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1.0

EXECUTIVE SUMMARY

A watershed is the area of land that contributes water to a lake, river, stream, wetland, estuary
bay, or ocean. The types of activities, management measures and practices that are conducted
on the land in a watershed can impact the quality of the receiving waterbodies. Watershed
Management Plans protect water quality by characterizing watersheds, identifying pollutant
sources and impacted natural resources, engaging stakeholders, quantifying pollutant loads and
identifying and implementing management measures and best management practices to reduce
nonpoint source pollution. A stakeholder Watershed Advisory Group was formed and in a series
of more than 40 public meetings over more than two years, developed this watershed
management plan.
The Southwest Maui Watershed Plan focuses on the 49,688 acres area designated by the State
of Hawaii as the Hapapa, Wailea, and Mo’oloa watersheds. The planning area extends from
near the summit of Haleakala down to coastal areas, with 11 major drainage basins discharging
to the Kihei-Wailea-Makena coastline. The entire coastline of the planning area is part of the
Hawaiian Islands Humpback Whale National Marine Sanctuary. The upcountry areas are
primarily forests, farms, and ranch lands, and the coastal areas are developed resort, urban,
and residential areas. Long term rainfall averages range from 10 inches per year near the Kihei
coastline to 40 inches per year at 9,400 feet elevation near the summit of Haleakala. The three
watersheds of the planning area encompass diverse habitat types utilized by a significant
number of threatened and endangered species; including alpine, dryland forest, scrub and
shrub, grasslands, coastal and elevated wetlands, ephemeral (intermittent) streams, estuaries,
dune systems, tidal pools, rocky shorelines, and coral reefs. The watersheds include some of
the nation’s fastest growing population areas, increasing an average of 3.3% per year upcountry
and 10% per year in the coastal areas. There is a trend of hardening and habitat loss due to
development. The County of Maui Planning Department reported that there are 2302.8 acres of
planned, committed development; 1954 acres of planned, designated development, and 2113.3
acres of proposed development, which more than doubles the existing impervious surface area.
Most of the potable water for this area is imported from the wet Kahalawai, Iao Watershed in
which water allocations are currently being regulated.
The DOH Integrated Water Quality Report to the EPA and Congress pursuant to Clean Water
Act Section 303(d) indicates that more than 26 coastal waterbodies are impaired and not
meeting state and federal water quality standards. Total Maximum Daily Load studies to
determine needed pollutant load reductions are mandated for more than 74 waterbody/pollutant
combinations within the planning area, but none are listed as high priority for state program
funding. Of the 33 waterbodies assessed, more than 28 lack adequate data for assessment.
Southwest Maui’s economic engine depends upon water environment-related commercial,
recreational, and cultural traditional gathering opportunities to residents and visitors such as
boating, fishing, swimming, snorkeling, diving, and hiking and many other outdoor related
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activities. The two primary sources of water pollutants in the planning area watersheds are
domestic wastewater and contaminated runoff. The pollution control strategy and
implementation plan utilizes treated wastewater for irrigation, replacing the use of potable water
or brackish Kama’ole aquifer wells, and supports ecosystem restoration projects that reduce
flooding and runoff. Implementation of the plan is dependent upon gathering additional
watershed monitoring data for water quality model development, obtaining commitments from
stakeholders, and obtaining funding.
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2.0

INTRODUCTION

A watershed is the area of land where all of the water that is under it or drains off of it goes into
the same place.

Figure 2-1 What is a Watershed?

This plan is a watershed-based plan to protect and restore water quality. Pollutants such as
nutrients, toxic chemicals, pathogens, and sediments originate from a variety of sources within
the watershed and potentially threaten both human and environmental health. These pollutants
are transported via surface or groundwater throughout the watershed, reducing the quality of
water in groundwater, streams, wetlands, estuaries, coastal, and oceanic waters. Nonpoint
source pollution (NSP) originates from diffuse sources associated with a variety of land uses
including urban, agricultural, residential, and conservation. The combined effects of point and
nonpoint source pollution can be seen with the decreased water clarity, presence of harmful or
nuisance algae blooms, increased nutrients, presence of toxic pollutants and pathogens, and
the resulting decline in the health of native ecosystems and aquatic organisms that are
subjected to multiple stressors.
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In order to make progress toward restoring waters impaired by nonpoint sources of pollutants,
EPA recommends the creation and implementation of Watershed-based Plans that include
nine specific components and a six step process (See Figure 2-2). The development of the
Southwest Maui Watershed Plan (SMWP) involves stakeholders to determine how to manage
the watershed in ways that satisfy environmental, human health and economic interests. The
watershed plan will be developed by the Central Maui Soil and Water Conservation District
(SWCD) and the Southwest Maui Watershed Advisory Group (SMWAG) which consists of
participants representing diverse interests including local, state and federal agencies, private
landowners, and nonprofit organizations. The WAG will seek input from affected stakeholders in
the process of developing the watershed plan.
This plan focuses on the Phase I watershed planning area designated by the State of Hawaii as
Hapapa, Wailea, and Mo’oloa watersheds.
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Figure 2-2 Incorporating the Nine Elements of Watershed Planning (USEPA, 2009)
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3.0

PLANNING AREA DESCRIPTION

The planning area is located on Maui Island, in the Hawaiian Archipelago, the world’s most
remote island chain (Mink & Lau, 2006)(See Figure 3-1 SMWP Location Map).

Figure 3-1 SMWP Location Map

The US Geological Survey Hydrologic Unit Codes (HUC) designates Southwest Maui as HUC
2002000006 (See Figure 3-2 USGS Hydrologic Units Codes). A subset of this watershed was
chosen for Phase I of the planning effort. This plan focuses on the Phase I watershed planning
area designated by the State of Hawaii as Hapapa, Wailea, and Mo’oloa watersheds.
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Figure 3-2 USGS Hydrologic Unit Codes
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Figure 3-3 SMWP Boundary Map

The total area of the Hapapa, Wailea, and Mo’oloa watersheds is 49,688 acres, extending from
near the summit of Haleakala down to coastal areas of Kihei, Wailea, and Makena with major
drainage to the Kihei coastline (See Figure 3-3 SMWP Boundary Map). The upcountry areas
are primarily forests, farms, and ranch lands, and the coastal areas are developed resort, urban,
and residential areas. Long term rainfall averages range from 10 inches per year near the Kihei
coastline to 40 inches per year at 9,400 feet elevation near the summit of Haleakala. Draining
this watershed are numerous large gulch systems that flow seasonally after major rainfall
events. Improved drainage systems operated by the County of Maui, Wailea Resort, and
Makena Resort also discharge directly to the ocean in the planning area.
Southwest Maui offers a myriad of commercial and recreational opportunities to residents and
visitors such as boating, fishing, swimming, snorkeling, diving, and hiking and many other
outdoor related activities. Southwest Maui coastal waters have also traditionally been used by
Native Hawaiians for canoeing, fishing, limu (seaweed) gathering, and other traditional
practices. The people of Maui realize the economic, social, and cultural value of a healthy
environment. Many who live, work, recreate, or conduct cultural traditional practices in the area
are concerned about the impairment of water quality.
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The history of this watershed over the last 300 years reflects a decline in native forest cover in
favor of farming, ranching, and residential/urban uses, the introduction of grazing animals, and
introduction of alien plant and animal species. Since the 1960’s, residential and commercial
development in Kihei has contributed to a reduction in the wetland and sand dune acreage
along the shoreline. The resulting altered local climate and land use patterns have changed
watershed hydrology and the characteristics of stormwater runoff. Excess stormwater causes
flooding damage and pollution that are difficult and costly to clean up.
Uncontrolled stormwater runoff has many cumulative impacts on humans and the environment
including:
Flooding - Damage to public and private property;
Eroded Streambanks - Sediment clogs waterways and drainage systems, enters ocean,
kills fish and other aquatic life, causes property loss and degradation;
Widened Stream Channels – Damage and loss of valuable property;
Sediment filled channels and basins - reduces volume for managing stormwater runoff,
and increases pollutant loading;
Aesthetics - Dirty water, trash and debris, foul odors, mud deposits
Fish and Aquatic Life – mortality, impaired health and reproduction, tissue contamination
Impaired Recreational Uses - Swimming, fishing, boating, diving, snorkeling, surfing,
windsurfing, kite surfing etc.
Threats to Public Health – Contamination of drinking water, recreational waters, and
fish/shellfish; waterborne diseases
Threats to Public Safety - Drowning or injuries occur in flood waters; debris increases
hazards
Economic Impacts – Impairments to fisheries, shellfish, ecosystems, real estate values,
tourism, recreation related businesses
Increased Cost of Water and Wastewater Treatment - Stormwater pollution increases
raw water treatment costs, reduces the assimilative capacity of water bodies (requiring
greater level of wastewater treatment) and increases wastewater treatment costs and
pollutant discharge loads due to stormwater inflow and infiltration into sewerage
collection systems.
Increased sedimentation and nutrient loading on the extensive reef complex offshore threatens
the health of the reef ecosystem. Sediments deposited by one storm event can be
subsequently re-suspended. Recent studies have demonstrated that increases in sediment
discharges from watersheds associated with poor land-use practices can impact reefs over 100
km from shore, and that ecosystem-based management efforts that integrate sustainable
activities on land while maintaining the quality of coastal waters and benthic habitat conditions
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are critically needed if coral reefs are to persist (Richmond, et al., 2007). Inadequate
wastewater treatment prior to disposal also threatens recreational and aquatic life uses.
The 2006 Water Quality Monitoring and Assessment Report (Hawaii Department of Health,
2006) identified water quality impairments requiring Total Maximum Daily Loads (TMDLs) in 27
coastal segments within the Hapapa, Wailea, and Mo’oloa watershed units. Levels of nonpoint
source pollutants reaching Maui’s coastal waters must be reduced in order to meet water quality
criteria and support designated uses in the area. While TMDLs are required, there are none
currently scheduled for development within the planning area. The development of a watershed
plan provides an opportunity to address these water quality problems, and may even preclude
the need for TMDL development.
In a recent study on the economic valuation of Hawaiian reefs (Cesar Environmental
Economics Consulting, 2002) a cost-benefit analysis was performed on solving the nutrient
enrichment that may be causing algal blooms along the Kihei Coast. The value of the reef at
the Kihei Coast was considered based on real estate, biodiversity, and recreational values.
Without nutrient reduction, annual benefits would decline by $25 million to $9 million, while a
reduction of nutrient inputs would increase annual benefits by $30 million. This economic
valuation did not include the value of subsistence fishery, cleaner environment, and
undeveloped shoreline. Watershed planning is needed not only to address the existing pollutant
loads, but also to address additional pollutant loads resulting from planned development within
the coastal areas of the watershed.
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4.0

WATERSHED ADVISORY GROUP

The Southwest Maui Watershed Advisory Group was first formed in 2004 in response to the
DOH listing coastal waters of Ma’alaea Bay as impaired due to failures to attain state water
quality goals. IN Keeping with the EPA Non-point source pollutant control (Section 319) grant
requirements, the Southwest Maui Watershed Advisory Group (WAG) and Steering Committee
(SC) held a series of meetings during 2010 and 2011 to develop this watershed-based plan for
water quality. The schedule of meetings is provided in Appendix A. The meeting minutes are
available on the project website at http://www.mauiwatershed.org/meetings/. A total of 40 WAG
and steering committee meetings were held. Working committees were formed that met outside
of the WAG and SC meetings. In addition, four public meetings were held.
The WAG followed the process outlined in the EPA publication, “Handbook for Developing
Watershed Plans to Restore and Protect Our Waters” including:
1. Building partnerships;
2. Establishing education and outreach
3. Defining the scope of the planning effort;
4. Gathering existing data and creating a data inventory;
5. Identify data gaps and recommend additional data needed; analyze data;
6. Estimate pollutant loads;
7. Set goals and Identify load reductions
8. Identify possible management strategies;
9. Evaluate options and select final strategies;
10. Design implementation program and assemble plan.

4.1

Building Partnerships

Driving forces for the watershed planning include the impaired water status of the near shore
waters of the planning area, drainage and development issues, wastewater disposal/injection
well impacts, Coastal Zone Management and CWA water quality management and US Army
Corps of Engineers (USACE) flood control planning; water conservation/reuse; ecosystem
restoration; and recreational and aesthetic issues. A diverse group of stakeholders was invited
to participate both at the beginning and throughout the process. The WAG developed guiding
principles and an initial Education and Outreach Plan designed to educate the community and
engage stakeholders.
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Guiding Principles

4.1.1 How we will behave
Be inclusive – The Watershed Advisory Group and Steering Committee seek to
include all stakeholders, those
o

with information or knowledge

o

who make decisions

o

who are affected by decisions

o

who have the ability to assist or impede implementation of decisions

Be the solution – the solutions to water quality problems come from within the group
of stakeholders.
Be Equitable - Seek balance and transparency in the decision-making process,
avoiding undue burdens on one party.
Gain stakeholder trust as well as commitment
Respect and honor the host culture and each other

4.1.2 How we will develop our plan
Use the best available science and traditional ecological knowledge to develop
logical plan and rationale
Recognize the interconnectedness of water resources mauka to makai (ahupua`a
concept)
Optimize solutions to realize the greatest water quality benefits for the resources
invested.
Create an adaptive management process with flexibility to adjust plans and
strategies based on success of implementation
Gain commitment of stakeholders to the process

4.1.3 Our Values
Our state motto is: “Ua mau ke ea o ka aina i ka pono.”
“The life of the land is perpetuated in righteousness,” meaning that the life of the land
is preserved by the correct behavior and proper conduct of people who call Hawaii
home.
Laulima = cooperation, to work together towards achievement of a task
Lokahi = unity of effort
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Aloha = compassion, caring, love for others and nature
Ho`omanawanui = patience
Ho`ihi = respect
Kokua = principle of helpfulness
Pono = harmonize, balance, reconcile each other’s concerns

4.2

Education and Outreach Plan
1. WHO ARE WE EDUCATING?
a. Keiki (Children)
b. Water Users
c. Average Community Member
d. Policy Makers
e. Planners
f. Developers
2. WHY ARE WE EDUCATING?
a. To further the implementation of WAG planning recommendations
b. So that the community can make informed policy decisions
i. Voting
ii. Land use
iii. Who to support
c. To establish and maintain a connection to the land and the interconnectedness of
water resources to the land
d. To establish a “culture of care” i.e. community-based peer pressure to prevent
pollution
3. WHAT ARE WE EDUCATING ABOUT?
a. What a watershed is
b. Why a watershed is important to protect
c. How each person as an individual can help
d. How we collectively can help (through businesses, community and government
organizations)
4. HOW ARE WE EDUCATING?
a. Facebook.com
b. Water Quality Monitoring Sites
c. Akaku
d. Internships
e. Handouts and fliers
f. Talks and presentations
g. Volunteer activities
5. HOW ARE WE EDUCATING?
a. Keiki
i. Community events (Club meetings, fairs, festivals)
ii. Water Quality Monitoring (beach or stream water sites
iii. Classroom demonstrations by volunteers
b. Water Users
i. Posters or fliers at popular stores
ii. Turbidity Task Force\raises awareness through observation and
monitoring
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c. Average Community Member
i. Facebook.com page
ii. Akaku Advertisement Campaign
iii. Public meetings
iv. Booths at Fairs and Festivals (Whale Day , County Fair)
v. Speakers at neighborhood/community associations or civic clubs (Rotary,
etc.)
d. Policy Makers
i. Invitation to WAG meetings
ii. Write Letters Or testimony
iii. Presentations to County Council Committees, Planning Commission,
County Planning Department
e. Planners and Developers
i. Develop Workshops for Pollution Prevention Techniques(Best
Management Practices for construction, roads, drainage etc , Nonpoint
Source Education for Municipal Officials (NEMO)
f. Stakeholders
i. Presentations or workshops for landowners and managers at ranches,
resorts, community associations
ii. Educate businesses engaging in practices that make a difference to water
quality
6. ADDITIONAL RESOURCES FOR OUTREACH AND EDUCATION
a. Volunteers
i. Identify existing and potential sources of volunteers
1. Hawaiian Islands Humpback Whale National Marine Sanctuary
(HIHWNMS) Citizen Scientist/ Volunteer Water Quality Monitoring
Program
2. Maui Nui Marine Resource Council , Clean Water Committee and
Turbidity Task Force
3. South Maui Sustainability Group
4. Upcountry Sustainability Group
ii. Establish what aspect of outreach could be helped by volunteers
iii. Establish co-ordination of volunteer efforts with existing groups
b. Meeting spaces, educational materials, and Visual Aids?
i. County
ii. Schools
iii. Nonprofits(PWF, Hawaii Ecotube, Digital Bus, Aquanimity NOW)
iv. State (DAR,DOH, UH) and Federal (NOAA, EPA, HIHWNMS)

4.3

Scope of the Planning Effort

The WAG completed a water quality questionnaire (see Appendix A) and completed worksheets
4-1 and 4-2.
At the second public meeting on April 29, 2010, the tallied results were presented and additional
input sought from the public. Respondents rated these issues based upon their level of
concern: (1) Highly concerned; (2) Moderately concerned; (3) Not concerned. Results are
averaged and listed in Table 4-1 Rating Water Quality Issues by Level of Concern from high to
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low concern. Additional specific concerns identified included injection wells; terrestrial habitat
degradation; product use; cruise ship waste; fish diseases; and fish abundance.
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Table 4-1 Rating Water Quality Issues by Level of Concern
Issue

Average

Coral Reef Health

1.0

Algae/Aquatic Plant Overgrowth*

1.14

Contamination of Groundwater

1.14

Urban Runoff

1.14

Erosion

1.15

Stream/Native Species Habitat Degradation

1.21

Excess Nutrients

1.27

Excess Sediments

1.29

Pesticide/Fertilizer Overuse

1.29

Excessive Agricultural Runoff

1.29

Improper use of storm drains

1.29

Debris/Garbage (instream, dumping)

1.33

Boat Waste

1.50

Cesspool failures

1.53

*Qualified by 2: concerned only with invasive algae

The WAG took the information gathered and, using Worksheet 4-3, began to develop a
conceptual model that identifies source, stressor, impact and impairment.

Figure 4-1 Conceptual Model Development Process
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Figure 4-2 Conceptual Model
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4.4

Gathering existing data and creating a data Inventory

Existing watershed data from public databases and privately generated data were surveyed.
The data were mapped and an inventory with references and links to data sources was
compiled and is provided in Appendix B.

4.5

Identify data gaps and gather additional data; analyze data;
4.5.1 Further analysis of existing data:
Review of existing compiled reports, EIS, etc., submitted late in the review process,
or not readily analyzed (due to hard copy only or no electronically editable files).
Compilation and reporting of new data generated by the watershed coordinator and
WAG (whale sanctuary volunteers data, La’ie wetland data, data from flooding
events, photo documentation of stream flow, flood aftermath, sedimentation events,
stream reconnaissance)

4.5.2 Data that needs to be collected to implement pollution control
strategy:
Location/ground truthing, mapping of all ocean outfalls (including storm outlets),
especially the Wailea and Makena watersheds.
Monitoring of rainfall and streamflow within sub-basins for runoff model calibration.
Monitoring of pollutant concentration throughout discharge events to develop event
mean concentrations, flow and load duration curves for the watershed; Pollutant
concentrations for TSS, Nutrients, and fecal indicators) should be collected during
runoff events (Gulch monitoring program with Kulanihako’i and Waipu’ilani, Keokea
as priority).
Monitoring of the dry weather irrigation runoff for flow, nutrients (there are several
flowing locations in Wailea).
Monitoring to characterize the range of nearshore oceanographic conditions
occurring along the coastlines of the watersheds (wind velocity and direction, current
velocity and direction, turbidity, salinity, temperature).
Monitoring of ocean water quality (turbidity, nutrients, salinity, pH, dissolved oxygen
and fecal indicators) under a range of conditions and locations (e.g., include areas
near stream mouths, wet weather conditions).
Monitoring of groundwater well levels and water quality (salinity, silica, turbidity,
nutrients, dissolved oxygen, redox, and pH).
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4.6

Estimate pollutant loads;

The approach to pollutant load estimation (as described in Chapter 9.0) is to develop a
hydrologic model and apply literature data event mean pollutant concentrations to calculate
pollutant load. After studying the land use and rainfall/runoff characteristics of databases and
their corresponding results related to water quality sampling and analysis, it was determined
that the EMC values determined by these studies do not relate fairly to the land use and
runoff/rainfall characteristics of the watershed under study. It would thus be not practical and
feasible to apply these EMC values the sub-basins of our study area to calculate the loading
estimates of the watershed.
It is a recommendation of the study that in order to develop fairly reasonable and accurate
estimates of water quality loads that are representative of the sub-basins, sampling and analysis
of water quality as well as flow conditions be carried out for a minimum of 1 year, (and likely
multiple years) and apply the concentrations obtained in the sampling exercise to the peak
discharge computations of the watershed.

4.7

Set goals and Identify load reductions;

Although data are lacking at present that would allow us to estimate pollutant loads and load
reductions, the Watershed Advisory Group has established preliminary goals, objectives, targets
and Indicators as discussed below.

4.7.1 Goals, Objectives, Targets and Indicators
The watershed advisory group identified three major long term goals:
Goal 1 - Fishable Swimmable Waters;
Goal 2 – Increased Safety and Reduced Flood Property Damage in Kihei; and
Goal 3 - Increase Future Water Resources;
The funding and time frames associated with the current phase of watershed planning do not
allow full development of objectives, indicators, and targets for all of the long term goals.
Therefore, the steering committee opted to limit development of indicators and targets to Goal
1- Fishable Swimmable Waters.
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Goal 1 - Fishable Swimmable Waters
Objective 1 – Reduce Sediments
Indicators

Targets

Turbidity – measure of water clarity expressed by
ability to transmit light through sample;
suspended solids raise turbidity and lower water
clarity.

Intermittent streams and ocean waters meet numeric
criteria in State Water Quality Standards at HRS 1154.

Total Suspended Solids – indicator of materials
contributing to turbidity in the form of suspended
solids; monitored in order to establish correlation
between turbidity (which has a state standard)
and pollutant load

Levels in streams and oceans decrease from initial
monitoring to levels correlated with pollutant
reduction goals; used to establish correlation of load
(mass/time of suspended solids) to state water
quality standard for turbidity

Total Suspended Solids Load; requires
estimation or measurement of flow volumes for
storm events where TSS is measured.

Reduction from initial load estimate in accordance
with implementation strategy estimated load
reductions.

Volume of Sediment

Reduction from volumes observed and removed from
streets and waterways after 2010 storms

Objective 2 – Reduce Pathogens
Indicators

Targets

Presence of detectable quantity of fecal
source/pathogenic indicator organisms (e.g.,
enterococcus or clostridium)

None detectable in recreational waters in dry
weather

Concentration of fecal source/ pathogenic
indicators

Where detectable, levels decrease; concentration is
less than state water quality criteria for recreational
waters at all times; recreational, fisheries, and
cultural uses are supported by microbial water quality

Objective 3 – Reduce Nutrients
Indicators

Targets

Nutrient concentration of water column

Intermittent streams and ocean waters meet
applicable numeric criteria in State Water Quality
Standards at HRS 11-54.

Nutrient Load - requires estimation or
measurement of flow volumes for storm events
where nutrient concentrations are measured.

Levels in streams and oceans decrease from initial
monitoring to levels correlated with pollutant
reduction goals;

Nuisance and/ or harmful Algal blooms

Absent; narrative criteria and designated uses at 1154 are attained
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4.8

Identify possible management strategies;

Figure 4-3 Process for Identifying Candidate Management Practices (USEPA, 2009)

The watershed plan must identify all appropriate management measures and practices to
achieve pollutant load reductions. The Hawaii Watershed Guidance provides nonpoint source
pollution management measures appropriate to Hawaii watersheds. The measures are
organized into six categories or sectors,
1. Agriculture;
2. Forestry (Silviculture);
3. Urban Areas;
4. Marinas and Recreational Boating;
5. Hydromodification Activities; and
6. Wetlands, Riparian Areas, and Vegetated Treatment Systems.
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Table 4-2 Hawaii’s Six Sectors and the Associated Management Measures (MMs)

1. New Development
2. Watershed Protection
3. Site Development

Urban Areas*
7. Pollution Prevention
8. Golf Course Management
9. Planning, Siting and Developing Roads and Highways

4. Existing Development
5. New Onsite Disposal Systems

10. Bridges
11. Operation and Maintenance, Roads & Highways

6. Operating Onsite Disposal Systems

12. Runoff Systems for Roads, Highways and Bridges

1. Erosion and Sediment Control
2. Nutrients
3. Pesticide

Agriculture Areas
4. Grazing
5. Irrigation Water

Forestry Areas*
1. Preharvest Planning
6. Site Preparation and Forest Regeneration
2. Streamside Management Zone
7. Fire management
3. Road Construction/Reconstruction
8. Re-vegetation of Disturbed Areas
4. Road Management
9. Forest Chemical Management
5. Timber Harvesting
10. Wetlands Forest Management
Marinas and Recreational Boating
1. Marina Flushing
9. Fish Waste Management
2. Water Quality Assessment
10. Liquid Material Management
3. Habitat Assessment
11. Petroleum Control
4. Shoreline Stabilization
12. Boat Cleaning
5. Storm Water Runoff
13. Public Education
6. Fueling Station Design
14. Maintenance of Sewage Facilities
7. Sewage Facility Management
15. Boat Operation
8. Solid Waste Management
Hydromodification Activities
1. Physical and Chemical Characteristics of
3. Protection of Surface Water Quality and Instream
Surface Waters
and Riparian Habitat from Dams
2. Instream and Riparian Habitat Restoration
4. Eroding Streambank and Shorelines
Wetlands, Riparian Areas, and Vegetated Treatment Systems
1. Protection of Wetlands and Riparian Areas
3. Vegetated Treatment Systems
2. Restoration of Wetlands and Riparian Areas
*Hawaii State Land Use Commission designates 4 State Land Use Districts: Urban; Rural; Agriculture; &
Conservation. For the purposes of this watershed plan the Urban and Rural Districts have both been
included under the Urban Management Sector. The Conservation District is included in the Forestry
Management Sector.
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These management measures and practices represent the universe of possible appropriate
management practices. The following screening criteria were used to evaluate the options and
narrow the list to final strategies that might be employed within our watershed planning area:
Critical areas;
Goals;
Objectives;
Load reduction estimates;
Legal requirements;
Physical constraints;
Costs; and
Added benefits

Design implementation program and assemble plan

Figure 4-4 Southwest Maui Watershed Plan Possible Implementation Map (refer to Appendix C for
all implementation maps)
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4.8.1 Pollution Control Strategy
Our pollution control strategy is to integrate management of water resources to prevent
and control point and nonpoint source pollution while supporting ecosystem restoration
and natural resource conservation.
In the words of watershed advisory group member Michael Howden: “If using Keyline principles,
we run swales on contour out across the landscapes, especially forming berms on the lower
side as the swales are built, these channels will help us hold both the moisture and the organic
matter carried in these waters, in the landscape, rather than running out into the ocean, helping
kill our corals and otherwise polluting the nearshore waters.” (Maui Weekly, 2/16/12)
DSILT (Detained Stormwater Infiltration using Low Technology)
DSILT projects control pollutant delivery to the ocean by detaining stormwater, trapping
sediment and facilitating infiltration. Controls pollutants including sediment, nutrients, debris and
pathogens.
Includes projects such as riparian buffer, off-line peak flow diversion/storage, terracing, green
infrastructure, rain gardens, wetland, and dune and fishpond restoration.
Water Reuse
Projects to reduce pollutant delivery to ocean by reusing rather than disposing of recycled
water. Use of these water resources for restoring ecosystem function is included (e.g. use R-1
to water riparian buffers, stabilize stream banks through establishing vegetation, and restore
wetlands
Best Management Practices (BMP)
Identify appropriate BMPs for categories of sources/land use/cover/activity
Identify target audiences and develop training materials
Conduct targeted stakeholder Education and Outreach (events, workshops, meetings,
presentations, newsletters)
NOTE: pollutant control strategies not only support clean water goal (fishable swimmable) but
also support watershed goals of reducing the effects of flooding and increasing available future
water supplies.
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4.8.2 Implementation Strategy
Our implementation strategy is to identify watershed plan linkages to existing programs,
policies, and plans; identify potential projects; seek funding; develop local fiscal, project
management and technical capacity; identify project teaming partners and make teaming
agreements; scope projects; write grants, raise funds; and implement projects through
partnering arrangements.
Identify Programmatic Linkages
Develop a matrix or graphic depiction of the applicable state, federal and county regulations in
the watershed planning area, the implementing programs, policy, authorities, managers,
facilities and activities within the watershed. Linkages identified will refine understanding of
potential project partners, resources and constraints.
Identify projects
The following general project concepts were developed by the WAG. All projects and practices
at a minimum should be consistent within the framework of the Management Measures in the
Hawaii Watershed Guidance and the EPA Watershed Planning Guidance. All projects will
require monitoring of metrics for actions (e.g. number of measures implemented) and water
quality improvements or pollutant load reduction accountability. Other programmatic criteria
may apply to specific projects and will be identified during the programmatic analysis and
partnering efforts.
Three major categories of project are envisioned:
1. DSILT Projects to reduce sediment delivery to the ocean, reduce or mitigate flood
volume and increase stormwater infiltration;
2. Monitoring projects to gather data for water quality modeling, pollutant and load
estimation, assessment of designated use support, water quality standards attainment,
and other measures of waterbody health or project performance; and
3. Best Management Practices (BMPs) derived for specific sources, land uses or activities.
BMPS will fall within the framework of the existing management measures. Projects
include BMP training and technology transfer programs, and development or adaptation
of BMPs to address issues specific to Hawaii watersheds.
DSILT Project Concepts (see Figure 4-4 and Appendix C for potential locations)
1. Projects that facilitate stormwater diversion, sedimentation, and infiltration on
undeveloped lands located primarily mauka of the Pi’ilani highway. Project objectives
are to reduce flood peak volume and sediment load delivered to the urban coastal areas,
and increase stormwater infiltration into the Kama’ole shallow coastal aquifer. Design
concepts suggested for consideration include 1) sedimentation basins and 2) “String of
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Pearls” creation of artificial meanders (use of terraces, diversions and other features to
divert water away from stream bed across the landscape and facilitate sedimentation
and infiltration by allowing the water to slow in a series of shallow impoundments. Areas
of highest priority are in Kulanihako’i, Waipu’ilani, and Keokea Sub-basins;
2. Stream bank stabilization and riparian corridor restoration – mauka to makai, where
needed to reduce sediment loads with priority in Kulanihako’i, Waipu’ilani, and Keokea
Sub-basins; also may be compatible with dryland forest restoration and cultural access
preservation efforts in Kama’ole and potentially other Wailea and Mo'oloa (Makena) subbasins.
3. Green infrastructure pilot or demonstration projects to both retrofit existing urban areas
and to reduce impact of future development of impervious surfaces:
Green Rooftops, which will reduce localized flood volume, could be irrigated with R-1 or
grey water, reducing wastewater treatment volumes and loads, and will help alleviate
urban hot spots in Kihei;
Rain garden at Whale Sanctuary/Kalepolepo to publicly demonstrate the effectiveness of
healthy soil conditions and native plants to protect the ocean from land-based nonpoint
source pollution;
4. Coastal wetland restoration/flood zone restoration/planned shoreline retreat. Identify
projects that can meet multiple objectives related to flood control, wetland and floodplain
development and restoration; and mitigation of coastal hazards and nonpoint source
pollution. The areas from the Maui Lu to Menehune Shores; the La’ie Wetlands; and
Kalama Park and Kama’ole Park areas along South Kihei Road are potential project
areas.
Water Reuse Projects
1. Irrigated green belts or riparian buffers;
2. Use of R-1 water in ecosystem restoration (including DSILT project irrigation)
3. Expansion of reuse area.
Monitoring Projects
Interagency/stakeholder monitoring coordination
Water Guardians – Mauka to Makai Gulch and Shoreline Watch program
Under direction of Watershed Coordinator and coordinated community programs that
provide training. All work will be supervised in the field by trained professionals and
volunteers. All monitoring sites will have appropriate safe and legal access. Data will be
used in watershed planning and to monitor results of plan implementation.
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Citizen Scientists will:
o

Conduct visual assessment of gulches and shorelines over time;

o

Collect and ground truth physical stream and outlet data and drainage basin
conditions;

o

Collect ocean and groundwater samples for water quality analysis;

o

Conduct flow and water level monitoring;

o

Sample stormwater runoff ; and

o

Record data and report via CORAL Data Portal

BMP projects
1. Identify Teaming Partners and Make Agreements
a. WAG hosting/grant management
b. Projects
c. Project Management
d. Watershed Coordinator
e. Community Coordination
2. Seek Funding
a. Grant writing, fund raising; in-kind support is provided by partners/stakeholders
b. Potential Funding Sources/Grants
i. NOAA programs for monitoring, marine education, coral reef preservation,
climate change adaptation, fisheries, coastal zone and watershed
management
1. Bay Watershed Education and Training Program (B-WET);
2. Coastal Resilience Network (CRest)
3. Marine Debris Removal Project Grants
4. Marine Education and Training MiniGrants
ii. USDA
1. Landowner incentives or project funding
iii. EPA http://water.epa.gov/grants_funding/shedfund/federal.cfm
1. Community Action for a Renewed Environment;
2. State Clean Water Revolving Loan Fund
3. Environmental Education Grant Programs
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4. Environmental Justice Grant programs
5. Five Star Restoration Program
6. Nonpoint Source pollution control (319)
7. Targeted watersheds grants
8. Regional grants
3. Develop Capacity
a. Hire professional staff
b. Intern programs
c. Targeted Education /Outreach to stakeholders
Table 4-3 Implementation Strategy Matrix
Project Type

Technical
Resources
(TYPE OF
RESOURCE)

Financial
Resources
$$$$

Funding
Sources

Teaming Partners

Measureable
Milestones

Reforestation
Mauka and
dryland

Forestry/native
restoration , WQ
monitoring
GIS; regulatory/
permitting

Check
watershed
partnership
annual
report for
order of
magnitude
estimates;

DWS

Dept of Water
Supply;
Leeward Haleakala
Partnership;
NRCS/ CMSWCD;
DLNR
Aha Moku; Kihei
CA ; Kula CA; Maui
Nui Botanical
Gardens

See
Leeward
Management Plan
for
examples

Stormwater
diversion,
sedimentation
infiltration
(sediment
basins)

Civil/Water
Resource
Engineering;
Conservationist
WQ Monitoring;
regulatory/
permitting ; public
works

EPA 319,
Bureau of
Reclamatio
n
FEMA;
SRLF;DWS
DPW;
FEMA; EPA
Urban
Watersheds

NRCS/ CMSWCD;
DPW; DLNR
developers/ZAED
planning Maui Nui
Botanical Gardens;
Civil defense;

# projects;
sediment
reclaimed;

Streambank
stabilization
and riparian
corridor
restoration

Civil/Water
Resources/
Ecological
Engineer;
conservationist;
GIS ; WQ
Monitoring

USACE
USDA/NRC
S

NRCS/ CMSWCD;
developers/ ZAED
planning;
Kula/Kihei CA;
Maui Nui Botanical
Gardens
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Project Type

Technical
Resources
(TYPE OF
RESOURCE)

Financial
Resources
$$$$

Rain Garden

Civil Engineering;
conservation or
native plant
specialist;
regulatory/
permitting

NRCS/
NOAA

Coastal
wetland/flood
zone/planned
retreat
restoration

Coastal engineer or
coastal geologist;
civil or water ;
resources
engineer; water
quality/wetland
specialist; native
plant/conservation
FEMA data

$101,377/
acre of
1
wetland

Funding
Sources

Teaming Partners

Measureable
Milestones

Schedule

NRCS/ CMSWCD
KCA; HIHWNMS
Grow some
good/school
gardens
Maui Nui Botanical
Gardens; CWD;
MNMRC-CWC
NOAA
WET; EPA
Urban
Watersheds

FEMA/Civil
Defense CZMA
section 309;
FEMA
Civil Restoration;
USACE

Water Reuse Projects
Urban
Irrigation
(residential,
commercial,
industrial)

Agronomists,
agricultural
engineer;
conservationist;
landscape irrigation
specialists

EPA, SRLF,
BLM; EPA
Urban
Watersheds

CTAHR: LICH;
HWEA

DSILT/
Restoration
Projects

Civil engineer;
conservationist;
native plant
specialists

County
DPW, DWS

NRCS, Ranches
and other
landowners;
County

Identify BMPS
for each land
use and
activity

Local engineering;
NRCS; LICH; aha
Moku

Identify
targeted
stakeholders

NRCS

LICH; Aha Moku
;Trade professional
associations
Trade
professional
associations
; County
and
professional
agencies

MNMRC; LICH;

1

Total cost for construction of Kawai Nui Marsh was $3,953,700 including all appurtenant features and actions (mobilization, demobilization,
temporary facilities, erosion control, unclassified excavation and embankment, 12 well pumping systems, channel weir structures, water level
control structures, field fence and gates, partial placement of geotextile fabric, and all incidental items)Total restoration - 39 acres of wetlands
Cost per habitat unit (1 acre wetland) = ~$101,377. Cindy S. Barger, Watershed Program Manager
Civil and Public Works Branch, US Army Corps of Engineers, Honolulu District
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Project Type

Technical
Resources
(TYPE OF
RESOURCE)

Develop
targeted
educational
materials

Educators, editing,
Publishing,
Graphics

Conduct
Outreach
Events

Event coordination
and logistics

Financial
Resources
$$$$

Funding
Sources

Teaming Partners

NOAA;
EPA/NEMO

CTAHR; UH Maui;
FEMA

Measureable
Milestones

Schedule

MNMRC;
HIHWNMS

Monitoring Projects
Interagency/
Stakeholder
Monitoring
workgroup

Water quality
scientists; social
scientists

Water
Guardians

WQ scientist;

HCRI, EPA,
DOH, DAR,
UH Maui
Sea Grant;
Pacific
Services
Center
Coral

HCRI; Pacioos;
HIHWNMS; UH
Maui

MNMRC;
HIHWNMS
CORAL; CWD;UH
MAUI; Kihei and
Kula CA

Management/Administration
Project and
Grant
Management

Grant and Project
Manager; Project
fiscal and
administrative
support

Project/gra
nt manager
(part-time)

Grant admin
fees; Hawaii
Community
Fund;
Interagency
personnel
placement

Tri-Isle RC&D;
SWCD;
UH
County

Watershed
Coordination

Environmental
professional
(scientist engineer)

$150,000/y
r
(full time
plus
benefits
and
overhead)

Hawaii
Community
Foundation;
EPA 319

HAWP;HWWA;
Hawaii Community
Foundation

Community
Coordination

Event coordinator
Social Networker

$70k/year
(part-time
plus
benefits
and
overhead)

Hawaii
Community
Foundation;
NOAA BWET; EPA
public
education/
outreach
grants

MNMRC;
HIHWNMS;
CORAL; Surfrider.
Maui Tomorrow
Foundation
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4.8.3 Adaptive Management, Monitoring and Evaluation Mechanism (what
happens if we need to change course?)
Monitor through partner programs, watershed plan and project specific monitoring
efforts to determine whether pollution control, water quality and other plan objectives
and specific project performance standards are being met;
Periodic assessments and reporting of progress with focus on strong project
management;
Early problem identification and mitigation is supported by open communication of
arising concerns and issues;
Consultation with partners and project staff for recommendations;
Decision-making by a representative steering committee or council at watershed
level; and project partners at the project level;
Updating plan every two years in synchronization with State schedule of reporting
under Clean Water Act 303(d) and 305(b) (Integrated Water Quality Report).
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5.0

PHYSICAL AND NATURAL FEATURES

At approximately 48 miles long and 26 miles wide, Maui is the second largest of the main
Hawaiian Islands with a total land area of about 725 square miles. The island of Maui was built
by two volcanoes, Haleakala (East Maui) (10.025 ft high) and Kahalawai (West Maui) (5788 ft
high). The flat isthmus in between was built by lava flows from Haleakala banking against
Kahalawai (Stearns & MacDonald, 1942). (See Figure 5-1 Maui Island.)

Figure 5-1 Maui Island

5.1

Geology

The volcanic rocks of Maui are considered diverse and include basalts, gabbros, picritic basalts,
nepheline basanites, basaltic andesites, andesites, and soda trachytes. Haleakala is a broad
shield-shaped dome, consisting of thin-bedded lava flows dipping away from vents and rift
zones. An east rift, southwest rift , and north rift, ranging in length from 15 to 17 miles, radiate
from the location of the former summit at elevation of 10, 500 – 11, 000 feet above present day
sea level, forming a rounded pyramidal cone. The present day mountain is 10,025 feet high and
33 miles across. The Haleakala Crater is believed not to be a caldera, but rather the heads of
two valleys in which volcanic activity has subsequently occurred, often burying streambeds and
erosional features. Craters (defined as orifices at the top of cinder, lava, and spatter cones) on
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Maui can range from a few feet to one half mile across (Stearns & MacDonald, 1942) The
lavas of the Haleakala volcano that are found within the planning area include Hana Volcanics,
Kula Volcanics, and Honomanu Basalt. (Mink & Lau, 2006) (Stearns & MacDonald, 1942) The
higher elevations of the planning area and the entire Mo’oloa watershed are Hana Volcanic. In
the Hapapa watershed Kula volcanics are also found at upper and lower elevations, and Hana
volcanics are found along the coastline of the Hapapa and Wailea watersheds. ((Mink & Lau,
2006), reprinted from Clague 1998) Lava types are Pahoehoe (smooth) flows that can form lava
tubes, and A’a, dense basalt that can form beds of clinkers. A major geologic feature of
Haleakala Volcano is the Southwest Rift Zone. The ridge that defines the Southwest Rift Zone
has a major influence on the hydrology of the area’s watersheds.

5.2

Topography

The topography of the project area ranges in elevation from sea level along the coastal
boundaries of the Hapapa, Wailea, and Mo’oloa watersheds to approximately 9400 ft. at the top
boundary of the Hapapa watershed along Haleakala’s southwest rift zone.

Figure 5-2 Topographic Map
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A spatial analysis of a United States Geological Survey (USGS) Digital Elevation Model (DEM)
shows that slope ranges from 0 to 85 percent. (See Figure 5-3 Percent Slope) Steeper slopes
are associated with higher elevations that border Haleakala’s southwest rift zone on the south
side of the project area, along the steep ridges and sides of drainage gulches, and on the side
slopes of geologic formations such as Pu`u o Kali, Pu`u Io, and Pu`u Olai cinder cones. The
average slope of the project watersheds is 14 percent.
The Kihei District is located along the leeward coast of East Maui and the southwest slope of
Haleakala. The flat coastal areas are heavily developed with urbanized residential and
commercial landscapes. Between South Kihei Road and Pi’ilani Highway, the elevation rises up
to 200 feet above mean sea level (msl) at the south part of the district. Mauka (upslope) of the
Pi’ilani Highway, the slope becomes steeper and well defined gulches are seen in the
landscape. (R.M. Towill, 2009).

Figure 5-3 Percent Slope
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5.3

Soils

A diverse group of soils are found in the Hapapa, Wailea, and Mo`oloa watersheds. (See Figure
5-4 Soils Map) The project area is comprised mostly by andisols, soils derived from volcanic
ash. At elevations higher than 3,000 feet, these andisols have a fairly deep profile in the
northeast parts of the watersheds, but become shallower towards the southwest. Small areas of
histosols (organic soils) are also present at these high elevations. On the lower elevations of
Haleakala there are mollisols and aridisols, which are generally fertile soils with higher organic
matter in the surface horizons that developed from older ash deposits (Sawdey, 2009). TThese
soils are shallow to moderately deep and contain significant amounts of rocks both on the
surface as well as in the soil profile.
There are approximately 40 different soils types within the project watersheds that differ in clay,
sand and silt content, texture, slope, and aggregate size. The dominant soils series within the
watershed is Waiakoa extremely stony silty clay (WID2) and can be found on slopes that range
from 3 to 25 percent (Soil Conservation Service, 1972).

Figure 5-4 Soils Map
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5.4

Climate

The climate on the island of Maui is influenced by geographic location, creating microclimates.
Generally speaking, there is a wet winter season (October to April) and a dry summer season
(May to September). On the windward side of Haleakala, northeasterly trade winds generate
heavy rainfall while the leeward side remains dry. Orographic rainfall occurs on the windward
side as the moisture from the ocean is uplifted and cools to form rain at upper elevations of the
mountain, where the highest rainfall occurs. Rainfall decreases gradually toward the coastline
as elevations descend. One portion of the watershed area, the traditional ahupua’a of Ka’eo in
the Mo’oloa drainage basin, has consistently recorded the highest rainfall data of any of the
coastal regions (Gosser, 1996). Cyclonic storms can distribute rainfall across the planning area
several times per year. (R.M. Towill, 2009)

5.4.1 Average Temperature
The average temperature range of the project watersheds is from about 74° F along the coast to
49° F at roughly 9400 ft elevation. Temperature varies with elevation and seasonally, with the
cooler temperatures occurring during January and February, and the higher temperatures
occurring during August.
According to USEPA "In Honolulu, Hawaii, the average temperature has increased 4.4 degrees
F over the last century, and precipitation has decreased approximately 20% over the last ninety
years." (USEPA, 1998) "Hawaii's water resources are very susceptible to prolonged droughts.
During these periods, low rainfall and streamflow often lead to increased usage of groundwater,
which causes groundwater levels to decline and increases the likelihood of salt water intrusion."
(USEPA, 1998).
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Figure 5-5 Average Temperature

This data set contains spatially gridded average monthly and annual mean temperature for the
climatological period 1961-1990 for the Hawaiian Islands. Distribution of the point
measurements to a spatial grid was accomplished using the PRISM model, developed by
Christopher Daly of SCAS/OSU. There are many methods of interpolating climate, from
monitoring stations to grid points. Some provide estimates of acceptable accuracy in flat terrain,
but few have been able to adequately explain the extreme, complex variations in climate that
occur in mountainous regions. Significant progress in this area has been achieved through the
development of PRISM (Parameter-elevation Regressions on Independent Slopes Model).
PRISM is an analytical model that uses point data and a digital elevation model (DEM) to
generate gridded estimates of monthly and annual temperature (as well as other climatic
parameters). PRISM is well suited to regions with mountainous terrain, because it incorporates
a conceptual framework that addresses the spatial scale and pattern of orographic processes.
Temperature was modeled monthly. An annual grid was produced by averaging the monthly
grids.
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5.4.2 Precipitation
Precipitation in Hawaii is highly variable due to the interaction of three controls: the Hadley cell
(a thermal cell formed by warm air rising near the equator, forming the northeasterly
tradewinds), the oceanic position of the Hawaiian Islands, and the high volcanic mountains.
Atmospheric disturbances and precipitation can occur in Hawaii on both a synoptic scale (a few
thousand meters and days to a week of time) or mesoscale (a few hundred kilometers and
hours to days in time). Mechanistically, precipitation can be defined as cyclonic, orographic, or
convective. Cyclonic precipitation is the result of low air pressure systems on a synoptic scale.
Orographic precipitation results from the blocking action of a mountain range that lifts air flow up
the windward slope. Temperature inversion can limit the height of this airflow and alter its path.
When the mountain is higher than the inversion, the rain is deposited on the windward slopes.
High mountains also provide surface roughness discontinuity that can anchor or enhance
cyclonic and convective precipitation. Convective precipitation typically results from Cumulus
and Cumulonimbus clouds produced from strong surface heating. Convective rain cells can
organize into mesoscale convective systems creating clusters or lines of squalls. Interaction
with topography can “lock in” these systems making them nearly stationary for a relatively long
duration resulting in heavy downpours and flash flooding. On the island of Maui, during the dry
summer season, trade winds predominate, resulting in orographic rain events on the windward
side. In the winter, synoptic events, such as Kona and cold-front storms, predominate and bring
rain events to the dry leeward side of the island. (Mink & Lau, 2006)
El Nino (EN) and the Southern Oscillation (SO) are closely associated atmosphericoceanographic events with global consequences. The hydrology of the Hawaiian Islands is
profoundly affected by ENSO events. EN is a large scale, 1 to 4 degree Celsius, warming of
surface water in the equatorial eastern Pacific. Every December a warm water current moves
eastward and displaces the usually northward currents off Peru and the upwelling of cold water.
Every 2-10 years the effects become more extensive and severe, causing profound atmospheric
disturbance and hydrologic extremes. The SO is the reversal of usual sea level atmospheric
pressure gradient. Normally the gradient goes from low in Indonesia and Northern Australia to
high in the eastern South Pacific (Tahiti). During non ENSO years, the trade winds push ocean
surface water westward and offshore from South America causing upwelling of cold water and
sea level rise in the South Pacific. During ENSO years, the warm pool of ocean water drifts
eastward due to weakened trade winds, shifting the large scale thermal cell of air circulation
(Hadley cell), displacing Kona and cold-front storms that normally bring winter rains to the
islands, resulting in dry conditions. (Mink & Lau, 2006)
Annual Precipitation
Mean Annual precipitation on Maui ranges from 275.6 inches (7000 mm) at the higher
elevations of the windward sides of Haleakala and Kahalawai to 15.8 inches (400 mm) or less
on the dry leeward coastlines (Mink & Lau, 2006) adapted from Giambelluca et al. 1986).
Rainfall on the western (leeward) slopes of Haleakala increases with elevation, reaching
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average annual values of 50 inches near the summit (PRISM Group, 2006). (See Figure 5-6
Annual Percipitation) Rainfall patterns in these watersheds are seasonal in nature. The wettest
month typically occurs in January and June-September tends to be the driest months. Dry
months generally receive less than one-quarter of the wettest month value (PRISM Group
2006).
This data set contains spatially gridded average monthly and annual precipitation for the
climatological period 1971-2000. Distribution of the point measurements to a spatial grid was
accomplished using the PRISM model developed by Chris Daly of the PRISM Group, OSU.
Display and/or analyses requiring spatially distributed monthly or annual precipitation for the
climatological period 1971-2000. Annual grids were created by summing monthly grids for
precipitation.

Figure 5-6 Annual Precipitation
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Figure 5-7 Rainfall Frequency Analysis

Watershed Actual Rainfall Data
Annual rainfall data from six privately-owned rain gauges within the watershed for the period of
record 1905 through 2010 were analyzed. (See Figure 5-8 Time Series Plot Annual Rainfall)
The watershed planning area has a rainfall pattern that tends to be drier along the WestSouthwest aspect and upland above the coast. Generally, as the elevation increases above this
drier area, rainfall also increases. The summit is the peak of the drier elevation rainfall pattern.
The wetter, inland, and more northerly pattern peaks below the summit, within the clouds that
hang below the peak. Averages tend to be higher than medians, which suggest that large
rainfall years can skew what might be interpreted as “normal” rainfalls. Based upon rainfall
measurements recorded since 1905, averages and medians have become noticeably lower at
all elevations of the watershed over time – particularly in the last 20-30 years.
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Figure 5-8 Time Series Plot Annual Rainfall (x-axis: years 1940-2010; y-axis: inches precipitation)

It has been reported that the maximum rainfall on Maui is found at around 2000’ to 3000’
elevation due to an inversion at 5000’ (Giambelluca & Sanderson, 1993); however the data
does not support that conclusion for this watershed. With a slightly moister coast, the rainfall
drops as one goes inland to about 1000’ and then climbs and levels off at about 2000’-3000’
and increases again to at least the 6150’ elevation on the windward side and up to the summit
on the leeward edges of the watershed.
Alternating patterns of relatively rainy and dry years have been elongated so that one period of
relatively high rainfall is followed by about two to five years of relative dryness. As a whole, the
wet years have become wetter and the dry years drier.
Along the southern, Kona side, patterns start drier and increase gradually up to the peak’s 30”
(median) per year (officially 54” per year). Further north toward the windward side of the
watershed, the rainfall increases more sharply up to at least the 6150’ elevational median of 40”
(the average is 44”) since 1964. Based upon Haleakala Ranger Station rainfall data (50” at
6960’ but outside the watershed), rainfall likely increases further up the mountainside before it
drops again above the clouds, but no historic data for that elevation was available in compiling
this report. Along the coast, the median rainfalls are fairly consistent over time, but that area
has experienced longer dry periods between rainy years in recent history.
Over the past two and one half decades, rainfall patterns have been shifting. At the 6150’
elevation, the 36” median rainfall from 1964 to 1987 was virtually identical to that of 1987-2010;
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however, the average dropped from 47” to 39”. This implies similar distribution, but lower
overall rainfall amounts. Also, rainfall is less over time at every elevation.
The years with the increases in rainfall are almost completely matched to the first year shift
toward a La Nina from an El Nino condition in the Southern Oscillation Indices, even if it does
not meet the threshold to be an “official” La Nina (shown in blue in Figure 5-10). Generally,
succeeding years do not contain as much precipitation as the first year of the shift.

Figure 5-9 Matching Patterns of Rainfall Fluctuation (x-axis: years; y-axis: inches precipitation)

5-45

FEBRUARY 12, 2013

Figure 5-10 Southern Oscillation Indices

The watershed faces a changing precipitation pattern from the coast to the peak. With some
exceptions, over time, peak rainfall years are more seldom and have a larger differential from
dry years. The increase in precipitation, the higher one travels upslope, has been diminishing in
recent history as well. It is likely that these shifts in precipitation patterns will affect both native
and introduced floral and faunal species. With drier dry years and relatively wetter wet years,
sedimentation from slopes exposed by dried out or dead vegetation would be expected to
increase until vegetation patterns adapt to the new climate regime. The changes in habitat will
likely change the composition and diversity of the faunal species.

5.4.3 Evaporation
The magnitude of annual net radiation in Hawaii is high, ranging from 100 to 150 W/m2 (206 to
309 cal/cm2/d) with 20 percent monthly variation, with the highest values being along dry
leeward coasts such as the Southwest Maui planning area. Windward slopes and summits are
shaded by the clouds and thus less exposed to solar radiation than the leeward sides. The air
is dry in the high mountains above the inversion layer, often even 5 – 10% humidity. Below the
inversion on the windward sides it is 60-80% relative humidity. On the leeward slopes the air
becomes drier and warmer; the clouds dissipate along the coastal region to allow high radiation
and evaporation. The land-air interactions create climate zones on land that vary with altitude.
The climate zones are marine (up to 1200 meters (3940 ft)); fog from 1200 to 1800 meters ( 940
to 5900 ft); transition 1800 to 2400 m (5900 to 7870 ft) and arid, above 2400 m (7870 ft) . In the
marine zone evaporation decreases with elevation; whereas at elevations above 2000 m (6560
ft) evaporation increases with elevation. Advection of heat is effective near the shoreline and
can affect evaporation (Mink & Lau, 2006).
Evaporation increases to 10 or 20 percent where winds increase around the margins of the
island, or in the isthmus between mountains. Trade winds are not uniform throughout the year,
persisting in summer 93% of the time, but weakening to 50% in January due to seasonal shifts
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to Kona winds. Summer evaporation rates are greater than 304.8 mm/month (12 inches/month)
on the dry leeward coasts where positive advection heat increases annual pan evaporation
rates 30- 40 percent above those on the adjacent ocean. (Mink & Lau, 2006). Adjusted annual
pan evaporation rates for Maui range from 70-80 inches along the lower elevations and coastal
areas of the leeward slope of Haleakala. At Kula, annual pan evaporation drops to 50 inches,
while at the summit it increases to 87 inches (Mink & Lau, 2006). EPA reports that hydrologic
models suggest that the rate of evaporation will increase as the climate warms (USEPA, 1998).

5.5

Hydrology

Maui is considered a high volcanic island. Precipitation varies with altitude, topography, season,
and changes with time from wet years to drought years. Precipitation occurs as rainfall, fog and
occasionally as snow or hail at the summit of Haleakala (10,000 feet). Rainfall is greater at
upper elevations (greater than 6000 feet) and falls primarily on the windward side. There is a
rain shadow at higher elevation on the leeward side. More rain may fall on the leeward side from
one Kona storm than during the rest of the year.
Dike complexes in the center of the island are saturated with fresh water and leak into
surrounding dry rock. Salt and brackish water underlies a floating freshwater lens (basal water
table) that is thicker in the center of the island and thins as it reaches the coastal areas and
seeps into the ocean. Rainfall, evaporation and transpiration, runoff, and recharge are
significant hydrologic processes on the leeward side. The planning area is underlain by basal
water in lavas (Stearns & MacDonald, 1942). (See Figure 5-12) The Kama’ole Aquifer, which
lies under most of the project area, has a sustainable yield of 11 MGD. Some brackish water
from the aquifer is used for irrigation, and some of the water is treated for private potable use
(Waimea Water Services, Inc., June 2004) (See Figure 5-11 Water Quality and Water Levels).
The aquifer is not used for public potable water supply. According to the Hawaii State Water
Use and Development Plan (2008), the sustainable yield of Kama’ole aquifer has not been
verified through any independent peer reviewed testing. The estimated sustainable yield of 11
MGD is based upon estimates derived from O’ahu resources. The WUDP text makes clear that
due to the large uncertainty associated with the estimate, it should not be assumed that this
amount of water is available or will be of sufficient quality for potable use, or will be practical to
access.
Approximately 5 MGD of brackish water is pumped from the Kama’ole aquifer to irrigate golf
courses and other landscaping (Commission on Water Resource Management (CWRM) water
reporting database). The state has drilled several test wells in this aquifer, which have both
proven to produce water with chlorides near the upper limit of acceptable potable water
standards. Four wells drilled for a private water system for a proposed development have similar
chloride levels of 200 parts per million (ppm) or more. The CWRM Groundwater Well
Index/summary is given in Appendix D.
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Due to the slope of the land mass from summit to the coast, the predominant direction of
groundwater movement is toward the ocean. It is estimated that 1-2 MGD of groundwater flows
into the ocean per mile of lee coastline (per communication Tom Nance to Robin Knox). The
groundwater in coastal areas is also subject to tidal influences that can be detected in water
wells miles inland.
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Figure 5-11 Water Quality and Water Levels
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Figure 5-12 Basal Water Table

Surface runoff in the planning area collects into a number of major drainage features (gulches)
that are considered intermittent streams. There are currently no streams classified as perennial
in the planning area. According to EPA, ephemeral and intermittent streams provide the same
ecological and hydrological functions as perennial streams by moving water, nutrients, and
sediment throughout the watershed. When functioning properly, these streams provide
landscape hydrologic connections; stream energy dissipation during high-water flows to reduce
erosion and improve water quality; surface and subsurface water storage and exchange;
ground-water recharge and discharge; sediment transport, storage, and deposition to aid in
floodplain maintenance and development; nutrient storage and cycling; wildlife habitat and
migration corridors; support for vegetation communities to help stabilize stream banks and
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provide wildlife services; and water supply and water-quality filtering. They provide a wide array
of ecological functions including forage, cover, nesting, and movement corridors for wildlife.
Because of the relatively higher moisture content in arid and semi-arid region streams,
vegetation and wildlife abundance and diversity in and near them is proportionally higher than in
the surrounding uplands. (USEPA, November 2008).
In the rapidly developing areas, land management decisions must employ a watershed-scale
approach that addresses overall watershed function and water quality. Ephemeral and
intermittent stream systems comprise a large portion of leeward watersheds, and contribute to
the hydrological, biogeochemical, and ecological health of the watershed. Given their
importance and extent, it is concluded that an individual ephemeral or intermittent stream
segment should not be examined in isolation. Consideration of the cumulative impacts from
anthropogenic uses on these streams is critical in watershed-based assessments and land
management decisions to maintain overall watershed health and water quality. (USEPA,
November 2008).
There are three major watersheds that have been defined for purposes of watershed-based
planning. They are (from north to south) the Hapapa (26,493 acres), Wailea (21,985 acres), and
Mo’oloa (1213 acres) watersheds. Generally speaking, in the Mo’oloa watershed the distances
from the coastline to the summit are shorter, and drainage areas are smaller. The length of the
drainages, distance from shore to summit, and elevation of the summit increase moving north,
and drainage areas of the watersheds increase. Streams in the Hapapa and Wailea watersheds
have steep reaches with deep V-shaped channels, primarily in the upper elevations. In the
lower elevations, stream slope decreases, and there are wide, shallow stream channels. Details
on hydrologic features (stream reach length, elevation data and headwaters to discharge
slopes) are given in Appendix E. Prior to development of the coastal zone there were wetland
and dune systems along the south Maui coast.
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Figure 5-13 Hydrologic Features

For purposes of drainage design, the County of Maui Draft Kihei Master Drainage Plan has
identified 7 drainage districts within the planning area that discharge to the coastal waters:
Kulanihako’i, Waipu’ilani, Keokea, Charlie Young, Kama’ole, Li’ilioholo, and Kilohana. (See
Figure 5-14 County of Maui Drainage Basin Map) The Pi’ilani Highway is the boundary between
mauka and makai drainage basins within each district. Information presented in this chapter
representing the drainage paths and 100 year, 24-hour storm runoff flows for the drainage
systems was taken from the referenced figures in the 2009 Draft Kihei Master Drainage Plan
(Towill, 2009). For drainage areas greater than 100 acres and for all streams, the Maui County
Drainage Standards require the use of the NRCS (fomerly Soil Conservation Service) method
with the 100 year, 24-hour storm event. The same storm event was assumed for the makai
basins that are less than 100 acres in size. It should be noted that the current county drainage
design standards are for a 50 year, 1-hour storm event
http://www.mauicounty.gov/documents/Public%20Works/Engineering%20Division/CountyStorm
DrainageRules.PDF
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The Hydrologic Engineering Center-Hydrologic Modeling System (HEC-HMS) from the US Army
Corps of Engineers (USACE) was used to calculate the 100 year peak flow rates and runoff
volumes. The HEC-HMS flow vector diagrams are included in Appendix F. Flows shown (Q) are
100-year, 24- hour event unless otherwise indicated. Existing conditions and culvert capacity
tables are provided in Appendix G. The drainage basin drawings and existing conditions
assessment used LiDAR data from the 2008 Hawaii Hurricane Study (2006 survey data) (R.M.
Towill/Dewberry and Davis , LLC, 2008) to provide contours from 0 to 80 feet inland. The 2005
Maui Flood Insurance Study provided topography beyond the 80 feet inland (2004 survey data)
(R.M. Towill Corporation /URS Corporation, 2005).

Figure 5-14 County of Maui Drainage Basin Map (R.M. Towill, 2009)

5.6

Hapapa Watershed

The Hapapa watershed is the largest in the planning area at 26, 493 acres. There are three
major drainage features that discharge to coastal waters within the Hapapa watershed:
Kulanihako’i Gulch, Waipu’ilani Gulch, and Keokea Gulch.
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5.6.1 Kulanihako’i Gulch
Kulanihako’i Gulch is the largest drainage feature within the planning area. Kulanihako’i Gulch
begins at the confluence of two major tributaries, Ka’ono’ulu and Ka’akaulua Gulches.
Ka’ono’ulu Gulch begins at 6680 feet and joins Ka’akaulua Gulch at 1290 foot elevation to form
Kulanihako’i. Ka’akaulua Gulch headwaters are at 3170 feet in elevation. At 1980 feet in
elevation, the gulch receives the discharge of the tributary Kaipoioi Gulch which flows from
headwaters at approximately 7080 feet in elevation. Na’alae Gulch starts at 7160 feet and
disappears from the surface at the Kula Highway (3170 feet). Makai of the highway at 2860
feet, the gulch reappears at the surface and flows into Kulanihako’i Gulch at 770 foot elevation,
downstream of the confluence of Ka’akaulua and Ka’ono’ulu gulches. An unnamed tributary with
headwaters at 1480 foot elevation enters Kulanihako’i at 340 foot elevation. Kulanihako’i, a
portion of which is channelized below Pi’ilani Highway, discharges to the ocean through a
coastal stream and wetland that are sometimes referred to as Ka’ono’ulu Estuary.
The USGS operates Gage Station 16660000 for the collection of discharge data for Kulanihako’i
Gulch. The drainage area above the gage is reported as 15.03 miles. Peak discharge data are
available from 1963 to 2008. The peak flow ranges from 0 to 4460 cubic feet per second (cfs).
Daily flow data are available for the period 1962 to 1970. The annual mean value ranges from
0.01 to 1.78 cfs. The data sets are characterized by having a large majority of days with zero
discharge. The daily data set and summary statistics are provided in Appendix H. USGS gage
station locations are shown on Figure 5-15 USGS Gage Station Locations.
The Kulanihako’i Drainage District consists of Pi’ilani Basins 5, 6, 7, and 8, mauka of the
highway. According to County of Maui drainage maps (R.M. Towill, 2009), drainage from
subbasins 7 and 8 mauka (above) the Pi’ilani Highway are routed to the Kulanihako’i Gulch.
(See Figure 5-16 Kulanihako’i District Existing conditions). Subbasin 7 receives flows from
subbasins 2, 3, 4 and 6 via an existing diversion ditch mauka of the Hale Pi’ilani and Waiakoa
subdivisions (See Figure 5-19 Waiakoa District Existing Ditch mauka of Ohukai Subdivision).
Flows from subbasin 7 (Q=1038 cfs) are routed under the Pi’ilani Highway by two 102 inch
culverts and are routed to the Kulanihako’i Gulch just below Kenolio Road where the combined
flows are noted as 14,022 cfs. The gulch is routed under South Kihei Road to the ocean by four
6’ x 4’ box culverts which are insufficient to convey the estimated storm flow of 14,148 cubic feet
per second in a 24 hour 100 year storm. During a storm event discharge flows over and along
South Kihei Road and adjacent property causing considerable damage and large scale flooding
and sedimentation prior to discharge to the ocean. In recent years, the road and culverts at the
discharge point have been damaged, and the land makai (seaward) of the road has been lost to
open water during storm events.
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Figure 5-15 USGS Gage Stations
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Figure 5-16 Kulanihako’i District Existing Conditions
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Figure 5-17 Waiakoa District Existing Ditch Mauka of Ohukai Subdivision (R.M. Towill, 2009)

Unnamed Drainage
Subbasin 9 above the Pi’ilani Highway discharges (Q=305 cfs) through a 72” culvert into an
improved (man-made) drainage system that discharges to the ocean (Q=483 cfs) under South
Kihei Road through three 7’x3’ culverts at the foot of Kulanihako’i Street. The developed resort
and residential area below the Pi’ilani Highway, south of Kulanihako’i Gulch and north of
Waipu'ilani Gulch also drains to this unnamed conveyance. (See Figure 5-16 Kulanihako’i
District Existing Conditions)

5.6.2 Waipu’ilani Gulch
Waipu’ilani Gulch is the second largest drainage feature of the planning area. Waiohuli Gulch is
a tributary to Waipu’ilani. Waiohuli Gulch has a mauka reach that runs from headwaters at 5000
feet to 3920 foot elevation where the stream disappears. At 3310 feet, Waiohuli makai segment
reappears and runs to the 920 foot elevation where the name changes to Waipu’ilani Gulch.
Waipu’ilani runs from 920 ft elevation to the shoreline. No discharge data was available for this
gulch. County of Maui drainage maps (Figure 5-18 Waipu’ilani District Existing Conditions)
indicate that the gulch discharges drainage of subbasin 10/10A at the Pi’ilani Highway Bridge
(Q=10,555 cfs). A portion of the gulch is channelized below the Pi’ilani Highway. At South Kihei
Road, a 10’ X 2’ culvert conveys discharges to the ocean (Q=10,573 cfs).
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Figure 5-18 Waipu’ilani District Existing Conditions (R.M. Towill, 2009)

5.6.3 Keokea Gulch
Keokea Gulch flows from headwaters at 2300 ft to a discharge point at 15 ft msl. According to
the Draft Kihei Master Drainage Plan (R.M. Towill, 2009), the gulch receives overland flow
drainage from the Drainage District subbasins 11D through 18, mauka of the Pi’ilani Highway.
(See Figure 5-21 Keokea District Existing Conditions). Flows are routed through six drainage
Flows are routed through six drainage structures crossing under the Pi’ilani Highway. The
capacity of the drainage structures is insufficient to handle the flow from the 24-hour, 100year
storm in Keokea Gulch. Makai of the highway, the Keokea District is divided into six drainage
basins. An off-site detention basin mauka of the Pi’ilani Highway divides Basin 11 into two subbasins, 11U and 11D. The basin attenuates flow from Basin 11U before it is discharged to the
downstream area. (The retention basin was not modeled and it is expected that calculated peak
flows may be less after the basin is included in the model). The basin overflow combines with
flows from subbasin 11D (Q=290 cfs), and are routed through one 90” culvert to combine with
flow from subbasin 12 (Q=215 cfs) that is routed through one 54” culvert. The culverts discharge
into an improved drainage system that also collects the Pi’ilani subdivision and shopping center
runoff, and discharges into detention basins (Keok1-1, Q= 1205 cfs and Keok 1-2, Q= 323 cfs),
thence into wetland areas (Q=1528 cfs combined and pipe and overland flow to the ocean).
The wetlands are connected to adjacent wetland subbasins to the south by three 18” culverts.
Subbasin 13 (Q=314 cfs) discharges through two 66’’ culverts into an improved drainage
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system that serves the Kihei Community Center and discharges to a detention basin. From
there the drainage comingles with discharges from Subbasin 14 (which discharges through a
60” culvert at the Pi’ilani Highway, Q = 613 cfs) and other stormwater conveyances which
discharge (Q=914 cfs) into the wetlands. Subbasin 15 discharges through one 60 “culvert
(Q=388 cfs) and joins with drainage from Keokea Gulch (Subbasins 16, Q = 364 cfs and
Subbasin 17/18, Q = 7958 cfs) to discharge into the wetlands (Q=8324 cfs). The drainage
structure under South Kihei Road is seven 5’ by 2’ box culverts that are not sufficient capacity to
handle the discharge from a 24-hour, 100-year storm. The drainage flows through wetland
areas ultimately discharging to the ocean through a “regulation reservoir” at the La’ie wetland
near St. Theresa’s Church (Q=9234 cfs).
The intersection of East Waipu’ilani Road and South Kihei Road is a low spot where water is
unable to drain during light or heavy rainfall because local drainage is not designed for runoff.
Pumping is required to remove the water. The area bounded by South Kihei Road, West Lipoa
Street, and West Waipu’ilani Road, also lacks an improved drainage system. A 12” pipe along
Uluniu Road discharges to the beach via an 18” pipe. The stormwater in this area is not
collected and flows overland seeking outlets to the ocean and ponding in depressions in the
terrain.
Another outlet in the Keokea District discharges from the drainage system along South Kihei
Road between Waimahaihai Street and East Welakahao Road, turning west at West Welakahao
towards the ocean and discharges through a 5’ x 2’ box culvert at the beach.

Figure 5-19 Keokea Existing Conditions (R.M. Towill, 2009)
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5.6.4 Charlie Young Drainage District
The Charlie Young District consists of Pi’ilani Basins 17A, 19A, 19A2 and 20 mauka of the
Pi’ilani Highway. (See Figure 5-20 Charlie Young District Existing Conditions). Six drainage
structures convey runoff under the highway into six makai drainage basins. Drainage from Basin
17A (Waimahaihai Gulch) passes under the highway through three 60” culverts (Q=199cfs),
then into an earthen channel before entering the Kalama View Subdivision. The channel
crosses Malama Street (two 48” culverts, Q= 264 cfs) and continues in a defined drainage way
until reaching Kupuna Street. Two 48” culverts convey water under Kupuna Street, and then
the channel loses definition before reaching South Kihei Road. There is no drainage system
makai of the road and it is assumed the water flows overland, flowing through natural terrain to
the ocean.
Basin 19A1 stormwater runoff is routed under the highway through a 7’ X 5’1” arch (capacity of
206 cfs) which is insufficient to carry the 24-hour, 100-year storm flow of 326 cfs. Downstream
of the arch, the water is routed through the Keala Hills Subdivision into a 72” pipe that leads to
the open areas. The conveyance increases to an 8’ x 5’ culvert at the outlet which is insufficient
to handle the 1239 cfs under South Kihei Road.
Basin 19A2 crosses Pi’ilani Highway via a 54” culvert with a capacity of 104 cfs and a small 24"
drop inlet culvert (assumed to carry insignificant flow). The drainage capacity is not sufficient to
handle the 24-hour, 100-year storm flow of 171 cfs. Runoff from Basin 19 crosses under the
highway through two 84” culverts (Q = 623 cfs). The combined flows from mauka basins 19,
19A1 and 19A2 and Charlie Young Basin Cy2_1 flow through two 48” culverts to an earthen
channel after entering Kalama subdivision at the Alaloa Road crossing (Q= 865 cfs). It is
assumed that the runoff sheet flows across South Kihei Road to Kalama Park. A drain line
running south along South Kihei Road from the Kukui Mall discharges into an open channel in
Kalama Park through a 7’ X 4 “ culvert which also receives stormwater from the Keala Place
drainage system. The Alahele Place drainage system discharges into the same open channel
through a 5’ X 3’ culvert. The channel outlet to the ocean is normally blocked by a sand dune at
the mouth and standing water exists in the channel. A 7’ x 3’ underground pipe crosses South
Kihei Road at Auhana Road and discharges to the ocean. It is assumed this drain line is the
outlet for the nearby lots and roadways.
Pi’ilani Basin 20 is drained by Kaluaihakoko Stream which crosses under the Pi’ilani Highway
through three 120” culverts (Q=603 cfs). Makai of the highway the terrain flattens toward
Kanakanui Road and the stream goes under residences. According to the Draft Kihei Master
Drainage Plan (Towill, 2009), “ Houses are built on the natural flow path and the neighborhood
is in floodplain zones.” During intense storm events flooding is observed between Hanolo Street
and the Pi’ilani Highway. Stormwater flows overland and crosses Auhana Road through an
inadequate 60” culvert (Q = 622 cfs) The water flows through a natural channel to Kanoe Street
where the three 36” culverts are often blocked by debris. The runoff overtops the intersection of
Kanoe and and Kanani Road, then flows downstream through a concrete channel. At South
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Kihei Road there is a 10’ x 6 ‘ box culvert which discharges stormwater to the ocean. There are
numerous small stormwater culverts discharging to Cove Park at the same location (Knox, R.
personal observation).
The drainage boundaries used for Basin 20 were taken from the 2005 Maui Flood Insurance
Study, which used LiDAR data and regression equations to do hydrologic analysis. The
drainage basin delineation differed from the 1979 drainage plan.

Figure 5-20 Charlie Young District Existing conditions (R.M. Towill, 2009)

5.7

Wailea Watershed
5.7.1 Kama’ole Gulch

Kama’ole Gulch begins at 5000 ft elevation and flows 7.8 stream miles to discharge to the
ocean at 0 ft msl. The USGS operates Gage Station 16663500 for the collection of discharge
data for Kama’ole Gulch. The drainage area above the gage is reported as 4.10 square miles.
Peak annual discharge data are available from 1980 to 1997. The peak flows range from 0 to
290cfs. The data set is provided in Appendix H. USGS gage station locations are shown on
Figure 5-15 USGS Gage Station Locations.
Kama’ole Gulch is the major drainage way for the district receiving flows from Pi’ilani mauka
basins 21, 22/22A and 23. See Figure 5-21 Kama’ole District Existing Conditions. Kama’ole
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Gulch receives overland flow drainage from subbasin 21 mauka of the Pi’ilani Highway and
overland flow from subbasin Kama1_1 (Q=91 cfs) makai of the Pi’ilani Highway. Flow from
subbasin 21 (Q=3755 cfs) is routed through two 96” culverts (capacity of 902 cfs) under the
Pi’ilani Highway. Flows from subbasin 22/22A (Q=129 cfs) is routed through three 36” culverts
under the Pi’ilani Highway (capacity 1345 cfs) and then into the Kama’ole Gulch mauka of
Auhana Road. At this point of convergence into Kama’ole Gulch, flows are routed under Auhana
Road through two 24’x7’ Conspan box culverts (Q=3,788 cfs).
Kama’ole Gulch runs through the Ke Ali’i Kai Subdivision and collects overland flow, as well as
flow from the stormwater collection system of the adjacent subdivision, from subbasin Kama1_2
(Q=112 cfs). At the makai side of the Ke Ali’i Kai subdivision, water is routed under Kulipuu
Street through one 28’x11’ Conspan box culvert (Q=3,800 cfs). Immediately on the downstream
side of the box culvert, a large retention/detention basin servicing the Ke Ali’i Kai Subdivision
overflows directly into the gulch (subQ=unknown) as part of subbasin Kama1_3.
Kama’ole Gulch receives overland flow and flows from developments off of Alunia Place, Aluina
Place, Haukai Place from subbasin Kama1_3 (Q=241 cfs). Flows from Kama’ole Gulch are
routed through two 72” culverts on the Maui Coast Hotel property before being routed under
South Kihei Road through one 11’-5”x7’-1” arched culvert and discharging into the ocean at
Charlie Young Beach (Q=3,831 cfs). Kama’ole Gulch receives overland flow drainage from sub
basin 23 mauka of the Pi’ilani Highway and is conveyed under the highway by two 78” pipes
(capacity 566 cfs). The flow is diverted through several developments to the crossing of South
Kihei Road in two 24” pipes insufficient to handle the 24-hour, 100-year storm of 622 cfs.

Figure 5-21 Kama’ole Gulch Existing Conditions (R.M. Towill, 2009)
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5.7.2 Li’ilioholo gulch
The USGS operates Gage Station 16664000 for the collection of discharge data for Li’ilioholo
Gulch. The drainage area above the gage is reported as 3.90 square miles. Peak discharge
data are available from 1980 to 1997. The peak flows range from 0 to 526 cfs. The data set is
provided in Appendix H. USGS gage station locations are shown on Figure 5-15 USGS Gage
Station Locations.
According to the County of Maui drainage map (Figure 5-24 Li’ilioholo District Existing
Conditions); Li’ilioholo Gulch receives overland flow drainage from subbasin 24 mauka of the
Pi’ilani Highway. Flow is routed through three 15’-4”x9’-3” arched culverts under the Pi’ilani
Highway (Q=3869 cfs) and is allowed to flow over Kanakanui Road creating a ford at this
location. Li’ilioholo Gulch receives overland flow and subdivision drainage from the Keonekai
Heights subdivision within subbasin Liil1_1 (Q=194 cfs) before it flows through one 24” culvert
and one 36” culvert (Q=3,868 cfs) at the makai side of the Keonekai Estates subdivision.
Li’ilioholo Gulch receives a small amount of roadway drainage from Keonekai Road
(Q=unknown) and then flows under South Kihei Road via one 8.5’x7’ box culvert. At this outlet,
additional drainage from subbasin Liil1_2 (Q=139 cfs) enters the gulch after flowing through one
54” culvert under South Kihei Road. Li’ilioholo Gulch then discharges into the ocean between
Kama’ole Point and Kama’ole Beach Park II through an 8.5’ by 7’ box culvert that is insufficient
to handle the 24-hour, 100-year storm flow of 3920 cfs.

Figure 5-22 Li'ilioholo District Existing Conditions (R.M. Towill, 2009)
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Unnamed drainage thru Maui Meadows
According to the County of Maui drainage map (Figure 5-23 Kilohana District Existing
Conditions) the unnamed drainage gulch through the Kilohana area receives overland flow
drainage from subbasins 26 through 29 mauka of the Maui Meadows subdivision, mauka of the
Pi’ilani Highway. In subbasin 26 (Q=213 cfs), flow is routed under the Pi’ilani Highway through
three 48” culverts into subbasin Kilo1_5 (Q=33 cfs). Subbasin Kilo1_5 empties into subbasin
Kilo1_6 through one 72” culvert (Q=231 cfs) under Kauhale Street.
Flow from subbasin 27 (Q=90 cfs) flows through two 42” culverts under the Pi’ilani Highway and
into subbasin Kilo1_3 (Q=38 cfs). Subbasin Kilo1_3 empties into subbasin Kilo1_4 (Q=26 cfs)
via two 42” culverts near the Wailea Fire Station on Kilohana Drive. Subbasin Kilo1_4 empties
into subbasin Kilo1_6 via one 54” culvert (Q=140 cfs) under Kauhale Street.
Flows through subbasins Kilo1_5 and Kilo1_4 discharge into the stormwater collection system
constructed (Q=352 cfs) with the Kilohana Mauka Subdivision near Ho’ohale Place in subbasin
Kilo1_6.
Flows from subbasin 28 (Q=78 cfs), conveyed via one 30” culvert (capacity 28 cfs) under the
Pi’ilani Highway, converge with flows from subbasin 29 (Q=837 cfs) conveyed via one 84”
culvert (capacity 430 cfs) under the Pi’ilani Highway in subbasin Kilo1_1. Subbasin Kilo1_1
(Q=34 cfs) empties into subbasin Kilo1_2 via two 66” culverts under Kapili Street. Subbasin
Kilo1_2 (Q=85 cfs) empties into the stormwater collection system constructed with the Kilohana
Hema Subdivision at the intersection of Kilohana Drive and Wailea Alanui Drive, via four 54”
culverts insufficient to handle the 24-hour, 100 year storm flow of 890 cfs within subbasin
Kilo1_6.
Flows from subbasin Kilo1_6 (Q=137 cfs) are collected and conveyed through the underground
drain lines, and directed through four 72”x44” arch culverts (Q=1,135 cfs) under Kilohana Drive
into subbasin Kilo1_7 (Q=135 cfs). At this location, flow is directed into a large
retention/detention basin before flowing through two 8’x4’ box culverts insufficient to handle the
24-hour, 100-year storm flow of 1,213 cfs under South Kihei Road, and discharges into the
ocean at Keawakapu Beach Park.
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Figure 5-23 Kilohana District Existing Conditions (R.M. Towill, 2009)

5.7.3 Paeahu
Paeahu Gulch starts at 2080 ft elevation and runs for 3.7 miles to the coast. Paeahu Gulch
north traverses the proposed Wailea 670 development area and has large culverts under the
Pi’ilani Highway, which is proposed to be widened to 4 lanes. Paeahu Gulch north is the
proposed conveyance for existing and post development runoff. Several retention basins and a
park are proposed along the gulch in the Wailea 670 development’s preliminary engineering
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report. The gulch becomes a stone lined channel through the Wailea Resort area and
discharges to the ocean near Mokapu Beach.
Paeahu Gulch south begins at the 2000 ft elevation near Grandma’s coffee house in the Keokea
area of Kula. It also transverses the proposed Wailea 670 development area where there are
planned retention basins and golf course greens. The stream discharges at the south end of
Wailea Beach. It is used to gather drainage from the Ho'ola'i development along Wailea Alanui
Drive, and also gathers runoff from several condominium projects along the Wailea golf course
(DeNaie).

5.7.4 Palauea Gulch
Palauea Gulch begins near the Tedeschi vineyard in 'Ulupalakua (ca. 2000 ft el.) It was referred
to in Mahele era native testimony for land commission awards as “Palauea stream.” The gulch
has worn basalt courses with steep drops indicating that waterfalls and ponds are present
during its intermittent flows. The gulch transverses ‘Ulupalakua Ranch lands and the proposed
Wailea 670 development, where the project’s preliminary engineering report proposes several
retention basins along the gulch, and its inclusion in several golf course greens. Its course
continues through the Wailea Golf Course (Emerald) and One Palauea Bay development before
terminating at the foot of Kaukahi St. and discharging into the ocean. This gulch has been the
subject of past complaints regarding large volumes of muddy runoff entering the ocean from
upslope developments (DeNaie).

5.7.5 Waipao
This gulch starts at 1680 ft elevation and runs for 2.8 miles to the coast. Waipao Gulch is shown
on USGS maps as an intermittent stream. Oral interviews with longtime Makena area residents,
such as the Chang family, confirm that in the past, the gulch had running flows in the wetter
months. It is also referred to as Waipao Stream in the 1840‘s Land Commission Award
descriptions. The gulch traverses the Ulupalakua Ranch and Makena Resort golf course lands,
and travels through a swale area at the Hale o Makena condo project, until it is carried under
Old Makena Road in two culverts and discharges into the ocean near Ka’awa Cove, just south
of Makena Place development (DeNaie).

5.8

Mo’oloa Watershed

There are no defined streams in the Mo’oloa watershed. Drainage is primarily overland flow to
coastal wetlands. An Archaeological Inventory Survey map of the pre-development Makena
Resort golf course lands indicates a substantial mauka-makai drainage gulch in the Mo’oloa
watershed that terminated in the sand dunes fronting Maluaka Beach (Cordy, 1978). The survey
only included lands up to the 200 ft elevation, but the USGS topographic map and satellite
photos show a likely continuation of this gulch feature beyond the 200 ft elevation. The coastal
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portion of the gulch has been severely altered by the construction of the Makena Golf course
and the Maui Prince Hotel (now the Makena Resort).
Another drainage gulch travels through the Makena Golf course and flows through culverts
under Makena Alanui Rd. near where it merges with Old Makena Road. The gulch continues
through rocky lands mauka of the Maluaka subdivision, and according to the 1978 survey,
discharged into the sea just south of Maluaka Pt. A substantial remnant of this gulch,
overlooked by a traditional heiau/shrine, remained until site work for the Maluaka development
was begun. It has now been reshaped into a retention basin for the project’s runoff.

5.9

Habitat

The three watersheds of the planning area encompass a large number of habitat types;
including alpine, dryland forest, scrub and shrub, grasslands, coastal and elevated wetlands,
ephemeral (intermittent) streams, estuaries, dune systems, tidal pools, rocky shorelines, and
coral reefs.

5.9.1 Terrestrial Habitat
The watershed terrestrial habitats include critical and rare species habitat as defined by the
Hawaii Natural Heritage Program and US Fish and Wildlife Service (See Figure 5-24 Critical
and Rare Habitats). Botanical resources in the project area include a candidate endangered
species ‘awikiwiki (Canavalia pubescens) (PBR & Associates, Inc. Hawaii, March 2010).
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Figure 5-24 Critical and Rare Habitats

5.9.2 Benthic Habitat
The National Oceanographic and Atmospheric Administration (NOAA) have published benthic
habitat data for the planning area (See Figure 5-25 Benthic Habitat). Vector boundaries of
habitat areas were delineated by photo interpreting georeferenced color aerial photography,
AURORA hyperspectral, and IKONOS satellite imagery. Overall accuracy of the major habitat
classifications in these data is greater than 90%. Habitat boundaries are based on
photointerpretation of imagery of ground condition at the time the imagery was collected. Shore
lines are subject to change over time due to natural erosion and vegetation growth processes.
Habitat boundaries are subject to change over time due to population dynamics of the dominant
biological communities.
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Figure 5-25 Benthic Habitat

The benthic habitat along the shoreline of the Hapapa Watershed is predominately macro algal
cover ranging from 10-50%, with areas in the northern most shoreline having algal cover
ranging from 50-90% and 90-100%. The areas of high macro algal growth are in the vicinity of

5-69

FEBRUARY 12, 2013

both the largest gulch outfalls on the leeward side (Kulanihako’i, Waipu’ilani, and Keokea) and
the largest point source discharge of wastewater (the Kihei Wastewater Reclamation Facility).
(See Figure 8-3 Cesspools, Injection Wells, and Sewage Treatment Plants in SMWP area) Reef
habitats, including aggregate coral, scattered coral-rock, colonized pavement, and uncolonized
pavement habitat types, are also present, although to a much lesser extent.
The benthic habitat in the Wailea watershed is characterized by large areas of sand bottom,
interspersed with reef aggregate coral, colonized volcanic rock and boulder, and colonized
pavement. At the northern most boundaries, shared with the Hapapa watershed, there is a
small area of macro algal cover near the shore. There is a large area of reef aggregate coral
further offshore in the coastal waters off the northern Wailea watershed shoreline.
The Mo’oloa watershed benthic habitat is characterized by bottom habitats including sand,
hardbottom uncolonized pavement, and uncolonized volcanic rock and boulder. Colonized and
uncolonized volcanic rock and boulder begin to predominate the shoreline habitat just south of
the Mo’oloa basin.

5.9.3 Aquatic life and wildlife
Aquatic life is abundant in the coastal ecosystems that receive inputs from the watershed lands,
streams, and groundwater. Hawaiian traditional and customary gathering rights, subsistence
fishing, commercial and recreational fishing, and commercial recreational activities, such as
snorkeling, diving, and whale-watching, depend on balanced aquatic ecosystems. These
systems support aquatic life and wildlife, such as coral, Hawaiian stilts, Hawaiian monk seals,
hawksbill turtles, green sea turtles (honu), humpback whales, etc. Hawksbill turtle nesting sites
and habitat are noted on Figure 5-26. Monk seals are also known to frequent the coastal waters
of the watershed planning areas, especially at Makena. The entire coastline of the planning
area is part of the Hawaiian Islands Humpback Whale National Marine Sanctuary.
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Figure 5-26 Hawksbill Turtle Habitat and Nesting Sites (Hawaii Wildlife Fund Hawksbill Recovery
Project, Unpublished data)

Evidence was found of the endangered Blackburn’s Sphinx Moth (Manduca blackburni), and an
endangered Hawaiian Hoary Bat (Lasiurus cinereus semotus) was sighted within the Wailea
Watershed (Wailea 670 or Honua’ula Project area) (PBR & Associates, Inc. Hawaii, March
2010). The Atlas of Hawaiian Watersheds and Their Aquatic Resources did not include any
listings of intermittent streams (Division of Aquatic Resources, April 2008). Little is known about
the biology and ecology of the leeward intermittent streams.
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Figure 5-27 Rare Species Observations

The watershed lands in Hapapa and Wailea watersheds include the sites of Rare Species
Observation, Forest Bird Recovery Area, and areas of Blackburn Sphinx Moth Sightings. See
Figure 5-27 and Figure 5-28.
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Figure 5-28 Forest Bird Recovery Area and Blackburn Sphinx Moth Sightings
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6.0
6.1

LAND USE AND POPULATION

Land Use and Land Cover

Land use categories include forest, farm, grazing, and urban/resort. Presently, most of the
forested lands in the watershed are used for recreational (hiking, hunting, etc.) and some limited
silvicultural (timber production) purposes. The forest reserves in the higher elevations and most
of the private forests consist of planted and invasive non-native species. Historically, these
forested lands were used for gathering and cultural practices. The land cover was
predominantly a native koa/dryland forest complex. The Leeward Haleakala Watershed
Restoration Partnership (LHWRP) is engaged in a native restoration project that includes lands
within the mauka watershed planning area (See Figure 6-1 Leeward Haleakala Watershed
Restoration Partnership). Development (Honua'ula /Wailea 670 Project) is planned for an area
of the Wailea Watershed that has remnant dryland forest. A 130-acre preserve has been
recommended by U.S. Fish and Wildlife Service specialists (DeNaie).

Figure 6-1 Leeward Haleakala Watershed Restoration Partnership
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Figure 6-2 130-acre preserve recommended by U.S. Fish and Wildlife Service

Currently, the farmlands in the watershed are used for homesteads and growing food crops. A
large seed corn farm, using R-1 reclaimed water, is located at 300’ elevation near Keokea Gulch
above Pi’ilani Highway. A second, smaller seed corn farm is located at approximately 150’ el.
Minimal cover is maintained in these open field cultivations. These farmlands were traditionally
used for food crops and foraging, with the protective cover of a native dryland forest.
The Kula Stormwater Reclamation Study Existing Conditions report (Mink, & Yuen, 2010)
reviewed estimates of cropland acreage in the Kula area. The Upcountry Maui Watershed Plan
(NRCS, 1997) estimated that there were nearly 400 acres of cleared cropland irrigated with
water supplied by the Upper Kula Water System. Of the 400 acres, about 175 are in cultivation
and irrigation at any one time. In 2003, the Maui County Farm Bureau (MCFB, 2003) found
more than 600 acres of cropland in the Upper Kula area, with reported increases in protea and
fruit orchards.
The open grazing lands in the watershed are now mainly used by livestock (cattle, sheep, and
goats) and wild game (deer and pigs), and are covered with non-native grasses, trees, shrubs,
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and other forage, kiawe, and some native trees and shrubs. In the past, this area was covered
with a multi-species native dryland forest (wiliwili, awikiwiki, ilima, etc.)
Land uses in the Kihei urban/resort areas of the watershed consist of residential, commercial,
resort, and public. The land cover is mostly irrigated, non-native landscaping, and impervious
surfaces. Long ago, native fishing and farming settlements along the shoreline included food
gathering on the reef, beach, inland ponds and coastal fish ponds (Gosser, 1996) (Kolb, 2000).
There are remnants of fishponds along the south Maui coast, and an active fishpond restoration
near the outlet of Kulanihako’i Gulch. The land cover in these coastal areas consisted of native
dryland forest, dune complexes, and wetlands. Remnants of the dryland forest, dunes, and
wetlands remain, despite the existing development.
The Land Cover map (Figure 6-3) was produced from products developed by the Coastal
Change Analysis Program (C-CAP). The C-CAP produces a standardized dataset of land cover
and land change information for the coastal regions of the US. Land cover and land change
maps provide an inventory of coastal intertidal areas, wetlands, and adjacent upland areas.
These data are updated every 5 years, which allows end users to monitor changes in land cover
over time. Land cover products were developed for Maui in 2000 and 2005. Figure 6-4 shows
the land cover change between the 2000 and 2005 surveys. In that five year period,
approximately 137 acres were converted from pervious (grasslands, open space) to impervious
(low, medium and high intensity development) land cover.
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Figure 6-3 CCAP Land Cover 2005
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Figure 6-4 Land Cover Changes 2001-2005

Wetland Losses
According to data presented by Terrell Erickson, (Erickson, NRCS 2002) Hawaii has lost tens of
thousands of acres of wetlands. USFWS (Dahl) estimated 31% of the coastal wetlands were
lost during the 1970’s to 1990’s. Wetland losses in Kihei, Maui were determined to have
decreased from 199 acres in 1965 to 83 acres in 2001 (including 7.3 acres of mitigation).
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Figure 6-5 Kihei Wetlands 1965 (Erickson, 2004)

Figure 6-6 Kihei Wetlands 1991-2000 (Erickson, 2004)
Note: Areas outlined do not represent surveyed lines or wetland USACE regulatory delineation.
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Figure 6-7 Wetland Losses in Kihei 1991-2000 with mitigation (Erickson, 2004)
Note: Areas outlined do not represent surveyed lines or wetland USACE regulatory delineation.

Coastal Erosion and Shoreline Hazards
The Southwest Maui watershed planning area includes significant shorelines features including
rocky shorelines and sand beaches. Shorelines are highly variable environments characterized
by a number of natural hazards. These include: tsunami, storm surge, high winds, coastal
erosion, sea-level rise, and high wave overtopping. Therefore careful watershed planning
should consider the interaction of water and sediments at the shoreline and the interaction of
coastal and watershed processes.
Any shore with a sandy beach is susceptible to beach loss from erosion. These losses occur
where beaches are starved for sand in front of seawalls and other shoreline structures designed
to protect buildings and coastal lands. Building walls is known as "hardening" the shoreline.
Seawalls, and sloping walls called revetments, stop erosion of coastal lands but they refocus
the erosion onto the beach. This causes beach erosion and, eventually, beach loss.
http://www.state.hi.us/dlnr/exhibits/clp/CoastalErosion1.htm
The Hawaii Shoreline Study provides shoreline change data to the public and government
partners to assist in decision-making in the coastal zone. Building on eroding coasts increases
vulnerability to all these hazards. A direct step to mitigating the impact of coastal hazards is to
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exercise avoidance (Hwang, 2005) by mapping high hazard zones along shorelines. A
significant additional benefit to shoreline change data is to define zones of avoidance for the
purpose of environmental protection, conservation, or ecosystem restoration. When erosion
threatens the built environment a common reaction is to armor the shoreline with a seawall or
revetment. Armoring may impound sand thereby impacting the sediment budget of a beach and
exacerbating the erosion. Shoreline armoring also increases wave turbulence and reflection. It
is common to find that the construction of one seawall on a beach leads to proliferation of
additional seawalls. “Armoring a chronically eroding coast leads to beach loss.” (Fletcher, et al.,
1997). In an era of accelerating sea-level rise (Church and White, 2006) the threat of chronic
erosion and beach loss is growing and the use of shoreline data becomes a potentially
significant coastal management tool in the effort to conserve beaches and ocean water quality
for future generations. The Shoreline Erosion Maps for the planning area are provided in
Appendix I and can be found online at http://www.soest.hawaii.edu/coasts/erosion/maui/. Table
6-1 summarizes the Annual Erosion Hazard Rates (AEHR) and loss of beach width for coastal
erosion maps in the planning area.
Table 6-1 Annual Erosion Hazard Rates (AEHR) and Beach Width for SMWP Shorelines
Shoreline Map
Area

Beach Width
average change
(%)

Erosion rating

AEHR (ft/yr)

Range of Erosion
Rates (ft/yr)

Kawililipoa

-21

moderate

-1.0

0.04 to -1.3

Halama

-34

moderate

-1.5

0.0 to -1.95

Kamaole

-17

light to moderate

-0.7

-0.6 to -0.7

North Wailea

-30

moderate

-0.7

-0.9 to -1.8

South Wailea

-17

moderate

-1.0

-0.8 to -2.1

Big Beach/Makena

-10*

moderate

-0.7

0.0 to -1.1

*Maluaka Beach is a hot spot with beach width change of -30%
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Figure 6-8 Maui Shoreline Study Erosion Map (see all maps in Appendix I)
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6.1.1 Agricultural Lands of Importance in the State of Hawaii (ALISH)
The system for identification of agriculturally important lands in the State of Hawaii establishes
classes of agricultural lands primarily, but not exclusively, on the basis of soil characteristics.
Three classes of agriculturally important lands were established for the State of Hawaii to
support a national SCS effort to inventory prime farmlands, adapting the classification to the
types of agricultural activity in Hawaii. These classes and their corresponding SCS (national)
equivalents are:
Hawaii Classification System

SCS Classification System

Prime Agricultural Land

Prime Farmland

Unique Agricultural Land

Unique Farmland

Other Important Agricultural

Additional Farmland of Statewide

Land

and Local Importance

The criteria for classification of prime agricultural land are identical to the criteria established by
SCS for national application. The criteria for unique agricultural land and other important
agricultural land were established cooperatively by the Soil Conservation Service in Hawaii, the
College of Tropical Agriculture and Human Resources, and the State of Hawaii Department of
Agriculture. Land may be classified for a use based on these criteria without consideration of
whether or not it is currently in agricultural use, or the type of existing agricultural use. The
classification provides decision makers with an awareness of the long-term implications of
various land use options in Hawaii. 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. The
watershed planning area includes “Prime Agricultural Lands” and other lands in the Hapapa
Watershed, and “Other Important Agricultural Lands” in the Wailea and Mo’oloa watersheds.
(See Figure 6-9 ALISH Map)
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Figure 6-9 ALISH Map

6.1.2 Fire Risks
According to the US Global Change Research Program, "Deserts and drylands are likely to
become hotter and drier, feeding the self-reinforcing cycle of invasive plants, fire, and erosion."
(Global Climate Change Impacts in the United States, June 2009) (Full report at
www.globalchange.gov/usimpacts.)
Guided by the National Fire Plan and the Healthy Forests Restoration Act (HFRA), state
wildland fire-fighting agencies and their federal and local partners are responsible for identifying
communities at risk from wildland fires. Based on the guidelines developed by the National
Association of State Foresters in June 2003, the Division of Forestry and Wildlife identified atrisk wildland-urban interface communities in the major Hawaiian Islands and rated each
community's risk from wildland fires. (See Figure 6-10 Fire Risks) Data were collected and
completed during the years 2006 and 2007. This database will be used to develop Community
Wildfire Protection Plans.
(http://www.stateforesters.org/reports/COMMUNITIESATRISKFG.pdf)
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Figure 6-10 Fire Risks

6.1.3 Large and Government Land Ownership
This dataset was created using the TMK Parcel shapefiles from the counties of Honolulu, Kauai,
Maui and Hawaii. The "MajorOwner" field was queried for all private landowners owning a
cumulative land area of at least 1000 acres PER ISLAND, as well as those parcels owned by
government agencies (public lands). All land owners with "MajorOwner" = "other" were
excluded. The largest landowners in the planning area are Ulupalakua Ranch, Haleakala
Ranch, Ka’ono’ulu Ranch, the State of Hawaii, and Department of Hawaiian Homelands
(DHHL). (See Figure 6-11 Government and Large Land Ownership)
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Figure 6-11 Government and Large Land Ownership

6.1.4 Impervious vs. Pervious Surface
This is a final impervious surface layer ready for distribution through NOAA CSC. The data set
is an inventory of impervious surfaces for the island of Maui for the year 2007. Impervious
surfaces prevent infiltration of precipitation into the soil, disrupting the water cycle and affecting
both the quantity and quality of water resources. Impervious surfaces include manmade
features such as building rooftops, parking lots and roads consisting of asphalt, concrete and/or
compacted dirt. This data set utilized 52 full or partial Quickbird multispectral scenes which were
processed to detect impervious features on the island of Maui. (See Figure 6-12 Impervious
Surfaces)
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Figure 6-12 Impervious Surfaces

6.1.5 Planned Development
The County of Maui Planning Department (COM planning) reported that there are 2302.8 acres
of planned, committed development; 1954 acres of planned, designated development, and
2113.3 acres of proposed development. (See Figure 6-13)
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Figure 6-13 Planned Development

6.2

Existing Management Practices

The forested conservation lands and private forests in the watershed are mainly used for
recreational purposes. A major native re-vegetation project in the burned portion of the Kula
Forest Reserve at 6,000 ft. el., is striving to re-stabilize the area. It is managed by the Hawaii
State Department of Fish and Wildlife (DOFAW) for both conservation and recreational uses.
Ungulate populations are maintained for a sustainable yield of game for hunters. The LHWRP
recommends upland reforestation in the cloud belt in order to enhance fog drip.
There are many of the farms in the watershed which have conservation plans for resource
protection, developed with the help of NRCS and Olinda-Kula and Central Maui SWCDs.
Rotational cropping and organic matter (OM) management are being practiced by some farms
for biologically sustainable soil health and productivity. However, many of the conventional
farms are relying on imported chemical inputs. Some farms using permaculture design
principles use water catchment and storage systems to augment county water supplies. In this
dry region, crop irrigation is a necessity.
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Most of the grazing lands in this dry watershed utilize some form of rotational grazing. There is a
growing trend toward holistic grazing practices, which use smaller paddock sizes to intensify
grazing impact, more frequent rotations, and longer term recovery. This improves the diversity
of the forage, and the productivity of the pasture land. Holistic grazing can also reduce erosion
and improve water infiltration.
In the urban zone, there are wetland recovery projects, some channelized stream beds
designed to mitigate flooding, and dune protection sites along the shoreline. Some of the public
parks, a golf course, a corn seed farm, a shopping center, an apartment complex, the MRTP,
and others are using R-1 reclaimed water for irrigation, reducing imported potable water use.
In the developing areas of the South Maui urban corridor, Wailea and Makena Resorts, and
upcountry rural/residential areas, construction site BMPs are mandated for sites over 1 acre by
CWA National Pollutant Discharge Elimination System (NPDES) permits for stormwater
discharges. There are currently no post construction requirements for stormwater pollution
prevention or BMPs, except as may be specified for a particular project as a special condition.
In the coastal zone, special management areas are established under the Coastal Zone
Management Act. Water reuse, irrigation, and fertilization/pesticide/herbicide use conditions, as
well as marine monitoring, are often required by the SMA special permits. (See Figure 6-14
Special Management Areas)
Small craft are offered a sewage pumping station in nearby Ma’alaea Harbor by a cooperative
agreement between the County of Maui and the grassroots “Pump Don’t Dump” group.
The Maui Soil and Water Conservation Districts and NRCS review individual proposed County
grading permits and make specific recommendations for BMPs to control soil erosion and
prevent water pollution. The County of Maui drainage systems receive agricultural, urban, and
light industrial/commercial stormwater runoff, but the County does not currently have a
stormwater quality management program.
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Figure 6-14 Special Management Areas

6.3

Demographics
6.3.1 Historic Population Trends

In 2000, Maui Island had a population of 117,644, the third-most populous of the Hawaiian
Islands, after Oahu and Hawaii. (http://en.wikipedia.org/wiki/Maui). Maui Island has experienced
steep population increases since 1970. By 2010 the Maui Island population had risen to
144,444. The Southwest Maui watersheds have two distinct population centers; upcountry rural
and coastal urban/resort.
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Figure 6-15 Watershed Boundary Map with Roads

In the rural uplands, most of the ranchers, farmers, and other residents live between 2,000 and
4,000 ft. elevation along the Kula Highway corridor, where water and utilities are available. This
water is imported from the wet East Maui watersheds, through the two Kula water systems. The
population of the Kula-Keokea area has grown from about 4,000 in 1980, to about 8,013 in 2010
(Mayer, 2010). This is a 100% increase in 30 years, or an average of 3.3% per year.
In the urban/resort areas along the ocean in Kihei, growth has been much more rapid. KiheiWailea-Makena had a population of 6,755 in 1980, and 26,918 in 2010. This represents close to
a 300% increase in 30 years, or an average of 10% per year (Mayer, 2010). Most of the water
for this area is imported from the wet Kahalawai, Iao Aquifer. This water is supplemented by a
few fresh water wells, some wastewater reclamation and reuse, and many brackish irrigation
wells within the watershed boundaries.
In addition to the developed roads within the watershed planning area, transportation
infrastructure includes a small boat ramp in Kihei in the Wailea watershed, Kilohana drainage
district.
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Table 6-2 Maui Island Historic Population Trends (US Census, 1960-2010)
Census Dates

Maui Island
Totals

Population
Increase

% Increase

1960

35,717

1970

38,691

2974

1980

62,823

24,132

1990

91,361

28,538

44%

2000

117,644

26,283

29%

2010

144,444

26,800

23%

(US Census Bureau, February 2011)
The population of residents and visitors on Maui, on any given day (defacto population), is
projected to increase from 159,462 in 2000 to 235,582 in 2030, a gain of more than 47%. • The
island’s resident population is expected to grow at nearly an identical rate as the de facto
population, with the resident population of Maui reaching 176,687 by 2030. (Draft Maui Island
Plan; Volume II- Recommendations, 2009).
Maui Island is divided into six community plan districts. The Kihei-Makena Community Plan area
has one of the fastest growing populations. Population projections from 2000-2030 for
community plan areas within the watershed planning area are given in Table 6-3 Community
Plan Area Population Projections. It should be noted that not all of the Makawao-Pukalani-Kula
Community plan area is within the watershed planning area.
Table 6-3 Community Plan Area Population Projections
Area

2000

2005

2010

2015

2020

2025

2030

KiheiMakena

22,870

25,609

27,222

29,731

32,208

34,528

36,767

MakawaoPukalaniKula

21,571

23,176

23,862

25,360

26,792

28,077

29,294

Note: These projections will soon be recalculated, based on the 2010 census results.
(County of Maui, 2006 rev. 2009)
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Table 6-4 Maui County's Community Plan District 2010 Census
Area

2010
Population

Total
Housing
Units

Occupied
Housing
Units

Vacant
Housing
Units

% vacant

Population/
occupied
unit

KiheiMakena

27,224

18,646

11,085

7561

40.6

2.47

MakawaoPukalaniKula

25,543

10,278

9396

882

8.6

2.72

Maui Island

144,444

65,251

50,227

15,024

23.0

2.88

Maui County

154,834

70,398

53,898

16,500

23.4

2.87

nd

Note: Most of the “vacant” units are tourist accommodations or 2 homes
Source: (US Census Bureau, February 2011) (analysis provided by Dr. Richard Mayer)
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7.0
7.1

WATERBODY CONDITIONS

Applicable water quality standards

Water Quality Standards (WQS) for the State of Hawaii, including designated uses, water
quality criteria, and the antidegradation policy, are found in the Hawaii Administrative Rule
(HAR) Chapter 11-54. In the Hawaii regulations, waters are first classified by waterbody type as
inland waters, marine waters, or marine bottom ecosystem, and then are further categorized
into classes based on ecological characteristics and other criteria.

7.1.1 Waterbody Types and Classes
The three main waterbody types are inland waters, marine waters, and marine bottom
ecosystems. Inland waters can be fresh, brackish, or saline. Inland freshwaters are further
classified as flowing, standing, or wetlands (low and elevated). Brackish or saline waters are
classified as standing waters (such as anchialine ponds), coastal wetlands, or estuaries (natural
and developed). Marine waters can be classified as embayment, open coastal (shoreline to 600
foot depth contour), and oceanic (beyond 600 foot depth contour). Marine bottom ecosystems
are classified as sand beaches, lava rock shorelines, marine pools and protected coves, reef
flats, and soft bottoms.

Figure 7-1 Hawaii Waterbody Types (Water Quality Consulting, Inc, 2009)
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Inland waterbody types found within the planning area include intermittent freshwater flowing
streams, low wetlands, brackish or saline standing waters, coastal wetlands, and estuaries.
Marine waterbody types found within the planning area include embayments, open coastal
waters, and oceanic waters. Marine bottom ecosystems receiving drainage from planning area
watersheds include sand beaches, lava rock shoreline, marine pools, protected coves, reef flats,
and soft bottom. These waterbody types encompass diverse aquatic ecosystems. The uses of
these waters will vary, along with the type of aquatic organisms each supports. (See Figure 7-2
Hawaii Designated Uses) These waterbody types are grouped into classes, and beneficial uses
are designated for each waterbody class.

Figure 7-2 Hawaii Designated Uses (Water Quality Consulting, Inc, 2009)

7.1.2 Designation of Water Class and Beneficial Uses in Hawaii
There are a variety of beneficial uses designated in the Hawaii WQS regulations. Designated
uses are assigned to classes of waterbody types. Each water body type does not necessarily
require a unique set of uses. Instead, the characteristics necessary to support a use have been
identified so that water bodies having those characteristics in common can be grouped together
as a waterbody class supporting particular uses. In Hawaii, for purposes of designating
beneficial uses, 13 waterbody types are organized into 7 classes. Uses are then assigned to
waterbody classes. A generalized overview of Waterbody Classes and Designated Uses is
provided in Table 7-1 Waterbody Classes and Designated Uses Hawaii Waterbody Types. It
should be noted that use descriptions are generalized here for ease of discussion. A more
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precise description of beneficial uses designated for each waterbody class is found in Appendix
J, Tables 1-7 of the referenced document. (Water Quality Consulting, Inc, 2009). The document
is available on the DOH website at http://hawaii.gov/health/environmental/envplanning/wqm/env-planning/pdf/Final_IWQR_Decision_Criteria1.pdf
Specific waterbodies are assigned to classes based on both waterbody characteristics (e.g.
marine or saline, standing or flowing) and other considerations described in the state’s antidegradation policy, such as outstanding natural resource, or important economic or social
development. The DOH Water Quality Standards Map (Figure 7-3) shows waterbody classes
for Maui waters.

Figure 7-3 Water Quality Standards Map (Source HDOH-CWB webpage)
http://hawaii.gov/health/environmental/water/cleanwater/wqsmaps/index.html

Class determinations are made in accordance with provisions of the water quality law, HAR
§11-54. Some waterbodies are specifically named and assigned a class, while for most
waterbodies the determination is made based on the class description.
Inland Water Classes
HAR §11-54-5 describes the classes of inland waters. Inland waters (fresh, brackish, or saline,
flowing, standing, or in wetlands) are included in Class 1.a. if the waterbody is specifically listed;
is within natural reserves, preserves, sanctuaries and refuges established by DLNR under
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Chapter 195 of the Hawaii Revised Statutes (HRS), or similar preserves under HRS 195 for
protection of aquatic life; water in national and state parks; waters in state or federal fish and
wildlife refuges; or which have been identified as unique or critical habitat for threatened or
endangered species by the U.S. Fish and Wildlife Service. Waters in protective subzones
designated under Chapter 13-5 of the State Board of Land and Natural Resources are
considered Class 1.b. All waters that are not otherwise classified are Class 2.
Inland waters within the SMWP area include numerous intermittent flowing streams and stream
systems, Ka’ono’ulu Estuary and coastal wetlands. "Streams" means seasonal or continuous
water flowing unidirectionally down altitudinal gradients in all or part of natural or modified
channels, as a result of either surface water runoff or ground water influx, or both. Streams may
be either perennial or intermittent and include all natural or modified watercourses. Stream
reaches within state and national parks or wildlife refuges, or identified as unique or critical
habitat for threatened or engendered species are Class 1.a. Remaining reaches are Class 2.
"Stream system" means the aggregate of water features comprising or associated with a
stream, including the stream itself and its tributaries, headwaters, ponds, wetlands, and estuary.
A stream system is geographically delimited by the boundaries of its drainage basin or
watershed. “Estuaries" means characteristically brackish coastal waters in well-defined basins
with a continuous or seasonal surface connection to the ocean that allows entry of marine
fauna. Estuaries may be either natural or developed. "Developed estuaries" means volumes of
brackish coastal waters in well-defined basins constructed by man, or otherwise highly modified
from their natural state. Developed estuaries include, but are not limited to, dredged and
revetted stream termini. "Wetlands" means land that is transitional between terrestrial and
aquatic ecosystems, where the water table is usually at or near the surface, or the land is
covered by shallow water. A wetland has one or more of the following attributes: 1) at least
periodically the land supports predominantly hydrophytic vegetation; 2) the substratum is
predominantly undrained hydric soil; or 3) the substratum is nonsoil (gravel or rocks) and is at
least periodically saturated with water or covered by shallow water. Wetlands may be fresh,
brackish, or saline and generally include swamps, marshes, bogs, and associated ponds and
pools, mud flats, isolated seasonal ponds, littoral zones of standing water bodies, and alluvial
floodplains. (HAR§11-54, 2009)
Marine Water Classes
HAR §11-54-6 describes the classes of marine waters. Marine waters are Class AA if the
waterbody is specifically listed; is within preserves, reserves, sanctuaries and refuges
established by DLNR under Chapter 195 or chapter 190 HRS, or similar preserves under HRS
195 for protection of marine life; waters in state or federal fish and wildlife refuges and marine
sanctuaries; or which have been identified as unique or critical habitat for threatened or
endangered species by the U.S. Fish and Wildlife Service. Waters that are not Class AA are
Class A. HAR §11-54-3(c) (1) states “It is the objective of class AA waters that these waters
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. To the extent
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practicable, the wilderness character of these areas shall be protected.” Zones of mixing (areas
of effluent and ambient water mixing) are not permitted in certain areas of Class AA waters
including:
Within a defined reef area, in waters of a depth less than 18 meters (ten fathoms); or
In waters up to a distance of 300 meters (one thousand feet) off shore if there is no
defined reef area and if the depth is greater than 18 meters (ten fathoms).
The uses to be protected in Class AA waters are:
Oceanographic research;
The support and propagation of shellfish and other marine life;
Conservation of coral reefs;
Wilderness areas;
Compatible recreation; and
Aesthetic enjoyment
The classification of any water area as Class AA shall not preclude other uses of the waters
which are compatible with these uses, objectives, and in conformance with the criteria
applicable to them
The regulations include named Class AA waters on Maui, from the open coastal waters located
(moving clockwise) between Nakalele Point and Waihe’e Point, and between Huelo Point and
Pu’u Ola’i (See Figure 7-3 Water Quality Standards Map). The open coastal waters of the
Mo’oloa watershed at Makena are included as named Class AA waters. The receiving waters
for drainages from the remainder of the watershed planning area include open coastal and
oceanic marine waters within the Hawaiian Islands Humpback Whale National Marine
Sanctuary. These waters may be considered Class AA by virtue of being in a federal marine
sanctuary. (See Figure 7-4 Maui Marine Water Classes)
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Figure 7-4 Maui Marine Water Classes (Hawaii Department of Health, 2006)

Marine Bottom Ecosystem Classes
HAR §11-54-7 describes the classes of marine bottom types. For sandy beaches, the
Northwest Hawaiian Islands are Class I; all other beaches in the state are Class II.
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Table 7-1 Waterbody Classes and Designated Uses
Designated Uses

Inland Waters
Class
1a

Natural Waters

Class 1b

Class 2

Marine Waters

Marine Bottom
Ecosystem

Class AA

Class I

Class A

Class II

1

Native Aquatic Life
Aquatic Life
Recreation
Aesthetics
Wildlife
Drinking Water
Food Processing
Agricultural Water
Source
Industrial Water Source
Shipping
Legend:
Use is designated for
class
Use is not designated
for class

2

7.1.3 Water Quality Criteria
Basic criteria are applied to all classes of waters, and specific criteria are assigned to some, but
not all, classes. Within a class, the specific criteria may not apply to all waterbody types. The
regulations do not provide specific criteria for uses for all waterbody types. Therefore, the
regulations provide a nexus between waterbody class and use, but not between use and
criteria. An exception is that recreational waters are defined and recreational uses are tied to
bacterial criteria in the water quality standards.

2

Hawaii Water Quality Standards at Hawaii Administrative Rules (HAR) §11-54-03(1) state, “It is the objective of Class 1
waters that these waters remain in their natural state as nearly as possible with an absolute minimum of pollution from any
human-caused source.” The basic conditions to be maintained in Class AA Marine Waters and Class I Marine Bottoms use
the phrase “natural pristine state”.
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Basic Criteria
The basic criteria apply to all waters (HAR §11-54-4). These criteria include narrative
statements for controlling substances, including materials that settle or float, or that can have
toxic or other undesirable effects. The narrative criteria include that all waters should be free of
“deleterious substances sufficient to be toxic or harmful to human, animal, plant, or aquatic life,
or in amounts to interfere with any beneficial use of the water.” A translator for these narrative
criteria is contained within the regulation in the requirement that waters be free from pollutants
in concentrations exceeding acute and chronic toxicity and human health standards (expressed
as average criteria concentrations at specified durations). There are also provisions translating
the narrative criteria in terms of toxicity testing (bioassay) results. The applicable narrative and
numeric basic criteria are provided in Appendix K.
Specific Criteria
For some waterbody types, there are specific narrative or numeric criteria. There are specific
criteria for inland waters (HAR §11-54-5), marine waters (HAR §11-54-6), marine bottom types
(HAR §11-54-7), and recreational areas (HAR §11-54-8).
Numeric Criteria for Water Column Chemistry

Numeric criteria for water column chemistry are expressed for wet and dry conditions, and as
values not to be exceeded by the geometric mean, more than ten percent of the time and more
than two percent of the time. Table 7-2 through Table 7-5 provide the applicable numeric criteria
for water column chemistry in inland waters (streams and estuaries) and marine waters (open
coastal and oceanic) within the SMWP area.
Table 7-2 Inland Waters - Specific Water Quality Criteria for Streams
Parameter

Hawaii State Water Quality Standards HAR §11-54-5.2(b)
Geometric Mean (Not to
Exceed)

Not to Exceed > 10%
of time

Not to Exceed > 2%
of time

wet

dry

wet

dry

wet

dry

Nitrate+Nitrite (as N)
(µg/L)

70.0

30.0

180.0

90.0

300.0

170.0

Nitrogen, Total

250.0

180.0

520.0

380.0

800.0

600.0

Phosphorus (as P),
Total (µg/L)

50.0

30.0

100.0

60.0

150.0

80.0

Turbidity (NTU)

5.0

2.0

15.0

5.5

25.0

10.0

Notes: Stream means seasonal or continuous water flowing unidirectionally down altitudinal gradients in all or part of natural or modified channels as a
result of either surface water runoff or ground water influx, or both.
Streams may be either perennial or intermittent and include all natural or modified watercourses.
Wet Season = November 1 through April 30; Dry Season = May 1 through October 31;
pH Units - shall not deviate more than 0.5 units from ambient conditions and shall not be lower than 5.5 nor higher than 8.0
Dissolved Oxygen - Not less than eighty per cent saturation, determined as a function of ambient water temperature.
Temperature - Shall not vary more than one degree Celsius from ambient conditions.
Specific Conductance - Not more than three hundred micromhos/centimeter.
Source: (HAR§11-54, 2009)
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Table 7-3 Specific Water Quality Criteria for Estuaries (except Pearl Harbor)
Parameter

Hawaii State Water Quality Standards HAR §11-54-5.2(d)(1)
Geometric Mean (Not to
Exceed)

Not to Exceed 10%
of time

Not to Exceed > 2%
of time

Nitrogen, Total

200.00

350.00

500.00

Ammonia (as N) (µg/L)

6.00

10.00

20.00

Nitrate+Nitrite (as N)
(µg/L)

8.00

25.00

35.00

Phosphorus (as P), Total
(µg/L)

25.00

50.00

75.00

Chlorophyll a (ug/L)

2.00

5.00

10.00

Turbidity (NTU)

1.5

3.00

5.00

Notes: “Estuaries" means characteristically brackish coastal waters in well-defined basins with a continuous or seasonal surface connection to the
ocean that allows entry of marine fauna. Estuaries may be either natural or developed. "Developed estuaries" means volumes of brackish coastal
waters in well-defined basins constructed by man or otherwise highly modified from their natural state. Developed estuaries include, but are not limited
to, dredged and revetted stream termini.
pH Units - shall not deviate more than 0.5 units from ambient conditions and shall not be lower than 7.0 nor higher than 8.6.
Dissolved Oxygen - Not less than seventy-five per cent saturation, determined as a function of ambient water temperature and salinity.
Temperature - Shall not vary more than one degree Celsius from ambient conditions.
Salinity - Shall not vary more than ten per cent from ambient conditions.
Oxidation - reduction potential (EH) - Shall not be less than -100 millivolts in the uppermost ten centimeters (four inches) of sediment.
Source: (HAR§11-54, 2009)

Table 7-4 Specific Marine Water Quality Criteria for Open Coastal Waters

Parameter

Hawaii State Water Quality Standards
HAR §11-54-62(b)
Geometric Mean
(Not to Exceed)

Not to Exceed
> 10% of time

Not to Exceed
> 2% of time

wet

dry

wet

dry

wet

dry

Nitrogen, Total (as N) (ug/L)

150.00

110.00

250.00

180.00

350.00

250.00

Ammonia (as N) (µg/L)

3.50

2.00

8.50

5.00

15.00

9.00

Nitrate+Nitrite (as N) (µg/L)

5.00

3.50

14.00

10.00

25.00

20.00

Phosphorus (as P), Total
(µg/L)

20.00

16.00

40.00

30.00

60.00

45.00

Light Extinction Coefficient (k
units)

0.20

0.10

0.50

0.30

0.85

0.55

Turbidity (NTU)

0.50

0.20

1.25

0.50

2.00

1.00

Notes: "Open coastal waters" means marine waters bounded by the 183 meter or 600 foot (100 fathom) depth contour and the shoreline, excluding
bays named in subsection (a)
*Wet” criteria apply when the open coastal waters receive more than three million gallons per day of freshwater discharge per shoreline mile. “Dry”
criteria apply when the open coastal waters receive less than three million gallons per day of freshwater. Applicable to both "wet" and "dry" conditions:
pH Units - shall not deviate more than 0.5 units from a value of 8.1, except at coastal locations where and when freshwater from stream, storm drain or
groundwater discharge may depress the pH to a minimum level of 7.0.
Dissolved Oxygen - Not less than seventy-five per cent saturation, determined as a function of ambient water temperature and salinity.
Temperature - Shall not vary more than one degree Celsius from ambient conditions.
Salinity - Shall not vary more than ten per cent from natural or seasonal changes considering hydrologic input and oceanographic factors.
Source: (HAR§11-54, 2009)
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Table 7-5 Marine Water Quality Criteria for Oceanic Waters
Parameter

Hawaii State Water Quality Standards
HAR §11-54-6(c)
Geometric Mean
(Not to Exceed)

Not to Exceed
> 10% of time

Not to Exceed
> 2% of time

Nitrogen, Total

50.00

80.00

100.00

Ammonia (as N) (µg/L)

1.00

1.75

2.50

Nitrate+Nitrite (as N)
(µg/L)

1.50

2.50

3.50

Phosphorus (as P), Total
(µg/L)

10.00

18.00

25.00

Chlorophyll a (ug/L)

0.06

0.12

0.20

Turbidity (NTU)

0.03

0.10

0.20

Notes: "Oceanic waters" means all other marine waters outside of the 183 meter (600 feet or 100 fathom) depth contour. pH Units - shall not deviate
more than 0.5 units from a value of 8.1.
Dissolved Oxygen - Not less than seventy-five per cent saturation, determined as a function of ambient water temperature and salinity.
Temperature - shall not vary more than one degree Celsius from ambient conditions.
Salinity - Shall not vary more than ten per cent from natural or seasonal changes considering hydrologic input and oceanographic factors
Source: (HAR§11-54, 2009)

Criteria for Recreational Waters
Numeric criteria are provided at §11-54-8 for enterococcus bacteria for waters classified for
recreational use. Inland recreational waters should not exceed an enterococcus concentration of
33 colony forming units (CFU) per 100 milliliters (CFU/100ml). No single sample shall exceed
the single sample maximum of 89 CFU/100 ml or the site-specific one-sided 82 per cent
confidence limit. In marine recreational waters within 300 meters (one thousand feet) of the
shoreline, including natural public bathing or wading areas, enterococcus content shall not
exceed a geometric mean concentration of 35 CFU/100 ml in not less than five samples which
shall be spaced to cover a period between twenty-five and thirty days. No single sample shall
exceed the single sample maximum of 104 CFU/100 ml or the site-specific one-sided 75 per
cent confidence limit. At locations where sampling is less frequent than five samples per twentyfive to thirty days, no single sample shall exceed the single sample maximum nor shall the
geometric mean of these samples taken during the thirty-day period exceed 35 CFU/100 ml.
Raw or inadequately treated sewage, sewage for which the degree of treatment is unknown, or
other pollutants of public health significance, as determined by the director of health, should not
be present in natural public swimming, bathing or wading areas.
Bottom Criteria for Streams
Bottom criteria for streams at HAR §11-54-5.2(2) include that: episodic deposits of flood-borne
soil sediment should not occur in quantities exceeding an equivalent thickness of five
millimeters (0.20 inch) over hard bottoms twenty-four hours after a heavy rainstorm; and
episodic deposits of flood-borne soil sediment should not occur in quantities exceeding an
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equivalent thickness of ten millimeters (0.40 inch) over soft bottoms twenty-four hours after a
heavy rainstorm. In soft bottom material in pool sections of streams, oxidation reduction
potential (EH) in the top ten centimeters (four inches) should not be less than +100 millivolts,
and no more than fifty per cent of the grain size distribution of sediment should be smaller than
0.125 millimeter (0.005 inch) in diameter.
Criteria for Marine Bottom Ecosystems
The criteria for Marine Bottom Ecosystems are found at HAR §11-54-7. The criteria are
summarized in Table 7-6. There are no named Class I reefs or reef communities, or any named
Class II harbors within the SMWP area. The marine bottoms of the Hawaiian Islands Humpback
Whale National Marine Sanctuary may be considered Class I depending on the interpretation of
the language, “in preserves, reserves, sanctuaries, and refuges established by the department
of land and natural resources under chapter 195 or chapter 190, HRS, or similar reserves for
the protection of marine life established under chapter 190, HRS, as amended; or in refuges or
sanctuaries established by the U.S. Fish and Wildlife Service or the National Marine Fisheries
Service”.
It is the objective of Class I Marine Bottom Ecosystems that they remain as nearly as possible in
their natural pristine state, with an absolute minimum of pollution from any human-induced
source. Uses of marine bottom ecosystems in this class are passive human uses, without
intervention or alteration, allowing the perpetuation and preservation of the marine bottom in a
most natural state, such as for nonconsumptive scientific research (demonstration, observation
or monitoring only), nonconsumptive education, aesthetic enjoyment, passive activities, and
preservation.
Table 7-6 Summary of Marine Bottom Ecosystem Criteria
Bottom Type

Description

Sediment Depth

Redox Potential
(EH)

Grain Size

Sand
beaches

Shoreline composed of the
weathered calcareous remains of
marine algae and animals (white
sand), the weathered remains of
volcanic tuff (olivine), or the
weathered remains of lava (black
sand).

Episodic deposits of floodborne sediment shall not
occur in quantities exceeding
an equivalent thickness of ten
millimeters (0.40 inch)
twenty-four hours after a
heavy rainstorm.

Oxidation - reduction
potential (EH) in the
uppermost ten centimeters
(four inches) of sediment
shall not be less than +100
millivolts

No more than fifty per
cent of the grain size
distribution of sediment
shall be smaller than
0.125 millimeters in
diameter

Lava Rock
Shoreline
and Solution
Benches

Sea cliffs and
other vertical rock faces, horizontal
basalts, volcanic tuff beaches, and
boulder beaches formed by rocks
falling from above or deposited by

Episodic deposits of floodborne sediment shall not
occur in quantities exceeding
an equivalent thickness of
five millimeters (0.20 inch) for
longer than twenty-four hours
after a heavy rainstorm.

storm waves. “Solution benches"
means sea level platforms
developed on upraised reef or
solidified beach rock by the
erosive action of waves and rains.
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Bottom Type

Description

Sediment Depth

Redox Potential
(EH)

Grain Size

Marine Pools
and
Protected
Coves

"Marine pools" means waters
which collect in depressions on
sea level
lava rock outcrops and solution
benches
and also behind large boulders
fronting
the sea. "Protected coves" means
small inlets which are removed
from heavy wave action or surge

Episodic deposits of floodborne soil sediment shall not
occur in quantities exceeding
equivalent thicknesses for
longer than twenty-four hours
following a heavy rainstorm
according to the following:
(i) No thicker than an
equivalent of five millimeters
(0.20 inch) on hard bottoms
(other than living corals); (ii)
No thicker than an equivalent
of ten millimeters (0.40 inch)
on soft bottoms.

In marine pools and coves
with sand bottoms,
oxidation – reduction
potential (EH) in the
uppermost ten centimeters
(four inches) of sediment
shall not be less than +100
millivolts;.

In marine pools and
coves with sand
bottoms, no more than
fifty per cent of
the grain size
distribution of the
sediment shall be
smaller than 0.125
millimeters in diameter

Artificial
Basins

Dredged or quarried channels or
harbors, and harbor associated
submerged structures.

Reef flats
and Reef
Communities

"Nearshore reef flats" means
shallow platforms of reef rock,
rubble, and sand extending from
the shoreline. "Offshore reef flats"
means shallow, submerged
platforms of reef rock and sand
between depths of zero to three
meters (zero to ten feet) which are
separated from the shoreline of
high volcanic islands by lagoons or
ocean expanses. There are three
types: patch, barrier, and atoll reef
flats; "Protected reef communities"
means hard bottom aggregations,
including scattered sand channels
and patches, dominated by living
coral thickets, mounds, or
platforms, found at depths of ten to
thirty meters (thirty-two to ninetysix feet) along protected leeward
coasts or in shallow water (up to
sea level) in sheltered lagoons
behind atoll or barrier reefs and in
the calm reaches of bays or coves.
"Wave-exposed reef communities"
means aggregations, including
scattered sand channels and
patches, dominated by corals.
found at depths up to forty meters
(approximately one hundred thirty
feet) along coasts subject to
continuous or heavy wave action
and surge.

Specific criteria
to be applied to
all reef flats and
reef
communities: No
action shall be
undertaken
which would
substantially risk
damage,
impairment, or
alteration of the
biological
characteristics of
the areas named
herein. When a
determination of
substantial risk is
made by the
director, the
action shall be
declared to be
contrary to the
public interest
and no other
permits shall be
issued pursuant
to chapter 342,
HRS.

Soft Bottom
Communities

Specific criterion to be
applied - Oxidation
- reduction potential (EH)
in the uppermost
ten centimeters (four
inches) of sediment shall
not be less than -100
millivolts
Episodic deposits of floodborne soil sediment shall not
occur in quantities
exceeding equivalent
thicknesses for longer than
twenty-four hours after a
heavy rainstorm as follows:
(i) No thicker than an
equivalent of two millimeters
(0.08 inch) on living coral
surfaces;
(ii) No thicker than an
equivalent of five millimeters
(0.2 inch) on
other hard bottoms;
(iii) No thicker than an
equivalent of ten millimeters
(0.4 inch) on soft bottoms;

Oxidation-reduction
potential the uppermost
ten centimeters(four
inches) of sand patches
shall not be less than +100
millivolts

No more than fifty per
cent of the grain size
distribution of sand
patches shall be
smaller than 0.125
millimeters in diameter.

Oxidation-reduction
potential (EH) in the
uppermost ten centimeters
(four inches) of sediment
should not be less than 100 millivolts

Poorly described and "patchy"
communities, mostly of burrowing
organisms, living in deposits at
depths between two to forty
meters (approximately six to one
hundred thirty feet).
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7.2

Anti-degradation Policy

The anti-degradation policy (HAR §11-54-1.1) specifies that existing uses shall be protected and
maintained. Existing uses are defined as those uses actually attained in the waterbody on or
after November 28, 1975, whether or not they are included in the water quality standards (HAR
§11-54-1). Where the quality of water exceeds that required to support propagation of fish,
shellfish, and wildlife and support recreation in and on the water, the policy requires that high
quality be maintained, unless allowing lower water quality is necessary to accommodate
important economic or social development. Where high quality waters constitute an outstanding
natural resource (e.g. state or national parks, or waters of exceptional recreational or ecological
significance) that water quality must be maintained.

7.3

Total Maximum Daily Loads

States implement monitoring programs that allow them to report on attainment of WQS and to
identify and prioritize waters not attaining standards. In even numbered years, states are
required to submit to EPA a water quality inventory report that includes a description of the
water quality of all waters of the state (including, rivers/stream, lakes, estuaries/oceans and
wetlands). States may also be required to provide a description of the nature and extent of
ground water pollution, and recommendations of state plans or programs needed to maintain or
improve ground water quality. States are also required to report, in even numbered years, a list
of impaired and threatened waters requiring Total Maximum Daily Loads (TMDLs). A TMDL is a
budget for pollutants that prescribes pollutant load allocations for point and nonpoint sources.
States are required to report the impairing pollutant(s), and priority ranking of these waters,
including waters targeted for TMDL development within the next two years. These impairment
decisions are compiled using a set of criteria to evaluate whether the state surface waters are
attaining their designated uses, water quality criteria, and the anti-degradation policy as stated
in the Hawaii Administrative Rule (HAR) Chapter 11-54. EPA strongly encourages states to
submit a single report (the Integrated Report) that satisfies these reporting requirements of
CWA sections 303(d), 305(b) and 314 (USEPA, 2005).Figure 7-5 Continuing Planning Process
illustrates the relationship of the water quality planning, assessment, monitoring, and regulatory
programs implemented under authority of the CWA by the DOH.
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Figure 7-5 Continuing Planning Process

7.3.1 2006 State of Hawaii Integrated Water Quality Report - Clean Water
Act §305(b) Assessments and §303 (d) List of Impairments
In the most recent Integrated Water Quality Report (Hawaii Department of Health, 2006),
assessment results for each waterbody were assigned one of five categories based on water
quality standards attainment decisions, made in accordance with Hawaii’s 2004 Priority Ranking
and Listing/Delisting Criteria and 2006 Rules of Logic:
Category 1 - all designated uses attained
Category 2 - one or more designated use attainments
Category 3 - insufficient data for determining designated use attainment and water
quality impairment
Category 4 - one or more designated use non-attainments or water quality impairments;
but no TMDL needed:
o

4a = A TMDL to address a specific segment/pollutant combination has been
approved or established by EPA.
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o

4b = A use impairment caused by a pollutant is being addressed by the state
through other pollution control requirements.

o

4c = A use is impaired, but the impairment is not caused by a pollutant.

Category 5 - one or more designated use non-attainments or water quality impairments.
Chapter IV of the report includes the Water Body Assessment Decisions table that contains the
assessment results for all waters, inland and marine. Waterbodies entered in the table are not
necessarily reflective of all waters of the state; rather, they indicate areas where sampling has
taken place, and areas of higher incidence of human contact. Areas not shown in the table do
not have any sampling data available, and are considered to be in category “3”, more
information needed to make a decision. Future reporting cycles may add waterbodies as
necessary. Tools utilized for the assessment in the 2006 reporting cycle included chemical
analyses, bacteriological analyses, and Hawaii Stream Bioassessment Protocol scores (for
native aquatic life - Class 1 streams).

7.3.2 Impaired Waterbodies within the SMWP area
None of the intermittent streams in the SMWP area were assessed in the 2012 Integrated Water
Quality Report; therefore, status of standards attainment for these is unknown. Appendix L
provides the assessment results and attainment status for coastal water quality management
segments represented by the listed monitoring sites. There are 33 coastal water quality
monitoring sites within the SMWP area that were included in the assessment. (See Figure 7-6
DOH Water Quality Monitoring Stations) Appendix M summarizes the HDOH water quality data
available on-line. With the exception of enterococcus, where there is data, it shows non
attainment of the water quality standards. More than 26 waterbodies and 74 waterbody/pollutant
combinations require TMDL studies. More than 50 % of the waterbodies lack adequate data for
assessment. All of the 26 impaired waterbodies requiring a TMDL for one or more pollutants in
the SMWP area are listed as Low Priority for TMDL development. (Hawaii Department of
Health, 2006) (See Table 7-7and Table 7-8.)
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Table 7-7 SMWP Area Numbers of Impaired Waters by Pollutant
Parameter

Total
Waterbodies
Assessed

Number of
Waterbodies
Attaining
Standards (A)

Number of
Waterbodies Not
Attaining
Standards (N or L)

Number of
Waterbodies with
Insufficient Data
for Assessment

Enterococcus

33

5

1

27

Total Nitrogen

33

0

13

21

Nitrite-nitrate
Nitrogen

33

0

16

17

Total Phosphorus

33

1

4

27

Turbidity

33

0

10

23

Chlorophyll-a

23

0

23

-

Ammonia Nitrogen

7

0

7

-

Table 7-8 Number of Waterbodies by Category
Category

Description

Number of Water
Bodies

1

All Uses Attained

0

2

One or More Uses Attained

6

3

Insufficient Data for
Assessment

28

4

One or more use not attained; water quality
impairment; No TMDL needed

0

5

One of more uses not attained and water
quality impairment; TMDL needed

26
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Figure 7-6 DOH Water Quality Monitoring Stations
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Figure 7-7 1977 Kihei Reconnaissance Sampling Site Locations
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7.3.3 1977 Reconnaissance Survey of Nearshore Marine Environment
A reconnaissance survey of the nearshore was conducted to assess the existing marine
environment, water quality, and a potential impact of four proposed streams drainage channels
in the Kihei floodplain (Environmental Consultants, Inc., 1977). Four sites were surveyed. The
northernmost site at Waiakoa Gulch is just north of the SMWP planning area. The remaining
three sites are within the SMWP area. Site 2 was a proposed channel alignment between
Kalepolepo and Waipu’ilani Gulch. Site 3 was located in the unnamed drainage channel
through Kalama Park, and Site 4 was at Keawakapu Park. Water quality data (salinity, turbidity,
and dissolved nutrients), sediment samples, and biological observations were obtained during
August 1977. Supplemental information was gathered at other sites north of the planning area,
including the shoreline of Ma’alaea Bay fronting Kealia Pond, Kihei Pier, the beach park at
Maipoina ’oe ia’u, as well as sites within the planning area such as the relic fishpond at the
mouth of Waipu’ilani Gulch, and the nearshore north and south of Kalama Park. Sampling
locations and study results are given in Figure 7-7 above. Water Quality results are
summarized in Table 7-9 below.
Table 7-9 1977 Kihei Nearshore Mean Water Quality Values
Site

Turbidity
(FTU)

Ammonia
(as N, ug/L)

Nitrite +
Nitrate
(as N, ug/L)

Total
Inorganic
Nitrogen
(as N. ug/L)

Total
Inorganic
Phosphorus
(as P, ug/L)

N:P
Ratio

1

0.36

0.46

2.65

3.11

0.15

20.7

2

0.85

0.46

5.41

5.87

0.27

21.7

3

1.69

0.40

0.53

0.93

0.11

8.4

4

0.32

0.37

0.39

0.76

0.15

5.1

The nutrient concentrations were considered high at all locations relative to concentrations
found in other Hawaiian marine environments. Concentrations of ammonia nitrogen and
phosphorus were similar at all study sites, while the northernmost sites (1 and 2) had far higher
concentrations of nitrates than Sites 3 and 4. The range of phosphorus values found are nonlimiting to phytoplankton growth; while the inorganic nitrogen concentrations found were
substantially in excess of the 0.4-0.5 ug/L needed to sustain phytoplankton growth. The authors
speculate that high nitrate concentrations are the result of groundwater seepage into the
nearshore marine environment. Lower salinity at Site 2 supports this idea, but salinity was not
lower at Site 1, perhaps due to the deeper water and larger seawater volume. Because
phosphorus concentrations are relatively stable throughout the study area, the high N:P ratios at
the northern sites are attributable to high nitrate concentrations. Groundwater contribution of
nitrates has been demonstrated at other sites in Hawaii.
The turbidity values ranged from 0.28 to 2.06 FTU, with Sites 2 and 3 being the most turbid. It
was reported that “…all of the turbidities are high when compared to other similar open coastal
waters in Hawaii. Turbid, discolored water is a general characteristic of nearshore coastal water
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in this area. Suspended material creating this turbidity appears to be of terrestrial origin
deposited into nearshore waters by seasonal stream runoff and Aeolian transport. Shallowness
of the offshore shelf at Sites 2 and 3 allows wind driven waves to maintain suspension of
particles in the water column.” The authors also point out the importance of using total
suspended solids measurements to correlate to turbidity observations since the white calcium
carbonate and darker, light-absorbing basaltic particles will reflect differently. Visibility was
observed to be “extremely poor” (in fact inhibiting the biological surveys); and the authors
speculate that the concentration of suspended solids is probably much larger than the turbidity
values indicate. The results of sediment sampling suggest a sediment cycle involving the
addition of terrigenous (land-derived) material either as windblown particles or as runoff. Winddriven currents concentrate the suspended detritus along the Kihei coast north of Kalama Park,
eventually depositing the material onshore. Some of the material is re-deposited into the marine
environment during flood events (Environmental Consultants, Inc., 1977). The nearshore
environment in the area is characterized as “generally of poor water quality” with low successful
recruitment of coral planulae and low survival of established colonies. The report concludes
that the generally degraded condition of the back reef flat appears to be “directly related to
sediment loads”. The source of the fine sediment load is not firmly established, although
terrestrial origin is suggested by sediment analysis, and windblown transport of sediment from
the isthmus (including Kealia Pond) to the Kihei floodplain is likely, based on the observations of
multiple researchers.
The authors suggest that there are two ecological zones present in North Kihei (sites 1 and 2)
and South Kihei (sites 3 and 4) and that high turbidity in North Kihei might not necessarily
represent a degraded environment. In addition, it is noted that, due to the ocean hydrodynamics
and bathymetry, different sections of the Kihei coast handle sediments in different ways. The
major potential environmental impact of stream and/or drainage discharges is the increased
sediment load associated with flooding events. The Environmental Impact Statement for the
Kihei Drainage Project (Sam Hirota, 1977) estimated that channelization would increase
sediment load by 29% (1350 tons) for a 50-year storm, and increase by 42% (340 tons) for
smaller, more frequent storms.

7.3.4

UH Studies

“The shallow reefs of south Maui have been experiencing large-scale blooms of the invasive red
alga Hypnea musciformis and the native green alga Ulva fasciata for over a decade. . . . Our
results suggest that nutrient subsidies are fueling this bloom and if nutrient inputs were reduced
algal production would decrease.” (Smith C. M., 2006) http://www.agu.org/meetings/os06/os06sessions/os06_OS54J.html
“Recent research by UH scientists which has focused on shallow Kihei reefs which are currently
overgrown by Hypnea and Ulva, strongly suggests that terrestrial, likely anthropogenic, nutrients
are driving algal blooms there: Concentrations of nutrients (Nitrogen and Phosphorus) are highly
elevated in nearshore areas where algal blooms are found. Stable isotope ratios (δ15N ‰) in
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algal tissue are indicative of animal waste (presumably sewage) being their primary source.
Growth rates of algae on shallow reefs are extraordinarily high (Hypnea is able to double its
biomass in just 2 days). Such growth rates are so high that the estimated productivity of shallow
Kihei reefs is among the highest ever recorded for any ecosystem on the planet” “Algal blooms
are indicative of a loss of balance between factors which promote algal growth (e.g. nutrient
availability) and those which control algal abundance (e.g. grazing). It is likely that both high
nutrients & low grazing have been important” (Smith, Williams, & Sparks, Status of Maui’s
Reefs, 2008) http://hawaii.gov/dlnr/dar/pubs/MauiReefDeclines.pdf
In nearby Ma’alaea Bay (Phase 2 of the planning area), coral cover has precipitously declined
leading the Hawaii Department of Land and Natural Resources, Division of Aquatic Resources
to describe the Ma’alaea as “total system collapse” “In 1972, Ma’alaea coral reefs were
described as being ‘striking in their diversity and in the presence of rare corals species’. As late
as 1993, estimated coral cover was 50-75% close to the site where cover is now 8%.” “One
consequence of severe loss of living coral is that degrading reefs change from being activelygrowing and structurally-complex habitats, into eroding and relatively flat areas which do not
support abundant marine life.” Degradation and coral loss has also occurred at other Maui sites
adjacent to developed areas. While DLNR-DAR recognizes the role of reduced herbivorous fish
populations in contributing to invasive algal overgrowth and loss of coral cover, they conclude
that “without other steps to reduce land-based impacts, there is unlikely to be substantial
recovery across the island’s reefs.” (Smith, Williams, & Sparks, Status of Maui’s Reefs, 2008)

7.4

Source Water Assessment

The SMWP area is on the dry leeward side of the island in the rain shadow of Haleakala, and
most of its useable, fresh water is imported from other watersheds in wetter areas. The highest
elevation county surface water system begins at the Waikamoi area stream diversions (4200 ft.
el.), is stored in two 50 million gallon reservoirs, and distributes to the upper Kula system,
through a series of storage tanks and distribution laterals. Presently, all of this water is treated
at the Olinda Treatment Facility.
The county Pi’iholo water treatment facility treats surface water collected from stream
diversions, stores it in the Pi’iholo Reservoir, and distributes to lower Kula. These two water
systems are connected to a backup pumping system which brings water up from the Kama’ole
Weir (1,120 ft. el.) during drought times.
Water imported from the Na Wai Eha Water Treatment Plant in the Iao watershed is the primary
source of the county potable water supply for the Kihei/Wailea/Makena area (See Figure 7-8).
"The Iao and Waihe’e aquifers, in the vicinity of Wailuku, Maui, are the source of over 75% of
the ground water that is pumped for municipal purposes on Maui." (Ground-water Data
Managment Iao and Waihee Aquifers, Maui, HI) Except for existing Kama’ole aquifer wells that
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are used for irrigation, the Iao aquifer complex is the sole source of municipal potable water for
Kihei, Wailea, and Makena, Maui.
The Iao aquifer is stressed and degrading due to over-pumping. "Data has shown that water
levels in the Iao aquifer have declined to nearly one-half of the predevelopment water levels,
chloride concentrations of the pumped water from at least two of the wells in the area has risen
to levels above the U.G. Environmental Protection Agency secondary drinking water guidelines
of 250 milligrams per liter, and the transition zone of the freshwater lens has risen from about
823 feet in 1985 to 667 feet in 2007." (Ibid.) This translates to degradation of over 7 feet per
year.

Figure 7-8 Na Wai Eha Water Treatment Plant (Water Use and Development Plan)

The Kama’ole Aquifer underlies the SMWP area. (See Figure 7-9) Private wells in the
Kihei/Makena area supply brackish water, mainly for irrigation purposes, although some are
treated with reverse osmosis for potable water use (See Appendix D Ground Water Well
Index/Summary). Springs at high elevations contribute a small amount of water, mainly for
livestock.
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Figure 7-9 Kama’ole Aquifer Map

The Kama’ole Aquifer has been studied for yield, but sustainable yield remains uncertain due to
limited data. The Kama’ole Aquifer is used primarily for irrigation and is not suitable for potable
use without treatment by reverse osmosis (desalination). The Hawaii Water Plan, Water
Resource Protection Plan (Commission on Water Resource Managment, 2008) assigns the
Kama’ole Aquifer a sustainable yield of 11MGD with a "Confidence Rating 3." On page 3-87 of
the report, under the heading "Sustainable Yield Confidence," this is defined: "(3) Least
Confident - Limited to No Hydrologic Data.” The CWRM recognizes the adopted Sustainable
Yield as a reasonable planning Sustainable Yield until more detailed geologic and hydrologic
information is available for these aquifer system areas. There is significant uncertainty
associated with this Sustainable Yield due to the lack of hydrologic and pumpage information.
This is substantiated by other reports. “Aquifer System: Kama’ole [60304] . . . The sustainable
yield of 11 MGD . . . . The estimate is speculative . . . ." (George A.L. Yuen and Associates,
Inc., 1990)
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"Groundwater pumpage from the aquifer is estimated to be a little more than four MGD (a
number of active wells do not have reported use). Most of this pumpage is by the nine Wailea
Resort and 11 Makena Resort brackish wells which irrigate a total of five 18-hole golf courses."
(Nance, 2010)
The Wailea 670 project proposes to rely solely upon the Kama’ole Aquifer to support all the
water needs (average 1.7 MGD) for the project."The Project site and its offsite wells are within
the Kama’ole Aquifer System." "Use of Groundwater”. The project's potable and irrigation
supply will be provided by brackish wells. Four of these wells have already been developed,
two onsite and two others offsite on the north side of Maui Meadows . . . ." (Nance, 2010).More
than half of the significantly uncertain sustainable yield of 11 MGD is planned for use by the golf
courses in Wailea and Makena and the Wailea 670 project.
Equation 7-1 Estimated Kama’ole Water Usage

(1.7 MGD + 4 MGD = 5.7 MGD)
Kama’ole Aquifer water is brackish at lower elevations and suitable only for irrigation without
desalination. "Potable water opportunities do not exist in the Wailea Ranch [Wailea 670]
property." (Mink and Yuen, 2000) It is likely that future well activity at higher elevations may
impact existing wells located lower in elevation to its wells: "Some salinity increase in the
downgradient wells as a result of this flowrate reduction is almost certain to occur . . . ."
According to Basal Aquifer in the Pa’ia, Makawao and Kama’ole Aquifer Systems Status,
“Groundwater is brackish within four to five miles of the coast and is used for irrigation, mostly
by HC&S." (Mink and Yuen, 2002)

7-118

FEBRUARY 12, 2013

8.0

POLLUTANT SOURCES

The two primary sources of water pollutants in the planning area watersheds are domestic
wastewater and contaminated runoff. Domestic wastewater generated on Maui is released to
the environment primarily by underground disposal through shallow injection wells, septic
systems, and cesspools. An injection well can be considered a point source, whereas
discharges from cesspools and septic systems are usually accounted for as nonpoint sources of
pollution. Stormwater runoff from conservation lands, agricultural or industrial land uses, and
urban, resort, and rural development can transport nonpoint source pollution to the ocean.

8.1

Point Sources

The discharge of pollutants from point sources is generally regulated through the National
Pollutant Discharge Elimination System (NPDES). The Clean Water Act prohibits discharge of
pollutants to Waters of the US except in compliance with an NPDES permit. The Hawaii
Department of Health, Clean Water Branch is delegated authority for issuance of general and
individual NPDES permits. The NPDES program requires permits for the discharge of
“pollutants” from any “point source”, into “waters of the United States.” The terms
“pollutant”, “point source” and “waters of the US” are found at Code of Federal Regulations
(CFR) Chapter 40 Part 122.2. Point source means any discernible, confined, and discrete
conveyance, including but not limited to, any pipe, ditch, channel, tunnel, conduit, well, discrete
fissure, container, rolling stock, concentrated animal feeding operation, landfill leachate
collection system, vessel or other floating craft from which pollutants are or may be discharged.
This term does not include return flows from irrigated agriculture or agricultural storm water
runoff. (See §122.3).
Stormwater runoff from construction sites greater than one acre discharging to Class A waters
are regulated point sources under the State’s General NPDES Permit for stormwater associated
with construction activity. Discharges of stormwater associated with industrial activity to Class
AA waters require an individual NPDES permit.
An injection well (IW) is a bored, drilled or driven shaft, or a dug hole, whose depth is greater
than its largest surface dimension; an improved sinkhole; or a subsurface fluid distribution
system used to discharge fluids underground (40 CFR Part 144.3). Injection wells and
cesspools are regulated by the US EPA under the authority of the Underground Injection
Control (UIC) program, as provided by Part C of the of Public Law 92-523, the Safe Drinking
Water Act (SDWA) of 1974. DOH administers a separate UIC permitting program under state
authority. Injection wells meet the definition of a point source, but have not been regulated by
NPDES permits, which are required for the discharge of pollutants from a point source to the
waters of the US.
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8.1.1 NPDES permitted Direct Discharges
There are no individual NPDES permits authorizing direct discharges of wastewater or
stormwater to surface waters within the SMWP area. Given the large number of planned
developments, there presumably are, or will be, a large number of construction sites permitted
under either the General Permit for Stormwater Associated with Construction Activity, or
individually issued NPDES permits. Although the COM Kihei Wastewater Reclamation facility
(WWRF) has been assigned an NPDES permit number (HIU000102), no NPDES permit has
been issued for the facility.

8.1.2 Injection wells
The residents of the Kihei urban and residential areas, and the Wailea resort area, are served
by a centralized regional sewage collection system and wastewater reclamation facility
(WWRF), located mauka of the Pi’ilani Highway in Kihei, just above Welakahao Street (See
Figure 8-1). Wastewater that is not recycled for reuse is injected in to the groundwater, via
wells, at the Kihei WWRF.
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Figure 8-1 COM Kihei Collection System/WWRF (County of Maui, 2008)

The COM operates three Class V injection wells to dispose of wastewater effluent from the Kihei
Wastewater Reclamation Facility (WWRF). The effluent discharged down the injection wells
generally does not receive UV disinfection and does not meet the bacterial water quality
standards for R-1 reuse. The 2.5-3.0 MGD of injected effluent is the largest single wastewater
discharge source in the planning area. A USGS modeling study of the injection well disposal
system operated by the County of Maui in Kihei, HI found that “Wastewater injected beneath the
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brackish ground-water lens rises buoyantly and spreads out at the top of the lens, diverting and
mixing with ambient ground water.” “Ground water discharging from the core of the injection
plume is less than 5 years old and is about 60 percent effluent at the shore, according to the
model.” The nutrient fluxes for nitrogen and phosphorus were 3.5 and 3.4 times higher than
background. Stable isotope signatures and chemical constituents such as pharmaceuticals and
organic wastewater were detected in the monitoring well down gradient of the injection well.
(Hunt, Charles D., 2007). (See Figure 8-2 Block Diagram of simulated Wastewater Injection
Plume at Kihei, Maui). http://pubs.usgs.gov/sir/2006/5283

Figure 8-2 Block Diagram of Simulated Wastewater Injection Plume at Kihei, Maui (Hunt, Charles
D., 2007)

The Makena Resort is served by a private collection system and the Makena Wastewater
Treatment Plant located mauka of the Wailea Alanui Road in the Wailea watershed. While the
resort has injection wells for wastewater disposal, 100% of the effluent is reused by mixing with
brackish water from onsite wells prior to irrigation of resort landscaping and golf courses.
County of Maui Injection Well Loading Estimates
Because DOH has reported that water quality is impaired in nearshore waters, a Total Maximum
Daily Load (TMDL) study is required for all sources of the pollutants causing the impairment.
The TMDL will establish waste load allocations for the Kihei WWRF and load allocations for
nonpoint sources of pollution. Dailer et.al. estimated the long term average daily wasteload
associated with the County of Maui injection wells. (Dailer, Smith, Knox, Napier, & Smith, 2010).
A “load” is defined as the mass of a chemical element or compound being moved from one
location to another. The mass of a chemical entering or leaving an area is the product of the
volume of water that the chemical is using as its transport medium, and the concentration of the
chemical in the water. Pollutant load can be calculated using Equation 8-1 (Rice & Izuino,
1998).
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Equation 8-1

Load (mass) = Concentration (mass/volume or mass/mass) x flow (volume or mass)
Estimated Total Nitrogen Load (TNL), or mass flux, is calculated with wastewater effluent TN
concentration data and measured or estimated injectate flow rates as shown in Equation 8-2
(Rice and Izuno, 1998):
Equation 8-2

TNL (kg d-1) = [(N concentration, mg L-1) * (Flow rate, m3 d-1)]/1000
Where, kg d-1 = kilograms per day; m3 d-1 = cubic meters per day; mg L-1= milligrams per
liter
Wastewater treatment and pollution control programs in the US typically express concentration
in milligrams per liter (mg L-1), volumetric flow rate in million gallons per day (106 g d-1), and
pollutant loads in pounds per day (lbs d-1). Total Nitrogen Load (TNL) estimates are calculated
with wastewater effluent TN concentration data and measured or estimated injectate flow rates
in accordance with Equation 8-3 (Rice and Izuno, 1998); the conversion factor of 8.34 accounts
for conversion from metric to English units.
Equation 8-3

TNL, lbs d-1 = (N concentration, mg L-1) * (Flow rate, 106 g d-1) * 8.34
8.34 = mg L-1 x 0.001g mg-1 x 0.002203 lbs g-1 x 3.785 L g-1 x 106 g d-1
Where: g = grams
Annual water reuse and injectate rates provided by the County of Maui, Department of
Environmental Management, from 1997 to 2008 were used to determine order of magnitude
TNL estimates for the injectate of the Kihei WWRF.
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Table 8-1 Kihei WWRF Effluent Reuse and Injection (Dailer, Smith, Knox, Napier, & Smith, 2010)

Fiscal
Year

Total Influent
Flow (gallons)

Total Reuse Flow
(gallons)

%
Reuse

Total Injected Effluent
Flow (gallons)

%
Injected

1997

1,345,755,000

572,417,557

42.54%

773,337,443

57.46%

1998

1,669,510,000

469,078,560

28.10%

1,200,431,440

71.90%

1999

1,464,745,000

524,453,937

35.81%

940,291,063

64.19%

2000

1,698,710,000

574,951,830

33.85%

1,123,758,170

66.15%

2001

1,733,385,000

620,531,050

35.80%

1,112,853,950

64.20%

2002

1,686,665,000

592,461,440

35.13%

1,094,203,560

64.87%

2003

1,656,370,000

564,475,150

34.08%

1,091,894,850

65.92%

2004

1,692,505,000

539,003,480

31.85%

1,153,501,520

68.15%

2005

1,623,155,000

477,661,984

29.43%

1,145,493,016

70.57%

2006

1,772,805,000

519,379,170

29.30%

1,253,425,830

70.70%

2007

1,778,280,000

505,902,370

28.45%

1,272,377,630

71.55%

2008

1,574,610,000

526,150,120

33.41%

1,048,459,880

66.59%

AVERAGE

1,641,374,583

540,538,887

33.14%

1,100,835,696

66.86%

7,027,005,535

TOTAL

13,210,028,352

Monthly average effluent flow rates, percent of effluent reuse, and monthly average TN
concentration for the period from 2006 to 2008, were used to estimate the daily and annual TNL
of the wastewater injectate from the Kihei WWRF.
Table 8-2 Kihei WWRF Daily and Annual Total Nitrogen (Dailer, Smith, Knox, Napier, & Smith,
2010)

Year

Average
Effluent
/Injectate
Total
Nitrogen
(mg/L)

Effluent
Average
Daily
Flow
(MGD)

Effluent
Total
Daily
Nitrogen
Load
(lbs/day)

%
injected

Injection
Well
Volumetric
Flow Rate
(MGD)

Injectate
Total
Daily
Nitrogen
Load
(lbs/day)

Annual
Injectate
Volume
(MG)

Injectate
Nitrogen
Mass
(lbs/yr as
TN)

2006

6.71

3.51

196

71

2.49

139

909

50,874

2007

7.18

4.42

266

72

3.18

190

1,162

69,511

2008

6.19

3.78

162

67

2.54

131

925

47,754

mean

6.69

3.90

208

70

2.74

154

999

56,046
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8.2

Nonpoint sources

Cesspools are underground regions used for the disposal of human waste, where untreated
sewage is discharged directly into the ground, leakage from which can contaminate oceans,
streams, and ground water by releasing disease-causing pathogens and nitrates
http://www.epa.gov/region/water/groundwater/uic-hicesspools.html). Maui Meadows, Upcountry
residential areas, and a few residences in the Makena area are served by onsite waste disposal
systems, including individual residential cesspools or septic tanks. DOH and US EPA databases
indicate that the island of Maui has >6000 individual small septic or small cesspool wastewater
systems (including those in the areas of Waiehu, Wahikuli, and Maui Meadows), and more than
300 injection wells, including large capacity septic (93) and wastewater treatment plants (59).
(Dailer, Smith, Knox, Napier, & Smith, 2010).
Figure 8-3 shows the known cesspool injection well, and sewage treatment plant locations
compiled from DOH, USGS, and COM records.

Figure 8-3 Cesspools, Injection Wells, and Sewage Treatment Plants in SMWP area
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There are many nonpoint sources of pollution which are contributing to the decline of water
quality along the Kihei coast. While not as easy to quantify as point sources, the cumulative
effect of these diverse, dispersed pollutants is dramatic. A list of some of the important nonpoint
sources of pollutants includes:
Excess fertilizers, herbicides, and pesticides from agricultural lands, resorts and
residential areas;
Oil, grease, and toxic chemicals from commercial, light industrial, and urban runoff;
Sediment from improperly managed construction sites, ranch, crop and forest lands, and
eroding streambanks;
Salt (nitrates) from irrigation practices;
Bacteria and nutrients from wildlife, feral animals, livestock, pet wastes, cesspools, and
faulty septic systems;
Atmospheric deposition and hydromodification are also sources of nonpoint source
pollution.
(USEPA, 1994)
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9.0
9.1

HYDROLOGIC AND WATER QUALITY
MODELING

Introduction and Background

This section will describe the modeling methodology and plan adopted for the South Maui
Watershed Management Plan. This section will also provide a brief overview of modeling
principles generally applicable to watersheds with particular reference to data requirements and
any gaps and constraints with regard to the area under study. Keeping in view the data
requirements, available data, and existing gaps and constraints, this section will provide a
simplified approach to modeling related to watershed processes including stream flow and water
quality loading estimates. Finally, this section will provide recommended guidelines for carrying
out in-depth and comprehensive watershed modeling for the area under study supported by
reliable data collected in the watershed over a specified duration of time.

9.1.1 Introduction
Increased urbanization and lack of effective management controls in watersheds as a result of
growth in U.S urban corridors is causing an increase in water pollution problems and a
deterioration of the water quality of water bodies. Integrated watershed management approach
is increasingly being used to solve such problems. Such an approach can lead to identification
of management strategies for water quality management. While acknowledging water quality
problems in watersheds and its associated impacts on water bodies, there is a need to develop
effective watershed management plans consisting of an efficient modeling methodology that can
serve as a useful management framework to 1) identify and quantify runoff and water quality in
the watershed, 2) make estimates of water quality loads, and 3) propose management
strategies and best management practices for the watershed to achieve the required load
reduction goals. Such a recommended framework can be developed by using principles of
hydrology, water quality, and computer-based modeling. This section of the report will discuss
the modeling related approach of the overall watershed management plan and framework for
the South Maui Watershed.

9.1.2 Modeling for Watershed Management
Runoff quantity impacts have been addressed with a watershed management approach for
several decades. Watershed management was initially used to control or reduce flooding, but
now is commonly employed to control development-induced impacts caused by increases in
pollutant loading, peak runoff rates and volumes. Such controls have been achieved through
structural, nonstructural, and regulatory measures. In the context of watershed management, a
typical computer model is essentially a series of algorithms applied to watershed characteristics
and meteorological data to simulate naturally occurring land-based processes over an extended
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period of time, including hydrology (flow) and pollutant transport (water quality). Many
watershed models are also capable of simulating in-stream processes using the land-based
calculations as input. Once a model has been adequately set up and calibrated for a watershed
it can be used to quantify the existing loading of pollutants from sub-watersheds or from land
use categories. Models can also be used to assess the potential benefits of various restoration
scenarios (e.g., implementation of best management practices).
Challenges are often associated with effectively setting up and applying a computer model,
however, including having the necessary time, expertise, data, and resources including financial
constraints. To better acknowledge these challenges, it is important that we understand the
underlying principles of mathematical modeling, the types of mathematical models available and
their unique characteristics that dictate their applicability to various real world scenarios. This is
described as follows:
Mathematical Modeling
Mathematical modeling is the process of creating a mathematical representation of some
phenomenon in order to gain a better understanding of that phenomenon. It is the use of
mathematics to describe real world phenomena, test ideas, and make predictions about a real
world process being modeled. It can thus be seen as a process that attempts to match
observation with symbolic statement. "Generally the success of a model depends on how easily
it can be used and how accurate are its predictions." (Edwards and Hamson, 1990, p.3)
The analysis, design, or management of any real world process (including hydrology and
contaminant transport in a watershed) is facilitated through the use of systems approach. In
systems analysis (approach) a physical or engineered system is represented in a simplified form
through the construction and use of a mathematical model (Figure 9-1). Such models represent
a systematic organization of a system’s knowledge developed for some kind of planning,
engineering, or scientific purpose. From a watershed management perspective, the most
important subsystem is the watershed system. Scientists and engineers develop and use
descriptive models for the purpose of describing such a physical system or sub-system and for
the purpose of predicting the behavior of such a system in response to a given stimulus or
loading.

Given Input

Predicted Output

System
Figure 9-1 Systems Approach

The purpose of most models is to reproduce consistently the observable phenomena that are of
significance for a particular problem. For example, the purpose of a dissolved oxygen water
quality model is to reproduce in time and space the dissolved oxygen patterns observed at a
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particular site taking into account the effects of flows and pollution loads, etc. For water-related
areas, mathematical modeling can be applied to the following (BDMF, 1997):
Fisheries, aquatic biology, and habitat health
Groundwater
Hydrodynamics
Hydrology, hydraulics, and irrigation
System operations and real-time management
Water quality and Watershed Management
Water resources planning
Types of Mathematical Models
Mathematical models represent existing or hypothesized knowledge of how a system works and
may be classified on the basis of the origins of such knowledge. Two different strategies are
typically employed in building a mathematical model. These include either a 1) deductive or
mechanistic approach or 2) an inductive or empirical approach. Deductive models are based on
the basic fundamentals of physics and chemistry governing a process or system, while inductive
models are data driven models that are based more directly on field or laboratory observations.
The question of “which type of model to use?” has been asked ever since modeling of systems
has been in place. Numerous models have been developed in the quest to find the best
approach or strategy to model different systems or processes. It can be safely said that no one
model can fully explain the complexity of the real world and that is the reason why modelers
continue to develop models of varying complexity, generality, and validity.
Different analysis methods are used to construct deductive and inductive models. For deductive
models these methods may consist of different numerical schemes (e.g. finite difference or finite
element methods) to solve the underlying governing mathematical equations representing the
process or system being modeled. Examples of typical deductive watershed models include
HSPF, SWMM, WASP, and HEC-HMS. Conversely, inductive models are constructed using
methods that relate a given set of independent variables to a given set of dependent variables.
In inductive models, data collected for sub-watersheds is fit to a selected model structure such
as exponential, logarithmic, etc. Inductive models range from simple regression models to more
advance and complex models based on artificial neural networks (ANN).
Keeping in view the limited amount of data available and the fact that inductive models required
a large amount of data to develop effective prediction models, most watershed models are
deductive models. This is also necessitated by the fact that watershed processes can best be
described by physics-based models that are based on the physical characteristics of the
watershed such as hydrology, land use, and topographic features.
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Deductive Watershed Models
Deductive watershed simulation model provide tools for simulating the movement of
precipitation and pollutants from the ground surface through pipe and channel networks, storage
treatment units, and finally to receiving waters. Both single-event and continuous simulation
may be performed on catchments having storm sewers and natural drainage, for prediction of
flows, stages and pollutant concentrations. EPA and state agencies have emphasized
watershed-based assessment and integrated analysis of point and non-point sources of
pollution (USEPA, 1997). As a result, models are being increasingly used to evaluate a wider
range of pollutant transport and receiving water impacts issues.
Deductive watershed models play an important role in linking sources of pollutants to receiving
water bodies as source loads. Deductive watershed models are driven by precipitation, land
use, impervious areas, slope, soil types, and drainage area. A deductive watershed model for a
watershed can simulate both water quantity and water quality processes such as interception
soil moisture, surface runoff, interflow, base flow, snow pack depth and water content,
snowmelt, evapotranspiration, ground-water recharge, dissolved oxygen, biochemical oxygen
demand (BOD), temperature, pesticides, conservatives, pathogens, sediment detachment and
transport, ammonia, nitrite-nitrate, organic nitrogen, orthophosphate, and organic phosphorus.
Any period from a few minutes to hundreds of years may be simulated in such models. Such
models are used to assess the effects of land-use change on different processes, stream flow
routing, reservoir operations, point and non-point source treatment alternatives, flow diversions,
etc.
Different types of deductive models of varying complexity can be developed for a watershed.
For a given watershed of sufficient complexity, a general mathematical model can be
represented as given in Figure 9-2.
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Non-Point
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Impact
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Figure 9-2 Typical Deductive watershed model Components

The following three broad categories of models are typically developed for a watershed
management system:
1. Watershed response models,
2. Transport models, and
3. Receiving water models.
In general, a comprehensive watershed model such as shown in Figure 9-2 can be used to
simulate water quality contributions from both point and non-point sources of pollution and
evaluate their impacts on the receiving waters. From a practical perspective, the transport
model as shown in Figure 9-2 will usually be combined with either the watershed response
model or the receiving water model. Thus we can categorize deductive watershed simulation
models (and thus water quality models) into two main and commonly used categories given as
follows (USEPA, 1997):
Watershed loading models that simulates the generation and movement of pollutants
from the source to a discharge point in the receiving waters, and
Receiving water models that simulate the movement and transformation of pollutants
through water bodies such as lakes, streams, rivers, and estuaries.
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These models are used for different purposes allowing scientists and engineers to determine
the assimilative capabilities of the water body, determine level of best management practices,
etc. Figure 9-3 and Figure 9-4 give an overview of these two types of models supported by EPA
for use in watershed assessment and water quality modeling and these range in complexity and
applicability (USEPA, 1997). Three different types of loading models are given in Figure 9-3.
These include 1) simple models, 2) mid-range models, and 3) detailed models. Simple models
are derived from empirical relationships between physical characteristics of the watershed and
pollution export. They can often be applied using a spreadsheet program or hand-held
calculator. The mid-range models are used to evaluate pollution sources and impacts over
broad geographical scales. These types of models are a compromise between simple and
detailed models. The detailed models best represent the watershed processes affecting
pollution generation. These types of models are used to identify causes of problems rather than
simply describing the overall conditions (USEPA, 1997).

Watershed Loading Models

Simple Models
EPA Screening
Simple Method
Regression Method
SLOSS-PHOSPH
Watershed
Federal Highway
Administration Model
Watershed
Management Model

Mid-Range Models
SITEMAP
GWLF
Urban Catchment
Model
Automated QILLUIDAS
AGNPS
SLAMM

Detailed Models
STORM
ANSWERS
DR3M-QUAL
SWRRBWQ
SWMM
HSPF

Figure 9-3 Overview of Watershed Loading Models (USEPA, 1997)

The receiving water models are classified as either hydraulic models or water quality models as
given in Figure 9-4. Under these two classes, four different types of receiving water models are
given in Figure 9-4. These include 1) hydrodynamic models, 2) dynamic water quality models,
3) steady state water quality models, and 4) mixing zone water quality models. Hydrodynamic
models simulate the “dynamic” or time-varying features of water transport and are used to
represent water movement in rivers, lakes, streams, reservoirs, estuaries, near-coastal waters,
and wetland systems (USEPA, 1997). Dynamic water quality models are used to simulate timevarying features of the fate and transport of water quality constituents. Steady-state models do
not have the capability to simulate the time-varying features of the fate and transport of water
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and pollutants, and use constant values of input variables to predict constant values of target
variables. Lastly, mixing zone models are often referred to as “near field” models and are
mostly used to assess limited areas of contaminant mixing in the vicinity of a wastewater
discharge. These models can be used in the development of discharge permits as well as
TMDLs (USEPA, 1997).
Interested readers are encouraged to refer to USEPA (1997) in which the detailed
characteristics of each of these models is presented. While some deductive models can be
commercially purchased, others are public domain software developed mainly by governmental
agencies for public use. Additional information on the use and application of the above
mentioned models can be found on the EPA web site
(http://www.epa.gov/athens/wwqtsc/index.html) dedicated to providing technical support on
watershed and water quality modeling (EPA, 2005).

Receiving Water Models

Hydraulic Models

Hydrodynamic
Models
RIVMOD-H
DYNHYD-5
EFDC
CH3D-WES

Water Quality Models

Dynamic Water
Quality Models
DYNTOX
WASP
CE-QUAL-RIV1
CE-QUAL-W2
CE-QUAL-ICM
HSPF

Steady State
Models
EPA Screening
EUTROMOD
PHOSMOD
BATHTUB
QUAL2K
EXAMS II
TOXMOD
SMPTOX3
Tidal Prism
Model
DECAL

Mixing Zone
Models
CORMIX
PLUME

Figure 9-4 Overview of Receiving Water Models (USEPA, 1997)
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Watershed Model Selection
Given budgetary support, several key factors are considered in selecting the best model to be
used in the development of a watershed management plan. These may include factors such as:
1. Applicability and accuracy of predictions,
2. Soundness of model theory and underlying equations,
3. Extent, availability, and cost of required input data,
4. Model familiarity and ease of use, and
5. Client preference,
6. Long term modeling needs and requirements,
7. Technical expertise required, and
8. Financial constraints.
For the South Maui Watershed Management Plan, the choice of the recommended type and
analysis of modeling technique was evaluated under the above factors leading to the following:
a. There is no specific client preference for a particular type of model to be used.
b. There is no data collection and monitoring program in place in the watershed to collect
required data such as stream flow and water quality concentrations (discrete or
continuous).
c. There is no long term modeling need identified to-date. Such needs will be identified in
the watershed management plan currently being prepared.
d. Future technical expertise of who will maintain the models once developed are not clear
at this stage.
e. There are financial constraints that prohibit the purchase of expensive proprietary
software for use in the modeling exercise of the watershed management plan.
Based on the above observations, a relatively simplified modeling plan was adopted for the
South Maui Watershed that is easy to implement and fulfill the short term needs of the project in
the absence of a reliable and effective data collection and water quality sampling and monitoring
plan. However, it will be a prioritized recommendation of the watershed management plan that
an extensive and reliable sampling and monitoring plan is put in place to collect relevant flow
and water quality data needed to develop effective and efficient watershed models for South
Maui Watershed.
Data Needs for a Watershed Model
Closely linked to model selection is the data required to drive the model or to achieve the level
of accuracy that is needed for a required or desired output. Data acquisition can be an
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extremely time-consuming and expensive component of the overall watershed planning effort.
Typically, types of required watershed model data include the following:
Rainfall;
Topography;
Watershed boundaries;
Soil and subsurface characteristics;
Existing and future land use and land cover;
Runoff conveyance systems and outfalls;
Wastewater overflow locations and details;
Existing storm water management structures;
Stream flow data (discrete sampling and/or continuous gauging stations)
Existing water quality data (discrete sampling and/or continuous monitoring);
Groundwater levels; and
Receiving water conditions and characteristics.
In performing the watershed study or analysis, it may be necessary to link watershed conditions
with the receiving water responses to determine the effectiveness or benefits of various storm
water management or treatment options. This can be a complex process that may require
significant receiving water data from which to predict results.
Model Calibration
The process of adjusting model parameters to obtain a good match between model output and
real-world observations is called calibration. Calibration is an integral part of the overall
watershed modeling process. A model that is not calibrated to field data is of little use in the
overall prediction process. A well calibrated model can be effectively used to predict the
response of various processes occurring in a watershed. Additionally, an independent set of
observations should be used to test, or verify, the calibrated model in order to evaluate the
expected accuracy of model results. If the expected accuracy is not acceptable, additional data
should be gathered, or a simpler model may be warranted. Although these steps of calibration
and verification may be costly and time-consuming, they are critical to ensuring accurate results
and fostering confidence in predicted outcomes. Both model calibration and verification are only
possible if adequate data is available for the various processes being modeled. In particular,
observed flow data is necessary is calibrate the model with regard to hydrologic estimates of
flow. For water quality calibration, discrete water quality sampling and/or continuous monitoring
is required to obtain the concentration of key water quality constituents for which loading
estimates are required as part of the watershed management plan and load reduction
strategies.
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Unfortunately, no comprehensive data collection and/or sampling program is in place for the
South Maui Watershed thereby rendering the use of complex and detailed deductive models
infeasible for application to the current watershed modeling exercise. Unavailability of data and
related gaps and constraints led to the conclusion that a simplified approach to modeling is the
only practical and feasible solution for integration into the overall watershed management plan.

9.1.3 Proposed Simplified Modeling Methodology
Watershed modeling in support of the watershed management plan aims to achieve the
following:
a. Provide estimates of the runoff generated by the three watersheds that comprises the
total watershed area.
b. Provide estimates of event mean concentrations (EMC) for the identified water quality
constituents for which loading estimates are required. The EMC is a weighted average
concentration for a storm event and is defined as the sum of individual measurements of
storm water pollution loads divided by the storm runoff volume. The EMC is widely used
as the primary statistic for evaluations of storm water quality data and as the storm water
pollutant loading factor in analyses of pollutant loadings to receiving waters.
c. Provide estimates of the existing and projected future pollutant loads and the impacts of
these pollutant loads on receiving water quality. Land use categories with associated
event mean concentrations (EMCs), for the various water quality constituents of
concern, will be used to simulate annual or seasonal pollutant loads carried in storm
water runoff.
d. Pollutant loading reduction goals required to attain a desired level of water quality;
e. Watershed-specific best management practices (BMPs) that will be implemented under
the watershed plan; and,
Runoff Modeling
The modeling objectives described above will be achieved via a simplified modeling approach
by first computing the runoff amount generated in the watersheds under study. Two different
computational methods will be investigated for runoff estimates including 1) Rational method of
peak discharge analysis, and 2) use of the US Army of Corps hydrologic simulation program
named HEC-HMS. The rational method of peak discharge will provide estimates of the peak
discharge for the various return periods namely 2, 5, 10, 25, 50, and 100 year return periods.
Intensity-duration-frequency (IDF) curves will be obtained for the three watersheds to provide
estimates of the rainfall intensity for the various return periods. The method also accounts for
the percent imperviousness in the watershed via the use of the runoff coefficient which is a
function of the land use characteristics of the watershed or sub-watershed.
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To compute the runoff using HEC-HMS, data requirements include point rainfall estimates for
the watershed, soil types, topographic features including slopes and lengths of the watershed,
time of concentration for the contributing sub-watersheds. Additionally, data related to existing
storm water structures such as culverts, reservoirs, channels, etc will also be required if
available.
Water Quality Loading Estimates
Once the runoff calculations are developed, water quality loading estimates will be derived using
standard EMC values for the pollutants of concern. Nonpoint pollution loading analyses
typically consist of applying land use specific storm water pollution loading factors to land use
scenarios in the watershed under study. Runoff volumes are computed for each land use
category based on the percent impervious of the land use and the annual rainfall as described
above. These runoff volumes are multiplied by land use specific mean EMC load factors (mg/L)
to obtain nonpoint pollution loads by land use category. This analysis can be performed on a
subarea or watershed-wide basis, and the results can be used for performing load allocations or
analyzing pollution control alternatives. Selection of nonpoint pollution loading factors (EMC
values) depends upon the availability and accuracy of local monitoring data or the effective use
of literature values for nonpoint pollution loading factors developed in previous studies for
similar land uses. Once the loading estimates are developed, load reduction strategies can be
devised and selected for implementation in the watershed via the use of effective best
management practices. This will be discussed in further details in relevant sections of the
watershed management plan.

9.1.4 Recommendations for Future Work
As described in the previous sections, in order to model the various processes in a watershed
effectively, extensive data collection efforts are required. It is the recommendation of this
watershed modeling plan that a more comprehensive data collection, flow and water quality
sampling, and monitoring plan is devised for the South Maui Watershed over an extended
period of time. Data collected in such a plan can then be effectively used to develop more
thorough and reliable hydrologic and water quality models for long term use in the watershed.
Also, data collected can be utilized to develop flow and load duration curves for the watershed.

9.2

Hydrologic Modeling
9.2.1 Scope of Works

The scope of works for hydrological analysis includes:
Analysis of rainfall data for the watershed and sub-basins:
o

rainfall intensity and rainfall depth for different return periods ranging from 1
to 100 years
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o

development of rainfall Intensity-duration-frequency (IDF) curves for each
sub-basin)

Calculation of Runoff Curve number, Runoff Coefficient, and Time of Concentration
for each sub-basin
Rainfall runoff modeling, peak discharge estimates, and generation of runoff
hydrographs for the all sub-basins for different return periods.
Compilation of the results of the Rainfall-Runoff modeling.

9.2.2 Methodology
To accomplish the requirements of the above scope of work, a methodology was developed that
included the following:
Preparatory Works
Data collection, review and analysis. This includes the topographic and land use maps,
rainfall data and the hydrologic computations of all sub-basins.
Evaluation of the common methods used for rainfall-runoff modeling, peak discharge
estimations and runoff routing.
Selection of the most appropriate and simple computer modeling technique using public
domain hydrology software that meets all project requirements.
Analysis, Interpretations and Results
Spatial data handling, catchments delineation
Preparation of input data for hydrological modeling
Hydrological modeling with different scenarios related to rainfall depths and intensities
Reporting.

9.3

Preparatory Works
9.3.1 Catchment data

The Project area selected for hydrological analysis includes three major watersheds namely as
Hapapa, Wailea and Mo’oloa. These major watersheds are then further divided in to eleven subbasins. The number of sub-basins in each watershed along with their areas is given in the table
below:
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Table 9-1 Details of Sub Basins

S. No.

Watershed

Sub-Basin

Accumulated areas
2

(Acres)

(km )

Kulanihakoi

10677.1

43.21

2

Waipuilani

7212.0

29.19

3

Keokea

8592.2

34.77

1

a. Hapapa

Total
4

b. Wailea

26481.3
Kamaole

3847.4

15.57

5

Liilioholo

3120.9

12.63

6

Kilohana

4493.7

18.19

7

Paeahu

2708.8

10.96

8

Palauea

2543

10.29

9

Papaanui

4243.8

17.17

10

Mohopilo

1030.3

4.17

Total
11

c. Mooloa

21987.9
Mooloa

1213.0

4.91

9.3.2 Rainfall Data
Rainfall data was collected and compiled for all the sub-basins in the project area from the
NOAA Atlas 14 (http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_hi.html) of the region. The rainfall
data included rainfall depths and intensities for 1, 2, 5, 10, 25, 50, 100, 200, 500 and 1000 years
return periods. Intensity Duration Frequency (IDF) curves was plotted for all relevant return
periods for all sub-basins. These IDF curves are used for the calculation of rainfall intensity for
each sub-basin, which is then subsequently used to calculate peak discharge for each subbasin using the commonly used rational method of Peak Discharge. Rainfall data and IDF
curves are given below for each sub-basin in Table 9-2. The detailed IDF curves for each return
period for each sub-basin are also given in Appendix N:
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Table 9-2 Rainfall Intensities for each Sub-Basin

Time of
Concen
tration

Rainfall Intensity (in/hr)
1YEAR
(2)
R.P

2YEAR
(2)
R.P

5YEAR
(2)
R.P

10YEAR
(2)
R.P

25YEAR
(2)
R.P

50YEAR
(2)
R.P

100YEAR
(2)
R.P

12.12

0.15

0.19

0.27

0.33

0.4

0.49

0.58

Waipuilani

16.21

0.12

0.17

0.23

0.29

0.38

0.4

0.49

Keokea

20.76

0.1

0.14

0.19

0.23

0.3

0.35

0.41

Kamaole

2.72

0.4

0.5

0.75

0.9

1.1

1.28

1.45

5

Liilioholo

12.63

0.14

0.19

0.27

0.32

0.39

0.48

0.5

6

Kilohana

11.21

0.17

0.22

0.29

0.35

0.46

0.53

0.59

7

Paeahu

7.66

0.21

0.28

0.39

0.48

0.58

0.69

0.78

8

Palauea

1.6

0.69

0.89

1.18

1.42

1.73

1.97

2.19

9

Papaanui

10.12

0.18

0.24

0.33

0.42

0.52

0.59

0.68

10

Mohopilo

1.06

0.83

1.1

1.47

1.75

2.15

2.48

2.8

Mooloa

1.28

0.78

1.03

1.4

1.65

2.05

2.35

2.6

S.
No.

Watershed

Sub Basin

(hr)

1

a. Hapapa

Kulanihakoi

2
3
4

11

b. Wailea

c. Mooloa

(1)

Note (1): Time of concentration calculations are provided in detail in Section 3 of this report.
Note (2): R.P. stands for Return Period

In addition to rainfall intensity for each sub-basin, the preparatory works also included the
compilation of rainfall depths for each sub-basin which was also obtained from the NOAA Atlas
14 of the relevant region of study. A summary of the rainfall depths for each sub-basin is given
in the Table below:
Table 9-3 Rainfall Depths for each Sub-Basin
S.
No.

Watershed

Sub Basin

1

a. Hapapa

Rainfall Depths-24 hour rainfall (inches)
1 Year

2 Year

5 Year

10 Year

25 Year

50 Year

100 Year

Kulanihakoi

2.03

2.83

4.00

4.96

6.35

7.50

8.72

2

Waipuilani

2.03

2.83

4.00

4.96

6.34

7.49

8.70

3

Keokea

2.03

2.84

4.01

4.97

6.34

7.48

8.68

Kamaole

2.04

2.85

4.02

4.96

6.31

7.41

8.58

5

Liilioholo

2.06

2.87

4.03

4.98

6.32

7.40

8.55

6

Kilohana

2.06

2.87

4.03

4.97

6.31

7.40

8.55

7

Paeahu

2.06

2.87

4.03

4.97

6.32

7.41

8.56

8

Palauea

2.09

2.91

4.08

5.03

6.39

7.50

8.68

9

Papaanui

2.10

2.92

4.10

5.07

6.47

7.63

8.88

10

Mohopilo

2.08

2.89

4.07

5.04

6.46

7.63

8.90

Mooloa

2.08

2.89

4.07

5.04

6.44

7.60

8.84

4

11

b. Wailea

c. Mooloa
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9.3.3

Rainfall – Runoff

The main objective of the rainfall-runoff modeling for hydrological systems in the Sub-basins is:
To assess the peak flood discharge which occurs at the point of discharge for a
particular basin or sub-basin under study for selected frequencies (return periods)
To derive a flood hydrographs (graph of discharge against time) for a particular basin or
sub-basin under study for selected frequencies (return periods)
Not all the rain that falls on the catchment contributes to runoff, but a part of it is lost as
infiltration into the ground, interception and transpiration by the vegetation and to fill in the
surface depression. The net rainfall contributing to runoff is called effective or excess rainfall
and the difference between the total observed rainfall and excess rainfall is termed as
abstractions or losses.
The rainfall-runoff model for any watershed can be conceptualized as a surface water budget
model, incorporating the loss mechanism into the catchment model, described in Figure 9-5.
Rainfall

Catchment Model

Runoff
Surface
Depression
Storage

Losses and Infiltration

Figure 9-5 Rainfall Runoff Model as a Surface Water Budget Model

Methods
Many methods are used worldwide for rainfall-runoff modeling, i.e. generation of flood
hydrographs, including:
1. Simple general equations related to an easily measured parameter, commonly
catchment area.
2. More complicated empirical equations, based on catchment parameters, derived by
analysis of observed floods within the region.
3. Statistical analysis and extrapolation of observed events at a site.
4. Methods based on simplifications of the rainfall/runoff process, the major ones being:
a. The Rational Method (used mainly for small catchments i.e. catchments of area
up to 200 acres).
b. The Unit Hydrograph Method
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9.3.4 Computer Modeling
As discussed in the background section, the modeling approach developed for this study
pointed out that in the absence of field monitored flow data during storms events, simple
empirical and unit hydrograph based techniques will be used to compute peak discharge and
peak runoff hydrographs for the watershed and sub-basins under study. These will include the
1) Rational Method, and 2) the SCS unit hydrograph-based computer modeling technique of
runoff. Due to budgetary constraints and technical limitations, we will limit ourselves to the use
of public domain hydrology software for this study. Accordingly, the current study will utilize the
U.S. Army Corps of Engineers public domain software known as HEC-HMS to perform the
computer modeling of hydrologic systems for the sub-basins in this study area. HEC-HMS is
worldwide accepted, industry standard hydrological model, developed at the Hydrological
Engineering Centre of US Army Corps of Engineers. It should be noted that the rational method
of peak discharge really do not apply to this study due to the large size of the sub-basins but
has been adopted in this study to provide a comparative analysis of peak discharge for all subbasins in relation to the more applicable SCS Curve number and unit hydrograph technique
available in the HEC-HMS computer modeling program. The rainfall-runoff modeling for the 11
sub-basins of the watershed under study are described in detail in the following section.

9.4

Rainfall-Runoff Modeling
9.4.1 Synopsis

The hydrological study is to be facilitated with computer model HEC-HMS that utilizes the
commonly used SCS Curve Number method and unit hydrograph technique of routing. The use
of HEC-HMS requires preparation of a Meteorological model and a Basin model to carry out the
required hydrologic analysis and simulation runs.
In addition to HEC-HMS modeling, the commonly used rational method will also be evaluated in
the current study to determine the peak discharge rates for the 11 sub-basins of the watershed
under study. While the rational method is not recommended for the basins having areas greater
than 200 acres, the purpose of using the rational method is provide a comparative analysis of
peak discharge for each sub-basin with the results of HEC-HMS.

9.4.2 Rational Method
The Rational Method was first introduced in 1889. Although it is often considered simplistic, it
still is appropriate for estimating peak discharges for small drainage areas of up to about 200
acres (80 hectares) in which no significant flood storage appears. The peak discharge for all
the sub-basins were determined by using the Rational Method. The design period used for the
analysis included 2, 5, 10, 25, 50 and 100-year return periods. According to the Rational
Method, the peak discharge is given by the following equation:
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Equation 9-1

Q = CIA
Q is defined as the maximum rate of runoff generated in cubic feet per second (cfs).
C is a runoff coefficient and is a function of the land use type of the sub-basin,
I represent the average intensity of rainfall in inches per hour for duration equal to the
time of concentration, and
A is the contributing basin or catchment area in Acres.
The rainfall intensity “I” for all the sub-basins is derived from the Intensity Duration Frequency
(IDF) curves already discussed in detail in the previous section. The IDF curves were developed
for each sub-basin using the rainfall intensity data obtained from NOAA Atlas of the region for
different return periods. These IDF curves are shown above in section 2.2. The rainfall intensity
is read from the IDF curve using the storm duration (which is set to the time of concentration)
and corresponding return period. The IDF curves used for intensities of each return period for all
sub-basins are also given in Appendix N.
Similarly the runoff coefficient, C, represents the integrated effects of infiltration, evaporation,
retention, flow routing, and interception, all which effect the time distribution and peak rate of
runoff. The values are presented for different surface characteristics as well as for different
aggregate land uses. Given the land use in each of the sub-basin (see yellow highlighted text),
the C values were obtained from the table on the next page:

9-143

FEBRUARY 12, 2013

Table 9-4 Runoff Coefficient C values

Ground Cover

Runoff
Coefficient, C

Selected Land Cover

Lawns

Selected C
Values

0.05 - 0.35

Forest

Evergreen Forest and
scrub/shrub

0.05 - 0.25

0.25

Cultivated land

Cultivated Land

0.08-0.41

0.41

Meadow

0.1 - 0.5

Parks,
cemeteries

Open Water

0.1 - 0.25

0.25

Unimproved
areas

Bare Land

0.1 - 0.3

0.3

Pasture

Pasture/Hay and Grassland

0.12 - 0.62

0.62

Residential
areas

0.3 - 0.75

Business areas

0.5 - 0.95

Industrial areas

0.5 - 0.9

Asphalt streets

Developed Open space

0.7 - 0.95

Brick streets

0.7 - 0.85

Roofs

0.75 - 0.95

Concrete streets

Impervious

0.7 - 0.95

0.95

0.95

For catchment areas with more than one type of land use, a composite or weighted runoff
coefficient was computed based on the contribution of area in each land use type. The
composite runoff coefficient for the sub-basins is given in the Table 9-5 below. Similarly the
peak discharges calculated for the sub-basins using rational method are given in Table 9-6.
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Table 9-5 Composite Runoff Coefficient values for sub-basins
Kulanihakoi

Waipuilani

Keokea

Kamaole

Liilioholo

Kilohana

Paeahu

Palauea

Papaanui

Mohopilo

Mooloa

Land Cover

Runoff Coefficient

Impervious

Area (Acres)

0.95

220.4

155.2

486

177.5

175.7

315.4

88.2

142.3

109.8

47.4

28.5

Developed Open Space

0.95

167.9

272.5

390

78

78.1

255.8

84.2

218.5

242

96.3

58.8

Cultivated Land

0.41

136

45

170

3.5

0.7

5.2

0

0

0

0

5.5

Pasture/Hay and Grassland

0.62

1795.3

556.5

1399

1334.6

964

2002.5

1606.3

977.6

2046.6

62.6

138.8

Evergreen Forest and scrub/shrub

0.25

8051.3

6123.6

6080

2199.4

1892.1

1863.1

922.5

1150.3

1824

804.2

962.1

Bare Land

0.3

301.3

58.2

55.6

51.3

9.3

45.5

6.4

47.5

17

13.6

13.8

Open Water

0.25

4.9

1

11.5

3.1

1

6.2

1.2

6.8

4.4

6.2

5.5

Total Area

10677.1

7212

8592

3847.4

3120.9

4493.7

2708.8

2543

4243.8

1030.3

1213

Composite Runoff coefficient

0.34

0.32

0.39

0.43

0.42

0.5

0.51

0.49

0.49

0.37

0.34

Table 9-6 Peak Discharge (Q) Calculations for each sub-basin based on Rational method of Peak Discharge
Sr
No

Watershed

Sub Basin

Accumulated
areas
2

Time of Conc.
Tc

Runoff
Coeff.

2-YEAR Q

5-YEAR Q

Intensity

Runoff

Intensity

Runoff

Intensity

Runoff

Intensity

Runoff

Intensity

Runoff

Intensity

Runoff

hr

min

C

in/hr

ft /sec

in/hr

ft /sec

in/hr

ft /sec

in/hr

ft /sec

in/hr

ft /sec

(in/hr)

ft /sec)

3

10-YEAR Q
3

25-YEAR Q
3

50-YEAR Q
3

100-YEAR Q
3

3

Acres

km

Kulanihakoi

10677

43.21

12.1

727

0.34

0.19

692.0

0.27

983.4

0.33

1201.9

0.40

1456.9

0.49

1784.7

0.58

2112.5

2

Waipuilani

7212

29.19

16.2

972

0.32

0.17

394.1

0.23

533.2

0.29

672.3

0.38

881.0

0.40

927.4

0.49

1136.0

3

Keokea

8592

34.77

20.8

1246

0.39

0.14

463.3

0.19

628.7

0.23

761.1

0.30

992.7

0.35

1158.2

0.41

1356.7

Kamaole

3847

15.57

2.7

163

0.43

0.50

818.8

0.75

1228.2

0.90

1473.9

1.10

1801.4

1.28

2096.2

1.45

2374.6

5

Liilioholo

3121

12.63

12.6

758

0.42

0.19

249.9

0.27

355.1

0.32

420.8

0.39

512.9

0.48

631.3

0.50

657.6

6

Kilohana

4494

18.19

11.2

673

0.50

0.22

498.8

0.29

657.5

0.35

793.6

0.46

1043.0

0.53

1201.7

0.59

1337.7

7

Paeahu

2709

10.96

7.7

460

0.51

0.28

389.9

0.39

543.1

0.48

668.4

0.58

807.7

0.69

960.8

0.78

1086.2

8

Palauea

2543

10.29

1.6

96

0.49

0.89

1114.6

1.18

1477.8

1.42

1778.4

1.73

2166.6

1.97

2467.2

2.19

2742.7

9

Papaanui

4244

17.17

10.1

607

0.49

0.24

495.7

0.33

681.5

0.42

867.4

0.52

1074.0

0.59

1218.5

0.68

1404.4

10

Mohopilo

1030

4.17

1.1

64

0.37

1.10

420.2

1.47

561.6

1.75

668.5

2.15

821.3

2.48

947.4

2.80

1069.6

Mooloa

1213

4.91

1.3

77

0.34

1.03

429.8

1.40

584.2

1.65

688.5

2.05

855.4

2.35

980.6

2.60

1084.9

1

4

11

Hapapa

Wailea

Mooloa
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9.4.3 HEC-HMS Model for Sub-basins
A HEC-HMS model was developed for each sub-basin in the study area to compute the peak
discharge hydrograph of the sub-basin for various return periods. The HEC-HMS model
consists of various components including 1) meteorological or rainfall data, 2) basin data
describing the land use and loss data, and 3) control data describing the simulation time
parameters such as total simulation time as well as simulation increments. The HEC-HMS
modeling methodology is described in terms of these components below:
Basin Model
Basin models are HEC-HMS components that are required for a catchment simulation run along
with meteorological model and control specifications. The system connectivity and physical data
describing the watershed are stored in the Basin Models.
The attributes of a basin model include:
A loss method; utilized in computing the runoff volumes by accounting for the total
losses in the watershed to calculate the excess rainfall.
A transform model; that computes the direct runoff from the excess rainfall
Base flow method; taken as zero since all streams under consideration are ephemeral,
i.e. only producing runoff during and after a storm event.
Delineation of Sub-Basins
Sub-basins are delineated including outlet points for these sub-basins. As already discussed,
there are total eleven (11) Sub-basins delineated as part of three major Watersheds in the
Project area. The time of concentration (Tc) and Curve Numbers (CN) for these Sub-basins
were calculated by utilizing data either collected from the field or assumed based on visual
inspection of the streams. The summary of computed Time of concentration (Tc), and Curve
numbers for the Sub-basins along with Lag time which is 0.6 times the time of concentration are
given in Table 9-7.
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Table 9-7 Time of Concentration, Lag time and Curve Number (CN) for Sub-Basins

Sr.
No.

Watershed

Sub Basin

Accumulated
areas
2

Curve
N0.

Time of
concentration

Lag
Time

(Acres)

(mi )

CN

min

min

Kulanihakoi

10677

16.68

74

727

436

2

Waipuilani

7212

11.27

70

972

583

3

Keokea

8592

13.43

71

1246

747

Kamaole

3847

6.01

68

163

98

5

Liilioholo

3121

4.88

68

758

455

6

Kilohana

4494

7.02

69

673

404

7

Paeahu

2709

4.23

70

460

276

8

Palauea

2543

3.97

71

96

58

9

Papaanui

4244

6.63

67

607

364

10

Mohopilo

1030

1.61

70

64

38

Mooloa

1213

1.9

71

77

46

1

4

11

a. Hapapa

b. Wailea

c. Mooloa

Similarly the Figures giving all the delineation of sub-catchments including the geological
properties of these sub-basins for calculations of time of concentration and Curve Number are
given below.
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Computation of Runoff Volumes
The options in HEC-HMS include infiltration-based methods, continuous soil moisture
accounting techniques and SCS abstraction method, i.e. Curve Number approach.
The chosen method is SCS Curve Number method. Developed in 1972, the method estimates
the precipitation excess as a function of cumulative precipitation, soil cover, land use and
antecedent moisture conditions. The theory of the method is available in many text references
such as Chow 1988.
Despite some of inherent drawbacks, the method is still having many advantages to consider it
most appropriate for use such as:
Simple, predictable and stable method
Relies on only one parameter, which varies as a function of soil group, land use and
treatment, surface conditions and antecedent moisture conditions.
Features readily grasped and reasonably well documented environmental input
Well-established method, widely accepted for use in US and abroad.
Has widely been used on various large irrigation and river engineering projects.
Once the losses are accounted for and excess rainfall computed the runoff hydrograph is
computed using the SCS unit hydrograph technique available as an option in the HEC-HMS
program. In summary, the parameters needed to compute the hydrograph include the
catchment area, curve number and the lag time T lag. While catchment area is read from the
delineated sub-basins maps marked on the topographic sheets, the time lag is computed from
the relationship:
Equation 9-2

T lag = 0.6 Tc
Where Tc is the time of concentration defined as the travel time of water from the hydraulically
most distant point in the catchment to reach the point of interest, which in this case the outlet of
the sub-basin. The values of all these parameters including the areas of sub-basins, time of
concentration, lag time and curve numbers are given in Table 9-2 Rainfall Intensities for each
Sub-Basin in the previous section.
Computation of Curve Number (CN)
Computation of Curve number is the most important aspect of SCS curve number method.
Curve number is a dimensionless parameter that defines the relationship between the actual
and access rainfall. The curve number depends upon the catchment characteristics including
the soils; cover type, treatment, and hydrologic conditions/land use etc.
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In general our project area of eleven sub-basins considered for hydrological modeling is
characterized as:
1. Impervious
2. Open spaces
3. Cultivated land
4. Pastured land
5. Grass land
6. Ever green forest
7. Shrubs
8. Barren land
Typically, floods are generated in the upland hill ranges, where steep slopes, thin soils, and
exposed bare rock are conducive to runoff. In lowland and piedmont areas the deep dry soils
and pervious gravels are not conducive to runoff, which may be confined to particularly
impervious land (e.g. tracks, fine silt/clay land bordering nullahs and similar material in
depressions) or intense storms, which have been preceded by a considerable depth of rainfall,
sufficient to saturate the soil. Exceptionally, very intense storms may cause runoff by exceeding
the infiltration capacity of the soil. For the CN estimation the above land use classification are
further divided in to three hydrologic groups as given below:
Soil Hydrologic Group A: Soils have low runoff potential and high infiltration rates even
when thoroughly wetted. They consist chiefly of deep, well to excessively drained sand
or gravel and have a high rate of water transmission (> 0.30 in/hr).
Soil Hydrologic Group B: Soils have moderate infiltration rates when thoroughly wetted
and consist chiefly of moderately deep to deep, moderately well to well drained soils with
moderately fine to moderately coarse textures. These soils have a moderate rate of
water transmission (0.15-0.30 in/hr).
Soil Hydrologic Group C: Soils have low infiltration rates when thoroughly wetted and
consist chiefly of soils with a layer that impedes downward movement of water and soils
with moderately fine to fine texture. These soils have a low rate of water transmission
(0.05-0.15 in/hr).
Composite CN representative of the entire watershed is calculated by following equation:
Equation 9-3

CN Composite

i

C Ni

Computation of composite Curve Number for the delineated sub-basins is given in Table 9-8
(see next page)
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Table 9-8 Curve Number computation for all sub-basins
KULANIHAKOI

AREA (ACRES)

CN

Developed
Open
Spaces

CN

59.56

98

41.78

49

B

65.66

98

82.39

69

73.59

86

C

94.34

98

43.38

79

62.43

91

Total by cover

219.56

Soil Hydrologic
Group

Impervious

A

1,2,3

1,2,4

167.55

Cultivated
Land

1,2,5

CN

Pasture/Hay

460.66

136.01

1,2,6

CN

69

460.66

CN

CN

18.92

55

29.30

55

80.02

55

117.69

77

347

23999

1035.00

71

2065.51

58

1422.36

72

14.84

86

5220

347206

281.18

81

135.28

73

4318.44

81

167.49

91

5103

416040

10670

787245

Product
(CN X
AREA)

1335.10

1,2,7,9

CN

Scrub/Shrub

2230.10

5820.83

CN (weighted ) =

total product

CN

Product
(CN X
AREA)

Grassland

1,2,7,8

Bare
Land

Total by soil
hydrologic
group

Evergreen
Forest

1,2,10

1,2,11

300.02
=

74

total area
WAIPUILANI

AREA (ACRES)

CN

Developed
Open
Spaces

CN

29.33

98

23.70

49

B

116.99

98

246.00

69

C

7.66

98

2.96

79

Total by cover

153.99

Soil Hydrologic
Group

Impervious

A

1,2,3

1,2,4

Cultivated
Land

45.03

272.66

1,2,5

CN

86

Pasture/Hay

50.43

45.03

1,2,6

CN

69

50.43

CN

Bare
Land

CN

Total by soil
hydrologic
group

Grassland

CN

Evergreen
Forest

30.98

55

13.89

55

241.73

55

32.86

77

372

22329

396.76

71

2163.54

58

1934.26

72

4.04

86

4957

329061

78.22

81

122.78

73

1647.39

81

21.28

91

1880

151659

7210

503049

Product
(CN X
AREA)

1,2,7,8

505.97

1,2,7,9

CN

Scrub/Shrub

2300.20

3823.38

CN (weighted ) =

total product

1,2,10

1,2,11

58.18
=

70

total area
KEOKEA

AREA (ACRES)

CN

Developed
Open
Spaces

CN

195.05

98

78.82

49

B

188.56

98

157.52

69

19.65

C

102.00

98

153.64

79

150.32

Total by cover

485.61

Soil Hydrologic
Group

Impervious

A

1,2,3

1,2,4

389.98

Cultivated
Land

CN

Bare
Land

CN

Total by soil
hydrologic
group

Pasture/Hay

CN

Grassland

CN

Evergreen
Forest

1.46

49

173.96

55

183.21

55

282.74

55

11.65

77

927

59141

86

130.36

69

979.47

71

1716.13

58

2272.39

72

3.86

86

5468

373055

91

0.02

79

114.35

81

413.24

73

1211.44

81

39.80

91

2185

176991

8580

609187

Product
(CN X
AREA)

1,2,5

CN

169.96

1,2,6

131.85

1,2,7,8

1267.78

1,2,7,9

CN

Scrub/Shrub

2312.58

3766.57

CN (weighted ) =

total product

1,2,10

1,2,11

55.32
=

71

total area
KAMAOLE

AREA (ACRES)

CN

Developed
Open
Spaces

CN

40.27

98

8.53

B

130.61

98

C

6.43

98

Total by cover

177.32

Soil Hydrologic
Group

Impervious

A

1,2,3

CN

Bare
Land

CN

Total by soil
hydrologic
group

Pasture/Hay

CN

Grassland

CN

Evergreen
Forest

49

170.70

49

392.40

55

85.93

55

123.25

55

4.94

77

826

46196

67.77

69

529.76

69

210.19

71

155.92

58

1192.27

72

23.17

86

2310

165832

1.26

79

31.70

81

135.71

73

0.00

81

18.14

91

197

15175

3332

227203

77.56

1,2,4

Cultivated
Land

3.51
3.51

1,2,5

CN

91
700.46

1,2,6

634.29

1,2,7,8

1,2,7,9

CN

Scrub/Shrub

377.55

1315.52

CN (weighted ) =

total product

total area
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1,2,10

46.25
=

68

1,2,11

LIILIOHOLO

AREA (ACRES)

CN

Developed
Open
Spaces

CN

65.58

98

24.75

49

B

109.74

98

53.33

69

C

0.16

98

D

0.23

98

Total by cover

110.13

Soil Hydrologic
Group

Impervious

A

1,2,3

1,2,4

Cultivated
Land

0.72

1,2,5

CN

86

Grassland

CN

90.21

49

60.49

55

261.19

55

187.59

55

4.34

77

694

40404

471.81

69

311.41

71

272.41

58

1072.74

72

4.10

86

2296

162550

0.01

81

8.19

73

87.25

81

96

7682

1.35

80

0.08

86

32

2660

3118

213296

Product
(CN X
AREA)

30.04
53.33

0.72

CN

CN

1,2,7,8

84

501.85

311.41

1,2,7,9

CN

Scrub/Shrub

281.94

1160.07

CN (weighted ) =

total product

CN

Product
(CN X
AREA)

Pasture/Hay

1,2,6

Bare
Land

Total by soil
hydrologic
group

Evergreen
Forest

1,2,10

1,2,11

4.10
=

68

total area
KILOHANA

AREA (ACRES)

CN

Developed
Open
Spaces

CN

51.03

98

38.73

49

263.68

98

217.14

69

Soil Hydrologic
Group

Impervious

A
B

1,2,3

1,2,4

Cultivated
Land

5.14

1,2,5

CN

86

Total by cover

CN

Grassland

CN

387.00

49

91.97

55

173.12

55

140.29

55

8.24

77

890

48793

955.00

69

542.53

71

304.59

58

1063.70

72

37.26

86

3389

243137

6.28

81

2.66

73

176.61

81

186

15008

1.52

80

0.04

86

22

1812

4487

308750

Product
(CN X
AREA)

20.09
263.68

217.14

5.14

CN

Total by soil
hydrologic
group

Pasture/Hay

1,2,6

C
D

CN

Bare
Land

Evergreen
Forest

1,2,7,8

84

975.09

548.81

1,2,7,9

CN

Scrub/Shrub

308.77

1240.35

CN (weighted ) =

total product

1,2,10

1,2,11

37.26
=

69

total area
PAEAHU

AREA (ACRES)

CN

Developed
Open
Spaces

CN

23.99

98

11.68

B

63.98

98

72.45

Total by cover

87.97

Soil Hydrologic
Group

Impervious

A

1,2,3

1,2,4

Cultivated
Land

1,2,5

1,2,6

Pasture/Hay

CN

49

52.46

49

69

1001.69

69

84.13

CN

0.00

Grassland

552.52

1054.16

1,2,7,8

CN

71

552.52

CN

Bare
Land

CN

Total by soil
hydrologic
group

1.69

55

0.88

77

105

6438

825.45

72

5.06

86

2602

184146

2706

190584

Product
(CN X
AREA)

Evergreen
Forest

CN

Scrub/Shrub

14.23

55

80.40

58

1,2,7,9

94.63

827.14

CN (weighted ) =

total product

1,2,10

1,2,11

5.94
=

70

total area
PALAUEA

AREA (ACRES)

CN

Developed
Open
Spaces

CN

15.18

98

11.82

B

116.67

98

C

10.04

98

Total by cover

141.89

Soil Hydrologic
Group

Impervious

A

1,2,3

CN

Bare
Land

CN

Total by soil
hydrologic
group

Pasture/Hay

CN

Grassland

CN

Evergreen
Forest

49

97.59

49

0.68

55

12.61

55

15.01

55

7.06

77

160

8949

159.55

69

665.29

69

208.15

71

207.57

58

572.43

72

32.56

86

1962

139181

47.29

79

0.06

79

5.95

81

173.22

73

168.67

81

7.72

91

413

32216

2535

180345

218.66

1,2,4

Cultivated
Land

0.00

1,2,5

CN

762.94

1,2,6

214.78

1,2,7,8

1,2,7,9

CN

Scrub/Shrub

393.40

756.11

CN (weighted ) =

total product
total area
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1,2,10

47.33

=

71

1,2,11

PAPAANUI

AREA (ACRES)

CN

Developed
Open
Spaces

CN

4.28

98

0.01

B

89.43

98

C

15.39

98

Total by cover

109.10

Soil Hydrologic
Group

Impervious

A

1,2,3

CN

CN

Grassland

CN

49

565.09

49

0.02

55

149.09

55

7.31

55

1.41

77

727

36821

175.22

69

861.26

69

616.49

71

424.99

58

1061.36

72

10.81

86

3240

226050

67.03

79

4.49

79

57.42

81

121.84

73

57.42

81

3.00

91

327

25627

4293

288498

Product
(CN X
AREA)

242.27

0.00

1,2,6

1430.84

1,2,7,8

673.92

1,2,7,9

CN

Scrub/Shrub

695.92

1126.09

CN (weighted ) =

total product

CN

Product
(CN X
AREA)

Pasture/Hay

1,2,5

CN

Bare
Land

Total by soil
hydrologic
group

Evergreen
Forest

1,2,4

Cultivated
Land

1,2,10

1,2,11

15.22
=

67

total area
MOHOPILO

AREA (ACRES)

Soil Hydrologic
Group

Impervious

CN

Developed
Open
Spaces

A

0.10

98

3.99

B

47.25

98

92.29

Total by cover

47.35

1,2,3

1,2,4

CN

Cultivated
Land

1,2,5

CN

69

Pasture/Hay

36.47

96.28

0.00

1,2,6

CN

79

36.47

CN

Bare
Land

CN

Total by soil
hydrologic
group

Grassland

CN

Evergreen
Forest

2.24

55

10.46

55

44.12

55

7.81

77

69

3737

23.78

71

159.94

58

588.80

72

3.19

86

952

67513

1020

71250

Product
(CN X
AREA)

1,2,7,8

26.02

1,2,7,9

CN

Scrub/Shrub

170.40

632.92

CN (weighted ) =

total product

1,2,10

1,2,11

11.01
=

70

total area
MOOLOA

AREA (ACRES)

Soil Hydrologic
Group

Impervious

CN

Developed
Open
Spaces

A

0.23

98

0.11

B

27.92

98

58.72

Total by cover

28.15

1,2,3

1,2,4

CN

69

58.82

Cultivated
Land

5.49
5.49

1,2,5

CN

86

Pasture/Hay

60.27
60.27

1,2,6

CN

79
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CN

Total by soil
hydrologic
group

Grassland

CN

0.69

55

5.95

55

15.26

55

3.75

77

26

1516

78.05

71

125.44

58

814.89

72

6.03

86

1177

84028

1203

85544

78.74

1,2,7,8

1,2,7,9

CN

Scrub/Shrub

131.40

830.15

CN (weighted ) =

total product
total area
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CN

Bare
Land

Evergreen
Forest

1,2,10

9.78
=

71

1,2,11

Computation of Time of Concentration
Travel time (Tt) is the time it takes water to travel from one location to another in a watershed.
Tt is typically computed for various flow paths in a sub-basin and the sum of all travel paths
provides the total travel time or time of concentration (Tc ), which is the time for runoff to travel
from the hydraulically most distant point of the watershed to a point of interest within the
watershed.
Water moves through a watershed as sheet flow, shallow concentrated flow, open channel flow,
or some combination of these. The type that occurs is a function of the conveyance system and
is best determined by field inspection.
Travel time (Tt) is the ratio of flow length to flow velocity:
Equation 9-4

Tt = L/3600 V
Where:
Tt = travel time (hr)
L = flow length (ft)
V = average velocity (ft/s)
3600 = conversion factor from seconds to hours.
Time of concentration (Tc) is the sum of Tt values for the various consecutive flow segment
paths including sheet flow, shallow concentrated flow, and open channel flow as described
below:
Equation 9-5

Tc = Tt1 + Tt2 +............ Ttm
Where:
Tc = time of concentration (hr)
m = number of flow segments
Sheet flow
Sheet flow is flow over plane surfaces. It usually occurs in the headwater of streams. With sheet
flow, the friction value (Manning’s n) is an effective roughness coefficient that includes the effect
of raindrop impact; drag over the plane surface; obstacles such as litter, crop ridges, and rocks;
and erosion and transportation of sediment.
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For sheet flow of less than 300 feet, use Manning’s kinematic solution (Overtop and Meadows
1976) to compute Tt:
Equation 9-6

Tt = 0.007 (nL)0.8/P2 0.5 s0.4
Where:
Tt = travel time (hr),
n = Manning’s roughness coefficient
L = flow length (ft)
P2 = 2-year, 24-hour rainfall (in)
s = slope of hydraulic grade line (land slope, ft/ft)
This simplified form of the Manning’s kinematic solution is based on the following: (1) shallow
steady uniform flow, (2) constant intensity of rainfall excess (that part of a rain available for
runoff), (3) rainfall duration of 24 hours, and (4) minor effect of infiltration on travel time.
Shallow concentrated flow
After a maximum of 300 feet, sheet flow usually becomes shallow concentrated flow. The
average velocity for this flow can be determined from the graphs given in TR-55 Manual in
which average velocity is a function of watercourse slope and type of channel. For slopes less
than 0.005 ft/ft, use equations given in Figure 9-6 taken from Appendix F of the TR-55 Manual.
Tillage can affect the direction of shallow concentrated flow. Flow may not always be directly
down the watershed slope if tillage runs across the slope. After determining average velocity in
Figure 9-6, use above equation of sheet flow to estimate travel time for the shallow
concentrated flow segment.
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Figure 9-6 TR-55 Manual Figure 3-1
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Open channels
Shallow concentrated flow becomes Open channel flow when it enters a well defined channel.
For the sub-basins under study, field visits were conducted in the sub-basin to determine or
assume the shape of the channel. Manning’s equation or water surface profile information can
be used to estimate average flow velocity. Average flow velocity is usually determined for bank
full elevation.
Equation 9-7 Manning’s equation is:

V = 1.49 r2/3 s1/2/n
Where:
V = average velocity (ft/s)
r = hydraulic radius (ft)
a = cross sectional flow area (ft2)
s = slope of the hydraulic grade line (channel slope, ft/ft)
n = Manning’s roughness coefficient for open channel flow.
The time of concentration (Tc) is thus calculated by adding the travel times for all different flow
paths (overland flow, shallow concentrated flow, and channels flow). The calculation sheets for
time of concentration of all the sub-basins are given below as Table 9-9 Time of concentration
computations for Sub-Basins (see next page).

The values of Time of Concentration (Tc) for each sub-basin are also summarized in Table 9-2
Rainfall Intensities for each Sub-Basin.
Table 9-9 Time of concentration computations for Sub-Basins (see next page)
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Location

Kulanihakoi

Waipuilani

Keokea

Kamaole

Liilioholo

Kilohana

Paeahu

Palauea

Papaanui

Mohopilo

Mooloa

Segment ID

AB

AB

AB

AB

AB

AB

AB

AB

AB

AB

AB

1. Surface description

smooth
surface

Grass, short
prairie

woods, light underbrush

woods, light
underbrush

woods, light
underbrush

Dense
grass

Dense
grass

Dense
grass

Dense
grass

woods, light
underbrush

woods, light
underbrush

2. Manning's Roughness coefficient, n

0.011

0.15

0.4

0.4

0.4

0.24

0.24

0.24

0.24

0.4

0.4

3. Flow Length, L (total L † 300 ft)…. (ft)

300

300

300

300

300

300

300

300

300

300

300

4. Two- year 24-hour rainfall, P2… (in)

3

3

3

3

3

3

3

3

3

3

3

5. Land Slope, s … (ft/ft)

0.13

0.33

0.57

0.13

0.27

0.60

0.53

0.67

0.47

0.23

0.20

6. Tt = (0.007 (nL) ^0.8)/((P2^0.5)(s^0.4)) … (hr)

0.02

0.10

0.18

0.32

0.24

0.13

0.28

0.13

0.02

0.29

0.31

Segment ID

BC

BC1

BC2

BC1

BC2

BC

BC

BC

BC

BC

BC

BC

BC

7. Surface description (paved or unpaved)

unpaved

unpave
d

unpave
d

unpaved

unpaved

unpaved

unpaved

unpaved

unpaved

unpaved

unpaved

unpaved

unpaved

8. Flow length, L … (ft)

5645

13814

3230

11409

4525

47510

4175

4940

15434

31853

14676

15285

17559

9. Watercourse slope, s … (ft/ft)

0.33

0.26

0.22

0.27

0.14

0.13

0.33

0.26

0.20

0.16

0.18

0.12

0.10

10. Average velocity, V … (ft/s)

9

8

7.5

8

6

5.5

9

7.5

7

6

7

5.5

5

11. Tt= L/3600V … (hr)

0.17

0.48

0.12

0.40

0.21

2.40

0.13

0.18

0.61

1.47

0.58

0.77

0.98

Segment ID

CD

CD1

CD2

CD1

CD2

CD

CD

CD

CD

CD

CD

CD

12. Flow Depth H (ft)

2

2

2

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1

1

1

13. Base Width B (ft)

10

8

8

6

6

6

6

6

6

6

4

4

4

20

16

16

9

9

9

9

9

9

9

4

4

4

14

12

12

9

9

9

9

9

9

9

6

6

6

1.43

1.33

1.33

1.00

1.00

1.00

1.00

1.00

1.00

1.00

0.67

0.67

0.67

21. Channel slope, s … (ft/ft)

0.102

0.267

0.065

0.231

0.063

0.12

0.13

0.10

22.Manning's Roughness coefficient, n

0.032

0.032

0.032

0.032

0.032

0.032

0.032

0.032

0.032

0.032

23. V= ((1.49r^2/3)(s^1/2)/n) … (ft/s)

1.62

3.69

0.90

1.80

0.49

0.94

0.99

0.81

0.41

24. Flow length, L … (ft)

69383

4039

49304

6743

36339

41379

38698

19645

14086

25. Tt = L/3600V … (hr)

11.93

0.30

15.20

1.04

20.55

12.26

10.89

6.77

9.51

26. Watershed or subarea Tc or Tt (add Tt in
steps 6,11,19) … (Hr)

12.12

16.21

22.38

20.76

12.63

11.21

7.66

1.06

1.28

SHEET FLOW (Applicable to Tc only)

SHALLOW CONCENTRATED FLOW

CHANNEL FLOW

14. Side Slope Z (for trapezoidal channel)
15. Cross Sectional Area (Rectangular), a …
(ft^2)
16. Cross sectional flow area (Trapezoidal), a …
(ft^2)
17. Wetter perimeter (Rectangular), pw … (ft)
18. Wetter perimeter (Trapezoidal), pw … (ft)
19. Hydraulic radius (Rectangular), r= a/pw
(ft)

…

20. Hydraulic radius (Trapezoidal), r= a/pw
(ft)

…
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0.032

2.72

0.12
0.032

1.60

0.032

10.12

9.4.4 Meteorological Model of HEC-HMS
The meteorological models consist of point rainfall depths in inches for each sub-basin and a
method to distribute this rainfall with the help of an appropriate rainfall distribution to establish
the rainfall hyetograph. In the SCS unit hydrograph method, the point rainfall depth is converted
into a rainfall hyetograph by using the appropriate SCS dimensionless 24-hour distribution
applicable for this part of the US i.e. the SCS Hypothetical Storm Distribution Type I, which is
available as an option in the HEC-HMS program. 24-hour rainfall depths for different return
periods are used as input to the meteorological model. The return periods selected for
hydrological modeling is 1, 2, 5, 10, 25, 50 and 100 years.

9.4.5 Runoff Simulations
Once all the input data related to the sub-basin characteristics, land use, and rainfall data is
finalized for all sub-basins, the runoff computations were carried out in the hydrologic software
program HEC-HMS program to obtain runoff volume and peak runoff hydrograph. The
simulations were performed for rainfall data corresponding to return periods of 1, 2, 5, 10, 25, 50
and 100 years as described above.
Results
The rainfall depths and peak discharge computations using the SCS Curve Number method
carried out in HEC-HMS are summarized in Table 9-10 to Table 9-11 and the runoff
hydrographs are annexed as Appendix O Comparison of peak discharges for the two runoff
methods (Rational method versus SCS Curve Number method) for all sub-basins is tabulated in
Table 9-12.
Graphical representation of the peak discharge calculations for each sub-basin is given in
Appendix P.
Tables 9-8 through 9-10 see next page:
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Table 9-10 Selected 24 hour rainfall depths for SCS Hypothetical storm method
Sr.
No.

Watershed

Sub Basin

1

Hapapa

Rainfall Depths-24 hour rainfall (in)
1 Year

2 Year

5 Year

10 Year

25 Year

50 Year

100 Year

Kulanihakoi

2.03

2.83

4.00

4.96

6.35

7.50

8.72

2

Waipuilani

2.03

2.83

4.00

4.96

6.34

7.49

8.70

3

Keokea

2.03

2.84

4.01

4.97

6.34

7.48

8.68

Kamaole

2.04

2.85

4.02

4.96

6.31

7.41

8.58

5

Liilioholo

2.06

2.87

4.03

4.98

6.32

7.40

8.55

6

Kilohana

2.06

2.87

4.03

4.97

6.31

7.40

8.55

7

Paeahu

2.06

2.87

4.03

4.97

6.32

7.41

8.56

8

Palauea

2.09

2.91

4.08

5.03

6.39

7.50

8.68

9

Papaanui

2.10

2.92

4.10

5.07

6.47

7.63

8.88

10

Mohopilo

2.08

2.89

4.07

5.04

6.46

7.63

8.90

Mooloa

2.08

2.89

4.07

5.04

6.44

7.60

8.84

4

11

Wailea

Mooloa

Table 9-11 Peak discharge using SCS Curve Number method (Hypothetical storm Type I)
Sr.
No.

Watershed

Sub Basin

Method used for simulation

1

a. Hapapa

Kulanihakoi

2
3

Peak Discharge-24 hour rainfall (cfs)
1 Year R.P

2 Year R.P

5 Year R.P

10 Year R.P

25 Year R.P

50 Year R.P

100 Year R.P

SCS Hypothetical storm Type I

237

540

1112

1653

2508

3257

4078

Waipuilani

SCS Hypothetical storm Type I

100

244

529

807

1248

1625

2076

Keokea

SCS Hypothetical storm Type I

117

279

582

872

1326

1727

2165

Kamaole

SCS Hypothetical storm Type I

68

231

641

1061

1751

2360

3047

5

Liilioholo

SCS Hypothetical storm Type I

43

109

242

374

584

767

972

6

Kilohana

SCS Hypothetical storm Type I

68

170

382

589

921

1213

1536

7

Paeahu

SCS Hypothetical storm Type I

51

133

301

466

730

960

1214

8

Palauea

SCS Hypothetical storm Type I

82

289

727

1152

1820

2400

3037

9

Papaanui

SCS Hypothetical storm Type I

59

152

256

563

902

1210

1559

10

Mohopilo

SCS Hypothetical storm Type I

29

124

341

553

902

1214

1567

Mooloa

SCS Hypothetical storm Type I

41

152

391

623

1002

1336

1706

4

11

b. Wailea

c. Mooloa
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Table 9-12 Comparison of Peak discharges using different methods
Sr. No.

Watershed

Sub Basin

Method used for simulation

1

a. Hapapa

Kulanihakoi

2

Waipuilani

3

4

Keokea

b. Wailea

5

Liilioholo

6

Kilohana

7

Paeahu

8

Palauea

9

Papaanui

10

11

Kamaole

Mohopilo

c. Mooloa

Mooloa

Peak Discharge-24 hour rainfall (cfs)
1 Year R.P

2 Year R.P

5 Year R.P

10 Year R.P

25 Year R.P

50 Year R.P

100 Year R.P

SCS Hypothetical storm Type I

237

540

1112

1653

2508

3257

4078

Rational method

546

692

983

1202

1457

1785

2112

SCS Hypothetical storm Type I

100

244

529

807

1248

1625

2076

Rational method

278

394

533

672

881

927

1136

SCS Hypothetical storm Type I

117

279

582

872

1326

1727

2165

Rational method

331

463

629

761

993

1158

1357

SCS Hypothetical storm Type I

68

231

641

1061

1751

2360

3047

Rational method

655

819

1228

1474

1801

2096

2375

SCS Hypothetical storm Type I

43

109

242

374

584

767

972

Rational method

184

250

355

421

513

631

658

SCS Hypothetical storm Type I

68

170

382

589

921

1213

1536

Rational method

385

499

658

794

1043

1202

1338

SCS Hypothetical storm Type I

51

133

301

466

730

960

1214

Rational method

292

390

543

668

808

961

1086

SCS Hypothetical storm Type I

82

289

727

1152

1820

2400

3037

Rational method

864

1115

1478

1778

2167

2467

2743

SCS Hypothetical storm Type I

59

152

256

563

902

1210

1559

Rational method

372

496

682

867

1074

1219

1404

SCS Hypothetical storm Type I

29

124

341

553

902

1214

1567

Rational method

317

420

562

669

821

947

1070

SCS Hypothetical storm Type I

41

152

391

623

1002

1336

1706

Rational method

325

430

584

689

855

981

1085
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9.4.6 24-Hour Runoff Volume
A summary of the runoff volume for each sub-basin corresponding to different return periods as
simulated in the HEC-HMS model is given in the Table 9-13 below.
Table 9-13 24-Hour runoff volume for sub-basin
S.
No.

Water
shed

Sub Basin

1

Hapapa

Total Volume-24 hour rainfall (acre-ft)
1 Year

2 Year

5 Year

10 Year

25 Year

50 Year

100 Year

Kulanihakoi

320

708

1413

2066

3087

3975

4946

2

Waipuilani

146

364

782

1184

1819

2384

3004

3

Keokea

187

454

954

1430

2173

2831

3550

Kamaole

68

178

393

596

920

1203

1518

5

Liilioholo

58

148

321

488

749

975

1226

6

Kilohana

88

223

478

721

1103

1435

1800

7

Paeahu

61

147

307

457

694

897

1120

8

Palauea

65

151

308

454

682

880

1097

9

Papaanui

73

194

428

656

1023

1351

1720

10

Mohopilo

23

56

118

177

272

356

450

Mooloa

31

71

147

218

331

430

539

4

11

b. Wailea

c. Mooloa

9.4.7

Conclusions of Runoff Modeling

The rainfall-runoff calculations carried out for all the sub-basins of the three major watersheds
provide an estimate of the peak discharge contributed by all the sub-basins. A simplified
hydrologic modeling approach was adopted for the watershed that consists of two relatively
simple hydrologic techniques namely the Rational Method and the SCS Curve Number Method
employed in HEC-HMS hydrology software program. It should be noted that the Rational
Method is often used to simulate runoff for smaller watersheds (up to 200 acres) and is not very
applicable to this study but was selected as a way of comparison to the more applicable SCS
Runoff Curve Number method.
While the hydrologic analysis and modeling exercise provide estimates of the peak discharge
contributed by the different sub-basins, lack of monitoring data (rainfall and/or stream flow) limits
the accuracy and reliability of the estimates computed during the exercise. It is therefore a
strong recommendation of the study that in future efforts should be made to collect and monitor
data related to rainfall and stream flow in the corresponding sub-basins to assist in the
calibration and validation of the rainfall-runoff simulations leading to more accurate and reliable
runoff estimates. We anticipate that future efforts in the watershed will focus on data collection
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during storm events to improve and validate the estimates provided by the hydrologic modeling
of the watershed under study.

9.5

Water Quality Modeling

The purpose of water quality modeling is to determine the water quality loads generated in all
the sub-basins included in the study area of the watershed. As discussed previously in the
modeling approach section of this report, the water quality loads for all parameters of interest
identified for the watersheds and associated sub-basins would be calculated based on the
Event Mean Concentration (EMC) values for all such pollutants of interest. This approach was
adopted in lieu of the fact that there is no monitoring data (discrete or continuous) available for
the watershed that would typically provide for estimates of the pollutant concentrations for all
pollutants of interest. Technically, the most feasible and practical approach is to apply actual
on-site measured concentrations of pollutants to the peak discharge data to compute the
required pollutants loads (water quality concentration multiplied by the flow estimates for each
sub-basin). Note that the peak discharge calculations were finalized for the watershed and its
sub-basins and are discussed in detail in the previous sections.
The following pollutants of interest were identified for water quality modeling for each sub-basin
in the study area:
Total suspended solids
Total Nitrogen
Nitrite Nitrate nitrogen
Ammonia nitrogen
Enterococcus bacteria
Total Phosphorus
In the absence of on-site actual monitoring data, the approach consisted of relying on
secondary data collected in the US during various water quality studies to determine the EMC
values for the above pollutants and determine if the base conditions observed in the events
available in such studies and database sets relate to the base conditions of our watershed
particularly with regard to runoff, rainfall, and land use data. The following secondary data was
studied during this exercise:

9.5.1 National Storm water Quality Database (NSQD)
The National Storm Water Quality Database (NSQD) was prepared by the University of
Alabama and the Centre for Watershed Protection under 104(b) 3 funding from the U.S.
Environmental Protection Agency (EPA). The NSQD is a spreadsheet database and supporting
documents describing the monitoring efforts of 65 communities from throughout the U.S. that
are larger than 100,000 acres. The monitoring period covered by the NSQD is from 1992 to

9-172

FEBRUARY 12, 2013

2002. The importance of this EPA-sponsored project is based on the scarcity of nationally
summarized and accessible data from the existing U.S. EPA’s NPDES (National Pollutant
Discharge Elimination System) storm water permit program. There have been some local and
regional data summaries, but little has been done with nationwide data.
Figure below is a map showing the 65 communities and 17 states included in the first version of
the NSQD. This EPA funded project was intended to focus on the Chesapeake Bay area and
parts of the southern U.S. (specifically Birmingham, AL, and Atlanta, GA) as a demonstration of
the usefulness of the data. However, it was possible to obtain some data from other parts of the
country during the project period and these data were incorporated in the database, allowing
some regional analyses. States representing most of the samples included Virginia (24%) and
Maryland (13%). The states with low numbers of observations included Pennsylvania,
Massachusetts, and Indiana.
Figure 9-7 given below (Source: National Storm Water Quality Database, University of Alabama,
2004) also shows the EPA Rain Zones. Each zone corresponds to a geographical region with
similar climatic conditions (EPA 1986). There is at least one community per rain zone indicating
some geographical representation for the entire country. However, most of the samples were
collected west, south and east of the continental part of the country, with few of the large
amounts of data from EPA Rain Zone 1 included in the database. EPA Rain Zones 8 and 9
have sparse available data from the Phase I monitoring program, due to few large cities in these
areas.

Figure 9-7 EPA Rain Zones

Each site in the database corresponds to an outfall where the runoff produced in the watershed
is discharged. During the monitored events, samples were collected to identify the
characteristics of the storm water being discharged.

9-173

FEBRUARY 12, 2013

According to the land use of the watershed, each site was classified as residential, commercial,
industrial, open space, freeway, or mixed. When a single land use was not identified for the
watershed, then the site was considered mixed, with a predominant land use. About one third of
the sites included in the database correspond to residential areas, another third is shared by
commercial and industrial land uses. The remaining third correspond to freeways, open space,
institutional and all the mixed land uses. Several schools were identified in the sites, however
only one site was considered 100% institutional.
Table 9-14 is a summary of data collected and compiled into the database. The data are
separated into 11 land use categories: residential, commercial, industrial, institutional, freeways,
and open space, plus mixtures of these land uses.
Table 9-14 Summary of selected data collected and database (see next page)
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Area

%
Impervious

acres

Precipitation

Runoff
Depth

Conductivity

Hardness

Oil and
Grease

Depth (in)

(in)

(μS/cm@25ºC)

(mg/L CaCO3)

(mg/L)

Ph

Temperature

TDS

TSS

BOD

COD

Fecal
Coliform

Fecal
Streptococcus

Total
Coliform

Total
E. Coli

(C)

(mg/L)

(mg/L)

(mg/L)

(mg/L)

(mpn/
100mL)

(mpn/
100mL)

(mpn/
100 mL)

(mpn/
100mL)

12000

1750

Overall Summary (3765)
Median

57.

50

0.48

0.15

121

38

4.3

7.5

16.5

80

59

8.6

53

5091

17000

57.3

37

0.48

0.1

102

32

4

7.2

17

72

49

9

54.5

7000

24300

151

44.9

0.53

0.12

112

40

4

7.5

15.5

86

66

7.8

43

11210

27500

38.8

84.5

0.42

0.29

107

36.5

4.6

7.4

16

72

43

11

58

4600

12000

75

60

0.47

0.28

100

36

5

7.6

14.5

70

54.5

9

60

5400

11900

39.5

75

0.5

0.16

139

39

4.8

7.5

17.9

86

81

9

58.6

2400

12000

168

44

0.45

0.29

126

29.3

9

7.7

18

90

82

7.5

39.9

3033

11000

2467

36

45

0.18

0

53

17

8.5

50

1.6

80

0.54

0.41

50000

Residential (1042)
Median

700

Mixed Residential (611)
Median

5667

1050

Commercial (527)
Median

Mixed Commercial (324)
Median
Industrial (566)
Median

Mixed Industrial (218)
Median
Institutional (18)
Median
Freeways (185)
Median

99

34

8

7.1

14

778

99

8

100

1700

17000

353

83

4.5

7.7

16

177

88

8.2

47

2600

19000

1900

Mixed Freeways (26)
Median

63.1

0.47

Open Space (49)
Median

85

2

0.52

0.05

113

150

1.3

7.7

14.6

125

48.5

5.4

42.1

7200

24900

33

0.51

0.1

215

64.2

8.5

7.9

16

109

78

6

34

3000

21000

Mixed Open Space (168)
Median

115

NH3

N02+NO3

Nitrogen,
Total
Kjeldahl

Phosphorus,
filtered

Phosphorus,
total

Sb,
total

As,
total

As,
filtered

Be,
total

Cd,
total

Cd,
filtere
d

Cr,
total

Cr,
filtered

Cu,
total

Cu,
filtered

Pb,
total

Pb,
filtered

Hg,
total

Ni,
total

Ni,
filtered

Zn,
total

Zn,
filtered

(mg/L)

(mg/L)

(mg/L)

(mg/L)

(mg/L)

(μg/L)

(μg/L)

(μg/L)

(μg/L)

(μg/L)

(μg/L)

(μg/L)

(μg/L)

(μg/L)

(μg/L)

(μg/L)

(μg/L)

(μg/L)

(μg/L)

(μg/L)

(μg/L)

(μg/L)

0.44

0.6

1.4

0.13

0.27

3

3

1.5

0.4

1

0.5

7

2.1

16

8

17

3

0.2

8

4

116

52

0.31

0.6

1.5

0.18

0.31

3

0.5

0.5

12

7

12

3

0.2

5.6

2

73

31.5

0.57

1.4

0.13

0.28

3

0.3

0.9

16

5.5

16

3

0.2

7.8

5.5

95

48

Overall Summary (3765)
Median
Residential (1042)
Median

4.5

Mixed Residential (611)
Median

0.39

Commercial (527)
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0.3

7

2

Median

0.5

0.6

1.5

0.11

0.22

2.3

0.96

0.3

6

2

17

8

18

5

15

2

0.9

0.35

5

2.5

18

10

17

3.5

3.7

4

2

0.6

12

3

21

8

25

5

1.6

0.6

8

2

23

6

20

5

0.2

7

3

150

59

0.6

0.58

1.4

0.12

0.26

5.1

3.5

131

73

0.42

0.69

1.4

0.1

0.25

0.2

14

5

199

112

0.58

0.59

1.1

0.08

0.2

0.3

12

5

172

2100

0.31

0.6

1.35

0.13

0.18

1.07

0.28

2

0.2

0.25

2.4

0.9

2.3

0.03

0.34

3

0.5

6

14

10

130

0.59

0.74

0.13

0.31

4

0.4

5.4

10

10

40

0.7

1.1

0.09

0.25

3

2

6

9

10

Mixed Commercial (324)
Median
Industrial (566)
Median

0.38

Mixed Industrial (218)
Median

3.5

Institutional (18)
Median

6

305

Freeways (185)
Median

1.4

1

0.68

8.3

2.3

35

11

25

1.8

9

4

200

Mixed Freeways (26)
Median
Open Space (49)
Median

0.18

Mixed Open Space (168)
Median

0.51

(Source: National Storm Water Quality Database, University of Alabama, 2004)
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0.15

8

80

51

9.5.2 Nationwide Urban Runoff Program (NURP)
The Nationwide urban runoff program was conducted by the EPA and many cooperating
federal, state, regional, and local agencies, distributed widely across the United States. The
Table 9-15 below lists the median Event Means Concentration (EMCs) for all sites within
various land use categories of the study area under NURP.
Table 9-15 Median EMCs for all sites by land use

Source: Results of the Nationwide Urban Runoff Program, Volume -1 Final
Report (EPA, December 1983).

9.5.3 Limitations of the Databases
After studying the land use and rainfall/runoff characteristics of several national and regional
databases and their corresponding results related to water quality sampling and analysis
(including the NURP and NSQD), it was determined that the EMC values determined by these
studies do not relate fairly to the land use and runoff/rainfall characteristics of the watershed
under study. It would thus be not practical and feasible to apply these EMC values the subbasins of our study area to calculate the loading estimates of the watershed.
It is a recommendation of the study that in order to develop fairly reasonable and accurate
estimates of water quality loads that are representative of the sub-basins, sampling and analysis
of water quality as well as flow conditions be carried out for a minimum of 1 year and apply the
concentrations obtained in the sampling exercise to the peak discharge computations of the
watershed.
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9.5.4 Recommendations for Future Work
The peak discharge and water quality analysis for the sub-basins in the study area point to the
lack of monitoring data related to both flows and water quality constituents of interest. In order
for the flow calculations and loading estimates to provide a practical mechanism for load
reduction strategies, it is important that an extensive data collection exercise is made part of the
watershed planning process. It is the recommendation of this watershed modeling plan that a
comprehensive data collection program is developed and implemented in the South Maui
Watershed and its associated sub-basins including stream flow and water quality sampling over
an extended period of time. Data collected during such an exercise can then be effectively used
to develop more thorough and reliable hydrologic and water quality models for long term use in
the watershed. The hydrologic and water quality models can only then be effectively calibrated
using the monitoring data leading to more reliable estimates of flow and water quality loading
estimates. The loading estimates obtained in such a manner can then be further analyzed and
evaluated to develop practical strategies for load reductions in the watershed aimed at
improving the water quality in the watershed.
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10.0

CONCLUSIONS AND RECOMMENDATIONS

This section is preliminary, pending further review of the characterization data by the Southwest
Maui Watershed Advisory Group and HDOH. Existing data and assessments indicate that
water quality and designated use impairments exist within the watershed planning area. The
major streams in the Hapapa watershed have documented heavy sediment discharges, in some
cases to shallow coastal waters with limited flushing, where wind and waves can drive resuspension of past sediment deposits. The development of coral reef ecosystems is inhibited,
and algal blooms proliferate, in the areas of high sedimentation. Algal blooms, water quality
impairments, and elevated dissolved nutrient levels are seen at locations further south in the
Wailea and Mo’oloa Watersheds. Dissolved nutrients are likely transported from land by both
surface runoff and submarine discharges of groundwater.
Preliminary Conclusions and Recommendations include:
1) Further analysis of existing data:
Review of existing compiled reports, EIS, etc., submitted late in the review process,
or not readily analyzed (due to hard copy only or no electronically editable files).
Compilation and reporting of new data generated by the watershed coordinator and
WAG (whale sanctuary volunteers data, La’ie wetland data, data from flooding
events, photo documentation of stream flow, flood aftermath, sedimentation events,
stream reconnaissance)
2) Data that needs to be collected to implement pollution control strategy:
Location/ground truthing, mapping of all ocean outfalls (including storm outlets),
especially the Wailea and Makena watersheds.
Monitoring to characterize stormwater pollutant loads (flow and pollutant
concentration for TSS, Nutrients, and fecal indicators) during runoff events (Gulch
monitoring with Kulanihako’i and Waipu’ilani as priority).
Monitoring of the daily irrigation runoff for flow, nutrients (there are several flowing
locations in Wailea).
Monitoring to characterize the range of nearshore oceanographic conditions
occurring along the coastlines of the watersheds (wind velocity and direction, current
velocity and direction, turbidity, salinity, temperature).
Monitoring of ocean water quality (turbidity, nutrients, salinity, pH, dissolved oxygen
and fecal indicators) under a range of conditions and locations (e.g., include areas
near stream mouths, wet weather conditions).
Monitoring of groundwater well levels and water quality (salinity, silica, turbidity,
nutrients, dissolved oxygen, redox, and pH).
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