground water use increased by
4.5 mgd from 2009 to 2010, primarily due to the drier weather and some growth related
increases in 2010.
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Table 1.8 Sustainable Yield and Ground Water Use by Aquifer System Area (MGD)

Water Use Unallocated Water

W . .
Aquifer Sector Aquifer System % Su.s tIal;nabIe Permits Sustainable Use SY Minus
z  YieldSY) ied 2010 Yield (2010)  ‘Vater Use
Honolulu Wai‘alae - East 2 0.79 1.21 0.124 1.876
Wai‘alae - West 4 2.797 1.203 1.004 2.996
Palolo 5 5.646 -0.646 6.289 -1.289
Nu‘uanu 1 14 15.165 -1.165 15.232 -1.232
Kalihi 9 8.761 0.239 5.424 3.576
Moanalua 1 16 19.96 -3.96 17.143 -1.143
Total Honolulu 50 53.119 -3.119 45.216 4.784
Pearl Harbor Waimalu 45 46.951 -1.951 35.524 9.476
Waipahu-Waiawa 104 84.856 19.144 51.819 52.181
‘Ewa-Kunia 16 15.457 0.543 12.143 3.857
Makaiwa 0 na na 0 0
HEl [ 165 147.264 17.736 99.486 65.514
Harbor
Central Wahiawa 23 21.928 1.072 7.694 15.306
Total Central 23 21.928 1.072 7.694 15.306
Wai‘anae Nanakuli 1,2,4 2 na na 0 2
Lualualei 1,2,4 4 na na 0 4
Wai‘anae 2 3 na na 2.710 0.29
Makaha 1,2 3 na na 1.956 1.044
Kea‘’au 2,4 4 na na 0 4
Total Wai‘anae 16 4.666 11.334
North Mokulé‘ia 1 8 8.025 -0.025 0.175 7.825
Waialua 1 25 30.311 -5.311 3.276 21.724
Kawailoa 1 29 1.614 27.386 0.425 28.575
Total North 62 39.95 22.05 3.876 58.124
Windward Ko‘olau Loa 1 36 18.589 17.411 17.853 18.147
Kahana 1,4 15 1.101 13.899 0.36 14.64
Ko’olau Poko 1,3,4 30 10.312 19.688 10.227 19.773
Waimanalo 1,4 10 1.631 8.369 0.699 9.301
Total Windward 91 31.633 59.367 29.139 61.861
Total Aquifer Sector 407 293.894 97.106 190.077 216.923
‘Ewa Caprock Malakole 5 1,000 mg/L - 4.513 -
Kapolei 5 1,000 mg/L - 0.747 -
Pu‘uloa 5 1,000 mg/L - 1.374 -
Total ‘Ewa Caprock 0 0 0 6.634 0
Waiahole Ditch 15 12.991 2.009 7.068 15
Grand Total Fresh and Brackish 422 306.885 99.115 203.779 224.855

1
2

2008 Water Resource Protection Plan updates on sustainable yield.

Wai‘anae is not a designated water management area; therefore, there is no permitted use.

3 Waihe’e Tunnel & Waihe’e Inclined Wells are not included under 2010 Permitted Uses, but are included
under Existing Water Use.

BWS Recoverable Yield expected to be lower due to economics, land constraints, small yields, etc. &
regulatory actions involving instream flow standards.

> Brackish Water. Managed by chloride limit of 1,000 mg/| for irrigation wells.

Excluded salt water wells

Source: CWRM and BWS data. BWS footnotes.

Based on 2010 reported pumpage to CWRM.
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In general, the Honolulu sector is fully allocated to the adopted sustainable yields. The
Pearl Harbor, Wahiawa and North Shore sectors have a significant amount of unallocated
sustainable yield, unused or released by the sugar plantations. The Windward sector’s
unused sustainable yields (Waimanalo, Ko‘olau Poko and Kahana) may interact with
streams due to dike influences and therefore, availability may be subject to amendments
of the interim IFS. Wai‘anae’s remaining water is small, in remote areas and also subject
to interim IFS in dike areas.

Due to these land, economic, operational and environmental reasons, BWS has identified
the concept of recoverable yield for its own municipal planning purposes. Recoverable
yield is an estimate of the amount of ground water that could feasibly be developed for an
aquifer system area and is slightly less than CWRM adopted sustainable yields. BWS has
identified Waimanalo, Ko‘olau Poko, Kahana, Kea‘au, Lualualei and Nanakuli aquifer
system areas where recoverable yields are less than or equal to sustainable yields. The
concept of recoverable yield allows BWS to plan and respond to uncertainties.
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Figure 1.8 O‘ahu Aquifer System Areas

CWRM has adopted sustainable yields to protect ground water resources and regulate
water use by water use permits. The following Table 1.9 summarizes the available ground
water by aquifer sector area accounting for the uncertainties of ground water/surface water
interaction in dike formations in Windward and BWS operational experience in Wai‘anae.
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Table 1.9 Summary of Available Ground Water by Aquifer Sector Area

Water Use
. . Unallocated SY
. Sustainable Permits . Water Use .

Aquifer Sector . Sustainable minus Water

Yield Issued Yield (med) 2010 Use

(2010) 8

Honolulu 50 53 -3 45 5
Pear|l Harbor 165 147 18 99 66
Central 23 22 1 8 15
Wai‘anae 16 -—- - 5 1*
North 62 40 22 4 58
Windward 91 32 59 30 18%*
Waiahole Ditch 15 13 2 7 8
Total 422 307 99 198 171

*  Adjusted: Based on pumping operations and BWS assessed recoverable yields. Wai‘anae & Makaha
systems: (6 mgd SY — 5 mgd use)

** Adjusted: Ko’olau Loa system:(36 mgd SY — 18 mgd use). Excludes for planning purposes the balance of
Kahana, Ko’olau Poko & Waimanalo systems per CWRM ruling due to possible surface water
interactions in dike formations.

On O’‘ahu in 2010, a below normal rainfall year, about one-third or 109 mgd (307-198) of
permitted use was unused. An estimate of available and recoverable ground water on
O‘ahu is approximately 171 mgd, based on CWRM revised sustainable yields for O‘ahu
minus water use in 2010, excluding the balance of the Kea‘au, Lualualei, Nanakuli,
Kahana, Ko‘olau Poko and Waimanalo aquifer systems. Ground water use on O‘ahu
increased by about 8 mgd from 2009 to 2010 primarily due to the dry weather and water
use variability.

1.3.7 Surface Water Availability

Instream Flow Standards are similar to sustainable yields for ground water, in that their
establishment provides a management system that protects instream and cultural uses
while allowing for possible non-instream water use. CWRM is tasked with setting IFS for
Hawai‘i’s streams in accordance with the State Water Code. The code defines instream
flow standards as “the quantity or flow of water or depth of water which is required to be
present at a specific location in a stream system at certain specified times of the year to
protect fishery, wildlife, recreational, aesthetic, scenic, and other beneficial instream
uses.”! These instream flow standards need to consider the best available information in
assessing the range of present or potential instream and non-instream uses.
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The current instream flow standards for O‘ahu streams are called interim instream flow
standards (IIFS) and are based on the “amount of water flowing in each stream on the
effective date of the standard without further amounts of water being diverted off-stream
through new or expanded diversions”. The effective dates are December 10, 1988 for
Leeward O’ahu and May 4, 1992 for Windward O‘ahu.? In the Waiahole Contested Case
Hearing, CWRM recognized that “retaining the status quo (through the adoption of the
previous interim standards) helped to prevent any future harm to streams while the
scientific basis for determining appropriate instream flow standards is developed and an
overall stream protection program put into place.” The stream flows and diversions were
not quantified in the standard; however, users of surface water and ground water were
required to register their uses with CWRM.

CWRM amended the interim instream flow standards for four windward streams -
Waiahole, Waianu, Waikane and Kahana have been established via the Waiahole Ditch
Combined Contested Case on July 13, 2006 (Table 1.10).

Table 1.10 Amended O’‘ahu Interim Instream Flow Standards

Amended Interim Instream
Stream 1960s Streamflow Percent Increase
Flow Standard
Waiahole 3.9 mgd 8.7 mgd 124%
Waianu 0.5 mgd 3.5 mgd 600%
Waikane 1.4 mgd 3.5 mgd 150%
Kahana 11.2 mgd 13.3 mgd 19%

The State Water Resources Protection Plan (WRPP) established surface water hydrologic
units and provided an inventory of basic data for O‘ahu’s streams. Table 3-22 of the
WRPP lists 87 streams on O‘ahu, including the watershed area, number of diversions and
stream gages. Diverted stream flows and their uses are not measured or reported and
could not be included. The stream diversion inventory process continues and new
information will be added to future WMPs. Figure 1.9 shows O‘ahu’s surface water
hydrologic units.
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Figure 1.9 O‘ahu Surface Water Hydrologic Units

The hydrogeology appendix describes the complexity of setting measurable IFS balancing
hydrology with instream and non-instream uses. It is difficult to plan for additional non-
instream uses of surface water without measurable IFS, because non-instream uses of
surface water are an essential IFS component. Punalu‘u Stream and irrigation system
studies have cost over $500,000, and therefore, new diversions, while permit-able, are not
cost effective unless a simpler methodology for setting measurable IFS is proposed. The
planning approach to surface water availability, is to plan within the diverted amounts
existing when the status quo interim IFS were adopted, or as subsequently amended by
CWRM. Additional surface water can be provided for non-instream uses through
improvements in distribution system efficiency, leakage reduction, crop selection and
through efficient irrigation techniques. Significant new stream diversions will require
amendments to IFS. In general, a starting point for surface water availability assumes 50%
of Q70, stream flowing 70% of the time. Table 1.11 lists some of O‘ahu’s largest perennial
streams.
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Table 1.11 O‘ahu’s Largest Streams and Mean Flows (2004 and 2010)

Stream Name USGS Stream Mean Flow 2004  CFS Mean Flow 2010
Gage no. (CFS / MGD) (CFS / MGD)
Kaluanui 16304200 7.5/4.8 3.9/25
Punalu‘u (above ditch) 16301050 19.0/12.3
Kahana 16296500 53.5/34.6 28.1/18.1
Waikane 16294900 19.1/12.3 7.9/5.1
Waiahole (Kamehameha Hwy) 16294100 55.0/35.6 26.3/17.0
Waihe’e 16284200 9.2/6.0 5.3/3.4
Kahalu‘u 16283200 5.1/3.2 1.6/1.1
Ha‘ika 16275000 3.6/23 1.8/1.2
Kamo‘oali‘i - Kane‘ohe 16272200 17.5/11.3 -~/ -
Makawao - Kailua 16254000 7.2/4.7 3.2/2.1
Manoa (Kanewai) 16240500 59/3.8 8.2/5.3
Kalihi 16229000 9.2/6.0 4.0/2.6
North Halawa 16226200 9.9/6.4 28/1.8
Waiawa 16216000 50.0/32.3 - /-
Waikele 16213000 53.7/34.7 24.5/15.8
Makaha 16211600 22/1.4 0.5/0.3
N. Kaukonahua 16200000 19.2/12.4 10.4/6.7
S. Kaukonahua 16208000 29.6/19.1 15.1/9.7
‘Opae’ula 16345000 18.8/12.2 11.9/7.7
Kamananui - Waimea 16330000 24.7 /16.0 12.9/8.3
Total 400.9 / 259.2 187.4 /120.9

Source: USGS Data. Several USGS gages have been discontinued due to cost considerations.

Note: Q70 is less than mean stream flow.

2004 was an above normal rainfall year while 2010 was a below normal rainfall year which accounts for the
large difference in total gaged stream flow.

1.3.8 Planned Source Development

New sources recently completed or in various stages of construction and potential potable
sources that will provide for future water demands are listed in Table 1.12. Alternative
potable and nonpotable sources such as recycled water and desalination are listed in
Table 1.13.
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Table 1.12  Existing and Potential Ground Water Resources of Potable Water
Estimated Additional CWRM Water Deli/(::tlf)nt:(:nt
New Ground Water Sources Yield Permitted Use Management P
(mgd) Required (mgd) Area Plan Area(s)
8 q 8 Served
1. Kahuku Wells Pump 3 1.0 0.4 Ko‘olau Loa Ko‘olau Loa
2. ‘Opana Wells* 1.0 0.654 Ko‘olau Loa Ko‘olau Loa
3. Kaipapa‘u or Wailele Well' 1.0 Ko‘olau Loa Ko’olau Poko
4. Kaluanui Wells* ! 1.5 Ko‘olau Loa Ko‘olau Poko
5. Ma‘akua Wells* ! 1.0 Ko‘olau Loa Ko‘olau Poko
6. Ka‘ou Well IlI* 0.5 Ko‘olau Poko Ko‘olau Poko
7. Waimanalo Well [II* ## 0.5 0.3 Waimanalo Ko‘olau Poko
8. ‘Aina Koa Well I 1.0 Wai‘alae-West  East Honolulu
9. Wai‘alae West Well 0.5 0.5
10.Wai‘alae Nui Well* 0.7 Wai‘alae-West  East Honolulu
11.Nu‘uanu Tunnels MF . ,

Treatment Plant 0.2 Gravity Flow Nu‘uanu PUC
12.Wahiawa Well 11l 3.0 3.0 Wahiawa Central
13.Waipi‘o Heights Wells 11I* 3.0 1.75 Waipahu- Central/PUC

Waiawa
14.Mililani Wells IV * 3.0 1.0 Ul Central
Waiawa
15.Waiawa Wells I-12 6.0 6.0 Waipahu- Central
Waiawa
16.Manana Well * 1.0 0.3 Ul PUC
Waiawa
. Waipahu- ‘Ewa
* /
17.Kunia Wells 11l 3.0 Waiawa Wai‘anae
18.Waipahu Wells Il * 3.0 1.0 U Central
Waiawa
19.Waipahu Wells Il * # 3.0 Waipahu- PUC
Waiawa
. Waipahu- ‘Ewa
* ’
20.Waipahu Wells IV 3.0 Waiawa Wai‘anae
21.’Ewa Shaft* 10.0 2.4 Waipahu- ‘Ewa
Waiawa
- . Waipahu-
/ *
22.Waipi‘o Heights Il 2.0 1.0 Waiawa Central
Total Potable Resources 48.9 18.3**

Notes:

1 Potential transfer of existing permitted use from Punalu‘u Wells to optimize pumpage

2 Waiawa Water Master Plan, Revised Dec 14, 2004.

*  Source already has an existing permitted use equal to or a portion of the estimated yield.
** Total does not include transfers of existing permitted use.

# Includes 0.5 mgd water reservation for Department of Hawaiian Home Lands (DHHL)
## 0.124 mgd water reservation exists for DHHL in the Waimanalo WMA
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Table 1.13  Existing and Potential Alternative Potable and Nonpotable Water Sources

Minimum  Maximum Development Plan

esmiliEs Estimate Estimate Areas Served

Desalination (potable)

1 Kapolei Brackish Desalination Plant 0.5 0.7 ‘Ewa

2 Kalaeloa Seawater Desalination Plant 1.0 5.0 ‘Ewa

Recycled Water

4 Wahiawa WWTP! 1.6 2.0 Central (Galbraith)

5 Schofield WWTP 2.6 4.0 Central (Kunia)

5 Honouliuli Recycled Water 12.0 20.0 ‘Ewa

6 Wai‘anae Recycled Water? 1.0 1.0 Wai‘anae

7 Kahuku, Turtle Bay, La‘ie Recycled Water 0.8 2.6 Ko‘olau Loa

8 Waimanalo Recycled Water 0.7 1.0 Ko‘olau Poko

9 Ala Wai Golf Course MBR 0.25 0.5 PUC

10 Mililani WWTP MBR 1.0 2.0 Central

Nonpotable Water

9 Waidhole Ditch? 15.0 15.0 ‘Ewa, Central

10  Wahiawa Reservoir? 8.5 16.0 North Shore, Central

11 Kalauao Spring 0.5 3.3 PUC

12 ‘Ewa Brackish Basal Wells® 4.0 5.0 ‘Ewa

13 Ko’olau Loa Agricultural Wells® 6.3 12.6 Ko‘olau Loa

14 Punalu’u Stream Irrigation System” 2.0 7.0 Ko‘olau Loa

15  Maunawili Ditch/Waimanalo | 0.4 1.4 Ko’olau Poko

16 Kawailoa Irrigation System?® 8.0 8.0 North Shore

17 Glover Tunnel — Makaha 0.55 0.55 Wai‘anae

18  Barbers Point NPW Well 1.0 1.0 Ewa

19  Waipio-Makalena NPW System 1.0 1.0 Central O’ahu
Total Alternative Resources 68.7 109.1

Notes:

1 Wahiawa WWTP avg flow = 2 mgd, Schofield (Army) Avg flow = 2 mgd.

2 Wai‘anae WWTP effluent chlorides at 800-900 mg/l may constrain full expansion.
3 Waiahole Ditch Min = 2009 CWRM permitted use. 2.43 mgd remains unpermitted.
4

Kaukonahua Streams minimum average month = 8.5 mgd, 2004 mean flow = 31 mgd, 2010 mean flow = 16 mgd.
Wahiawa Reservoir storage capacity = 9,200 ac-ft or 3,066 mg.

Revised ‘Ewa Development Plan. EP2 (1 mgd), EP5&6 (2 mgd), EP10 (1-2 mgd).
Sustainable yield exists, but well sites have not been identified.

7  Effects of Surface Water Diversion and Ground Water Withdrawal on Streamflow and Habitat, USGS Report 2006-
5153.

8 Approximately 80% is surface water and 20% is ground water sources

o »1
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The following table summarizes Tables 1.12 and 1.713 of planned potable ground water
sources and alternative potable and nonpotable sources.

Table 1.14  Planned Water Sources Summary

Resource Quantity (mgd)
Ground Water — Potable 49
Desalination — Potable (minimum estimate) 1.5
Recycled Water (minimum estimate) 19.75
Ground Water — Nonpotable 36
Surface Water — Nonpotable 34
Total 140

Increases in potable and nonpotable demand are offset by water conservation, released
agricultural ground water from the close of the sugar plantations, seawater desalination
and the development of brackish and recycled irrigation water systems. Surface water is
continuing to supply agriculture and although new stream diversions are not planned,
additional water demands could be supplied by water loss control measures in ditch
irrigation systems. Surface water will not be evaluated for municipal use until measurable
IFS are set and water availability is determined.

Ground water will be developed utilizing available sustainable yield including released
agricultural water for agricultural lands rezoned to urban use. Ground water supply
evaluations will be conducted to refine available ground water estimates especially as
permitted use approaches sustainable yields. New sources of supply will be developed in
locations that do not impact streams or other sources.

Recycled water facilities in ‘Ewa and Central O‘ahu are planned for expansion to continue
to off-set additional ground water development.

e BWS has been operating the 12 mgd Honouliuli Water Recycling Facility for over
a decade to supply irrigation and industrial process water for ‘Ewa. The recycled
water distribution system can be supplemented with brackish water.

e The Army’s Schofield WWTP produces about 2.6 mgd of R-1 quality recycled
water. With a planned distribution system within Schofield and to Kunia farms and
back up storage, the water could be used for R-1 uses.

e The City’s Wahiawa WWTP has completed upgrades to produce 1.6 mgd of R-1
quality recycled water. With a water distribution system to State Agribusiness
Development Corporation’s Galbraith Lands in Wahiawa and back up storage, the
water can be used as R-1 water.
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In the mid-term, seawater and brackish water desalination plants will be constructed to
provide for future demand and off-set additional ground water development and provide a
cost competitive alternative to increasing inter-district transfers.

e The Kalaeloa Seawater Desalination Plant is currently planned for construction in
the early 2020 timeframe and will bring an additional 1.0 mgd minimum of
potable water supply to the ‘Ewa districts. The plant will be capable of further
expansion as needed.

e The Kapolei brackish water desalination plant in Kapolei Business Park is currently
being master planned adjacent to a new operations base yard. The brackish
desalination plant is expected to produce approximately 0.7 mgd of potable water
supply for Kapolei.

1.3.9 Adequacy of Supply and Future Demand and Population Distribution

The 171 mgd of unused ground water available on O‘ahu in 2010 (Table 1.9), adjusted for
recoverability, and the existing large agricultural irrigation systems [Wahiawa Reservoir
(16 mgd), Maunawili Ditch (1.4 mgd), Punalu‘u Stream (7.0 mgd), Kawailoa (8 mgd) and
the Waiahole Ditch (15 mgd)] totaling 47 mgd are available to meet future urban and
agricultural water demands beyond the 2035 planning horizon.

Existing stream diversions will continue to provide for agricultural uses, including kalo,
and reduce the need for potable ground water, although supplemental wells are
recommended as a drought mitigation strategy. No new stream diversions are planned for
non-instream uses until interim IFS are amended to protect and support appurtenant rights,
traditional and customary rights in the stream, estuary and nearshore water environments.
However, water efficiency improvements in the stream diversion and ditch systems should
provide additional surface water for additional agricultural irrigation.

Recycled water is planned to supply a minimum of 20 mgd for urban irrigation. Future
seawater desalination could supply approximately 2 mgd of potable water for ‘Ewa.

The City’s General Plan directs the majority of future growth to ‘Ewa and the Primary
Urban Center, the two development plan areas where plans and infrastructure investment
will support a total of 59% of O’ahu’s population. Adding Central O‘ahu, the total
General Plan population increases to 76% in these three districts. Therefore, natural and
alternative water supplies, such as ground water, storm water, recycled water and
desalination as well as advanced water conservation and watershed management to
sustain the natural water resources must be fully integrated. In the remaining five
sustainable communities of Wai‘anae, North Shore, Ko‘olau Loa, Ko‘olau Poko and East
Honolulu, little change in BWS water demand is expected throughout the planning
horizon. The existing sources and infrastructure in these sustainable areas are adequate,
and therefore, additional transfers of water between these districts will be stable.
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A summary graphic of O‘ahu’s population distribution based on the 2010 census, BWS
potable water demand and water transfers is provided for the eight land use districts
(Figure 1.10). This updated graphic from the 2000 graphic in previous WMP’s shows a
reduction in BWS water demand of approximately 10 mgd from 155 mgd to 145 mgd. The
2010 water demand and distribution in the BWS system will be referenced in establishing
future regional watershed management plan scenarios.

Island of Oahu

Development Plan Areas
" Koolauloa- Population Distribution
1.8% & BWS Water Demand (CY2010)

6.7 MGD .
. {14 MGD)
North Shore
1.9 % Legend
3.0 MGD y Z Development Plan (DF) Area
(29 MGD) < Percent of Island Resident Population
‘ S Pumpage in DP Area, Total= 143.1 mgd
4 \ (Net Demand for DP Area)
Waianae Central ,
51% 17.7 %
4.1 MGD 32.7 MGD
{9.2 MGD) (178 MGD) o
: : Primary Urban Koolaupoko
Center 12.1 %
10.6 % S 75.3 MGD oo MEEL o
9.9 MGD 1 {695 MGD) “"4/%
{17.1 MGD) ; .~
East Honolulu
8q 52%
M =S
83 0.7 MGD
(9.3 MGD)

Figure 1.10  Population and Potable Water Demand Distribution 2010

A second summary graphic (Figure 1.11) of O‘ahu’s estimated population distribution and
water demand based on DPP’s 2035 forecast is the BWS low-growth demand scenario.
Potable water demand is increasing by only 9 mgd from 144 mgd in 2010 to 153 mgd in
2035, anticipating continued decreasing trends in per capita water use. Water transfers in
2035 between land use districts are expected to decrease accordingly except between
Central O’ahu and PUC. Desalination is included in the ‘Ewa district along with recycled
water for irrigation that will be reducing the amount of additional potable water demand.
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Figure 1.11  Estimated Population and Potable Water Demand Distribution 2035

The following findings summarize Figures 1.10 and 1.11 Population Distribution and
Potable Water Demand 2010 and 2035.

e The O‘ahu General Plan directs growth to South O‘ahu, (‘Ewa, Central O’ahu and
PUC). The directed growth policy allows the remaining districts of Wai‘anae,
North Shore, Ko‘olau Loa, Ko‘olau Poko and East Honolulu to be sustainable
communities with limited growth.

e Projected increase in water demand for O‘ahu’s eight land use districts of 8 mgd
can be met with the current BWS water system. However, to realize this low
forecasted demand, it is important that the following strategies be pursued:

o Continue to advance water conservation programs of water loss control in
distribution systems and on-site plumbing/irrigation systems, high efficiency
toilets and water fixtures, economic incentives and education, etc.

o Diversify water supplies through a combination of ground water, recycled
water, storm water and desalination, which will preserve the natural ground
water resource by providing drought proof water supplies and capture storm
water to supplement irrigation. New potable ground water sources will be
developed to distribute source withdrawals to reduce concentrated pumping in
select large pump stations in anticipation of decreasing rainfall predicted by
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some climate change models. Brackish ‘Ewa Plantation wells will continue to
be converted for urban irrigation in ‘Ewa to reduce potable ground water use.
New distributed recycled water systems including membrane bioreactor (MBR)
scalping plants are planned.

o Promote green infrastructure and low impact development standards that
reduce water use. Consider new policies that utilize recycled water to irrigate
single family lots and dual water systems for toilet flushing in new
construction.

o Ensure watershed protection projects are adequately funded and implemented
to preserve native species and water supplies in a climate change future so that
existing source capacities can be maintained.

The BWS low-growth demand scenario of population and potable water distribution in
2035 is based on the best available estimates of supply and demand, analysis of
decreasing water demand trends experienced since 1990 plus a significant commitment to
advanced water conservation and alternative water development. New aquifer studies and
climate change research will continue to refine estimates of sustainable yield and
pumpage optimization plans will be adapted to avoid salinity and other water quality
impacts.

The most conservative estimates of available remaining ground water sustainable yields, a
reasonable accounting of uncertainties and climate change, planned ground water source
projects, advanced water conservation and green infrastructure programs and alternative
water source projects, such as recycled water, storm water and desalination, are used to
accommodate future demands while also providing a comprehensive, watershed based
suite of strategies, programs and projects to accommodate future growth and water
demands within and beyond the 2035 planning horizon.

1.3.10  Uncertainties and Contingencies

Planning efforts have uncertainties due to assumptions made about existing conditions and
future scenarios. ldentifying these uncertainties provides an opportunity to plan for a
practical range of contingencies. This section highlights the major uncertainties and
contingencies of this watershed management plan. Many of the watershed protection
projects and water supply options discussed in Chapter 4: Plan Objectives, Water Supply
and Watershed Management Projects and Strategies and Chapter 5: Implementation
incorporate contingencies designed to plan for uncertainties in supply and demand.

1.3.10.1  Ground Water Supply Uncertainties and Contingencies?
Ground water supply uncertainties and contingencies are presented in this section and
include the following topics:

e Estimating Sustainable Yield
e Recoverability of Sustainable Yield
e Climate Change

e Ground Water Contamination
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The uncertainties are discussed followed by contingencies, or planning strategies to
mitigate effects of the ground water supply uncertainties.

Estimating Sustainable Yield

Sustainable yields for all aquifer system areas have been adopted as part of the State Water
Code’s Water Resources Protection Plan and are used for resource management,
protection and development. The current sustainable yields are based on the best
available information of hydrologic factors but have acknowledged limitations in
estimating rainfall distribution, vegetative transpiration, overland runoff, aquifer leakage to
the ocean and to the brackish transition zone and recharge to the various dike, basal,
perched and caprock aquifers.

Contingency for Estimating Sustainable Yield

e Periodically update information on rainfall, evapotranspiration, runoff, leakage and
recharge to reflect current hydrologic trends due to climate change.

e Evaluate and account for aquifer boundary conditions recognizing separate
geological formations such as dike, basal, alluvial and caprock aquifers within
each aquifer system area.

e Construct deep monitor wells in important basal aquifers to provide the ability to
monitor water levels, freshwater lens and transition zone thickness and trends in
response to pumping.

e Develop advanced numerical ground water models to improve sustainable yield
estimates. CWRM with BWS, USGS and UH participates in various efforts,
dedicated to monitoring key hydrologic indicators such as rainfall,
evapotranspiration, recharge, head, salinity, and transition zone trends, and to
reaffirm the adopted sustainable yields in key aquifer systems. The USGS is
constructing a 3-dimensional solute transport ground water model of the Pearl
Harbor aquifer system calibrated to deep monitor wells.

Recoverability of Sustainable Yield

Recoverability is the ability to feasibly extract ground water through wells or tunnels, up
to the adopted sustainable yield. Recoverability is a major uncertainty due to surface and
ground water interactions, presence of separate hydro-geological formations within an
aquifer system area, extended drought, and well location and spacing constraints. There
are also regulatory, political, financial and public acceptance uncertainties surrounding
additional ground water development and regional transport of water with respect to
environmental impacts, local water needs and available supply.

Contingency for Recoverability of Sustainable Yield

e Until interim IFS are amended, seek new ground water wells that do not impact
surface waters. Develop long-term monitoring plans of stream and watershed
indicators.
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e Optimize well spacing and pump sizing on an aquifer system area basis to
increase recoverability and avoid lens shrinkage, up-coning and seawater
intrusion. Align water system infrastructure capital plans to more readily
accommodate smaller wells spaced throughout the water system when practical.

e During severe, long-term droughts usually greater than 3 years, the full sustainable yield
may not be recoverable. Dike source yields will likely drop below permitted use. BWS
operational experience accounts for source yields in normal rainfall and drought years.
The difference, approximately 14 mgd, is supplemented by the following drought
mitigation strategies that will improve the water system’s resilience to climate variability:

o In non-drought years, ensure pumping does not exceed normal rainfall level
estimates to preserve sufficient aquifer storage to meet maximum day demands
during drought.

o During drought years, reduce pumping to drought level estimates to protect the
freshwater lens. Reducing pumping is difficult, as water demands will increase
during drought, therefore:

— Implement the BWS low ground water plan and other progressively
increasing conservation measures to reduce water demands.

— Develop additional ground water wells to supplement reductions in source
yields due to severe drought.

— Develop alternative, drought-proof water supplies such as recycled water,
brackish and seawater desalination facilities.

— Mandate dual water systems for new large developments to maximize
nonpotable water use to conserve the potable water supply.

o Ensure sufficient aquifer recovery during post-drought periods by reducing
pumpage and implementing the applicable watershed protection projects for
the most important and/or impacted watersheds.

e Regulatory, political, financial and public acceptance uncertainties can be
addressed by environmental disclosure, cost benefit analysis, public outreach,
education, alternative source analyses, and holistic watershed management and
integrated resource planning.

Climate Change

Climate change is expected to cause more severe droughts and floods, and as global
temperatures increase, sea water levels are expected to rise affecting coastal
environments, brackish aquifers and stream estuaries. Rainfall data from 1990 to 2010
show decreasing rainfall of 12% on O‘ahu (rain follows the forest). However, local
climate models are mixed on the severity of future rainfall trends. The uncertainties
introduced by climate change emphasize the importance of incorporating water system
flexibility, conservation and alternative supplies in the range of planning options.
“Although most scientists worldwide agree that our planet’s climate is warming, they
recognize the uncertainty inherent in assessing climate change impacts. Uncertainties in
projected greenhouse gas emissions, limitations of climate models, information loss when
climate projections are downscaled to watershed resolution, and imperfections in
hydrological models all contribute to the uncertainty.”
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Contingency for Climate Change on Rising Sea Levels and Decreasing/Variable Rainfall

Rising sea levels and rainfall variability are global issues, which may have long-term
impacts for Hawai‘i. A precautionary approach to adaptation and mitigating impacts of
rising sea levels and rainfall variability is to 1) identify the water system’s most critical
vulnerabilities; 2) suggest how climate variability and extremes might aggravate those
vulnerabilities, and 3) design a range of solutions covering the climate uncertainty. The
following contingencies could be evaluated:

e Sea level rise models by UH Sea Grant anticipate a likely sea level rise of 3 feet by
2100. At this level, coastal inundation, retreat/fill, hardening and infrastructure
damage are predicted. BWS freshwater wells will not be impacted because of the
overlying caprock formation preventing seawater from entering into the basal
aquifer. Basically, if sea level rises by 3 feet, the freshwater lens due to density
differences will rise 3 feet which will not detrimentally affect source yields. In
areas of thin caprock above mean sea level, such as in Pearl Harbor, constructed
hydraulic barriers could prevent rising sea levels from intruding over the caprock
into the freshwater aquifers. This solution is similar to Orange County California’s
Ground Water Replenishment System, recycled water hydraulic barrier injection
system. However, the recycled water is treated by reverse osmosis to better than
drinking water standards. In many systems in California, potable reuse has become
the preferred strategy.

e Private brackish caprock wells near the coast may become more brackish or
unusable increasing potable demand if converted and may need to be replaced
with alternative supplies, such as recycled water.

e Recycled water and seawater desalination provide drought proof water supplies
and watershed management projects will ensure healthier forests that will capture
a larger percentage of less rainfall, stabilizing recharge fluctuations and
maintaining current aquifer sustainable yields.

e BWS has engaged UH and the Water Research Foundation in climate change
research projects to increase our understanding of climate change impacts to
freshwater supplies. Vulnerable water systems to severe drought and coastal
inundation will be identified and resolved through the BWS capital improvement
program.

e BWS is engaging UH in an aquifer storage and recovery study of storm water
impoundment in Nu‘uanu Reservoir No. 4. Impounded storm water could be
treated and injected into the Kalihi and Nu‘uanu aquifers to supplement natural
recharge and sustain existing pumping stations down gradient.

Ground Water Contamination

Contaminants infiltrating into ground water and spreading through the aquifers place
uncertainty in the amount of available water supply. Contamination from agricultural,
underground fuel storage and distribution, and urban activities has previously occurred in
Central O’ahu, Waialua, Red Hill, and Honolulu. Contamination could also result from
purposeful human activities. The contamination can be mitigated, but treatment is very
expensive and time consuming. If treatment is too costly, the well will be shut down and
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pump capacity will be permanently reduced. Replacement wells are also expensive.
Therefore, prevention is the most cost effective measure against ground water
contamination.

Contingency for Impacts from Ground Water Contamination

e Prevent ground water contamination from happening in the first place.

e EPA and DOH provide extensive regulatory guidelines to address contamination of
drinking water. EPA has developed a list of Best Available Technologies (BAT) to
remove various contaminants in drinking water and restore the drinking water
source for public consumption.

e Conduct regular water quality samples and track trends of contaminants. If trends
are rising toward the maximum contaminant level (MCL), initiate planning and
engineering of the recommended BAT so that the treatment system is in place
before the MCL is reached.

e Apply DOH Source Water Protection program guidelines to water systems such as
conducting sanitary surveys, protecting source water delineation/capture zones
above wells and best management practices for potential contaminating activities.
Conditions for source water protection should be placed on land use plan
approvals.

e Implement the water system vulnerability assessment recommendations and other
security measures for well stations and other facilities.

e Seal old, unused wells with cement grout to prevent direct contamination to the
aquifer and leakage from the aquifer. Well sealing could be regulated through the
building permit application process.

1.3.10.3  Surface Water Supply Uncertainties
Surface water supply uncertainties and contingencies are presented in this section and
include the following topics:

e Amending Interim Instream Flow Standards
e Quantifying Stream Flows, Diversions and Use

e Drought Impacts on Surface Water

The uncertainties are discussed followed by contingencies, or planning strategies to
account for surface water supply uncertainties:

Amending Interim Instream Flow Standards

The most significant uncertainty related to the availability of surface water is the lack of
measurable IFS for the majority of streams on O‘ahu. Other uncertainties relate to the
complexity of stream studies (scientific, cultural, economic and environmental) and their
potential cost. These uncertainties realistically mean that additional surface water is not
available now or for the foreseeable future. The following is a range of possible outcomes:
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e If there is additional water available after instream uses are met, water will be
available for agricultural use.

¢ If no additional water is available, status quo instream and non-instream uses will
be maintained.

e If there is insufficient water in the stream to meet the measurable IFS, water from
existing non-instream uses will need to be returned to the stream, and alternative

water sources for agriculture and urban uses may be needed.

Contingency for amending interim IFS

e CWRM identifies high natural quality streams to amend interim IFS using best
available information.

e  CWRM will be acting on the pending petitions for amending interim IFS and has
developed a standardized measurable IFS methodology emphasizing practicality
and consistency.

e Until measurable IFS are established, new stream diversions are not recommended
in this plan, other than for traditional and cultural practices, such as kalo
cultivation. Other surface water users should work within the existing diverted
flows, applying conservation and water loss prevention strategies to increase
system efficiencies.

Quantifying Stream Flows, Diversions and Use

There is a level of uncertainty in the amount of surface water flowing in O’ahu’s streams
and stream segments (low, mean, median and peak variations of flows), the number of
diversions and diverted flows, and their associated use and non-use. On O‘ahu there are
87 surface water hydrologic units containing approximately 232 stream diversions. In
order to adequately protect streams and manage surface water use, streams need to be
gaged, diversions structures must be inventoried and surface water use reported on a
regular basis. As with ground water use, non-instream water use must be reasonable and
beneficial, conserved or returned to the stream.

Contingency for inventories of stream flow, diversion and use

e Cooperative partnerships, such as with USGS, will be expanded to jointly fund the
gaging of important perennial streams.

e The 2006 Legislature appropriated $650,000 to conduct statewide field
investigations to verify and inventory surface water uses and stream diversions and
update existing surface water information. BWS hydro-geologists are conducting
field surveys using CWRM survey protocols of stream diversions to supplement
CWRM efforts.

e The stream permitting process is being revised to improve the acquisition of
pertinent information, and a surface water use reporting system will be established.
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Drought Impacts on Surface Water

Drought impacts instream uses and surface water availability, and is another uncertainty.
Surface water is supplied by rainfall and ground water leakage as base flow, and is
impacted more readily during drought than ground water. Extended drought can have dire
implications, especially for agriculture, much of which relies solely on surface water for
irrigation.

Contingency for Drought Impacts on Surface Water

e Alternative sources such as ground water and recycled water should be developed
to mitigate drought impacts on agriculture. Barriers to recycled water especially for
edible vegetable crops will need to be addressed.

e Water loss strategies will extend existing diverted flows. Agricultural crops could
also be modified to use less water, markets permitting.

e Watershed forestation and protection projects will focus on critical watersheds to
increase base flows and natural storage supplying streams.

A significant limitation to using surface water is its variability and lack of reliability
especially during dry periods and drought. By increasing water storage, or by
supplementing surface water with ground water, which is called conjunctive use,
additional agricultural lands may be irrigated year-round cost effectively with minimal
impact. Figure 1.11 shows the seasonal relationship between surface water in conjunction
with ground water for agricultural irrigation. During dry seasons and drought, when
demand increases and limited stream water is available, ground water can supplement
surface water, protecting instream uses. Surface water, which is more abundant during the
wet season, can be economically used, allowing time for the ground water source to be
replenished.
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Figure 1.12  Seasonal Agricultural Water Use Supplementing Surface Water with
Ground Water
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1.3.10.5 Agricultural Water Demand Projection Uncertainties and Contingencies
Predicting agricultural water demands is challenging because of market uncertainties,
variable regional crop type and associated water demand numbers, climate variability,
etc. In addition, the general lack of metering agricultural water use severely hampers not
only demand estimates but the protection and management of the water resource.
Hawai‘i’s diversified agricultural production has increased in recent years.

Regional crop water demand uncertainties are related to crop types, operational variables
for each crop type such as fallow periods and frequency of harvest, and local climatic
conditions. Crop water demands are challenging because of the diversity of crops and of
the relatively few crop numbers that are geographically specific or agreed upon.

Contingency for Agricultural Water Demands

CWRM funded a UH study to develop a crop water demand model that is now used to
provide discreet water demands by specific crop type, climate and soil condition. The
model allows CWRM to tailor water allocations to specific lands thereby assuring
reasonable and beneficial water use.

1.3.10.6 __Urban Water Demands Uncertainties and Contingencies

Predicting population growth depends on public policies in the Development and
Sustainable Communities Plans and the fluctuating economic trends affecting the pace of
urban growth. The urban growth and rural community boundaries provide essential
guidance on discreet limits to urban growth to protect agricultural and conservation lands.
A significant uncertainty is estimating water demands associated with urban growth
concurrently with decreasing unit water demands that masks the true effect of water
conservation programs.

Contingency Plans for Demand Projection Uncertainties

The following strategies can mitigate the uncertainties in demand forecasting:

e Compiling trend data to analyze the extent, causes and effects of decreasing per
capita water demand to develop reliable and accurate water demand forecasts.
Improved conservation measures and economic forces have slowed both urban
and agricultural water demand growth extending existing supplies.

e Demand forecasts provide a range of possible future demands (low, mid and high)
with associated water supplies. Adjusting the timing of water supply projects will
accommodate changes in the rate of demand growth. If growth is slower or faster
than predicted, projects can be deferred until needed or developed in a shorter
timeframe. Regular updates of this plan will allow course corrections.

e With the integrated water resources strategies of watershed protection, advanced
conservation, and sustainable diversified ground water and surface water supplies,
and new technologies in recycled water and desalination using renewable energy
sources, there should be sufficient water supply to accommodate variability in
climate and domestic and agricultural water demand growth.
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1.4 PLAN IMPLEMENTATION

The implementation of the watershed management plans will be accomplished by:

1. Guiding public investment in infrastructure through agency functional and
facility plans, which are consistent with the sustainable communities and
development plans and the WMPs of the City.

2. Including watershed and water supply projects in agency capital improvement
programs for short-, mid- and long-term horizons that balance the five WMP
objectives.

3. Incorporating major watershed management strategies and projects through the

City’s land use planning processes such as the Development Plans, Sustainable
Communities Plans, special area plans, land use permitting process for private
and public development, and through the Public Infrastructure Map.

4.  Creating watershed partnerships of Federal, State and City agencies, landowners,
organizations and communities who can pool resources toward common
objectives, and creating groups that choose to assume the responsibility or obtain
authorization to implement specific watershed projects.

5. Securing sufficient funding sources to support watershed and water supply
projects through a combination of appropriations, grants, fees and dedicated
funds. Each project is subject to annual budget approval and available funding.

6.  Recommending approval, approval with conditions or denial of developments
seeking water based on the adequacy and timing of planned water system
infrastructure.

Water Allocation and System Development

The OWMP sets forth the allocation of water to land use by identifying new water supplies
for the planned urban developments and agricultural lands as designated in O‘ahu’s
sustainable communities and development plans. The land use plans and watershed
management plans will be used as a guide for the review and approval of CWRM water
use permit applications and water commitments and land use approvals by BWS and DPP.
CWRM review of Stream Diversion Works Permits and Stream Channel Alteration Permits
for new diversions of surface water can also use the plans for guidance. Water use permits
are not required for domestic consumption of water by individual users (Chap. 174C-48(a)
HRS). Regular updates of the regional land use plans and watershed plans will integrate
land use and water planning and with iteration, will improve consistency and ultimately
achieve healthy watersheds.

Adequate Facilities Requirement

All land use actions for developments requiring water, including domestic service,
irrigation and fire protection from the BWS water systems are reviewed for adequacy of
supply and level of service in compliance with BWS Rules and Regulations, Chapter 1,
Water and Water System Requirements for Developments and BWS Water System
Standards.
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BWS issues water commitments based on an assessment of the adequacy of water supply
and water system capacity. There are three categories of available water of which
Category 2 currently applies island-wide:

1. Areas with Adequate Water Supply. BWS may issue advance water commitments
to proposed developments in areas where the water system has adequate
supplies to assume new or additional services.

2. Areas with Limited Additional Water Supply. BWS may restrict the issuance of
advance water commitments to proposed developments in areas where the water
system has limited additional supplies to assume new or additional services.

3. Areas with No Additional Water Supply. BWS shall not issue water commitments
to proposed developments in areas where the water system has no additional
supplies to assume new or additional services. The only exceptions shall be the
issuance of a single 5/8-inch meter to proposed developments on existing single
vacant lots.

BWS assists CWRM with permit reviews for new development. New ground water
sources, both public and private, must comply with the State Water Code, Chapter 174C-
51, Application for a Permit. Water Use Permits are required for sources of supply in
designated water management areas. All areas except Wai‘anae are designated ground
water management areas. HRS Chapter 174C-49 Conditions for a Permit, establishes that
the proposed use of water:

1. Can be accommodated with the available water source;
Is a reasonable-beneficial use as defined in Section 174C-3;
Will not interfere with any existing legal use of water;
Is consistent with the public interest;

Is consistent with state and county general plans and land use designations;

Is consistent with county land use plans and policies; and

N OO U~ W N

Will not interfere with the rights of the Department of Hawaiian Home Lands.
Review of zoning and other development applications

Before zoning is approved for new residential, commercial and industrial development,
the BWS will indicate to DPP that adequate potable and nonpotable water is available or
recommend conditions that should be included as part of the zone change approval in
order to assure adequacy.

Large developments requiring major new water system infrastructure

BWS requires new large developments to submit potable and nonpotable water master
plans for review and approval, showing the necessary infrastructure to accommodate the
development. The master plan should provide land use, site layout, phasing, water
demands, and infrastructure including proposed source, storage, transmission and
treatment facilities with hydraulic analysis. The master plan then guides the review and
approval of construction plans, and the installation of infrastructure to be dedicated to
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BWS in compliance with BWS Water System Standards. Applications for Water Service
are contingent upon the fulfillment of these conditions.

Existing lot developments and small subdivisions

BWS capital program expands the water system to accommodate planned growth. Each
application for water service is evaluated for system adequacy to provide domestic and
fire protection services. Water System Facilities Charges, the BWS impact fees, are applied
to all new developments requiring new or additional water service. If water system
infrastructure is not adequate, the development can be denied or conditions to ensure
adequacy are placed on the development before water service is approved.

BWS Capital Improvement Program

The OWMP is the long-range strategic water resource plan for the City and informs and
guides the BWS long-range capital program plan of source, storage, transmission,
treatment infrastructure by providing a watershed based evaluation of available sources of
supply and water demand forecasts. The capital projects plan is an integral part of the
BWS responsibility, authorized by City Charter as the public water system purveyor and
water resource manager. The capital projects program is integrated with the BWS long-
term financial plan and water rate structure. BWS is authorized by City Charter to set
water rates to provide water supply for O‘ahu. The capital program accommodates water
system expansion and infrastructure renewal and replacement as guided specifically by
the strategies in Objective #5 meet demands at reasonable costs while balancing the other
plan objectives.

In 2013, BWS initiated the BWS Water Master Plan, a 30 year infrastructure plan that
evaluates the entire water system, identifies improvements and balances needs and costs.
The benefits are that infrastructure needs are anticipated so that water is available when
and where it's needed and capital projects are prioritized based on a comprehensive
understanding of water resources from a holistic watershed perspective, most probable
water demands accounting for conservation savings and the complexities of the water
systems serving O‘ahu’s residents such that BWS can provide safe, dependable and
affordable water supply now and into the future.
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ENDNOTES

1 State Water Code Section 174-C3
2  HAR Section 13-169-49 and 49.1

3 Miller, K. and Yates, D. 2006. Climate Change and Water Resources: A Primer for
Municipal Water Providers. National Center for Atmospheric Research, American
Waterworks Assoc. Research Foundation Publication
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2 NORTH SHORE WATERSHED
PROFILE

2.1 INTRODUCTION

2.2 METHODOLOGY

2.3 LAND AND WATER RESOURCES

2.4 TRADITIONAL PRACTICES AND CULTURAL
RESOURCES

2.5 SETTLEMENT HISTORY

2.6 DEMOGRAPHIC CHARACTERISTICS

2.7 TRANSPORTATION

2.8 LAND USE

29 PREVIOUS RELEVANT PLANS

2.10 STAKEHOLDER CONSULTATION

2.1 INTRODUCTION

The North Shore Watershed Management Plan (NSWMP) is part of a comprehensive effort
of the Honolulu Board of Water Supply (BWS) to plan for future water resource needs of
the City and County of Honolulu, as mandated by the State Water Code. Over the years,
BWS has recognized the importance of focusing on resource protection, conservation, and
restoration, in addition to water use and development. A watershed approach was
developed for this plan to understand the inter-relationships among the physical,
biological, and human environments. Thus, in order to understand the resources and
provide a context for water management, this plan includes a watershed profile with an
overview of the terrestrial, land use, socio-economic, and water resources present in
North Shore. This chapter provides a summary of the data collected and analyzed.

2.2 METHODOLOGY

The data collection and analysis process included identification of issues and needs, data
gaps, and potential water resources management opportunities. The primary sources of
data were previous studies, plans, and reports conducted by various agencies,
organizations, and academics. These documents provided information on general
watershed issues and specific topics within North Shore. Various individuals, agencies and
organizations were then contacted to provide either follow-up details or updated
information, and to identify natural resource values, issues, and needs.
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2.3 LAND AND WATER RESOURCES

Known throughout O‘ahu as being part of “the countryside,” the rural North Shore is
home to pristine white sand beaches and dramatic mountain views that frame expanses of
agricultural lands. Encompassing approximately 77,000 acres' (120 sq. mi.), the North
Shore district makes up 20% of O‘ahu’s land mass. The Ko‘olau and Wai‘anae Mountain
Ranges form the eastern and the western boundaries of the district, respectively.

The North Shore district follows the same geographic boundaries as delineated in the
North Shore Sustainable Communities Plan.

2.3.1 Ahupua‘a and Watersheds

The North Shore district contains lands in the Waialua moku, as well as a portion of the
Ko‘olau Loa moku (Figure 2.1). The moku of Waialua encompasses lands from Ka‘ena
Point to Kapaeloa at Waimea Bay. The portion of the Ko‘olau Loa moku within the North
Shore district extends from Kapaeloa to Waiale’e Gulch near Kawela Bay. There are 19
ahupua‘a in North Shore (Figure 2.1). These include: a portion of Keawa‘ula, Ka‘ena,
Kealia, Kawaihapai, Kikahi, Auku‘u, Mokulé‘ia, Kamananui, Pa‘ala‘a, Kawailoa, Lauhulu,
Kuikuiloloa, Punanue, Kapaeloa, Waimea, Pupukea, Paumalt, Kaunala and a portion of
Waiale’e.

Traditional Hawaiian ahupua’a management operated under a holistic approach that
recognized the interconnectedness between land and sea, the interactions among species,
the rhythms of the seasons, and the impacts of overuse on resources. Resources were
managed for the collective good of all living within the ahupua‘’a, based on the principle
that activities in one part of the ahupua‘a were tied to the health of all areas of the
ahupua‘a. Along with ecological/environmental inter-relationships, the ahupua‘a concept
embraced human activities such as the economic aspect (trade between mauka agriculture
with makai fishing) as well as social/cultural values of kapu, kuleana, conservation, etc.

Adapted to the context of today’s community needs and technology, the ahupua‘a concept
provides useful principles for guiding the use and management of the North Shore’s
resources." This style of resource management requires greater collaboration among
jurisdictional authorities as well as community involvement and stewardship. For this
Watershed Management Plan, the ahupua‘a concept is a holistic approach to land
management that recognizes the ecological connections between land-based and marine-
based natural resources and the dependent relationships between ecological functions,
with a triple bottom line balancing environment, economy, and social/cultural values.

A watershed can be defined as an area of land where all water collects and drains into a
common body of water. While watersheds and ahupua‘a can have similar boundaries, in
the North Shore district, watershed boundaries are not the same as the ahupua‘a
boundaries. The watersheds in North Shore typically have a smaller land area than
ahupua‘a. The North Shore district consists of 22 watersheds (Figure 2.2), which include: a
portion of Kaluakauila, Manini, Kawaihapai, Pahole, Makaleha, Waialua, a portion of
Kaukonahua, Ki‘iki‘i, Paukauila, a portion of Poamoho, Helemano, ‘Opae‘ula, Kawai‘iki,
Kawainui, Kawailoa, Anahulu, Loko Ea, Keamanea, Waimea, Kalunawaika‘ala, Pakalena,
and a portion of Paumald.
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2.3.2 Climate

The coastal areas and central plains of the North Shore have moderate to frequent rainfall
(Figure 2.3). The highest annual average rainfall in the district (over 200 inches) occurs in
the upper portions of the Ko’olau Mountain range. The coastal areas of Hale‘iwa and
Mokulé‘ia have the lowest annual average rainfall (31 inches).

Average temperatures vary by month and elevation, with the warmest month generally being
August (mean temperature of 80.5° F) and the coolest month generally being February (72.0°
F).2 The prevailing trade winds come from the northeast and usually vary between 10 to 20
mph. The trade winds usually occur about 50% of the time between January and March and
90% of the time during June and through August.® In the winter, strong Kona winds
associated with extra-tropical storms that track predominantly eastward from origins in the
northwest Pacific produce large swell events, which can travel for thousands of miles until
reaching the shores of Hawai‘i. The recurrence of these high surf events control many
natural beach processes like rip current formation, erosion, and reef growth.*

Hawai‘i’s climate is changing in measurable ways that are consistent with the predicted
influence of global warming (Figure 2.4):

e Air temperature has increased by 0.08°F per decade over the period 1919 to 2006°

e A general downward trend in rainfall has been documented over the last century,
with an even steeper decline by about 15% over the past 20 years - the likely
cause of decreased base stream flow around the State

e Rain intensity has increased by approximately 12%

e Sea level has risen at approximately 0.6 inches per decade over the past century

e Sea surface temperatures have increased by 0.22°F per decade

e The ocean is acidifying (from rising carbon dioxide in the atmosphere that mixes
with the seawater) at exactly the rate of chemical equilibration with the
atmosphere.®

Because these trends are likely to continue, scientists anticipate growing impacts to
Hawai‘i’s water resources and forests, coastal communities, and marine ecology.

One of the effects of climate change is an increasing rate of drought. Drought impacts
surface water uses and agriculture first before ground water sources and urban uses.
During droughts, soil moisture may be completely depleted in un-irrigated, fallow fields,
causing dust storms and loss of top soils from wind erosion. Certain ground water sources,
predominately dike sources are more susceptible to drought because dike aquifers store
less water than basal aquifers.

Global warming and forest degradation can also change evapotranspiration rates.
Evapotranspiration (ET) is the process of evaporation and plant transpiration returning
water to the atmosphere, thus reducing the amount of water going into streams and
ground water.® As global temperatures rise, the average annual ET may increase.
Deforestation contributes to decreased ET, by reducing atmospheric moisture attracted by
forest cover. In some cases, precipitation levels downwind from the deforested area are
affected, as water is lost in runoff and returns directly to the oceans.”
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Figure 2.3 Mean Annual Rainfall (1978-2007) of the North Shore District

(Source: Online Rainfall Atlas of Hawai‘i, 2012)
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_arbon Dioxide Concentrations Rising

Figure 2.4 Indicators of Climate Change
(Source: Climate Change and Pacific Islands: Indicators and Impacts, 2012)

Water quality and quantity may be impacted due to salt water intrusion into fresh and
brackish water aquifers and stream estuaries as sea level rises. Sea level rise could
immerse more metallic pipeline infrastructure in seawater, increasing corrosion, main
breaks, and replacement costs. Potential sea level rise is shown in Figure 2.5 from the
National Oceanic and Atmospheric Administration (NOAA) Digital Coast Sea Level Rise
and Coastal Flooding Impacts Viewer (MHHW is Mean Higher High Water). As coastal
communities retreat from the coast and increased population growth and migration from
inundated Pacific islands occurs, development pressures will increase in agricultural and
conservation zoned lands.

Increased urbanization may reduce prime ground water recharge areas (> 50” annual
rainfall) thereby affecting water supply. Climate change also: reduces aquifer recharge and
available water supply due to more frequent and severe drought; changes rainfall patterns,
such as thermal inversion effects; increases evaporation due to higher global temperatures,
reducing recharge; and increases runoff if forest health declines.’

In July of 2009, the State Legislature established a Climate Change Task Force within the
State Office of Planning to scope the impacts of global climate change trends in the State.®
The Climate Change Task Force developed a framework that identified 15 areas of
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Figure 2.5 NOAA Sea Level Rise and Coastal Flooking Impacts
(Source: NOAA Digital Coast Sea Level Rise and Coastal Flooding Impacts
Viewer, December 2015)

planning that are likely to be affected by climate change, including the potential impacts
climate change may have on water supply, coastal zone management, storm and
wastewater management, agriculture, natural resources/environmental protection, and
flood control.? These impacts, including rising sea level, inundation, loss of property and
open space, and severity of storms should be considered in North Shore planning efforts.’

While climate change is a problem on a global scale, simple, local actions can safeguard
Hawai‘i’s declining water sources. Protecting forest watersheds is the most cost effective
and efficient way to absorb rainwater and replenish ground water. Forests also reduce
impacts from climate change by absorbing greenhouse gases and reducing flooding,
erosion, and siltation of reefs and fisheries, while sustaining irreplaceable cultural and
natural values.'®
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2.3.3 Geology

North Shore district covers a portion of the Schofield Plateau which lies between two
extinct shield volcanoes: Wai‘anae to the west and Ko‘olau to the east."" Wai‘anae
volcano is the older of the two and consists of shield lavas overlain by a thick sequence of
postshield-stage alkalic basalt.? The Wai‘anae volcano is extensively eroded. Near
Mokulé‘ia, its slopes are gradual with small, narrow valleys, and ends in steep coastal
cliffs at Ka‘ena.’* The range’s Ka‘ala summit rises to approximately 4,025 feet, which is
the highest point on the island.™

The Ko’olau volcano consists of the eruptive products of the shield and rejuvenated stage
lavas. The highest point of the Ko‘olau Range is the Konahuanui summit at approximately
3,150 feet, which lies outside the district."" The leeward slopes of the Ko‘olau Range are
characterized by wide ridges bordered by steep stream valleys. The relatively gradual
slope allows for higher ground water infiltration rates.'

The northwest coast from Waiale’e to Hale‘iwa is characterized by massive winter surf,
long sandy beaches, rocky points, and patches of exposed beach rock. The beach rock is
particularly exposed in the winter, when foreshore slopes steepen, and large quantities of
sand are moved by high surf from the water’s edge toward the back of the beach. Sand at
the shoreline is mostly coarse grained and calcareous, a signature of the high energy
waves that impact this coast in the winter.'®

The Mokulé‘ia shoreline extends west from Hale‘iwa toward Ka‘ena Point. This low lying
coastal terrace faces due north with consistent trade winds blowing across it to the base of
the northern Wai‘anae Range. Nearly the entire coastline from Mokulé‘ia to Ka‘ena Point
is fronted by broad wave-cut platforms of older limestone with small sandy beaches and
vegetated dunes occurring in gaps along the shoreline. The coastal slope increases in
steepness as the Mokulé‘ia shoreline approaches Ka‘ena Point. The point is composed
largely of fossiliferous coral conglomerate with loose coral and basalt cobbles up to
approximately 10 m above sea level, fronted by a dune field.'®
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2.3.4 Soils

The United States Department of Agriculture (USDA) Natural Resources Conservation
Service (NRCS) General Soil Map describes soil associations, which are distinctive
proportional patterns of soil landscapes that consist of one or more major soil series and at
least one minor soil series. A soil association is named for the major soils. There are six
general soil associations in the North Shore (Table 2.1).

Table 2.1

Soil-Type Associations in North Shore'’

Soil-Type Association

General Extent

Soil-Type Association
Description

Kaena-Waialua

Coastal lands, talus slopes
and drainageways

Deep, gently sloping, poorly
drained (Kaena series) to
excessively drained soils
(Waialua series) consisting of fine
to coarse subsoil or underlying
material

Rock Land-Stony
Steep Land

Rocky and stony land (Along
Ki‘iki‘i River, Paukauila River,
and Anahulu River; also
Ka‘ena Point area)

Steep to precipitous, well-drained
to excessively drained

Lolekaa-Waikane

Fans, terraces, and uplands
area

Deep, nearly level to very steep
and well drained soils that have
dominantly fine-textured subsoil

Helemano-Wahiawa

North Shore uplands

Deep, nearly level to moderately
sloping, well-drained soils
consisting of fine subsoil

Tropohumults-Dystrandepts

Long narrow ridges and
eastern side slopes of the
Wai‘anae Range

Gently to very steep sloping,
well-drained soils underlain by
soft weathered rock, volcanic ash
or colluvium

Rough Mountainous Land-
Kapaa

Gullies and along narrow
western ridges of the Ko‘olau
Range

Very steep land broken by
numerous drainageways with
deep, well-drained, fine textured
soils with moderately fine subsoil

2-10
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Soil characteristics associated with watershed management include permeability, water
capacity, and erosion level. Soil permeability is a general measure of how fast water can
move downward in a particular soil. The majority of soils in the North Shore district are
well-drained, meaning that permeability is moderate to rapid. The more permeable soils
must be managed carefully to keep pesticides from reaching ground water. Removal of
pesticides and other organics within the soil depends on the soil type, hydraulic loading
rate, degree of pretreatment, and travel distance through the soil, vadose zone and
aquifer.!” Surface runoff is low from undisturbed areas except on the steepest slopes.'®
Other notable characteristics of Hawaiian soils include the ability of the soils to adsorb
nitrate due to their unusual positive charge at low pH, and the ability to adsorb viruses.'

Water capacity is an estimate of the capacity of soils to hold water available for use by
plants. North Shore has a high water capacity due to the dominating fine textured soils,
also referred to as clay soils.?’ Clay soils have a higher water capacity than sandy soils.
Pesticides move at a slower rate through finer textured soils containing more clay, and
may be more likely to cling to these soils.

Susceptibility to wind erosion is low in clay soils, and susceptibility to water erosion is
also low if the soil is aggregated with strong structure. Under proper soil moisture
conditions, breaking up clods of soil with poor or weak structure will increase the surface
area and facilitate aggregation. However, multiple tilling passes can cause soils to
compact, resulting in the formation of a “plow pan” and platy structure. With decreased
rates of infiltration, issues of surface runoff and soil erosion may arise.?'

When the steeper areas throughout the North Shore are cleared and tilled, erosion
becomes a significant concern. Historically, these steeper areas were used for plantation
agriculture, both sugar cane and pineapple. Significant areas of former plantation lands on
steep slopes have been removed from intensive agricultural production and, if used, are
mainly dedicated to pasture. Pineapple cultivation continues in the Wahiawa area on
more gently sloped lands. Cultivation of seed corn and other diverse crops including
coffee is also expanding in these areas.'®

For the large gently sloping agricultural lands including Kawailoa, Waialua and Mokulé’ia,
water erosion is of less concern except for small localized areas on steeper slopes. Wind
erosion can be a concern in certain areas, especially those lands close to the ocean which
are subject to strong trade winds. These soils generally have moderate to low
permeability. Surface runoff, ponding and occasional flooding can be a concern in some
areas. Historically these areas were used for sugar cane as well as small areas of
diversified vegetable crops. They now support a wide variety of annual and perennial
crops including vegetables and flowers. Because of the predominance of shrink-swell
clays, some of these soils become very sticky and difficult to manage when wet and form
large cracks when dry.'®

Both Hale‘iwa and Waialua are located in the lower watershed areas and affected by the
accumulation of loosened soil from the upper elevations. This sedimentation can lead to
clogged streams, an increased likelihood of flooding, and reduced downstream water
quality.?
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2.3.5 Regional Hydrology

The principle source of ground water recharge on O‘ahu is rainfall. Fresh water, which
percolates down through the ground into the saturated zone, does not mix well with the
denser salt water present in the subsurface environment. This results in a lens-shaped fresh
water body that rises where recharge occurs and thins where the fresh water discharges to
the ocean.?® A brackish water transition zone exists between the freshwater lens and the
underlying saltwater. 24

Three types of ground water systems have been identified in central O‘ahu: (1) the
Schofield High-level Water Body, (2) basal ground water, and (3) dike-impounded ground
water. The Central O‘ahu Schofield High-level Water Body is located beneath the
Schofield Plateau. This water body is bound to the east and west by dike-impounded
ground water (Figure 2.6) and to the north and south by basal ground water. The general
hydrology of the island of O‘ahu is described in Appendix D Overview of O‘ahu
Hydrogeology.

West East

Wai‘anae Mountain Range Crest
Elevation 4,000 Feet

Ko'olau Mountain Range Crest
Elevation 2,600 Feet

Schofield Plateau <<
——Water Table.

Vertical Scale is Exaggerated

Figure 2.6 Cross Section of Central O‘ahu
(Source: Public Health Assessment Schofield Barracks Wahiawa, Honolulu,
County, Hawai‘i. 2010)
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The drainage divide of the Schofield Plateau runs roughly east-west. North of this divide,
watercourses flow to the north and discharge into Kaiaka Bay at Hale‘iwa (Figure 2.7).
South of this divide, watercourses flow south and discharge into the West Loch of Pearl
Harbor.?> Ground water contamination that occurs mauka will move towards lower areas
along the direction of ground water movement.

LEGEND

~—= Direction of Groudwater Movement
- Aquifer Sector Areas
- Aquifer System Areas

Caprock

Figure 2.7 Ground Water Movement on O‘ahu

In the freshwater lens system along the coast, water is confined in the underlying aquifers
by coastal-plain deposits known as caprock. Caprock borders the island along the coastal
areas. In the North Aquifer Sector, the freshwater lens can range from more than 20 feet
above sea level near Mokulé‘ia, where the caprock is thick, to less than three feet above
sea level near Hale’iwa where the caprock is thin.

Discharge of ground water occurs through springs, outflows to the ocean, and withdrawals
from wells and shafts. Numerous springs can be found throughout the North Shore district
near sea level.2°
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2.3.6 Ground Water

2.3.6.1 Ground Water Quantity

In North Shore, approximately 43% of precipitation ends up as ground water recharge,
approximately 42% as evapotranspiration, and the remaining 15% as runoff. In addition to
rainfall, fog drip and irrigation water also contributes to ground water recharge."
Recharge also occurs from adjacent dike-impounded water areas and from the Central
O’ahu Schofield High-level Water Body (Figure 2.6).

Ground water withdrawals from the freshwater lens through wells and shafts were
computed for the ground water areas on O‘ahu from 1901 to 1980. Since 1940,
withdrawals in the North Aquifer Sector area ranged from 20 to 60 million gallons per day
and decreased in the 1990’s when sugar cane cultivation ceased on the North Shore.?*
With the decrease in ground water use, there may be some thickening of the freshwater
lens due to decreased withdrawal. However, recharge rates may also be less, due to the
reduction in agricultural return irrigation, as a result of the transition from extensive, high-
water use sugar cultivation to lower-water use diversified agriculture and biofuel crops.

The State of Hawai’i Water Resource Protection Plan (WRPP) divided the island of O‘ahu
into six Aquifer Sector Areas (ASEA): Honolulu, Pearl Harbor, Wai‘anae, North, Central,
and Windward. These sectors reflect broad hydrogeological similarities while maintaining
hydrographic, topographic, and historical boundaries where possible. Aquifer System
Areas (ASYA) are areas within an ASEA that exhibit ground water hydraulic continuity. The
North Shore district overlays four aquifer systems: the Mokulé‘ia, Waialua, and Kawailoa
ASYAs of the North Aquifer Sector Area, and a portion of the Wahiawa ASYA in the
Central Aquifer Sector Area. Mokulé‘ia, Waialua, and Kawailoa are predominantly basal
ground water, and Wahiawa is high-level ground water.

The Central Aquifer Sector (Wahiawa Aquifer System) is separate from the Pearl Harbor
and North Aquifer Sectors because the water is high-level rather than basal. The existing
pumping withdrawal from the system, which totaled 23 mgd, was set as the sustainable
yield to maintain spillover of ground water into the Pearl Harbor and North Sectors, thus
ensuring sufficient ground water availability in these Sectors to meet demand. The
spillover was variably redistributed between the Pearl Harbor and North Aquifer Sectors
based on the best available hydrogeologic information. Sustainable yield is “the maximum
rate at which water may be withdrawn from a water source without impairing the utility or
quality of the water source”.?” The sustainable yield of each ASYA is reported in Table 2.2.

Table 2.2 Aquifer System Areas in North Shore

Aquifer System Area Sustainable Yield (mgd)
Mokulé’ia 8 mgd
Waialua 25 mgd
Kawailoa 29 mgd
Wahiawa* 23 mgd

*  The Wahiawa ASA underlies both the North and Central Districts.
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2.3.6.2 Ground Water Quality

Ground water quality is a special resource concern on O‘ahu because nearly all drinking water
comes from ground water sources. BWS, the State Department of Health (DOH), and the
Federal Environmental Protection Agency (EPA) operate several monitoring and treatment
programs to safeguard drinking water sources from contamination. Table 2.3 contains
information on some of the programs and their related findings in North Shore.

In 1996, reauthorization of the Safe Drinking Water Act required states to develop
assessments of drinking water sources, including documentation and evaluation of existing
conditions, potential problem locations, and local protection opportunities. DOH has
complied with the federal act by sponsoring the University of Hawai‘i (UH) Water Resources
Research Center compilation of the Source Water Assessment Program (HISWAP, 2004). The
report contains four elements:

(1) Delineating zones of influence around drinking water sources where contaminants
may reach the water supply;

(2) Identifying activities in the area that may contribute to microbiological or chemical
contaminants;

(3) Evaluating the susceptibility of drinking water sources to contamination from these
activities; and

(4) Increasing public awareness and providing access to water assessment
information.

The HISWAP defines source water "susceptibility” as “the potential for a Public Water
System to draw water contaminated by inventoried potential contaminating activities
(PCA) at concentrations that would pose concern.” Relative susceptibility was determined
using a numerical scoring system. In the State SWAP report, susceptibility scores for
ground water sources on O‘ahu ranged from 0 to 2,119, with higher scores indicating
greater susceptibility to contamination. By comparison, scores for North Shore sources
ranged from 62 to 128. This indicates that, on an island-wide scale, North Shore’s sources
have a low potential for contamination. Because treatment of contaminated wells is
expensive, every effort should be made to prevent contamination.

North Shore ground water quality is generally considered high, although agricultural and
military activities have contaminated certain aquifers with pesticides, herbicides and
solvents. BWS and the Army filter ground water to remove these contaminants in order to
meet safe drinking water standards. The BWS 2011 Consumer Confidence Report found
that the ground water provided to North Shore meets the Federal and State drinking water
standards. This report is based on BWS and DOH regular monitoring of drinking water
sources for traces of more than a 100 different types of natural and human-induced
contaminants. Monitoring of certain types of contaminants such as coliform bacteria and
trihalomethanes is conducted throughout the distribution system. Contaminants that may
enter drinking water as a result of water flowing through the water delivery system, such
as lead and copper, are tested both at the source and also at the consumer’s tap.2®
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Table 2.3

Ground Water Quality Protection Programs

Program (Agency)

Program overview

Program Activities in
North Shore

Hazard Evaluation and
Emergency Response —
HEER (State DOH)

Compiles records of released
hazardous substance at sites
throughout the State.

Responses in FY 2009 were due
to: soil contamination from oil,
drum dumping, and alleged taro
farm contamination from flood.

Ground Water
Contamination Maps —
GWCMs (State DOH)

Identify locations where organic
and non-organic contaminants
have been detected and confirmed
in drinking water wells, select
nonpotable wells, and fresh water
springs throughout the State

1983 — 1985, 1993, 1997:
Waialua Sugar (various)
Irrigation Wells — DBCP & TCP
1987, 1982: Hale’iwa Battery
Irrigation Wells — Lindane and
Atrazine

1992: Waialua Battery Drinking
Water Wells — Atrazine and
Desethyl Atrazine

2004: Hale‘iwa Drinking Water
Wells — DBCP, TCE, & TCP
2005: Waialua Drinking Water
Wells — TCE & TCP

Hawai‘i Source Water
Protection Program —
HISWAP (State DOH)

Identifies potential contaminating
activities of drinking water sources
in Hawai’i.

Susceptibility analysis and
delineation of wellhead
protection areas.

O’ahu Inactive Landfills
Relative Risk Evaluation
(BWS)

Evaluation of inactive landfill sites
(mostly established prior to State
and Federal waste laws).

Ten inactive landfills: 1 former
military, 2 former municipal and
7 former agricultural landfills.

Underground injection
control — UIC (State
DOH)

The UIC line was established in
HAR Chapter 23 to regulate
injection wells (well defined as
deeper than width) used for
disposal. The UIC line was drawn
at the 10,000 ppm chloride
contour.

See Figure 2.8

Pass/No Pass Line
(BWS)

Established in BWS Rules and
Regulations Chapter Ill, Sec. 3-301,
having the effect of ordinance. The
line was determined from soil
borings as areas of thick caprock
overlying basal aquifers. Protects
drinking water sources from
contamination by ground disposal
of wastewater, landfills,
wastewater treatment plants, etc.

Through a 1988 inter-agency
agreement, DOH regulates
ground disposal of wastewater in
consultation with BWS.

See Figure 2.8
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Known Issues

Seven Dole wells used for drinking water or irrigation supply have shown detectable
levels of one or more chemical contaminants commonly found in solvents or pesticides,
including trichloroethylene (TCE), 1,2,3-trichloropropane (TCP), 1,2-dibromo-3-chloro-
propane (DBCP), atrazine, desethyl atrazine and lindane.

TCE is a solvent, used in military, urban and industrial areas.?® TCP and DBCP are fumigants
that were used to eliminate nematodes that attack pineapple roots, although their use has been
discontinued since 1977. Atrazine and desethyl atrazine are widely used herbicides, however
it has led several researchers to call for its ban because of its endocrine disruptor effects,
possible carcinogenic effect, and epidemiological connection to low sperm levels in men.3°
Lindane was used as an insecticide, but was phased out of agricultural use by the EPA in 2007
due to concerns over its effects on human health and the environment.*'

BWS potable water sources that serve the North Shore district are located in Waialua,
Hale‘iwa, and Waiale‘e. These sources are located mauka of urban areas but are located
within the State Agricultural District where agricultural activities take place. The Waialua
and Hale‘iwa Wells are also located near major roads, with the Waialua Wells located
near a few residential parcels. The Waiale’e Wells are near a utility station, power plant,
residential parcel, cesspool, and septic tank. Other Federal and private potable water
sources are located in Mokulé‘ia (near an airport and pasture lands) and Waialua (near
agricultural, industrial and residential activities).

Four BWS wells used for drinking water have shown detectable levels of TCE, TCP, and
DBCP. All reported levels are well below federal or state drinking water standards, and
appropriate public health protection measures are implemented in those cases where
water is used for human consumption.”® BWS treats TCP and DBCP using granular
activated carbon (GAC). About 60,000 lbs. of GAC will treat 1 mgd of pumped ground
water. Carbon costs and management are a significant cost BWS incurs to provide safe
drinking water to North Shore.

Fertilizers have been applied widely for agriculture in O‘ahu dating back to 1900 or
earlier. Concentrations higher than the natural soil background are anthropogenic,
resulting from over a century of agricultural fertilizer application. Elevated concentrations
of nitrate and phosphorus are highest in, and downgradient from, present and former
agricultural lands. Nitrate is below drinking-water limits at all wells, with the maximum
nitrate concentration of 5.24 mg/L - about half the EPA drinking water maximum
concentration level of 10 mg/L.

However, many orthophosphate concentrations were greater than the EPA recommended goal
of 0.1 mg/L for avoiding nuisance plant growth (eutrophication) in moving waters. Nutrient
concentrations were found to be higher in stream base flow than in storm flow by USGS
National Water-Quality Assessment surface water studies, and the higher concentrations were
attributed to discharge of nutrient-laden ground water. This was because nutrient
concentrations were higher during base flow (non-rainfall) periods. If the contributions were
from surface water, greater concentrations of nutrients would be expected during rainfall
events.
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The organic compounds atrazine and desethyl atrazine also were higher in base flow than in
storm flow, raising concerns about possible effects of organic compounds on aquatic
organisms.3? Discharging ground water also carries nutrients and chemicals into estuaries and
nearshore marine waters. Nutrients are a particular concern with respect to coral reefs. The
coral-reef ecosystem is highly nutrient-sensitive and can be degraded where excess nutrients
promote excessive algal growth that displaces or interferes with the growth of healthy corals.

Potential Issues

Ground water also has the potential for contamination from cesspools. The majority of the
region handles its wastewater through the use of cesspools that may be more than 50
years old.?* A study done by Parametrix, Inc. in 1992 estimated there were 3,152
cesspools in the North Shore, with about 40% of those in failing condition. Cesspools do
not provide much, if any, treatment of wastewater prior to it flowing into the surrounding
ground, and for failing cesspools, require pumping twice a year or more. Homes that
discharge all wastewater directly into cesspools may experience cesspool failure as a
result of overloading or clogging. Some homes have upgraded to septic tank/leach field
systems.>* Septic tank systems and cesspools are examples of Individual Wastewater
Systems (IWS), or facilities which are used and designed to receive and dispose of no
more than one thousand gallons per day of domestic wastewater. DOH prohibits an IWS
within 1,000 feet of a potable drinking water well serving public water systems.

Contaminants typically found in wastewater can migrate to the ground water where they
can find their way to streams and near shore waters, posing potential health risks to
terrestrial and aquatic environments, and human populations as well. During flooding
events in the past, cesspools have backed up after three feet of water covered the low-
lying areas of Otake Camp,* and Hale‘iwa Elementary was shut down when rainwater
flooded a nearby cesspool.?® Environmental sampling and analysis data on soil and water
in the North Shore region are very scarce, especially for identifying indicators of
wastewater contamination. Aside from DOH nearshore marine water quality monitoring
and sampling conducted by the UH CTAHR in 2007 in Ki‘iki‘i and Paukauila streams, no
studies have been conducted to date to evaluate the presence and impacts of sewage
contamination in the ground water and streams around Waialua and Hale‘iwa Towns.?

In 2000, EPA banned large-capacity cesspools. In 2005, EPA regulations required all
existing large capacity cesspools to be closed and replaced with an alternative wastewater
system. Human and Environmental Risk Ranking of Onsite Sewage Disposal Systems Final
(2009) provides information on the soil types and water levels, and ultimately shows that
the North Shore is a high risk area due to onsite sewage disposal systems. In March of
2016 new cesspools were banned and a tax credit will be offered for cesspool upgrades
for properties in close proximity to certain waterbodies and aquifers (Chapter 4, Strategy
E). However, there are concerns that even septic systems will not adequately treat the
water before release, as the soil in the Waialua and Hale‘iwa area are not suitable for
leaching effluent from the septic systems.3”
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The North Shore Regional Wastewater Alternatives Plan (2011) provides recommendations
for ways to improve wastewater effluent in the North Shore area with possible reuse. With
water reuse gaining popularity, people increasingly consider gray water from their
residences as a resource to be separated from the wastewater stream and reused in their
landscapes. Such reuse of gray water reduces the amount of wastewater entering sewers or
IWSs, reduces demands to use potable water, and helps preserve limited water supplies.3®

The BWS undertook a study in 2005 to assess if recycled water can be safely used on
Hawaiian soils above potable aquifers. The results found that soils in Central O’ahu have
sufficient retention times and soil carbon for complex organics such as N-
nitrosodimethylamine (NDMA) and hormones to be filtered from the percolate prior to
reaching ground water. Soil column studies indicate that antipyrine (used for ear
infections) adsorbed little to the soil. In contrast, caffeine was found to initially adsorb to
the soil, which was followed by degradation of the caffeine within 4 days by native
microorganisms. Alkalinity, bicarbonate alkalinity, sulfate, nitrate-N, potassium and total
organic carbon show significant differences in the applied water but not in the percolate
water. Drawing from these finding, these constituents are effectively removed from the
water by passing through the soil matrix. Therefore, the practice of recycled water
irrigation in Central O‘ahu is not of concern with respect to the contribution of these
constituents to the potable water aquifer. The predominant source of selected metals (i.e.,
barium, iron, manganese, and nickel) measured in the percolate water may have been
from the soil rather than irrigation water due to mobilization of the metals in the soil.?”
The final report found that the application of recycled water over the potable aquifer
could be allowed, with the understanding that DOH reuse guidelines limit application
rates below the consumptive evapotranspiration of the vegetative cover.*°

The O‘ahu Inactive Landfills Relative Risk Evaluation (2006) shows that there are ten old
unlined dumps in the North Shore, which are a potential source for ground water
degradation. These sites include two municipal landfills (Kawailoa (capped) and Waialua),
seven agricultural landfills (California Packing Company Dump 1 and Hawaiian Pineapple
Dumps 1, 3, 4, 5, 6 and 7), and one military landfill (PGptkea). Eight of these former landfills
are located mauka of the DOH'’s Underground Injection Control (UIC) line. Hawaiian
Pineapple Dump 3 lies within the 2-year and 10-year pumping period capture zones of two
BWS Waialua wells, where the maximum concentration levels of TCP were exceeded. These
wells are filtered with granular activated carbon. None of these landfills are within one mile
of a drinking water well or mauka of the No-Pass Line. The Inactive Landfill study
conclusion found no indication that these former landfill sites are a threat to human health.

Two new potential landfill sites in upland Papukea were recently ranked third and fourth out
of 11 sites by a City Advisory Committee on Landfill Site Selection in 2012.#' The potential
Papukea landfill locations are situated above Waimea Bay, a Marine Life Conservation
District. Concerns were raised by residents of polluted runoff going into Waimea Bay, and
increased traffic from dump trucks on an already congested Kamehameha Highway.*? These
two proposed sites are mauka of the DOH UIC line and the BWS No Pass line, but there are
no drinking water wells in the vicinity or downgradient.
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2.3.7 Surface Water

2.3.7.1 Streams

The Hawai‘i Stream Assessment (HSA, 1990) lists six perennial streams in the North Shore
district: Makaleha, Ki‘iki‘i, Paukauila, Anahulu, Loko Ea, and Waimea (Figure 2.9). The
Hawai‘i Watershed Atlas (2008) also considers Kawaihapai and Pahole as perennial
streams.** Three of these perennial streams, Anahulu, Paukauila, and Ki‘iki‘i, are “stream
systems,” i.e. streams with two or more major tributaries that extend from different valleys
and converge on a coastal plain.

e The Anahulu System consists of Kawai‘iki, Kawailoa, Kawainui and Anahulu
Streams draining into Waialua Bay.

e The Paukauila System consists of ‘Opae‘ula, Helemano and Paukauila Streams
draining into Kaiaka Bay.

e The Ki‘iki‘i System consists of Poamoho, the North and South Forks of
Kaukonahua, and Ki‘iki‘i streams, also draining into Kaiaka Bay.

Several of the streams within the watershed are perennial in their upper reaches but
intermittent in their lower reaches. This is primarily due to surface water diversions for
agricultural use. The upper and middle reaches of each of the three stream systems have
moderate slopes. The lower reaches traverse a low-lying and relatively flat coastal plain in
the vicinity of Waialua and Hale‘iwa towns, where stream flows slow down and become
tidally influenced. Flooding in the lower reaches of the three stream systems occurs
frequently due to heavy rainfall or high surf.?

Makaleha Stream and Ki‘iki‘i Stream are candidates for stream protection and meet blue
ribbon criteria, according to the HSA. Blue ribbon resources stand out among the best in
the resource area. The resource areas include Aquatic, Riparian, Cultural, and
Recreational. Makaleha met a score of seven out of a possible ten for Riparian resources.
The criteria for Riparian blue ribbon resources include threatened and endangered birds,
water bird recovery habitat, rare plants and communities, protected areas, wetlands and
native forest. Ki‘iki‘i is one of the statewide outstanding streams for Recreation.
Recreational blue ribbon resources include camping, fishing, boating, nature study areas,
parks, hiking, swimming, and scenic views. Recreational Resources are considered to be
of statewide importance.*

The Multi-Attribute Prioritization of Streams (1998) lists potential heritage streams that
were identified using the criteria set forth in the State’s proposed Stream Protection and
Management (SPAM) System rules, and exhibit “high natural quality or that possess
significant scenic value” appropriate for preservation and protection. Waimea is listed as a
Potential Heritage Stream; however, the SPAM rules were never adopted by CWRM. The
proposed SPAM rules called for the establishment of a stream protection and management
system providing for the adoption and management of heritage streams to protect
biological resources of entire stream systems, including all tributaries.
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In addition to these streams, the North Shore Sustainable Communities Plan (2011)
mentions Kaiwiko’ele, Kamananui, ‘Elehaha, Kalunawaika‘’ala, Pakdlena, Kaunala, and
Paumall as major streams in the North Shore. According to local knowledge, at one time
there was a Polipoli stream in Mokulé’ia, but it had been filled due to Dillingham Airfield
construction. Other streams were diverted around the airfield.

As part of the update of the WRPP, CWRM identified the need for a standardized coding
system to delineate and codify Hawai‘i’s surface-water resources. The 2005 CWRM
Surface-Water Hydrologic Units coding system is an important first step towards
improving the organization and management of surface-water information that CWRM
collects and maintains, by providing a practical approach to managing surface water
information and allowing additional efforts to easily build upon or refer to this system.
Through this effort, CWRM staff will be able to better coordinate and improve surface
water data collection and utilization between agencies and stakeholders, leading to better
statewide resource management measures. Figure 2.10 delineates the CWRM hydrologic
units and their codes for North Shore.

2.3.7.2 Stream Flow

Rainfall, runoff, and ground water seepage contribute to the flow of streams. Rain water
may fall directly into the streams. Runoff may enter streams within minutes to days from
the original rainfall event. Ground water seepage into streams may take months or even
decades from the original rainfall event.

As part of the instream use protection program required by the State Water Code, CWRM
is charged with establishing “instream flow standards on a stream-by-stream basis
whenever necessary to protect the public interest in waters of the State.” IFS are similar to
sustainable yields for ground water, in that their establishment provides a management
system that protects instream and cultural uses while allowing for possible non-instream
water use. The Water Code defines instream flow standards as “the quantity or flow of
water or depth of water which is required to be present at a specific location in a stream
system at certain specified times of the year to protect fishery, wildlife, recreational,
aesthetic, scenic, and other beneficial instream uses.” These instream flow standards need
to consider the best available information in assessing the range of present or potential
instream and non-instream uses.

Measurable Interim IFS (IIFS) have been established for all or portions of 34 streams in
Hawai'i. IIFS were established based upon the amount of water flowing in each stream at
the time the administrative rules governing the IFS designation were adopted in 1988 and
1989. Future diversions of stream water cannot be made without first amending the IIFS
and obtaining a diversion permit from the CWRM. There are no streams with measurable
[IFS on the North Shore.
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In Hawai’i, at least two types of stream flow are calculated for surface water resources
planning purposes:

e Average flow is determined by dividing the sum of all stream flow measurements
for a particular stream by the number of stream flow measurements taken.

e Median flow is the rate of discharge of a stream for which there are equal numbers
of greater and lesser flow occurrences. In Hawai‘i, due to the flashy characteristics
of streams, especially during storm events, measurement of stream flows often
times produces very large peak flows. These large peak flows may affect the
calculation of the stream average flow, making it a less accurate measure of
“normal” times.

Table 2.4 contains flow information for those streams with gaging stations in the North
Shore district. When a stream has more than one gaging station, the largest average and
median flows were used.

Table 2.4 North Shore Stream Flow

2010 Apnual Median Flow Avg. Daily Flow .
Stream Name Median (cfs) / (med)? (cfs) / (med)? Data Years

(cfs) / (mgd)" 8 8
North 6.3/4.1 7.7/5.0 16.3/10.5 1913-1990
Kaukonahua
South 43/2.8 8.8/5.7 21.2/13.7 1957-1990
Kaukonahua
’Opae’ula 29/1.9 4.3/2.8 13.5/8.7 1959-1990
Kamananui 1.2/0.8 3.7/24 16.9/10.9 1960-1990
Kiikii Not available 14.9/9.6 32.0/20.7 calculated based on
System multiple stream gages
Paukauila Not available 45/2.9 243/15.7 calculated based on

multiple stream gages

Waimea Not available 3.7/2.4 16.9/10.9 calculated based on
River multiple stream gages
Helemano Not available 0.2/0.1 10.8/7.0 1967-1982

' U.S. Geological Survey

2

Hawai‘i Stream Assessment: A Preliminary Appraisal of Hawai‘i’s Stream Resources Report R84. 1990
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Information on a stream’s base flow is also important. Base flow is the portion of stream
flow that originates from ground water. It is therefore the amount of flow in streams during
prolonged dry periods, when there are negligible contributions from rainfall and runoff.*
A USGS stream survey study in 20044¢ found that downward trends in the median and
lower total flows are consistent with the trends of decreased base flows over time. This
corresponds to long-term decreases in rainfall, and is likely due to decreases in concurrent
ground water storage and recharge.

The United States Geological Survey (USGS) operates and maintains most of the stream
gaging stations in Hawai‘i. There are currently four operating streamflow gages — three on
Kaukonahua and one on Kamananui. At its peak, there were eight operating stream gages
in North Shore between 1967 and 1971.

2.3.7.3 Stream Modifications

Stream modifications are manmade alterations to natural stream channels and/or stream
flow. Common stream modifications in the North Shore district are dam or reservoir
construction and stream water diversion. Reservoirs and stream diversions may impact the
water movement, morphology, and ecosystem of a stream. A stream diversion is defined
in the State Water Code as “the act of removing water from a stream into a channel,
pipeline, or other conduit.”

In the North Shore, stream diversions provide agricultural water for both modern and
traditional agricultural operations. Stream diversions from different eras in Hawai‘i’s
history can still be found throughout the North Shore district. In ahupua‘a such as Waimea
and Anahulu, water has been diverted from the streams for many generations primarily for
wetland kalo cultivation and inland fishponds. During the 19" century, Waialua
Agricultural Company constructed extensive networks of irrigation ditches diverting
ground and surface water over many miles. Agricultural reservoirs were also constructed
over time to store water and increase its pressure before distribution to agricultural lands.
The agricultural reservoirs may also function as flood control reservoirs.

2.3.7.4 Surface Water Quality

The Federal Clean Water Act (CWA) of 1972 establishes a regulatory framework for the
nation’s surface water quality protection. The CWA calls for a bi-annual surface water quality
assessment in each state. Those surface water bodies found to be in violation of State standards
must be reported pursuant to §303(d) of the CWA. The list of impaired water bodies is referred
to as the 303(d) list, and contains information on the types of pollutants that are impairing the
water quality of a stream. The 303(d) list also makes an assessment on the severity of the
impairment and identifies priorities for Total Maximum Daily Load (TMDL) studies.

A TMDL identifies in much greater detail the causes of pollution and calculates the maximum
daily amount of pollutant load that can enter water bodies without violating water quality
standards. TMDL calculations are performed for both point and non-point source pollutants.
Point source pollutants originate from identifiable sources such as industrial discharges, sewage
treatment plants or municipal storm water drainages. Non-point source pollutants originate
from many sources such as soil sediments, fertilizers, and insecticides that are carried by
rainfall and move over and through the land. The calculated maximum pollutant loads are then
divided and assigned among the identified sources of pollution.
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For the 303(d) list, the State DOH assesses several types of water quality parameters
including nutrients, turbidity, total suspended solids (TSS), bacteria, heavy metals,
pesticides, herbicides and other potentially harmful substances. While there are many
variations in terms of the sources of water quality degradation in streams, excess
pollutants in North Shore streams mostly consist of nutrients and turbidity. The following
is a brief overview of these two major sources of pollution.

¢ Nutrients in a water quality context refers specifically to nitrogen and
phosphorous, two essential substances for the growth of aquatic biota. At an
elevated level, nutrients cause accelerated growth of phytoplankton that leads to
an increase in turbidity.

e Turbidity refers to the cloudiness of water. High levels of turbidity are considered
unfavorable in a stream because it hampers sunlight from reaching the bottom of
the stream, which in turn inhibits the growth of aquatic biota.

Table 2.5 lists the North Shore streams that were on the 2014 303(d) list of impaired water
bodies submitted by the State DOH to the EPA. DOH prioritization for TMDL studies is
based on the severity of pollution in a stream, designated uses of water for that stream,
and degree of public interest, among other factors. Those streams and water bodies that
drain large watersheds and flow into the central Waialua and Kaiaka Bays are on the
303(d) list, while the peripheral Waimea, Loko Ea, Makaleha, Pahole and Kawaihapai
Streams are not. Although the North and South Forks of Kaukonahua and Wahiawa
Reservoir are not physically within the North Shore district, they feed the Wahiawa
Reservoir that brings irrigation water throughout the North Shore, or feed (lower)
Kaukonahua Stream, and are therefore listed in Table 2.5. Some previously listed stream
systems were updated as estuaries, or inland brackish water bodies. For the North Shore,
this includes Ki‘iki‘i, Paukauila, and Anahulu.

Table 2.5 North Shore Streams on the 2014 303(d) List

District Stream TMDL Priority Pollutant in Excess
North Kawailoa Low Nutrients, Turbidity
North Anahulu* Low Nutrients, Turbidity
North ‘Opae’‘ula Low Nutrients, Turbidity
North Helemano Low Nutrients, Turbidity
North Paukauila* Low Nutrients, Turbidity
North Ki‘iki‘i* None Unknown
North Poamoho Medium Nutrients, Turbidity
North Kaukonahua Medium Nutrients, Turbidity
Central N. Fork Kaukonahua TMDL approved in 2010 Nutrients, Turbidity
Central S. Fork Kaukonahua TMDL approved in 2010 Nutrients, Turbidity
Central Wahiawa Reservoir Erié)ggr,e-ls-gl\DL development in Nutrients, Turbidity

*  Estuary portion only
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Excess pollutants in these streams on the 2014 303(d) list mostly consist of nutrients and
turbidity. Where these concentrations are high, they warrant concerns about decreased
oxygen in the water, toxicity to fish, and accelerated eutrophication.*” Nutrient loading
may be derived from animal wastes and the use of fertilizers. In forested areas, sediment
and particulate nitrogen and phosphorus can come from unstable stream embankments,
shallow storm-induced landslides, and altered and denuded landscapes as influenced by
vegetative cover and wildlife disturbance.*®

The NRCS Local Work Group has identified sheet and rill soil erosion as a high priority
resource concern (Figure 2.11)."® Turbidity is thought to be the result of erosion occurring
in mauka conservation lands, stream banks, and agricultural lands.*® Erosion is also
thought to be associated with cane haul roads and dirt bikes. The decrease in agricultural
production that has occurred in recent years may be accompanied by reduced levels of
maintenance on agricultural roads and ditches, leading to an associated rise in
sedimentation and TSS discharges.'® However, this can be disputed by the fact that
unmaintained agricultural roads become overgrown with weeds over time, and would
likely reduce sheet runoff from the road surface and reduce erosion-related sedimentation
of streams.

Unlined irrigation ditches can result in erosion sediment in the irrigation system, so
settling basins and filtration systems are utilized before irrigating fields. Settling basin
dredging removes silt, which is then spread on adjacent cultivated fields. Lack of
monitoring data throughout the North Shore district currently precludes any reliable
estimates of sediment loading originating from agricultural lands as compared to other
sources, such as the steep slopes of upland headwaters and lowland gulches.'®

NRCS has defined three classes to assess the potential for water-induced soil erosion:
Class 1 is defined as highly erodible land (HEL), while Classes 2 and 3 signify land which
is potentially highly erodible and not highly erodible, respectively. Approximately half of
the North Shore watershed is classified as HEL, largely due to the steeply sloping soils of
the Ko‘olau and Wai‘anae ranges. Farmers who grow agricultural commodities on HEL
lands are required to maintain an approved conservation system in order to be eligible for
certain USDA benefits and programs. Proposed conservation plans on Class 2 lands
(potentially HEL) are required to complete a field check of slope-length and gradient to
confirm the soil erosion classification.'®

A TMDL study for the North and South Forks of Kaukonahua was approved by the EPA in
2010. When implemented, DOH TMDLs for total nitrogen and turbidity for the North and
South Forks of Kaukonahua streams will result in the attainment of total nitrogen and
turbidity criteria. Achieving these water quality objectives may involve closer
identification of sediment source areas (e.g. shallow landslides, eroding stream banks,
denuded/disturbed hillslopes), sediment transport pathways (e.g. denuded hillslopes,
hardened drainageways), and appropriate repairs (e.g. stabilizing slopes and streambanks,
establishing riparian buffers, diverting and detaining surface runoff).*
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HIGHLY ERODIBLE LANDS

B Highly erodible land
Potentially highly erocdlible land
0 Not highly erodible land

Figure 2.11  Highly Erodible Lands (HEL) of the North Shore (Source: Rapid Watershed
Assessment North Shore Watershed, O‘ahu. 2009)

The extent to which this TMDL for the North and South Forks of Kaukonahua will
contribute to the attainment of water quality standards downstream (in Wahiawa
Reservoir, Lower Kaukonahua Stream, Ki‘iki‘i Estuary, and Kaiaka Bay) largely depends
upon the manner in which Wahiawa Reservoir, its other pollutant sources (the Wahiawa
WWTP, urban stormwater from municipal drainage systems, and polluted runoff/diffuse
pollution from surrounding agricultural, military and urban lands), and the Wahiawa
Irrigation System are operated and managed in the future.?

Water quality sampling of the Ki‘iki‘i and Paukauila streams in 2007 by the Kaiaka Bay
Watershed Team revealed high levels of the toxic pollutants ammonium and nitrite.
Inorganic nitrogen may exist in the free state as ammonium, nitrite, or nitrate. Sources of
ammonia include releases of ammonia-rich fertilizer, livestock waste, and improper
disposal of ammonia-containing cleaning products, septic systems, sewage treatment
plants, and food processing.>® DOH does not test for ammonium in streams, only in
marine waters. Nitrite, in itself a more toxic substance than nitrate, is tested for with a
nitrite/nitrate test. However, because the maximum containment level recognized by the
EPA for nitrate is ten times more than that for nitrite, the Kaiaka Bay Watershed Team
questions the DOH policy of combining these two compounds into a single standard that
is suitable only for nitrate. The high levels of the ammonium and nitrite pollutants
reported in Kaiaka Bay Watershed Team’s sampling, if confirmed, could be of
considerable harm to plants and animals as well as to humans if ingested.>!
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Although various theories exist for the causes of poor water quality, options and actions
available for remediation are limited. However, certain precautions can be undertaken,
such as limiting additional loading of nutrients into streams by curtailing further sewage
discharge, reducing animal water discharge into the North Shore’s water systems, and
seeking better control of soil erosion on the highly erodible lands of the district.?”

Numerous studies have been conducted on the water quality of Lake Wilson (Wahiawa
Reservoir). The primary water quality concerns are dissolved oxygen, nutrient levels,
turbidity, and bacteriological and toxic inputs, which have been associated with algal
blooms and fish kills. In the 1960s and 1970s, major fish kills in the lake were a result of
little or no dissolved oxygen existing in the reservoir, especially during the summer
months when the reservoir water level was low. The demand for irrigation water is
greatest during the summer months when drawdown from the reservoir has been known
to interfere with the re-oxygenation capacity of the water. Consequently, low dissolved
oxygen levels were contributing factors to anoxia of the fishes.>?

The Wahiawa WWTP has been discharging treated effluent into Lake Wilson since 1927.
Between 1986 and 1992 ten fish kills in the immediate vicinity of the Wahiawa WWTP
discharge were believed to be caused by toxic substances from the WWTP.53

In 2002, heavy rains caused an estimated 9,000 gallons of raw sewage to overflow at the
Wahiawa WWTP, spilling into storm drains and Lake Wilson.3® High nutrient loading of
phosphorus and nitrogen in the WWTP effluent and storm water runoff can result in
eutrophication or the excessive and undesirable growth of algae. Excessive algal growth
can produce low oxygen in the water. High nutrient concentrations in the lake were
associated in 2002 and 2003 with the explosive growth of the floating aquatic fern
Salvinia molesta, which covered approximately 90% of the lake’s surface within a few
months. The Salvinia infestation posed the threat of a massive fish kill and human health
concerns, and required intensive mechanical removal.?

The Wahiawa WWTP has been upgraded with a Membrane BioReactor (MBR) and the
effluent water quality is at R-1 level of quality. However, effluent is still characterized as
R-2 recycled water quality by DOH because DOH requires several other conditions
(piping to direct use and back-up storage capacity) to be met before the water can be
considered unregulated.

The Schofield WWTP discharges 2.6 mgd of R-2 water into the Wahiawa Irrigation System
(WIS). The use of R-2 water is limited to irrigating crops such as seed corn, trees and
orchard crops (e.g., papaya and coffee), and crops that are processed sufficiently to kill
pathogens.>* Prohibited crops include root crops and those that would expose their edible
parts to the water (e.g., vegetables). As noted above, DOH requires other conditions
before WIS is considered unregulated.

Additional information regarding the Wahiawa and Schofield WWTP’s can be found in
3.1.3 Recycled Water Availability and Use.
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2.3.7.5 Stream Biotic Resources

The ability of a stream to sustain aquatic life reflects the condition of a stream’s chemical
and physical characteristics. Therefore, in Hawai’i, the presence or lack of aquatic species
in a stream is indicative of a stream’s overall health, as introduced non-native aquatic
species tend to better tolerate degraded stream conditions. Native aquatic species found in
the North Shore district’s streams are listed in Table 2.6.

Native freshwater species possess several unique characteristics that make them a good
indicator of a stream’s ecological health. These characteristics include: (1) Native
freshwater species that are uniquely adapted to the “flashy” characteristics of Hawai‘i’s
streams and are dependent upon streams with large flow volumes for their reproductive
success; (2) Native freshwater species that have an amphidromous (migrating between
streams and ocean environments) life cycle. Native aquatic species lay eggs in fresh water;
their larvae drift downstream into the ocean and mature; juveniles leave the ocean and
return to fresh water environments, swimming upstream to live their adult lives. This life
cycle requires an unimpeded connection between the upper reaches of a stream and the
ocean; (3) Native freshwater species require well-oxygenated water and are sensitive to a
changing environment.

The Atlas of Hawaiian Watersheds (2008) assigns a standardized score from one to ten
with one being the lowest and ten being the highest for the biological resources of the
streams. The biological resource rating is a combination of the Native Species Rating,
Introduced Genera Rating, and All Species Rating. None of the North Shore streams that
were rated by the Atlas of Hawaiian Watersheds received a rating higher than 5 on a 10
point scale (Table 2.7). Kaukonahua and Ki‘iki‘i received a rating of 2. Five streams were
not ranked due to lack of data. Comparatively, the majority of O‘ahu streams score lower
than 5 for biological resources.

Department of Land and Natural Resources (DLNR) Division of Aquatic Resources (DAR)
Stream Biotic Importance Criteria are also used to assess the biological resources in North
Shore’s streams. DAR uses the following stream characteristics when determining a
stream’s existing biological importance (Table 2.7).

e 19 or more different types of native insect species can be found in the stream
e 5 or more different types of native macrofauna can be found in the stream

e Absence of priority 1 introduced species in streams

¢ Abundance of any native species in streams

e Presence of candidate endangered species in streams

e Endangered Newcomb's Snail habitat
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Table 2.6

North Shore Native Aquatic Species*

Common Name

Hawaiian Name

Scientific Name

Crustaceans

Mountain shrimp

‘Opae kala’ole

Atyoida bisulcata

Hawaiian prawn

‘Opae ‘oeha’a

Macrobrachium grandimanus

Fish

Freshwater goby

‘O’opu nakea

Awaous guamensis

Threadfin Shad

no known Hawaiian name

Dorosoma petenense

Hawaiian Sleeper ‘O’opu akupa Eleotris sandwicensis
Smooth Cornetfish Nunu peke Fistularia commersonii
Hawaiian Flagtail Aholehole Kuhlia sandvicensis

Freshwater goby

‘O’opu ‘alamo’o

Lentipes concolor

Striped mullet ‘Ama‘ama Mugil cephalus
Bigeye Scad Akule Selar crumenophthalmus
Freshwater goby ‘O’opu napoili Sicyopterus stimpsoni

Freshwater goby

‘O’opu naniha

Stenogobius hawaiiensis

Insects

Green Darner Dragonfly

Pinao

Anax junius

Hawaiian Campsicnemus

no known Hawaiian name

Campsicnemus bicoloripes

True fly

no known Hawaiian name

Dasyhelea hawaiiensis

Caddisfly

no known Hawaiian name

Hydroptila sp.

Case-Making Hawaiian Aquatic
Moth

no known Hawaiian name

Hyposmocoma sp.

Upland Damselfly Pinao Megalagrion hawaiiense

Crimson Hawaiian Damselfly Pinao Megalagrion leptodemas

Blackline Hawaiian Damselfly Pinao Megalagrion nigrohamatum
nigrolineatum

Oceanic Hawaiian Damselfly Pinao Megalagrion oceanicum

Pacific Hawaiian Damselfly Pinao Megalagrion pacificaum

Hawaiian Pond Bug

no known Hawaiian name

Microvelia vagans

True fly

no known Hawaiian name

Procanace bifurcata

Hawaiian Saldid Bug

no known Hawaiian name

Saldula exulans

Hawaiian Shore Fly

no known Hawaiian name

Scatella cilipes

Hawaiian Shore Fly

no known Hawaiian name

Scatella clavipes

Hawaiian Midge

no known Hawaiian name

Telmatogeton sp.

Snails
No common name Pipiwai Clithon cariosus
No common name Hapawai Neritina vespertina

Sponges

Freshwater sponge

‘ no known Hawaiian name

’ Heteromeyenia baileyi

*  Source: Atlas of Hawaiian Watersheds & Their Aquatic Resources (2008).

In general, the biotic resources of the streams in the North Shore are severely degraded.

Important biological resources found in these streams are summarized in Table 2.7.
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Table 2.7 North Shore Stream Aquatic Resources

Watershed BiS(::‘(fgaEal Important Biological Re:ources Found in
c Streams
Rating?
Anahulu 5 Nativg Microfauna Diversity., Presence of
Candidate Endangered Species
Waimea 5 Native Microfauna Diversity
Pahole 4 Presence of Candidate Endangered Species
Makaleha 4 Absence of Priority 1 Introduced Species
Paukauila 3 Presence of Candidate Endangered Species
Loko Ea 3 Absence of Priority 1 Introduced Species
‘Aweoweo (Waialua) 3 Absence of Priority 1 Introduced Species
Laniakea (Keamanea) 3 Absence of Priority 1 Introduced Species
Kawailoa 3 Absence of Priority 1 Introduced Species
Ki‘iki‘i (Ki‘iki'i, Poamoho, 2 Presence of Candidate Endangered Species
Kaukonahua)
Kawaihapai NR Unranked Due to No Data
Ka‘alaea (Keamanea) NR Unranked Due to No Data
Kalunawaika‘ala NR Unranked Due to No Data
Pakalena NR Unranked Due to No Data
Paumala NR Unranked Due to No Data

3 Source: Atlas of Hawaiian Watersheds & Their Aquatic Resources (2008). Scoring is from zero to ten

with zero being the lowest and ten being the highest.

b Based on stream’s attainment of DLNR DAR stream Biotic Importance Criteria.

2.3.7.6 Flooding

The North Shore is subject to flooding from high waves, tsunamis, and rainstorms. High,
wind-generated waves caused by unusual storm conditions can result in flooding along
the shoreline. Tsunamis, also known as tidal waves, have also caused extensive flooding
and damage along coastal regions. See Figure 2.12 for the tsunami evacuation zone for
the Hale‘iwa/Waialua area. Rainstorm-generated floods are the most common of the three
natural causes due to the region’s natural topography and the inadequate capacity of
existing drainageways. Most rainstorm floods occur between November and May as the
result of large-scale storm systems.'®

Figure 2.13 shows an area along Kaukonahua, Ki‘iki‘i and Anahulu streams that is Flood
Insurance Rate Map (FIRM) Zone A and Zone AE, a 100-year flood inundation zone.
Along the ocean shoreline is an inundation area, mainly Zone VE, which indicates coastal
flooding that may have wave action. Modifications to natural drainage patterns and
activities that increase storm runoff from the mauka areas - including stream
channelization, increased erosion and sedimentation, and debris buildup/blockage to
restrict stream flow — further compound flood hazards in this area.” Inland beyond the
coastal flood area is Zone X, an area outside of the 100-year and 500-year floodplains,
and Zone X500, an area of 500-year flooding.
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Figure 2.12  Tsunami Evacuation Zone for the Hale‘iwa/Waialua Areas

2-34 NORTH SHORE WATERSHED MANAGEMENT PLAN - FINAL



CHAPTER 2: NORTH SHORE WATERSHED PROFILE

1 Miles

Source: State of Hawai‘i GIS Program, 2012

,,,,

C

NORTH

Hale'iwa Shingon
Mission

z

=

=

(a]

o

g s

0 = 8 w B 5

E = => < < X X

s © ¢ w o ¢ o £

'cwwccc::

=T - R~ S ~ R - T - S~

:m::JI\INNI\NZ
| Q
g | <
{
Q / g
- ] T

Figure 2.13  North Shore Flood Zones
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The FIRM zones help to identify areas that are less desirable to develop due to the chance
of flooding and higher insurance rates. The area along Ki‘iki‘i Stream and to the east
toward Hale’iwa is such an area, due to its low elevation and its designation as a 100-year
flood zone.>> FIRM maps can be accessed using the online DLNR Flood Hazard
Assessment Tool.>°

The Wahiawa Reservoir can prevent, reduce, and delay flooding that occurs due to
excessive rain events, although it was originally designed for irrigation purposes. In the
past with large rainfall events, the Wahiawa Reservoir overflowed the spillway, allowing
mauka rain-related water volumes to flow to the sea. When the spillway overflows, the
dam no longer serves as a flood control device, and essentially water flows unimpeded as
if no dam existed.

A Limited Visual Dam Safety Inspection of Wahiawa Dam in 2006 by the US Army Corps of
Engineers (USACE) classified the dam as a high hazard, based on its location and the
potential for loss, not the structural integrity of the dam itself. Should the dam fail, lives
could be lost and there would be extensive economic loss to community, industry or
agriculture.”” Overtopping of the dam would result in flooding of a large portion of the
communities of Waialua and Hale‘iwa.’® An agreement to lower the reservoir water level by
ten feet to reduce the risk of future flooding, was reached by Dole Food Company and
DOH, and is now in effect.>* Since this agreement, there has been no spillway overflows.

In response to resident concerns regarding the consequences of a break in the dam, a
simulation study was carried out by the Kaiaka Bay Watershed Project Team in 2007. The
model estimated that it would be 40 minutes from the time of the dam break to arrival in
the North Shore populated areas of Waialua and Hale‘iwa. This dam break modeling
analysis refines the evacuation zone in the Dam Emergency Action Plan, helping Civil
Defense coordinate and address an emergency event. Dole has an Emergency Action Plan
on file with USACE, and continues to monitor, conduct routine maintenance and contract
third-party inspections as required.>®

Recently completed or ongoing drainage system studies to address the community’s
concerns about flooding in the Waialua-Hale‘iwa area include: (1) Hale’‘iwa Road
Drainage Improvements Engineering Study and (2) Kaukonahua Stream Dredging Study
(from Otake Camp to Kaiaka Bay).! Dredging has occurred at the Paukauila Stream
mouth, the State is working with the residents and owners of Kaukonahua Stream to
develop a routine maintenance program for clearing channel debris and sediments
(including field inspections after a major flood event), and also working with landowners
to re-vegetate fallow lands. A possible contributor of sedimentation into the streams is
lands left vacant after sugar cane and pineapple went out of production.®®
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2.3.7.7

Stream Summary

The following table is a compilation of stream information found throughout this chapter.

Table 2.8 Summary of Stream Attributes
Stream ks Stream
Watershed Flow et TMDL Primary
Watershed Streams Length Biological . o
System 2 (cfs) / S Priority Landownership
(mi) q Rating
(mgd)
N/A Kaluakauila N/A - - - - State of Hawai’i
N/A Manini N/A - - - - State of Hawai’i
Dillingham Ranch
N/A Kawaihapai Kawaihapai 7.5 No Data Unranked | Not Listed Ana LLC, U’S.'f\"
State of Hawai’i,
Castle & Cooke
Dillingham Ranch
N/A Pahole Pahole 4.1 | No Data 4 Not Listed | Anatle
State of Hawai’i,
Castle & Cooke
Pioneer HI-Bred
N/A Makaleha Makaleha 13.9 No Data 4 Not Listed Int. Inc., ..
State of Hawai'i,
Castle & Cooke
Pioneer HI-Bred
N/A Waialua ‘Aweoweo 7.5 No Data 3 Not Listed Int. Inc., L
State of Hawai'i,
Castle & Cooke
Kaukonahua 9.9 No Data 2 Medium
TMDL
N. Kaukonahua 4.6 7.715.0 Unranked | approved
Kaukonahua (2010) State of Hawai‘i,
TMDL Castle & Cooke
S. Kaukonahua 18.1 8.8/5.7 Unranked | approved
(2010)
Ki‘iki‘i Wahiawa Res. ND No Data Unranked | High
Ki‘iki’i 1.9 2 Low? Private, Pioneer
Ki‘iki‘i Kaunala ND 149/9.6 Unranked | Not Listed HI-Bred Int. Inc.,
Castle & Cooke
Poamoho 45.8 No Data 2 Medium Castle & _Cooke,
U.S.A., Pioneer
Poamoho HI-Bred Int. Inc
North Poamoho ND No Data Unranked | Not Listed CY
State of Hawai'i
Private,
City & County of
Honolulu,
Paukauila Paukauila 2.2 45/2.9 3 Low Kamehameha
Schools,
Pioneer HI-Bred
Paukauila Int. Inc.
Helemano Helemano 60.4 0.2/0.1 Unranked | Low BasstIAe & Cooke,
Kamehameha
I ' e ' Schools,
Opae’ula Opae’ula 27.8 | 43/2.8 Unranked | Low Castle & Cooke,
State of Hawai‘i
Kawai‘iki Kawai‘iki 16.0 No Data Unranked | Not Listed Kamehameha
Schools
Kawainui Kawainui 17.9 No Data Unranked | Not Listed Kamehameha
Schools
Anahulu Kawailoa Kawailoa 9.2 No Data 3 Low Kamehameha
Schools
Kamehameha
Anahulu Anahulu 17.9 No Data 5 Low Schools,

Castle & Cooke
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Table 2.8 Summary of Stream Attributes (cont.)

Stream ks Stream
Watershed Flow et TMDL Primary
Watershed Streams Length Biological . :
System 2 (cfs) / S Priority Landownership
(mi) q Rating
(mgd)
N/A Loko Ea Loko Ea 2.2 No Data 3 NOt Kamehameha
Listed Schools
Ka‘alaea ND No Data | Unranked | NOU Kamehameha
Listed Schools,
N/A Keamanea .
. Not City & County of
Laniakea 7.2 No Data 3 Listed Honolulu
. Not
Waimea 65.0 3.7/2.4 5 Listed
s Not
‘Elehaha ND No Data Unranked .
Listed Hi‘ipaka LLC,
: L, Not Castle & Cooke,
N/A Waimea Kaiwiko’ele 5.0 No Data Unranked Listed Kamehameha
Not Schools
Kamananui ND No Data Unranked .
Listed
Kauwalu ND 3.7/2.4 Unranked NOt
) ) Listed
N/A Kalunawaika‘ala | Kalunawaika‘ala 2.8 No Data Unranked Dgtted Private
Not State of Hawai‘i,
N/A Pakalena Pakalena 2.4 No Data Unranked . City & County of
Listed
Honolulu
_ _ Not Private, U.S.A.,
N/A Paumala Paumala 9.7 No Data Unranked Listed State of Hawai‘i

! Hawai‘i Stream Assessment: A Preliminary Appraisal of Hawai‘i’s Stream Resources Report R84. 1990

2 Atlas of Hawaiian Watersheds & Their Aquatic Resources (2008). Scoring is from zero to ten with zero
being the lowest and ten being the highest.

3 Estuary portion only

2.3.8 Wetlands

Wetlands are areas that are regularly wet or flooded throughout most of the year and are
often characterized by specific plant and soil types. Wetlands provide habitat for fish,
birds, and other wildlife as well as serve two major hydrological functions - (1) as an
interceptor for runoff that lessens the impact of flooding; and (2) as a sediment and
pollutant absorber that traps sediment and pollutants in runoff. From an aesthetic point of
view, wetlands provide recreational, education, and research opportunities.

The USACE, the U.S. Fish and Wildlife Service (USFWS), and the EPA as well as State and
County agencies have responsibilities for the protection and management of wetlands.
The major wetland areas on the North Shore include: ‘Uko‘a Marsh, Loko Ea Fishpond,
Hale‘iwa Marsh, Taro and Lotus Fields, Kalou Marsh, Waimea Wetland and Estuary,
Crowbar Ranch Pond, Dillingham Field Ponds, and Mokulé‘ia Quarry (Figure 2.9).

‘Uko’a Marsh was formerly a fishpond and is part of what was previously a much more
extensive wetlands area around Kawailoa Road north of Hale‘iwa town and south of the
former Kawailoa Landfill. This wetland complex is the third largest existing wetland on
O’‘ahu.®" ‘Uko’a Marsh is described as shallow, from 0.9 to 1.2 m deep, and at one time
some 0.9 miles long and up to 0.2 miles wide, with an open water area or pond. The
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waters of ‘Uko‘a emanate from streams originating in the upper mauka lands and where
springs emerge from bedrock lavas.®? Records from 1883 indicate that ‘Uko‘a fishpond
was believed to have a subterranean connection with the ocean since the waters of the
pond would be adversely affected during the presence of strong offshore conditions and
stormy weather.%

Water from ‘Uko’a pond was formerly pumped for sugar cane irrigation®* and possibly to
supply the OR&L trains.®? At one time the pump house pumped 10 mgd of water from a
well dug nearby on the Kawailoa mountainside to irrigate the sugar cane fields above.®
Over time, erosion from intensive sugar cultivation carried soil into the pond.®* The Ukoa
Marsh Reconnaissance-Level Report (U.S. Fish and Wildlife Service Pacific Islands
Ecoregion, 1995) lists historical alterations of the hydrology of ‘Uko‘a Marsh as including:
the filling of the northern wetland (for landfill), construction of Kamehameha Highway and
Kawailoa Road, a reduction in water level and size of the marsh through pumping of
freshwater out of the marsh, and alteration of the connection between the marsh and the
ocean (Ahuimanu Productions 1977).

The landowner, Kamehameha Schools (KS) is working with groups such as Ducks
Unlimited, The Nature Conservancy (TNC), and USFWS to control predators and expand
habitat to protect the Hawaiian Stilt and the Gallinule.

Loko Ea Fishpond used to be connected to ‘Uko’‘a via an open water channel extending
about one mile south. This channel still exists and some water flow still remains during
heavy rains, but it is overgrown with vegetation. Loko Ea Fishpond drains approximately
2.1 square miles of low-lying coastal lands and wetlands north of Anahulu River into
Waialua Bay.? Loko Ea is a 10-acre brackish inland pond connected to the sea by a short
channel and water control gates. The pond is on Kamehameha Schools land, and has been
under restoration since 2007. It is currently used for educational purposes.

The Hale’iwa Marsh, Taro, and Lotus Fields wetland area is a cultivated marsh with a
majority of the area supporting taro and lotus. This natural marsh, fed by surface water
from perennial streams and ground water discharge from the Ko‘olau aquifer, was divided
into over 150 separate water impoundments prior to WWII for the production of aquatic
food.®® Uncultivated areas have been overgrown with invasive non-native vegetation.®!
The marsh is spring-fed, and running water can sometimes be heard beneath the
vegetation. In the central and northeastern sections, the vegetation overlies mucky brown
soil with standing water one to two feet deep. Surrounding the marsh are trees and shrubs.
Nearby residents use the edge of the marsh for various aquatic gardens.®

Kalou Marsh is in the Waiale’e Ahupua‘a, within the University of Hawai‘i Agricultural
Experiment Station. Once known as Kalou Fishpond, this site is listed in the Hawai’‘i
Register of Historic Places.®* The marsh is a spring-fed pond which drains into the sea via
a culvert through the sand dunes along the shore. It is an inland pond, approximately one
acre in size and supports a total of 15 acres of wetland habitats.®! A retaining wall borders
the marsh, and a fence was installed around a portion of the perimeter. Previously used to
grow taro, water from this marsh was used to irrigate pastures during the late 1980s. The
marsh is in poor condition because of inadequate maintenance and is currently only a
fraction of its former size. Parts of the northeastern section of the pond have been
previously bulldozed and much of the pond has become overgrown.®*
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The ephemeral Waimea Wetland and Estuary along the lower portion of Waimea River
provides only a marginal water bird habitat because of frequent fluctuations in water level
and the encroachment of grasses. During the summer the river is frequently cut off entirely
from the ocean by a sand bar; the dry weather flow enters entirely by seepage through the
beach. The river is also subjected to continuing human disturbance associated with the
Waimea Beach Park and Waimea Valley. Dogs, cats, and mongoose are common in the
area and presumably inhibit bird nesting along the river.®* With vigilant predator control
and constant management of the habitat, Hi‘ipaka, LLC is helping almost a dozen of the
Common Hawaiian Moorhen population to endure.

Crowbar Ranch Pond is a small man-made pond located near the entry road to the
Dillingham Ranch ‘Aina property. The pond was created to handle runoff upland of the
property. It has since become a decorative feature of the nearby equestrian facility,®” and
provides a good habitat for a number of coots. The area is predominantly pasture land of
open to semi-open grassy areas.®*

The Dillingham Field Ponds on the Hale‘iwa Coastal Plain are ephemerally flooded
pastures that have exposed underlying ground water. The primary grazing area at
Dillingham Air Field includes extensive mudflats that flood after heavy rains.

Mokulé’ia Quarry is a former rock quarry which discontinued operations in the 1970s.
The removal of rocks exposed ground water which now forms the wetland.

Various species of endangered water birds, such as the ‘Alae ‘ula or Hawaiian (Common)
Moorhen (Gallinula chloropus sandvicensis), the ‘Alae ke‘oke’o or Hawaiian Coot (Fulica
americana alai), the A‘eo or Hawaiian Stilt (Himantopus himantopus knudseni) and the
Hawaiian Duck or Koloa (Anas wyvilliana) can be found at North Shore wetlands. The
coots and stilts utilize the wetlands primarily as feeding areas, but the coots may also nest
there on occasion. The ‘Auku’u or Black-crowned Night Heron (Nycticorax nycticoras
hoactli), an indigenous resident water bird protected by state law, is likely to be found
roosting in trees bordering the wetlands, or feeding in open water areas. The Pueo, or
Hawaiian Owl (Asio flammeus sandwichensis), another endangered species, can be seen
flying over the wetlands to forage.®> Table 2.9 lists the endangered water birds and in
which wetlands they have been found.
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Table 2.9 Endangered Species Found Within North Shore Wetlands*
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Hawaiian Moorhen/‘Alae ‘ula
(Gallinula chloropus X | X X X X X X
sandvicensis)
Hawaiian Duck/Koloa Maoli
o X X X X X X X
(Anas wyvilliana)
Hawaiian Coot/’Alae Ke’oke’o
) . X X X X X X
(Fulica alai)
Hawaiian Stilt/A‘eo
(Himantopus mexicanus X | X X X X
knudseni)
Hawaiian Owl/Pueo
(Asio flammeus X X
sandwichensis)
Black-crowned Night
Heron//Auku’u
) . X X X X X X X
(Nycticorax nycticorax
hoactli)**

*  Sources: Ecologically Sensitive Wetlands on O‘ahu: Ground Water Protection Strategy for Hawai‘i (1989);
Final Environmental Assessment Haleiwa Regional Park Skateboard Facility (2002); Strategic Plan for
Wetland Conservation in Hawai‘i (2006); North Shore Information (2008); Final Environmental
Assessment: Intersection Improvements Dillingham Ranch Agricultural Subdivision (2008).)

** Not an endangered species, however an indigenous resident water bird protected by State law

2.3.8.1 Bogs

O‘ahu is unique in that it is the only main Hawaiian island which does not have extensive
bog habitats. Most true bogs and bog-like areas, like Mt. Ka‘ala, are formed by collapsed
calderas creating an impervious, saucer-shaped layer that holds water.®® Geologically,
bogs are characterized by impermeable substrate which limits water drainage. This
accumulation of water makes the bog environment severely acidic thus limiting vigorous
growth of plants. Hawaiian bogs house both bog-specific plant species, specially adapted
to the bog environment, and plant species found throughout the Hawaiian rainforest that
become dwarfed in the bog environment.%
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Kamehameha Schools owns a large portion of the Army’s Kawailoa Training Area in the
Ko’olau Mountains. O‘ahu’s only true bog, Lehua Mahanoe bog, was discovered in 1993
by Joel Lau and Samuel Gon Il (Figure 2.9).% A true bog receives its water only from rain,
without seepage from any surrounding wetland. There are many rare and three
endangered species within the Kawailoa bog’s stunted vegetation. The area has been
fenced to protect the bog from pigs, the greatest threat to this unique resource. Pigs can
devour and trample native species within the bog, as well as spread weedy species such
as Strawberry Guava (Psidium cattelianum) and Koster’s Curse (Clidemia hirta).*®

The cloud forest of Mt. Ka‘ala, the highest peak in the Wai‘anae Mountains, is home to a
70-acre immature bog on the summit plateau (4,000 feet), filled with rare and uniquely
Hawaiian endangered plants and animals. A boardwalk passes through the Mt. Ka‘ala
Natural Area Reserve, providing a window into the forest for hikers and an important
access trail for conservationists.”® Its perimeter is also fenced to keep it free of feral pigs.”!

2.3.9 Nearshore Waters

North Shore’s nearshore waters are heavily used by residents for recreational and
commercial activities. Three major embayments make up the nearshore waters of North
Shore: Waimea Bay, Waialua Bay, and Kaiaka Bay (Figure 2.14). These bays can also be
considered coastal plain estuaries.

Waimea Bay (“sacred water” or “red water”) drains the ‘Elehaha, Kauwalu, Kamananui,
Kaiwiko’ele and Waimea Streams of the Waimea watershed. The area of the watershed is
13.6 square miles.”? Waimea Bay is famous for the largest, most dangerous and
spectacular surf in the world, where waves can reach heights of thirty feet and more
during the winter months.”> This makes this beach the home of popular surfing
competitions.”* During the summer, the waves of Waimea subside making the waters
suitable for swimming, snorkeling, SCUBA diving, and fishing.”> Average daily attendance
in 2013 at Waimea was 1,546 visitors.

Waialua Bay (Hale‘iwa Harbor) is a coastal plain estuary that receives freshwater
influence from Anahulu Stream and its tributaries (Kawai‘iki and Kawainui streams), and is
bounded by the rocky limestone outcrops of Kaiaka Point to the west and Pua‘ena Point to
the east.®> At Waialua Bay, Anahulu River has a drainage area of 16 square miles and a
100-year peak discharge of 16,200 cubic feet per second. Freshwater leakage through the
caprock into Anahulu River and into the bay is estimated to be 4.79 mgd.>?

To accommodate its many uses, the State regulates portions of Waialua Bay for
recreational and commercial activities. The Hale‘iwa Ocean Recreation Management
Area designates zones for various recreational water sports to “reduce conflicts among
ocean water users, especially in areas of high activity” (Hawai‘i Administrative Rules §13-
256-1). The various zones include dedicated areas for: A & C — Swimming and Bathing; B
— Surfing and Bodysurfing; D — Commercial Thrill Craft; and E & F — Recreation Thrill Craft
(Figure 2.15).7¢ Waialua Bay also contains a Fisheries Management Area (FMA) designated
by the State Division of Aquatic Resources (Figure 2.14).
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When Hale‘iwa Harbor was built, Anahulu Stream was diverted to the east side of the
Harbor, which has drastically altered the coastline of the bay. An L-shaped mole was
constructed between the stream and harbor to serve as channel protection for the stream
and as a breakwater for the harbor,?* and provides 64 berths and 26 moorings for vessels.?
The offshore bathymetry is dominated by two pronounced troughs or canyons associated
with the Paukauila and Anahulu Stream drainages that extend towards shore. During the
winter, this is a high wave energy coastline, directly exposed to the North Pacific Swell.?

Kaiaka Bay (“shadowy sea”) is the marine receiving water for the entire Ki‘iki‘i Stream
System (including Lower/Upper Kaukonahua Stream, Wahiawa Reservoir, and Poamoho
Stream), as well as the adjacent Paukauila Stream System (‘Opae‘ula and Helemano
Streams). These waters drain from both the Ko‘olau and Wai‘anae mountains, and include
80 square miles of the Kaukonahua, ‘Opae‘ula, Helemano, Poamoho, and Paukauila
watersheds. Kaiaka Bay serves as a critical habitat for endangered marine species and has
been shown to contain rich and diverse coralline and microalgae species diversity that are
vulnerable to the impacts of streambank erosion.®® Freshwater leaking through caprock
into ‘Opae‘ula, Helemano, Poamoho, and Kaukonahua streams and Kaiaka Bay amounts
to an estimated seven mgd.>2
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Figure 2.15  Hale‘iwa Ocean Recreation Management Activity Zones
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2.3.9.1 Nearshore Water Quality

Hawai‘i’s Water Quality Standards classify marine waters as either Class AA or Class A.

e Marine Waters Class AA: these waters shall remain in their natural pristine state as
nearly as possible with an absolute minimum of pollution or alteration of water
quality from any human-caused source or actions. The uses to be protected in this
class are oceanographic research, the support and propagation of shellfish and
other marine life, conservation of coral reefs and wilderness areas, compatible
recreation, and aesthetic enjoyment.

e Marine Waters Class A: for recreational purposes and aesthetic enjoyment. Other
uses are permitted as long as they are compatible with the protection and
propagation of fish, shellfish, and wildlife, and with recreation in and on these
waters.

Waialua Bay is rated as a Class AA water body. Areas surrounding Ka‘ena Point are also
listed as Class AA. Remaining ocean waters are classified as Class A (Figure 2.14).

Kaiaka Bay and Waialua Bay were classified by DOH as water quality limited segments in
the 1998 Hawai‘i Unified Watershed Assessment. The bays are currently listed on the
State’s 303(d) list of threatened and impaired waters due to excessive levels of total
nitrogen, nitrate-nitrite nitrogen, chlorophyll a, ammonium nitrogen, and turbidity
exceeding the maximum allowable levels.”

Runoff generated in the upper reaches of the watershed impacts the coastal communities
of Waialua and Hale‘iwa. Kaiaka Bay directly receives runoff from major drainages and
has very turbid conditions. Excessive amounts of nutrients applied in agricultural
production, landscaping, and gardening can become detrimental to water quality at the
coast and in nearshore waters. The urbanized areas concentrate waste and build
impervious surfaces that also contribute to negative water and ocean quality.”®

The major sources of pollutants discharging into the Kaiaka and Waialua embayments are
household cesspools, injection wells from treatment plants, and sediments from drainage
basins.”® Although cesspool effluent is discharged into the ground water, it may seep into
surface water bodies and eventually reach the coastal waters.”” Sediment deposition
occurs along much of the coast after heavy rains, causing reduced downstream water
quality, increased likelihood of flooding,”® and discoloration of nearshore waters for
extended periods of time.? Excessive sediment smothers and kills coral tissue and reduces
light levels and food supplied to the coral by symbiotic algae.®

2.3.9.2 Marine Ecosystems and Fisheries

Significant amounts of coral reef habitat occur in the nearshore waters off the coast of the
North Shore district (Figure 2.14). According to residents, the reef has declined
dramatically over the past 30 years from a flourishing ecosystem and fish nursery to a
dead reef system with cloudy and turbid conditions.?? It is possible that the doubling of
population from 1970 to 2000 (Table 2.12) also doubled the amount of land-based
pollutants in the area.'®

However, much of the seafloor in the North Shore is exposed to high waves and storms,
and is characterized not by lush coral thickets but by fossil reefs that grew many
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thousands to tens of thousands of years ago. The bottom of the seafloor is a smooth
limestone pavement called the insular shelf, composed of dead fossilized coral and their
algal partners. For all Hawaiian shores that experience the North Swell, the reef was last
alive about 5,000 years ago. This was about the time researchers think this extraordinary,
large swell associated with strong El Nino years began hitting the Hawaiian Islands.
Although these huge wave events only occur every few decades, the immense stress for
the reef surface deters widespread coral growth on those exposed shores. Currently, most
of the coral colonies are approximately the same size — meaning that they are about the
same age. The age of these corals probably dates back to the last large wave event in
1998, when their predecessors were wiped out and reset the age of the seafloor back to
5,000 years ago. These corals are likely to live only until the next large swell arrives.®

Because of the North Pacific Swell, coral cover on the North Shore is relatively low and
consists mainly of encrusting species that are wave resistant. The most common corals are
lobe coral (Porites lobata), cauliflower coral (Pocillopora meandrina), and mushroom
coral (Actinodiscus punctate). Encrusting corals such as crater coral (Leptastrea purpurea),
leaf coral (Pavona varians) and blue rice coral (Montipora flabellate) are found throughout
the area. Rare corals such as ringed rice coral (Montipora studeri) and invasive corals such
as snowflake coral (Carijoa riisei) have also been noted in the area.?®

Marine life that can be found in the North Shore nearshore waters includes: shellfish
(‘opihi, pipipi, pu ‘oléolé, ‘opae), seaweed (limu kohu), sea cucumber (loli), nudibranchs,
sea urchin (wana, ha‘uke’uke, ha‘uke’uke ‘ula‘ula, hawa‘e), eel (puhi, puhi kapa,
puhi‘oni‘o), goatfish (kima, moano, weke pueo), surgeonfish (palani, ma‘i‘i‘i, ‘api, pualu)
and other reef fish  (humaumau, pu‘u ola’i, kala, nakea, nenue,
humuhumunukunukuapua‘a, hinalea lauwili, hinalea ‘akilolo, manini, kihikihi, awela,

kikakapu, ‘aha, ‘opule, aholehole), Spotted Eagle Ray, and Monk Seal 88818284

In 1983, the State of Hawai’i designated Kalua o Maua (Three Tables) and Shark’s Cove as
a marine protected area, called the Paplkea Marine Life Conservation District (MLCD).
This is one of three on O‘ahu and one of 11 in the State of Hawai‘i administered by DLNR
DAR. This MLCD recognizes the importance of this area as a center for marine recreation,
conservation, and fishery replenishment.

To aid the MLCD in its purpose of conserving and replenishing marine species, the State
expanded the reserve in 2003 to cover Waimea Bay, increasing the MLCD to over 100
acres and about a mile of coastline.®® It includes the submerged lands and overlying
waters from Waimea to Kulalua Point. Waimea Bay, Three Tables Cove, Shark’s Cove,
Papukea Beach Park, and the Papukea Tide Pools are all within the protected area. The
Papikea MLCD has an extremely complex overall bathymetry and provides an
outstanding natural laboratory for the study of the ecology of high wave impact
environments.54

Divers, bathers and shoreline fishermen are increasingly using Papukea for recreation and
sustenance fishing.8> Various user groups in the area have expressed concerns for the
level of activity that is occurring at the site and the safety of all users due to the mix of
ongoing activities.®

Before a rule change in 2002, fish stocks appeared to be depleted at the MLCD because of
virtually unrestricted fishing activity. However, fish counts done by UH and TNC have
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found that there are many more fish now than before the rule change.?® Under current
regulations, only shore fishing and seasonal akule and ‘Opelu fishing are allowed in
Waimea Bay, and limited limu (seaweed) gathering is allowed. Otherwise, any take of the
protected resources in the MLCD is prohibited, including fishing at Shark’s Cove or Three
Tables, using a spear gun, collecting marine life (including shells), fishing, gathering
‘opihi, and damaging or removing coral.8® The use of nets is currently allowed in the
northern portion of the MLCD.®> Many community members feel that allowing
commercial netting in the MLCD is detrimental. There is also a significant amount of
poaching in the MLCD which the non-profit group Malama Paptkea-Waimea is working
hard to suppress, with help from the Division of Conservation and Resources Enforcement
(DOCARE) Mauka-Makai program.

Papakea MLCD also lies within the boundaries of the Hawaiian Islands Humpback Whale
National Marine Sanctuary (Figure 2.14), which stretches from Pua‘ena Point westward
around O‘ahu’s coast. The Sanctuary was created by Congress in 1992 to protect
humpback whales and their habitat in Hawai‘i, and includes some of the shallow (less
than 600 feet) waters surrounding the main Hawaiian Islands.?

The Waialua Bay (Hale‘iwa Harbor) Fisheries Management Area is that portion of Waialua
Bay bounded by lines drawn 100 yards seaward of and parallel to the Hale‘iwa Harbor
Breakwater and the Hale‘iwa Beach Groin, and inland ten yards downstream of and
parallel to the Anahulu Bridge. Fishing and harvesting aquatic life is prohibited in this
area, except as indicated in the following permitted activities:

e To take any legal size fish in season with one line, or one rod and line, with no
more than two hooks;

e To take crabs with not more than ten nets, provided the nets are not more than two
feet in diameter;

e To take shrimp for bait with a hand net provided that the net is not more than three
feet in any dimension;

e Commercial Marine licensees with a Bait License may take nehu, iao, and other
authorized baitfish for bait purposes;

e Licensed pond owners or operators may take young mullet (pua) or other small fish
for stocking their fishpond.®”

Ka‘ena is noted as an excellent fishing ground.8® A Bottomfish Restricted Fishing Area lies
just off the coast of Ka‘ena Point. It is unlawful for any person to take or possess
bottomfish while in a vessel that is drifting or anchored within this area, except in times of
emergency. Bottomfish species covered by these rules include: a) ‘ula‘ula koa‘’e or onaga
(Etelis coruscans); b) ‘ula‘ula or ehu (Etelis carbunculus); c) kalekale (Pristipomoides
sieboldii); d) ‘opakapaka (Pristipomoides filamentosus); e) ‘ukikiki or gindai
(Pristipomoides zonatus); f) hapu’u (Epinephelus quernus); and g) lehi (Aphareus rutilans).
These species are often referred to as the “Deep 7.”

Deeper waters off the North Shore are home to Pacific Blue Marlin (A‘u), Striped Marlin
(Naiaragi), Shortbill Marlin (Hebi), Wahoo (Ono), Dolphin Fish (Mahi Mahi), Yellowfin
Tuna (Ahi), Big Eye Tuna (Ahi Po’onui) and Skipjack Tuna (Aku).®
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2.3.10  Terrestrial Ecosystems

O’ahu is home to some of the world’s most endangered tropical dryland forests — the
island contains less than 0.2% native dry forest (1.7 km?) with less than 30% protected in
reserves (0.5 km?).9° 45% of the 68 native tree and shrub species identified in the dry
forest region are threatened.!

Since the arrival of the first human settlers on the islands over 1,600 years ago, Hawai‘i’s
forests have changed dramatically. Prior to human contact, the forest resources of North
Shore consisted of montane, lowland dry and mesic forests; woodland; and shrub land.
Significant changes to terrestrial ecosystems in Hawai‘i began in the 19th century when
cattle and other introduced livestock were allowed to range relatively freely throughout
the islands.??

Unchecked cattle grazing caused loss of biodiversity and soil erosion in many places
throughout Hawai‘i. Subsequent reforestation programs were counterproductive, as many
of the plant species that were planted were non-native and replaced native forest cover.
Currently, researchers estimate that over 90% of the original dry and mesic forest cover
has disappeared in Hawai‘i, leaving native forests only on mountain ridges and summits.”!

The North Shore district, like most of the state of Hawai'i, has lost many of its native
ecosystems, and those that remain are threatened by invasive species, development,
natural disasters, and climate change. Based on data compiled by TNC, approximately
29% of the North Shore district has retained its native-dominated ecological systems. The
remaining area, mainly in the lowland and coastal portions of the watershed where most
anthropogenic activity occurs, is dominated by non-native ecosystems.'8

TNC has rated the ecological viability of the native-dominated systems using an
assessment methodology based on three criteria: ecosystem size, condition, and landscape
context. Analysis of the viability data suggests 19% of the land within the North Shore
district has fair ecosystem viability, and 9% has poor viability. None of the native-
dominated land within the North Shore watershed received an assessment rating of good
or very good.”

2.3.10.1  Critical Habitats

A critical habitat is defined as an area “with the physical and biological features essential
to the ‘conservation’ of a threatened or endangered species, and that may require special
management considerations or protection”.%* There are more than 25 USFWS-designated
critical habitat areas in the North Shore district, supporting a total of 36 threatened and
endangered (T&E) plant species and several animal species. These critical habitat areas
overlap with each other and are generally found on the summits of both the Ko‘olau and
Wai‘anae mountains. Table 2.10 lists examples of T&E species of the North Shore in
addition to the endangered species found within wetlands listed in Table 2.8.
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Table 2.10

Examples of Threatened and Endangered Species in North Shore’

Common Name

Hawaiian Name

Scientific Name

Flora

Achyranthes ‘Ahinahina Achyranthes splendens var.
rotundata

Hawai'i alectryon Mahoe Alectryon macrococcus var.

macrococcus

No known common name

No known Hawaiian name

Alsinidendron obovatum

Lavaslope centaury

‘AwWiwi

Centaurium sebaeoides

No known common name

Ka‘ena ‘Akoko

Chamaesyce celastroides var.
kaenana

Herbst’s sandmat ‘Akoko Chamaesyce herbstii
No known common name Haha Cyanea spp.

Sticky flatsedge Pu‘uka‘a Cyperus trachysanthos
Mountain cyrtandra Ha’iwale Cyrtandra dentata
Delissea ‘Oha Delissea spp.

Sickle Island spleenwort

no known Hawaiian name

Diellia falcata

No known common name

Mehamehame

Flueggea neowawraea

Brackenridge’s rosemallow

Ma’‘o hau hele

Hibiscus brackenridgei

Maui island-aster

No known Hawaiian name

Hesperomannia arbuscula

Ka‘ala rockwort

Kulu1

Nototrichium humile

Carter’s panicgrass

No known Hawaiian name

Panicum faurier var. carteri

Ka‘ala phyllostegia

No known Hawaiian name

Phyllostegia kaalaensis

Dwarf naupaka Naupaka Scaevola coriacea
O’ahu schiedea Ma‘oli‘oli Schiedea spp.
O’ahu riverhemp ‘Ohai Sesbania tomentosa

O’ahu cowpea

No known Hawaiian name

Vigna o-wahuensis

Ko’olau eugenia

NT1oi

Eugenia koolauensis

Fauna

Hawaiian monk seal

‘llio-holo-I-ka-uaua

Monachus schauinslandi

Hawaiian hoary bat ‘Ope’‘ape’a Lasiurus cinereus semotus

Green sea turtle Honu Chelonia mydas

Hawksbill turtle ‘Ea Eretmochelys imbricata

Hawaiian Flycatcher O’ahu ‘elepaio Chasiempis sandwichensis ibidis

Bristle-thighed Curlew Kioea Numenius tahitiensis

Dark-rumped Petrel Uau Pterod(oma phaeop ygia
sandwichensis

Newell’s Shearwater ‘A'o Puffinus auricularis newelli

Black-footed Albatross Ka‘upu Phoebastria nigripes

O‘ahu tree snail (41 taxa)

Pupu kani oe

Achatinella spp.

Picture-wing fly (6 taxa)

No known Hawaiian name

Delphinia spp.

*  Sources: Kapuna Watershed Protection Project Pahole Natural Area Reserve Final Environmental
Assessment (2003); Final Environmental Assessment Replacement, Repairs and Improvements Haleiwa Boat
Harbor, Job No. B76DO70A (2005); Ka’ena Point Ecosystem Restoration Project (2009); North Shore
Existing Conditions Draft (NSCLT/TPL, n.d.).

NORTH SHORE WATERSHED MANAGEMENT PLAN - FINAL 2-49




CHAPTER 2: NORTH SHORE WATERSHED PROFILE

The statewide Natural Area Reserves (NARS) is based on the concept of protecting native
ecosystems, as opposed to single species, nonetheless many threatened and endangered
plants and animals benefit from the protection efforts through NARS.?> NARS were created
to preserve land and water areas that support relatively pristine natural communities and
geological sites. Hiking and nature study are allowed in the NARS.°® NARS currently
consists of 20 reserves comprised of approximately 123,431 acres on five islands,
managed by the DLNR Division of Forestry and Wildlife (DOFAW).

Three NARs are located within the North Shore: Ka‘ena Point, Pahole, and Mt. Ka‘ala
(Table 2.11). The Ka‘ena Point NAR is designated critical habitat for seven endangered
species of plants,8 and is home to a growing population of rare and endangered coastal
plants and seabirds. The endangered Hawaiian monk seal and green sea turtle are also
regularly found resting along the shoreline.”” The Pahole NAR in the Wai‘anae Mountains
above Mokulé‘ia has been designated as critical habitat for the ‘elepaio and for 25
threatened and endangered plants.”” The Mount Ka‘ala NAR in the Wai‘anae Mountains
above Waialua protects 219 native taxa, 76 of which are rare.?2 The North Shore NARS are
named in the table below along with a general notation of the protected species.'8

Table 2.11 North Shore Natural Area Reserves and Their Protected Species

Reserve Name Reserve Type Acres General Wildlife Concerns

Threatened & Endangered coastal

Ka‘ena Point Coastal Dune System 12 plants and seabirds

Forest birds, Threatened &

Pahole Dry and mesic forest 658 | Endangered forest plants, tree
snails
Mount Ka‘ala Dryland to wet shrub forest 1,100 | Forest birds, bog species

2.3.10.2  Ecosystem Threats

Invasive non-native plant species, feral ungulates and other non-native animals, human
activities, aquatic pollutants and wildfire have been identified as the most damaging factors to
Hawai‘i’s watersheds.’> On the North Shore, native vegetation is extremely fragmented and
invasive non-native vegetation is common along the ridges and in the valleys. The presence of
invasive species in the streams and waterways also impacts native aquatic species.

The O‘ahu Invasive Species Committee (OISC) identified several invasive species within
the North Shore district. Target species include pampas grass, miconia, and coqui frog.%
Strawberry guava is another invasive species that forms dense thickets, replacing native
Hawaiian plants and damaging the watershed. Feral pigs and goats are a major concern in
North Shore as they are found throughout the district. They both erode soils and cause
biodiversity loss. Even in small numbers, feral pigs may cause great harm in ecologically
sensitive areas.'®

Other harmful mammals in the North Shore district include feral cats (Felis catus), dogs (Canis
familiaris), mongoose (Herpestes aruopunctatus), and rats (Rattus rattus, R. exulans), all of
which are a major cause of mortality among endemic and common native bird populations.”®
The presence of avian malaria-carrying mosquitoes at elevations below 3,000 feet means that
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most native forest birds are restricted to higher elevations.'® Similar to feral pigs, rats have also
been observed in the district’s forested areas, feeding on parts of native plants as well as native
plants” fruits and seeds, which prevent these plants from thriving and reproducing. Rats also
pose a threat to human health, as rat urine is the primary source of leptospirosis in surface
water. !

Fire, as evidenced by the Waialua fires on the slopes of the Wai‘anae Mountains in 2007
and 2010, can have a destructive force with lasting impacts. The 2007 fire burned 6,700
acres of land.'® Initially, there is a loss of natives and introduced species; then, the bare
ground without intervention is re-vegetated with the robust introduced species out-
competing the native species.®® In the interim, rains will wash the topsoil down into the
ocean. Arsonists are the primary reason for the fires. Other causes include fireworks, road
flares, cigarettes, and possibly dirt bikes without spark suppressors in the exhaust.'®
Recreational hiking may also impact forests. Hikers may unintentionally facilitate the
spread of disease, invasive plants, or small pests. As these threats spread, the health and
function of native ecosystems will suffer.

Various agencies and groups are working to protect the North Shore’s natural resources.
These include DLNR/DOFAW, U.S. Army, the O‘ahu Invasive Species Committee (OISC),
the Ko‘olau Mountains Watershed Partnership (KMWP), and the Wai‘anae Mountains
Watershed Partnership (WMWP) (Figure 2.16).

DLNR/DOFAW: The NARS are managed by the DLNR/DOFAW. Specific activities for the
North Shore NARS include: monitoring and removal of rodent predators within the Ka‘ena
Point Predator Proof Fence, and predator suppression outside the fence as well; active
participation in the DLNR Ka‘ena Point Stewardship Group; monitoring of seabird
populations at Ka‘ena Point; ungulate removal from all fenced units within Pahole and
Ka‘ala NARS; boardwalk replacement at Ka‘ala NARS; maintenance of lower Ka‘ala
access road; and even the monitoring and removal of feral goats in the adjacent upper
Mokulé‘ia Forest Reserve to reduce the potential for goat ingress into the NAR.%
Additional information on the North Shore Forest Reserves and hunting areas can be found
in section 2.8.3 Preservation Land Use.

U.S. Army: The Army’s natural resources management program for the various training areas is
guided by the Integrated Natural Resources Management Plan (INRMP), which was required
by the Sikes Act for each military installation with significant natural resources. The ecosystem
management program on O‘ahu has a commitment to preserve, protect and enhance natural
and cultural resources and lands upon which the quality of training ultimately depends.

A portion of the U.S. Army’s Kahuku Training Area (KTA) and a majority of Kawailoa Training
Area (KLOA) are within the North Shore’s northern Ko’olau Mountains. The U.S. Army also
manages the Dillingham Military Reservation (DMR), located just east of Ka‘ena Point.'%?
Natural resource management activities differ by training area. On KTA, the Army engages in
incipient weed control of species such as Melochia umbellata and fountain grass, and control
of established weeds around such rare plant populations as Eugenia koolauensis. Activities in
KLOA focus on the protection of pristine habitat through fencing projects like that at ‘Opae‘ula,
rare species management and monitoring, fire management, ungulate control and weed
control of species such as Leptospermum scoparium and strawberry guava.
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In KLOA, the U.S. Army has banded together with Kamehameha Schools (the landowner),
USFWS, and DOFAW under a KMWP agreement. The parties formed a task group to
undertake fencing of a 150-acre area of the ‘Opae‘ula watershed to protect a sensitive
native ecosystem from feral ungulate threat. The pilot project provided baseline
information and regulatory protocols to gage future watershed work in the Ko‘olau
Mountains.'?

Habitat within DMR is highly disturbed with very little of the native flora surviving,
however small stands of native forest and shrubland can still be found on the cliffs of the
Wai‘anae Range in the southwest portion.' Most of the Army’s management at DMR is
conducted within these small stands of the only known example of extremely dry closed
canopy forests of the native soapberry Sapindus O‘ahuensis or lonomea. The ma’‘oli‘oli
(Schiedea kaalae) is the only endangered plant known at DMR. 04

Ko‘olau Mountains Watershed Partnership: The KMWP area covers approximately
111,407 acres. KMWP partners for the North Shore include DLNR, Dole Food Co.,
Hi‘ipaka, LLC (dba Waimea Valley), and Kamehameha Schools. The KMWP has
participated in the following activities for the North Shore: finalized an ungulate
management plan; goat removal from the Northern Ko‘olau population; pig removal from
the ‘Opae‘ula fence exclosure; obtained high resolution aerial imagery for 39,000 acres of
priority watershed; and surveyed weeds.'® KMWP is also planning on expanding
established fencing exclosures in areas such as the Upper Helemano drainage of the
‘Opae’ula fencing project, and Upper Kawai‘iki Drainage.

Wai‘anae Mountain Watershed Partnership: The WMWP area covers 144,000 acres in the
Wai‘anae Mountains. WMWP partners for the North Shore include DLNR and U.S. Army
Garrison Hawai‘i. These and other groups work together to cooperatively develop and
implement management strategies for the Wai‘anae Mountains, mauka to makai. The
WMWP has participated in the following activities for the North Shore: aerial imagery
weed mapping and control;'% meetings and community outreach on feral goat control;
coordination of the Ka‘ena Point Advisory Group; native plant seed collection and
propagation; and assistance with Pahole weed control trials.'® Future projects include
watershed resource protection fences, native forest restoration in priority watershed areas,
feral ungulate management and invasive weed control.'%

O‘ahu Invasive Species Committee: OISC works to prevent new invasive species
infestations and to eradicate incipient, high-threat species before they become
widespread. Historical or episodic management includes, but is not limited to:
monitoring, surveying, control of coqui frog, West Nile virus, long-thorned kiawe, and
false ‘awa. OISC also surveys and controls Pampas grass (Cortaderia selloana and C.
jubata) and Fountain grass (Pennisetum setaceum).'® OISC is another organization that
partners with private, government, and non-profit organizations and individuals.'® For the
North Shore, OISC, Bishop Museum, the Hawai‘i Department of Agriculture (DOA), and
O’ahu Army Natural Resources Program staff cooperatively developed a detailed map of
Chromolaena odorata boundaries in KTA, an invasive weed infestation (dubbed the “next
clidemia”). This map will be the first step in creating a comprehensive plan for addressing
this highly invasive species."® In addition, OISC is partnering with Waimea Botanical
Gardens to survey and control several plant target species.
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2.4 TRADITIONAL PRACTICES AND CULTURAL RESOURCES

Hawai‘i nui a kea
Loa‘’a O‘ahu he wohi
He wohi na Ahukiniala’‘a
Na La‘ameala‘akona, he wahine

O‘ahu begotten of wohi rank
A chief of Ahu kini a La’a
Of La’ameala‘’akona, a woman

This genealogical account of the chiefly birth of O‘ahu communicates not only the godly
creative forces that gave birth to the Hawaiian archipelago but more importantly, describes the
familial relationship shared between the Hawaiian people and their beloved lands.

The birth of the Hawaiian archipelago is credited to Papa and Wakea. Wakea, the upper
province of the sky, is symbolic of the region from which sunshine and rain descend to fertilize
the earth. Papa, the warm upper layer of earth, is where fertilized seeds await maturity to
spring into life. Papa and Wakea are also credited as being the first parents of human life on
earth. Through the birth of Haloa, born from Wakea’s own daughter, the first living child was
named for “the long stalk” (ha loa), manifest as the original kalo that grew from the place
where an earlier stillborn child, Haloanakalaukapalili, was buried beside their house.

Thus, Papa and Wakea are the first parents of human life on earth as well as the plant life
and animal life that feed upon it. These origins define the responsibility that rests with
future generations to care for the elder O‘ahu, born of chiefly parents.

2.4.1 Traditional Cultural Practices

“Hawaiians, more than any of the other Polynesians, were a people whose means of
livelihood, whose work and interests, were centered in the cultivation of the soil. The
planter and his life furnish us with the key to his culture.”"'" Understanding how
Hawaiians worked with their surrounding environment to produce food provides keys to
understanding their culture as a whole. These customs and practices distinguish
Hawaiians as a people and their continued existence in an island environment.

Major aspects of Hawaiian lifestyle are embodied in customs and practices surrounding
the cultivation of food including community life, family life, spirituality, stewardship, and
the use of natural and cultural resources. Thus, to the Hawaiian mind, the natural
elements - land, water, and ocean - form the basis of subsistence, cultural and religious
beliefs, customs, and practices. ‘Ohana living, or the presence of multiple generations in
the extended family, ensured that ancestral knowledge of practices, customs, and
traditions was passed down from generation to generation. Legends and chants that record
the names of winds, rains, and prominent environmental features are sources of ancestral
knowledge. Culturally prescribed behavior such as aloha ‘aina, and its companion
expression of conservation through malama ‘aina, ensure the sustainability of resources for
present and future uses. The activities that are central to traditional and customary
practices are dependent upon having access to and being able to care for and use natural
and cultural resources of the land, ocean, air, and water.
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Basic principles of Hawaiian stewardship and the use of natural and cultural resources
recognize the ahupua’a as the most common unit of resource management.
Geographically, an ahupua‘a is typically a wedge-shaped land section that encompasses
an area of land from the mountains to the sea. Mountain ridges also typically defined the
boundaries of most ahupua‘a. The land area of individual ahupua‘a depended upon the
availability of natural resources in that area.

Fresh water was one of the most coveted natural resources because of its life giving force,
hence the origin of the saying wai ola “water is life.” Hawaiians viewed water as a symbol
of wealth and prosperity.""" Thus in most instances, drier regions were split into larger
ahupua’a to compensate for the relative lack of fresh water, while water rich regions were
divided into smaller ahupua‘a.”’ Healthy stream flow from mauka to makai provided
drinking water, supported self-sustaining food cultivation activities including agriculture
and aquaculture, and helped to create estuaries with abundant fisheries. Because water
was viewed as a life force with spiritual connotations, water was not viewed as a resource
that could be commoditized or privately owned; instead it was managed as a resource for
the benefit of the entire community.''?

Culturally, the concept of ahupua‘’a management recognized the interdependency and
interconnectedness among the natural elements of land, air, water, and ocean as well as
between people and place. Spiritually connected to their natural surroundings, Hawaiians
depended on both the land and sea for survival. The system of ahupua‘a management
reinforced an extensive set of traditional practices and spiritual beliefs to protect the
ahupua‘a’s natural resources from degradation and to ensure that the quality and quantity
of these resources remained in abundance for future generations.'"3

Traditional practices varied throughout the different areas of an ahupua‘a. The following
section outlines how Hawaiians viewed the different sections of an ahupua‘a and the
associated traditional and customary practices associated with these areas. While this
discussion is not meant to be exhaustive, it touches upon some of those elements
necessary for traditional and customary practices.

WAO

The uppermost mauka regions of an ahupua‘a were known as wao. The word wao refers
to a place that is wild and distant and not often visited by man. Wao consisted of the
upper forested mountain areas of an ahupua‘a up to the mountain peaks or ridgelines.
There are several divisions within the wao. The wao la‘au is the inland forested region.
The wao kanaka, are the areas of the wao most accessible to man. In both the wao la‘au
and wao kanaka, Hawaiians gathered koa wood for various uses such as canoes, utensils,
and spears. Other resources were also gathered such as lau hala for thatch and mats,
mamaki tree bark for kapa, and kukui nuts for oil. Above the wao la‘au and wao kanaka at
the highest elevations of the ahupua‘’a was the wao akua - forest of the gods. These areas
were seldom accessed by Hawaiians and were considered extremely sacred, as the wao
akua were thought to be the realm of the gods and possessed both good and evil
supernatural elements. Use of the land and resources in the wao was very limited as
Hawaiians did not reside in this region of the ahupua‘a and accessed these mountain
forests only for gathering essential resources.'"" Today, these areas on the North Shore are
primarily known as the conservation areas and may still be used for traditional gathering
purposes (subject to landowner approval).
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KULA

Below the wao was the kula area. Kula consisted of the areas in the ahupua‘a of sloping
land between mountain and sea. Most kula consisted of great stretches of pili grass, a
material which was used in the construction of hale. The areas of the kula closer to the
ocean were called ko kula kai and those areas closer to the mountains were called ko kula
uka. Cultivation of crops took place in the kula, although at a smaller scale when
compared to the kahawai (fresh water) areas of the ahupua‘a, as the kula areas were not
the prime areas for crop cultivation. Kula areas in most ahupua‘a on all islands are
characterized by red dirt. Sugar cane and sweet potato grew well in this type of soil. Trees
also existed in the ko kula uka regions, although the trees in this region were not as tall or
dense as the trees found in the wao. The ko kula uka region provided Hawaiians with
medicinal plants and herbs as well as wood for various uses.'"" The North Shore contains
vast acreage of kula lands which are the primary agricultural lands today.

KAHAWAI

Kahawai literally means “the place of having fresh water” which most often included areas
of land in close proximity to streams that flowed along valley floors. Thus, the kahawai
areas of an ahupua‘a were of prime importance to Hawaiians for this was where the most
intensive cultivation of food crops took place. Unlike the red soils of the kula areas, the
soils of the kahawai areas consisted of dark soils good for wetland kalo cultivation. It is in
this region of the ahupua‘a that the majority of lo’i terraces and ‘auwai existed. Hawaiians
constructed their main dwellings in the kahawai areas or maintained temporary shelters
there during periods of extensive cultivation."" The kahawai lands on the North Shore
were the primary means that supported an estimated population of more than 300,000 at
the time of Cook’s arrival."*

KO KAHA KAl

The ko kaha kai areas consisted of the coastal lands of the ahupua‘a. The word kaha was
used to refer to areas that were near the shore but were not good for planting. Activities
that took place in this area were associated with the sea, including fishing, navigation, and
housing canoes. In addition to these activities, fishing villages also existed in the ko kaha
kai of some ahupua‘a.'" The ko kaha kai are places where people have more recently
settled in the North Shore.

KAI

To Hawaiians, the kai (ocean) was an integral part of the ahupua‘a. Fishing and gathering
limu were some of the most common activities associated with this area of the ahupua‘a.
Hawaiians named different areas of the sea for their varied characteristics. Kai pualena
referred to the areas where streams entered the sea. Pu‘eone (literally heaps of sand)
indicated the areas of the sea closest to land, including inshore dunes and outer sandbars.
The portion of the sea inside the reefs where lagoons existed was called kai kohola. The
po‘ina nalu, also called kai po’i (literally sea breaking) was the area further out from shore
where waves break. Kai ele referred to the dark sea and kai uli referred to the deep blue
sea.''" The extraordinary po‘ina nalu of the North Shore are what draw many locals and
visitors to this area of O‘ahu.
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2.4.2 Cultural Resources

The North Shore has numerous cultural resources and wahi pana. The concept of wabhi
pana is a cultural interpretation of spatially defined areas. Wahi pana are sacred sites or
significant places such as heiau, shrines, churches, prominent pohaku or stones, burial
caves or grounds, geographic features, and natural features and phenomena associated
with deities or significant natural, cultural, or historical events.""> The following
paragraphs describe known wahi pana on the North Shore.

2.4.2.1 Fishponds

The North Shore lands are known for their rich abundance of water and fishponds. Native
Hawaiians cultivated lo‘i kalo near streams, planted dry land gardens, and constructed
fishponds which provided food to the kua‘aina (country people), and the ali‘i (chiefs),
entrusted with the protection and sustainable productivity of these resources.'> The
political importance of the district was grounded in the system of agricultural and
aquacultural production, notably the extensive taro irrigation complexes of the well-
known royal fishponds ‘Uko’a and Loko Ea in Kawailoa Ahupua‘a.'®

‘Uko’a and Loko Ea are two important cultural resources for food production that
contributed to the abundance and wealth of Waialua which was known as ‘aina momoma
(fattened land). In pre-contact times, these royal ponds were linked to ali‘i who controlled
production from the adjacent ahupua‘a and socio-political center, Kamananui. Ruling
chiefs who lived near the center of the island and the famous birthing stones of
Kukaniloko in Wahiawa were also fed by the fish of ‘Uko‘a fishpond."”

‘Uko’a and Loko Ea Fishponds are linked to three ‘aumakua (ancestral deities) that are
considered guardians and protectors for the pond areas. These guardians brought blessings
of abundant fish and health to the people, and preserved the welfare of the ‘ohana
(families) of Waialua. These deities include the shark god Niukala, and the eel god
Puhi‘ula, but the most famous was the large mo’o (lizard) named Laniwahine.!"® Historical
accounts indicate that there was a kapu of extracting the white ‘anae, which was
considered as belonging to Laniwahine.®® The distinguishing feature of the pond was its
ample fish stock; comprised of a distinctive school of ‘anae and aholehole whose skin
colorings emulated the markings of various types of other fish species. The mullet of
‘Uko’a were full of fat when, as in all such ponds, the native guardian of the pond was
remembered; at other times the fish had thin bodies and heads like wood, or sometimes
disappeared altogether.'"?

2.4.2.2 Natural Features and Phenomena Associated with Deities or Significant Events

Kalua o Maua, also known as Three Tables due to the table-like reef outcropping, was an
important area within the Paptkea MLCD for the gathering of water in ancient times. One of
the flat outcroppings is named after a woman who was known as Kaluamaua. Tradition says
that whenever you saw Kaluamaua “floating” (the exposed table-like reef tops) you would find
fresh water bubbling up from the ocean bed there. In times of drought, water was retrieved
from these underwater freshwater springs by diving for it and collecting it in gourds.'°

Mary Kawena Pukui, a recognized Hawaiian cultural expert, explains the legend of
Kawaihapai, an ahupua‘a in the Mokulé‘ia area:
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A drought once came there in ancient times and drove out everyone except
two aged priests. Instead of going with the others, they remained to plead
with their gods for relief. One day they saw a cloud approaching from the
ocean. It passed over the house to the cliff behind. They heard a splash and
when they ran to look, they found water. Because it was brought there by a
cloud in answer to their prayers, the place was named Kawaihapai (the
carried water) and the water supply was named Kawaikumu‘ole (water
without source).’?!

2.4.2.3 Heiau

An important element of the Waialua moku’s cultural landscape is its strong connective
force to the traditional understandings of spiritual realms and forces linked to physical
sites. The overall concentration of archaeological sites throughout the moku indicate that
Waialua was viewed as an important area to invoke and sustain mana (spiritual force and
energy) for purposes of political and social order."> The presence of no less than eleven
heiau (religious site or temple), several of which were luakini (sacrificial) class and
therefore associated with ruling chiefs, testifies to the importance of the Waialua moku in
the Hawaiian culture.””

Heiau Kupopolo stands near the beach on the Hale‘iwa side of Waimea River. Measuring
266 feet long and 116 feet wide, and with at least three terraces, Kupopolo is considered a
relatively large heiau and is relatively intact with internal features which include
petroglyphs, upright stones, and a possible shrine.’? During the reign of Kahahana, who
became ruler of O‘ahu in 1773, Waimea’s presiding priest was Kaopulupulu. In one
legend, Kahahana asked his priest to determine whether the gods approved of him, and
whether the island of Kaua‘i would surrender if he invaded its shores. Kaopulupulu
requested that a temple be built where he could get a signal and “speak to the great chief
Kekaulike (of Kaua’i) through the thoughts of the great akua Mahuka.” Heiau Kupopolo
was built on the beach of Waimea Bay; however, when Kaopulupulu used it, he received
no answer from Kaua’i. It was thought the temple was in the wrong location. Because no
sign came, he called on the people to build a second temple high upon the cliffs. This was
to become Heiau Puu o Mahuka. From the temple, Kaopulupulu sent out thought waves,
and the answer quickly returned - Kaua‘i wished for peace.’?® A partnership between
Kamehameha Schools and the University of Hawaii’s Department of Anthropology
establishes a North Shore field school at Kupopolo Heiau, and archaeology students are
surveying the historically significant heiau.

Pu’u o Mahuka is the largest heiau on O‘ahu, covering almost two acres. The highest of
the three walled enclosures may date to the 17th century, with the lower two enclosures
perhaps added during the 18th century.'?* The name is translated as “hill of escape”.
Located in Papakea, this site is situated on a pali with a commanding view of Waimea
Bay.'? From this vantage point, signal fires were used to provide visual communications
with Kaua‘i, nearly 100 miles away. Traditionally, food offerings were presented to the
gods, but it is reported that human sacrifices may have also been offered here, perhaps
marking success in war.'? The high priest Hewahewa conducted religious ceremonies
here, until the traditional religion was abolished in 1819. Pu‘u o Mahuka Heiau was
declared a National Historic Monument in 1962, in recognition of its importance to
Hawaiian culture and history. The 4-acre property was placed under the jurisdiction of
Hawai’i State Parks.'°
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Hale o Lono heiau is dedicated to Lono, the god of agriculture, harvests, weather, sports,
and medicine. The site, located in Waimea Valley, was excavated, identified, and restored
during an effort begun by Waimea Valley archaeologist Rudy Mitchell in 1985 and the
first phase of restoration was completed in 1988. It is estimated that the Hale O Lono
Heiau was built between 1470 AD and 1700 AD.'?’

Ke Ahu O Hapu‘u (also the name of the bluff), located on the southern point of Waimea
Bay, is an ancient heiau. The hapu‘u is a type of sea bass. Once there lived two Kahuna
who were also lawai‘a or fishermen. One day they both went fishing in the bay and, after
many tries, they came up empty. Time after time, they dropped their ‘upena (net) but did
not catch any i‘a (fish). Ready to call it a day, on the last try they pulled in their net and
found a pohaku (stone) and one fish. They threw back the fish and also the stone, which
was the size of a human head. Later that night, they both had a moe‘uhane (dream). The
next morning, one of them said, “Last night | had dream.” The other man said, “I too had a
dream. | dreamed that the stone said he was cold and asked me to pull him out of the
ocean.” To their surprise, they had dreamed the same dream. The next day, they went
fishing and retrieved the stone. They began to build a heiau in honor of the sacred
pohaku. In the dream the stone said that his body was in Waialua. They retrieved the
wooden body from Waialua (it was a large piece of drift wood in the form of a human
body) and united it with the stone head. As a reward for their building the temple in his
honor, Kane Aukai brought an abundance of fish to the Waimea district. For many years,
Waimea was famous for its multitude of fish species. The temple is still standing and is
visited to this day by local fishermen, who leave offerings before fishing.'2°

2.4.2.4 Prominent Pohaku or Stones

Kaiaka Bay Beach Park, a large 53-acre park, is on the north point of Kaiaka Bay. The
beach park is the site of a legendary pedestal, or balancing, rock called Péhaku o Lana’i,
which was said to have floated ashore from the distant land of Kahiki.'?® This large
limestone formation stands alone near the edge of the bay, and is said to have been used
as a lookout by fishermen in the region. When fish were sighted, the stone was beaten
with a wooden mallet, and the resulting hollow sound was sufficient to gather together the
fishermen of the village.''® The beach and bay are used primarily for fishing and surfing.!2

The ancestral belief is that Kaiaka Beach Park (Pua‘ena) serves as a “leina a ka ‘uhane”
(spirit leap). This is an area of the physical realm where the souls of the departed pass on
into the afterlife. Spirits of the recently departed leapt into the sea from an uplifted
limestone rock and were met by ancestors who guided them safely to the land of spirits.'"”
This site has an associative linkage, both in name and cultural function, to Ka‘ena Point
which is also a famous leina.®® This leina has been described as a “small rectangular
platform of basalt cobbles, with scattered coral on the surface.” Its possible religious
function is suggested by its size, the presence of coral, upright stones along the edge of the
platform, and its vantage point.®8

Pohaku o Kaua‘’i marks the endpoint of a series of partially submerged rock outcrops that
form the westernmost extent of O’ahu at Ka‘ena Point. According to several recorded
traditions, this rock formation was once part of Kaua‘i.® Early Hawaiians used Ka‘ena
Point for fishing and feather collecting. Today, people of various cultures visit Ka‘ena
Point for fishing, hiking, bicycling, and other recreational and educational activities.'?
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2.5 SETTLEMENT HISTORY

2.5.1 Pre- Contact to Contact (1779)

In 700 AD, with the expanding Hawaiian settlement of the islands north from Hawai’i
Island, O‘ahu and the North Shore region became home to ancient Hawaiian
communities that thrived at ocean/land/river junctures such as Anahulu River and Waimea
Valley. Such locations were ideal for the traditions and culture of the Hawaiians’
symbiotic existence with nature, and were well suited to fishponds and the farming of taro
and other staple foods. The North Shore is still highly regarded today for its fishing and
agriculture.'

The district of Waialua is rich in legends, stories, proverbs, and myths. As can be expected
from a place with the word “wai” in its name, water resources were abundant in Waialua.
There were many springs, streams, tributaries, pools, shorelines, and nearshore areas that
were named, indicating their importance. Additionally, there were several fishponds,
watch towers to assist in nearshore fishing, and areas associated with sharks.?

Waialua can be literally translated as “two waters” and may refer to the two large stream
drainages (Anahulu and Helemano-Poamoho-Kaukonahua) that were once used to irrigate
extensive taro fields in the ahupua‘a of Kamananui, Pa‘ala‘a, and Kawailoa (the more
populous ahupua‘a on the eastern side of the district).’*! In the pre-contact period, villages
in the Waialua district were concentrated along the coast and the well-watered valleys of
the ahupua‘a on the eastern side of the district. The population of these ahupua‘a had
been estimated at 6,000 to 8,000 people before Western contact.'3?

In Kamananui, it was likely that sweet potato and bananas were planted at home sites
along the ridge and near taro patches at the bottom of the gulch. The remains of “the
longest irrigation ditch of which there is any memory” among native Hawaiians is located
at Kamananui.? The intake was from Kaukonahua Stream, and could be traced as far as the
intersection of the Mokulé’ia, Hale‘iwa, and Honolulu roads' (this could possibly be
near what is now known as Weed Circle). In general, the ahupua‘a of Kawaihapai, Kealia,
and Mokulé‘ia, on the western side of the district, were more arid, and were not as well-
watered.'*! However, Kawaihapai Stream, at one time, provided the water for several lo’i,
which extended to Kealia.’?' These western lands were famed for their warm climate,
cooling breezes, plant resources, and especially, marine resources.'*!

The significance of the district of Waialua and the ahupua‘a of Kawailoa in the consciousness
of native Hawaiians are suggested in the numerous traditions associated with the district and
ahupua‘a. Waialua is the site of a significant event in the consolidation of chiefly power in the
islands. For the 28 generations from Hulihonua (the first man in the ancient Hawaiian past) to
Wakea, no man was made chief over another. Kapawa was the first chief to be set up as a
ruling chief. This was at Waialua, O‘ahu, and from then on, the group of Hawaiian Islands
became established as chief-ruled kingdoms.'"?

Prior to the close of the 11th century, the ahupua‘’a of Waimea was given to the kahuna
(priest) of O‘ahu by Kamapua‘a, O‘ahu’s ruling chief of the time. Waimea Valley remained
home to the kahuna nui (high priest) of O‘ahu for over 600 years. The last was
Hewahewa, the Chief Kahuna under the reign of Kamehameha.'3°
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2.5.2 Contact (1779) to 1850

The first Westerners to land on O‘ahu came ashore at Waimea Bay in 1779, aboard
Captain Cook’s ship and briefly anchored to replenish freshwater supplies after Cook’s
death on Hawai’i Island. The crew recorded that the area around Waimea River was “well
cultivated and full of villages and the face of the country is uncommonly beautiful and
picturesque”."3°

Beginning in the early 1800s, the sandalwood trade initiated economic and cultural
transformations in Waialua Moku. It was the strict monopoly of the ali‘i (chief) beginning
with Kamehameha.''® Among these ali‘i, Ke‘’eaumoku Cox was the Hawai‘i Island chief
who had been given control of Waialua by Kamehameha. Diaries and journals of the
western entrepreneurs on O‘ahu record the early 19th-century sandalwood-based trade
that intruded upon the established mores and customs of the Waialua population.'™ The
demands put on the maka‘ainana (commoners) to harvest wood for trade caused many
taro fields to become fallow.'®

After the death of Kamehameha in 1819, leadership of the Islands fell into the hands of
Ka‘ahumanu, the third of Kamehameha’s wives. Together, Ka’ahumanu and Hewahewa
brought an end to the ancient kapu system of Hawai‘i. Hewahewa then retired to Waimea
Valley."% As the sandalwood trade collapsed in the 1830s, Protestant missionaries began
to establish their presence in Waialua.''®

The first Western settlement came in 1832, when Protestant missionaries arrived to the
Waialua district. Aboard the Thaddeus, the Emerson family anchored at Waialua Bay at
the mouth of the Anahulu River, where the Anahulu (or Hale’iwa) Bridge is found today.
They went on to establish an Emerson House and a Protestant church in the heart of the
village and Hewahewa became a regular visitor to the church. Today, that church is
known as the Queen Liliu‘okalani Protestant Church, named after Hawai‘i’s last queen
who vacationed in Hale‘iwa at the royal summer home and worshiped at the church.'3°
The first missionary census of the district, in 1831-32, recorded 2,640 people in Waialua,
probably down 20 to 30% from the first decade of the century.'?'

During this time, whaling enterprises were emerging to fill the sandalwood void at
Waialua. The islands became a victual (providing food supplies and provisions) and
layover base in the mid-Pacific.'"® Between 1830 and 1850, the demands of the ali‘i on
the maka‘ainana were severe. The missionary, John Emerson, commenting on the
burdensome taxes on the people, wrote that the ruling chiefs “get hungry often and send a
vessel to Waialua for food quite as often as it is welcomed by the people.”'3* Supplies of
produce and fresh and salted beef were in demand; and a trade in hide and tallow was
also developing. As had happened during the years of the sandalwood trade, authority to
commandeer valued goods from the commoners of Waialua was vested in the chiefs. The
variety as well as amount of things being appropriated from Waialua by the ruling chiefs is
impressive. “The [letters of Gideon La‘anui] speak of ocean fish taken in sweeps as well as
great quantities of fish shipped from the old royal ponds of ‘Uko‘a and Loko Ea, of dry
cooked taro (pa‘i‘ai) as well as poi, of sweet potato, breadfruit, shrimp, goats and pigs,
timbers of different kinds, chickens, oranges and lemons - and often cash money.”"?
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Sugar cane was first cultivated at Waialua earlier in the century by the missionary John
Emerson who grew sugar cane on his land from as early as 1836. He “made his own
molasses, grinding a few bundles of cane in a little wooden mill turned by oxen, and
boiling down the juice in an old whaler trypot”. This sugar cane plantation later passed
through several hands, including the Levi and Warren Chamberlain Sugar Company
(established 1865), Halstead & Gordon, and the Halstead Brothers.'"®

Cattle grazed on the lowlands in Waialua as early as the 1840s. Gideon La‘anui had amassed a
herd of 100 cattle by the time of his death in 1849. Other chiefs also had small herds, and the
Protestant mission had at least 250. The main cause of destruction to the gardens of the native
Hawaiians, however, were caused by the cattle ranches established in the uplands of Pa‘ala‘a
and Kawailoa on land leased by the ali‘i to foreigners, especially Robinson and Co., who
leased the Helemano lands of upper Pa‘ala‘a, and Louis Gravier, who leased the Paukauila
lands of Pa‘ala‘a. The cattle not only ranged over the upper pasture land, but also ran into and
over the lowland sweet potato fields and coastal wetland taro patches. Many fences and walls
were built during this period to a keep the cattle out, but the Hawaiians had little recourse for
the damages caused by these animals.'®

The human population continued to decline in the first part of the nineteenth century, and
by 1848, the population was down to 1,616 persons. Much of this decline was due to a high
death rate from newly introduced diseases, such as smallpox, typhus, and venereal
diseases.'*' With the death of Hewahewa in 1848, whose bones remain at Waimea Valley,
the rule of the kahuna nui came to a close. In the same year, the ancient kahuna land system
was overthrown in a great land division known as the “Great Mahele”. This western land
system of land titles and deeds signaled the start of private land ownership in Hawai‘i."°

2.5.3 1850-1900

During the Great Mahele, two descendants of missionaries, William Emerson and John T.
Gulick, were the first foreigners to buy land in Mokulé‘ia and Kawaihapai. Over the next
few years, Emerson continued to buy land from the original grantees or later owners until
he owned a total of 2,605 acres in Waialua.’'

In 1850, the first road from Honolulu to Waialua was built. With dwindling whale ship
arrivals during the 1860s, the populaces of districts like Waialua, which had been
dependent on the victualing trade, migrated to Honolulu and other parts of O‘ahu. The
whaling industry in the Pacific Ocean reached its peak in 1859. Prices for whale oil
collapsed five years later.'®

Following the death of Victoria Kamamalu in 1866, Pa‘ala’a Ahupua‘a, along with her
many other land holdings, was passed on to successive members of the ali‘i, eventually
becoming part of the Princess Bernice Pauahi Bishop Estate (i.e. Kamehameha Schools).'®

The ponds and coastline in Waialua were used for salt making. Thomas Thrum noted that
salt-making was a money-making enterprise for land-owners, usually the ali‘i, and was a
major item of export up to the 1880s, with a peak around 1870. He noted “The enterprise
was carried on very much after the ancient method of earth saltpans as described by Cook
and Ellis. Waialua had a section of several acres at Paukauila, devoted to salt making, by a
hui or company of adjoining kuleana holders, on the earth pan or vat process”.!"®
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In the latter half of the 1800s, Chinese immigrants began to cultivate rice in areas where
taro had once thrived. A market for rice in California had developed as increasing
numbers of Chinese laborers began immigrating there since the mid-19" century.
Similarly, as Chinese immigration to the islands also accelerated, a domestic market
opened.!® By 1876 there was still a considerable amount of former taro land available for
rice farming. At Waialua, about three hundred acres of swamp land were reclaimed for
rice farming.''® The high demand for rice land brought disused taro patches into
requisition - especially because water rights were attached to them.'3! In 1892, 180 acres
were under rice cultivation in Waialua. These rice fields extended from Kamananui
Ahupua’‘a, across Pa‘ala‘a Ahupua‘a, to Kawailoa Ahupua‘a.''®

The diaries of Robert Perkins, an entomologist and ornithologist, reveal that Kawailoa and
Waialua had become a favorite haunt of hunters in the 1890s:

At this time Waialua was much visited by sportsmen of Honolulu, as great
numbers of golden plover were scattered over the forehills and along the
coast. The native wild duck was common on the ponds and there were a
good many pheasants amongst the lantana on the plains, but still more on
the dry forehills below the forest and within this, before the trees became
continuous or dense. Thick forests, no doubt, once came down at least to
700 feet, for there were many traces of fires, some very old and some
comparatively recent. Great herds of wild pigs may sometimes be seen
crossing the flats between the gulches, where they chiefly hide. | counted
42 in one lot, of different sizes, from the largest boar with great tusks to
pigs only half grown...'"?

Western entrepreneurial interests altered the Pa‘ala‘a landscape. The O‘ahu Railway and
Land (OR&L) Company, organized by Benjamin Dillingham in 1889, connected outlying
areas of O’ahu to Honolulu, and would later wrap around Ka‘ena Point and along the
north shore to Kahuku.®” In 1897, Dillingham purchased the Kawailoa Ranch in
Mokulé‘ia. The ranch included over 2,000 head of cattle and over a hundred horses and
mules on 10,000 acres of land. Dillingham also leased additional property in Mokulé’ia,
including the Gaspar Silva Ranch, the James Gay Estate, and other lands in the area that
he could secure. Dillingham’s plan was to later sublease or sell the land at a profit, as the
lands had potential for being developed into large-scale sugar plantations. He anticipated
the land would become valuable once extensive irrigation systems were in place, and
once the OR&L railroad was constructed.®” During the last decade of the 19th century, the
railroad would reach from Honolulu to Pearl City in 1890, to Wai‘anae in 1895, to
Waialua in 1898, and to Kahuku in 1899.'"®

The development of a railroad system also spurred the development of large-scale sugar
farming in Waialua.'"® The Waialua Agricultural Company was established in 1898 by J.
B. Atherton, E. D. Tenney, B. F. Dillingham, W. A. Bowen, H. Waterhouse and M. R.
Robinson, and was incorporated by the company Castle & Cooke. They bought the
Halstead Brother’s land and mill and began to buy or lease the adjacent lands, much of
which was owned by native Hawaiians. They acquired many of the former irrigated taro
lands in order to control the water rights of the region.'®
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By the end of 1898, the first cane crop, grown on 300 acres and harvested in 1899,
produced 1,741 tons of sugar.? Land for a new railroad that would carry cane from the
fields to the mill began to be surveyed in 1898, and by 1908 the new railroad connected
the plantation lands in Waialua, Helemano, and Kawailoa.''®

The sugar companies needed labor, so Chinese, Japanese, Korean, Portuguese, Norwegian,
Scotsmen, and later Filipino, laborers were conscripted to work. The Asians were industrious
and many soon left their sugar jobs to go into business for themselves, starting laundries,
vegetable and meat markets, tailor shops, barbershops, restaurants, a post office, and others.

Capitalizing on the increasing numbers of visitors to the north shore of O‘ahu who
journeyed on his railroad, Dillingham opened the two-story grand Victorian Hale‘iwa
Hotel at Waialua Bay in 1899. The hotel was built on land leased from the Bernice Pauabhi
Bishop Estate (where Hale‘iwa Joe’s restaurant stands today). The hotel’s name, Hale‘iwa,
translates as “home of the frigate bird” (‘iwa), but as the ‘iwa is a poetic symbol for an
attractive person, so the figurative meaning of the name is “home of attractive people”.
The name eventually was used to identify the entire area above the bay and the “town”
there, which at that time comprised of only the hotel, a church, and a courthouse.
Eventually the area became the town of Hale‘iwa.''® With the opening of the Hale‘iwa
Hotel, the business climate expanded and tourism began to play a hand in the area. Many
of the early business families and their original business buildings still remain in Hale‘iwa
town today. Some of the town’s buildings are protected landmarks.!3°

2.5.4 1900-1950

Oral histories depict the changing composition of Waialua with the sugar industry and tourism.
There are stories that describe the water in Anahulu Stream and Hale‘iwa Bay as clearer and
more productive than today; early interactions between locals and tourists on the North Shore;
the social activity that centered around Hale‘iwa Hotel and it prestigious guests, including Queen
Emma and Charles Bishop; and the commercial side of Hale‘iwa town in the early 1900s.'"®

Dole Food Company’s pineapple growing and processing operation was established by
James Dole as the Hawaiian Pineapple Company in 1901."3% In 1913, Dole invested in a
new machine that could peel and core thirty-five pineapples every minute. With a fully
mechanized outfit, Dole’s business boomed.'3*

Innovations in agricultural operations, including mechanical loading of harvested cane,
hydroelectric power, and irrigation reservoirs and wells, helped to increase sugar
production dramatically.? Some of the area’s first ditches to control water flow were built
in Waialua around 1902. Between 1900 and 1906, four surface water collection systems
were constructed, giving the Waialua sugar plantation the largest water storage capacity in
the state of Hawai‘i. As a result of these efforts, sugar production increased from less than
5,000 tons to 20,000 tons from 1900 to 1905.13% The Ito Ditch, built after 1911, diverted
water to the Mokulé’ia sugar cane fields. The Waialua Agricultural Company was famous
for its system of flume irrigation. The portable concrete flumes were set around the fields
in a herringbone pattern and water was released to the field by small tin gates.!™®
Mechanical loading of harvested cane began to replace manual labor using self-propelled
machines in 1920. Later, the Waialua plantation would co-generate electricity and sell it
to local communities, contributing a small percentage to Hawai‘i’s energy production.'3®
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Waialua Agricultural Company, later named Waialua Sugar Company in the 1970s,
continued to expand during the first decades of the 20th century, eventually operating on
more than 12,000 acres, including a large portion of Kawailoa Ahupua‘a which was
leased from the Bishop Estate. Kawailoa became the site of one of the three camp units
(the other two were Helemano and Waialua) into which the plantation was divided.
Kawailoa Camp comprised of housing, social and recreational facilities for the workers of
the adjacent fields and their families.'"

Into the 20th century, rice continued to be cultivated in the Waialua district, and other
areas within the Hawaiian Islands. However, it declined steadily during the decades
leading up to World War II.""® The marked-off fields shown on a 1919 U.S. War
Department map are probably abandoned rice fields, constructed in the former taro land
area where Pa‘ala‘a and Kawailoa Hawaiians once planted taro. Rice farming went into a
steady decline for several decades before phasing out almost completely just before the
beginning of World War Il. By the early twentieth century, the main government road had
been paved and improved. The 1919 map also shows other, unimproved (dirt, gravel, or
macadamized) roads crossing the main road, which would become Kamehameha
Highway and Kaukonahua Road. The bridge over the Anahulu River, now called “the
Rainbow Bridge” was completed in 1921.11°

A 1929 U.S. Geographical Survey map depicts increasing habitation and infrastructure
density with a solid row of houses adjacent to Kamehameha Highway. Improved side
streets lead to other housing clusters, especially near the beach. The former taro land area
west of Hale‘iwa is marked as small fields; it was probably too swampy at this stage to
develop for housing. The 1929 map also shows one of the camps (‘Opae‘ula Camp 2) in
the inland section of Waialua set up by the Waialua Agricultural Company for their sugar
field workers. Unimproved roads and railroad tracks lead to these camps and to the
upland sugar cane fields. By 1943, Hale‘iwa is a maze of railroad tracks, irrigation
ditches, pumps, reservoirs, camps, and other facilities constructed by the Waialua
Agricultural Company. Schools and fire stations were built near the Waialua Mill, and the
working population moved away from the Hale’iwa area to Waialua town near the mill.'"®

The Hale’iwa Hotel continued to operate in the first decades of the 20th century. It closed
in 1928, but reopened in 1931 as the Hale‘iwa Beach Club. It was taken over by the U.S.
Army in the 1930s, serving as a center for recreational activities by military personnel in
Hale‘iwa during World War 11.77¢ At this time, the Hale‘iwa Hotel and the associated golf
course were utilized by the U.S. military.''® The Hale‘iwa Hotel closed and was torn
down in 1952.119

Beginning in the late 1920s, portions of Kawailoa were developed for military operations
as the United States expanded its armed presence in the Hawaiian Islands.'"® What would
subsequently evolve into the Hale‘iwa Auxiliary Airfield at Pua‘ena began as a gunnery
range in 1928. By November 1941, military facilities consisted of a small tent city, and the
airstrip was more like a country road than a regular runway. During the Japanese attack on
December 7th, 1941, two pilots took off from Hale’iwa Field and succeeded in shooting
down two Japanese planes. Following the United States’ entrance into World War I,
Hale‘iwa and the surrounding area was subjected to major infrastructure improvements
associated with military activity. A major runway was constructed from Pua‘ena Point,
extending to the present-day Kawailoa Drive. Military records indicate the construction of
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bunkers, housing and storage buildings, as well as improvements to the Hale‘iwa Auxiliary
Field facilities. These improvements in turn created the demand for labor, services, and
associated construction, which led to a further increase in population.'®

By 1946, Robert P. Patterson, Secretary of War of the United States, executed a
“Declaration of Taking,” which stated that the land of Mokulé‘ia, Auku’u, Kawaihapai,
Kealia, and Ka‘ena, Waialua, O’ahu, Territory of Hawai‘i; Mokulé‘ia Ranch and Land
Company, Limited, et al. “is taken... to provide for a military airfield, an ordnance storage
area, and related military purposes incident thereto. The said land has been selected by
me for acquisition by the United States for use in connection with such purposes, and for
such other uses as may be authorized by Congress or by Executive Order, and is
[rlequired for immediate use.” Several of the native Hawaiian families, who had retained
their small plots of land through the 19th and early 20th centuries, now lost lands through
this confiscation.®’

The OR&L railway continued to operate during the war to transport military equipment
and other goods, but announced the Company’s decision to discontinue service in 1947,
when shipping by truck became more economically feasible.!''® The Waialua Agricultural
Company slowly made the change to truck transportation, until the last railroad line was
closed in 1952.%7 The monocrop industry (sugar cane and pineapple) was the major
contributor to Hawai‘i’s economy during the first half of the twentieth century, but by the
late 1950s air travel began to create a new, more lucrative industry — tourism - which did
not require the arduous labor of agriculture.?

2.5.5 1950-Present

During peak sugar production in the 1970s, over 120 fields averaging 100 acres in size
produced 80,000 tons of sugar per year. Other historical land uses include pineapple
production on 2,100 acres of land owned by the George Galbraith Estate and leased to the
Del Monte Fresh Produce and Castle and Cooke.2

Waialua Sugar Company was one of the largest sugar cane plantations in the state of
Hawai‘i.’** The influx of workers into the region caused significant population increase in
the area. Before the initiation of large-scale sugar cultivation, the population in 1896 was
1,349 persons. By 1900, this had jumped to 3,285 persons, with an increase to 6,083 in
1910, to 8,397 in 1940, and to 9,171 in 1970. Historic maps and aerial photographs
indicate that from 1953 to 1978, the density of housing complexes increased along the
coast and Kamehameha Highway, but still avoided the former swampy taro lands.'"®

On a 1953 map, the initial draining of the former taro lands is depicted, as a reservoir
with a pipeline is west of Hale‘iwa.''® The Hale’iwa Small Boat Harbor was completed in
1966. '"® Hale‘iwa Ali‘i Beach Park, the area formerly used as a golf course, was
developed in 1969 after the land had been transferred from the Bernice Pauahi Bishop
Estate to the City and County of Honolulu."® In 1984, the City established the Hale‘iwa
Historic, Scenic, and Cultural District, mandating preservation rules and construction
constraints for Hale‘iwa Town.!"®
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In 1985, Castle & Cooke merged with the FlexiVan Corp. to become the Dole Food
Company. In 1991, Dole Food Company’s subsidiary, Waialua Sugar Company, produced
8% of the sugar in Hawai‘i, but in the next few years the plantation became
unprofitable.’® International competition resulted in a dramatic decline in large-scale
agriculture in Hawai‘i. Waialua Sugar Company, the last sugar plantation on O‘ahu,
closed in 1996.2

With increasing globalization of agriculture, an economic need to diversify agriculture
arose and culminated in the mid-1990s. With the closure of the sugar cane plantation and
in response to a growing consumer demand for high quality Hawaiian grown products,
Dole initiated a program of diversified agriculture to assist displaced workers while
expanding the local market with new products. Crops were selected and planted to take
advantage of new, emerging markets and products included papaya, mango, seed crops,
tropical flowers, sunflowers, and specialty crops such as coffee and cacao.!** Del Monte
ceased their pineapple operations in Poamoho in 2004, leaving Dole Food Co. as the sole
remaining pineapple grower on the island.? Pineapple, along with diversified agriculture,
continues along the North Shore today.'?”

Today, Hale‘iwa and Waialua, the region’s two rural towns, still feature a country
atmosphere with low-density residential structures and low-rise buildings, including
housing, retail establishments, restaurants, and surf shops.” Rural residential communities
include Mokulé‘ia, Kawailoa, and Sunset/Pupukea.” Hale‘iwa Town is a prime destination
for tourists and surfers from all over the world."®

2.6 DEMOGRAPHIC CHARACTERISTICS

Following World War Il and the resultant tourism boom on O‘ahu, the North Shore has
experienced a steady increase in population. In 1970, the North Shore’s population was
about 9,200 people, accounting for 1.5% of O‘ahu’s total population. By 2000, the North
Shore’s population doubled to nearly 18,400 people, about 2.0% of the island-wide
population.’

Table 2.12  North Shore Population'?®
1970 1980 1990 2000 2010
North Shore 9,200 13,061 15,729 | 18,380 | 17,720
O‘ahu 630,528 | 762,565 | 836,231 | 876,156 | 953,207
% of O’ahu 1.5% 1.7% 1.9% 2.1% 1.9%

Visitor studies also indicate that the North Shore’s permanent residents share their area
with an estimated average of 6,731 visitors on any given day. Surveys conducted by the
Department of Business, Economic Development and Tourism (DBEDT) in 2003 and 2005
show that 51% of all visitors to O’ahu visit the North Shore during their stay (or 2,423,446
visitors per year).?!
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Table 2.13 presents population and housing characteristics for North Shore. In 2010, the
average household size was slightly smaller in North Shore (2.93 persons per household)
than for O‘ahu as a whole (2.95 persons per household). There were approximately 6,632
total housing units in North Shore, of which 13.0% were vacant.

Table 2.13 2010 North Shore Population and Housing Characteristics'*

. Total .
Population Persons per Housing Vacant Housing
P Household Units . Vacancy Rate
Units
North Shore | 17,720* 3.05 6,678 868 13.0%
O‘ahu 953,207 3.06 336,899 25,941 7.7%
% of O’ahu 1.7% n/a 2.0% 3.3% n/a

The 2010 Census reported 6,678 housing units in North Shore, an increase of 0.5% from
2000 (at 6,648 housing units). In comparison, O‘ahu as a whole increased its housing
stock (of 315,988 in 2000) by about 6.6% during the same time period.

2.7 TRANSPORTATION

This section describes the existing road, transit, and bikeway network on the North Shore.

The only major road arterial on the North Shore is Kamehameha Highway, a two-lane
thoroughfare which links North Shore communities with Central O’ahu and Ko’olau Loa.
It is a scenic highway which traverses the coastline from Hale‘iwa through the
communities of Kawailoa, Waimea, Puapukea, and Sunset Beach. Segments of
Kamehameha Highway along the North Shore are sometimes closed during periods of
high surf and flooding when roads are hazardous to travelers, or as a result of rock slides.!
Hale‘iwa Bypass, also known as the Joseph P. Leong Highway (Route 83), connects
Kamehameha Highway east of Weed Circle to Kamehameha Highway north of Hale‘iwa
Beach Park.'40

North Shore residents regularly experience “bottleneck” traffic congestion at Waimea and
near Laniakea on weekend days and during periods of high surf. While congestion along
Kamehameha Highway has been historically limited to the winter months when spectators
travel slowly through the area to observe the high surf, traffic delays in the vicinity of
Hale‘iwa Town and Laniakea Beach have become frequent occurrences throughout the
year.!

Traffic in the area could lead to environmental concerns. Working residents who run
errands on the weekends feel that it is not worth it to travel to the dump, due to its
location on Kamehameha Highway.?? This could lead to dumping in illegal areas - a
constant, bigger problem. For Dole Foods, it costs $20,000 to clean up metals four times a
year, even with Aloha ‘Aina.
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Traffic regularly grinds to a halt as beach-goers stream across the road to view sea turtles
at Laniakea. During high surf, waves and sand sometimes wash onto the highway. To
alleviate congestion, a proposed North Shore bypass or highway realignment would jog
inland and run parallel to the current Kamehameha highway through pasture and
agricultural land, mostly owned by Kamehameha Schools. The City and County of
Honolulu acquired a three-acre parcel of land mauka of Kamehameha Highway to build
parking and restrooms at Laniakea. If the road were moved inland of that parcel, beach-
goers could access the shore without walking across the highway. An expanded beach
park would also allow the shoreline to move with the seasons without threatening the
highway.'#!

Minor arterials on the North Shore include Kaukonahua Road and Farrington Highway.
Kaukonahua Road is a narrow two-lane roadway which goes from Wahiawa north to
Thompson Corner and continues as Farrington Highway past Waialua and Mokulé’ia to
Ka‘ena Point. Numerous local streets, including Hale‘iwa Road, Goodale Avenue,
Waialua Beach Road, and Pupukea Road, serve the residential communities.!

Kamehameha Highway, except for the segment from Weed Junction to Hale‘iwa Beach
Park, Hale‘iwa Bypass, Farrington Highway, and Kaukonahua Road from Thompson
Corner to Weed Junction, are under State jurisdiction. Except for former cane haul roads,
most of the remaining streets in the North Shore district are under City jurisdiction.'

The City and County of Honolulu’s TheBus system currently has four bus routes serving
the North Shore district. The Hale‘iwa Park-and-Ride is located at the Waialua
Community Association Facility in Hale‘iwa. The North Shore has a total of two miles in
bike routes along the Joseph P. Leong Highway (Hale‘iwa Bypass Road), three miles along
Kamehameha Highway (Ke Ala Pupukea Bike Path), and seven miles in bike paths along
Waialua Beach Road. An additional 59 miles of lanes, paths, and routes are proposed for
the North Shore district in the Draft O‘ahu Bike Plan (2009). These bikeways are proposed
along Kamehameha Highway, Farrington Highway, Kaukonahua Road, and throughout
Hale‘iwa Town.!

Dillingham Airfield in Mokulé‘ia is the only public airport facility located on the North
Shore. The U.S. Army owns the field, but it is used jointly by the U.S. Army and the State
of Hawai‘i. The airfield consists of one 5,000-foot-long runway, hangars and tie-downs for
smaller aircraft, facilities for air-taxi services, and storage. The airport services general
aviation demands for small aircraft including civilian-powered flights, sailplane/glider
flights, and parachute activities, as well as military flights. Air traffic is limited to daytime
operations as a condition of the lease Department of Transportation has with the Army.!

The Hale‘iwa Boat Harbor is the only recreational boat harbor facility in the North Shore
district. The facility is managed by the DLNR, Division of Boating and Ocean Recreation.'
It is currently undergoing $2 million in improvements, including a new comfort
station/office, repair revetment, and roadway and parking improvements.'
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2.8 LAND USE

State land use is differentiated into four broad categories: Urban, Rural, Agriculture, and
Conservation. More than half of the land in North Shore is designated Agriculture.
Conservation lands make up approximately 40% of North Shore lands, which primarily
encompass the mountainous ridges and upper valleys of the Ko‘olau and Wai‘anae Mountain
Ranges and the Mokulé‘ia area. Urban lands account for just two percent of the land area in
the district. There are no State Land Use District “Rural” lands in North Shore. Table 2.14
displays the acreage and percentage of total North Shore lands that are in each State Land Use
District and Figure 2.17 illustrates the State Land Use Designations in North Shore.

Table 2.14  State Land Use Designations in North Shore

Land Use Acres % of Total
Agriculture 45,874 60%
Conservation 29,194 38%
Urban 1,563 2%
TOTAL 76,631 100%

At the City and County level, the two largest zoning districts in the North Shore district are
Agriculture and Preservation, which comprise 97% of the total land area. Table 2.15

displays the City and County Zoning acreage and percentage of total North Shore lands,
and Figure 2.18 illustrates this zoning.

Table 2.15  City and County Zoning in North Shore

Zoned Use Acres % of Total
Agriculture 42,441 55%
Preservation 31,887 42%
Country 1,029 1.3%
Residential 853 1.1%
Military/Federal 321 0.4%
Industrial 75 0.1%
Apartment 25 0.03%
TOTAL 76,631 100%

2.8.1 Land Ownership
There are eight landowners that own 500 or more acres in North Shore (Table 2.16).'42

Table 2.16 North Shore Large Landowners

Landowner Acres
Kamehameha Schools/Bishop Trust Estate 25,331
Dole Food Inc./Castle & Cooke 23,727
State of Hawai’i 10,787
Pioneer Hi-Bred International Inc. 3,160
Dillingham Ranch ‘Aina LLC 2,739
U.S. Federal Government 2,092
Hi‘ipaka LLC 1,875
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Together these landowners own approximately 90% of North Shore’s approximately
77,000 acres (Figure 2.19). The remaining 10% of land in the district is owned by various
small private landowners.

Dole is currently offering for sale 16,000 acres of agricultural and conservation land. The
State of Hawai’i recently bought 520 acres of agricultural land in the North Shore district
plus an adjoining 1,200 acres in the Central district from Galbraith Estate.'*3

2.8.2 Agricultural Land Use

Agricultural lands help to define the North Shore’s rural character, and is a major
contributor to the North Shore’s economy, providing jobs and economic opportunities for
area residents. Agricultural products grown on the North Shore are sold throughout O‘ahu.
Agriculture from the North Shore is valuable for providing food for the island’s population,
and reducing O’ahu’s dependency on imported foods.

Of the approximately 27,000 acres of land in the North Shore zoned as “Agriculture” by
the State, approximately 19,000 acres are considered “Prime”, 2,275 acres are considered
“Unique”, 4,800 acres are considered “Other”, and 290 acres are considered
“Unclassified” in the Agricultural Lands of Importance to the State of Hawai‘i (ALISH) Soil
Ratings adopted by the State Board of Agriculture in 1977 (Figure 2.20). The following
describe each of the ALISH zoning categories:

e Prime agricultural land is land best suited for the production of food, feed, forage
and fiber crops. The land has the soil quality, growing season, and moisture supply
needed to produce sustained high yields of crops economically when treated and
managed, including water management, according to modern farming methods.
Sugar cane was previously grown on these lands.

e Unique agricultural land is used for the production of specific high-value food
crops. The land has the special combination of soil quality, growing season,
temperature, humidity, sunlight, air drainage, elevation, aspect, moisture supply,
or other conditions, such as nearness to market, that favor the production of a
specific crop of high quality and/or high yield when the land is treated and
managed according to modern farming methods. Some examples of such crops in
the North Shore are coffee, taro, and non-irrigated pineapple.

e Other important agricultural land is of state-wide or local importance for the
production of food, feed, fiber and forage crops, yet they exhibit properties such as
seasonal wetness, erodibility, limited rooting zone, slope, flooding, or droughtiness
that exclude them from the Prime or Unique agricultural land classifications. These
lands can be farmed satisfactorily by applying greater inputs of fertilizer and other
soil amendments, drainage improvement, erosion control practices, flood
protection and produce fair to good crop yields when managed properly.

e Unclassified lands are not considered for classification as agricultural lands of importance
to the State of Hawai'i if they are: 1) Developed urban land over 10 acres; 2) Natural or
artificial enclosed bodies of water over 10 acres; 3) Forest reserves; 4) Public use (parks
and historic sites) lands; 5) Lands with slopes in excess of 35%; and 6) Military
installations, except undeveloped areas over 10 acres.
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North Shore agricultural lands extend north from Helemano Plantation towards Mokulé‘ia
and Sunset Beach, to the areas bordering Hale’iwa and Waialua Towns. The most
productive agricultural lands are located near or below the Wahiawa Irrigation System.
Less productive lands include some of the Mokulé‘ia, Kemo‘o and Waimea fields and
fields in the foothills of the Ko’olau Mountain Range." This is in part due to less water
availability from the Wahiawa Irrigation System in those areas.

The identification and designation of Important Agricultural Lands (IAL) was first proposed
at the 1978 Constitutional Convention and subsequently approved by voters in the same
year. Enacted as Article XI, Section 3, of the Constitution of the State of Hawai‘i, the State
is required to conserve and protect agricultural lands, promote diversified agriculture,
increase agricultural self-sufficiency and assure the availability of agriculturally suitable
lands. Act 233, SLH 2008, which provides incentives for designation of important
agricultural lands, became effective on July 1, 2008, and triggered the commencement of
the process to identify, map, and designate important agricultural lands throughout
Hawai‘i. Lands are selected as IAL through a) Voluntary Designation by landowners or
farmers, b) Mandatory County Designation by each county’s planning department, or c)
State Designation requiring the Department of Agriculture (DOA) and DLNR to
collaborate.’* Castle and Cooke Homes Hawai’i, Inc. received Land Use Commission
(LUC) approval in March 2011 for IAL designation of 679 acres in three geographically
separate properties for Central O‘ahu and North Shore, for the predominant agricultural
uses of diversified vegetable and fruit crops, flowers, and foliage.’* Kamehameha Schools
received IAL designation for approximately 9,171 acres in Kawailoa on the North Shore in
March 2015. The designation intent by Kamehameha Schools was to first preserve
agricultural lands so that the lands continue to provide food and sustainable energy for
Hawai‘i’s people, and second to increase the production of fruits, vegetables, meat and
other food products on its lands for the local market.'#®

The City and County of Honolulu Department of Planning and Permitting completed
Phase | of identifying IAL for O‘ahu in April 2014. Phase | quantified the IAL criteria and
reflected these on maps. The next step, or Phase Il, will involve stakeholders and the
public to identify what should be O‘ahu’s IAL using information from Phase I. This second
phase began in Winter 2014 and is currently in progress.'

A healthy agricultural industry continues to generate economic opportunities that are
appropriate to North Shore’s open space and rural qualities. Economic incentives to
support the industry, including tax or other incentives or measures, have been enhanced
and strengthened. These have helped to maintain productive agricultural lands, facilitate
conversion from plantation crops to diversified agriculture, and promote long-term leases
or sale of lands for farming.'

Dole Food Company is the largest agricultural landowner in the North Shore with
approximately 23,000 acres, and owns much of the North Shore’s irrigation water
infrastructure, including ditches, reservoirs, dams, wells, and diversions. Dole is the last
company on O‘ahu that continues to produce approximately 2,500 acres of pineapple.
Dole also produces coffee and cacao on approximately 200 acres, and leases its
remaining lands for agricultural uses.
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Farmers who lease lands from Dole farm vegetables, orchards, and seed corn. Waialua
Farmer’s Cooperative and other small farmers near Waialua High School grow asparagus,
onions, potatoes, and tropical flowers. Large farms have orchards in Waialua where they
grow papaya, banana, lychee, and mango. Other Dole tenant uses include ranching.

Kamehameha Schools owns approximately 9,000 acres of agricultural lands across five
ahupua‘a (Kawailoa, Lauhulu, Kuikuiloloa, Punanue and Kapaeloa) and a portion of the
Pa‘ala’a Ahupua‘a. Current tenants and their crops include: Alluvion Inc. (tropical
flowers), Mays Wonder Garden (hydroponic lettuce), Kawailoa Ranch Co. (horse
boarding), Kawailoa Farms (vegetables), and Twin Bridge Farms (asparagus).’® Twin
Bridge Farms is home to Hawai‘i’s only commercially-grown asparagus, and Mays
Wonder Garden is Hawai‘i’s largest and most modern lettuce farm, which is fast
becoming the island’s premier supplier of hydroponically grown lettuce.'*

Plans for the area include additional diversified agriculture in the lower portions of the
property, alternative energy development in the mid-regions, and stewardship of the
forested uplands.?

Pioneer Hi-Bred International grows seed corn on lands they own as well as lands they
lease from Dole and Kamehameha Schools. Corn grows at a lower elevation, and the
quantity of water use for farming corn is high per acre. Corn is not planted edge to edge
so that there is some isolation to keep from cross-breeding. Leaving land fallow is part of
the planting schedule. Pioneer also grows produce, wheat, and rice. Seed corn is a labor-
intensive endeavor that involves hand pollination. Growing seed corn requires small plots
in isolated areas, with limited intensity (1.25 crops/acre/year). Although seed companies
are currently a major agricultural producer in Hawai’‘i, there is the possibility that other
parts of the world may become more competitive for seed corn production.'®

University of Hawai’i’s College of Tropical Agriculture and Human Resources (CTAHR)
has a Livestock Experiment Station in Waiale’e, makai of Kamehameha Highway. The
Experiment Station is an animal research and demonstration facility, owned by the State of
Hawai‘i. Waiale‘e covers 135 acres of which about 65 acres are fenced and 35 acres have
the potential to be irrigated. The facility consists of an office space, staff cottages,
slaughterhouse, feed storage/mixing facility and an animal housing for pigs, poultry, swine
and cattle. Additional facilities include grazing pastures and an experimental waste to
biogas conversion demonstration.'!

CTAHR also runs the 53-acre Poamoho Research Station for research activities in tropical
fruit trees, entomology, termites, cover crops, vegetable breeding, papaya breeding, post-
harvest techniques, and taro. Some of the crops grown include tomato, corn, papaya,
macadamia nut, avocado, green bean, mustard cabbage, bulb onion, eggplant, pineapple,
sweet potato, banana, lychee, and mango.

Small-scale commercial forestry and ranching, including free range cattle, was initiated at
the upper elevations where intensive cultivation of crops is not feasible. Other small
ranches raise chickens (also known as broilers), turkeys, eggs, etc.
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Dillingham Ranch is a historic 2,700 acre property located in Mokulé‘ia. The ranch has an
equestrian center featuring the Mokulé‘ia Polo Field, grazes about 140 head of cattle,
grows various palms and coconut trees, is available as a filming location, and offers
various activities for guests.'>?

The 216-acre Papakea Ranch overlooks Waimea Bay. Previous to acquisition in 2001 by
Preservation Partners, the ranch was an agricultural property with pineapple and papaya
as the main crops. Preservation Partners are now clearing out invasive plants and trees in
order to selectively re-establish native Hawaiian flora and fauna.'?

Sunset Ranch is located above Waimea Valley, and is one of the largest private estates on
O‘ahu (approximately 30 acres). It has recently been protected by a conservation
easement in partnership with the North Shore Community Land Trust and The Trust for
Public Land. The ranch is primarily dedicated to equine operations, including a riding
trail, riding field, horse stables and indoor riding arena. Sunset has a fruit tree farm, and is
planning a Hawaiian plant nursery as well as a state-of-the-art aquaponics facility.’*

Aquaculture occurs at specific sites in Mokulé‘ia, Waialua, Hale’iwa and Kawailoa.
Hawai‘i Fish Company Inc., is a multi-species aquafarm formed in 1978. It is Hawai‘i’s
largest tilapia farm with a pond eight acres large and over 100 feet deep, fed by cool
natural springs.'®

North Shore is home to O‘ahu’s largest certified organic farm — Poamoho Organic
Produce in Waialua. Several other small farms on the North Shore feature organic
products. As diversified agriculture continues to develop and adapt to changing market
conditions, other suitable agricultural crops and uses may be introduced in the future.

Kalo is grown at several small farms, including Ku‘u Home Kula‘iwi, Kamananui Farm and
Education Center, and Na Mea Kupono Lo‘i Kalo. Many of the kalo farms primarily
provide community education.

With the sugar plantation closures in the 1990s, displaced sugar workers began farming
diversified agriculture. Southeast Asian immigrants began farming in the late 1970s and
their numbers have increased through to the present time. There are challenges relative to
this shift in the farming population. Many of the former plantation workers do not have
farming skills, and the immigrant farming population is unfamiliar with the U.S. regulatory
environment.'*® There are gaps in training opportunities and education for these farmers,

resulting in ill-advised and unnecessary pesticide use, and large areas of bare ground
fallow fields.'>®

2.8.3 Preservation Land Use

The forested mauka areas of the watershed are mostly in forest reserve. Forest reserves are
multi-use land areas that are meant to provide a variety of public uses and benefits,
serving as wildlife refuges and recreational areas.” The State Department of Land and
Natural Resources develops management goals for each of the reserves that reflect the
resources it contains.?” The North Shore district includes three forest reserves: Mokulé‘ia,
Kuaokala, and Papukea-Paumalt (Figure 2.16).
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The Mokulé’ia Forest Reserve surrounds Pahole Natural Area Reserve and also supports
the endangered O‘ahu ‘elepaio as well as various species of rare, threatened and
endangered plants. Mokulé‘ia Forest Reserve occupies approximately 3,341 acres, to the
east and west of Pahole Natural Area Reserve.'>” Hiking, bicycling, 4-wheeling, hunting
and camping are allowed on the trails and firebreak roads.’® At Kuaokala Forest Reserve,
there are public hunting areas for game mammals and game birds in the Kuaokala Game
Management Area. Hiking, bicycling, and camping are allowed along Kuaokala Trail.'>® A
majority of the Pupukea-Paumald Forest Reserve is within the Army’s Kahuku Training
Area (KTA). Public hunting is allowed in the Reserve, while Army hunting is allowed at the
nearby Kahuku Hunting Area.’™ On December 15, 2011, 64.8 acres were withdrawn
from the Papukea-Paumall Forest Reserve by Governor Neil Abercrombie through
Executive Order 4395. This acreage was part of a land exchange between DLNR and the
Boy Scouts of America, involving the exchange of private lands in Waikele, O‘ahu, for
public lands located on the islands of O’ahu, Kaua‘i, and Hawai‘i.'®°

2.8.4 Recreational Land Use

The North Shore is known for its numerous beach parks, world famous surf spots, and
abundant mauka and makai resources. The North Shore is a place for rest and recreation
that offers opportunities to enjoy the country atmosphere, numerous white sand beaches,
and mountain areas. Mauka areas provide opportunities for hiking, camping, hunting, and
horseback riding. Coastal waters, beaches, and parks are linked by walkways and bicycle
routes. Maintenance and improvements to existing beach parks, additional access to the
shoreline, and acquisition of beach right-of-ways continue to be a priority." There are
currently 43 beach access points along the North Shore coast. Beach attendance tallied in
2013 for beach parks with life guards was as follows: Sunset Beach, 339,854; Ehukai,
306,659; and Chuns Reef, 217,120 visits.

North Shore has approximately 4,000 acres of park lands. Table 2.17 lists North Shore’s
parks and their corresponding acreages. Waimea Valley is a cultural and ecological park
owned by Hi‘ipaka, LLC. This cultural park accounts for 46% of all park land in the
district, while State parks account for approximately 47% of park land in the district, with
beach and shoreline parks accounting for the remainder. Papukea-Paumalt State Park
Reserve was acquired in 2007 by Federal, State, and City governments, community
organizations, and private individuals, who managed to successfully raise funds to
purchase the property for the benefit of the public. This scenic viewshed is now
permanently protected and is directly mauka of the Papukea Marine Life Conservation
District. Trust for Public Land was instrumental in the acquisition of this land as well as
Waimea Valley. There are no golf courses within the North Shore district, and none are
planned.

2.8.5 Residential and Commercial Land Use

The North Shore Sustainable Communities Plan’s Community Growth boundary directs
the development of new housing units to areas in and around Hale‘iwa and Waialua. The
intent is to preserve open space and agricultural lands while providing access to
accommodate existing and future housing needs with a mix of housing types.
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The North Shore Sustainable Communities Plan supports commercial activity in the towns
of Hale‘iwa and Waialua while retaining their historic and “country town” character.”!
Within the next 10 to 20 years, Kamehameha Schools is planning a plantation-style Town
Center infill development in Hale‘iwa, consistent with the rural residential designation in
the North Shore Sustainable Communities Plan. No other major development of housing

and commercial uses is planned in the North Shore region.

Table 2.17 North Shore Parks

Owner Park Acreage
Private Waimea Valley 1,875.0
Pu‘uiki Beach Park 10.0

Subtotal | 1,885.0

State Pupuakea-Paumala State Park Reserve 1,100.0
Ka‘ena Point State Park 482.9

Pu’u o Mahuku Heiau State Monument 5.7

Subtotal | 1,588.6

City & County | Papukea Beach Park 77.0
Kaiaka Bay Beach Park 52.8

Sunset Beach Park 44.2

Mokulé‘ia Beach Park 38.5

Waiale’e Beach Park 34.9

Waimea Bay Beach Park 28.1

Makaleha Beach Park 27.7
Papuakea-Paumalu Park 25.9

Hale‘iwa Ali‘i Beach Park 19.3

Hale‘iwa Regional Park 17.8

Waialua District Park 12.8

Hale’iwa Beach Park 15.7

Sunset Beach Neighborhood Park 6.0

Kawela Bay Beach Park 4.8

Chun’s Reef Beach Support Park 3.0

Laniakea Beach Support Park 3.0

Kahawai Beach Support Park 2.6

Banzai Rock Beach Support Park 2.3

Sunset Beach Support Park 2.1

‘Aweoweo Beach Park 1.4

‘Ehukai Beach Park 1.2

Leftovers Beach Access Park 1.1

Kawailoa Beach Park 1.1

Sunset Point Beach Park 0.9

Uppers Surfing Support Park 0.7

Kamananui Neighborhood Park 0.6

Subtotal 425.5

Grand Total | 3,899.1
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2.8.6 Military Land Use

On the North Shore, the U.S. Army owns and leases the Helemano Military Reservation,
with housing, related community facilities and operational uses. The Kawailoa and (a
portion of) the Kahuku Training Areas are in the North Shore district and are used for
Army maneuver training activities. Kawailoa Training Area is the largest training area on
O‘ahu, and can support small infantry maneuvers, helicopter training, and mountain and
jungle warfare training.'®" Kahuku Training Area is primarily used for U.S. Army tactical
maneuver and warfare training. Kahuku Training Area’s non-military land is used for
recreation - specifically hiking, biking, and hunting.

Dillingham Military Reservation, also known as Dillingham Army Airfield, was initially
established as Kawaihapai Military Reservation in 1927, then redesigned as Mokulé‘ia
Airfield and fully utilized after the outbreak of World War Il. Following World War 1l the
airfield was inactivated in 1948. Today, the Army reservation is used for small unit
maneuvers of platoon and squad size, including para-drop and night vision goggle
exercises. Helicopters also use the site for training for both day and night tactical flight
operations. The runways are jointly used by civilian planes and commercial gliders and
are leased to the State of Hawai‘i.’®? Other public recreation/non-military uses include
parachuting, sky diving, hang gliding, and hiking.'®® Figure 2.16 shows the locations of the
military land uses on the North Shore.

Former military installations include Mokulé‘ia’s Army Beach, Hale‘iwa Auxillary Field at
Pua‘ena Point, and Camp Puputkea. Army Beach is located in Mokulé‘ia, across from the
entrance to Dillingham Army Airfield. The beach was named for a military recreation
center that was located there from 1970 to 1989. Hale‘iwa Auxiliary Airfield became
famous during the December 7, 1941 attack on Pearl Harbor when two Fighters took flight
from this field and gunned down six enemy airplanes. Originally used as an emergency
landing field for Fighter aircraft, Hale‘iwa Field had only an unpaved landing strip. During
the war, the runway was paved and it became a busy reliever base for fighter aircraft
patrolling the islands. After the war Hale‘iwa Fighter Strip was reused as a civilian airport.
It was abandoned between 1947 and 1961.164 Camp Pupukea was occupied by the U.S.
military from approximately 1927 to 1953. Prior to and during World War I, the Papukea
Military Reservation was used as part of the U.S. Army Fleet Defense System. After World
War I, the site was mainly used for housing soldiers. It is now used as a Boy Scout
Camp.165

2.8.7 Industrial Land Use

The Waialua Sugar Mill site, approximately 75 acres, has become the industrial center for
the region. Approximately 40 businesses are located in and around the Old Sugar Mill, in
Waialua Shopping Center, and along Farrington Highway. In addition to industrial uses
that support the agriculture industry, other industrial uses include boat and car repair,
surfboard manufacturing and repair, manufacturing of crafts and island products, clothing
and souvenir manufacturing, wholesale activities, and warehousing."
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2.9 PREVIOUS RELEVANT PLANS

The Hawai‘i State Water Code requires that the County Water Use and Development
Plans incorporate the Hawai’i Water Resources Protection Plan, Hawai’i Water Quality
Plan, State Water Projects Plan, Agriculture Water Use and Development Plan, and county
land use plan. This section provides a brief summary of these plans, which are indicated
by an asterisk mark (*). There have been several other notable water use or watershed
management related planning efforts that have previously occurred statewide or on the
North Shore that are relevant to this planning process. These plans are presented
beginning with the most recent.

2013 Update of the Hawai‘i Water Reuse Survey and Report

State of Hawai‘i Commission on Water Resource Management (2013)

This report is an update of the original 2004 Water Reuse Survey and Report. Findings in
the update show the annual volume of recycled water beneficially reused in Hawai‘i has
not substantially increased since then. Current recycled water usage is described for each
County. Traditional use of recycled water has been for golf course irrigation; however with
the availability of higher quality water, industry use has grown and the number of
landscape irrigation projects has increased. The use of recycled water for agricultural
irrigation has great potential for expansion. Obstacles can delay or prevent water reuse
projects from being implemented, but they are not insurmountable. Setting the price of
recycled water should encourage its use and should not be more expensive than other
water sources. Public acceptance is a critical component for the success of all water reuse
projects, and it is highly recommended that a proactive and concerted effort be placed on
educating the community, politicians, administration officials, and local farmers about the
safety of recycled water and the reasons why water reuse projects need to be developed.

The North Shore Greenprint

Trust for Public Land (2012)

In 2009 the North Shore Community Land Trust (NSCLT) began a visioning process aimed
at conserving the heritage of the North Shore. NSCLT partnered with The Trust for Public
Land (TPL) to develop a Greenprint for guiding voluntary land conservation with willing
landowners. The Greenprint is based on local and regional conservation priorities. During
the Greenprint process, NSCLT and an inclusive steering committee, with information
gleaned from existing and past efforts as well as public information-gathering sessions,
identified the lands on the North Shore that are most important for meeting multiple land
conservation objectives. The plan includes a detailed set of color-coded maps and action
strategies.

North Shore Regional Wastewater Alternatives Plan

City and County of Honolulu Department of Environmental Services (2012)

The North Shore Regional Wastewater Alternatives Plan (NSRWWAP) was intended to
update and revise previous wastewater planning efforts for the region. This planning effort
attempted to first understand the values of the North Shore community, and then develop
technical wastewater treatment alternatives that are consistent with these values. As a
result, a decentralized system of treatment and disposal is proposed. Decentralized
systems lend themselves to rural, spread-out, communities particularly where the
geography makes it difficult to collect and treat at centralized facilities. Entities like
homeowner associations, private maintenance companies, established management
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districts or municipal agencies can be responsible for regulatory compliance, operation
and maintenance of these decentralized wastewater systems. For areas where water reuse
or treatment improvements were deemed necessary, the following conceptual alternatives
were recommended for the North Shore Region:

e Upgrade Cesspool Systems with Septic Tank Addition — for remote or isolated
areas where sewering multiple parcels for treatment at a single plant would be
unfeasible due to cost or space limitations.

e Neighborhood Cluster Systems with Injection Wells — for areas where sewering
multiple parcels for treatment and disposal at a single plant is feasible, but
opportunities for reuse are not.

e Neighborhood Cluster Systems with Reuse (irrigation) — for areas where sewering
multiple parcels for treatment and disposal at a single plant is feasible, and
opportunities for reuse are present.

e Upgrade Existing Private/Municipal Wastewater Treatment Systems — for areas that
are currently served by treatment systems that may have the capacity to serve
additional parcels or may have potential for upgrading to produce reclaimed water
for reuse.

e Sewer Commercial/Residential Areas for Treatment/Water Reuse (small WWTFs) —
for larger areas that generate higher volumes of wastewater that could be treated
and reused for beneficial purposes.

North Shore Sustainable Communities Plan*

City and County of Honolulu Department of Planning and Permitting (2011)

The plan includes geographic boundaries and policies that support the role of diversified
agriculture and commercial activity in the towns of Hale‘iwa and Waialua while retaining
their historic and “country town” character. The plan also sets forth the policies and
guidelines for North Shore parks and recreational opportunities. The Open Space and
Natural Environment section emphasizes an integrated approach to resource management
that highlights the Native Hawaiian concept of ahupua‘a, seeking to preserve valued
natural features, agricultural lands, and recreational areas.

O‘ahu Agriculture: Situation, Outlook and Issues

City and County of Honolulu Department of Planning and Permitting (2011)

This report provides an assessment of (1) agronomic resources on O‘ahu, (2) the current
situation and outlook for agriculture, and (3) issues affecting agricultural land. Topics
analyzed also include supply, use and availability of farmland; economic contribution;
and agricultural trends. The material covers food crops, seed crops, flowers and nursery
products, biofuel crops, commercial forests, aquaculture, and livestock activities.

Waialua-Kaiaka Watershed Study

Townscape, Inc. (2010)

The purpose of the Waialua-Kaiaka Watershed Study (WKWS) is to provide guidance to
the City and County of Honolulu on how to improve the surface water quality of Waialua
Bay, Kaiaka Bay, and their tributaries so that they meet their respective State water quality
standards. In order to make proposed water quality improvement actions eligible for Clean
Water Act §319 non-point source grants, the City followed US EPA guidance in
developing a watershed plan. ENV’s Phase | of the WKWS included a general watershed
analysis and calibration of a Watershed Analysis Risk Management Framework (WARMF)
water quality model for Kaukonahua and Poamoho Streams. The following additional
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phases will continue the effort to develop a complete Waialua-Kaiaka Watershed Plan:
Phase Il - Data Collection; Phase Ill - Water Quality Model; and Phase IV - Watershed
Plan. Once the Waialua-Kaiaka Watershed Plan is complete, ENV and other partners may
seek funding to implement water quality improvement actions.

Rapid Watershed Assessment — North Shore Watershed

US Department of Agriculture Natural Resources Conservation Service (2009)

This Rapid Watershed Assessment (RWA) was compiled by NRCS to assist local land
managers, planners, and others in evaluating opportunities to implement conservation and
resource protection measures within the North Shore watershed. This document is the first
component of a two-part assessment, which includes a Watershed Profile and Assessment
of Conservation Opportunities. This Watershed Profile gives an overview of geographic
and social attributes in the watershed, and summarizes current natural resource conditions
that are particularly relevant to management of agricultural and natural lands. A synopsis
of NRCS-backed activities completed between 2005 and 2007 provides an indication of
resource protection progress as well as prospects for future partnerships in various land-
use categories.

Hawai‘i Water Resource Protection Plan*

State of Hawai‘i Commission on Water Resource Management (2008)

CWRM is responsible for the preparation of the Water Resource Protection Plan (WRPP),
which is a key component of the Hawai‘i Water Plan. The objective of the WRPP is to
protect and sustain ground and surface water resources, watersheds, and natural stream
environments statewide. Such protection requires a comprehensive study of occurrence,
sustainability, conservation, augmentation, and other resource management measures.
One of the key components in the 2008 version of the WRPP is the identification of
hydrologic units and their characteristics, including the quantity and quality of available
resources, and requirements for beneficial in stream uses and environmental protection.
This plan is currently being updated.

Kaiaka Bay Watershed Participatory Assessment and Action Project

Yost, Russell (2008)

The Watershed Participatory Assessment and Action (WPAA) Project identified numerous
community concerns, some of which were not anticipated at the outset of the project.
Although some issues and concerns were provided a solution, others were too complex,
poorly understood or required costly implementation. For example, concerns such as
waste and water quality concerns were identified, but causes, controls, and community
evaluation of corresponding best management practices could not be identified. The
project alerts the community to several important issues dealing with flooding, water
pollution, sediment and siltation, and human waste management, all of which have
contributed to the reduced quality of the waters in Hale’iwa and Waialua and, ultimately,
to reduced quality of life of the community. Highlights of project results include 1) the
establishment of a standing committee of the North Shore Neighborhood Board to work at
a watershed-level to address the multiple community concerns and issues of flooding,
water quality, waste management and reduction in hazards; and 2) increased awareness
by the community of flooding hazard, poor water quality, and the importance of
education as a best management practice.
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Assessment of the Wahiawa Irrigation System

State of Hawai‘i, Agribusiness Development Council (2007)

The Agribusiness Development Corporation (ADC), which is administratively attached to
the State of Hawai‘i Department of Agriculture (DOA), was tasked with evaluating
whether the State via the ADC should take over the privately owned Wahiawa Irrigation
System (WIS), including Lake Wilson. This study involved a review of the ownership, legal
rights, obligations, and liabilities of the various parties involved with the WIS; an
inventory of the existing infrastructure; an evaluation of the condition of the system; an
estimate of the cost of making necessary major repairs; and an assessment of the water
and sediment quality in Lake Wilson.

Agricultural Water Use and Development Plan*

State of Hawai’‘i Department of Agriculture (2004)

The major objective of the Agricultural Water Use and Development Plan (AWUDP) is to
develop a long-range management plan that assesses state and private agricultural water
use, supply, and irrigation water systems. The plan is intended to be a master irrigation
inventory plan which identifies system rehabilitation needs and prioritizes system repair.
Agricultural lands are extensive and can require significant quantities of water to maintain
productivity. The AWUDP is intended to promote the agricultural self-sufficiency of the
State and maintain once important agricultural water systems. This plan is currently being
updated.

State Water Projects Plan*

Department of Land and Natural Resources Engineering Division (2003)

The purpose of the State Water Projects Plan (SWPP) is to provide a framework for
planning and implementation of water development projects to meet projected demands
for State projects over a 20-year planning horizon. The objective of the SWPP is to review
current and future state water projects to ensure orderly authorization and development of
the state’s water resources. Each State department is surveyed to inventory existing and
proposed State sponsored projects, associated water requirements by island and
hydrologic unit, and proposed sources to meet the demand. Agency plans for future
source development should be coordinated with DLNR and integrated within the County
Water Use and Development Plans. This plan is currently being updated.

Hawai‘i Water Quality Plan*

State of Hawai‘i Department of Health (1990)

The Water Quality Plan outlines the regulations, standards, and resource management policies
that define the quality to be maintained in ground and surface water resources and includes
federal/state/county goals, objectives, and policies related to water quality. The plan also
identifies water quality monitoring requirements and enforcement provisions.

DOH is currently undertaking numerous program efforts which will contribute to the
update of the Water Quality Plan. Such programs include the Source Water Assessment
Program (SWAP), and various other water quality management and water pollution
control efforts, including the identification of impaired water bodies and the development
and implementation of TMDLs. Results of these ongoing program efforts, such as SWAP,
will be incorporated in an updated Water Quality Plan. The Water Quality Plan, together
with the WRPP, establishes the overall protection framework for our State’s water
resources. This plan is currently being updated.
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2.10 STAKEHOLDER CONSULTATION

2.10.1 Goals and Objectives of the Consultation Process

The Stakeholder Consultation process emphasized a community-based approach through
extensive discussion and consultations with residents, community leaders, community
organizations, landowners, business owners, public agencies and elected officials.
Interested and active public and private stakeholders provided valuable insights during the
course of the planning process regarding:

e Defining aspects of North Shore that people value

e Defining key water use and watershed related issues in North Shore
e Developing policies, actions, and strategies for this plan

e Evaluating proposed policies, actions, and strategies

The stakeholder consultation process included small group and individual one-on-one
“talk story” meetings with elected officials, community groups and individual community
members, and community meetings.

Community meetings to date have included the following topics: 1) Preliminary
Watershed Analysis; 2) Water Use and Development in the North Shore; 3) Community
and Agency Watershed Issues and Strategies; and 4) North Shore Watershed Management
Plan Public Review Draft Overview. The North Shore and the Wahiawa-Whitmore Village
neighborhood boards were also updated periodically of the plan’s process and content.
Board of Water Supply staff met with government agencies at the City, State, and Federal
level.

The Board of Water Supply hosts a Watershed Management Plan web page that includes
information on the North Shore Watershed Management Plan and its development.

2.10.2 Stakeholder Identification

Stakeholders represented a broad range of community members, organizations, and public
agencies that are interested in, are affected by, or could affect activities related to the
development of the North Shore Watershed Management Plan. Three resources were used
to identify potential stakeholders: 1) Database of past participants in previous North Shore
planning projects; 2) referrals from community members, agencies and elected officials; 3)
relevant reports and news articles.

During initial outreach meetings, stakeholders were asked “Who else should we talk to?”
This process identified additional community members that should be consulted.
Government agencies and elected officials also helped to identify stakeholders both within
the North Shore community as well as within other agency departments or divisions.
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2.10.3 Consultation Process

The initial consultation process involved small group and individual meetings and
telephone communication with elected officials, various community organizations,
landowners, government agencies, and respected individuals in North Shore’s
communities. The purpose of these meetings was to inform people about the plan and the
planning process, to identify community values and issues, and to clarify information. A
summary of the community values and issues is included at the end of this chapter.

COMMUNITY ORGANIZATIONS AND INDIVIDUALS

From October 2011 to March 2013, a total of 21 small group and individual meetings were
conducted that involved approximately 27 individuals. Table 2.18 displays the community
organizations, individuals, and landowners that were consulted during this process.

Table 2.18  Community Stakeholders Consulted

Ali Fares, UH Manoa, Natural Resources &

. Kameh ha School
Environmental Management Department amenamena Senoots

Antya Miller, North Shore Neighborhood Ko’olau Mountains Watershed Partnership

Board
Aqua Engineers O‘ahu Invasive Species Committee
Bob Leinau, Malama Papukea-Waimea Pioneer Hi-Bred International, Inc.

- - Reed Matsuura,
Dillingham Ranch ‘Aina, LLC ) ) . )
Councilmember Ernie Martin’s Office

Dole Foods, Inc. Ronald Rickman, US Geological Society

Russell Yost, UH Manoa,

George Galbraith Trust Department of Tropical Plant and Soil
Sciences
Hawaiian Botanical Society Sustainable Hawai‘i LLC
Hi‘iaka, LLC Thomas Shirai,

North Shore Neighborhood Board

Tom Giambelluca, UH Manoa,

HPC, LLC Water Resources Research Center

Wai‘anae Mountains Watershed

Jake Ng, North Shore Neighborhood Board Partnership
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ELECTED OFFICIALS
The Board of Water Supply notified North Shore and neighboring district’s elected officials
about the plan and planning process and met with some of them, including:

e City Councilmember Ernie Martin

e State Senator Donovan Dela Cruz

e State Senator Clayton Hee

e State Representative Marcus Oshiro

e State Representative Richard Fale

e State Representative Lauren Matsumoto

GOVERNMENT AGENCIES
The Board of Water Supply verified information with ten government agencies at the
Federal, State, and City and County levels. These agencies included:

Federal Agencies

e Natural Resources Conservation Service (NRCS)

e Naval Facilities Engineering Command (NAVFAC) Hawai‘i, Utilities & Energy
Management (UEM) Division Potable Water Branch

e U.S. Army Corps of Engineers, Honolulu District

e U.S. Army Garrison Hawai’i

State Agencies

e Commission on Water Resources Management (CWRM)

e Department of Agriculture (DOA)

e Department of Health (DOH) Environmental Planning Office
e Department of Transportation (DOT)

e Division of Forestry and Wildlife (DOFAW)

City & County Agencies

e Department of Environmental Services (ENV)
e Department of Planning and Permitting (DPP)

2.10.4  Summary of Community Values

The following is a summary of North Shore community-identified values and principles
which relate to their watersheds and water resources. Many of these key values were
previously identified in the Sustainable Communities Plan process conducted from 2007
to 2009, and through the Trust for Public Land and the North Shore Community Land
Trust’s Greenprinting process conducted in 2011.

Protect Ground and Surface Water Sources

Clean, abundant water sustains community, health, and agriculture; therefore it is
important to protect the quality of the aquifers, drinking water, and watershed areas.
Protecting water sources also safeguards the ocean for marine life and world-class
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recreation. The quality of the North Shore’s ground, surface, and nearshore waters is vital
for ensuring public health, providing outdoor recreation, sustaining the integrity of
ecological systems, and maintaining general environmental quality.

Promote a Diversified Agricultural Industry

A healthy agricultural industry continues to generate economic opportunities that are
appropriate to North Shore’s open space and rural qualities. The success of diversified
agricultural operations on former sugar plantation land is evidence of the region’s
potential for cultivating locally consumed food crops. North Shore residents support the
preservation of agricultural lands.

Maintain the Community Growth Boundary to Protect Agricultural, Open Space, and
Natural Resources

The North Shore is characterized by vast tracts of agricultural lands, open spaces, and
natural and cultural resources. To protect these resources from development, the
Community Growth Boundary was established to guide development and preserve open
space and agricultural areas. The Community Growth Boundary serves as a valuable tool
to guide resource management, future development, or redevelopment.

Enhance the Region’s Recreational and Educational Potential

The North Shore is known for its numerous beach parks, world famous surf spots, and abundant
mauka and makai natural resources. These resources are important to quality of life and the
visitor-based economy. While promoting expanded access and recreational opportunities to
coastal and mauka resources, it is critical to protect the resources from overuse.

Provide Adequate and Appropriately-Sized Public Infrastructure, Facilities, and Services

Adequate infrastructure and public facilities and services are needed to provide potable and
nonpotable water, wastewater, and drainage. Additional resources to upgrade and adequately
maintain existing infrastructure systems and public facilities need to be provided. Adequate
infrastructure is necessary for drainage systems to mitigate storm runoff and regional flood
hazards, ensure continuous runoff, and protect the quality of coastal waters.

Preserve and Protect Cultural and Historic Resources

Heritage sites on the North Shore are reminders of the region’s rich history and the
ongoing work of cultural practitioners today. Preserving significant plantation era and
other historic features in Hale’iwa Town, Waialua Town, the Waialua Mill, and other
sites, as well as protecting Native Hawaiian cultural and archaeological sites, are
important in retaining the area’s unique identity and country character. Historic site
restoration and interpretive programs should be integrated into the development of parks
and shorelines and mountain access systems, to help enhance appreciation of these
resources.

Provide Critical Habitat Protection for Endangered and Threatened Native Species

Protection of native flora and fauna are critical to the overall health of the North Shore’s
ecosystems. There are many Federal Threatened and Endangered species in the North
Shore, including plants, snails, forest and water birds, stream species, coral and marine
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life. Some of these are declining species, and some are species of concern that have not
yet made the Threatened and Endangered Species list.

Adapt the Ahupua’a Concept as a Framework for Land Use and Natural Resource Management

Traditional Hawaiian life was based on the ahupua‘a system of land management. Defined by
the natural geographic formations such as mountain ridges, gulches and streams, ahupua‘a
were complete ecological and economic production systems that provided all the resources to
sustain the community living within the ahupua‘a. Adapted to the context of today’s
community needs and technology, the ahupua’a concept provides useful principles for guiding
the use and management of the North Shore’s resources. In keeping with this approach, the
planning and implementation of land use decisions and land-based actions considers related
effects on coastal waters and the nearshore environment. On a broader scale, there is a need to
recognize the connection between the North Shore and its neighboring regions (i.e., Central
O‘ahu, Ko‘olau Loa and Wai‘anae), and the many ways that events and activities occurring in
one region may affect the others.

Integrate Principles of Sustainability into Decision-Making Processes

A community that successfully manages change will flourish and prosper in the future. For
the North Shore, this means ensuring that planned growth and development respects and
adheres to the principles of sustainability. The North Shore’s principles of sustainability
have promoted the long-term health of the land and community resources for both current
and future generations of residents:

e Protect the environment, natural resources, existing flora and fauna, and where
appropriate, open spaces and view planes.

e Use resources so they are not depleted, permanently damaged or destroyed.

¢ Avoid pollution and exceeding the limits of existing infrastructure systems.

e Respect the cultural, social and physical resources that shape residents’ sense of
community and rural quality of life.

e Honor the process of change. Make no decisions without first understanding the
effects such change will have on the land and community resources.

e Strive for balance between economic prosperity, social and community well-
being, and environmental stewardship. Adopt a multidisciplinary approach
acknowledging the importance of our community capital in land use and
infrastructure planning decisions.

2.10.5 Summary of Water Use and Watershed Related Issues and Strategies

The following is a summary of water use and watershed management related issues that
were identified in the North Shore by community members and/or government agencies.
Listed below these issues are preliminary strategies (suggested by either community
members or agencies) that align with the values previously discussed.

A. Ground Water Quality

Contaminants that infiltrate into ground water can spread through the aquifers. This
contamination can be mitigated, but treatment is very expensive and time consuming. If
treatment is too costly, the well will be shut down and pump capacity will be permanently
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reduced. Replacement wells are also expensive. Therefore, prevention is the most cost-
effective measure against ground water contamination. One potential source of ground
water contamination of concern is unnecessary pesticide use and applications of
agricultural by-products that may be the result of gaps in farmer training and education.

Suggested Strategies to address issue:

e Track land uses, permissible activities, and characterize chemicals, fertilizers and
recycled water applied on all agricultural lands above drinking water wells.

e Implement agricultural Best Management Practices (BMPs) including soil and
water conservation.

B. Surface Water Quality and Biota

Most of North Shore district streams are on the 2014 303(d) list for impaired water bodies,
primarily due to nutrients and turbidity. These indicators of pollutants could be caused by
erosion, animal wastes, fertilizers, and human waste. High levels of stream contaminants
accelerate eutrophication, decrease oxygen in the water, are toxic to fish, and could be of
considerable harm to other organisms including humans if ingested.”’ Total Maximum
Daily Loads (TMDL) are needed to guide actions to reduce contaminants.

In general, the biotic resources of the streams in the North Shore are severely degraded.
None of the North Shore streams that were rated by the Atlas of Hawaiian Watersheds
received a biological resource rating higher than 5 on a 10 point scale. Kaukonahua and
Ki‘iki‘i received a rating of 2.

Suggested Strategies to address issue:

e Implement TMDL study recommendations for North and South Kaukonahua Streams.

e Provide public awareness and education outreach to reduce polluting behaviors.

e Integrate Low Impact Development (LID) concepts into existing and future
developments to minimize run-off water quantity and improve water quality.

e Conduct Biological Assessments of stream ecosystem health for selected streams
(e.g. Anahulu, Waimea).

C. Erosion and Sedimentation

When the steeper areas are cleared and tilled, erosion becomes a significant concern.
Erosion is also associated with cane haul roads and dirt bikes. Wind erosion can be a
concern in certain areas, especially those lands close to the ocean which are subject to
strong trade winds. In forested areas, sediment can come from unstable stream
embankments, shallow storm-induced landslides, and altered and denuded landscapes as
influenced by non-native vegetative cover and feral pigs or other ungulates.

Lower watershed areas are affected by the accumulation of loosened soil from the upper
elevations. This sedimentation can lead to clogged streams, an increased likelihood of
flooding, and reduced downstream water quality. Lack of monitoring data currently precludes
any reliable estimates of sediment loading originating from agricultural lands as compared to
other sources, such as the steep slopes of upland headwaters and lowland gulches.
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Suggested Strategies to address issue:

e Implement strategies from the Waialua-Kaiaka Watershed Area Study including:
o Recommended BMPs for crop lands, orchards, rangeland and pastures.
o Strawberry guava biocontrol

e Provide feral pig management planning and implementation techniques.

e Restrict off-road vehicles in ecologically sensitive areas.

e Develop and implement a risk management plan for PGptkea-Paumalu that identifies,
evaluates, reduces and prevents wildfire, drainage, erosion, and rock falls.

e Measure and evaluate suspended sediment characteristics in streams to identify
sediment source

D. Irrigation Water Quality and Quantity

The provision of high quality water for irrigation purposes is of concern for many farmers
in the North Shore district. Surface irrigation water is less expensive than pumping ground
water, however the Wahiawa Irrigation System (WIS) is old, in need of repairs, and
experiences a high level of system water losses. A system of maintenance and possibly
piping for the ditches is necessary, and should include a system to monitor and clear

debris.

Lake Wilson supplies water to the WIS. The Lake Wilson water is made up of
approximately 20 mgd from the streams, and approximately 2 mgd from the Wahiawa
WWTP’s effluent. The entire Wahiawa Irrigation System supply is considered R-2 due to
the effluent from the WWTP. The use of R-2 water is limited to irrigating crops such as
seed corn, trees and orchard crops (e.g., papaya and coffee), and crops that are processed
sufficiently to kill pathogens.'®® Once the effluent draining into the Wahiawa Reservoir
and Irrigation System is deemed unregulated the water can be used to irrigate many crop
types and might slightly decrease agricultural demand on ground water.

The entire State experienced periods of drought from 2000 to 2010. The most recent
drought period began in summer of 2008 and officially concluded on O‘ahu and Kaua‘i in
December 2010, according to the National Weather Service.'®” During droughts, soil
moisture may be completely depleted in un-irrigated, fallow fields.'®® A prolonged amount
of rain is needed before recovering from several years of extremely dry conditions.

The United States Geological Survey (USGS) operates and maintains most of the stream
gaging stations in Hawai‘i. There were eight operating stream gages in North Shore
between 1967 and 1971. There are currently four operating streamflow gages — three on
Kaukonahua and one on Kamananui. Many streams have no stream gages. The lack of
data limits the ability to accurately do surface water irrigation planning, biological stream
health assessments, and flood mitigation.
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Suggested Strategies to address issue:

e Improve the water quality of Wahiawa Reservoir

e Identify Wahiawa Irrigation System (WIS) water losses, make improvements to
minimize water losses, and address the potential of supplying Galbraith Lands.

e Assess water storage options, mechanism for back-up well allocation and use, and
potential stormwater reclamation projects.

e Support the formation of the Farmer’s WIS User Association for the best use and
maintenance of the Wahiawa Irrigation System.

e Implement high priority recommendations from the City and County of Honolulu
Drought Mitigation Strategies for agriculture.

e Re-activate or install additional USGS stream gage stations and data collection funding.

E. Flooding

Flooding is a major community issue in Waialua and Hale’iwa. These low-lying areas are
the most vulnerable to flooding due to the watershed’s large size and the number of
streams and gulches that converge at the shoreline (including Ki‘iki‘i Stream, Paukauila
Stream and the Anahulu River). During high-peak discharges, flood waters overtop the
streambanks, inundating the low-lying residential and agricultural lands. Modifications to
natural drainage patterns (e.g. increased erosion and sedimentation, debris buildup/
blockage) restrict stream flow and further compound flood hazards in this area. The
Wahiawa Reservoir can prevent, reduce, and delay flooding that occurs due to excessive
rain events. When the spillway overflows, the dam no longer serves as a flood control
device, and stream flow volumes due to rainfall will flow unimpeded as if no dam existed.
Blockage of bridge openings by debris restricts flow, causing flood waters to back up and
inundate low-lying areas. Many residents feel that there have been too many studies and
not enough action to alleviate flooding issues.

Suggested Strategies to address issue:

e Support suggested projects from the Kaiaka Bay Watershed Participatory

Assessment and Action Project such as:

o Construct wetlands, storage ponds, and other flood mitigation works

o Conduct a feasibility study regarding long term flood mitigation strategies
o Gather information on additional dams at key locations for flood mitigation

e Conduct dredging studies to estimate the cost and efficiency of approaches for
mitigating floods. Support strategies for the systematic maintenance/dredging of
key areas.

e Develop a Waialua-Kaiaka watershed restoration study to identify all water
resource problems in the watershed and evaluate possible solutions.

e Develop and implement a drainage master plan for PGpukea-Paumalt that
identifies the risks due to flooding and recommends hazard mitigation actions and
strategies. Include a drainage study based on the topographic survey and research
on previous flooding.

NORTH SHORE WATERSHED MANAGEMENT PLAN - FINAL 2-93



CHAPTER 2: NORTH SHORE WATERSHED PROFILE

F. Nearshore Water Quality

Sediment deposition occurs along much of the coast after heavy rains, causing reduced
downstream water quality and discoloration of nearshore waters for extended periods of
time.2 In addition to sedimentation, effluent discharged from household cesspools and
excessive amounts of nutrients applied in agricultural production and landscaping can be
detrimental to water quality in nearshore waters.

Significant amounts of coral reef habitat occur in the nearshore waters off the coast of the
North Shore district. A large amount of sediment has accumulated on the reef. According
to residents, the reef has declined dramatically over the past 30 years from a flourishing
ecosystem and fish nursery to a dead reef system with cloudy and turbid conditions.?
Making a preserve of the reef system off Waialua Beach Road might hold responsible
those that contribute to further deterioration and also might enable this reef system to
rejuvenate itself for future recreation and as a source of income for local fishermen.

Before a rule change in 2002, fish stocks appeared to be depleted at the Papukea Marine
Life Conservation District (MLCD) because of virtually unrestricted fishing activity.
However, fish counts done by University of Hawai‘i (UH) and TNC have found that there
are many more fish now than before the rule change.?¢® The use of nets is currently
allowed in the northern portion of the MLCD.?> Many community members feel that
allowing commercial netting in the MLCD is detrimental. There is also a significant
amount of poaching in the MLCD which the non-profit group Malama Papukea-Waimea
is working hard to suppress with the Division of Conservation and Resources Enforcement
(DOCARE) Mauka-Makai program.

Suggested Strategies to address issue:

e Support the implementation of Low Impact Development techniques.
e Implement Agricultural Best Management Practices (BMPs) including soil and
water conservation.
e Implement the North Shore Regional Wastewater Alternatives Plan strategies, such as:
o Upgrade cesspool systems
o Injection wells or reuse for neighborhood clusters
o Upgrade existing wastewater systems
o Small wastewater treatment facility for larger commercial and residential areas.
e Designate a natural reserve/reef preserve off of Waialua Beach.
e Support the Malama Papukea-Waimea educational outreach at the PGpukea
MLCD, including the Makai Watch Program.

G. Invasive Non-native Species

Invasive non-native plant species, feral ungulates and other non-native animals have been
identified among the most damaging factors to Hawai'‘i’s watersheds, causing soil erosion
and biodiversity loss. Non-native animals such as mongoose and feral cats are major
cause of mortality among endemic and common native bird populations. The presence of
invasive species in the streams and waterways also impacts native aquatic species.
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Suggested Strategies to address issue:

e Support the Waimea Valley Invasive Species Control & Native Forest Restoration
and Native Hawaiian Damselfly Habitat Creation programs.

e Support the Ko‘olau Mountains Watershed Partnership and the Wai‘anae
Mountains Watershed Partnership.

H. Wildfires

Fire, as evidenced by the Waialua fires on the slopes of the Wai‘anae Mountains in 2007
and 2010, can have a destructive force with lasting impacts. Initially, there is a loss of
natives and introduced species; then, the bare ground without intervention is re-vegetated
with introduced species out-competing the native species.® In the interim, rains erode soil
which runs off down into streams and ultimately nearshore waters.'”" Climate change may
increase wildfire risk due to greater fluctuations in periods of rain and drought.

Suggested Strategies to address issue:

e Implement high priority recommendations from the City and County of Honolulu
Drought Mitigation Strategies for Wildland Fire and Environment.

e Coordinate and plan for the relocation and construction of the Waialua Fire
Station.

I. North Shore History & Native Hawaiian Practices

Ahupua’a management by Native Hawaiians involved information acquired during a
relationship with the ‘aina that developed over hundreds of years. Much of the knowledge
and information may be lost with the passing of older generations and elders. Continuing
Hawaiian practices and utilizing ancient knowledge will provide an opportunity for sound
decision making in resource management while preserving the legacy and traditions of its
people and places.

Suggested Strategies to address issue:

e Conduct North Shore Oral History Studies to utilize local knowledge in resource
management while preserving the legacy and traditions.

e Support kalo restoration projects within the community.

e Support restoration programs for ‘Uko’a Marsh and Loko Ea Fishpond with
educational and ecosystem components.

e Identify and mark the traditional ahupua‘’a boundaries and streams of the North
Shore to educate and raise public awareness about Hawaiian traditional land
boundaries and stream locations.

J. Climate Change

Hawai‘i’s climate is changing in ways that are consistent with the influence of global
warming. Air temperature has increased and a general downward trend in rainfall has
been documented over the last century. There will be an increased water demand with the
higher temperatures. Less rainfall equates to less surface and ground water recharge. There
has been increased severity and frequency in droughts and flooding, with an increase in
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wildfire risk as well. Because these trends are likely to continue, scientists anticipate
growing impacts to Hawai‘i’s water resources and forests, coastal communities, and
marine ecology. These impacts of climate change should be considered in North Shore
planning efforts.

Suggested Strategy to address issue:

e Implement the Hawai‘i Ocean Resources Management Plan, A Framework for
Climate Change Adaptation in Hawai‘i, and other initiatives for long-term
planning.

K. Potable Water Systems

Potable water usage, treatment, and delivery are essential for residents and visitors to the
North Shore. To ensure adequate access to clean, fresh water for drinking and domestic
use, it will be necessary to maintain an efficient delivery system while encouraging
consumer conservation of the limited potable water resource.

The Mokulé‘ia water system is owned and operated by the North Shore Water Company,
which has issues with water delivery and is not sized for fire protection.

Suggested Strategies to address issue:

e Support the programs and strategies developed within the BWS Conservation
Program.

e Support the BWS Capital Program projects in the North Shore.

e Promotion of gray water reuse techniques to the extent allowable.

e Conduct a Mokulé‘ia Potable Water Long-Term Plan to provide reliable and clean
water delivery to Mokulé‘ia customers and meet fire protection requirements.
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3 WATER USE & PROJECTED
DEMAND

3.1 WATER AVAILABILITY AND USE

3.2 WATER SUPPLY SYSTEMS

3.3 PROJECTING FUTURE WATER DEMAND

3.4 MOST PROBABLE WATER DEMAND SCENARIO
3.5 ADEQUACY OF SUPPLY TO MEET DEMAND

3.1 WATER AVAILABILITY AND USE

A combination of ground, surface, and recycled water supply the North Shore district’s
water needs (Table 3.1).

Table 3.1 Current In-District Water Use by Source Type

Water Source Estimated Amount (mgd)’
Surface Water 12.42
Ground Water 6.13
Recycled Water 3.94
Total 22.4

' Million Gallons per Day

2 North Shore Primary Surface Water Use (2012) see Table 3.5

3 Estimated amount is conservative as some users were non-reporting
(2010)

4 Reported averages from the Wahiawa and Schofield Barracks Wastewater
Treatment Plants (2012)

The North Shore district is linked to the Central O‘ahu district for water availability (Figure
3.1). Surface and recycled water comes from sources in the both the North Shore and
Central districts. Multiple stream diversions feed into the Wahiawa Irrigation System.
Recycled water from Central O‘ahu’s Wahiawa Wastewater Treatment Plant (WWTP)
enters the Wahiawa Reservoir, and recycled water from Schofield Barracks enters the
Wahiawa Irrigation System below the Reservoir. The Wahiawa Aquifer System provides
water for agricultural irrigation on the North Shore.

Ground water comes from various North Shore facilities owned and operated by City,
State and Federal agencies as well as private water purveyors.
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Figure 3.1 North Shore and Central Districts Locations and Surface Water
Connections
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3.1.1 Ground Water Availability and Use

The estimate of available ground water is referred to as the sustainable yield. The State
Water Code defines sustainable yield as the “maximum rate at which water may be
withdrawn from a water source without impairing the utility or quality of the water source
as determined by the commission (CWRM)”.! Extracting amounts of ground water greater
than the sustainable yield may irreparably damage the aquifer. Sustainable yield numbers
are only estimates and should not be considered exact amount of ground water that can
be safely utilized. Figures 3.2 and 3.3 illustrate the sustainable yield of North Shore
district’s aquifer system areas (ASYAs). The majority of available ground water is in the
Kawailoa and Waialua aquifer systems.

Mokulé‘ia
8 mgd

Kawailoa
29 mgd

Figure 3.2 North Shore Aquifer Sector Sustainable Yields

The North Shore district overlays the North Shore aquifer sector and part of the Wahiawa
aquifer system. Both the North Shore aquifer sector (which includes the aquifer systems of
Kawailoa, Waialua, and Mokulé‘ia) and the Wahiawa aquifer system are designated
ground water management areas (GWMA). A water management area is defined by the
State Water Code as “a geographic area which has been designated as requiring
management of the ground or surface water resource, or both”.> Within a GWMA, ground
water resources could be threatened by existing or proposed water withdrawals, therefore,
any use of ground water, with the exception of domestic consumption by individual users,
requires a water use permit from CWRM.

Table 3.2 shows the permitted ground water uses and the reported ground water pumpage
by aquifer system areas for BWS, State and Federal agencies, and private water users. This
table also shows sustainable yield and available yield. Available water is the difference
between the sustainable yield and the current permitted uses in the aquifer system area.
The Waialua system area is the most heavily utilized by BWS and private users for
municipal supply and agricultural irrigation, respectively. State and Federal systems
account for very little of the ground water withdrawals in the district (Figure 3.4).
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Table 3.2 Ground Water 2010 Production by Producers

BWS State' Federal? Private Total Avail-

Aquifer Sy? able
System | yyyps | PUmP- | yyyps | PUIP | wps | PUMP | ywgps | PUR- T wgps | PUTPT | ) | Yield
Area (mgd) age (mgd) age (mgd) age (mgd) age (mgd) age (med)*

(mgd) (mgd) (mgd) (mgd) (mgd) 3

Mokulé‘ia - - - - 0.073 | 0.081 | 7.952 | 0.151 | 8.025 | 0.232 | 8 | -0.025
Waialua | 3.000 | 2.626 - - - - 6.750 | 2.956 | 9.750 | 5.582 | 25 | 15.250
Kawailoa | 0.750 | 0.192 | 0.326 | 0.112 - - 0.838 1914 | 0304 | 29 | 27.086
TOTAL 3.750 | 2.818 | 0.326 | 0.112 | 0.073 | 0.081 | 15.540 | 3.107 | 19.689 | 6.118 | 62 | 42.311
Wahiawa® | 4.270 | 3.280 - - 6.092 | 3.788 | 12.301 | 0.843 | 22.663 | 7.911 | 23 | 0337

7

Figure 3.4

State Uses: Kawailoa aquifer system includes UH Waiale’e Research Station & OHA’s (Hi‘ipaka LLC) Waimea Valley
(unused); UH Poamoho Research Station uses potable water from Schofield Barracks.

Federal Uses: Mokulé‘ia has US Air Force Kaena Point & US Army/DOT Airport wells. Helemano Military Reservation
uses water from the Central O’ahu district.

Water Resource Protection Plan, August 2008

Available Yield = Sustainable Yield — Total Water Use Permit (WUP) also known as Permitted Use

CWRM WUP Index 2012 (Appendix C); permitted uses salt and caprock wells are not included here as those uses do not
count against the sustainable yield.

BWS Kawailoa and Waialua pumpage is a five year average from 2006-2010.

Pumpage from 2010 with some users not reporting. Waialua aquifer system area pumpage is from October 10, 2012
water revocation and allocation of water use permits CWRM submittal.

Wahiawa Aquifer System wells in the North Shore district include: 3103-01 Galbraith Estate Del Monte #5, 3203-01
Helemano Pump 25, and 3203-02 Waialua Sugar Pump 26 with a total WUP of 5.162 mgd and pumpage of 0.661 mgd.
The remaining usage is for Kunia.

BWS
2.818 mgd
45%

Private
3.769 mgd
52%

0.112 mgd
Federal 20/,
0.081 mgd
1%

North Shore Ground Water Withdrawals by Producer
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In August 2008, CWRM adopted the updated Water Resource Protection Plan (WRPP)
which revised the sustainable yield for all North Sector aquifer system areas to account for
ground water spillover from the Wahiawa AYSA. The revised sustainable yields also
account for the decrease in recharge from the cessation of irrigation from large-scale sugar
cultivation that provided significant aquifer recharge. The sustainable yield for Mokulé‘ia
ASYA went from 12 mgd to 8 mgd, Waialua ASYA went from 40 mgd to 25 mgd, and
Kawailoa AYSA went from 39 to 29 mgd. This is a more than 30% reduction in
sustainable yield.

The Mokulé‘ia, Waialua, and Kawailoa aquifer system area sustainable yields reductions
caused Mokulé‘ia and Waialua to have an over-allocation of water permits in 2010 by
0.025 million gallons per day (mgd) and 5.887 mgd, respectively, although the aquifers
are not over-pumped. Kawailoa aquifer system had only 1.614 mgd allocated out of 29
mgd; it has high salinity levels which cause poor well yields and make it costly to develop
water sources. In 2012, Waialua aquifer permits were revoked or partially revoked for
non-use for a period greater than 4 years. There are requests for use of the wells as surface
water back-up are still pending.

3.1.2 Surface Water Availability and Use

On the North Shore there are 21 watersheds with 8 perennial streams (per the 1990
Hawai‘i Stream Assessment). Some of these streams have diversions that provide irrigation
water via the Wahiawa Irrigation System for North Shore agriculture.

In Table 3.3 is a listing of available USGS stream data for North Shore and North and
South Kaukonahua streams. Stream gages only measure flow from stream segments above
the gage. Stream gage data is generally available for streams and/or tributaries that supply
water for agricultural needs. There are many smaller streams without available stream
data. In 2004 rainfall year was above normal while 2010 rainfall was below normal which
may be a significant factor in the differences in total gaged stream flow.

Table 3.3 Mean Streamflow for Gaged Streams
Mean Flow 2004 Mean Flow 2010
Stream Name

(cfs) (mgd) (cfs) (mgd)
N. Kaukonahua 19.2 12.4 10.4 6.7
S. Kaukonahua 29.6 19.1 15.1 9.7
‘Opae’ula 18.8 12.2 11.9 7.7
Kamananui 24.7 16.0 12.9 8.3
Total 92.3 59.7 50.3 32.4

Source: USGS Data
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Another way of looking at available stream water is stream diversion data. CWRM
maintains a database of surface water use consisting of stream and spring diversions. The
CWRM database of stream diversions lists eleven reported stream diversions in North
Shore and for Kaukonahua stream (Table 3.4 and Figure 3.5). However, this database was
populated based on surface water users’ voluntary reporting conducted between 1989 and
1992; therefore, the data is outdated, incomplete, and does not provide an exact amount
of available surface water. However, stream diversion data provides a better estimate of
water use than stream flow data, as it captures the streams and tributaries used for
agricultural irrigation, such as Kaukonahua Stream diversions that supply Wahiawa
Reservoir.

Table 3.4 North Shore District & Kaukonahua Stream Diversions
(1989-1992 Declared Uses estimated by CWRM)

STREAM MGD
Kaukonahua 25.542
Poamoho 2.665
Helemano 2.031
‘Opae’ula 1.287
Kawai‘iki (tributary of Anahulu) 0.784
Kawainui (tributary of Anahulu) 0.530
Unnamed Spring 0.110
Kalou Pond 0.022
Unnamed 0.006
Unnamed 0.006
Unnamed Spring 0.001
TOTAL 32.984
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The primary users of surface water diversions on the North Shore are Dole Foods as
operator of the Wahiawa Irrigation System and Kamehameha Schools. A USGS gage was
installed below the Wahiawa reservoir in 2012 to record water flowing into the Wahiawa
Irrigation System. The average water flow is about 8.9 mgd. Kamehameha Schools has two
diversions on ‘Opae‘ula and Kawai‘iki Streams that supply 3.5 mgd of water into their
portion the Wahiawa Irrigation System. This totals 12.4 mgd of available surface water
(Table 3.5). There are also some smaller users of surface water, but in very small
quantities, primarily for small areas of taro cultivation.

Table 3.5 North Shore Primary Surface Water Use
Stream Flow/Usage (mgd)
Wahiawa Ditch (includes diversions from 8.9

Kaukonahua & Poamoho Streams)

‘Opae’ula and Kawai‘iki Stream Diversions? 3.5

TOTAL 12.4

1 USGS gage #16210100 below Wahiawa Ditch; data from October 2012 to December 2014
2 Kamehameha Schools, email correspondence 2012

There are currently 25 operating reservoirs in the North Shore district. Only dams that meet a
certain size criteria (dam height greater than 25 feet and volume of the reservoir greater than 50
acre feet) are regulated under DLNR’s Dam Safety Program. The Dam Safety Program currently
regulates the following reservoirs in the study area: Helemano 6 and 16; Upper Helemano
(Tanada); ‘Opae‘ula 1; Kemo‘o 5; Wahiawa and Ku Tree (Figure 3.5 and Table 3.6). Ku Tree
Reservoir has been dry since 1983, but sits along the Kalakoa Stream which feeds into the
South Fork of the Kaukonahua Stream. Ku Tree Reservoir will be breached at a later date when
funding is available; it was drained in 1983 and has remained empty since then. Helemano 16
will also eventually be decommissioned and removed. It has been drained and currently
remains empty. Helemano 11, ‘Opae‘ula 2 and 15 were recently decommissioned.

Table 3.6 North Shore State Regulated Dams

Reservoirs Owner Reservoir Capacity (MG)

Wahiawa Reservoir Dole Foods 3,000
Ku Tree Reservoir* US Army 300
Upper Helemano Reservoir Castle & Cooke 228
‘Opae’ula 01 Reservoir Kamehameha Schools 130
Helemano 06 Reservoir Dole Foods 26
Helemano 16 Reservoir* Dole Foods 21
Kemo‘o 5 Reservoir Dole Foods 21
TOTAL 3,726

*

Planned for decommissioning and not currently in use
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Additional currently operating North Shore reservoirs that are not regulated by DLNR
include Helemano 2A and 10; ‘Opae‘ula 5 and 8; Kemo’o 2A and 8; Kawaihapai; Ranch
1, 4, 10A, 10B; and Kawailoa 3, 7, 8,9, 11, 14, 15, and 18.

3.1.3 Recycled Water Availability and Use

Recycled water is wastewater that has been treated to remove solids and other chemical
impurities. When treated to levels specified by the Department of Health, recycled water
can be used for nonpotable uses such as landscape and agriculture irrigation. Currently,
there are two wastewater treatment plants in Central O‘ahu producing recycled water
available for irrigation — the Wahiawa and Schofield Wastewater Treatment Plants. There
is one wastewater treatment plant on the North Shore, Pa‘ala‘a Kai; however, it is not
producing recycled water. Table 3.7 summarizes the three major wastewater treatment
plants.

Table 3.7 Wastewater Treatment Plants in North Shore & Central O‘ahu

Wastewater Wastewater Current Recycled

Treatment Plant Treated Water Use (2013)
Wahiawa 1.6 mgd! Yes
Schofield 2.3 mgd' Yes
Pa‘ala‘a Kai .09 mgd? No

2013 Update of the Hawai‘i Water Reuse Survey and Report.
Wastewater treated in FY 2012 as reported on the City’s Department of Environmental Services’
website.

In order to use recycled water, distribution infrastructure must be constructed which can
have considerable costs. There are also ongoing costs associated with the distribution of
recycled water. Wastewater treatment plants tend to be downstream of the waste flow and
distribution from them is typically pumped up and requires electric costs. It is most
economically feasible to use recycled water in close proximity to wastewater treatment
plants to reduce infrastructure and operating costs. There is an economy of scale with
current technologies to make recycled water cost effective to produce, and recycled water
from small treatment plants is very costly.

The Wahiawa Wastewater Treatment Plant produces approximately 1.6 mgd effluent that
is classified as R-2 and can be used in limited ways on crops. The R-2 effluent empties
into Wahiawa Reservoir which supplies the Wahiawa lIrrigation System. The Wahiawa
Irrigation System is the primary source of irrigation water for North Shore agricultural
lands. Reservoir water not used for irrigation remains in Kaukonahua Stream.

Wahiawa Wastewater Treatment Plant’s effluent water quality has been raised to R-1
quality with the Membrane BioReactor (MBR) plant construction.® This project resulted
from a lawsuit by the State of Hawai’i against the City and County of Honolulu because
the Wahiawa Wastewater Treatment Plant’s effluent was reducing the quality of the
irrigation water. However, even with the construction of the MBR plant to meet one
requirement, the Wahiawa Reservoir irrigation water is not yet rated R-1 due to State
regulations. There are other additional requirements. The second requirement of the

3-10 NORTH SHORE WATERSHED MANAGEMENT PLAN - FINAL



CHAPTER 3: WATER USE & PROJECTED DEMAND

regulations is a direct pipeline for primary use of the R-1 water. The third requirement is
sufficient wet weather storage to hold the untreated water for treatment during plant
upsets. The direct pipeline and wet weather storage do not yet exist, and when achieved
will direct Wahiawa Wastewater Treatment Plant produced recycled water for nearby
nonpotable water demands.

The Schofield Wastewater Treatment Plant treats wastewater processing for Helemano
Military Reservation, Wheeler Army Airfield, Schofield Barracks, and Schofield Barracks
East Range. Aqua Engineers operates the treatment plant located south of Wheeler Army
Airfield (Figure 3.1). In 2007, Aqua Engineers, Inc. upgraded the Schofield Wastewater
Treatment Plant with an MBR and ultraviolet disinfection processes to obtain R-1 quality
effluent; however, as with Wahiawa Wastewater Treatment Plant, other regulatory
requirements must be met before the water can be classified as R-1. The capacity of the
plant is 4.2 mgd, and current flows are approximately 2.3 mgd.*

Currently the Army pays Dole to take their effluent at a rate of $550,000 per year. This
agreement was established in 1994 to promote diversified agriculture in the North Shore.
The Army would like to reuse the recycled water for irrigation at Schofield Barracks and
Wheeler Army Airfield; however, the infrastructure to deliver the water for landscaping
and recreational fields has not yet been installed. Funding was granted through a
congressional appropriation to construct a pipeline to the Leilehua Golf Course. Even after
installing infrastructure, this would use up to 1 mgd of recycled water on base, leaving
about 1.3 mgd of R-2 water flowing to North Shore agriculture.> The Central O‘ahu Non-
Potable Water Master Plan evaluates potential Schofield WWTP recycled water use for
agriculture irrigation in Kunia.

In North Shore district, the Pa‘ala‘a Kai Wastewater Treatment Plant services 314 homes in
the Pa‘ala‘a Kai subdivisions. Pa‘ala‘a Kai has a current flow of .09 mgd, with a capacity
of 0.14 mgd. The effluent from the facility is discharged into injection wells as the
wastewater treatment plant does not currently have recycled water treatment capacity.
The North Shore Wastewater Alternatives Plan recommends that the Pa‘ala‘a Kai
Wastewater Treatment Plant be upgraded (and slightly expanded) to produce an R-1
quality effluent which will facilitate reuse and expand the collection system to allow a few
adjacent parcels to connect to the system.

Throughout the North Shore, there are also 31 private wastewater treatment systems
serving various condominium complexes, and reuse is limited due to their locations.®
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3.2 WATER SUPPLY SYSTEMS

This section discusses the domestic and agricultural water systems that supply the North
Shore.

3.2.1 Domestic Water Supply Systems

Domestic water supply systems provide high quality drinking water to North Shore
residences and businesses. The largest domestic water supply system on the North Shore is
the Board of Water Supply System. Two smaller private systems are owned by Dole Foods
and North Shore Water Company. There is also a domestic water system at Dillingham
Airfield on US Army lands and operated by State Department of Transportation (DOT).

The Helemano Military Reservation potable water system is discussed in the Central
O’ahu Watershed Management Plan as water is supplied by the Central O‘ahu district.

3.2.1.1 Board of Water Supply System

BWS provides most of the water for residential and business uses on the North Shore with
the exception of Mokulé‘ia and portions of Waialua which are served by private water
companies. Domestic water uses consist of residential, commercial, City, and State water
users. The BWS system also supplies 0.23 mgd, or 8% in 2010, of total water supplied for
agricultural needs, mostly for farms along the highway that do not have access to the
Wahiawa Irrigation System and for agricultural processing.

The BWS delivery of potable water in North Shore is via the North Shore Water System
which transmits water over a distance of approximately 16 miles from Crozier Drive in
Waialua to the end of Turtle Bay Resort. The BWS North Shore Water System is supplied
by five wells and seven reservoir tanks.

Figure 3.6 illustrates the main features of the BWS System and other potable systems in the
North Shore. The BWS North Shore water system consists of the Waialua — Hale‘iwa 225 system
and the Kawela 228 system. The systems are interconnected for service reliability. The water
service zones extend from sea level to the 125’ elevation. The boosted Papukea Highlands water
system extends mauka to the Papukea 892’ reservoir. There are five well stations: Waialua,
Hale‘iwa, Waiale’e | & Il and ‘Opana. Waialua and Haleiwa wells have water treatment plants
that use activated charcoal to remove agriculture pesticides (1,2,3-trichloropropane (TCP) used in
pineapple cultivation) from ground water. All wells use chlorination for disinfection. Sunset Beach
well was taken out of service and disconnected due to high levels of bacteria from cesspools.

North Shore water system is not interconnected to the Wahiawa, Wai‘anae or Windward
water systems.
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Figure 3.7 Waialua and Kawailoa Aquifer BWS North Shore Water System Water
Use Permits and Ground Water Pumpage (CY 1990-2011)

Figure 3.7 above illustrates BWS ground water pumpage on North Shore from 1990 to
2011. BWS ground water production has been fairly consistent over this 22 year period.
The highest BWS ground water production occurred over the last five years and may be
attributed to both increases in population and the addition of agricultural users to the BWS
system. BWS ground water pumpage has been within BWS’ total permitted ground water
withdrawals of 3.750 mgd. Table 3.8 shows the permitted uses of BWS wells in North
Shore for 2012. Prior to 2012, the permitted use for the Waialua Well was 1.730 as is
reflected in Figure 3.7 above. BWS withdrawals averaged 3.23 mgd for the 5-year period
from 2007 to 2011 (Table 3.9).

Table 3.8 BWS Waialua and Kawailoa Aquifer Sources Permitted Use (2012)

BWS Water Sources Water Use Permit (mgd)

Hale‘iwa Wells 1.000
Waialua Wells! 2.000
Total Waialua Aquifer 3.000
Waiale’e Well | 0.339
Waiale’e Well Il 0.411
Total Kawailoa Aquifer 0.750
TOTAL? 3.750

Prior to 2012 the permitted use was 1.730
Turtle Bay was required to develop a water source, and ‘Opana well came online in
2013 and is not included in this total.

2

3-14 NORTH SHORE WATERSHED MANAGEMENT PLAN - FINAL



CHAPTER 3: WATER USE & PROJECTED DEMAND

Table 3.9 BWS North Shore Water Pumpage (CY 2007-2011)

Total BWS Pumpage (mgd) | 3.13 | 3.18 3.29 3.33 3.23 3.23

2007 | 2008 2009 2010 2011 | 5-Yr Average

Agriculture
0.19 - 8%

Commercial
0.16 - 6% Schools
0.06 - 2%

Mixed Use Parks
0.36
14% State Facility
0.02-1%

Irrigation
0.014 - 1%

\ Religious Users

Residential 0.010- <1%

1.62 o1
e Hotel U.S. Non-Military

0.007- <1% 0.008 - <1%

Industrial
0.004 - <1%

City Facility
0.005 - <1%

BWS Total = 2.56 mgd

Figure 3.8 North Shore BWS Water Consumption by Sector (CY 2010)

Figure 3.8 illustrates BWS water consumption for various sectors on North Shore in 2010.
The largest user of BWS water in North Shore was the residential sector with an average
use of about 1.6 mgd. Mixed-use facilities were the second largest consumers of BWS
water in the district, consuming 0.36 mgd. The agricultural and commercial sectors were
the third and fourth largest consumers, respectively, of BWS water in the district. The
agricultural sector consumed 0.19 mgd and the commercial sector 0.15 mgd. The daily
average for all BWS metered users in the entire district was 2.56 mgd. This 2.56 mgd is
water used and does not account for any system water losses. The BWS North Shore
pumpage sources serve a slightly larger area than North Shore consumption; actual system

water losses are about 17%.
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Table 3.10 illustrates BWS water use in 2010 based on CWRM's water use categories.

Table 3.10  BWS Water Use by CWRM Categories in North Shore

CWRM Water Use Category 2010
BWS Metered User Type (mgd) (%)

Domestic Residential
Residential 1.62 63.2%

Domestic Non-Residential

Mixed Use, Commercial, Parks, Schools, State
Facility, Irrigation, Religious Users, US Non-
Military Facilities, Hotel, City Facility,

Industrial 0.75 29.2%

Agriculture
Agriculture 0.19 7.6%
TOTAL 2.56 100%

Source: BWS metered categories for 2010 usage

Table 3.11 illustrates the 2010 top individual users of BWS water in the district. Dole
Foods was the largest single consumer of BWS water on the North Shore; the water was
distributed to Dole Foods potable residential water users. BWS water is a back-up system
for Dole, and this amount of water is not expected to be needed in the future. The next
largest users are parks, including Waimea Valley Park, and a school.

Table 3.11 Largest BWS Water Users in the North Shore District 2010

Customer Conmumpion
Dole Food Company 0.359 mgd
Division of Parks and Recreation (Hale‘iwa Ali‘i Beach Park) 0.045 mgd
Hi‘ipaka LLC (Waimea Valley Park) 0.035 mgd
Department of Education (Waialua High/Intermediate) 0.028 mgd

BWS Water Conservation Programs

The BWS has actively promoted water conservation since its inception in 1929. The BWS
“Water Conservation Program” is currently organized as follows (Table 3.12):

e Public Education and Outreach

e Leak Detection, Repair and Maintenance
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e Large Water User Programs
e Regulation
e Alternative Source Development, Recycling & Conservation Alternatives

The principal elements of these five program clusters are summarized in Table 3.12.
Specific programs within each of these categories that have been major contributors to
water conservation savings are summarized below.

Public Education and Outreach

The primary objective of public education and outreach is to influence consumer water
use habits. A variety of programs target homes, schools and businesses including Public
Service Announcements, features in the newspaper, water saving tips, Xeriscape
demonstrations, detect-a-leak week, educational booths, water waste hotline, and a water
conservation poster and poetry contest that has been held for more than 35 years.

Large Water User Programs

The large water user programs target organizations and businesses with high levels of
water consumption. These organizations often have the capacity to facilitate change from
within the organization or agency. During droughts, BWS reminds the top 100 water users
on their system to conserve water. Additionally, existing agreements with City and State
agencies target parks, schools, golf courses, roadway landscaping, and other governmental
facilities to be more efficient in their water use. In 2013, the State DLNR CWRM
developed the Hawai‘i Conservation Plan to facilitate water conservation by State
agencies and others, and in 2014 released its Hawai‘i Water System Audits and Water
Loss Control Manual.

Leak Detection, Repair, and Maintenance

Water loss audits are a measure of water distribution efficiency that can also indicate
potential targets for specific water conservation measures. The Board of Water Supply
recently began a targeted conservation program by identifying and fixing system water
losses to reduce water lost between production from the ground and delivery into homes.
A portion of water loss is due to leakage; other causes of water loss can be from pipes,
main breaks, hydrant flushing operations, illegal unmetered water taps, and meters
requiring calibration.

On the mainland, municipal water loss averages between 10-15%. On O‘ahu, the island-
wide BWS goal is to reduce water loss to less than 10%. North Shore water loss was an
estimated 17% in 2010. While over the target water loss percentage, the actual water loss
is not large because the North Shore system is a small system compared to the overall
BWS system. The BWS program for leak detection repair and maintenance includes
23,000 feet of water mains replacement for the North Shore which will help to lower the
system loss percentage.
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Table 3.12

BWS Conservation Programs

PUBLIC EDUCATION &

LEAK DETECTION, REPAIR

LARGE WATER USER

ALTERNATIVE
SOURCE
DEVELOPMENT,
RECYCLING &

OUTREACH & MAINTENANCE PROGRAMS REGULATION CONSERVATION
ALTERNATIVES

¢ Schools ¢ Leak Detection and e Visitor Industry * BWS Rules & ¢ Nonpotable Water
—Educational Material Repair (within BWS —Conservation Regulations System Standards

—Curriculum Development

—Annual Poster & Poetry
Contests

—Hawai’i State Science Fair

Tours

—Fred Ohrt Museum
—Halawa Xeriscape Garden
—Nu‘uanu Watershed
—Water Recycling Facility
~Waihe’e Tunnel

Workshops on Water
Conservation Gardening &
Rain barrel catchments

General Outreach

—Water Conservation Calendar

—Water Matters Newsletter

—Summer Conservation Media
Campaign

—Speakers’ Bureau

—NHB Liaison

—-BWS Website, Social media

Water Conservation
Information/Complaints

Communications

—News Releases/Advisories on
Water Emergencies/ High
Water Usage

—Water Conservation/
Education Publications

—Water Waste Hotline

Special Events

—Fix-A-Leak Week

—Water Conservation Week

—Halawa Xeriscape Garden
Open House & Unthristy
Plant Sale

—Community Events

distribution system and
storage facilities)

Pipeline Corrosion
Protection Program

Flow Transmitter
Maintenance

Repair and/or
Replacement of Water
distribution mains and
service line leaks, valves
& fire hydrants

Enforcement of
unauthorized use of
water

Meter Maintenance
Program

Meter-Reading/Water
Bill Monitoring (Identify
high water use due to
undetected leakage;
report seepages, leaks, or
other signs of possible
water leaks)

Water Audits and Water
Loss Control Program:
development of internal
water use efficiency
practices and programs

Cathodic Protection
Monitoring and
Maintenance

—flow transmitter
maintenance

—pipeline corrosion
programs

QUINCI: Quality
Infrastructure
Conservation Initiative

Education
—Linen Reuse Placard

¢ Government
Agencies
—Conservation
Partnership Projects

® Business/

Commercial

—Conservation
Education

—Low-Flow Fixture
Incentives

—Restaurant placard,
water served only
upon request

—Cooling Tower
conductivity meters
and softening
systems

—Rebates for Water
Efficient Appliances

e Irrigation Systems
Submetering, On-site
Weather Stations,
Moisture Controllers,
Sprinkler Heads

—~Governing wasteful
water use practices
(Empowering
department to
discontinue water
service)

—Use of nonpotable
water for irrigation of
large landscaped
areas, golf courses,
parks, highways,
school playgrounds

—Restaurant water
service, water served
only upon request

—Restricted irrigation
program (Applicable
to periods of low
rainfall and high
consumption)

* BWS Low Ground
Water (Drought) Plan

¢ County Legislation
requiring low-flush
toilets, and low-flow
showerheads and
faucet fixtures

¢ Conservation Rate
Structure (Inverted
Block Rate)

¢ New Construction
Regulations

—Dual Water Systems

—High Efficiency
Fixtures

—Green Infrastructure

—Rain Barrel
Catchments

and Master Plans
Grey Water Reuse

Nonpotable Source
Development
—Caprock
—Brackish

—Surface Springs

Water Recycling
—Honouliuli Water
Recycling Facility
—Mililani MBR
—-Ala Wai Golf
Course MBR
Scalping Plant

Desalination Plants

—Kalaeloa Seawater

—Kapolei Brackish
Water

Research & Studies

—Nu‘uanu
Stormwater
impoundment
aquifer storage and
recovery

—Evapo-transpiration
Study

—Evaluation of New
Water
Conservation
Efficiency
Measures
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3.2.1.2 Dole Foods Domestic Water System

Dole Food, Inc. domestic water system serves residential customers and Waialua Sugar
Mill. The fire hydrants were upgraded in the industrial area when the mill closed, and
Dole is currently upgrading the line and pump. Aqua Engineers services this closed
system, which is on all the time. The Mill Camp currently has a BWS emergency tie-in
which is currently in use until Dole completes system repairs. Dole would like to turn its
system over to BWS; however it would need to be upgraded to meet current standards
before BWS could consider accepting the system.

3.2.1.3 North Shore Water Company System

The North Shore Water Company (NSWC) is owned by Dillingham Ranch ‘Aina, LLC
(DRA), and operated by Aqua Engineers. The NSWC also provides domestic water to
customers in Mokulé‘ia (including Mokulé‘ia Beach Colony and Camp Mokulé‘ia). NSWC
bought the water system assets of Mokulé‘ia Water, LLC in fiscal year 2008.

Customers receiving water from Mokulé‘ia Water Company in the past were affected
numerous times by water contaminated with high levels of fecal bacteria. The Department
of Health has been identified as the agency to take the lead on this issue to find a solution.
The NSWC would like to transfer the system to BWS. The existing private water
transmission system serving Mokulé‘ia was built in the 1930’s, and is in need of
replacement/upgrades to address water contamination issues and meet current fire
protection standards. BWS has indicated that the private owner would need to upgrade
the system to meet current standards before the BWS could consider accepting the system.

3.2.14 US Army/State DOT Dillingham Airfield Water System

The Dillingham Airfield water system in Mokulé‘ia is a Department of Health public water
system 338, owned by the US Army. The State DOT Airports Division leases the Dillingham
Airfield facilities from the US Army. A private contractor maintains and operates the water
system. The source for the water system is the US Army-owned well with a permitted water
allocation of 0.055 mgd. The water is also provided to the US Air Force Ka‘ena Point Satellite
Tracking station per an agreement from Dillingham Airfield with its transfer from the US Air
Force to US Army in 1975.7 The US Air Force has a well near Ka’ena Point with a permitted
amount of 0.018 mgd; however, it is not currently used.

3.2.2 Agricultural Water Systems

3.2.2.1 Dole Foods, Inc.

Dole’s wells were covered by six water use permits. Of the six water use permits, three
were revoked and the remaining three were recommended for reduction with the overall
amount being reduced from nearly 23 mgd to 1.67 mgd.? Ground water not used for the
potable water system is used: 1) as back-up water for periods when surface water cannot
be reliably provided; 2) for agricultural crops that need a higher quality of water than the
Wahiawa Irrigation System can provide (e.g. root crops and plants with exposed edible
areas); or 3) for processing harvested crops.

For back up wells, current CWRM policy precludes the granting of two water use permits
from different aquifers (and different water management areas) for the same end use.
CWRM has considered using the "water emergency" provisions of the Code (174-62(g)
HRS) to address emergency situations, but to date, no process has been established.
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3.2.2.2 Wahiawa Dam and Irrigation System

Wahiawa Dam and Irrigation System (WIS) was built in 1906 by Waialua Agricultural
Company, with the ability to provide approximately 50 mgd of water to Waialua and
Hale‘iwa. Approximately 8,100 acres can be irrigated under the current WIS
configuration. These lands are among the most productive agricultural lands in the State of
Hawai‘i. Of the 8,100 acres, about 5,500 acres were occupied by diversified agriculture
farms using WIS water in 2007. The WIS currently provides 9 mgd (from recent USGS
gage readings) to diversified crops (including seed corn, pasture grass and tree crops) and
to additional acreage of pineapple. The Wahiawa Irrigation System Economic Impact
Study (2008) found that the WIS is the sole factor making agricultural production possible
in the area.

The WIS consists of the Wahiawa Reservoir, the Wahiawa Dam, and an irrigation ditch
system extending 30 miles. Portions of land underneath and around the Wahiawa
Reservoir are owned by Sustainable Hawai‘i LLC and leased to Dole. The WIS extends
downhill from Wahiawa Reservoir to fields in Mokulé‘ia, Waialua, Hale’iwa, and near
Waimea Bay (Figure 3.9). The system is supplied by water from diversions on the North
and South Forks of the Kaukonahua Stream, and a portion of the Poamoho Stream via the
Poamoho Tunnel which brings that water to Kaukonahua. Other diversions on other lands
feed water into other portions of the system. The Kemo‘o Ditch system, a branch of
Wahiawa Reservoir Ditch, transports water to Waialua. Above Hale‘iwa, the Wahiawa
Reservoir Ditch is joined by three other ditch systems:

e Helemano Reservoir Ditch, which collects irrigation water in Upper Helemano
Reservoir (Tanada Reservoir) from the upper reaches of Poamoho and Helemano
streams;

e ‘Opae’ula Ditch, which collects irrigation water into ‘Opae‘ula Reservoir from the
upper reaches of ‘Opae‘ula and Kawai’iki streams;

e Kamananui/Kawainui Ditch, which collects water from the upper reaches of
Kawainui Stream.

Dole Food Inc. owns and operates the Wahiawa Reservoir Ditch, Kemo’o Ditch, and
Helemano Reservoir Ditch. Kamehameha Schools owns the ‘Opae‘ula and Kamananui/
Kawainui Ditches.'® As noted above, Dole Foods Inc. has nonpotable wells that provide
back-up to the surface water system.

The WIS has a critical role in the economy of Hawaii by providing an essential input for
agricultural production in the North Shore. According to the Wahiawa Irrigation System
Economic Impact Study, the WIS contributed approximately $37.7 million in farm
production, 569 full-time and part-time farm jobs and $14.4 million of household earnings
(in wages and business profits) in 2007. After subtracting costs of farm inputs imported
(fuel, fertilizer, materials, equipment and machinery, etc.) and locally supplied
intermediate inputs from aggregate farm sale value, it is determined that farm production
in that year contributed nearly $28 million to State’s Gross Domestic Product (GDP). The
study concluded that the WIS resulted in approximately $85.2 million of goods and
services produced and sold in total across industries in Hawaii's economy.
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3.2.2.3  Kamehameha Schools Surface and Ground Water

The current sources of water for the Kamehameha Schools (KS) agricultural lands are on-
site irrigation wells and stream diversions. Kamehameha School’s surface water irrigation
system was developed by Waialua Agricultural Company in 1898. This system is the
primary irrigation water source for 2,000 acres currently in cultivation. Three surface
water diversions which provide about 3.5 mgd are located in the mauka conservation area
of Kawailoa and supply water from the Kawai‘iki Stream, the ‘Opae‘ula Stream, and
Kawainui Stream via the old Waialua Sugar Irrigation System, including the ‘Opae‘ula
Ditch and Kamananui/Kawainui Ditch, extending from ‘Opae‘ula Stream to Waimea Bay.
About 2 mgd of Wahiawa Reservoir water (via ‘Opae‘ula Gulch siphon) is purchased at
bulk rate from Dole Food Inc. to supplement supply when there is insufficient rainfall.

Kamehameha Schools also has two water use permits. One water use permit is for wells
numbered 3506-003 and 3506-004 for a total of 1.66 mgd. The other water use permit is
for the ‘Opae‘ula battery of wells for 1.552 mgd. The wells provide high quality ground
water for crops and supplement the surface water system. Kamehameha Schools has
instituted an irrigation system maintenance and improvement program with substantial
upgrades to infrastructure, stream diversions and wells, totaling more than $10 million.

3.2.2.4 Dillingham Ranch
Two active wells on DRA’s property deliver water to sustain the day-to-day operation of
the ranch.

3.2.2.5 University of Hawai’i Waiale’e Research Station

The University of Hawai‘i (UH) College of Tropical Agriculture and Human Resources
owns and operates the Waiale’e Livestock Research Station water system. The system is
located in the Kawailoa aquifer system. The water system is supplied by two well sources.
Both sources supply brackish nonpotable water.

3.2.2.6 University of Hawai’i Poamoho Research Station

The University of Hawai‘i Poamoho Agricultural Research Station is in the North Shore
district; however, its potable water source is from Schofield Barracks. The water for its 20
plus acres of crops comes from the Wahiawa Irrigation System.
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3.3 PROJECTING FUTURE WATER DEMAND

In planning for the North Shore’s future water needs, water demand was projected for
domestic and agricultural uses to the year 2035. These projections provide an estimate of
water needed over the next twenty years and guidance for future land and water use
decision making.

Existing use is based on data from 2010, when available. The base year of 2010 was
chosen as it corresponds to 2010 US Census population statistics. BWS existing use is
from 2010 metered consumption records and U.S. Census figures were used to determine
the population served. The year 2010 was a below normal rainfall year and as a baseline
year provides more conservative numbers for planning purposes than a year with normal
rainfall. When 2010 data was not available, other available water use information was
used.

3.3.1 Water Demand Scenarios

The Statewide Framework for Updating the Hawai‘i Water Plan (2000) requires that each
County Water Use and Development Plan develop three water demand scenarios: a base
case scenario based on the most likely assumptions, a high-growth scenario, and a low-
growth scenario. The base case scenario is the mid-growth scenario which is grounded on
City policies as presented in the North Shore Development Plan (approved by the City
Council in 2011). A low-growth scenario will reflect slower growth in urban development
and a high-growth scenario will reflect a faster rate of urban growth than the City and
County policies. An ultimate-growth scenario was created to identify a point in the future
where the North Shore district is “built out” and water becomes a potentially limiting
factor.

3.3.1.1 Low-Growth Scenario

For the low-growth scenario, the amount of housing added to the North Shore remains
limited and includes infill and small developments. The population grows at a rate of
about half of that anticipated by the 2035 population projections, perhaps due to an
economic downturn.

In this scenario, the City’s rail project has been constructed and more people to choose to
live in town (the Primary Urban Core) over the North Shore which reins in housing and
population growth on the North Shore. Farmland remains available in other areas of
O‘ahu, and North Shore irrigated agriculture expands at a very modest rate.

3.3.1.2  Mid-Growth Scenario (Base Case Scenario)

The mid-growth scenario is based on the socio-economic projections for population for
the North Shore district, as projected by the City and County of Honolulu. This scenario
reflects the North Shore Development Plan vision which identifies limited growth and the
preservation of open space and agricultural lands. Agriculture expands due to the loss of
farmland in other parts of the island due to development pressures and increased needs for
local food production.
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3.3.1.3 High-Growth Scenario

The high-growth scenario reflects a future where population growth experienced on the
North Shore between 1990 and 2010. These higher than DPP projected growth rates
might result from a very robust economy where growth is occurring around the island.

With this growth in population comes increased need and desire for locally grown food.
The North Shore’s growing conditions and land and water availability continue to make it
a desirable agricultural region.

3.3.1.4 __ Ultimate-Growth Scenario

The ultimate-growth demand scenario illustrates a development scenario for the North
Shore at some point in the future. This scenario provides a level of demand which is used
to consider if there will there be enough water to supply future potential agricultural and
residential demands. In this scenario, development is “maxed out” and all agricultural
lands that might reasonably be irrigated are assumed to be irrigated.

The ultimate demand scenario for the North Shore reflects a “full build-out” of
developable land within the community growth boundary and for agricultural reflects the
maximum amount of agricultural lands in production and irrigated outside of the
community growth boundary. The agricultural ultimate growth scenario might be triggered
by demand for large scale crops such as with biofuels. The ultimate demand scenario is
used for watershed planning purposes and is not tied City and County of Honolulu

Department of Planning population projections.

3.3.2

Summary of Water Projection Scenarios

Table 3.13 summarizes the discussion on the assumed future water demand by each water
use sector and for the low, mid, high, and ultimate-growth scenarios.

Table 3.13 North Shore Water Demand Projections Scenario Assumptions
Baseline 2035 Growth Scenarios Ultimate
Water Use
Data . ] Growth
Sector (2010) Low-Growth Mid-Growth High-Growth Scenario
17.720 +900 persons +1,800 persons +3,000 persons + 800 acres .
Domestic ¢ less than DPP based on DpPP based on historic is developed.wnhln
persons . S Population . the Community
Policy Projections Projections population trends Growth Boundary
+ 1,500 acres + 2,500 acres
Diversified | 6,000 +500 acres or 50% of ALISH

based on DPP ag

Based on O‘ahu

lands outside of

Agriculture | acres : e Outlook (2011) )
jobs projections report Community Growth | 4 13 200 acres
Boundary
. 2,500 2,500 acres 2,500 acres 2,500 acres
Pineapple
acres Status quo Status quo Status quo
10 acres 100 acres 400 acres
Kalo 10 acres , . 400 acres
Status quo Modest expansion | Robust expansion
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3.3.3 Water Demand Methodology and Assumptions

Water demand was estimated for domestic and agricultural systems. The assumptions used
in projecting water demands for these systems are described below.

3.3.2.1 Domestic Water Systems

The domestic water systems on the North Shore supply residential, commercial, industrial,
government, and agricultural uses. A “per capita” approach was used to calculate
domestic water demand, whereby the average water demand is divided by population
(i.e., water demand per capita).

Water Demand + Population Served = Per Capita Water Demand

The per capita demand for the North Shore in 2010 was 203 gallons per capita per day
(gpcd). The per capita demand from 1980 to present and projected to 2040 in Figure 3.10
shows a fairly constant demand that is close to the 2010 per capita demand of 203 gallons
per capita per day. This per capita demand is applied to population projections through
the planning horizon (2035) to estimate future water demand.
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Figure 3.10  North Shore Gallons per Capita per Day Trend

The City and County of Honolulu’s population projections for the year 2035 (September
2009) for North Shore are based on the land use policies in the North Shore Sustainable
Communities Plan, the City and County of Honolulu’s long-range land use plan for the
district. The North Shore SCP calls for limited population growth and limited future
development in the district.
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City’s population projections for North Shore show a population share of 1.9%, of the
total O’ahu population, which is close to the General Plan’s guidance for the North Shore
population of 1.7% of O‘ahu’s population. The 1.9% is slightly higher than the General
Plan percentage; however, the percentage has been higher than General Plan guidance
since the 1990s (Chapter 2, Table 2.11).

The City’s projections are used for the calculation of domestic water demand for the mid-
growth scenario. The low-growth scenario assumes that only half of the projected DPP
population increase occurs by 2035. The high-growth scenario assumes the North Shore
historic population trend from 1990 to 2010 which results in the North Shore having 2%
of O’ahu’s population by the year 2035.

3.3.2.2 Diversified Agriculture, Pineapple, and Kalo

Future agricultural activity in North Shore may increase significantly, given that there are
large areas of unutilized agriculture lands and a major variable of future water demand.
The Galbraith lands, including those just outside the North Shore district in Central O‘ahu
district, are included in this watershed management plan.

To project agricultural water use, agricultural activities were categorized into three major
types: diversified agriculture, pineapple, and wetland kalo. Each agricultural activity was
assigned a different water use coefficient per acre. Table 3.14 presents the water use
coefficients used to project demands (in gallons per acre per day (gpad), the type of
coefficient, and the data source(s) that the coefficients were based upon.

Aerial photo analysis (using 2008 aerial imagery) and O‘ahu Agriculture Situation,
Outlook and Issues (2011) were used to estimate the amount of agricultural lands
currently in diversified agriculture and pineapple. The 2008 aerial photo analysis provided
a snapshot in time and showed approximately 7,200 acres in cultivation (Figure 3.11). The
2011 O’ahu Agriculture Situation report listed a total of 8,500 acres in cultivation with a
breakdown of 6,000 acres in diversified agriculture and 2,500 acres in pineapple. Follow-
up with Dole Foods confirmed the pineapple acreage, existing and future. The 8,500 acres
listed in the O’ahu Agricultural Situation report are understood to be the most current and
accurate.

While pineapple lands are assumed to be constant through 2035, the diversified
agricultural lands are estimated to vary considerably amongst the scenarios. The low-
growth scenario for diversified agriculture is set based on the City and County of
Honolulu’s projections (September 2009) for agricultural jobs on the North Shore. There is
a projection for a 9.5% increase in agricultural jobs on the North Shore by 2035
(increasing from 210 in 2009 to 230 in 2035). This increase is applied to the irrigated
agriculture acreage for a 9.5% increase.
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Table 3.14  Agricultural Water Use Coefficients

Agricultural Water Use Type of Water Coefficient Data Source
Activity Coefficient (gpad)
Diversified 3,400 Average per acre water use for | The State Agricultural
Agriculture Diversified Agriculture Water Use and
activities Development Plan (2004)

NOTE: does not include
irrigation system water losses

Pineapple 1,600 Average per acre water use for | O‘ahu Agriculture:
pineapple averaged assuming | Situation, Outlook and
that an average of 80% of the | Issues (2011)

land was kept in crop and
20% was kept fallow.

Lo‘i Kalo 100,000 to 300,000 | Per acre water inflow into lo‘i Available kalo water use
kalo system; not entirely studies’
consumptive.

T Available kalo water use studies include USGS 2007 Report on Water Use in Wetland Kalo Cultivation in Hawai’i;
Office of Planning 1995 Preliminary Assessment of Potential Water Demand for Economic and Instream Uses in the
Waiahole-Kualoa Region, and the Agricultural Water Use and Development Plan produced by the State DOA, Penn,
D.C. 1997 dissertation on Water and Energy Flows in Hawai’i Taro Pondfields, Watson, L. ). 1964 Observations made
with respect to irrigation and growth of taro at certain patches at Waiahole and Kahaluu, and Miles, K. 1931 Report
on study of water requirements of taro in Hanapépé Valley, cooperative study by the Territory of Hawai’‘i and
McBryde Sugar Company: ‘Ele’ele, Hawai‘i.

The mid-growth scenario for agriculture is based on the O‘ahu Outlook (2011) report that notes
that 1,500 acres of agricultural lands in ‘Ewa and Central O‘ahu are likely to be displaced by
proposed development and will need to be relocated. For the mid-growth scenario, 1,500
acres of additional agricultural lands on the North Shore are assumed by 2035.

The ALISH system identifies three classes of agriculturally important lands: “Prime,”
“Unique,” and “Other” (Figure 3.11). The Prime and Unique lands on the North Shore are
suitable for diversified agriculture and pineapple. Lands categorized as “Other” by the
ALISH system are most likely to be used for un-irrigated pasture due to location,
topography, and limited availability. Figure 3.11 shows the existing agriculture from the
2008 aerial overlaid with ALISH categories of Prime, Unique and Other lands. The mid-
growth scenario assumes 46% of the total ALISH Prime and Unique lands are cultivated
and irrigated.

For the high-growth scenario, an even greater level of additional agriculture on the North
Shore is assumed. Fifty percent (50%) of the “Prime” and “Unique” ALISH rated lands are
assumed to be in production in this scenario with North Shore serving as the major
agricultural producing area on O’ahu.

In the ultimate scenario, all of these ALISH rated lands are assumed to be in production.

Current kalo production was estimated based on conversations with farmers and landowners.
There are currently about 10 acres of kalo in production in areas in flat lowland areas. There
are approximately two acres in Waialua, several acres in the low area around ‘U’koa Marsh
and a quarter acre in Waimea Valley. The water supply for plots is springs.
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Mid-growth scenario’s planned expansion of an additional 90 acres is through
Kamehameha Schools lo‘i kalo in Anahulu and ‘Uko‘a Marsh and through Dole lands
previously used by HPC Foods (formerly Honolulu Poi Company which produces Taro
Brand products). ‘Uko‘a Marsh lo‘i kalo would be spring fed, and Anahulu and Dole lands
lo‘i kalo would utilize stream water.

Previous studies on the amount of water needed to support healthy kalo fields document a
wide range of inflow volumes (See Appendix E). These studies, as well as discussions with
several kalo farmers, indicate that a general range of 100,000 to 300,000 gpad of inflow is
needed. 100,000 gpad was selected as an acceptable demand which assumes modern
water efficiency management practices such as lined or piped auwai, metered water use
and hydrologic monitoring on-site weather stations, etc.

3.34 Water Demand Scenarios Summary

Water demand is estimated for domestic and agricultural systems and is summarized in
this section. Domestic water systems demand increases slightly by 2035 under low, mid
and high scenarios and nearly doubles from the 2010 usage under the ultimate scenario.
The agricultural water demand, in particular, diversified agricultural demand, is projected
to be the dominant future water use in all scenarios, and is an especially large demand in
the ultimate scenario. Table 3.15 shows the North Shore water demand by water systems.
Figure 3.12 illustrates the future water demand by water use systems for the water use
scenarios.

Table 3.15  Water Demand by Water System

2035 (mgd)
Water System VLD ; X Ultimate
y (mgd) Low Mid High | scenario

Scenario | Scenario | Scenario

Domestic Water Systems

Board of Water Supply 2.8 2.8 3.0 3.2
Dole Foods 0.0 0.1 0.1 0.1
North Shore Water
Company 0.1 0.1 0.2 0.2
Dillingham Airfield 0.1 0.1 0.1 0.1
Total Domestic Water System 3.0 3.1 3.4 3.6 6
Agricultural System
Total Agriculture 24.2 26.1 29.3 32.7 72
TOTAL 27.2 29.2 32.6 36.2 78

Note: See Appendix E for calculation methodology
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Figure 3.12  Water Demand By Water System

The State CWRM uses different water use categories to classify water demand. The following
table (Table 3.16) shows North Shore projected water use according to CWRM water use
categories. Table 3.10 was used to assign the percentages for the CWRM water use categories.

Table 3.16  Water Use by CWRM Water Use Categories

Water Use 2010 (mgd) 2035 (mgd) UItima.te
Low Mid High Scenario

Domestic 2.8 2.9 3.1 3.3 6

Residential 1.9 2.0 2.1 2.3

Non-residential 0.9 0.9 1.0 1.0

Agriculture 24.4 26.3 29.5 32.9 72

Ag (Ag area) 24.2 26.1 29.3 32.7

BWS Ag (Urban area) 0.2 0.2 0.3 0.3

TOTAL 27.1 29.2 32.6 36.2 78

Note: See Appendix E for calculation methodology

3.4 MOST PROBABLE WATER DEMAND SCENARIO

The mid-growth demand scenario is the most probable water demand scenario and serves
as the basis for planning future water supply development options. The mid-growth
domestic demand includes planned development in the SCP and small scale lodging. The
agricultural mid-growth demand scenario shows a modest increase due to expansion of
existing farming and potential relocation of agriculture lands from ‘Ewa and Central O‘ahu
per O‘ahu Agriculture (2011). This most probable water demand scenario selection does
not rule out the possibility that one of the other demand scenarios could take place in the
future. Flexibility in water supply options is a key consideration in meeting future needs.
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3.5 ADEQUACY OF SUPPLY TO MEET DEMAND

This section discusses the implications of the water demand projections on water supply
analysis. The major uncertainties and assumptions are made explicit and then the
contingencies and implications are presented based on the analysis of current and future
water use for both domestic and agricultural water use. To plan for water supply projects,
the most probable water demand scenario has been matched to a water system with
existing water supply sources (Table 3.17). The implications and possible contingencies
needed are also discussed below.

3.5.1 Domestic Water Supply

Uncertainties are inherent in water demand projections. A number of scenarios are used
to provide a range of possible outcomes. For domestic water demand, the greatest
uncertainties are related to economic markets for housing. The building of additional
housing will likely depend on market timing especially for larger potential development.

The domestic water demand should have ample water supply for each system, BWS and
private systems. The exception is the current North Shore Water Company which includes
demand for an additional 91 units agricultural subdivision. This demand could be met
using existing Dillingham Ranch permitted wells with an associated supply system
extension or new system for the subdivision. This new development may provide an
opportunity to create a water supply reservoir tank to provide increased pressure for the
North Shore Water Company System and the ability to extend fire hydrant coverage.

Water conservation and efforts toward more efficient water system distribution could
potentially help meet future projected demands as well.

3.5.2 Agricultural Water Supply

Economic markets impact the agricultural sector and the types of crops grown. For
example, if biofuels (crops grown for producing fuels for vehicles or power production)
were to become economically viable on O‘ahu, most agricultural lands on the island
would likely be put into production. Water costs, water availability, and water quality also
affect the amount of agricultural water demand. Because water costs for surface water
have historically been the lowest (versus the cost of electricity to pump ground water), the
assumption was made that surface water, where available would be used before ground
water. Water quality was not assumed to be a limiting factor to allow for the possibility
that in the future, Wahiawa Reservoir water might be used for all types of irrigation.

For the most probable scenario, the various supply sources appear to be able to provide
water to meet overall demand. However, there are situations in which demand may not
be easily met such as under extended dry periods or drought when existing surface water
may not provide enough water. Surface waters are very susceptible to weather conditions,
and there is limited storage on the North Shore. Supply sources may also not be available
for certain lands e.g. a farm outside of the Wahiawa Irrigation System service area might
need to use ground water for irrigation needs.
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Table 3.17  Most Probable Scenario Demand & Supply Summary

2010 2035

DOMESTIC WATER SYSTEMS
BWS Potable Water System Demand 2.81 3.01
BWS System - Permitted Ground Water Supply’
Waialua GWMA 3.00 3.00
Kawailoa GWMA 0.75 0.75
Dole Potable Water System Demand 0.00 0.13
H 1
Dols\;ali’:ll'l:ré\lltée\e;\iﬁgzound Water Supply 0.26 0.26
North Shore Water Company 012 018
Potable Water System Demand
North Shore Water Company - Ground Water Supply’ 015 018
Mokulé’ia GWMA
US Army/State DOT Dillingham Airfield System Demand 0.06 0.06
1
Fedﬁ:\?)lkiﬁt/??é \;V([]\;'/(;und Water Supply 0.07 0.07
Domestic Water Demand 2.99 3.37
Domestic Water Supply 4.24 4.27
AGRICULTURE
Agriculture Water Demand 24.15 29.25
Ag Surface Water Supply
KS Surface Water Supply 3.50 3.50
Dole Surface Water Supply (Wahiawa Irrigation System)? 8.90 8.90
Ag Recycled Water Supply
Wahiawa Wastewater Treatment Plant® 1.60 1.60
Ag Ground Water Supply*
Mokulé‘ia GWMA Permitted Use® 7.80 7.77
Waialua GWMA Permitted Use® 6.49 6.49
Kawailoa GWMA Permitted Use® 1.16 1.16
Wahiawa GWMA Permitted Use” 5.16 5.16
Agriculture Water Demand 24.15 29.25
Agriculture Water Supply 34.62 34.59
TOTAL WATER DEMAND 27.14 32.62
TOTAL WATER SUPPLY 38.85 38.85
Kalo Water Demand 1.00 10.0

T CWRM Water Use Permit (WUP) Index (2012) and revised 2013 Waialua GWMA WUP
2 Existing use with current losses; add’l water demands to be met with water conservation savings (eg. piping)

3 Effluent from Wahiawa WWTP used for North Shore irrigation and will eventually be used for Galbraith lands
irrigation

WIS system improvements should be implemented before future water use permits are granted

Private wells used to meet agricultural needs; excludes wells used to meet potable water demands

Private wells; KS (3.212 mgd), Dole (1.785 mgd - domestic use), and 1.725 mgd of various wells

The permitted uses in North Shore Development Plan/NB area (3103-01 Galbraith Estate Del Monte #5, 3203-01
Helemano Pump 25, and 3203-02 Waialua Sugar Pump 26) with a total WMP of 5.162 mgd

N o U A
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Below are specific descriptions of some of the North Shore agricultural supply issues.

Wahiawa Irrigation System Improvements: Most farmers on the North Shore irrigate with
surface water from the Wahiawa Irrigation System or the Kamehameha Schools irrigation
system. Aging infrastructure will require more investment and rates will need to be
increased. The ability for farmers to pay higher water rates will significantly affect the
success of North Shore agriculture into the future. However, water system reliability is
needed to ensure continual agriculture investment and growth. With current agricultural
demands by Wahiawa Irrigation System users, there is ample water supply available to
meet demands with the current water system of stream diversion, storage and wells and its
associated water losses. Kamehameha Schools has made extensive water system
improvements to their portion of the Wahiawa Irrigation System ensure a high quality and
quantity of water is available for irrigation of their lands. However, as water demands for
diversified agriculture increase, the Wahiawa lIrrigation System may not be able to deliver
the available water, unless improvements are made to decrease water losses on the rest of
the system. In effect, reducing water losses becomes the water bank for future agriculture
and is the most cost effective strategy.

Instream Flow Standards: Only a portion of the streams on the North Shore have stream
flow data. In the future, more information on stream flows is needed to better estimate the
availability of stream water for agricultural uses and stream biota. Surface water uses
(agricultural and instream) cannot practically be planned for until measurable instream
flow standards are set. Once the measurable instream flow standards are set it might be
possible to expand the amount of stream-irrigated agriculture in North Shore. Until
measureable instream flow standards have been determined for diverted streams on the
North Shore, existing diversions should be used as efficiently as possible to provide for the
return of water to the streams or aquifers.

Irrigation Water Availability: Most agriculture on the North Shore is dependent on surface
water due to its low cost. However, it is susceptible to drought which is problematic for
crops that require continued irrigation. The ability to access ground water during these
periods is critical. Increased water storage might also need to be explored. At a minimum,
no net loss of existing storage is an important plan goal.

The above issues are addressed through various projects described in Chapter 4 and this
Chapter, the ability of the local water supply resources to meet the North Shore water
demands is discussed further in Chapter 5.
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4 PLAN OBJECTIVES, WATER
SUPPLY AND WATERSHED
MANAGEMENT PROJECTS AND
STRATEGIES

4.1 OVERALL GOAL, OBJECTIVES, AND SUB-OBJECTIVES OF THE
NSWMP

4.2 WATERSHED MANAGEMENT PROJECTS, PROGRAMS AND
STRATEGIES

4.3 WATERSHED MANAGEMENT PROJECTS AND PROGRAMS WITH
“PROJECT CHAMPIONS”

4.4 WATERSHED MANAGEMENT STRATEGIES

4.1 OVERALL GOAL, OBJECTIVES, AND SUB-OBJECTIVES OF
THE NSWMP

In order to provide planning consistency, all of the O‘ahu Watershed Management Plans
share the same general goal and five major objectives. More detailed sub-objectives,
derived from an analysis of watershed issu