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KAHIKINUI AQUIFER SECTOR AREA
18.0 KAHIKINUI AQUIFER SECTOR AREA
This CWRM aquifer sector combines the Kaupō, Kahikinui and Kanaio community areas into three
groundwater aquifer system areas - Kaupō, Nakula, Luala`ilua respectively--that comprise the Kahikinui
Aquifer Sector Area (ASEA). The Kahikinui ASEA encompasses about 113 square miles. The much smaller
Kahikinui place name area within the ASEA, which excludes Kaupō and Kanaio, is entirely comprised of
Department of Hawaiian Homelands (DHHL) homesteaders, with a population estimate of 32.1 The population
of Kaupō is estimated to be approximately 59 residents, and the population in the scattered residences in
Kanaio is also estimated to be approximately 59 residents.2 The total population of the Kahikinui ASEA is
estimated to be 150.
The WUDP uses hydrologic units for analysis to be consistent with State requirements for updating the plan.
The Kahikinui ASEA is mostly contained within the Hana Community Plan boundary, with the exception of
small areas on the southwest tip of Maui Island which are contained within the Makawao-Pukalani-Kula and
Kihei-Makena Community Plans. The Kahikinui ASEA also extends into the moku of Honua`ula and Kaupō. The
DHHL Kahikinui Kuleana Homestead Program created 104 lots over the last 20 years, making that area one of
the three most populated communities in the Kahikinui ASEA. Approximately 75 homesteaders have accepted
the leases of 10-20 acres each in the mid-elevation levels between 2,000–4,000 feet, but many of them are
residents of other areas and only live in Kahikinui part-time. About 13 families currently reside on the property
full-time and approximately 20 homes have been constructed. The projected population increase by 2035 is
anticipated to be negligible. According to the Maui Island Plan, the 75 kuleana lots in Kahikinui are off-grid and
lack public water, electricity, sewer, or cable systems. These residents have built homes on the rough terrain
and live a life that is far removed from the typical Maui resident.

1

Department of Hawaiian Homelands, Kahikinui Regional Plan, July 2011, page 5
Maui County Data Book 2014, average 2.94 persons per single family household 2010-2014 multiplied by the 20 MDWS single
family dwelling water meter connections
2
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18.1 PLANNING FRAMEWORK
18.1.1 Key Issues
The Kahikinui region needs to successfully assess and implement alternative ways to meet their present and
future water needs. Given their remote and sparse rural population, water resources and infrastructure are
relatively undeveloped. Climatic changes could result in a significantly decreased recharge of groundwater and
available surface water currently relied upon for non potable needs. Region-specific input received at
community meetings and workshops generally focused on the following issues:
General Issues







Improve understanding of the concepts of "precautionary planning" to reduce and adapt to the effects of
drought and climate change upon water resource availability and quality.
Adapt future populations to local water resource conditions, integrating conservation and the use of
alternative resources.
It is important to maintain access to lands for gathering, hunting and other native Hawaiian traditional and
customary practices.
Water needs of DHHL in Kahikinui should be considered in accordance with the 2016 State Water Projects
Plan.
Watershed protection should be implemented, including invasive alien plant control, ungulate control, and
reforestation via watershed partnership programs.
Mutual benefits could be gained from the State and National Park Service engaging in consultation and
coordination with Native Hawaiian moku/community and local experts on resource management.

Kaupō-Specific Issues






The Kaupō Rule is a special rule prohibiting the approval of subdivisions and building permits, and the
issuance of water meters in the interim regulation area: defined as all areas where water to the public
is or is to be supplied from Kalepa Gulch, Healani Intake, and Puanohoa Pump water sources in Kaupō.
The Kaupō system has evolved as a non-potable hybrid system owned by MDWS and the Kaupō Ranch
with undefined responsibilities for management and repairs.
Potential impact on animal migration and local hunting from fencing to reduce ungulates in
Kaupō/Kahikinui areas. Dead animals reported in streams that could pollute the water.
Community desires improved information and participation to reduce feral goat population, and
especially information on aerial hunting to ensure safety.
Engaging Moku and the community associations in resource conservation and protection projects
undertaken by government and other organizations.

18.1.2 Plans, Goals, Objectives and Policies
The Kahikinui ASEA implements the Maui County General Plan and is subject to the plans, goals, policies and
objectives discussed in Chapter 3 of the WUDP. The Hana Community Plan reflects regional issues expressed
at the community WUDP meetings and relevant goals and policies of the Hana Community Plan are
summarized below.
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1994 Hana Community Plan
Community Plan goals related to water resources are:



Protection and management of land, water and ocean resources
Timely and environmentally sensitive development and maintenance of infrastructure systems,
including the provision of domestic water

Objectives and policies related to water resources include:



Protect, preserve and increase natural marine, coastal and inland resources, encouraging
comprehensive resource management programs
Ensure that groundwater and surface water resources are preserved and maintained at capacities and
levels to meet the current and future domestic, agricultural, commercial, ecological and traditional
cultural demands

Objectives and policies related to water availability and use include:







Recognize residents’ traditional uses of the region’s natural resources which balance environmental
protection and self-sufficiency
Discourage water or land development and activities which degrade the region’s existing surface and
groundwater quality
Encourage resource management programs that maintain and re-establish indigenous and endemic
flora and fauna
Protect, restore and preserve native aquatic habitats and resources within and along streams
Improve water source and delivery facilities to ensure that water supplied to the region's residents and
visitors is of the highest quality
Encourage water conservation measures by residents and businesses
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18.2 PHYSICAL SETTING
Haleakalā was built primarily by volcanic eruptions and layers of lava flows.3 The drier western slope is less
incised and retains the broad, shield shape of the volcano.4 The Kahikinui Aquifer Sector Area (ASEA) is located
the southern flank of Haleakalā Mountain, which rises 9,700 feet above sea level, and it is a rural, sparselypopulated region which is remote and lacks typical infrastructure for the existing or future populations. The
residents often rely on local resources to meet their needs, and the area is famously dry compared other areas
of Maui Island. Kaupō is located along the southeastern shore of Maui, bordering the western side of Kipahulu
and the eastern side of Kahikinui. The Kahikinui Forest Reserve is located in the area, as well as a section of
Haleakalā National Park. A trail leads from near the summit of Haleakalā through Kaupō Gap and allows
mauka-to-makai foot or horse travel from the top of Haleakalā to the ocean. Kaupō is connected to the rest of
the island—Kula to the North and Hana to the east--via the Pi`ilani Highway (Hawai`i Route 31), a primarily one
lane wide highway that is unpaved in some sections.
18.2.1 Climate and Geology
The mountains of the Hawaiian Islands typically obstruct northeastern trade-wind air flow in the drier climates
on southwest-facing (leeward) mountain slopes found in the Kahikinui ASEA.5 Loss of moisture from air that
ascends windward slopes leads to relatively drier climates along leeward slopes because they are in the rain
shadow of the mountains.6 Mean rainfall is less than 25 inches/year for most leeward areas along the
coastline.7 The Kahikinui ASEA contains a freshwater-lens system consists of a lens-shaped freshwater body,
an intermediate brackish-water transition zone, and underlying saltwater. Fresh groundwater within the
freshwater-lens system generally flows in a seaward direction toward the coast from inland areas of Kahikinui,
Kanaio and Kaupō. Wedges of low-permeability sedimentary caprock impede the seaward flow of fresh
groundwater in freshwater-lens systems. Kahikinui encompasses a vast arid area composed of the most recent
lava flows of the now dormant/extinct Haleakalā caldera. Although Haleakalā first rose above sea level about
900,000 years ago as a vast shield of olivine theoliite basalt lava flows, about 700,000 years ago, shield growth
slowed, and explosive eruptions began to dominate the landscape, as can be seen with the many pu`u and
cinder cone craters that now dot the coastline. The southern flank of Haleakalā slopes seaward at an angle of
more than 20 degrees: steeply enough to suggest that sliding may have contributed, although no evidence of
sliding has been found on the adjacent ocean floor. The most "recent" volcanic activity around Kahikinui may
have been noted first in 1786, when French explorer La Perouse mapped an embayment near the southern
cape of the island in the vicinity of Makena and Kanaio, opposite Kaho`olawe. Later, in 1793, George
3

Langenheim, V.A.M., and Clague, D.A., 1987, The Hawaiian-Emperor volcanic chain, part II, stratigraphic framework of volcanic
rocks of the Hawaiian Islands, chap. 1 of Decker, R.W., Wright, T.L., and Stauffer, P.H., eds., Volcanism in Hawaii: U.S. Geological
Survey Professional Paper 1350, v. 1, p. 55–84. Leavesley, G.H., Lichty,
4
Johnson, A.G., Engott, J.A., and Bassiouni, Maoya, 2014, Spatially Distributed Groundwater Recharge Estimated Using a WaterBudget Model for the Island of Maui, Hawai`i, 1978–2007: U.S. Geological Survey Scientific Investigations Report 2014–5168, 53 p.,
http://dx.doi.org/10.3133/sir20145168.
5
Sanderson, Marie, 1993, Introduction, chap. 1 of Sanderson, Marie, ed., Prevailing trade winds: Honolulu, Hawai‘i, University of
Hawai‘i Press, p. 1–11.
6
Johnson, A.G., Engott, J.A., and Bassiouni, Maoya, 2014, Spatially distributed groundwater recharge estimated using a waterbudget model for the Island of Maui, Hawai‘i, 1978–2007: U.S. Geological Survey Scientific Investigations Report 2014–5168, 53 p.,
http://dx.doi.org/10.3133/sir20145168.
7
Ibid.
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Vancouver, sailing the same waters, found a peninsula of fresh lava entering the ocean where La Perouse had
mapped a bay. These observations coincide with native Hawaiian culture-history accounts of a recent visit by
Pele, the Hawaiian fire goddess, indicating that an eruption had recently taken place. Recent activity that has
taken place within 230 years will not be the last.8

18.2.2 Water Resources
The Kahikinui ASEA water budget is reliant on fog and sparse rainfall for most of the groundwater recharge.
The Kanaio, Kaupō and Kahikinui community areas are located on a very rugged and dry side of the island,
where the rainfall is typically between 20 and 50 inches.9 For southeast Haleakalā, information related to
groundwater systems is sparse in the area encompassing the Kahikinui ASEA, although perched and
freshwater lens systems are expected to be present.10 Global climatic change and drought may cause future
water availability conditions to dramatically decrease in this already dry area. Compared to other areas on
Maui, the Kahikinui ASEA is expected to suffer the most drought-related reductions in available water.
Groundwater recharge during drought conditions is predicted to be potentially reduced by 37 percent,
compared to an island-wide average of about 23 percent.
Table 18-1 Recharge for Average and Drought Climate Conditions, Kahikinui ASEA
May 2017 Corrected
Recharge Average Climate
Conditions
85 mgd*

Recharge Drought Climate
Conditions

% Drought Recharge Reduction (USGS)

56 mgd

37%

Source: USGS, Spatially Distributed Groundwater Recharge Estimated Using a Water-Budget Model for The Island of Maui, Hawai`i,
1978–2007
* In 2017, USGS discovered an error in data that affected published groundwater-recharge estimates for Maui and other islands. The
recharge estimated for 1978 – 2007 rainfall and 2010 land-use conditions were revised and available on May 16, 2017

Groundwater Recharge
Groundwater recharge describes the amount of water that gets from the air, through the soil, and ultimately
into the groundwater and aquifers. The 2014 USGS study, Spatially Distributed Groundwater Recharge
Estimated Using A Water-Budget Model For The Island of Maui, Hawai‘i, 1978–2007, reassessed average
climate conditions on recharge using 2010 land cover.

8

Hazlett, Richard W. and Hyndman, Donald W., Roadside Geology of Hawai`i, page 129.
Johnson, Adam G, John A. Engott, and Bassiouni, Maoya, 2014, Spatially Distributed Groundwater Recharge Estimated Using a
Water-Budget Model for the Island of Maui, Hawai‘i, 1978–2007, U.S. Department of the Interior,
U.S. Geological Survey Scientific Investigations Report 2014–5168.
10
Ibid.
9
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Figure 18-1 Kahikinui ASEA: Average Mean Recharge under Average Climate and Drought Conditions by
Aquifer System, % Recharge Reduction, and Sustainable Yield
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30

MGD

25

-26%
-32%

20
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15
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5
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Kaupō

Nakula
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Source: USGS Spatially Distributed Groundwater Recharge Estimated Using A Water-Budget Model For The Island of Maui, Hawai‘i,
1978–2007, Tables 7 and 8; Scenario A, Average climate conditions are 1978–2007 rainfall and 2010 land cover. Drought conditions
are 1998–2002 rainfall and 2010 land cover. WRPP- 1990, updated 2008 from CWRM, natural conditions are 1916–83 mean rainfall
and a uniform, unirrigated land cover. Scenario study areas are larger than WRPP areas. Total Inflow includes rain, fog, irrigation,
septic leachate, and direct recharge which may be from external sources, including groundwater and imported streamflow.

Maui has experienced drought conditions in recent years. For example, based on the 1978–2007 monthly
rainfall datasets, annual rainfall for the island of Maui was below average 8 out of the last 10 years through
from 1998 to 2007.11 Global climatic change and drought conditions may cause future water conditions to
dramatically decrease in an already dry area. The impacts of changing climate and weather patterns may have
a significant effect on the Kahikinui area. For the study data that follows, direct recharge was defined as water
that passes directly to the groundwater system, completely bypassing the plant-root zone. Hence, direct
recharge was not subject to direct runoff or evapotranspiration processes.12 The three Maui Island aquifer
systems with the least recharge are located on leeward Haleakalā and include Kahikinui's Luala`ilua.13
As Indicated in Figure 18-2 below, Kahikinui Aquifer Sector encompasses some of the dryer areas of Maui
Island and recharge has decreased dramatically in the 21st century, especially in the lower elevations.

Frazier, A., 2012, Month-year rainfall maps of the Hawaiian Islands: Honolulu, University of Hawai‘i, M.A. thesis, 81 p.
Johnson, A.G., Engott, J.A., and Bassiouni, Maoya, 2014, Spatially distributed groundwater recharge estimated using a waterbudget model for the Island of Maui, Hawai‘i, 1978–2007: U.S. Geological Survey Scientific Investigations Report 2014–5168, 30.p
13
Ibid 34 p.
11
12
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Figure 18-2 Kahikinui ASEA: Distribution of Mean Annual Groundwater Recharge for Average Climate
Conditions

Source: USGS, Spatially Distributed Groundwater Recharge Estimated Using a Water-Budget Model for the Island of Maui, Hawai'i,
1978–2007.

The spatial pattern of mean annual recharge for drought conditions on the Island of Maui resembles that for
average climate conditions; however, recharge for most areas is lower for drought conditions.14 Recharge
estimates for dry aquifer systems in Kahikinui (e.g., Luala‘ilua) are more sensitive to parameters related to
evapotranspiration. Scientific investigation and downscaling of climate projections by Pacific Regional
Integrated Sciences and Assessments (RISA) and others suggest that leeward areas such as the Kahikinui ASEA
will get drier.
Groundwater Availability
The groundwater sustainable yield (SY) is the maximum rate that groundwater can be withdrawn without
impairing the water source, as determined by the Commission on Water Resource Management (CWRM).
Sustainable yield accounts only for basal ground water and ignores any importation of water from outside the
aquifer, if it exists. Because very little of Kahikinui ASEA pumpage is reported, only a tiny fraction of the
Kahikinui ASEA sustainable yield appears utilized. The 2008 sustainable yield for the Kahikinui ASEA is 34 mgd:
(1) Luala`ilua 11 mgd; (2) Nakula 7 mgd; and (3) Kaupō 16 mgd.15 Sustainable yield was conservatively set at
the low end of the estimated range as shown in the table below. New sustainable yield "Proposed Range" data
is under review for the pending update of the State Water Resource Protection Plan.

14

Johnson, A.G., Engott, J.A., and Bassiouni, Maoya, 2014, Spatially Distributed Groundwater Recharge Estimated Using a WaterBudget Model for the Island of Maui, Hawai‘i, 1978–2007: U.S. Geological Survey Scientific Investigations Report 2014–5168, 45 p.
15
CWRM, State Water Resource Protection Plan, June 2008

8
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Table 18-2 Sustainable Yields of Aquifer System Areas (ASYAs)
Kahikinui Aquifer
System Area
Kaupō
Nakula
Luala`ilua

Aquifer
Code

Sustainable Yield Range
(mgd)

60601
60602
60603

16-17
7-15
11-15

2008 WRPP Sustainable
Yield (mgd)
16
7
11

Source: CWRM, State Water Resource Protection Plan, June 2008

Surface Water Availability
There are no perennial streams within the Kahikinui ASEA. The USGS topographic map shows intermittent
streams of Kama`ole, Kepuni, Palaha and Manawainui within the Kahikinui ASEA.16 As the map below
indicates, stream reaches on leeward Haleakalā tend to be very "intermittent" and short-lasting. Perennial
stream resources in the Kahikinui Aquifer System area are almost non-existent, with few perennials except
three in Kaupō Aquifer System, which sometimes lack mauka-to-makai flow.
Only one Kahikinui ASEA stream is diverted. The table below shows registered or permitted diversions, gages
and Interim Instream Flow Standards (IIFS). No numerical IIFS are established for the Kahikinui region.
Table 18-3 Kahikinui ASEA Stream Diversions, Gages and IIFS by Watershed Unit
Code
Unit

Hydrologic
Unit Name

Aquifer
System

Area
(mi2)

No. of
Diversions

No. of
Gages

Active
Gages

Interim IFS

6100

Kaupō

Kaupō

22.5

1

0

0

HAR §13-169-44

6101

Nu`u

Nakula

10.48

0

1

0

HAR §13-169-44

6102

Pahihi

Nakula

7.85

0

0

0

HAR §13-169-44

6103

Waiopai

Nakula

5.38

0

0

0

HAR §13-169-44

6104

Po`opo`o

Nakula

1.92

0

0

0

HAR §13-169-44

6105

Nakula

6.07

0

0

0

HAR §13-169-44

6106

Manawainui
Gulch
Kipapa

Luala`ilua

28.42

0

1

0

HAR §13-169-44

6107

Kanaio

Luala`ilua

34.11

0

0

0

HAR §13-169-44

Source: CWRM, State Water Resources Protection Plan, 2008.

16

Department of Hawaiian Homelands, Kahikinui Regional Plan, July 2011, page 21.
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Figure 18-3 Kahikinui ASEA: Relationship of Aquifer System Areas, Watersheds, Moku and
Streams

10
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18.3 SETTLEMENT PATTERNS AND CULTURAL RESOURCES
This section strives to acknowledge and highlight how Hawaiian history and cultural practices of
the past relate to the present. History can inform options for meeting the future water needs of
the people and uses of Maui Island, while preserving and celebrating Hawai`i's past.
Archaeology and traditional Native Hawaiian historic and cultural information provides a
foundation for establishing continuity between past, present and future water use in the
Kahikinui Aquifer Sector Area (ASEA). Ancient history shows the Kahikinui area has been
sparsely populated with low-intensity seasonal occupation of Native Hawaiian residents (Figure
18-4).
Figure 18-4 Estimated Native Hawaiian Pre-Contact Land Utilization and Kuleana Lands
Compared to Growth Boundaries

Source: The Nature Conservancy, Ladefoged, T.N. et al (2011), and Maui County Plan

18.3.1 Historical Cultural Resources and Boundaries
Historical and contemporary boundary delineations of Kahikinui differ from the boundaries
defined by the Kahikinui ASEA used in the WUDP. The historical delineation begins at Auwahi at
the far western boundary, moving eastward to Wai`opae Gulch on the border of Kaupō. The
Kahikinui ASEA includes the eastern half of the moku of Honua`ula, all of the moku of Kaupō,
and the western portion of Kipahulu up to the ahupua`a of Ka`apahu.

11
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Figure 18-5 Kahikinui ASEA and Region
Kahikinui Aquifer Sector Area

Source: Sterling, Elspeth P. Sites of Maui. Bishop Museum Press, 1997.

Ancient history provides evidence that the now sparsely populated area of Kahikinui once had a
sizable population. Walker`s study of Kahikinui estimates a population of 1,500 to 1,800 along
the south coast.17 His archaeological survey describes the villages as quite numerous and
indicating an extensive population, although he noted at the time of his writing (early 1900s)
"there is not a man living within twenty miles." The Hana Community Plan indicates many intact
village sites and heiau remain in Kahikinui.18 Because of the rugged terrain, the vast, arid and
windy district in traditional times isolated communities of Native Hawaiian s who inhabited the
predominantly rugged lava landscapes along the shoreline or further inland where fresh water
could be found. Sterling notes, “Many of the shore villages possessed stone-lined wells which
supplied brackish water for drinking purposes. In one or two places along the Kahikinui shore,
small rivulets had been dammed to impound some other water which came down with the
freshets [stormflow]." Sterling also cites the lack of drinkable water available in Kahikinui in a

17
18

Sterling, Elspeth P. Sites of Maui. Bishop Museum Press, 1997, page 193
County of Maui Hana Community Plan, 1994
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recorded missionary journey, "No sweet water on this part of the island."19 The comparatively
larger historical population and increasing scarcity of water may speak to the potential the area
has today for conventional water resources and repopulation.
18.3.2 Historic Agriculture
Kahikinui's cultural history describes isolated pre-history Hawaiian villages cultivating crops
within the inland forest zone, where forests along the southern wall of Haleakalā formerly
extended much lower due to more plentiful rainfall. Sweet potato was the staple food for much
of the historical Kahikinui population, and it was supplemented with dry taro grown in the low
forest zones, making the area the greatest continuous dry planting area in the Hawaiian Islands;
however, by the 1890s, the ancient subsistence agriculture had completely vanished from the
vast slopes and had been replaced by cattle ranching.20 This description of historic dryland
agriculture may also be considered testimony to the relative scarcity of fresh water in the area,
and it may lend insight into the agricultural potential that could be realized today and in the
future. The Hana Community Plan indicates that Kahikinui is said to have been heavily wooded
and populated before devastating lava flows and fires in the mid-1800s, and over-grazing
destroyed much of the high altitude dryland forests in the early 20 th Century.21
Honua`ula
According to Handy, there was probably little human settlement in ancient times before
European contact between Kihei and Makena.22 The moku of Honua`ula straddles the Maui
Department of Water Supply's (MDWS) Central Aquifer Sector's Kama`ole System and Kahikinui
ASEA's Luala`ilua System. At the time of the census in 1831, Honua`ula was the 4th largest
population center on Maui; however, today the area within the Kahikinui Aquifer Sector's
Luala`ilua System is one of the least populated areas on Maui.23 E.S.C Handy notes that prior to
the introduction of cattle, the forest zone of this region was much lower and rainfall more
abundant. Forest zone plants grew profusely in this area, and dryland taro and sweet potatoes
were cultivated.24

19

Richards, Andrews, and Gren, Tours around Maui and Molokai, August 27, 1828, Missionary letters 3:877,
Hawaiian Mission Children's Society Library {Sterling, Elspeth P. Sites of Maui. Bishop Museum Press, 1997, page
197]
20
E. S. C. Handy. Hawaiian Planter, The Museum, 1892, page 161.
21
Maui County Council, Hana Community Plan, 1994.
22
E. S. C. Handy. Hawaiian Planter, The Museum, 1892, page 159.
23
Kawa`a, Luana, Cultural Survey & Moku Inventory: Moku of Kipahulu and Hana, Island of Maui (Draft), Ka Piko O
Ka Na'auao (The Hawaiian Learning Center), 2009, page 3.
24
ibid, page 7.
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Kaupō
Many villages were built in the rough lava areas in order to leave every possible bit of good soil
for the growing of sweet potatoes and gourds.25 Although Kaupō is relatively arid along the
seacoast, it receives moderate rainfall 3 or 4 miles inland at an elevation of about 2,000 feet,
where "anything may be grown in the rich volcanic soil," and there were terraces in Waiha and
Punalu`u, above the present homesteads.26 Almost a hundred years ago E.S.C Handy wrote
about perceived climatic and cultural changes when reminiscing on Kaupō's agricultural past,
"Kaupō has been famous for its sweet potatoes, both in ancient times and recent
years. Sweet potatoes can be cultivated from sea level up to about 2,000 feet in the
rich pulverized lava of this district. This old culture is unfortunately vanishing here, due
to a combination of economic and climatic circumstances." 27
Manawainui Stream
The former abundance of the Manawainui Stream area of Kaupō was noted by Handy, "Indeed,
no taro is grown in Kaupō except for a few dry taro plants around home sites; but formerly
great quantities of dry taro were planted in the lower forest belt from one end of the district to
the other. Now the district is almost wholly ranch land."28
Kamoamoa Village
Agriculture in some areas was more challenging than others, depending on rainfall. Walker
describes water scarcity at Kamoamoa Village, which includes 20 sites: "Many of the village
sites in Kahikinui have structures to store water. This was important as water was scarce in this
district."29
18.3.3 Native Hawaiian Culture Today
Kahikinui remained uninhabited for decades, but within the last 20 years there has been a
repopulation of the region. With the Department of Hawaiian Homelands (DHHL) awarding
agricultural lots in Kahikinui and other families who have chosen to return to their familial
lands; the Kahikinui `Ohana was organized and people once again live in the moku of Kahikinui.
Currently, there is very little infrastructure to support larger populations in this area. There is
no MDWS water system in the Kahikinui ASEA, except in Kaupō, with the Upcountry system
ending at Kanaio.

25

W.M. Walker, Archaeology of Maui, page 71.
E. S. C. Handy. Hawaiian Planter, The Museum, 1892, page 113.
27
Ibid, page 161.
28
E. S. C. Handy. Hawaiian Planter, The Museum, 1892, page 113.
29
Sterling, Elspeth P. Sites of Maui. Bishop Museum Press, 1997, page 199.
26
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Kahikinui remains remote and residents often rely on local resources to meet their needs.
According to the County's Maui Island Plan, the 75 kuleana lots in Kahikinui are off-grid and lack
public water, electric, sewer, or cable systems; and of those 75 lots, only a handful of residents
permanently live in Kahikinui. The homesteaders use independent living techniques to meet
their basic needs, and conventional techniques such as water catchment, windmills, and septic
tanks are also utilized. Other methods are being used or evaluated, including “fog-drip” systems
to capture water from passing clouds and composting toilets.
Contemporary cultural resources in the form of native plants exist within Pu`u Mahoe, a cinder
cone located about halfway between Ulupalakua and Kanaio, in the moku of Honua`ula. In
1950, David Thomas Fleming established the D.T. Fleming Arboretum atop Pu`u Mahoe-dedicated to preserving Native Hawaiian plants. Today, the arboretum is Hawai`i oldest and
largest of its kind and protects 92 species, 26 of which are rare or endangered.
DHHL Kahikinui Tract
Kahikinui's 22,860.9 acres of DHHL lands accounts for approximately 72 percent of all DHHL
lands on Maui Island. DHHL's Kahikinui Regional Plan designates a Special District that
encompasses the existing Kuleana homesteads (675 acres) with the remaining area designated
Conservation.30 Although rainfall is not sufficient to support traditional catchment systems,
DHHL is exploring the option of fog drip catchment systems as supported by the Regional Plan,
supplemented by truck hauling to provide fire protection.
Figure 18-6 Kahikinui ASEA DHHL Land Tracts

Source: State of Hawai`i, State Water Projects Plan DHHL Update

Ideally, native Hawaiian beneficiaries will oversee these lands and use them to create a
Hawaiian sense of place for all beneficiaries living on Maui. Special Districts play an important
role in the ahupua`a as well. Often Special District areas will provide the corridor for pathways
30

Department of Hawaiian Homelands, Kahikinui Regional Plan, July 2011.
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or linkages between mountain and ocean resources. In some cases the Special District
designation protects water sources such as irrigation ditches and other special features.
Ka `Ohana O Kahikinui
While Kahikinui remained uninhabited for many years, within the last 25 years there has been a
re-population of the region with families who have chosen to return to their ancestral lands
with the Department of Hawaiian Homelands award of agricultural lots in Kahikinui. Ka `Ohana
O Kahikinui (Ka `Ohana), the homestead association for Kahikinui, was organized and can be
considered a major driving force behind the development of the Kahikinui tract. Ka `Ohana
wanted not only to bring back native plants, but also to restore the native Hawaiian cultural life
that had survived for ages until the start of ranching. Ka `Ohana offered a plan to create an
“intentional community,” and with the assistance the Office of State Planning and DHHL, they
wrote a land management plan and the requisite state rules that would allow the kuleana
leases to go forward. The DHHL adopted the rules in October of 1998. Since then, seventy-six
families have obtained 99-year leases for $1 a year, but only about 25 percent of them live
there full time.31 Additional source water will likely be necessary to realize a full range of
cultural and economic opportunities including agricultural potential.
Kahikinui Forest Reserve
The upland forest of Kahikinui, known to harbor 11 rare or endangered plants and 10 native
bird species, has been reduced to 20 percent of its original size. Ka Ohana’s forest protection
plan initiated the creation of the 7,500 acre Kahikinui Forest Reserve and prompted DHHL to
license this reserve to Living Indigenous Forest Ecosystems, Inc. (LIFE), an independent nonprofit organization of citizens and Kahikinui homesteaders.32
Auwahi Forest Reserve
Auwahi today is a remnant of a native dry forest. A multi-agency partnership along with the
Leeward Haleakalā Watershed Restoration Partnership now leads efforts to preserve and
restore the Auwahi Forest. Native plants present include extensive plantings of Hawaiian koa
trees planted by organized groups of volunteers committed to continued restoration efforts.
The restoration of native koa will replenish the depleted watershed. Forest restoration
increases fog interception and hydraulic lift, which enhances nutrient cycling, moderates water
runoff, and increases soil moisture, leaf litter and soil nitrogen. This process changes the
vegetation and such changes will both increases the amount and quality of water. Healthy,
properly functioning mountain watersheds help provide for agricultural and potable water
demands. Restoring forest cover also adds additional opportunities for water storage by
increasing the days that water is present and available in streams and springs. Auwahi leeward
31

Environment Hawai`i, Building a Bridge to the Future on the Stones of Kahikinui, February, 2002.
Ibid.
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forest was previously known to be among the most diverse of Hawaiian ecosystems. Currently,
Auwahi is among the world’s most endangered tropical dry forests with 9 species listed as
Endangered with USFWS and 7 listed as endangered with IUCN Red List status. Culturally,
leeward forests are highly valued by native Hawaiian s for ethnobotanical source materials,
especially durable hardwoods for tools and weapons, and species with utilitarian, medicinal or
religious significance.33
18.3.4 Perennial Streams
Perennial stream resources in the Kahikinui area are almost non-existent, with few perennials
except three in Kaupō, which sometimes lack mauka-to-makai flow.
18.3.5 Kuleana Lands
Although islandwide, kuleana land parcels are scatttered, Kahikinui has none verified as defined
by CWRM designation of appurtenant water rights.
18.3.6 Lessons From the Past
The Kahikinui region encompasses an expansive and arid rural region. Although in the past, the
area supported a number of Hawaiian villages and a much larger population, reductions in the
inland forest zone and rainfall, disease and major changes in the cultural and socio-economic
landscape have drastically reduced the population and those that live by Native Hawaiian
cultural traditions. Pre-European contact populations along the south coast likely utilized
springs, brackish water from shallow wells, and small impoundments of stormwater flows.
Protecting the vast array of cultural resources in the Kahikinui District is important to not only
the people of Kahikinui, but to the entire Island of Maui and the Hawaiian people. The district’s
historic sites provide evidence of Hāna’s history and serve as tools for conveying the heritage of
the region to its youth as a legacy for the future. Great care must be given to ensure that
future development is done in a culturally sensitive manner.34
As in ancient times, a variety of methods to utilize and enhance scarce resources may be
considered to supply the small projected increase in population. With rainfall below 60 inches
per year (between 20 and 50 inches), catchment systems could supply only limited needs. DHHL
is considering a fog drip system supplemented by truck-hauled water. To help the settlers find
other sources of water, a geographer from the University of Hawai`i researched the amount of
water that could be collected by fog nets on the upper slopes. At 4,800 feet elevation, a 20 x
25-foot screen draws 1,500 gallons per day from the passing clouds, while a net at 7,800 feet
reaps 4,500 gallons a day. In 2017, the planning for the 10,000 gpd project implementation has
resumed, and DHHL is going to invest in this type of fog catchment system in the near future.
33

Auwahi Forest Restoration Project Website, Loss of Native and Dry Forests, retrieved 09-15-2017,
http://www.auwahi.org/status-of-hawaiian-dry-forest/
34
County of Maui, Maui County General Plan 2030, Maui Island Plan, Chapter 8: Directed Growth Plan
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Efforts to increase fog and rainfall are being undertaken by the Leeward Haleakalā Watershed
Restoration Partnership and is especially important to the long-term sustainability of this
region. The ancient Hawaiians of the area used to harvest soil out of the arid, rocky landscape
by damming the gulches with small terraces and removing the soil that got stuck/filtered out of
the stormwater runoff. One permutation of that concept--the feasibility of small
impoundments to capture stormwater runoff--could additionally be explored, but that option is
likely to be cost-prohibitive.
Ka `Ohana O Kahikinui
Much like their ancestors, resourceful Ka `Ohana O Kahikinui homesteaders have found ways to
build their community by being able to find a supply of water and become a connected
community to solidify their bond with Kahikinui. Despite the arid landscape, settlers want to
support themselves with community gardens. To do this, they are considering growing crops
hydroponically, which uses less water than more traditional in-ground plantings. They want to
develop a nursery as well to provide seedlings for the upper forest and for an `iliahi
(sandalwood) which will provide benefits to the watershed and groundwater recharge rates.
These conditions can be considered models of a sustainable and intelligently constructed
community, and this community may be a perfect model for a "demonstration project" to DHHL
that you can live off-the-grid affordably without expensive infrastructure. Ancient Hawaiians
were 100 percent self-sufficient, and the Ka `Ohana O Kahikinui example shows how the
practices of indigenous people could be included in the planning and management of land in
Hawai`i. The efforts of these restoration groups are not only about reforesting the forest, but
they provide for the sustainability of our island in perpetuity.35

35

Kawa'a, Luana, Cultural Survey of the Moku of Maui: Na Wai Eha (Waikapu, Wailuku, Wailuku, Waiehu, Waihe'e)
Kula, Honua'ula, Kahikinui, Kaupo, Kipahulu, and Hana, Volumes 1-4, Ka Piko O Ka Na'auao (The Hawaiian Learning
Center), 2009, page 72.
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18.4 LAND USE
The current land use pattern in the Kahikinui ASEA land is dominated by undeveloped rural
areas along the coast and mauka. Other than the few residents who sparsely inhabit the area
adjacent to the main road and mauka on a few private roads, the land is primarily made up of
large tracts owned by State, Federal, DHHL, Maui County and private land owners. The
population of Kahikinui mostly lives in pastoral/agricultural subdivisions, and residential
patterns remain small and scattered from the cluster near Kaupō Store in the east to the farseparated residences at Kanaio. Although in the past, the area used to support a number of
Hawaiian villages and a much larger population, changes in forestation and weather patterns
are likely to have caused a significant reduction in the amount of water produced in the area,
contributing to diminishing populations. Cattle grazing throughout Kaupō Ranch pastures
continue here since over a century.
18.4.1 Land Use Plans
The Maui Island Plan's Directed Growth Plan does not identify any planned growth areas in the
Kahikinui ASEA. The directed growth plan designates substantial lands in the region as
“Sensitive Land”, which contain development constraints including steep slopes, floodplains,
significant drainage features, and adjacent intact forested areas. Kahikinui lands are composed
of State Conservation (Interim) and Agricultural districts. Both Maui County Zoning and the
Hana Community Plan (adopted in 1994) designate Kahikinui as Conservation and Agricultural
zones. The coastal portions of Kahikinui are in the County Special Management Area.
Figure 18-7 Kahikinui ASEA: Community Plan Districts

Source: County of Maui Dept of Planning, 2007
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The DHHL Maui Island Plan
The Hawaiian Homes Commission adopted its Maui Island Plan as the overarching planning
document in 2004. Regional plans specify land uses and proposed development plans which are
summarized in this plan to ensure water sources are adequate for future development.
Subsequently, the Kahikinui Plan was adopted. DHHL owned 31,337 acres on Maui in 2013,
within five planning regions, and Kahikinui's 22,860.9 acres of DHHL lands significantly account
for approximately 72 percent of all DHHL lands on Maui Island,36 making it the largest tract of
land owned by DHHL on Maui. The DHHL Maui Island Plan designates only two categories of
land use in Kahikinui: Special District (15,485 acres) and Conservation (7,086 acres). The
Kahikinui Homestead area is located in the mid-elevation Special District area. DHHL Special
District designation is for land with special opportunities such as natural, cultural or historic
resources or severe constraints such as flood control or endangered species. This category is
applied to environmentally or culturally sensitive land that requires some conservation
principles but can also be used for compatible activities if managed correctly.
Table 18-4 DHHL Land Use Categories and Acreage
Land Use Category
Acreage
Conservation
7,086
Special District (mauka)
11,202
Special District (makai)
4,572
Total
22,860

Percent of Kahikinui Total
31%
49%
20%
100%

Source: Department of Hawaiian Homelands, Kahikinui Regional Plan, July 2011

Figure 18-8: DHHL Land Use Summary Kahikinui

36

Department of Business Economic Development and Tourism, State of Hawai`i Data Book, 2014.
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The 675 acres of the Homestead parcels are entirely within the DHHL Special District area,
designated for ecologically and culturally sensitive lands, or lands with natural hazards.
DHHL homesteaders and other local residents utilize traditional subsistence agricultural
techniques to feed their families. Due to the fact electricity is generated by the residents
themselves, subsistence crops are important, because the trees and plants also function as food
storage, much like a refrigerator. The only type of large-scale "agriculture" in the Kahikinui
ASEA is pasture land for cattle ranching.
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18.5 EXISTING WATER USE
18.5.1 Water Use by Type
The CWRM has established the following water use categories based for the purposes of water
use permitting and reporting:
 Domestic (Residential Domestic--includes potable and non-potable water needs; Single and
Multi-Family households, including noncommercial gardening; Non-residential Domestic-includes potable [and non-potable] water needs; Commercial Businesses, Office Buildings,
Hotels, Schools, Religious Facilities)
 Industrial (Fire Protection, Mining, dust control, Thermoelectric Cooling, Geothermal,
Power Development, Hydroelectric Power, Other Industrial Applications)
• Irrigation (Golf Course, Hotels, Landscape and Water Features, Parks, School, Habitat
maintenance)
 Agriculture (Aquatic Plants & Animals, Crops Irrigation and Processing, Livestock Water,
Pasture Irrigation, and Processing, Ornamental and Nursery Plants, Taro, Other Agricultural
Applications)
• Military (all military use)
• Municipal (County, State, Private Public Water Systems--as defined by Department of
Health)
This section presents the estimated water use within the Kahikinui sector during calendar year
2014, or as otherwise stated based on CWRM and MDWS reports. A combination of municipal
well use and surface water comprises water production in this aquifer sector. Present
agricultural water demand in Kahikinui is primarily used to satisfy the 36,893 acres of cattle
grazing pasture land. There are 8 wells registered with CWRM that could be utilized within the
Kahikinui ASEA, but according to the CWRM's data, no well pumpage was reported for these
wells during the 2014-2015 timeframe. Well pumpage required to be reported to the CWRM
reflects actual periods of pumpage. Not all active wells comply with reporting requirements,
and pumpage data is especially incomplete for smaller domestic and irrigation wells. Unless
indicated otherwise, this section will utilize the convention "gallons per day" (gpd) instead of
"millions of gallons per day" (mgd), due to the low levels of water consumption. There is one
agricultural well and one MDWS Upcountry System domestic well that occasionally transports
water to the Kahikinui ASEA.
There is also surface water serving the Kaupō and Kanaio communities for agricultural, potable
and other non-potable uses. Stream diversion and well pumpage data is not reported and
therefore, unavailable. The only available data is DWS billed consumption data in Kaupō and
Kanaio. The non-potable sources for the Kaupō Ranch/MDWS Kaupō System are well water
and stream diversion, owned by Kaupō Ranch. Pumpage and diversions are unreported, so only
billed consumption for the MDWS non-potable meters is known.
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Kanaio is serviced by the MDWS Upcountry system for 20 meters. The MDWS Upcountry
System spans from less than 300 feet elevation in lower Haiku within the Ko`olau Aquifer Sector
up to 4,000 feet elevation in Upper Kula in the Central Aquifer Sector. The southern end of the
system extends into Kahikinui Aquifer Sector. The Upcountry System is divided into subsystems, based on source: the Makawao system, the Lower Kula System and the Upper Kula
System. Kanaio is served by the Upper Kula System. The sources for the Upper Kula system
include surface water from the Ko`olau aquifer sector: Haipua`ena, Waikamaoi and
Puohokamoa streams. Diverted water is conveyed via Waikamoi Flume and treated at the
Olinda treatment facility. The MDWS Upcountry system and sources will be further described
in the Central Aquifer Sector report of the WUDP.
Table 18-5 Reported Pumpage and Surface Water Use by Type, Water Imported into Kahikinui
ASEA, 2014 (gpd)
Kahikinui AYSA

Domestic

Industrial

Agriculture

Irrigation

Municipal

Military

Total

No. of Wells

4

0

2

1

0

0

7

Kaupō

0

0

0

0

*

0

0

Nakula

0

0

0

0

0

0

0

Luala`ilua

0

0

0

0

0

0

0

Total Pumpage

0

0

0

0

0

0

0

Surface Water
Healani Intake
Waiu Stream
Spring
Total Diversions

*
**
****
2***

Imported
Imported to
Kaupō from
Outside ASEA
Imported to
Kanaio from
Outside ASEA
TOTAL

5,222*

35,223
40,445

Source: CWRM Well Pump Quantities Database, 2014; CWRM Gages 2011-2015 Average. No reported pumpage
*Kaupo services sourced from Healani Intake and Maua Well
**spring used for cattle, unknown quantity used
***diversion located in Hana ASEA, but imported into Kahikinui ASEA
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Table 18-6 Kahikinui ASEA Installed Well Capacity, 2014
Well Owner

Well Use

Well Name

Year
Installed

Aquifer
System

Pump Capacity
(gpd)

Kaupō
Ramey

2008

Kaupō

36,000

Kumunui

2008

Kaupō

144,000

Nu`u Mauka

1994

Nakula

36,000

Other

KaupōDiamond B

2001

Nakula

28,000

Terrence Sullivan

Domestic

Koali-Sullivan

0

Nakula

Maui Factors Inc.

Other

Maui Factors

2013

Luala`ilua

Sempra Generation

Domestic: NonResidential

Auwahi 1

0

Luala`ilua

Ulupalakua Ranch,
Inc.

IRR

La Perouse
Bay

0

Luala`ilua

Tom Ramey
Kaupō Ranch
Andy Graham
(Nu`u Mauka, LLC)
Brendan Balthazar
(Diamond B Ranch)

Domestic
Agriculture: Livestock
& Processing, Pasture
Agriculture: Crops
and Processing

216,000

Source: CWRM WellIndex_Maui_20150529

Domestic Use
Reported pumpage based on well type indicates there is no domestic well use. It is likely that
domestic use is unreported.
Industrial and Military Use
There is no reported pumpage from industrial wells. There are no military wells.
Irrigation Use
No irrigation use is reported. All water supplied to the Kaupō subdistrict was billed as nonpotable, consisting of 5,222 gpd, which is likely used for irrigation.
Agricultural Use
Although there was no reported agricultural well pumpage, the existing pump capacity within
the Kahikinui ASEA is 180,000 gpd.
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Table 18-7 Kahikinui ASEA Pump Capacity of Agriculture Wells (gpd)
Aquifer
System

Total

Kaupō
Nakula
Luala`ilua
TOTAL

144,000
36,000
0
180,000

Crops &
Processing
0
36,000
0
36,000

Pump Capacity
Livestock & Processing,
and Pasture
144,000
0
0
144,000

Ornamental &
Nursery Plants
0
0
0
0

Aquatic Plants
& Animals
0
0
0
0

Source: CWRM Well Database; pump capacity of AGR use types 5/29/2015

The 2015 Statewide Agricultural Land Use Baseline indicates that pasture encompasses 36,893
acres, or 100 percent of total Kahikinui ASEA cropland. Pastures are assumed to be unirrigated.
Cattle herds are subject to available water supply and are temporarily reduced under drought
conditions. Kaupō Ranch grazes between 1,300 – 1,800 head of cattle. Some agricultural
pumpage is assumed to occur for livestock watering and other agricultural irrigation.
Figure 18-9 Kahikinui ASEA 2015 Statewide Agricultural Land Use Baseline

Source: HDOA 2015 Statewide Agricultural Land Use Baseline

Municipal Use
State Water Use
There are no state water systems in the Kahikinui ASEA.
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Federal Water Use
There are no federal water systems in the Kahikinui ASEA.
Private Public Water Systems
There are no privately owned public water systems within the Kahikinui ASEA.
MDWS Kanaio Water System
The MDWS Upcountry System services 20 Kanaio meters within the Kahikinui ASEA.
MDWS Kanaio service within the Luala`ilua ASYA shows metered use of 35,223 gpd. The MDWS
Upcountry system that services the Kanaio area within the Kahikinui ASEA is comprised of the
following MDWS billing categories: Single Family, Agriculture, Multi-Family and Religious Uses.
MDWS/ Kaupō Ranch Hybrid Water System
Kaupō is a "hybrid" system developed and expanded over time. The system could be classified
in the CWRM category “Municipal” and subcategory "County" and "Private" as ownership and
management is shared between the County and Kaupō Ranch (KR). The system spans into the
Hana aquifer sector. KR provides non-potable water from a well and a stream diversion to
portions of the ranch. MDWS provides limited non-potable water service to 21 meters in the
Kaupō community, starting from Waiu Stream in the West, to Mikimiki Gulch in the East.
According to Maui County Administrative Rule Title 16, Chapter 7 "Rules for Charges for
Water Service" (Water Service Rules), Kaupō customers are considered 'non-potable' water
agricultural consumers, defined as agricultural consumers using non-potable water.37 If
MDWS Kaupō Water System provides water for human consumption, the system would be
subject to the Department of Health Rules Relating to Public Water Systems. According to
the Hawai`i Administrative Rules, Title 11, Chapter 20, Rules Relating to Public Water
Systems (HAR 11-20), a water system which provides water for human consumption is
deemed a "public water system" (PWS) if it serves at least 15 service connections or
regularly serves an average of at least 25 individuals daily at least 60 days out of the year.38
In 1993, the State Department of Health performed a sanitary survey and determined that
Healani Intake (5,200 ft.) diverts water from Healani Stream to a pipeline that leads into a
40,000 gallon tank that supplies the Kaupō Ranch/MDWS system. Healani stream and intake
are located east of Kahikinui ASEA in the Hana aquifer sector. See figure below.
The MDWS provides materials for small repairs and chlorine tablets to Kaupō Ranch and
performs larger repairs as needed on the MDWS portion of the system. The two primary
sources of water are surface water from stream intakes at 3,200 feet supplying a 3.2 MG open
37
38

Fukunaga & Associates, Inc., Kaupo Valley Conceptual Water Source Analysis, 2014, page 2
Ibid, page 2
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reservoir and a deep well owned by KR. The well is used during times of drought to
supplement the water supply. Well water is also booster pumped up to the 1,200-foot
elevation tanks to provide source for Kaupō Ranch use. Chlorination continues at the 3,600
gallon tank at the 1,200-foot elevation; however, there is no chlorination at the Maua Well
Site and the water serving the meters downstream of the Maua Well Site is not chlorinated
during well use.
The MDWS bills an average of 5,222 gpd to Kaupō. Daily 2014 MDWS use for 21 meters
averaged 249 gpd per meter.39 The KR Manager indicates that total MDWS Kaupō usage
ranges from 4,000 gpd to 7,000 gpd, but there are other users that are not metered by
MDWS, particularly in the Ranch Village.40 Because diverted surface water at the Healani intake
and pumped groundwater from KR wells are not reported it is difficult to qualify and quantify
the source for the hybrid system. The only available water use data is from MDWS billed water
meters.
Figure 18-10 MDWS Kanaio and Kaupō Water Systems, Wells, Registered Diversions,
Kahikinui ASEA

39
40

County of Maui, Department of Water Supply. Billing Data, 2014
Fukunaga & Associates, Inc., Kaupo Valley Conceptual Water Source Analysis, 2014, page 3.

27

KAHIKINUI AQUIFER SECTOR AREA
Private Public Water Systems
There are no private public water systems in the Kahikinui ASEA.
Other Potable Water Use
An unknown number of persons are not served by any public water system. Several small
developments or development clusters located below the DOH threshold, as well as individual
households and uses may also be served by private domestic wells, rainwater catchment,
streams or other sources. Estimated ‘order of magnitude’ demand for 2014 of 277,000 gpd
island-wide was based on the 2010 Census Block population of about 1,190 persons that
appeared to be outside public water system purveyor service areas based on general location
of development and system pipes and an average MDWS per capita rate of 248 gpd.41 The
Kahikinui ASEA may contain a high proportion of unserved population compared to other areas
on Maui. The County Department of Water Supply (DWS) does not provide water service to
Kahikinui region residents extending from Kanaio to Kaupō, including DHHL Kahikinui
homesteaders, who instead, rely on catchment of water and/or haul their own water for
drinking and household purposes. Homesteaders currently truck in their water from the
nearest source seven miles away.42

18.5.2 Water Use By Resource
Water demand in 2014 comprised approximately 35,223 in the Kahikinui ASEA, with surface
water and well water accounting for 100 percent of the total, although the proportions of each
are difficult to quantify.
Ground Water Resources
There are 8 wells within the Kahikinui ASEA, but none have reported pumpage. Installed
pump capacity is not the permitted pumpage, but the maximum capacity of the permitted
well in gallons per minute multiplied by 24 hours.

41

2010 Census Block Group population that appears to be outside public purveyor service areas – approx. 1190;
apply average MDWS per capita rate of 248 gpd based on 2010-2014 consumption and interpolated population =
296,144 gpd. Excluding domestic well pumpage of 20,495 gpd results an estimated demand of 276,649 gpd.
42
Department of Hawaiian Homelands, Kahikinui Regional Plan, July 2011, page 21.
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Table 18-8 Pumpage and Pump Capacity of Wells Compared to Sustainable Yield (SY),
Kahikinui ASEA
MDWS
Pumpage

Private
Public
Municipal
Pumpage

Kaupō

N/A

Nakula
Luala`ilua

Aquifer
System

Total

Total
Pumpage

Installed
Pump
Capacity
(gpd)

(mgd)

0

N/A

144,000

N/A

0

N/A

N/A

0

0

0

SY

Pumpage
as
% of SY

Installed Pump
Capacity as % of
SY

16

N/A

0.009%

64,000

7

N/A

0.009%

N/A

216,000

11

N/A

0.020%

N/A

180,000

34

N/A

0.038%

Source: CWRM Well Index 5/29/2015 for production wells and 2014 pumpage reports

Surface Water Resources
Information of surface water in the region is limited. Waiu Stream Spring is the only known
surface water resource both originating and utilized within the Kahikinui ASEA, from which an
unknown quantity is used for cattle. Healani Intake is a Manawainui Stream tributary with its
intake located outside of the Kahikinui ASEA, and within the Kipahulu aquifer system, Hana
ASEA, and it provides an unknown quantity to the MDWS/Kaupō Ranch System within the
Kahikinui ASEA.

Alternative Water Resources
Rainwater Catchment
Rainwater catchment is the collection of rainwater from a roof or other surface before it
reaches the ground. The Kahikinui ASEA rainfall is typically between 20 and 50 inches.43
Rainwater catchment is not as reliable a conventional water resource because it is
extremely sensitive to the climate. Rainwater catchment systems are not regulated by the
Department of Health, making estimates of their use difficult. No inventory of installed
catchment systems throughout the island is available. DHHL Kahikinui homesteaders
presently rely to some extent on rainfall catchment to supplement their own water for
drinking and household purposes.44
43

Johnson, Adam G, John A. Engott, and Bassiouni, Maoya, 2014, Spatially Distributed Groundwater Recharge
Estimated Using a Water-Budget Model for the Island of Maui, Hawai‘i, 1978–2007, U.S. Department of the
Interior, U.S. Geological Survey Scientific Investigations Report 2014–5168.
44
Department of Hawaiian Homelands, Kahikinui Regional Plan, July 2011, page 21.
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Recycled Wastewater
There is no wastewater reclamation in the Kahikinui region. Homes are served by septic
systems and cesspools.
Stormwater Reuse
There is no reported stormwater reuse within the Kahikinui ASEA. Stormwater reuse at the
parcel scale may provide an opportunity to offset landscape agricultural uses within this
region.
Desalination
There are no desalination projects in the Kahikinui ASEA. One major cost to operate a
desalination plant is the high energy (electrical) demand of the process, and the disposal of the
brine liquid byproduct creates logistical challenges that also increase cost. As desalination
technology advances and energy costs decrease, desalination should continue to be evaluated
for its potential as an effective future alternative.
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18.6 FUTURE WATER NEEDS
18.6.1 General
Two alternative methods were used to project water demand to the year 2035: (1) Population
growth rates based on 20-year population growth projections in the Socio-Economic Forecast
Report (2014) applied to current consumption; and (2) build-out of permitted land use based
on County zoning and Department of Hawaiian Homelands (DHHL) land use plans. Populationbased demand takes into account social and economic factors that are anticipated to drive or
inhibit growth over the planning period.
18.6.2 Water Use Unit Rates
The 2002 Water Use Standards are used for land use-based demand projections. Most of the
water use in the Kahikinui Aquifer Sector Area (ASEA) is for residential single-family use and
agricultural use. The 2002 MDWS water use standards for water use are 600 gallons per unit
and 3,000 gpd per acre for single family/duplex, and 5,000 gpd per acre for agricultural use.
An adjusted water rate standard for agricultural use was applied, as shown in WUDP Part I,
Table 9-1 to be consistent with the Agricultural Water Use & Development Plan. Depending on
the density of dwelling units as determined by residential zoning type (e.g. R-0, R-1, R-2 or R3), demand can range from 2,400 to 4,800 gallons per acre. The average water consumption in
the Makena area, where all of the R-3 zoned properties within the Kahikinui ASEA are located,
is approximately 2,500 gpd per MDWS water meter. The single family zoned properties in the
Kahikinui ASEA are not serviced by the MDWS system. Projected land-use based demand is
based on the per acre standards, as adjusted.
18.6.3 Land Use Based Full Build-Out Water Demand Projections
Full build-out projections for the Kahikinui ASEA based on County zoning and DHHL land use
categories yield a projected water demand of about 54,689,130 gpd. Land use-based demand
projections reflect the potential full build-out applying current County zoning and the DHHL
land use plan designations. Full build-out assumes that all agricultural land is irrigated,
applying an average water duty of 3,400 gpd per acre, regardless of available water resources
in the region. Since full build-out is unlikely over the 20-year planning period and not
supported in the Maui Island Plan, this method is not deemed to provide an accurate
projection of future water demand.
Maui County Zoning
Maui County zoning for the Kahikinui ASEA includes predominantly Agriculture and Interim Use
Zone Districts. Interim zoned land was assigned a zone based on Directed Growth Plan
guidance and Community Plan designations in order to calculate water demand. There are
approximately 25,478 zoned acres in this ASEA (excluding DHHL lands). Approximately 9,543
acres are in the Interim District; since most are designated Conservation or Sensitive in the
Community Plan, they are accordingly assigned to the ‘Open Space’ zoning districts. Over
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15,842 acres are in the Agriculture District. R-3 Residential accounts for 11.3 acres in the lower
Makena shoreline area within the Kahikinui ASEA, Park zoning accounts for just over 78 acres,
2.7 acres are zoned Proposed Road, and 0.7 acres are zoned Beach Right-of-Way. A summary
of the land use based demand follows a discussion of DHHL land use demand.
Table 18-9 Summary of Zoning Use Types, Excluding DHHL Lands, Kahikinui ASEA
Zoning Summary
Single Family, Duplex (R-3)
Agriculture
Public/Quasi-Public
Park
Open Space (Interim)
Total

Acres
11.3
15,842.1
3.4
78.3
9,542.8
25,477.9

% of Total
0.04%

Water Use Rates*(gpd per acre)

62.18%
0.01%
0.31%
37.46%
100%

3,000
3,400
1,700
1,700
0

Source: Table prepared by MDWS, Water Resources & Planning Division. Excludes DHHL lands.
*Based on 2002 MDWS Water Use Rate System Standards.
Zoning supplied by Maui County Planning Department, Long Range Division, May 2015.
Interim District zoning assigned to CWRM categories based on Community Plans and Development Projects.

State Department of Hawaiian Home Lands (DHHL)
DHHL's projected demands are incorporated into population and land use based demand
projections as indicated in the relevant sections. Water rates used by the State Water Projects
Plan Update: DHHL, May 2017 are as follows:
Table 18-10 DHHL Land Use, Water Standards for Maui
Land Use
Residential
Subsistence Ag
Supplemental Agriculture
Pastoral
General Ag
Special District
Community Use acres
Conservation
Commercial
Industrial

Potable
600 gal/unit
600 gal/unit
None
600 gal/unit
None
Varies
1,700 gal/acre or 60 gal/student
None
3,000 gal/acre or 140 gal/1,000 SF
6,000 gal/acre

Non-potable
None
3400 gal/acre
3400 gal/acre
20 gal/acre
3400 gal/acre
Varies
None
None
None
None

Source: DHHL Maui Island Plan.
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The 2017 DHHL SWPP Update45 projects a demand of 63,000 gpd of potable water and an
additional 13,500 gpd of potable water to be used for non-potable use for new projects in the
Kahikinui ASEA, all within the DHHL Kahikinui Homestead Tract. According to the 2004 DHHL
Maui Island Plan, the region is not expected to be developed for its zoned General Ag use in
the near future. As stated on page 7-20 of the DHHL Maui Island Plan: “With the exception of
the kuleana leases in Kahikinui, the majority of the proposed homesteading uses on Maui will
be focused primarily in the Upcountry, West and East regions of Maui. Based on these factors,
the Ahihi tract should remain vacant and DHHL’s homesteading efforts should be focused on
other more readily developable tracts.”
Per the 2017 DHHL SWPP Update “The water requirement for the Kahikinui tract is entirely
from Pastoral land use, with a potable requirement of 0.063 MGD and a non-potable
requirement of 0.0135 MGD. Because there are no known surface water sources in the area
and considering the small magnitude of the stock water requirement, it is anticipated that the
selected potable source will supply the non-potable water also. The ambient annual rainfall is
between 20 and 50 inches. Although this is not sufficient to support traditional catchment
systems, DHHL is exploring the option of utilizing fog drip catchment systems supplemented by
truck hauling to provide fire protection.”46
Table 18-11 Projected Water Demands and Strategies for DHHL Projects in Kahikinui ASEA,
2035 (gpd)
Aquifer
System
Luala`ilua

Project
Kahikinui
Homesteads

Potable
(gpd)
63,000

Potable Strategy
Fog Drip Catchment,
Truck Haul

Non-potable
(gpd)

Non-potable
Strategy

13,500

Fog Drip
Catchment, Truck
Haul

Source: State Water Projects Plan: DHHL, May 2017.

Total projected future water demand of 76,500 gpd for the planning period to 2035 are added
to the alternative county zoning based demand scenario. DHHL water use projections indicate
equal demand from 2016 to 2031, as forecasted in the 2017 State Water Projects Plan. This
2016 DHHL water use is not accounted for elsewhere by reported or estimated water use in
the region and is therefore added to the population growth based demand scenario. The
following table summarizes County and DHHL land use based demand. Projected non-potable
demand for 675 acres at Kahikinui Homesteads is 13,500 gpd at 20 gpd per acre for pastoral
use.

45
46

State of Hawai`i Department of Hawaiian Homelands, State Water Projects Plan Update, 2017.
State of Hawai`i Department of Hawaiian Homelands, State Water Projects Plan Update, 2017. Pg. 4-29.
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Table 18-12 Full Build-Out Water Demand Projections by CWRM Use Type, Kahikinui ASEA
(gpd)
County Zoning Based
CWRM Use
Categories
DomesticResidential
DomesticNonresidential
Industrial
Agriculture
Irrigated
Municipal
Military
Total

DHHL Land Use Category Based

Projected
Demand
(gpd)

Acres

DHHL Land
Use

11.3

33,900

0

0

Residential/
Subsistence
Ag
Commercial

0

0

Industrial

15,842.1

53,863,140

0

0

81.7

138,890

0

0

15,935.1

54,035,930

Acres/
Residential
Units

Agriculture
N/A
Community
N/A

Water Use
Rate (gpd)

Projected
Demand
(gpd)

Total
Projected
Demand
(gpd)

10447

600

62,400

96,300

0

6,000

0

0

0

6,000

0

0

7548

3,400

255,000

54,118,140

--

--

--

0

0

1,700

0

138,890

--

--

--

0

N/A

317,400

54,353,330

Source: MDWS Water Resources & Planning Division. Figures may not add due to rounding. Open space,
conservation/cultural protection and similar land use types not included due to lack of water demand.
County Zoning: Based on zoning supplied by Maui County Planning Department, Long Range Planning Division,
May 2015. DHHL lands are excluded. Irrigated includes Park-Golf Course and Golf Course zoning districts.
DHHL Lands: Based on DHHL Maui Island Plan and Regional Plans. Future land uses are unknown for some lands.

State Water Projects Plan (SWPP)
Excluding DHHL projects, there is no forecasted water demand over the planning period for
state projects in the region, per the State Water Projects Plan (SWPP).
Agricultural Water Use and Development Plan (AWUDP)
The 2004 AWUDP does not address Kahikinui. County and State planning documents do not
project increased agricultural production in the Kahikinui ASEA.

47

Based on 104 lots (units) in the DHHL Kahikinui Homesteads referenced in DHHL Kahikinui Regional Plan.
Based on Figure 7-19 of DHHL Maui Island Plan. 2004. This land area is not expected to be developed for its
zoned General Ag use in the near future. As stated on page 7-20 of the DHHL Maui Island Plan: “With the
exception of the kuleana leases in Kahikinui, the majority of the proposed homesteading uses on Maui will be
focused primarily in the Upcountry, West and East regions of Maui. Based on these factors, the Ahihi tract should
remain vacant and DHHL’s homesteading efforts should be focused on other more readily developable tracts.”
48
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18.6.4 Population Growth Based Water Demand Projections (20-Year)
Population growth rate projections were applied in 5-year increments over the 20-year
planning period from 2015 to 2035 for high, medium (base case) and low-growth scenarios.
Water consumption, including both public and private water systems, are compared to the
incremental water needs for the next 20 years based on the Socio-Economic Forecast Report,
2014 prepared by the Planning Department and consistent with the Maui Island Plan. It was
assumed that population growth, and thus water use, from projects described in the State
Water Projects Plan, including DHHL, are already accounted for by the population projections.
Therefore, information from these documents was not used to further refine the populationbased demand projections, but the information was used to better inform locations for
anticipated source and infrastructure needs within the aquifer sector.
The 2014 Socio-Economic Forecast49 projects a 22 percent population increase between 2015
and 2035 for the Hana Community Plan area, which includes a large section of the Kahikinui
ASEA. As specific population data for Kahikinui ASEA is not available, the Hana population
projection rate of increase will be applied to Kahikinui. Water demand excluding large
agriculture and irrigation needs is projected to increase from approximately 40,849 gpd to
49,840 gpd over 20 years for the Kahikinui ASEA. The greatest needs within the Kahikinui ASEA
are for single-family residential and homestead lots and associated agricultural use.
Table 18-13 Projected Population and Water Demand to 2035, Kahikinui ASEA
Criteria
% Increase
Population
Water Demand (gpd)

2014

2015

2020

2025

2030

2035

20 Year

N/A

N/A
153
40,849

5.11%
161
42,936

5.10%
169
45,124

5.08%
178
47,414

5.12%
187
49,840

22.01%
34
8,991

40,445

Annual
Ave
1.10%
1.68
449.55

Source: Population Forecast: 2014 Socio-Economic Forecast, Maui County Planning Department, Long Range
Planning Division, Table R-1, Hana Community Plan area. Water Demand: MDWS, Water Resources &
Planning. 2015 population estimate developed by MDWS based on an average of 2.94 residents per water
meter (2.94 residents x 41 water meters = 120.54 residents) and the Kahikinui Homesteads population (32
residents) indicated in the DHHL Kahikinui Regional Plan50.

Table 18-14 Projected Low, Base and High Population Based Water Demand to 2035,
Kahikinui ASEA (gpd)
Case
Base Case
High Case
Low Case

2015
2016
40,849 41,267
44,068 44,519
37,357 37,738

2017
41,684
44,969
38,120

2018
42,101
45,419
38,502

2019
42,519
45,869
38,883

2020
42,936
46,319
39,265

2025
45,124
48,680
41,266

2030
47,414
51,151
43,361

2035
49,840
53,768
45,579

49

Population Forecast: 2014 Socio-Economic Forecast, Maui County Planning Department, Long Range Planning
Division, Table R-1, Hana Community Plan area.
50
Kahikinui Regional Plan. DHHL. July 2011. Page 5.
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Source: MDWS, 2017.

Population Growth-Based Demand in Planned Growth Areas
The Planning Department maintains a list of large development projects that have come to
their attention, some of which have been entitled, committed or are supported by the Maui
Island Plan but not necessarily the Community Plans. No development projects are listed
for the Kahikinui ASEA, primarily due land constraints, limited infrastructure and water
resources. The figures below show Maui Island Plan mapping of Sensitive Lands designated
for the purpose of protecting areas with significant development constraints
Figure 18-11 Protected Areas and Directed Growth Maps51

Kaupō ASYA

51

Source: Maui Island Plan
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Nakula ASYA

Luala`ilua ASYA
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DHHL Water Demand Projections
Current DHHL use is not reflected in 2014-2015 billed or otherwise estimated water use.
Because 2014-2015 water use serves as the basis to forecast future water use increases using
population growth rate, DHHL demand would not be accounted for in the population growth
based scenario for Kahikinui. DHHL water use projections from 2016 to 2031, as forecasted in
the 2017 State Water Projects Plan are added to the population growth scenario. The
projections include potable and non-potable uses supplied by potable source identified in
DHHL’s SWPP for the Kahikinui Homesteads. The potable water demand projection for 2031 is
76,500 gpd. The 104 lots identified for DHHL’s Kahikinui Homesteads full build-out is estimated
to use 62,400 gpd at 600 gpd per lot, which is very close to the SWPP’s 63,000 gpd projection
(i.e. 600 gpd difference). The 675 acres that make up the Kahikinui Homesteads are attributed
a rate of 20 gpd for non-potable pastoral, resulting in 13,500 gpd. Total projected 76,500 gpd is
added to the population based demand projections for Kanaio and Kaupo.

Kaupō Water System Water Demand Projections
Kaupō Water System needs are projected to be about 6,435 gpd by 2035. Based on MDWS
billing categories, all meters are categorized residential, except for one commercial. It is
assumed that most water use is for subsistence farming and any potable needs are either
provided by delivery of other sourced water supply, and/or treated using household water
filters. The table below provides a theoretical breakdown of water consumption that most
closely corresponds to CWRM categories, although end uses are unknown.
Table 18-15 Kaupō Water System Demand Projections (gpd)
Domestic Residential
Domestic Non Residential
Industrial
Municipal
Agriculture
Irrigated
Military
Unknown
TOTAL

2014
4,354
868
5,222

2015
4,397
877
5,274

2020
4,622
922
5,544

2025
4,857
969
5,826

2030
5,104
1,018
6,122

2035
5,365
1,070
6,435

MDWS Kanaio Water Demand Projections
Kanaio Water System needs are projected to be about 43,405 gpd by 2035. As shown below,
agricultural use accounts for the greatest demand with domestic residential use closely
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following. Given the rural nature of the Kanaio area and its relatively dry climate, it is likely
that a large portion of the residential water use is used for subsistence farming and landscape
irrigation. Although the MDWS Upcountry system falls under CWRM water use category
“Municipal”, the table below provides a breakdown of MDWS billing classes hat most closely
corresponds to CWRM categories and actual water use.
Table 18-16 MDWS Kanaio Water System Demand Projections (gpd)
Domestic Residential
Domestic Non Residential
Industrial
Municipal
Agriculture
Irrigated
Military
Unknown
TOTAL

2014
16,994
18,229
35,223

2015
17,164
18,411
35,575

2020
18,041
19,352
37,392

2025
18,960
20,338
39,298

2030
19,922
21,370
41,293

2035
20,942
22,464
43,405

Other Population-Based Demand Projections
The Kahikinui ASEA may contain a higher proportion of unserved population compared to
other areas of Maui. Therefore, the proportion of the island-wide 276,000 gpd attributable to
Kahikinui likely exceeds Kahikinui's per capita portion of Maui Island’s population. However,
the exact number of residents unserved with water service is not quantified.
18.6.5 Agricultural Demand Projections
Non-potable agricultural irrigation demand is not correlated to population growth and
represents additional demand. Livestock and other agricultural uses have not been quantified
but is highly dependent on regional climate and water resources with few options for water
transport. The Kaupō and Kahikinui region is identified by the Maui Drought Committee as
grazing having the highest drought risk with impact on water supply, agriculture and wildland
fires. 52
Kaupō Ranch has a livestock carrying capacity of 1,800 heads under controlled grazing, which
mitigates the acreage needed.53 Due to limited water supply, no increase in livestock is
projected over the planning period. A "mid-growth" demand scenario is represented by that
agricultural lands, consisting of 36,893.89 acres of pasture is considered static. There are two
52
53

Wilson Okamoto Corp, County of Maui Drought Mitigation Strategies, 2012 Update
L. Read, The Furrow “Kaupo Ranch: Maui’s Wild West”
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wells: (1) one well is designated for "Livestock & Processing, and Pasture," with pump capacity
of 144,000 gpd for watering livestock; and (2) one well is designated for "Crops & Processing"
with a pump capacity of 36,000 gpd. If each head consumes up to 25 gpd, a herd of 1,800
heads would require 45,000 gpd, which can represent the low range projected water use.
There is presently no reported pump usage for either well. It is assumed that water for
livestock is provided for from existing wells with no projected additional agricultural nonpotable demand, except for DHHL.
Table 18-17 Kahikinui ASEA: Agricultural Wells Pump Capacity and Projected Demand (gpd)
Pump Capacity
ASYA
Kaupō
Nakula
Luala`ilua
Total

Crops &
Processing
0
36,000
0
36,000

Livestock & Processing,
and Pasture
144,000
0
0
144,000

Acreage
Pasture

Water
Standard/Use

36,893

0 - 7400

36,893 acres

45,000 - 180,000*

*Low range is 25 gal/head cattle livestock x ranch capacity (1,800 head of cattle). High range is max well pump
capacity.
Source: CWRM Well Database; pump capacity of AGR use types 5/29/2015; 2015 Statewide Agricultural Land Use
Baseline GIS, water use rates per Diversified Ag-HDOA Guidelines

The figure below illustrates the selected projected demand scenario based on population
growth, in comparison to the alternative projected demand scenario based on county zoning
designations. In consistency with the Maui Island Plan, the mid-growth scenario is selected to
guide short-term resource needs, to be adjusted as needed within the low to high range
projections over a 20 year time horizon. The selected demand scenario combines 20 year
population growth, estimated agricultural use and non-potable needs for Department of
Hawaiian Homelands. Although DHHL’s SWPP uses a time range of 2016-2031, the 2016 DHHL
SWPP projections have been used as a part of the 2015 total population based projections and
the 2031 DHHL SWPP projections have been applied to the 2035 total population based water
demand projections.
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Figure 18-12 Kahikinui ASEA Projected Population Growth and Land Use
Build-Out Based Water Demand, 2015 - 2035
(Excludes Land Use Based Demand with AG)
250,000
235,190

235,190

235,190

235,190

235,190

150,000

172,790

172,790

172,790

172,790

172,790

100,000

117,349

119,436

121,624

123,914

126,340

50,000

62,400

62,400

62,400

62,400

62,400

2015

2020

2025

2030

2035

gpd

200,000

0

Population Based Total

DHHL Land Use Based (Excl. AG)

County Land Use (Zoning) Based (Excl. AG)

Land Use Based (Excl. AG), Total

The table below breaks down current water use and projected demand by CWRM category.
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Table 18-18 Projected Water Use by Water Use Category based on Population Growth (Low, Medium
and High) and Land Use Full Build-out to 2035 (gpd)
2014

2015

2016

2017

2018

2019

2020

2025

2030

2035

Population Based
Domestic*

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

Industrial

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

Agriculture

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

Irrigation*

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

40,445

40,849

41,267

41,684

42,101

42,519

42,936

45,124

47,414

49,840

0

0

76,500

76,500

76,500

76,500

76,500

76,500

76,500

76,500

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

40,445

40,849

117,767

118,184

118,601

119,019

119,436

121,624

123,914

126,340

180,000

180,000

180,000

180,000

180,000

180,000

180,000

180,000

180,000

180,000

220,445

220,849

297,767

298,184

298,601

299,019

299,436

301,624

303,914

306,340

220,445

217,357

294,238

294,620

295,002

295,383

295,765

297,766

299,861

302,079

220,445

224,068

301,019

301,469

301,919

302,369

302,819

305,180

307,651

310,268

Municipal
DWS
System**
Municipal
Private
PWS54
Military
Subtotal
Pop. Based
Mid
Growth
Agriculture
TOTAL Mid
Growth
TOTAL Low
Growth
TOTAL
High
Growth

Land Use Full Build-out Based

54
55

172,790

55

62,400

62,400

62,400

62,400

62,400

62,400

62,400

62,400

62,400

235,190

235,190

235,190

235,190

235,190

235,190

235,190

235,190

235,190

235,190

62,400

54,353,330

172,790

54,353,330

172,790

54,353,330

172,790

54,353,330

172,790

54,353,330

172,790

54,353,330

172,790

54,353,330

172,790

54,353,330

172,790

54,353,330

TOTAL
(Incl. AG)
not shown
on chart

172,790

54,353,330

County
(Zoning)
(Excl. AG)
DHHL (Excl.
AG)
Total,
(Excl. AG)

Based on 63,000 gpd potable use and 13,500 gpd non-potable use projection from DHHL’s SWPP.
Based on 104 projected lots in Kahikinui Homesteads at 600 gpd water use rate per lot (or unit).
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*Estimated; not served by any PWS. No pumpage reported.
**Includes non-potable water provided by Kaupo hybrid water system.
Source: MDWS Water Resources & Planning; CWRM reports, MDWS reports. All Other Population Based Demand
includes other wells and estimated population unserved by public water systems.
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18.7 Water Source Adequacy
Water demand based on population growth rates in the Kahikinui ASEA would require less
than 10,000 gpd of additional supply. A basic analysis of available groundwater resources and
projected demand would indicate that there are sufficient groundwater to sustain all water
needs over the 20 year planning period. Although the region’s water budget is reliant on fog
and sparse rainfall for most of the groundwater recharge, very little of the 34 mgd sustainable
yield has been developed. Even under drought conditions, groundwater resources can
provide the region’s needs. Resource availability is not as much constraint as existing
infrastructure, including electrical power for pumpage. The constraints and challenges are
very different for the communities at upper elevations of Kanaio and DHHL lands, and the
coastal communities around Kaupō.
Alternative resources to be considered include rainwater catchment, fog screen catchment,
grey water systems, stormwater reuse, conservation, resource augmentation, and various
regulatory and planning strategies. Not all these strategies are available, feasible or necessary
in the Kahikinui ASEA region.

18.7.1 Land Use Full Build-Out Based Water Projections
Full build-out of land use classifications representing 54.5 mgd was considered as an
alternative demand scenario but not considered realistic for the region. Agricultural zoned
land encompassing about 16,000 acres are not used or planned for agricultural cultivation but
limited to pasture use. Excluding agriculture, land use based demand would be about 235,000
gpd, or 0.235 mgd. Land with zoning designation “Park” represents 139,000 gpd, or 0.139
mgd. The subject properties are located at the shoreline of La Perouse Bay. County and state
documents do not support or project build out to county zoning designations.
Full build out of DHHL lands, including General Ag use represents 317,000 gpd, or 0.317 mgd.
According to the 2004 DHHL Maui Island Plan, the region is not expected to be developed for
its zoned General Ag use in the near future. Build out of the DHHL Kahikinui Homestead Tract
in accordance with the 2017 SWPP is added to the population growth based demand scenario
below.

18.7.2 Population Growth Based Water Demand Projections (20-Year)
The 2014 Socio-Economic Forecast does not specifically address Kahikinui subregion of the
Hana Community Plan. Factors that impact job opportunities in Hana does not necessarily
echo the self sufficient off the grid communities in Kahikinui. The modest growth rate for
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Hana Community Plan would increase non DHHL water use by about 9,000 gpd, for a total of
40,840 gpd. DHHL water use projections from 2016 to 2031, as forecasted in the 2017 State
Water Projects Plan are added to the population growth scenario. The projections include
potable and non-potable uses supplied by potable source identified in DHHL’s SWPP for the
Kahikinui Homesteads. The potable water demand projection for 2031 is 76,500 gpd.
Finally, with no reported water use or anticipated increase in agricultural needs, installed
pump capacity for agricultural wells in the region of 180,000 gpd is added. The selected
demand scenario is considered conservatively high, within a range of 302,000 – 310,000 gpd.
Available groundwater resources far exceed projected demand. The constraints to supply the
rural communities in Kahikinui, such as development and pumpage costs are discussed under
Conventional Water Source Strategies below.
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18.8 Strategies to Meet Planning Objectives
The WUDP update public process generated a set of planning objectives through an iterative
process. Multiple resource options to meet planning objectives and projected demand were
reviewed and evaluated in regional public meetings and workshops to assess constraints,
relative costs and viability.56 Planning objectives, preliminary strategies and related material
reviewed in the final public workshop, November 17, 2016 is attached as Appendix 11. The
selected strategies are presented below along with available cost estimates, hydrological,
practical and legal constraints that were considered in assessing the viability of a specific
resource or strategy.
Key issues identified in the WUDP public process for Kahikinui focused on the region’s need to
successfully manage and improve watersheds, assess and implement alternative ways to meet
their present and future water needs; potentially significant decrease in water supply from
climatic changes; limited water resources and infrastructure; and managing water resources in
a sustainable way.
Recommended alternatives include resource management as well as development of
conventional and alternative resources. All strategies are assumed to include conservation
consistent with recommended supply and demand side conservation strategies outlined in
Section 12.2. Implementation schedule, estimated costs and potential lead agencies,
including funding sources, are summarized in Table 18-25. It should be emphasized that the
WUDP provides guidance for resource use and infrastructure development. Actions to realize
the intent of the policies and strategies should be developed over the twenty-year planning
period. Estimated timeframes for implementation are indicated, allowing for flexibility to rescope, prioritize and adjust to available funding.
18.8.1 Resource Management
Planning objectives related to resource management identified in the WUDP update public
process include:




56

Improve understanding of the concepts of "precautionary planning" to reduce and adapt to
the effects of drought and climate change upon water resource availability and quality.
Maintain access to lands for gathering, hunting and other native Hawaiian traditional and
customary practices.
Watershed protection should be implemented, including invasive alien plant control,
ungulate control, and reforestation via watershed partnership programs.
Preliminary Strategies for Hana Aquifer Sector November 17. 2016
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Mutual benefits could be gained from the State and National Park Service engaging in
consultation and coordination with Native Hawaiian moku/community and local experts on
resource management.

The Hana Community Plan reflects regional issues expressed at the community WUDP
meetings. Policies related to water resource management include:
 Protect, preserve and increase natural marine, coastal and inland resources,
encouraging comprehensive resource management programs
 Ensure that groundwater and surface water resources are preserved and maintained at
capacities and levels to meet the current and future domestic, agricultural, commercial,
ecological and traditional cultural demands
 Recognize residents’ traditional uses of the region’s natural resources which balance
environmental protection and self-sufficiency
 Discourage water or land development and activities which degrade the region’s
existing surface and groundwater quality
 Encourage resource management programs that maintain and re-establish indigenous
and endemic flora and fauna
 Protect, restore and preserve native aquatic habitats and resources within and along
streams

Watershed Protection and Restoration
Issue and Background: Leeward Haleakala once supported some of the most extensive and
diverse native forests in Hawaii. The region has suffered significant extinctions and
degradation. 57 Kahikinui is inhabited by many feral goats and other ungulates. Goats, pigs and
feral cattle contribute to degradation of the watershed and erosion, with impact on ground
and surface water resources. At Kaupō, populations of strawberry guava and Australian Tree
Fern spread into windward forests of Haleakala National Park and Kipahulu, posing threats to
intact native forests. Despite this, many conditions present an opportunity for landscape level
restoration. As degraded land is converted to functional ecosystems, the ability to reduce
runoff, provide consistent sources of freshwater to streams, and recharge groundwater can be
improved. 58
Kahikinui ASEA contains multiple watershed and forest management areas. See the figure
below. DLNR’s forest reserve systems are managed by the Division of Forestry and Wildlife
(DOFAW) to protect and enhance important forested mauka lands for their abundance of

57
58

Leeward Haleakala Watershed Restoration Partnership, Project Proposal to MDWS, August 2016
ibid
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public benefits and values. 59 The Kahikinui Forest Reserve (FR), which includes Papa`anui, was
established in 1929. Significant withdrawals of land have reduced the reserve. Only portions
of the Papa`anui and Nakula ahupua`a are today included in the Kahikinui FR. Papa`anui
extends into a small portion of the Northwest boundary of Luala`ilua aquifer and is addressed
in the 2017 Kula Forest Reserve Management Plan. The Nakula portion of the Kahikinui FR will
be addressed in a separate plan at a later date.60 Some of the current management acitivities
by DOFAW include weed management, boundary fence and rare plant exclosure maintenance,
native and threatened and endangered outplanting; native plant seed collection and storage;
firebreak/fuelbreak maintenance; and predator control (mongoose, rat, and cats). Watershed
values and game animal management are part of management priorities. Tactical goals include
to control ungulate (cattle, goats, pigs) populations at levels consistent with watershed
protection needs with the action item to encourage public hunting through outreach. A
tactical goal for game animal management is to improve hunter access with action items to
conduct animal population surveys and hunter participation surveys, continue hunter
education program and other public outreach.61
The Nakula Natural Area Reserve is managed to protect rare plants and habitat for endangered
birds, the Hawaiian hoary bat and an endangered moth. DOFAW is fencing the area to keep
out feral ungulates.

59

http://dlnr.hawaii.gov/forestry/frs/
State of Hawaii DLNR DOFAW Kula Forest and Papa`anui Tract of Kahikinui Forest Reserve Management Plan,
2017
61
Ibid
60
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Figure 18-13 Managed Lands and Forest Reserves Kahikinui ASEA

The Leeward Haleakala Watershed Restoration Partnership (LHWRP) works with landowners in
this region to address invasive species and restoring native habitat to improve ecosystem
services and freshwater availability in the future. Figure 18-14 shows the landowners and
partners that work together to affect change in this dry but promising region.
Active forest restoration is undertaken by strategic outplantings of native species. The picture
below shows a restoration site on Kaupō Ranch with native shrubs and grasses established to
slow runoff and erosion. In 2016 LHWRP planted over 3,000 native seedlings at Nu`u Mauka.
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Figure 18-14 Leeward Haleakala Watershed Restoration Partnership

Credit: LHWRP, 2016

Credit: LHWRP, 2016
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The comprehensive management approach integrates professional watershed management
practices with scientific and cultural research, outreach and environmental education. The
efforts by LHWRP, partners and landowners in Kahikinui ASEA have long term impacts that are
less tangible than preserving remaining intact native forests on the island that provide critical
recharge of ground and surface water supply. Focused efforts can provide future water
source, mitigate impacts from climatic changes to this drought prone area, and address
invasive species transition into native forests. Continuous funding is needed to benefit the
region’s residents, farmers, ranchers and gatherers.
Strategy #1: Support and provide broad based funding to sustain and expand watershed
protection and restoration on a landscape level on leeward Haleakala for long term habitat
augmentation and water security. The current annual LHWRP budget is approximately
$950,000, with funding from Federal, State, County and private sources.
Community outreach and support is essential for sustainable resource use and protection.
Sometimes fencing off areas for ungulate control create conflict with community members
that seek access to hunting to maintain their subsistence lifestyle. The Hana Community Plan
policy to “Recognize residents’ traditional uses of the region’s natural resources which balance
environmental protection and self-sufficiency” calls for a balance that can be difficult to
achieve. Community members recommend that private interests and the State work together
to reduce the goat population and reduce liabilities. Ideas from the community include the
National Park Service to consider involving hunting clubs by engaging with the local
community, possibly exchanging something for protection, e.g. hunters could work in
coordination with the community and the government in exchange for access to gathering
animal products. Other community concerns relate to impact from fencing on animal
migration, dead animals have been reportedly ending up in streams, possibly polluting water.
The DOFAW goals and action items in the region’s forest reserves generally align with the
concerns and suggestions raised by community members in the WUDP public process.
However, the community clearly desires increased communication and opportunities to
participate and have a say in regional watershed management. Organized moku and
grassroots efforts occur throughout Kahikinui. For example, the Helekunihi Cultural
Foundation reforestation project at 1,800 feet helps to capture moisture, which drains to the
ground and increases moisture in the soil to support plants. DHHL’s 2011 Kahikinui Regional
Plan identifies an eradication program partnership to remove the alien Gorse species in
Kahikinui, Maui. The plan calls for the homestead community to be included in the
partnerships with DHHL to assist with eradication of Gorse while it is still manageable in
Kahikinui.
DHHL specifies watershed resource management policies and objectives for their Kahikinui
lands that supplement DOFAW and LHWRP efforts and are a critical component in landscape
level management for this region.
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Strategy#2: Support and promote regional grassroots, homestead community and moku
initiatives to collaborate with state and land owner partnerships to ensure participation and
adequate access and opportunities for traditional uses of the region’s natural resources.

18.8.2 Conservation
Encouraging water conservation and maximizing the efficiency of water use are objectives
identified in the WUDP public process as well as the 1994 Hana Community Plan.
Qualitative criteria to evaluate and measure resource strategies against this planning objective
include:






Per capita water use decreased
Potable and irrigation systems water loss decreased
Community water education increased
Incentives for water conservation increased
Renewable energy use increased

Issue and Background: Little data is available to identify water efficiencies and water use
trends in Kahikinui. Kaupō customers on the MDWS non potable system average 249 gpd (per
meter), which is well below the per capita goal of 305 gpd per person set forth in the Hawaii
Freshwater Blueprint. Non potable water is probably supplemented with hauled or purchased
potable supply. Water use per meter in Kanaio area is higher and properties served generally
larger.
The recommended supply and demand side conservation strategies outlined in Section 12.2
apply island wide. Demand side public education and outreach benefit all water systems and
end uses. Educating and supporting proper use of rainwater catchment and rainwater
harvesting are especially suited for the Kahikinui region. Supply side measures including
water audits and leak detection programs are in place for MDWS systems and can be
implemented for small private systems as well.

18.8.3 Conventional Water Source Strategies
Conventional water sources include groundwater (wells and tunnels) and surface water
(stream diversions). Planning objectives related to ground and surface water use and
development identified and confirmed in the WUDP update public process include:


Improve understanding of the concepts of "precautionary planning" to reduce and adapt to
the effects of drought and climate change upon water resource availability and quality.
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Adapt future populations to local water resource conditions, integrating conservation and
the use of alternative resources.
Water needs of DHHL in Kahikinui should be considered in accordance with the 2016 State
Water Projects Plan.

Planning objectives related to groundwater and surface water source use and development
identified in the WUDP update public process include:








Manage water equitably
Provide for Department of Hawaiian Homelands needs
Provide for agricultural needs
Protect cultural resources
Provide adequate volume of water supply
Maximize reliability of water service
Minimize cost of water supply

In addition, the Hana Community Plan identified the objective to “Improve water source and
delivery facilities to ensure that water supplied to the region's residents and visitors is of the
highest quality”.
Qualitative criteria to evaluate and measure resource strategies against this planning objective
include:









Public water system water shortages to serve existing customers avoided
Public water supply drought shortages avoided
MDWS prioritize DHHL needs over lower priority needs
Potable water use for non-potable needs decreased
Contingencies in place to support water supply system functions during emergency
conditions
Water is available to serve Maui Island Plan development
Strategies to meet all needs incorporated into WUDP

The region’s source needs are focused in three main areas:




Development of DHHL homestead lands.
Adequate water service for Kanaio region, including applications on the MDWS Priority
List for the Upcountry System
Adequate water service for the Kaupō Community

53

KAHIKINUI AQUIFER SECTOR AREA
State Department of Hawaiian Homelands Water Strategies for Kahikinui
Issue and Background: DHHL projects a potable requirement of 0.063 mgd and a non-potable
requirement of 0.0135 mgd. Development of water resources and a distribution/storage
system to meet the needs of the region is a concern. The proper allocation of water resources
is considered essential to facilitate homestead development on the DHHL lands and improve
fire protection in the region. Additionally, there are hopes that a reliable water system will
help develop a new kind of stewardship economy to the region, based on prudent and
innovative uses of water.62
The MDWS Kula Water System ends at Kanaio. The source for the Upper Kula System is the
Waikamoi watershed and intakes at the Hapuaena, Puohokamoa and Waikamoi streams.
Because the subsystem is reliant on surface water, it is vulnerable to droughts. It’s not
feasible that the Upper Kula System would be extended further out to Kahikinui without
additional groundwater contingency sources. Groundwater backup for the entire MDWS
Upcountry System is further addressed in the Central and Ko`olau ASEA regional reports.
The 2017 State Water Projects Plan DHHL Water Development Strategy consider three options.
Because there are only intermittent stream resources in the area, and considering the small
magnitude of the stock water requirement, it is anticipated that the selected potable source
will supply the non-potable water also. The ambient annual rainfall between 20 and 50 inches
across the tract is too low to recommend the use of catchment systems, which are typically
used in areas that receive more than 60 inches of annual rainfall. Conventional catchment is
therefore not a feasible option. Although rainfall is not sufficient to support traditional
catchment systems, DHHL is exploring the option of utilizing fog drip catchment systems
supplemented by truck hauling to provide fire protection.
A second option considered is extension of the MDWS Kula Water System. The costs would
need to be further examined in order to assess the feasibility of this alternative. A third
alternative is groundwater development of the underlying Luala`ilua aquifer system.
A Final Environmental Assessment for Kahikinui DHHL lands, completed in 1995, found that
groundwater resources do exist and can be developed by beneficiaries at a cost of $1.2 million
in 1995 dollars, which translates to $1,695,677 in 2009.63 Very little of Luala`ilua aquifer
sustainable yield has been developed. The cost to pump water at a ground elevation of about
2,000 feet can an issue for a small customer base. Hydrological studies of the Luala`ilua
aquifer system is lacking. A domestic well of 0.216 mgd capacity was developed in 2013 at

62
63

Department of Hawaiian Homelands, Kahikinui Regional Plan, July 2011, page 21.
Ibid
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about 1,350 foot elevation adjacent to DHHL regional land holdings. Chloride levels appear to
be slightly above potable quality.
Strategy #3: The proposed strategies in the 2017 State Water Projects Plan are incorporated.
A combination of fog drip catchment system and groundwater development may be the most
feasible strategies to supply build-out of DHHL Kahikinui homesteads. Depending on
groundwater quality, desalination of brackish groundwater should be considered.
Kanaio Water Source Strategies
Issue and Background: The MDWS Upcountry System spans from less than 300 feet elevation
in lower Haiku within the Ko`olau Aquifer Sector up to 4,000 feet elevation in Upper Kula in the
Central Aquifer Sector. The southern end of the system extends into Kahikinui Aquifer Sector
with 20 services in Kanaio. The Upcountry System is divided into sub-systems, based on
source: the Makawao system, the Lower Kula System and the Upper Kula System. Kanaio is
served by the Upper Kula System. Projected demand and source development for the MDWS
Upcountry system as a whole is addressed in the Central and Ko`olau Aquifer Sector reports.
The source for the Upper Kula sub-system extending to Kanaio is surface water originating in
Waikamoi watershed within the Ko`olau aquifer sector. Surface water is treated at the Olinda
water treatment facility at an elevation of 4,100 feet and conveyed over 15 miles to Kanaio at
the southern end of the service area. Roughly half of current water use in Kanaio is for
domestic purposes and half for agricultural customers, based on MDWS customer classes.
Only potable supply is available from the MDWS Upper Kula system.
There are seven applications for meter service on the “Upcountry Priority List”. In March
1993, the department determined that the existing Upcountry water system had insufficient
water supply developed for fire protection, domestic and irrigation purposes to add new or
additional water service without detriment to those already served. Consequently, MDWS
created and maintained a list of Upcountry properties, by date of application, who requested
new and additional water service. The procedure for processing applications is defined in
Maui County Code Chapter 14.13 “Water Meter Issuance Provisions for the Upcountry Water
System”. As additional source becomes available, the department processes water service
requests from the priority list in their list order. Offers for water service (meters) are
sometimes refused by the list applicant due to the cost of needed system upgrades to obtain
adequate service and fire protection to the subject property. Projected demand for the seven
applications in Kanaio, assuming 100 percent of applicants would accept service, represents
about 4,200 gpd. No new applications are accepted to the priority list. Because the MDWS
Upper Kula system is the only available water service, the priority list is practically the limiting
factor to growth of the Kanaio region. Based on population growth rate, demand would
increase from about 35,000 gpd to 43,000 gpd over the planning period. The Kanaio
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community is geographically within the Makawao-Pukalani-Kula Community Plan district.
Water availability is contingent on source development for the MDWS Upcountry System.
Groundwater has not been developed in the Kanaio region of the Luala`ilua aquifer system. A
private municipal well was developed about 2 miles west within the Kamole aquifer system
The 1,300 deep well has potable quality and provides around 65,000 gallons per day. Potable
groundwater development for domestic purposes is an alternative option where the MDWS
system does not have sufficient source capacity. However, pumpage costs to supply
development at 2,100 – 2,800 foot elevation is a constraint.
Non potable needs can potentially be met, or supplemented by traditional or fog-drip
catchment systems. Rainfall in Kanaio ranges from 30 – 40 inches.
Strategy #4: It is assumed that the Upper Kula system can accommodate the existing
applications on the priority list. Any additional population growth based increase, a modest
4,000 gpd would require that either new applications were accepted on the MDWS system, or
development of regional groundwater sources. Non potable demand can potentially be
supplemented by catchment systems, including fog drip.

Adequate Water Service for the Kaupō Community
Issue and Background: The Kaupō system has evolved as a non-potable hybrid system owned
by MDWS and the Kaupō Ranch. MDWS bills 21 Kaupō meters at non-potable agricultural
rates, which does not allow use for general potable purposes. Domestic uses are assumed to
be supplied by other sources hauled or supplied commercially, and/or individual household
filters. The latter would strictly be in violation of county rules for use of non-potable supply. If
the Kaupō system would qualify as a public water system, subject to the Department of Health
Rules additional treatment of water served for potable purposes would be required. A water
system which provides water for human consumption is deemed a "public water system"
(PWS) if it serves at least 15 service connections or regularly serves an average of at least 25
individuals daily at least 60 days out of the year. (HAR 11-20) A PWS that uses a surface water
source must provide filtration treatment, in addition to disinfection. A PWS may be exempt
from treatment requirements under certain conditions. Several issues affect the ability to
supply reliable potable water in this remote community:
1. Absence of reliable electric power: The community is not connected to the Maui
Electric Company grid.
2. Small customer base: As with any infrastructure improvements, the cost to service
small remote communities is not always feasible
3. The existing system was developed and expanded over time, with no current
agreement defining responsibilities for management and repairs
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Due to the challenges in providing county water service to the region, the Kaupō Rule was
adopted in 1978 by the Board of Water Supply. The purpose of the rule was prohibiting the
approval of subdivisions and building permits, and the issuance of water meters in the interim
regulation area: defined as all areas where water to the public is or is to be supplied from
Kalepa Gulch, Healani Intake, and Puanohoa Pump water sources in Kaupō. MDWS has often
had to repair a leaky 40,000 gal tank in Kaupō.
Alternative Analyses and Strategies
Fukunaga & Associates, Inc. undertook a conceptual water source analysis of the Kaupō water
system in 2014. The report deemed the existing system “very complicated,” with a Kaupō
Ranch (KR) Manager having most knowledge of the intricacies.64 The system was considered
to consist of two primary sources of water: stream intakes at 3,200 feet feeding a 3.2 MG open
reservoir and a deep well. The system includes several storage tanks; and an array of small
piping laid on the ground. MDWS owns 2- 3,600 gallon steel tanks and a 40,000 gallon steel
tank. Kaupō Ranch (KR) owns the other 40,000 gallon steel tank and has several meters used
to monitor leaks or breaks in the system. The KR Manager indicated that the MDWS
40,000 gallon tank needs to be replaced due to continued leaking and repairs over the
years. The lower portion of the system from KR's Maua Well Site is located at about 620
feet elevation, and KR has a 42,000 gallon steel tank.
Maua Well is used during times of drought to supplement the water supply. When the well
is in use, the 2" line from the "Outside Meter" is isolated from the Maua Well Site by a valve
located at the well site. The well water is pumped into the Maua Well 42,000 gallon Tank
where it serves the "K-1" and "K-2" meters. Well water is also booster pumped up to the
1,200-foot elevation tanks to provide source for Kaupō Ranch use ("Inside" meter).
Chlorination continues at the 3,600 gallon tank at the 1,200-foot elevation; however,
there is no chlorination at the Maua Well Site and the water serving the meters
downstream of the Maua Well Site is not chlorinated during well use.
The KR Manager indicates that meter demand served by MDWS is about 1,500 gpd for
meters east of the valley road, and is monitored by the "K-1" meter; and 2,500 to 5,500
gpd for the meters west of the valley road monitored by the "County/School" meter. Total
MDWS Kaupō usage ranges from 4,000 gpd to 7,000 gpd, but there are other users that are
not metered by MDWS, particularly in the Ranch Village.65

64
65

Fukunaga & Associates, Inc., Kaupo Valley Conceptual Water Source Analysis, 2014.
Fukunaga & Associates, Inc., Kaupo Valley Conceptual Water Source Analysis, 2014, page 3.
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MDWS bills approximately 21 Kaupō meters at Non-Potable Agricultural Rates ($1.00/1000
gal). According to Maui County Administrative Rule Title 16, Chapter 7 "Rules for Charges for
Water Service" (Water Service Rules), Kaupō customers are considered "non-potable water
agricultural consumers," which is defined as agricultural consumers using non-potable water.
The MDWS Water Service Rules, 16-7-4 states the following with respect to non-potable
agricultural rates: (d) General or Agricultural water service will not be allowed from a meter for
which the non-potable agricultural rate is approved; "(e) The penalty for using non-potable
agriculture water service to supply general uses is removal of the meter."
If the customers supplied by the MDWS meters utilizes supply for human consumption, the
system would be subject to the Department of Health Rules Relating to Public Water Systems,
including filtration if the source for potable supply is surface water, or groundwater under the
influence of surface water.
According to HAR Section 11-20-23 Requirements for an exemption:
(a) The director may exempt any public water system from any MCL requirement or any
treatment technique requirement, or from both, of an applicable state primary drinking
water regulation upon finding that:
(1) Due to compelling factors (which may include economic factors), the public water
system is unable to comply with such contaminant level or treatment technique
requirement;
(2) The public water system was in operation on the effective date of such contaminant
level or treatment technique requirement; and
(3) The granting of the exemption will not result in an unreasonable risk to health.
(b) The director will not exempt any surface water system or a ground water system under
the direct influence of surface water from the requirements to provide disinfection for
the water entering the distribution system.
(c) The director will not grant any exemption to the MCL for total coliform.
A dedicated potable system would have high capital, operation and maintenance costs, in
addition to a high risk of cross-connection. Alternative improvements of the non-potable
system that were evaluated and deemed viable for 20-year life cycle cost include:
1. Upgrade leaky tank to 100,000 gal steel tank.
2. Separate potable system, require well pump, generator, disinfection, tank and
approximately 1 mile of pipe. Cross-connections risks high.
3. Potable water delivery, assuming one tanker/day
4. Individual water treatment systems owned and maintained by MDWS or contractor:
Provide potable service at general rates.
Conceptual level costs for initial capital improvements and the present worth 20-year life
cycle cost (LCC) were also evaluated for each alternative. The 20-year LCC accounts for
operation and maintenance of the new facilities over 20 years, including such items as fuel
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for generator, repainting the tank, refurbishing the well pump motor, replacing the
impeller and bearings in the pump, escalation of hauling water, etc., as applicable. The 20year LCC projections are converted to present worth or present value for comparison of
the investment required in present dollars.
Alternative#1. No Action
The no action alternative would be to maintain status quo without any system
improvements. No additional cost would be incurred. Non-potable water would be
delivered without a current agreement with KR and the existing MDWS 40,000 gallon tank
would continue to leak and require repair.
Alternative#2. Improve Existing Non-potable Water System
System reliability of the existing non-potable water system can be improved by updating
the agreement with KR and replacing MDWS 40,000 gallon tank. The initial conceptual cost
and present worth 20-year LCC are summarized below:
Table 18-19 Kaupo System Alternative #2A

100,000 gallon Steel Tank
Total
Cost per meter (based on 21 meters)

Initial Cost
$500,000
$500,000
$23,800

Present Worth
20-year LCC
$550,000
$26,200

If MDWS Kaupō Water System was to be classified as a public water system while continuing
the existing operation of the system, DOH approval of the PWS exemption requirements
would be needed, specifically:
There are compelling factors (including economic factors) justifying PWS is unable to comply
with primary drinking water regulations;
1. There is no unreasonable risk to health;
2. The surface water is disinfected; and
3. The total coliform level is below Maximum Contaminant Level (MCL).
Chlorine tablets are added to the system for disinfection. Information on the total coliform
level was not available. If the above can be confirmed to meet the exemption requirements
and DOH allows supply of the non-potable water for human consumption, an agreement
between MDWS and KR would be necessary and potentially replacing the existing
40,000 gallon MDWS tank as indicated above. In addition, during well use, disinfection of the
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well water at the Maua Well Site upstream of the "K-1" and "K-2" meters is needed. The
initial conceptual cost and present worth 20- year LCC for a new tank and chlorination
system are listed below:
Table 18-20 Kaupo System Alternative #2B
Initial Cost
100,000 gallon Steel Tank
Chlorination System
Total
Cost per meter (based on 21 meters)

$500,000
$100,000
$600,000
$28,600

Present Worth 20-year
LCC
$750,000
$35,800

Alternative #3. Potable Water System- Ground Water Source
A dual water system could be implemented with a potable well providing for potable needs
as a separate system, and a non-potable system remaining to be served by surface water
for agricultural use.
The existing KR well purportedly has very good quality. A second well could be installed with
the existing KR Maua Well as a backup source. Assuming the well would prove to be similar to
the existing well and rated for 100 gallons per minute, a 10,000 gallon control tank would
be needed to control the well and maintain constant system pressure. A 100 kW generator
would be needed for power.
Transmission lines would need to be added to facilitate separation of the potable system
from the non-potable system. The waterline serving the west side meters off of the
"County/School" meter is isolated from KR use. The waterline metered by the "K-1" meter
serves the east side meters and also delivers a few hundred gpd for KR use. Approximately
1 mile of pipe would be needed to interconnect the highest customer before the
"County/School" meter to the "K-1" meter line near the well site.
Cross-connection risks need to be addressed. As mentioned, the potable tanks and
transmission lines need to be isolated from the non-potable tanks and transmission lines,
and clearly identified. The ranch and other consumers need to be educated on the potable
and non-potable water systems and on preventing cross-connections. The initial
conceptual cost and present worth 20-year LCC are summarized below. The conceptual LCC
includes cost for operation and maintenance of the tank, pump motor, pump, generator and
disinfection system. KR Manager has indicated that they spend about $12 for fuel for every
1000 gallons produced. This amounts to about $85 per day for fuel alone to produce 7000
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gpd, without consideration for the difficulty of transporting the fuel to this remote area. A
photovoltaic system could be considered.
Table 18-21 Kaupo System Alternative #3

Deep Well
Generator
Chlorination System
10,000 gallon Steel Tank
Transmission Lines
Retrofit Tank Lines
Total
Cost per meter

Initial Cost

Present Worth 20-year LCC

$1,000,000
$100,000
$100,000
$200,000
$100,000
$100,000
$1,600,000
$76,200

$2,600,000
$123,900

(based on 21 meters)
Alternative #4. Potable Water System- Surface Water Treatment
If surface water is utilized for potable needs, the potable water system would require
costly surface water treatment and monitoring. Because groundwater supply is a viable
option for potable water source, surface water treatment is impractical and not
considered further.
Alternative# 5. Potable Water Delivery
Potable water delivery may not be a practical option due to the remote location and
difficult access. Assuming one tanker truck per day, the initial conceptual cost and present
worth 20-year LCC are as follows:
Table 18-22 Kaupo System Alternative #5

Tanker truck per day
Cost per meter (based on 21 meters)

Initial Cost

Present Worth 20-year LCC

$500/day
$25/day

$4,850,000
$231,000

Alternative #6. Individual Water Treatment Systems
Individual water treatment systems can be used to treat non-potable water, and can
either be at the point of entry (POE) into a home, or at the point of use (POU) at the faucets
where potable water quality is desired. Sampling of the water source would be prudent to
determine what type of treatment is required. If MDWS uses individual water treatment
systems to comply with PWS regulations, the units must be owned, controlled and
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maintained by MDWS or by a contractor hired by MDWS to ensure proper operation and
maintenance of the devices and compliance with water quality regulations. MDWS would
need to develop a monitoring plan and obtain DOH approval. Detailed information on these
requirements can be found in EPA document "EPA 815-R-06-010 Point-of-Use or Point-of
Entry Treatment Options for Small Drinking Water Systems."
MDWS customers technically should not be using individual treatment systems to treat
non-potable water to potable water quality for human consumption. As stated earlier, the
Water Service Rules does not allow general or agricultural use from a non-potable meter.
A POE device would be sized to treat approximately 100-300 gpd depending on the
household size, and may cost on the order of $1000. POU systems are more economical
since treatment is limited to the water that will be directly consumed or used for cooking,
such as in the kitchen and bathrooms. Reverse osmosis (RO) and activated carbon units are
common POU devices, and provide a few gallons of potable water a day, with cost ranging
around $300-$500. These devices are usually installed at the sink and connected to the
plumbing. Disinfection should be considered; UV add-ons are available for under $200.
These systems require power and substantial maintenance and replacement parts,
particularly replacement filters. Of note, RO units only treat about 5 to 10 percent of the
flow through the unit and waste the remainder. This wasted flow would need to be
accommodated.
Table 18-23 Kaupo System Alternative #6

Individual Treatment Units
Cost per meter

Initial Cost

Present Worth 20-year LCC

$21,000
$1,000

$147,000
$7,000

(based on 21 meters)
Strategy #5: A dedicated potable water· system may be difficult to achieve in this remote
community, with the high initial capital costs and operation and maintenance costs, in
addition to the high risk of cross-connection. The lack of reliable power supply is an
impediment and a potable system would entail potable water rates for the community with an
associated household increase of 100 % - 400% in water charges, depending on intensity of
use. It is recommended that MDWS and KR collaboratively explore alternatives # 2 and 3
above to provide adequate service to the Kaupo community. This strategy is a collaborative
effort by MDWS, KR and the DOH Safe Drinking Water Branch and also include exploration of
technical and financial assistance provided by the Rural Community Assistance Corporation
(RCAC) and the Hawai`i Rural Water Association (HRWA). Grant opportunities for ranch and
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agricultural operations are available through the Soil and Conservation District and the U.S.
Department of Agriculture.

Climate Adaptation
Issue and Background: Data and research suggest that Hawai'i should be prepared for a future
with a warmer climate, diminishing rainfall, declining stream base flows, decreasing
groundwater recharge and storage, and increased coastal groundwater salinity, among other
impacts associated with drought.
Kanaio region’s reliance on surface water, as part of the Upcountry MDWS system, will
become more uncertain in a future of longer droughts and varying rainfall. No streamflow
projections are available for the coming century but projections include a decline in base flow
and low flows, with stream flows becoming more variable and unstable (flashy), especially in
wet years. 66 Kanaio has been subject over the years to mandatory water restrictions for nonagricultural customers. The impact on groundwater recharge will vary locally. Drought risk and
vulnerability are assessed by the CWRM to illustrate the spatial extent and severity of drought
risk for different impact sectors throughout the state. The statewide “Drought Risk and
Vulnerability Assessment and GIS Mapping Project” assesses drought risk areas for three
impact sectors: 1. water supply; 2. agriculture; and 3. wildland fire. Kaupō and Kahikinui
regions are identified as drought risk for all three impact sectors. 67 The Maui Drought
Committee identified current mitigating actions in response to drought summarized in the
2012 report “Maui County Drought Mitigation Strategies”. Measures that address agriculture
and commerce impact include monitoring water availability, emergency water conservation,
and USDA post disaster programs. Response actions for water supply impacts include
voluntary and mandatory water use restrictions, public outreach activities, and operational
controls. The Maui Drought Committee developed the following mitigation projects to address
drought impacts in the Kahikinui region:
Wildfire Mitigation:
1. Develop a coordinated grazing program to reduce wildfire risk
2. Develop a water system to utilize for wildfire response
3. Develop access points for fire fighting vehicles, including heavy equipment
4. Allow for procurement, construction and/or access to open water storage facilities for
wildland fire suppression
Agricultural Mitigation:
66

Summarized from EcoAdapt. 2016. Climate Changes and Trends for Maui, Lāna'i, and Kaho'olawe. Prepared for
the Hawaiian Islands Climate Synthesis Project
67
Wilson Okamoto Corp, County of Maui Drought Mitigation Strategies, 2012 Update
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1. Extend the current water system or develop a well. Wind energy may be an
opportunity for pump electricity needs
Water Supply Mitigation (applies to Upcountry MDWS system as a whole)
1. Construct 50 - 100 million gallon lined storage reservoirs
2. Improve surface water sources. The MDWS two upper systems have inadequate
surface water intakes
3. Improve surface water transmission systems. If the intakes are upgraded, then
transmission must also be upgraded
4. Develop ground-water sources. Groundwater sources could supplement surface water
supply during periods of drought
5. Expand the water conservation outreach and education program, promote xeriscaping,
etc.
6. Conduct a review of the current rate structure to provide incentives for conservation.
Also provide ideas on how to prioritize uses
7. Continue development of a separate water supply system for agriculture.
The statewide Multi-Hazard Mitigation Plan is updated by the Hawaii Emergency Management
Agency. A drought hazard chapter is currently being drafted that address the water supply,
agricultural and commerce sectors. The 2017 update proposes the following future mitigation
actions for water supply:
1. Convene sector-based drought workshops to assist stakeholders in developing or
improving their individual drought/water conservation plans. Includes retaining experts
in respective sectors. Cost estimate $50,000
2. Upcountry Maui Agriculture Pipeline Extension: Install a separate agricultural water
distribution system to supply untreated water for irrigation purposes to farmers in the
upper Kula area. The water source will be Kahakapao Reservoir. Cost estimate $5M to
$8M.
3. Construct new 100 to 200 MG storage reservoir: Construct open lined reservoir(s) after
the intakes for Kamole WTP or the Piʻiholo WTP. The reservoir(s) would provide
continuous supply to DWS customers in times of drought. Cost estimate $30M to $60M
4. Improve Surface Water Sources in Upcountry Maui: Improve existing intakes to capture
higher percentage of surface water. This may involve adding intakes at known water
sources. The intakes must also be maintained for maximum operational safety. Cost
estimate $5M to $10M
5. Improve Surface Water Transmission in Upcountry Maui: Improve the surface water
transmission system and improve the flow of water for agriculture, domestic supply,
and fire protection. Cost estimate $5M to $10M
As of October 2017, the sponsors of the Upcountry Maui Agriculture Pipeline Extension have
decided to suspend the project. The “dual line” would compete for the same surface water
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source in Kahakapao as the potable needs of the Upper Kula system and would not have added
additional source.
The 2012 recommendations by the Maui Drought Committee to expand the water
conservation outreach and education program, promote xeriscaping, and conduct a review of
the current rate structure to provide incentives for conservation are all incorporated under
Part II, Chapter 12.2 “Conservation”.
Raw water storage, surface water intake and transmission improvements for the Upcountry
system is addressed in the report for Central Aquifer Sector. Two raw water reservoirs at
Kamole water treatment facility are proposed to augment source for Upcountry, which will
benefit reliable capacity for Kanaio. The 2012 recommendation by the Maui Drought
Committee to develop groundwater is also included in the report for the Central Aquifer
Sector. The remaining proposed water supply drought mitigation effort to establish sector
based drought workshops is incorporated here for Kahikinui ASEA as a strategy to address
climate change:
Strategy #6: Convene sector-based drought workshops to assist stakeholders in developing or
improving their individual drought/water conservation plans. Focus in Kahikinui region is on
ranching and may include retaining experts in respective sectors. Cost estimate $50,000.
Proposed lead agency is CWRM with participation by DLNR DOFAW, NRCS, DOA, DHHL, MDWS,
USDA Farm Services Agency and the region’s ranches (Kaupo Ranch, Ulupalakua Ranch,
Haleakala Ranch).

18.8.4 Alternative Water Source Strategies
The Hana Community Plan does not specifically address alternative water sources, such as
graywater, catchment systems or stormwater capture. Opportunities for exploring and
adopting available alternative source options are discussed below but no strategies for
implementation are proposed for water purveyors in the region.
Rainwater Catchment
Rainwater catchment is the collection of rainwater from a roof or other surface before it
reaches the ground. The Kahikinui ASEA rainfall is typically between 20 and 50 inches.68
Rainwater catchment is not as reliable a conventional water resource because it is
extremely sensitive to the climate. DHHL Kahikinui homesteaders presently rely to some
68

Johnson, Adam G, John A. Engott, and Bassiouni, Maoya, 2014, Spatially Distributed Groundwater Recharge
Estimated Using a Water-Budget Model for the Island of Maui, Hawai‘i, 1978–2007, U.S. Department of the
Interior, U.S. Geological Survey Scientific Investigations Report 2014–5168.
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extent on rainfall catchment to supplement their own water for drinking and household
purposes.69
Fog harvesting is not technically rainwater catchment but provides an alternative source of
freshwater in dry regions through relatively simple and low-cost collection systems. Fog
harvesting can consist of a single or double layer mesh net supported by two posts as
shown in the photo below. Water droplets that collect on the mesh run downwards and
drip into a gutter at the bottom of the net from where they are channeled via pipes to a
storage tank. Typical water production rates from a fog collector range from 200 – 1,000
liters per day.70 Data is not available to estimate whether fog harvesting can supply potable
needs projected by the Department of Hawaiian Homelands for build-out of Kahikinui
Homesteads. However, alternative emerging technologies can play an important role in
supplying potable needs in the region.
Figure 18-15 Example of Fog Drip Harvesting

Source: ClimatePrep

Recycled Wastewater

69
70

Department of Hawaiian Homelands, Kahikinui Regional Plan, July 2011, page 21.
http://www.climatetechwiki.org/content/fog-harvesting
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There is no wastewater reclamation in the Kahikinui region. Homes are served by septic
systems and cesspools.
Stormwater Reuse
There are no large scale stormwater reclamation projects identified for Kahikinui. Stormwater
reuse at the parcel scale may provide an opportunity to offset landscape agricultural uses
within the region.
Desalination
Should exploratory groundwater development result in brackish, or nearly brackish water
quality, desalination could become necessary to provide potable water quality. As the
technology advances and energy costs decrease, desalination should continue to be evaluated
for its potential to utilize groundwater in Luala`ilua, Nakula and Kaupō aquifer systems.
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18.9 Recommendations
The challenges to provide reliable water supply to the small communities and modest
anticipated growth in this region are not a lack of groundwater resources, but the cost and
practicability of infrastructure development. The Auwahi Forest Restoration Project’s success
and the promising results of reforestation by the Leeward Haleakala Watershed Partnership
teach us that water resources can be improved and augmented in the long run. These efforts
require patience, dedication and consistent funding to maintain and expand efforts and
rehabilitate the once forested watershed.
The Kaupō community needs sufficient groundwater to supply domestic needs with adequate
water quality. Ranching operations should be prepared to address future longer droughts and
factor in the cost of groundwater pumpage when stream flow is insufficient.
Department of Hawaiian Homelands’ strategies for build-out of Kahikinui homesteads include
fog drip catchment and truck haul. It is recommended that groundwater development is
further explored as supplemental potable source.
Reliable and affordable water supply for the Kanaio community is directly dependent on
source development for the MDWS Upcountry System, and especially groundwater
contingency sources for the Upper Kula subsystem. As mentioned earlier, the MDWS
Upcountry system is addressed in the Central Aquifer Sector report.
Projected water demands based on the selected scenario and source strategies are
summarized in the table below.
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Table 18-24 Kahikinui Selected Demand Scenario: Projected Water Demand and Supply
Options
DEMAND (GPD)
MDWS Potable*
DHHL Potable
Total Potable:
MDWS Non Potable**
DHHL Non Potable
Agriculture, Non Potable
Total Non-Potable
TOTAL DEMAND

2015
35,575
0
35,575
5,274
0
180,000
185,274
220,849

2020
37,392
63,000
100,392
5,544
13,500
180,000
199,044
299,436

2025
39,298
63,000
102,298
5,826
13,500
180,000
199,326
301,624

2030
41,293
63,000
104,293
6,122
13,500
180,000
199,622
303,915

2035
43,405
63,000
106,405
6,435
13,500
180,000
199,935
306,340

76,500

76,500

76,500

76,500

35,575

37,392

39,298

41,293

43,405

185,274

185,544

185,826

186,122

186,435

220,849

299,436

301,624

303,915

306,340

SUPPLY (GPD)
DHHL Fog Drip Catchment
and Truck Haul
Potable surface water
transport from
Central/Ko`olau ASEAs***
Non-Potable Surface and
Groundwater Kaupo ASYA
TOTAL SUPPLY

*Kanaio
**Kaupo
*** Po`okela well in Central ASEA can backup Upper Kula System/Ko`olau ASEA surface water. Estimated ratio
15%, or 6,400 gpd

The recommended strategies for the Kahikinui aquifer sector address the goals and objectives
identified in the Hana Community Plan and the WUDP public process for the region that evolve
around resource protection and management; traditional uses of the region’s natural
resources and self-sufficiency.
Table 18-25 summarizes recommended strategies and indicates the planning objectives that
each strategy supports. Estimated costs are, unless indicated otherwise, life cycle costs for the
twenty-year planning period per 1,000 gallons. Life cycle costs include capital, operational and
maintenance costs and include inflationary effects. The cost to develop and implement
sustainability projects can be difficult to quantify per volume water supply. Lead agency, or
organization to implement a strategy is proposed as a starting point. The timeframe for
implementation is indicated as short term – less than 5 years, and long term 5 – 20 years.
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Many strategies are multi-year actions with implementation beginning within 5 years and
continuing through the long term. (indicated as 1, 2)

Table 18-25 Summary of Recommended Strategies Kahikinui ASEA

PLANNING
OBJECTIVES

STRATEGY

ESTIMATED
COST

IMPLEMENTATION
1: Short-term 1 – 5 years
2: Long-term 5 – 20 years

AGENCY

TIMEFRAME

RESOURCE MANAGEMENT
1.

Support and provide broad based
funding to sustain and expand
watershed protection and restoration
on a landscape level on leeward
Haleakala for long term habitat
augmentation and water security

Maintain sustainable
resources
Protect water resources
Protect and restore
streams

$950,000 per
year

MDWS
Maui County

1

2.

Support and promote regional
grassroots, homestead community
and moku initiatives to collaborate
with state and land owner
partnerships to ensure participation
and adequate access and
opportunities for traditional uses of
the region’s natural resources.

Maintain sustainable
resources
Protect water resources
Protect cultural resources

N/A

Public-private
partnerships
Aha Moku
DLNR
Maui County

1

C
3.

CONVENTIONAL WATER SOURCE STRATEGIES

DHHL proposed strategies in the 2017
State Water Projects Plan: fog drip
catchment system. Recommendation
is to combine with groundwater
development to supply build-out of
Kahikinui homesteads.

Provide for DHHL needs
Provide adequate volume
of water supply
Maximize reliability of
water service
Minimize adverse
environmental impacts

MDWS Upper Kula system
accommodate existing priority list
applications. Potential additional
demand (4,000 gpd) depend on
MDWS groundwater source
development for Upcountry System.
Regional domestic groundwater
development and catchment systems,
including fog drip supplement supply

Provide adequate volume
of water supply
Maximize reliability of
water service
Minimize Cost of Water
Supply

1.
4.

$1.8M capital
cost

N/A

DHHL

1, 2

MDWS

1,
2
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5.

6.

MDWS and KR collaboratively explore
two alternatives: a) improving the
existing non-potable system; and b) dual
water system with a potable well
providing for potable needs as a
separate system, and a non-potable
system remain to be served by
surface water for agricultural use.
Explore technical and financial
assistance and grant opportunities
Convene sector-based drought
workshops to assist stakeholders in
developing or improving their
individual drought/water
conservation plans. Focus on
ranching and may include retaining
experts in respective sectors.

Provide adequate volume
of water supply
Minimize cost of water
supply

Non potable
system $750K,
$35,8K per
meter

MDWS
Kaupo Ranch
DOH SDWB
RCAC
HRWA

1

CWRM
DLNR
DOFAW,
NRCS, DOA,
DHHL, MDWS,
USDA Farm
Services
Agency
Kaupo Ranch,
Ulupalakua
Ranch,
Haleakala
Ranch

1,
2

Potable system
$2.6M, $123.9K
per meter

Maximize efficiency of
water use
Maintain sustainable
resources
Provide for agricultural
needs

$50,000

18.9.1 Implementation Program
In consistency with the Maui Island Plan, strategies recommended and adopted in the WUDP
does not legally bind the agencies and organizations to execute. The recommendations
provide guidance for land use and infrastructure, including the county CIP program, over the
planning period.
Timing and prioritizing of resource strategies, particularly groundwater development are tied
to actual population growth in this sparsely populated region. Rehabilitation of this once
extensive and diverse forested area would greatly improve the land and freshwater resources
to sustain population growth and self-sufficient communities in Kahikinui. Prioritizing resource
management and augmentation strategies are key to future build-out and supported by the
DLNR watershed initiative program “The Rain Follows the Forest”. This initiative seeks to
double the acreage of protected watershed forests by 2021.
Over the planning period, implementation and performance of the recommended strategies
can be assessed using qualitative criteria and quantitative targets formulated in the WUDP
Part I, Table 3-3.
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