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1.0 Introduction

General Overview

The surface water hydrologic unit of Kailua is in the district of Hamakualoa on the northeastern
(windward) flank of the East Maui Volcano of Haleakala (Figure 1-3). Kailua is a 5.2 square mile
hydrologic unit with a maximum elevation of 6549 feet and mean basin slope of 21.5 percent. Seventeen
percent of the basin has a slope greater than 30 percent, with a mean basin elevation of 2620 feet and a
mean annual precipitation of 197 (Figures 1-4 and 1-5). The Kailua Stream is 8.73 miles in length and
drains a narrow, v-shaped watershed of 4.9 square miles from its headwaters to the Pacific Ocean. The
stream ends in a terminal waterfall and has numerous inland waterfalls limiting upstream recruitment of
native species. The geology and water resources are heavily influenced by post-erosional Kula Volcanic
Series affecting the movement of surface water and groundwater resulting in gaining stream reaches from
the headwaters to the ocean. The Honomanu Basalt is only exposed in a few locations near the ocean.
The late Kula Series is composed of magma vents and cinder cones, forming perched spring water
systems in the headwaters. Much of the lower elevations are covered with alien species but the higher
elevations capture substantial fog drip and runoff from orographic rainfall. The area is part of the Huelo
census tract that has a total population of 2,173 people (U.S. Census Bureau, 2018).

Current Instream Flow Standard

The current interim instream flow standard (IFS) for Kailua Stream was established by way of Hawaii
Administrative Rules (HAR) §13-169-44, which, in pertinent part, reads as follows:

Interim instream flow standard for East Maui. The Interim Instream Flow Standard for all
streams on East Maui, as adopted by the commission on water resource management on June 15,
1988, shall be that amount of water flowing in each stream on the effective date of this standard,
and as that flow may naturally vary throughout the year and from year to year without further
amounts of water being diverted offstream through new or expanded diversions, and under the
stream conditions existing on the effective date of the standard.

The current interim IFS became effective on October 8, 1988. Streamflow was not measured on that date;
therefore, the current interim IFS is not a quantifiable value.

Instream Flow Standards

Under the State Water Code (Code), Chapter 174C, Hawaii Revised Statutes (HRS), the Commission on
Water Resource Management (Commission) has the responsibility of establishing IFS on a stream-by-
stream basis whenever necessary to protect the public interest in the waters of the State. Early in its
history, the Commission recognized the complexity of establishing IFS for the State’s estimated 376
perennial streams and instead set interim IFS at “status quo” levels. These interim IFS were defined as
the amount of water flowing in each stream (with consideration for the natural variability in stream flow
and conditions) at the time the administrative rules governing them were adopted in 1988 and 1989.

The Hawaii Supreme Court, upon reviewing the Waiahole Ditch Contested Case Decision and Order, held
that such “status quo” interim IFS were not adequate to protect streams and required the Commission to
take immediate steps to assess stream flow characteristics and develop quantitative interim IFS for
affected Windward Oahu streams, as well as other streams statewide. The Hawaii Supreme Court also
emphasized that “instream flow standards serve as the primary mechanism by which the Commission is to



discharge its duty to protect and promote the entire range of public trust purposes dependent upon
instream flows.”

To the casual observer, IFS may appear relatively simple to establish upon a basic review of the Code
provisions. However, the complex nature of IFS becomes apparent upon further review of the individual
components that comprise surface water hydrology, instream uses, noninstream uses, and their
interrelationships. The Commission has the distinct responsibility of weighing competing uses for a
limited resource in a legal realm that is continuing to evolve. The following illustration (Figure 1-1) was
developed to illustrate the wide range of information, in relation to hydrology, instream uses, and
noninstream uses that should be addressed in conducting a comprehensive IFS assessment.

Figure 1-1. Information to consider in setting measurable instream flow standards.
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Interim Instream Flow Standard Process

The Code provides for a process to amend an interim IFS in order to protect the public interest pending the
establishment of a permanent IFS. The Code, at §174C-71(2), describes this process including the role of the
Commission to “weigh the importance of the present or potential instream values with the importance of the
present or potential uses of water for noninstream purposes, including the economic impact of restricting such
uses.”

Recognizing the complexity of establishing measurable IFS, while cognizant of the Hawaii Supreme Court’s
mandate to designate interim IFS based on best available information under the Waiahole Combined
Contested Case, the Commission at its December 13, 2006 meeting authorized staff to initiate and conduct
public fact gathering. Under this adopted process (reflected in the left column of Figure 1-2), the
Commission staff will conduct a preliminary inventory of best available information upon receipt of a
petition to amend an existing interim IFS. The Commission staff shall then seek agency review and
comments on the compiled information (compiled in an Instream Flow Standard Assessment Report) in
conjunction with issuing a public notice for a public fact gathering meeting. Shortly thereafter (generally



within 30 days), the Commission staff will conduct a public fact gathering meeting in, or near, the hydrologic
unit of interest.

Figure 1-2. Simplified representation of the interim instream flow standard and permanent instream flow standard processes.
Keys steps of the adopted interim IFS process are depicted in the left column by the boxes drawn with dotted lines.
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Instream Flow Standard Assessment Report

The Instream Flow Standard Assessment Report (IFSAR) is a compilation of the hydrology, instream uses,
and noninstream uses related to a specific stream and its respective surface water hydrologic unit. The report
is organized in much the same way as the elements of IFS are depicted in Figure 1-1. The purpose of the
IFSAR is to present the best available information for a given hydrologic unit. This information is used to
determine the interim IFS recommendations, which is compiled as a separate report. The IFSAR is intended
to act as a living document that should be updated and revised as necessary, thus also serving as a stand-alone
document in the event that the Commission receives a subsequent petition solely for the respective hydrologic
unit.

Each report begins with an introduction of the subject hydrologic unit and the current IFS status. Section 2.0
is comprised of the various hydrologic unit characteristics that, both directly and indirectly, impact surface
water resources. Section 3.0 contains a summary of available hydrologic information, while Sections 4.0
through 12.0 summarize the best available information for the nine instream uses as defined by the Code.



Section 13.0 describes public trust uses of water not covered in other sections. Noninstream uses are
summarized in Section 14.0. Maps are provided at the end of each section to help illustrate information
presented within the section’s text or tables. Finally, Section 15.0 provides a comprehensive listing of cited
references and is intended to offer readers the opportunity to review IFSAR references in further detail.

An important component of the IFSAR and the interim IFS process is the Compilation of Public Review
Comments (CPRC). The CPRC serves as a supporting document containing the oral and written comments
that are submitted as part of the initial public review process. Comments referred to within the IFSAR will
identify both the section and page number where the original comment can be located in the CPRC. For
example, a reference to “8.0-3” indicates the third page of comments in Section 8.0 of the CPRC.

Following the preparation of the IFSAR and initial agency and public review, information may be added
to the IFSAR at any time. Dates of revision will be reflected as such. Future review of the IFSAR, by
agencies and the public, will only be sought when a new petition to amend the interim (or permanent)
instream flow standard is pending. Recommendations for IFS amendments are prepared separately as a
stand-alone document. Thus, the IFSAR acts solely as a compendium of best available information and
may be revised further without the need for subsequent public review following its initial preparation.

Surface Water Hydrologic Units

Early efforts to update the Commission’s Water Resource Protection Plan (WRPP) highlighted the need
for surface water hydrologic units to delineate and codify Hawaii’s surface water resources. Surface
water hydrologic units served as an important first-step towards improving the organization and
management of surface water information that the Commission collects and maintains, including
diversions, stream channel alterations, and water use.

In developing the surface water hydrologic units, the Commission staff reviewed various reports to arrive
at a coding system that could meet the requirements for organizing and managing surface water
information in a database environment, and could be easily understood by the general public and other
agencies. For all intents and purposes, surface water hydrologic units are synonymous with watershed
areas. Though Commission staff recognized that while instream uses may generally fall within a true
surface drainage area, noninstream uses tend to be land-based and therefore may not always fall within
the same drainage area.

In June 2005, the Commission adopted the report on surface water hydrologic units and authorized staff
to implement its use in the development of information databases in support of establishing IFS (State of
Hawaii, Commission on Water Resource Management, 2005a). The result is a surface water hydrologic
unit code that is a unique combination of four digits. This code appears on the cover of each IFSAR
above the hydrologic unit name.

Surface Water Definitions
Listed below are the most commonly referenced surface water terms as defined by the Code.

Agricultural use. The use of water for the growing, processing, and treating of crops, livestock, aquatic
plants and animals, and ornamental flowers and similar foliage.
Channel alteration. (1) To obstruct, diminish, destroy, modify, or relocate a stream channel; (2) To change
the direction of flow of water in a stream channel; (3) To place any material or structures in a stream
channel; and (4) To remove any material or structures from a stream channel.



Continuous flowing water. A sufficient flow of water that could provide for migration and movement of fish,
and includes those reaches of streams which, in their natural state, normally go dry seasonally at the
location of the proposed alteration.

Domestic use. Any use of water for individual personal needs and for household purposes such as drinking,
bathing, heating, cooking, noncommercial gardening, and sanitation.

Ground water. Any water found beneath the surface of the earth, whether in perched supply, dike-confined,
flowing, or percolating in underground channels or streams, under artesian pressure or not, or
otherwise.

Hydrologic unit. A surface drainage area or a ground water basin or a combination of the two.

Impoundment. Any lake, reservoir, pond, or other containment of surface water occupying a bed or
depression in the earth's surface and having a discernible shoreline.

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

Instream use. Beneficial uses of stream water for significant purposes which are located in the stream and
which are achieved by leaving the water in the stream. Instream uses include, but are not limited to:
(1) Maintenance of fish and wildlife habitats;

(2) Outdoor recreational activities;

(3) Maintenance of ecosystems such as estuaries, wetlands, and stream vegetation;

(4) Aesthetic values such as waterfalls and scenic waterways;

(5) Navigation;

(6) Instream hydropower generation;

(7) Maintenance of water quality;

(8) The conveyance of irrigation and domestic water supplies to downstream points of diversion; and
(9) The protection of traditional and customary Hawaiian rights.

Interim instream flow standard. A temporary instream flow standard of immediate applicability, adopted by
the Commission without the necessity of a public hearing, and terminating upon the establishment of
an instream flow standard.

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

Noninstream use. The use of stream water that is diverted or removed from its stream channel and includes
the use of stream water outside of the channel for domestic, agricultural, and industrial purposes.

Reasonable-beneficial use. The use of water in such a quantity as is necessary for economic and efficient
utilization, for a purpose, and in a manner which is both reasonable and consistent with the state and
county land use plans and the public interest.

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

Stream channel. A natural or artificial watercourse with a definite bed and banks which periodically or
continuously contains flowing water. The channel referred to is that which exists at the present time,
regardless of where the channel may have been located at any time in the past.

Stream diversion. The act of removing water from a stream into a channel, pipeline, or other conduit.

Stream reach. A segment of a stream channel having a defined upstream and downstream point.

Stream system. The aggregate of water features comprising or associated with a stream, including the
stream itself and its tributaries, headwaters, ponds, wetlands, and estuary.

Surface water. Both contained surface water--that is, water upon the surface of the earth in bounds created
naturally or artificially including, but not limited to, streams, other watercourses, lakes, reservoirs,
and coastal waters subject to state jurisdiction--and diffused surface water--that is, water occurring



upon the surface of the ground other than in contained water bodies. Water from natural springs is
surface water when it exits from the spring onto the earth’s surface.

Sustainable yield. The maximum rate at which water may be withdrawn from a water source without
impairing the utility or quality of the water source as determined by the Commission.

Time of withdrawal or diversion. In view of the nature, manner, and purposes of a reasonable and beneficial
use of water, the most accurate method of describing the time when the water is withdrawn or
diverted, including description in terms of hours, days, weeks, months, or physical, operational, or
other conditions.

Watercourse. A stream and any canal, ditch, or other artificial watercourse in which water usually flows in
a defined bed or channel. It is not essential that the flowing be uniform or uninterrupted.



Figure 1-3. Quickbird World View 2 satellite imagery of the Kailua hydrologic unit and streams in East Maui, Hawaii.
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Figure 1-4. Elevation range of the Kailua hydrologic unit, Maui. (U.S. Geological Survey, 2001)
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Figure 1-5. USGS topographic map of Kailua hydrologic unit, Maui. (Source: U.S. Geological Survey, 1996)
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Figure 1-6. Major and minor roads for the Kailua hydrologic unit, Maui. (Source: State of Hawaii, Office of Planning 2020)
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2.0 Unit Characteristics

Geology

The surface geology of the Kailua hydrologic unit is characterized by Kula volcanics, which are mainly
aa flows (lava characterized by jagged, sharp surfaces with massive, relatively dense interior) poured out
at progressively longer intervals so that numerous valleys were cut between the younger lava flows
(Figure 2-2). The older flows are massive, aggregating 2,000 feet thick on the summit and thin toward
the isthmus where they are only about 50 feet thick. In the eastern end of Haleakala near Nahiku, perched
high-level ground water! is held up by the relatively low permeability? Kula volcanics and associated
weathered soils and ash beds (Gingerich, 1999a). Elsewhere they contain fresh water at sea level, but it is
brackish along the leeward shore. A small area near the head of the hydrologic unit includes geologic
formations (weathered cinders, spatter, and pumice) originally built along fissures by firefountains (sprays
of gases carrying magma from vents, spewing up to several hundred feet high, producing “spatter”) at the
source of the lava flows, forming a few perched spring water systems. The Honomanu volcanic series,
which predates the Kula volcanics, is believed to form the basement of the entire Haleakala mountain to
an unknown depth below sea level (Table 2-1). They are predominantly pahoehoe flows (lava
characterized by a smooth or ropy surface with variable interior, including lava tubes and other voids),
ranging from 10 to 75 feet thick and are very vesicular. The Honomanu basalts are extremely permeable
and yield water freely (Stearns and MacDonald, 1942). The generalized geology of the Kailua hydrologic
unit is depicted in Figure 2-1.

Table 2-1. Area and percentage of surface geologic features for Kailua hydrologic unit. (Source: Sherrod et al, 2007)

Name Rock Type Lithology Age Range (kya)  Area (mi?) Percent of Unit
Honomanu Basalt  Lava flows Aa and pahoehoe 950-1,300 0.017 0.33%
Kula Volcanics Lava flows Aa and pahoehoe 140-780/950 2.107 40.54%
Hana Volcanics Lava flows; Cinder and splatter =~ Aa 50-140 3.073 59.13
Soils

The U.S. Department of Agriculture’s Natural Resources Conservation Service (formerly known as the
Soil Conservation Service) divides soils into hydrologic soil groups (A, B, C, and D) according to the rate
at which infiltration (intake of water) occurs when the soil is wet. The higher the infiltration rate, the
faster the water is absorbed into the ground and the less there is to flow as surface runoff. Group A soils
have the fastest infiltration rates; group D soils have the slowest. In the Kailua hydrologic unit, soils are
dominated by the Honomanu-Amalu series categorized as group A soils (Table 2-2). Soils in the
hydrologic unit are also composed of group B (2.92%) and Amalu soils of group D (23.2%). The soil
orders for the Kailua hydrologic unit are identified in Figure 2-2.

Kailua consists largely of soils that are permeable, except for parts of the mauka section of the hydrologic
unit. About 60 percent are well-drained soils, occurring on the steeper slopes. The other 40 percent are
poorly drained, occurring on the less sloping tops of ridges and interfluves (regions of higher land
between valleys in the same hydrologic unit), meaning that water does not move quickly through the soil
and the soil remains wet for long periods. In these areas, the substratum is soft, weathered basic igneous
rock capped by a horizontal ironstone sheet 1/8 to 1 inch thick.

! Perched water is water confined by an impermeable or slowly permeable layer, thus accumulating in a perched
water table above the general regional water table. It is generally near-surface, and may supply springs.

2 Permeability is the ease with which water passes through material. It is a factor in determining whether
precipitation runs off on the surface or descends into the ground.
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Figure 2-1. Generalized geology of the Kailua hydrologic unit, Maui. (Source: Sherrod et al., 2007)
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Permeability is restricted by the ironstone sheet, which is impermeable except for cracks, meaning that
rain water will infiltrate the top of the soil then move laterally until it either seeps out as springs or base
flow? in streams; or reaches a more permeable soil type. This is what generates forested wetlands in the
upper elevations. Along the stream course, the soils are mixed. The remainder of the hydrologic unit
consists of well-drained soils; thus allowing rainwater to feed both streams and groundwater.

About one-third of the way from the head of the Kailua hydrologic unit to the sea, the soils transition to a
well-drained silty clay and rough broken land. The silty clay is moderately permeable with slow runoff
and a slight erosion hazard. The soils along the course of Kailua Stream continues in a gulch through
rough mountainous land from the middle of the hydrologic unit to the coast. This is very steep land
broken by numerous intermittent drainage channels with rapid runoff and active geologic erosion. The
soils of rough mountainous land are not uniform (Soil Survey Staff, 2020).

Table 2-2. Area and percentage of soil types for the Kailua hydrologic unit, Maui. (Source: Soil
Survey Saff, 2020)

Soil Series Unit Hydrologic Soil Group  Area (mi2)  Percent (%)
Honomanu-Amalu A 2.815 54.21
Amalu D 1.205 23.20
Rough Mountainous Land D 0.565 10.88
Olinda 0.297 5.72
Kailua A 0.157 3.02
Pauwela B 0.091 1.75
Kaipoioi B 0.037 0.71
Laumaia B 0.025 0.48
Rough Broken Land C 0.001 0.02

Rainfall

Haleakala and Puu Kukui are the driving force affecting the distribution of rainfall on Maui, with rainfall
affected by the orographic* effect and the rainshadow effect (Figure 2-3). Orographic precipitation occurs
when the prevailing northeasterly trade winds lift warm air up the windward side of the mountains into
higher elevations where cooler temperatures persist. As moist air cools, water condenses and the air mass
releases precipitation. As a result, frequent and heavy rainfall is observed on the windward mountain
slopes. The temperature inversion zone, the range of elevations where temperature increases with
elevation, typically extends from 6,560 feet to 7,874 feet. This region is identified by a layer of moist air
below and dry air above (Giambelluca and Nullet, 1992). The fog drip zone occurs below the elevation
where cloud height is restricted by the temperature inversion (Sholl et al., 2002). Fog drip is a result of
cloud-water droplets impacting vegetation (Scholl et al., 2002) and can contribute significantly to
groundwater recharge. Above the inversion zone, the air is dry and the sky is frequently clear (absence of
clouds) with high solar radiation, creating an arid atmosphere with little rainfall. This region is found in
the higher elevations of the largest volcanoes (e.g., Mauna Kea, Haleakala).

3 Base flow is the flow of water into a stream from the ground from persistent, varying sources and maintains stream
flow between water-input events (i.e. during periods of no rainfall).

4 Orographic refers to influences of mountains and mountain ranges on airflow, but also used to describe effects on
other meteorological quantities such as temperature, humidity, or precipitation distribution.
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Figure 2-2. Soil order classification of the Kailua hydrologic unit, Maui. (Source: State of Hawaii, Office of Planning, 2015m)
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A majority of the mountains in Hawaii peak in the fog drip zone, where cloud-water is intercepted by
vegetation. In such cases, air passes over the mountains, warming and drying while descending on the
leeward mountain slopes. Haleakala, as the tallest peak (10,023 feet a.s.l) on Maui, influences the
elevational distribution of moisture around the island. The steep gradient around the island forces
moisture-laden air to rapidly rise in elevation (over 3,000 feet) in a short distance, resulting in a rapid
release of rainfall The Kailua hydrologic unit is situated on the windward side of Haleakala and as such
receives substantial orographic rainfall, contributing to higher rainfall in the upper elevations (Figure 2-
4). The high spatial variability in rainfall is evident by the large variation in mean annual rainfall across
the hydrologic unit. Above 2000 ft, rainfall is highest during the months of March and April, where the
mean monthly rainfall is approximately 21 inches (Table 2-3). Mean annual rainfall measured at Kailua
(station 446; elevation 700 feet; active from 1904-present) is 122.2 inches and measured at Punaluu
(station 447; 720 feet; active from 1906-1961) was 124.6 inches (Giambelluca et al. 2013). The fog drip
zone on the windward side of islands extends from the cloud base level at 1,970 feet to the lower limit of
the most frequent temperature inversion base height at 6,560 feet (Giambelluca and Nullet, 1992).

Shade (1999) used the monthly fog drip to rainfall ratios for the windward slopes of Mauna Loa on the
Island of Hawaii (Table 2-3) to calculate fog drip contribution to the water-budget in windward East
Maui. The fog drip to rainfall ratios were estimated using: 1) the fog drip zone boundaries for East Maui
(Giambelluca and Nullet, 1991); and 2) an illustration that shows the relationship between fog drip and
rainfall for the windward slopes of Mauna Loa, Island of Hawaii (Juvik and Nullet, 1995). This method
was used to determine the contribution of fog drip in the Kailua hydrologic unit, which is calculated by
multiplying the same ratios to the monthly rainfall values in the fog drip zone based on Giambelluca et al
(2013). Calculations show that approximately 85.6% percent of the Kailua hydrologic unit (4.453 square
miles) lies in the fog drip zone based on elevations greater than 2000 feet. The total contribution from fog
drip to the water budget based on percent of fog drig from monthly rainfall is about 24.9 percent (59.4
inches out of 238.2 inches) of the upper (>2,000 ft) watershed, assuming the same ratios apply here
(Table 2-3).

Figure 2-3. Orographic precipitation in the presence of mountains higher than 6,000 feet.
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Solar Radiation

Solar radiation is the sun’s energy that arrives at the Earth’s surface after considerable amounts have been
absorbed by water vapor and gases in the Earth’s atmosphere. The amount of solar radiation to reach the
surface in a given area is dependent in part upon latitude and the sun’s declination angle (angle from the
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sun to the equator), which is a function of the time of year. Hawaii’s trade winds and the temperature
inversion layer greatly affect solar radiation levels, the primary heat source for evaporation. High
mountain ranges block moist trade-wind air flow and keep moisture beneath the inversion layer (Lau and
Mink, 2006). As a result, windward slopes tend to be shaded by clouds and protected from solar
radiation, while dry leeward areas receive a greater amount of solar radiation and thus have higher levels
of evaporation. In the Kailua hydrologic unit, average annual solar radiation ranged from 191.4 to 231.7
W/m? per day (Figure 2-5). It is greatest at the coast and decreases toward the uplands, where cloud
cover is more of an influence (Giambelluca et al., 2014).

Table 2-3. Fog drip to rainfall ratios for the windward slopes of Mauna Loa on
the island of Hawaii and approximate contributions to the Kailua hydrologic unit
based on an elevation range of 2000-6000 feet and equivalent ratios.

Month Ratio (%) Rai'rg‘;{‘(in) c°“t(’ii:)““°"
January 13 15.84 2.06
February 13 13.90 1.81
March 13 21.21 2.76
April 27 21.15 5.71
May 27 12.51 3.38
June 27 11.83 3.19
Ju