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Figure 2. Designated Water Management Areas.2 

 

BWS views designation as a collaborative vehicle focused for precautionary resource 

management and restoration. Designation allows a balanced approach, between smart 

regulations, incentives, collaboration and commitment to implement contingency plans to resolve 

the uncertainties on behalf of the resource and the Wai‘anae community.  

 

BWS is submitting this petition to designate Wai‘anae to enhance water resource 

management actions necessary for resource sustainability, and for the regulatory and 

collaborative benefits that designation provides to formulate and implement effective resource 

management solutions. It has been developed by the BWS and the consultants based on 

extensive research and analysis, including especially community engagement on this issue. 
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III. Hydrogeological and Historical Context of the Need for Greater Water 

Management in Wai`anae 

 

The legal requirements that are met for designation of a GWMA in Wai`anae are described in 

Part III.  However the full meaning, justification for and appropriateness of designation of 

Wai`anae as a GWMA are best understood not only from a legal perspective, but with the 

historical context of water occurrence and development in the area, which is given in this section 

II.  It begins with an overview of the geology and hydrology of the area, and is followed by a 

discussion of historic accounts of water occurrence, the history of modern water development, 

current consumption patterns, and finally an overview of historic and ongoing disputes around 

water resources in the area.   

 

 Geological and Hydrological Overview of Wai‘anae 

The natural availability and occurrence of ground and surface water in Wai`anae are 

driven by the climate, geology, and hydrogeology of the area.   

 

 Climate 

In general, Oahu’s climate is mild throughout the year due to the island’s location on the 

northern fringe of the tropics within the belt of cooling northeasterly trade winds.  The two 

seasons in Hawai`i are winter (the warmer and drier period from May to September) and summer 

(the cooler, cloudier, wetter period from October to April). 

 

Wai`anae’s climate is typically hot and dry in its lower elevations, with coastal low 

temperatures ranging from 62° F in the winter to 70° F in the summer, and highs ranging from 

80° F in the winter to 88° F in the summer.  Its upper elevations experience cooler and wetter 

conditions.  Precipitation generally results from the northeasterly trade winds that are forced up 

the eastern flank of the Wai`anae mountain range.  As these winds rise, they cool, thereby 

inducing rain as the air mass is pushed over the tops of the mountain ridges.  Tradewinds are 

weaker during the winter months, but westerly wind patterns bring storms that provide much of 

the area’s precipitation during this period.  Average rainfall varies from 20 inches per year along 

the coast to more than 75 inches per year near the summit of Mount Ka`ala.  A supplementary 

contributor to precipitation is fog drip.  Fog drip is cloud vapor that clings to vegetation and then 

drips to the ground.  This generally occurs between 2,000 and 6,000 feet above sea level. 

 

 Geology and Soils 

O`ahu is formed from two coalesced shield volcanoes.  The Ko`olau volcano is to the 

east, and the Wai`anae volcano is to the west.  Subaerial (i.e., land) eruptions of the Wai`anae 

Volcano occurred between 3.9 and 2.5 million years ago, and eruptions of the Ko`olau Volcano 

occurred between 2.6 and 1.8 million years ago.  The volcanoes have since then subsided more 

than 6,000 feet, and erosion and mass wasting have destroyed all but the western rim of the 

Ko`olau Volcano and the eastern part of the Wai`anae Volcano, represented by what is now 

called the Ko`olau and Wai`anae Ranges, respectively. 
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The Wai`anae Range valleys were carved during the ensuing several million years, due to 

erosion primarily from stormwater runoff.  Additionally, wave action during times of higher sea 

levels contributed to shaping the valleys.  Altogether, these erosional processes led to steep 

mountain cliffs and relatively level or gently sloping coastal plains (see Figure 2, below).   

 

 
Figure 3.  Geologic map of the Wai`anae Range3  
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The subaerial volcanic and sedimentary rocks of O`ahu can be divided into four main 

groups:  lava flows (‘a‘ā and pāhoehoe), pyroclastic deposits, dikes, and sedimentary deposits. 

 

‘A‘ā flows contain a solid central core between gravelly clinker layers.  Pāhoehoe flows 

are typically characterized by a smooth, ropy texture.  (Thin-bedded lava flows typically form 

highly permeable aquifers.  Thick or ponded flows are less permeable and can be impediments to 

vertical groundwater flow.) 

 

Pyroclastic deposits originate from explosive volcanism and form tuff and ash beds.  

(Depending on how these were deposited [e.g., temperature and “welding”, erosion and 

fracturing], they may be relatively less permeable to groundwater flow.) 

 

Dikes are formed when molten magma intrudes and solidifies in conduits within the 

volcano’s rift zone.  These conduits may feed eruptions on the surface or may stay beneath the 

surface.  Typically, they consist of nearly vertical slabs of dense, massive rock, generally a few 

feet thick, that can extend for considerable distances and cut across existing older lava flows.  

(Dikes are relatively impermeable, and can function as groundwater “dams,” impeding 

horizontal groundwater flow.  They can also function as groundwater storage, in high-elevation 

“dike compartments” of intersecting dikes.  Groundwater eventually migrates from these 

compartments through leakage or overfill, down to the basal aquifer below). See Figure 3, below.  

 

 
Figure 4.  A model cross section of a valley showing geologic and hydrologic interactions.4 

 

The valleys and coastal plains of O`ahu are often underlain by terrestrial and marine 
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deposits that may extend below sea level.  (These sedimentary deposits generally have lower 

overall permeability than the underlying dike-free lava flows.) 

 

Furthermore, in some coastal areas on O`ahu there exists a relatively impermeable 

sedimentary material called "caprock", composed primarily of sediments and fossilized reef 

material.  (Caprock tends to restrict the seaward flow of groundwater and thereby causes the 

thickness of the basal groundwater lens to increase.  Depending on the thickness, lateral extent 

and composition/structure of the caprock, the resulting basal groundwater lens could range in 

thickness from about one hundred feet to over a thousand feet.  In Wai`anae, the caprock is not 

considered laterally nor vertically extensive, and is therefore not highly effective in thickening 

the basal groundwater lens.) 

 

There are two soil classifications in Wai`anae.  The “Rock Land - Stony Steep Land” 

classification is found in the steep, mountainous areas and as the name suggests, is well-drained, 

rocky, and stony.  The “Lualualei - Fill Land – Ewa” classification is found in the level to 

moderately sloping valley and coastal areas of Wai`anae, and is identified by well-drained soils 

with fine-textured underlying material and areas of fill land. 

 

 Hydrogeology 

In general, O`ahu’s geology, climate and the water cycle all influence the storage and 

movement of groundwater.  The most important feature of the volcanic formations making up 

the aquifers is that they were emitted on land and not as submarine flows.  Under this subaerial 

environment, degassing and physical emplacement of the lava allowed the physical features 

important to permeability to develop in the deposited lava.  The resulting volcanic rock and its 

residual soils have a very great capacity to absorb and percolate water, and consequently, the 

amount of rainfall that recharges the groundwater aquifers is greater than the amount of rainfall 

that runs over the land surface to the sea.  This infiltration, supplemented by confinement in 

areas overlain by caprock, creates the large groundwater bodies on which O`ahu depends for its 

water supply.  It should be noted that while infiltration into the groundwater is great, much water 

is released into the atmosphere through evapotranspiration. 

 

Groundwater bodies on O`ahu have been considered in four primary categories:  basal, 

dike, perched, and caprock. 

 

The most important and extensive is basal groundwater, which exists throughout the pore 

spaces in the volcanic deposits and floats on seawater under much of the southern and northern 

portions of the island.  Less widespread, but of importance in some areas, is groundwater 

restrained at generally high elevations between dikes in the core of the mountains.  A third type, 

of minor significance on O`ahu, is groundwater held up, or “perched,” on horizontal 

impermeable beds such as volcanic ash.  Finally, there is water within the caprock where it 

exists; this is typically brackish water and is perched over the basal groundwater.  Additional 

discussion of basal and dike groundwater follows. 

 

Basal groundwater bodies exist because of the difference in density between freshwater 

and seawater.  Freshwater floats on the heavier seawater, both of which permeate the subsurface 

rock.  This relationship is known as the Ghyben-Herzberg principle.  The density ratio between 
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freshwater and seawater is such that, theoretically, for each foot that the freshwater lens stands 

above sea level (i.e. for each foot of “head”), the lens extends 40 feet below sea level to a 

midpoint where salinity is half seawater.  A zone of mixture (“transition zone”) grades upward to 

freshwater and downward to seawater.  For example, if the freshwater head was found to be 20 

feet above sea level, it can be reasonably estimated that the depth to the midpoint of the 

transition zone would be approximately 800 feet below sea level. 

 

Basal groundwater can be either confined or unconfined.  Confined aquifers are bounded 

by impermeable or poorly permeable formations.  In contrast, unconfined aquifers are not 

bounded along the upper surface of the saturated aquifer.  O`ahu’s aquifers are mostly 

unconfined; confined aquifers underlie the coastal plains. 

 

Where fresh and salt water merge, a brackish zone of the mixture forms.  The movement 

of this transition zone, both horizontally inland from the seacoast and vertically upward, presents 

a constant potential danger of saline contamination to the freshwater portion of the system. 

 

Water impounded behind impermeable dikes in the mountains is called “dike water,” or 

“high-level water.”  The dike water is not subject to saline contamination because of the high 

head of the water trapped between the dikes, distance from the sea, and the low permeability of 

the dikes which inhibits the lateral flow of seawater.  However, water leaking through the dikes 

or overflowing, supplies the basal lens. 

 

In Wai`anae, freshwater comes primarily from precipitation in the upper valleys and 

supplemented from fog drip above the 2,000-foot elevation.  Ka`ala Bog, at the 4,025-foot 

elevation, is an excellent example of a cloud forest freshwater bog where fog drip occurs.  

Infiltration of rainfall and fog drip recharges the dike and dike-basal aquifers in the upper 

portions of the valleys. 

 

Compacted older alluvium lines the sides and bottom of the valleys, restricting surface 

water in mid to lower valley areas from percolating through to the underlying dike-basal aquifer.  

Instead, surface water only percolates into the younger, more permeable upper alluvium, 

contributing to the surficial aquifer.  The water in this surface layer is exposed when streams 

erode the upper alluvium, resulting in visible stream flow in the lower reaches. 

 

In the northern portion of the Wai`anae region, dikes are exposed at or near sea level.  

Due to proximity to the ocean and lower head, freshwater within the dikes is in balance with 

underlying salt water and is classified as dike-basal water.  Although dike-impounded rocks 

underlie much of Wai`anae, not all the rocks contain water of suitable quantity or quality for 

development.  For example, the geologic framework necessary to contain significant dike 

groundwater has been significantly reduced by erosion, which has cut deeply into the range in 

Lualualei Valley, less deeply in Wai`anae and Makaha Valleys.  Later, ostensibly during periods 

of sea level rise/fall (in general, about 5 major sea levels have been identified over the past half a 

million years, spanning tens to over one thousand feet in elevation difference above or below 

present mean sea level), the eroded areas were filled with coralline material (at least 3 miles 

inland in Lualualei).  These coralline deposits, because of their proximity to seawater, were often 

brackish and unsuitable for potable supply.  In fact, most historic attempts to develop potable 
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water from these deposits resulted in chloride concentrations increasing with pumping, so the 

projects were abandoned. 

 

Caprock is found in limited areas along the coastal portions of Wai`anae.  Previous 

studies have identified a wide range of marine and terrestrial sediments composing this caprock 

(e.g., old coral reefs, rubble and sand, muds, alluvium) leading to a range of permeability to 

groundwater flow. 

 

The State Commission on Water Resources Management (CWRM) has assigned 

hydrologic units, or Aquifer Sectors, across O`ahu generally based on regional geology, which 

describes its natural movement and how water is held.  These Aquifer Sectors also serve as 

management boundaries for the regulation and allocation of groundwater resources.  CWRM 

identifies six hydrologic sectors on Oahu (See Figure 1, above).   

 

Aquifer Sectors are subdivided into Aquifer Systems, which are based on hydrogeology, 

but are mainly for descriptive ease, as there may be movement of water between systems.  

Within the Waianae Aquifer Sector are five Aquifer Systems:  Nanakuli, Lualualei, Waianae, 

Makaha, and Keaau.  Waianae groundwater is defined as high-level dike water in the upper 

elevations of the Waianae Mountain Range and dike-basal in the lower elevations. 

 

Surface water in Waianae is represented as streams, springs and wetlands. 

 

In 1990, CWRM published the Hawaii Stream Assessment (HSA) as a “broad-based 

collection of existing information on Hawaii’s rivers and streams.”  The HSA identified six 

perennial streams in Waianae:  Nanakuli, Ulehawa, Mailiili, Kaupuni, Makaha, and Makua, all 

of which are interrupted, meaning that they do not flow continuously to the sea.  Instead, they 

flow year-round in upper portions and only intermittently at lower elevations under normal 

conditions.  The interruption may be natural or man-made. 

 

Wai`anae streams are fed through surface water runoff and overflow from Ka`ala Bog 

into Makaha and Wai`anae Valleys.  Dike-stored groundwater at the back of the valleys may also 

contribute some flow as seeps and springs.  Pervious alluvium in the upper strata of Wai`anae’s 

valleys allows surface water flow to seep into the ground at lower elevations, leading to the 

streams’ interrupted nature as water continues to move in subsurface flows to the sea. 

 

Wetlands are areas that are regularly wet or flooded throughout most of the year.  Kaala 

Bog, found atop Mount Ka`ala, the highest peak on O`ahu and in the Waianae Mountains, is the 

largest wetland in Wai`anae, measuring over 20 acres in size.  Mount Ka`ala experiences an 

annual rainfall of 60 to 80 inches which, in combination with fog drip, created Ka`ala Bog.  The 

Bog is a perched water body, and a significant water source that feeds Makaha and Kaupuni 

Streams, as water overflows into both Makaha and Wai`anae Valleys. 

 

This scientific description of the climate, geology, and hydrology of Wai`anae provides one 

critical context for understanding the occurrence of surface and groundwater, the context of 

historical water development as well as the creation of disputes over water management.  As 

critical context for understanding the need for this Petition, with the scientific water context of 
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Wai`anae now in mind, the historical development of surface and ground water in Wai`anae are 

described in greater detail below.   

 

 Historical records of surface water in Wai`anae 

Wai‘anae5 has long been known as a beautiful and favored place and community, even as it 

swelters in the sun, with the water challenges that abundant solar resources bring. As Hi‘iaka 

rested at Pōhākea Pass on her journey to Kaua‘i, a chant she made favoring Wai`anae 

encompassed the breadth of what is now referred to as the Wai‘anae Aquifer sector.  

 

The Wai‘anae aquifer sector - stretching from Ka‘ena point and across Nānākuli - holds 

varied climates from mauka to makai and from north to south. Historically, many streams flowed 

throughout Wai‘anae aquifer sector, but have been depleted by upper level aquifer development, 

climate change, and drought. Currently, the only perennial stream is Kaupuni stream (Hydrologic 

Unit No. 3071).6 Its current flow partly results from flow inputs released by BWS. The following 

discusses historical surface waters throughout Wai‘anae moku, including some of their ongoing 

significance. The development of certain of these water resources is discussed further in Part 

II.C. 

  

 Mākaha Streams 

Mākaha Valley watershed runoff flows into Mākaha Stream, a six mile stream that is 

perennial in the upper valley but intermittent in its lower reaches. The upper valley receives 

approximately twice as much rainfall as the lower valley.  

 

Historically, Mākaha Valley supported a complex of lo‘i kalo along the middle reaches of 
the stream, just below the large luakini Heiau “Kane‘ākī,” which was extensively restored in the 
1980’s.  See Figure 4, below.  The lower valley supported dryland agricultural crops, including 

ʻuala and some permanent house sites.7 In more recent years, Ka‘ala Farms have observed more 

water flows out of their lo‘i than flows into the lo‘i. This may be a consequence of water releases 

mauka of the farm going into the lo‘i from underneath.   
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Figure 5. Historic lo`i kalo in Makua Valley.8  

 

Up through the turn of the twentieth century, Mākaha kahawai was shown running 

through the ahupua‘a in the Hawaiian Government Survey map of “Ahupuaa o Makaha, 

Waianae, Oahu”, Registered Map no. 124.9 See Figure 5, below. 

 
Figure 6 . Historic Hawaiian Government Survey map of Makaha and Waianae 

Ahupua`a10 

 

 Wai‘anae Valley Streams  

In his 1822-1849 journals, Levi Chamberlain wrote: “While traveling through Waianae, 

we came to a beautiful stream of fresh water issuing from the lava, the source of which cannot be 

traced.”11 Wai‘anae’s Kaupuni Valley includes Kanewai, Honua, Kalalua, and Hiu streams that 
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begin as spring flow from incised dike structures.12 These, and other streams are depicted in the 

1906 map made by Montserrat (Kawaopuu, Kaneamimi, Kukaki, Niolopua, Honua, Kanewai, 

Kalalua, Hiu, Kumaipa, Punanaula, and dozens of springs).13 Many historical maps of Wai‘anae 

depict streams, but do not include their names.14 See Figure 6, below. 

 

Registered Map 375 (not reproduced here) traces the historical path of Kaupuni stream.15 

In Hawaiian Planter, first published in 1940, E. S. Handy notes:  

 

In ancient times, Waianae Valley had extensive systems of terraces along its various 

streams, in what is now forest and water reserve, and well down into the broad area now 

covered by sugar cane. Names were obtained for 14 district terrace sections, watered by 

Olahua Stream, extending as far down as the site of the present power house.  The section 

named Honua, including the group of terraces farthest inland, belong to the alii of the 

valley. At the upper end of the water reserve road, at the site of the houses that belonged 

to Mr. Widdeman, the abandoned terraces covered with bush growth are still plainly 

marked: this is true of the other localities that were examined down to and below the 

powerhouse. A short distance below the power house a few terraces are still cultivated by 

Hawaiians. The names of four terrace sections formerly watered by Kikoo Stream were 

recorded, also four names for terrace sections watered by Kumaipo Stream.16 

 

 
Figure 7.a.  Unnamed Streams on Historic Map of Wai`anae.17   

 

 Lualualei and Nānākuli Streams  

Lualualei valley is the caldera of the Wai`anae volcano that holds water in upper level 

aquifer dikes. Springs existed in these mauka areas, creating intermittent streams emanating from 

drainage areas named (from south to north) Ulehawa, Hālona, Mikilua, and Pūhāwai.18 Ulehawa 

streams emanated from a ridge closest to Nānākuli, intermittently reaching shore between Pu‘u o 
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Hulu and Nānākuli. The other drainages and streams merged and flowed to the shore as 

Mā‘ili‘ili‘i Stream. Hi‘iaka, standing atop Pōhākea Pass, commented on the upper valley:  

 

When the Nāulu rains stir their fury 

The streambanks break loose, but the heart of Pūhāwai is silent… 

Raging against the Nāulu rains 

The streambanks are breached, the cliffs worn jagged.19 

 

An 1876 Kingdom-era map identifies streams emanating from the Wai‘anae ridgeline in the 

Pūhāwai, Mikilua, Hālona, and Ulehawa areas that are tributary to Pūhāwai stream, which was 

the only stream shown flowing toward the shoreline, where it became Mā‘ili‘ili‘i stream. An 

1881 Kingdom map, however, showed fewer of the upper valley tributaries.20 

 

 Maps in 1902 and 1095 continue to label Mā‘ili‘ili‘i and Ulehawa streams but only at the 

shoreline. Upper level streams in Pūhāwai, Mikilua and Halona are indicated but not labeled and 

no connection with flows to the ocean are shown.21 Mailiili stream in the Lualualei aquifer 

system is shown in the island wide Registered Map No. 2374.22   
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Figure7.b. Streams shown on historic map of Wai`anae and Lualualei.23   

 

Several streams were mapped in the mauka areas of Lualualei in 1902 (See Figures 7.a. 

and 7.b., above). In 1884, there were at least 163 loʻi (taro pondfields), in addition to dryland 

crops, on the plains of this land fed by Pūhāwai.24 Sites of O‘ahu includes this record: 

 

According to Mrs. Kanakahi, living on Nanakuli homestead, there is a place far up in 

Lualualei, ‘the Navy place’, called Kapuhawai, where the sacred spring was used to water 

carefully tended terraces; she ways in these neglected terraces, taro still grows wild from 

the ancient plantings, thriving in such rainfall as there is, and people go up into the hills 

to gather it, as it is regarded as ‘fine eating.’25 

 

Wai‘anae resident Albert Silva remembered the Pūhāwai tributary being diverted during 

the sugar era. Silva described lo‘i kalo in the area of Pūhāwai spring, where the Navy’s Lualualei  

tunnel now exists, and sweet potato being grown in the uppermost parts of Lualualei.26 Other 

Wai‘anae residents remember Pūhāwai stream was always at least six feet deep in the 1920s or 

1930s, such that people could wash their clothes in the stream.27  
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In 1934, the Navy tapped the springs for consumptive use through the development of 

Lualualei Tunnel at altitude 1,500 feet on the north bank of Pūhāwai Stream.28 At that time, 

Pūhāwai Spring which had an estimated flow ranging from 20,000 to 60,000 gallons a day 

depending on rainfall.29 Kakioe heiau was built as part of Pūhāwai spring, but no longer 

remains.30 “The Navy Lualualei tunnel (2808-02) was completed at the site of 

several springs that once fed a perennial stream. The springs and the stream have gone dry since 

the construction of the Navy tunnel. Total discharge of the springs and stream was reported to be 

about 0.38 Mgal/d, or about the current base flow of the Navy tunnel.”31 Since that time, many of 

the military operations at Lualualei have downsized to a staff of thirty-five, and families have 

long moved away. Lualualei tunnel continues to remove water resources.32 See infra Part III.G 

(discussing water wasting). 

 

Natural bodies of water in the Mā‘ili‘ili watershed may also include Niuli‘ii Pond, which 

is a protected area and home to a variety of water birds.33 Previously it was used for treatment of 

sewage effluent from Navy installations, but with the naval base mostly uninhabited, it is fed 

with potable water.34 However, some believe Niuli‘i was rather man-made, as it was part of the 

sugarcane irrigation system and provided water for the Mikilua flume system.35 

 

Concerned Elders of Wai‘anae organizers, Lucy Gay and Walterbea Aldeguer 

remembered Mā‘ili stream used to be in wetland areas. With the urbanization of this area, the 

fish-rearing areas have disappeared so there is less nursery habitat for juvenile fish. They 

recalled, within their lifetime, lots of crab in Mā‘ili‘ili stream, prior to its channelization with 
concrete. As children, they would make lei with kukui nuts would wash up on the beach around 

Mā‘ili beach after storms, but now the ocean only turns brown with stormwater, which only 
deposits anthropogenic trash.36 Also in the early 1900s, a lot of sand from Wai‘anae beaches 

were removed for construction in other areas. Prior to that time, the beach sand was bright white 

and not as depleted as seen today.37 Pūhāwai streambed remains, with the stream holding 

intermittent flows over significant dumped materials in certain reaches.38 

 

Nānākuli historically lacked surface waters. Historian Mary Kawena Pukui recounted a 

conversation with Simoena Nawa‘a, recounting a discussion with “Kanui, a native woman of 

Wai‘anae” on the naming of Nānākuli: 

 

In the olden days, this place was sparsely inhabited because of the scarcity of water. The 

fishing was good but planting very poor. When it rained, some sweet potatoes would be 

put in the ground, but the crops were always poor and miserable. There were a few 

brackish pools from which they obtained their drinking water and it is only when they 

went to the upland of Waianae that they were able to get fresh water. They carried the 

water home in large calabashes hung on mamaka or carrying sticks and used their water 

very carefully after they got it home. They spent most of their time fishing and most of 

the fish they caught were dried as gifts for friends and relatives in the upland.  Sometimes 

they carried dried and fresh fish to these people in the upland and in exchange received 

poi and other vegetable foods. And as often as not, it was the people of the upland who 

came with their products and went home with fish. Because of the great scarcity of water 

and vegetable food, they were ashamed to greet passing strangers. They remained out of 
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sight as much as possible. Sometimes they met people before they were able to hide, so 

they just looked at strangers with expressionless faces and acted as though they were 

stone deaf and did not hear the greeting. This was so that the strangers would not ask for 

water which they did not have in that locality. The strangers would go on to other places 

and mention the peculiar, deaf people who just stared and they would be told that the 

people were not deaf but ashamed of their inability to be hospitable. So they place they 

lived was called Nana, or look, and kuli, deaf -- that is, Deaf mutes who just look.39 

 

This memory of Nānākuli’s lack of water resources, however, tenses against other records of the 

area’s rich agricultural community. Contemporary researchers commented: 

 

[I]t is not surprising that most foreign travelers along the shore trail in the early 1800s 

assumed that Lualualei was a poverty-stricken area with a low population and a heavy 

dependence on fishing. Indeed, a similar view existed of Nānākuli. And this perspective 

continues to the current day. However, any Hawaiian from the west side of O‘ahu at the 

end of the 1700s and in the early 1800s would have known better. They would have 

known that in both Lualualei and Nānākuli sizable populations lived in the upper valley 

along with numerous agricultural fields. The modern view of impoverishment continued 

until the late 1980s-early 1990s when archaeological surveys in the back of both 

Nānākuli and Lualualei changed this picture.40 

 

 Kea‘au Streams 

Kea‘au includes a “dry gulch” as recognized on a Hawai‘i Territory Survey from August 

1907.41 Kahanahaiki stream in the Kea‘au aquifer system was shown as part of the Hawai‘i 

Territorial Survey maps.42  

 

 Potential Groundwater Development Impacts on Surface Waters\ 

Lualualei’s Pūhāwai spring and stream are historically and culturally important. In 1884, 

there had been at least 163 loʻi, in addition to dryland crops, on the plains of this land fed by 

Pūhāwai.43 Kakioe heiau, which no longer remains, had also been built along Pūhāwai spring.44 

The Navy’s high level tunnel dried up the springs and base flow to Pūhāwai stream.45  

 

In Mākaha, Glover Tunnel captures a base flow of 0.7 mgd, that under natural conditions 

would seep into the stream.46 Though it is unclear whether Mākaha stream would become 

perennial with additional flow, historical maps of the Mahaka ahupua‘a show a kahawai 

extended from the shore nearly to Ka‘ala and Waialua in the mountains.47 

 

Kaupuni stream is the primary stream in Wai‘anae valley. BWS’ Waianae Valley 

(Kunesh) Development Tunnel is a 10,300 feet long tunnel that withdraws water at an elevation 

of 418 feet. First built in 1948 and extended to its current length in 1950 by the City and County 

of Honolulu, the Kunesh Tunnel cut through higher level dikes that supplied water to tributaries 

of Kaupuni stream. As a result, the higher elevation dike compartments, which supplied water to 

Kaupuni Stream and its tributaries in mauka areas, were drained of much of their water.48 

Kunesh tunnel likely dewatered Kaupuni stream by approximately 2.5 mgd.49 
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BWS also operates the Waianae Plantation Tunnels (Tunnels 1, 2, and 3) at the 1,600’ 

elevation, which were first built by the Wai‘anae sugar plantation. In 2012 , BWS began 

releasing about 300,000 gpd of water from Wai‘anae Plantation Tunnel 3’s outlet pipe into a 

tributary of Kaupuni Stream. Tunnel 3 had become blocked by a boulder in the tunnel portal. 

Because Department of Health (DOH) personnel could no longer inspect the Tunnel 3 bulkhead, 

the source could not be deemed compliant with DOH Safe Drinking Water requirements. The 

tunnel pipe connection to the Waianae Valley drinking water system was disconnected to ensure 

no contamination pathway exists.  See Figure 8, below (BWS photo).   

 

 
Figure 8. Discharge of approximately 300,000 gpd into Kaupuni Stream at approximately 

1,400 ft. elevation. 

 

After approximately seven years recharge to the underlying aquifer below the stream was 

sufficient to allow flow from mauka makai on a consistent basis.  By 2019, visible streamflow 

reached the concrete lined stream section between Waianae Valley Road and Kunealei Street.  A 

visible lake appeared in the detention basin estimated about 5-feet deep, which submerged a 

maintenance road on the Nanakuli side of the stream that provided access to the detention 

basin.  See Figures 9.a. and 9.b., below.   
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Figure 9.a. Kaupuni Stream in 2015.50  

 

 
Figure 9.b.. Kaupuni Stream in 2019.51 

 

Kaupuni Stream flow levels increased to a point where an old diversion and lo`i at Ka`ala Farm 

was subsequently restored after 2019.  See Figure 10.a., below (BWS photo).  However, based 

on more recent survey work in February 2024 by BWS, CWRM, and DOH, stream flow was no 

longer reaching the coast, ending between Haleahi Road and Kaneaki Street. Two small 

unrecorded stream diversions were observed mauka of the point where flow ceased.  See Figures 

10.b. and 10.c. below (BWS photos).  A more comprehensive stream survey would be needed to 

determine diverted flows and the impacts, if any, of these diversions on stream flows.  CWRM’s 

Instream Flow Standard Assessment Report Island of Oahu Hydrologic Units 3071 Kaupuni June 

2020 https://files.hawaii.gov/dlnr/cwrm/ifsar/PR202003-3071-KaupuniDraft.pdf Seepage Gains 

and Losses page 41 (pdf page 52/122) 

“Overall, Kaupuni Stream is gaining flow in the upper elevations (>1200 feet a.s.l.) from 

spring flow and development tunnel leakage, then there is a losing reach at mid-elevations to 

https://files.hawaii.gov/dlnr/cwrm/ifsar/PR202003-3071-KaupuniDraft.pdf


21 

 

about the lower elevation of the forest line (1200-940 feet a.s.l.). From here it is gaining again 

until the stream reaches about an elevation of 450 feet (Figure 3-12)...” 

 

While the release of Wai`anae Plantation Tunnel 3 water allowed (over many years) a 

restoration of mauka to makai flow, the restoration of stream flow has led to the restoration of 

the Ka`ala Farm auwai (measured by BWS at 0.75 mgd April 2024 and 1.15 mgd June 2024) and 

two small unregistered diversions makai of Haleahi Road.  The auwai return flows from Ka`ala 

Farm to Kaupuni Stream was not measured.  Other factors that may contribute to the cessation of 

restored mauka to makai stream flow involve decreased rainfall and increased evapo-

transpiration from increasing temperatures caused by climate change and the spread of invasive 

plant species within the mauka wateshed.   

 

 
Figure 10.a. Ka`ala Farm auwai with Kaupuni Stream behind the four large trees.  
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Figure 10.b. Unidentified Stream Diversion #1, approximately 780 feet downstream from 

Haleahi Rd. and Kaupuni Stream crossing.  

 

 
Figure 10.c. Unidentified Stream Diversion #2, approximately 780 feet downstream from 

Haleahi Rd. and Kaupuni Stream crossing.  
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The Kaupuni surface water hydrologic unit extends over 9.2 square miles on the western 

side of the Waianae Mountain Range. In 2019, when CWRM assessed Kaupuni stream for 

interim instream flow standard purposes, the longest flow path in Kaupuni was 6.35 miles in 

length, traversing in a southwesterly direction from its headwaters to Pokai Bay.52 Kaupuni 

stream is lined in the lower reaches.  

 

Hiu and Kumaipo streams are tributaries of Kaupuni stream.53 BWS drilled two wells at 

elevations of 1,150 and 1,375 feet in Wai‘anae (Wai‘anae Wells 1 and 2; Well Nos. 3-2809-002, 

3-2809-003). Studies acknowledged the wells could potentially impact Hiu and Kumaipo 

streams. The wells are productive. In the course of studying the area archaeologists noted: 

“Several springs appear in this area, and standing water was present in two lo‘i just below the 

well site.”54 “It is estimated that the well site grading operations covered approximately 7 lo‘i, 

along with an excellent auwai drainage running through the system. It is possibly that this lo‘i 

system is, at least partially, intact beneath the fill.”55 In 1989, Eric Enos of the Wai‘anae Rap 

Center and Sierra Club’s conservation committee both commented on the need for further review 

and disclosure of cumulative impacts given that BWS planned to construct more water sources in 

Wai‘anae.56 

 

 Modern water development in Wai‘anae   

The following describes Wai‘anae moku during the nineteenth and twentieth centuries 

through changes in large scale land uses and owners and development of specific water sources 

in Mākaha, Wai‘anae, and Lualualei/ Nānākuli. Additionally, we identify disputes over water 

resources, and potential impacts to surface water consequent to groundwater development, both 

of which are pertinent to the disposition of this petition.  

  

 Mākaha 

After 1829, Kuho‘oheihei (Abner) Pākī, Bernice Pauahi’s father, obtained the ahupua‘a 

of Mākaha.57 In 1855, Chief Pākī passed away. The administrators of his estate sold his Mākaha 

lands to James Robinson and Company. In 1862, one of the company’s partners, Owen Jones 

Holt, obtained control over the other partners’ shares.58 Thereafter, most of the mid to lower 

Mākaha valley lands were owned by the Holt family. From about 1887 to 1899, the Holt Ranch 

dominated Mākaha valley using its lands for raising horses, cattle, pigs, goats, and peacocks.59 

The Mākaha Coffee Company also opened operations in the valley.  

 

In the early 1900s, the Holt Ranch began selling its Mākaha lands. In 1907, the Wai‘anae 

Sugar Company moved into Mākaha, resulting in sugar cultivation on nearly all of the lower 

valley lands by 1923.60 (See Figure 10, below).  Eventually as the sugar lands increased, 

squabbles arose between the plantation and the taro farmers over the precious and limited water 

resources. Coffee was introduced on a 45-acre plantation in the lee of Mt. Ka`ala where there 

was abundant rain. Id. 

 

From 1878 through 1947, Wai‘anae Sugar Company had sugar plantation operations in 

Wai‘anae, Mākaha, and Lualualei valleys encompassing 9,150 acres.61 When it began operations 

in Mākaha Valley, the Wai‘anae Sugar Company had to import water from Wai‘anae valley 

because they lacked water rights in Mākaha.62  
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Figure 11. Map of O‘ahu showing Wai‘anae Plantation extension into Lualualei.63  

 

By 1930, twenty-six tunnels, 15 in upper Wai‘anae valley and 11 in upper Mākaha valley 

were supplying irrigation water for sugar.64 In 1933, further tunnels were completed in Wai‘anae 

and one more in Mākaha Valley.  

 

Between 1936 and 1938, the Wai‘anae Plantation built the Mākaha shaft at an elevation 

of 140 feet to a depth of 10 feet below sea level.65 The infiltration tunnel is 1,073 feet long and 

penetrates at least four dikes. It provided the plantation with between 0.45 and 0.68 mgd, with 

chlorides ranging from 100 to 125 mg/l.66 Waianae Plantation dug Makaha Tunnel 10, which is 

1,400 feet long at the 2,100’ elevation. Stearns notes this tunnel was dug to drain the swamp at 

Mount Ka‘ala, but was unsuccessful. “At an altitude of about 2,700 feet on the south bank of the 

gulch draining the southeast slope of Kaala is a dry tunnel 20 feet long, excavated in 

decomposed basalt[.]”67 

 

In 1940, several artesian wells were constructed in upper Mākaha.68 Despite these efforts 

to develop water, Wai‘anae plantation would close in large part due to a lack of water resources. 

 

In 1945, AmFac, which succeeded to Wai‘anae plantation’s interests, contracted James 

W. Glover, Ltd. to tunnel into the back of Mākaha Valley, creating “Glover Tunnel,” which is 
about 4,200 feet long and had a capacity of 0.7 mgd.69 Glover Tunnel captures this base flow of 

0.7 mgd, that under natural conditions would seep into the stream.70 By 1958, 0.6 mgd was 

produced at Glover Tunnel.71 Glover Tunnel and small upper Mākaha tunnels, owned by the 

Wai‘anae Development Company, furnished water primarily for irrigation purposes.72 At that 

time, City and County system at Mākaha consisted of Pump 17, a 500,000 gallon reservoir, and a 
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Table 8. BWS Demand by Decade and Land Use Districts.265 

 

 
Table 9. Most Probable Demand Projection by Land Use District.266  

 

 Population Forecasts 

Population projections provide another methodology for determining future water 

demand. The population of Wai‘anae is forecasted to increase by 11% to 52,300 people by 2040. 

There are significant uncertainties in predicting water demands based on population growth, 

particularly where it occurs in tandem with effective water conservation measures.  See Table 10, 

below.   
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Climate change induced long-term rainfall reduction is particularly significant in 

Wai‘anae, where aquifers are relatively small (1-3 mgd), and located in the dry leeward region of 

the island where extraction is a large percentage of SY.  Large aquifers with lower extraction 

percentages are not impacted as significantly. And while climate change impacts affect the entire 

State, it should not be a reason to designate the entire State. Each island is different and should 

be evaluated on a case-by-case basis. For example, in large aquifers such as Waipahu-Waiawa 

with a SY of 105 mgd, a reduction of a few mgd wouldn’t have the same significance as in 

Mākaha where a 1 mgd reduction constitutes 1/3 of SY of 3 mgd.   

 

Declining water levels in Nānākuli, Lualualei, and Kea‘au can be significant if 

recoverable yield is expected to be low due to land use constraints on optimal well locations 

(military lands), small source yields, high costs of infrastructure, and future regulatory actions 

involving instream flow standards and reductions of SY. 

 

 Declining Water Levels in Mākaha  

BWS well (Mākaha IV, Well No. 3-3010-012) is the most mauka well in Mākaha Valley 

and was constructed in 1983 and connected by a pipeline in 1988. Initially an artesian well with 

no pump, Well No. 3-3010-012 produced water for a few years but by 1990, the artesian head 

had decreased below the well head and was therefore then turned into a water level monitoring 

well.  The well head elevation is 1,088 feet and has shown excessively declining water levels 

from when monitoring began in 2006-2021. Monitoring data from this well likely reflects the 

continued overall decline of the dike aquifer water, partly due to declining rainfall and pumping 

from nearby Mākaha II and III wells despite overall pumpage below the SY. 

 

  
Figure 36. Declining water levels in Mākaha Well VI, Well No. 3-2911-04. 
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BWS well (Mākaha Well VI, Well No. 3-2911-04) is located mid-valley on the Kea‘au 

side ridge.  This well was installed as a standby well for the other production wells, but similarly 

experienced declining water levels. Water levels dropped below the pump impellers in the 

2000’s and is not operable. See Figure 36, above. 

 

Another BWS well (Mākaha Well V, Well No. 3-2811-02) is located mid-valley on the 

Kamaileunu Ridge side of the valley between the Makaha East golf course and Mauna Olu 

Estates.  This well was constructed by the Mauna Olu Estates developer.  Mākaha Well V water 

levels have decreased as well, but is still operable on a timer, operating only a few hours a day to 

supply water for the Mauna Olu Estates.   

 

The documented decline in Mākaha water levels supports designation under HRS §174C-

44(3). Further decline could likely occur if BWS were to pump their sources to a permitted level. 

BWS has refrained from doing so in order to ensure the protection of aquifer resources. 

 

The observed, existing decline in Mākaha water levels may indicate further water level 

declines across Wai‘anae. Both statistical and dynamical climate change predictions caution 

against relying on a wetter climate future. This means less rainfall in Wai‘anae, less recharge of 

Wai‘anae aquifers, and therefore a likelihood for a reduced sustainable yield. CWRM could 

appropriately find decline in Mākaha ground water levels requires Wai‘anae sector designation. 

 

Conclusion: Criterion 3 is met. 

 

 Criterion No. 4: Upconing and Salt Water Encroachment 

Criterion 4 requires the examination of “Whether the rates, times, spatial patterns, or 

depths of existing withdrawals of ground water are endangering the stability or optimum 

development of the ground water body due to upconing or encroachment of salt water”. 

 

Chloride content in BWS wells is below the EPA Safe Drinking Water Secondary 

Standard of 250 mg/l.  BWS well data does not indicate elevated chlorides. There is spotty date 

on chlorides in non-BWS sources in Wai‘anae. The only BWS basal wells which sit over salt 

water are the Kamaile Wells, Mākaha Shaft and Wai‘anae Well III. BWS wells are spatially 

dispersed and pumpage is monitored and managed such that chloride trends are stable. See 

Figures 37 and 38 below.   

 

The remaining BWS wells in Mākaha and Wai‘anae aquifers are high level dike water 

where chlorides are low. Nor does chloride content rise with increased pumping because these 

wells do not sit above salt water such that upconing of salt water could occur. When high level 

wells are over pumped, water levels decline but chlorides do not increase.  
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Figure 37. Kamaile Wells Pump #2 historic chloride content and production. 

 

 
Figure 38. Wai‘anae Well No. 3, Pump #1 historic chloride content and production. 

 

Conclusion:  BWS wells do not meet Criterion 4 however, there is a lack of information 

for non-BWS wells to determine if Criterion 4 is met. 
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 Criterion No. 5: Increasing Chlorides Impacting Existing Uses 

Criterion 5 is closely related to Criterion 4 and asks “Whether the chloride contents of 

existing wells are increasing to levels which materially reduce the value of their existing uses.” 

As discussed immediately above, BWS well data does not indicate elevated chlorides and there 

is incomplete chloride data for non-BWS sources in Waianae. Chloride trends for BWS’ Kamaile 

Wells and Waianae Well III are shown above. 

 

Conclusion: BWS wells do not meet Criterion 5 however, there is a lack of information 

on non-BWS wells to determine if Criterion 5 may be met. 

 

 Criterion No. 6: Excessive Preventable Waste 

Criteria 6 examines “Whether excessive preventable waste of ground water is occurring.” 

Water loss occurs in every water system through leaks, main breaks, and unmetered fire hydrant 

flows used for fire protection. BWS has a proactive water conservation and leak detection and 

repair program that ensures no excessive preventable water waste is occurring. BWS also has an 

energy savings performance contract that ensures that pumping energy use is optimized and 

efficient.  BWS has installed PV renewable energy systems in 28 BWS facilities on Oahu 

including on Mākaha reservoir.  

 

Whether other water system operators actively seek to limit waste in the area is unclear.  

Since the 1930s when the Navy drilled its water sources in Lualualei, many of the military 

operations at Lualualei have downsized to a staff of thirty-five, and families have long moved 

away. Lualualei tunnel continues to remove water resources.277 Currently, the Navy obtains 

approximately 380,000 gpd from Lualualei sources. That amount would provide enough water 

for 950 single family homes at a relatively high duty of 400 gal/day-unit. A recent aerial 

inspection of the Naval magazine disclosed about 20 single family homes, a few large buildings 

with irrigated areas and approximately 18 miles of water pipeline.  

 

Many in the community, including area elected representatives and other officials, assert 

water is being wasted or dumped by the U.S. Navy on Lualualei lands. State Senator 

Shimabukuro observed “large pipes close to the Navy land, where freshwater was gushing out” 

and was “concerned about them wasting water. Also, since there are historic lo‘i on the Navy 

lands, restoring these would require some of this water.”278 Similar to Senator Shimabukuro, 

longtime Wai‘anae resident William Aila also referred to “Navy water pipes, which are 

supposedly leaking/ ‘dumping excess water” and expressed that he  “wanted to know where the 

Navy is dumping all the water.”279 

 

Conclusion: BWS records do not indicate Criterion 6 is met. However, this may be due to 

a lack of information on preventable wasting from private or military water systems in Wai‘anae 

and Lualualei that could indicate Criterion 6 is met. 

 

 Criterion No. 7: Serious Disputes  

Criterion 7 requires an examination if “Serious disputes respecting the use of ground 

water resources are occurring”; however there is no further definition of “serious disputes” in the 

water code.  The term was included in the Water Code in the context of ground water shortages 
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in Pearl Harbor, and concerns about chemical pollution from heptachlor-usage on industrial 

agricultural crops. CWRM has considered various kinds of evidence of disputes in determining 

criterion no. 7 applied to support designation. We first review the previous discussions of serious 

disputes and then review ground water related disputes relevant to Wai`anae. 

 

 Previous Implementation of “Serious Disputes” by CWRM 

In considering the community petition to designate the island of Moloka‘i as a water 

management area, CWRM considered “existing disputes” to include the petition for WMA 

designation itself, contested case hearing petitions concerning well drilling permits in the 

Kualapu‘u aquifer, and a petition to the U.S. Senate Select Committee on Indian Affairs, which 

requested investigation into the Moloka‘i Irrigation System and the Kualapu‘u aquifer.280 

CWRM stated in regard to this criterion: “‘serious’ is a qualitative term and . . . the Commission 

has not previously made a ruling to set precedent for its interpretation. Whether or not the 

existing disputes on Molokai are so serious that their resolution requires designation of all or part 

of Molokai as a water management area at this time is a qualitative decision to be made by the 

Commission.”281 

 

In its 1990 Findings of Fact (FOFs) concerning Windward O‘ahu surface and ground 

water management area designation, CWRM considered whether “serious disputes” existed in 

regard to surface water designation criteria.282  CWRM noted two lawsuits in the Ko‘olaupoko 

aquifer system. The first was Reppun v. Board of Water Supply, 64 Haw. 531 (1982), in which 

six kalo farmers sued BWS to prevent over pumping of water from the dike compartment 

feeding Waihe‘e stream in Windward O‘ahu, thereby affecting irrigation of kalo downstream. 

The second was Fukumitsu v. Aquatic Farms, Inc., Civil No. 82216 (Haw. 1st Cir. 1984), in 

which Aquatic Farms dammed Hakipu‘u stream preventing sufficient water flow to Fukumitsu’s 

intake and their lo‘i kalo. CWRM noted other disputes and its own jurisdiction to hear them and 

identify them through declarations of existing uses and stream diversion works permitting.283 

Again, as in Moloka‘i, the Windward O‘ahu FOFs merely stated the “Commission may decide 

whether the disputes which have occurred, or are occurring, in Windward Oahu are serious 

enough to warrant designation, or whether they can be settled through the Commission’s dispute 

resolution authority.”284 CWRM deferred action on the petition in 1990, but determined to 

designate in 1992. 

 

In approving its staff’s May 1992 submittal regarding the O‘ahu petition, CWRM 

concluded HRS §174C-44(7) was met, stating: “There has been one lawsuit in the Koolaupoko 

Aquifer System. Moreover, because the ground and surface water interact directly within this 

aquifer, new development proposals will necessarily raise water disputes.”285 These prior 

examples guide our application of Criterion No. 7.  

 

 Red Hill Bulk Fuel Storage Facility 

BWS and many others have engaged in a protracted, serious dispute against the U.S. 

Navy’s operation of the Red Hill Bulk Fuel Storage Facility above the Pearl Harbor aquifer.286 

This aquifer supplies BWS’ system, which connects to sources imported into Wai‘anae, though 

through careful and proactive management no contaminants have entered the BWS system.   
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The U.S. Navy stores approximately 180 million gallons of fuel at their Red Hill facility 

in World War II era Underground Storage Tanks (USTs). The USTs lie approximately 100 feet 

above the groundwater aquifer. At least 73 fuel release incidents at Red Hill have been 

documented, including a Navy reported release of approximately 27,000 gallons of jet fuel from 

Tank 5 in January 2014, a release of approximately 1,000 gallons of jet fuel from supply piping 

in the lower access tunnel directly above the Red Hill Shaft freshwater water source in late 

November 2021 contaminated the Pearl Harbor drinking water system, and a release of toxic 

AFFF firefighting foam on November 29, 2022.  Sampling from under and around Red Hill has 

demonstrated the existence of petroleum (jet fuel) contamination in the Pearl Harbor aquifer.   

 

The Navy water system is separate from the BWS municipal water system. However, 

they draw from the same aquifer. BWS shut down three pumping stations (Halawa Shaft, Aiea 

Wells and Halawa Wells) as a preventative measure against pulling fuel contaminants into the 

BWS water system from the contaminated aquifer. The shutdown triggers a water shortage 

condition alert during summer months in the Aiea-Halawa and Honolulu water systems until 

replacement wells are constructed, treatment is installed, or the aquifer is remediated, which 

could extend several years.  BWS is compensating for the shut down by transferring more water 

from sources tapping the Waipahu-Waiawa aquifer to Honolulu systems and accelerated its 

water conservation messaging, Water Sensible rebate, and leak detection programs. The transfers 

of water from the Waipio water system reduces the available water supply for the Waipahu, 

‘Ewa, and Wai‘anae water systems, although not to the extent where mandatory conservation 

and building restrictions are necessary.  BWS has prioritized the development of more water 

sources in the Pearl Harbor aquifer sector, including desalination. If the Navy does not 

compensate BWS for the cost of the replacement and monitoring wells, water rates will have to 

be increased. 

 

Several lawsuits have been filed against the U.S. Navy in connection with the fuel storage 

and leakages. On June 14, 2022 the Wai Ola Alliance filed suit against the Navy in federal 

district court for ongoing violations of the Federal Water Pollution Control Act. On August 31, 

2022, four military families filed suit in federal district court for various tort and civil claims.  

 

The Navy’s Red Hill fuel releases and the Navy water system contamination have 

elevated concerns about public health, water quality and government competency throughout 

O‘ahu. BWS has fielded many Red Hill related questions and concerns from communities, 

including those in Wai‘anae. BWS has been and will continue to be consistent and transparent 

with the elected officials, decision makers and community on all Red Hill related matters that 

impact them.   

 

Though the Pearl Harbor aquifer does not underlie Wai‘anae moku, it is connected to 

water sources used to supply areas from Nānākuli to lower Wai‘anae. Connections between 

water supply delivery systems in considering designation petitions has a precedent. In 

designating Windward O‘ahu in 1992, one of the key analytical decisions was CWRM’s 

recognition that where water is or can be transferred between systems (there, via pipeline around 

Makapu‘u), the transferred demand in the second system (Honolulu) must be included in 

calculating “authorized planned use” in the first system (Windward).287 With integrated delivery 

systems, geography is not limited to the area of origin. The same principle requires consideration 
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of demand and disputes in Pearl Harbor, due to the BWS transmission line passing around Kahe 

Point, as also affecting Wai‘anae.    

 

Where serious disputes are reasonably foreseeable, CWRM should not be blind to 

consequences in the future. Indeed, one purpose of designation is to assist in planning and to 

prevent conflicts. Serious disputes over contamination of sources in Pearl Harbor could affect the 

availability of water resources for Wai‘anae, particularly as climate change modeling predicts a 

drier overall future for leeward O‘ahu. This application of HRS §174C-49(7) is consistent with 

the purpose of the Water Code. 

 

 Community Demands for Water Restoration and WMA designation. 

At least three community-driven resolutions identify serious disputes concerning the use 

of water resources in Wai‘anae moku. Wai‘anae Neighborhood Board Resolution No. 24, 

“Resolution on Water Access to Honua Stream,” sponsored by the ‘A‘ali‘i Students of Nānākuli 

High and Intermediate School (Nov. 1, 2016), identified four streams that no longer flow due to 

consumptive water uses and development of water sources (Kumaipo, Hiu, Kalalula, Nioloopua) 

and sought WMA designation. In 2017, the Association of Hawaiian Civic Clubs passed two 

resolutions: “Expressing Support of Efforts to Restore Waterflow in the Historic, Natural 

Waterways of Hawai‘i for Traditional and Customary Native Hawaiian Practices” (AOHCC 

Resolution No. 2017-32) and “Commending the Students and Teachers of the ‘A‘ali‘i Program at 

Nānākuli High and Intermediate School for their Civic Duty” (AOHCC Resolution No. 2017-

33). Attached as Appendix “B.”  

 

AOHCC Resolution No. 2017-32 resolved to support “efforts to restore waterflow in the 

historic, natural waterways of Hawaii for traditional and customary Native Hawaiian practices” 

and sought for the resolution to be transmitted to elected officials and the Director of  the ‘A‘ali‘i 

Program of Nānākuli High and Intermediate School. 

 

AOHCC Resolution No. 2017-33 notes waters that “flowed through the valley for 

traditional agriculture and fish ponds and that water had been capped and diverted by the sugar 

plantations in the late 1800's only to be used later for residential development” and that 

“community members from the ahupua‘a of Nānākuli, Lualualei, Wai‘anae, and Mākaha have 

expressed a desire to restore the water being diverted out of Wai`anae back into the stream, to 

allow mahi'ai (farmers) who use generational and traditional Hawaiian plants in Wai`anae.” 

These collective acts are evidence of the serious disputes over the management of water 

resources in Wai‘anae.  

 

 Disputed uses of Water in Lualualei 

The depletion of the sacred Pūhāwai spring in Lualualei is a well-known controversy 

across Wai‘anae. In or about 1934, the U.S. Navy developed high level aquifer resources that 

depleted Pūhāwai spring, and other nearby springs, as a source for Lualualei Tunnel (Well No. 

3-2808-002). These springs once fed a perennial stream, also called Pūhāwai stream. 

“The springs and the stream have gone dry since the construction of the Navy tunnel. Total 

discharge of the springs and stream was reported to be about 0.38 Mgal/d, or about the current 
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base flow of the Navy tunnel.”288 Pūhāwai stream is no longer perennial but the streambed 

remains and conveys water in places. Community members in the area stress the need to clean 

the streambed before restoring stream flow due to illegal dumping in the area.289 This was also 

discussed above under the criterion regarding preventable waste. 

 Other Serious Disputes 

Many Wai‘anae residents have asserted in public hearings “community must demand 

water rights for their community” and “should come together and fight for their access to water.” 

Residents dispute further development – “as continual development puts more demand on the 

finite resource of water in the aquifer.”290 Community members have disputed the provision of 

water to new golf courses and other development in Mākaha, with BWS noting their lack of 

authority over private water usage in this regard, as compared with the Commission’s authority 

over water resources.291 Recently, community members raised unusually low water levels in 

Mākaha’s “Ice Pond” may be consequent to persons “tapping into the water system.”292 At one 

of the same neighborhood board meetings where these disputes were raised, community 

members specifically inquired about what can be done to advance groundwater management area 

designation in connection with this issue. Id. 

 

Another perennial dispute concerns the restoration of historic and traditional water 

resources, including lo‘i and streams. Community members also understand ground and surface 

water are interconnected, raising disputes over capture of high level water instead of water being 

let into the Mākaha Stream and towards Mākaha Beach to protect important biota.293 

Neighborhood board members have raised disputes over the amounts of water removed for 

municipal purpose as opposed that allowed to flow to streams.294  

 

Overall in Wai`anae there is a community call to return water flow from “mauka to 

makai” and to restore “Waianae’s” namesake, the ‘anae mullet that were once prevalent.295 

Residents specifically raised impacts of Mākaha development to the area watershed.296 They 

sought agreements to “let water flow from Kumapio and Mākaha Valley to help mitigate 

summer droughts.”297 

 

Conclusion: Historically, now, and in the foreseeable future, Wai‘anae is well known for 

serious water disputes. Criterion 7 is met.  

 

 Criterion 8: Other Projects Leading to Meeting Other Criteria 

The final criterion for groundwater designation, Criterion 8, is “Whether water 

development projects that have received any federal, state, or county approval may result, in the 

opinion of the commission, in one of the above conditions To BWS’ knowledge, there are no 

water development projects, on-going or planned, in Wai`anae because of the limited nature of 

water resources and potential climate change impacts.  BWS is unaware if CWRM has opined on 

this issue or that there are approved water development projects that may meet this criterion. 

 

Conclusion: BWS lacks information to establish Criterion 8 is met. 
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 Equity Favors Designation 

HRS §174C-44 does not exhaust the criteria the Commission may consider in 

determining to designation Wai‘anae moku as a GWMA.  As discussed in the introduction to this 

part, other issues should be considered if they help determine if the water resources may be 

threatened.  

 

In addition, beyond application of statutory criteria, the Wai‘anae aquifer sector should 

be designated to consistently protect and manage natural water resources. This includes (1) 

issues of equity for Wai‘anae equal to the rest of O‘ahu; and, (2) the desirability of having a 

singular water use permitting process for an island with the majority of the State’s population 

with an integrated water system.  

 

During discussions about the development of this Petition, BWS, Wai‘anae communities 

and CWRM staff repeatedly raised the inequitable protection under current conditions for 

Wai‘anae water resources because Wai‘anae is the only undesignated area on O‘ahu. Why is 

Wai‘anae the last and only moku that does not have the same protections and management focus 

as the rest of O`ahu?   

 

Utilizing the same well permitting system with the same oversight, disclosure and 

applicable resource management conditions  would  be more efficient for CWRM administration 

and water developers, including BWS. This consistency is particularly important were many 

existing and proposed groundwater sources are subject to an island wide interconnected water 

system. The BWS water system is interconnected from Windward, Honolulu, Pearl Harbor, Ewa 

and Waianae.  Water moves from Pearl Harbor west to Waianae and east to Hawai‘i Kai.   
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V. Uncertainties, Strategies and Contingencies 

 

This Section offers a water resource management framework to uncertainties surrounding 

ground and surface water supply and demand, climate change, water rights, and restoration 

opportunities with a series of strategies and solutions or contingencies to address the challenges 

identified in the criteria analyses above. Water resource management challenges are significant 

and contingent plans are not simple, quick, or guaranteed to work or be implemented, especially 

if agencies and stakeholders are not working together. Resource management, restoration, and 

availability requires hard choices between trade-offs, different approaches, and possibly 

competing priorities.  Identifying these uncertainties provides an opportunity to plan for a 

practical range of resource management strategies and contingencies.  

 

This section highlights the major uncertainties and contingencies that apply to the 

Waianae aquifer sector consistent with the adopted Waianae Watershed Management Plan, Ch. 

30, Water Management, Revised Ordinances of Honolulu (ROH). These include:  

 

• Estimating Sustainable Yield 

• Recoverability of Sustainable Yield (Developable Yield) 

• Climate Change and Drought and impacts to aquifer sustainable yields 

• Ground Water Contamination 

• Ground Water - Surface Water Interaction  

• Ground Water Dependent Ecosystems 

 

The uncertainties are discussed first.  Each is then is followed by a review of contingencies, 

which are planning strategies to mitigate effects of the ground water supply uncertainties that 

exist in the area. 

 

 Estimating Sustainable Yield Uncertainties and Contingencies 

As is discussed preliminarily in part IV.B.6. above, Sustainable Yields (SY) for all 

aquifer system areas have been adopted as part of the State Water Code’s Water Resources 

Protection Plan (WRPP) and are used for resource management, protection and development. 

The current sustainable yields are based on the best available information of hydrologic factors 

but have acknowledged limitations in estimating rainfall distribution, vegetative transpiration, 

overland runoff, aquifer leakage to the ocean and to the brackish transition zone, and recharge to 

the various dike, basal, perched and caprock aquifers. 

 

CWRM may decrease the sustainable yield in the Mākaha aquifer to protect water 

resources due to decreasing trends of rainfall and water levels. Decreasing the SY in Mākaha 

will have an effect of hindering development and reducing groundwater pumpage, allowing the 

aquifer to recharge over time which may result in stream restoration. BWS recommendation to 

CWRM is to accept the Kaupuni stream restoration from the BWS Waianae Planation Tunnel #3, 

but retain the remaining BWS water sources because they are needed to support DHHL projects 

in Waianae Valley.298 

 

 Contingencies for Estimating Sustainable Yield 
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Uncertainties around SY can be partially addressed by implementing the following 

contingencies: 

 

• Periodically update information on rainfall, evapotranspiration, runoff, leakage 

and recharge to reflect current hydrologic trends due to climate change. 

• Evaluate and account for aquifer boundary conditions recognizing separate 

geological formations such as dike, basal, alluvial and caprock aquifers within 

each aquifer system area. 

• Construct deep monitor wells in important basal aquifers to provide the ability to 

monitor water levels, freshwater lens and transition zone thickness and trends in 

response to pumping. 

• Develop advanced numerical ground water models to improve sustainable yield 

estimates. CWRM with BWS, the United States Geological Survey (USGS), and 

the University of Hawai`i (UH) participates in various efforts dedicated to 

monitoring key hydrologic indicators such as rainfall, evapotranspiration, 

recharge, head, salinity, and transition zone trends, and to reassess the adopted SY 

in key aquifer systems.  

 

 Estimating and Recovery of Sustainable Yield, aka “Developable Yield” 

Recoverability of SY is the ability to feasibly extract ground water through wells or 

tunnels, up to the adopted sustainable yield. Recoverability of sustainable yield is often referred 

to “Developable Yield”, which can be less than the adopted sustainable yield.   Recoverability is 

a major uncertainty due to surface and ground water interactions, presence of separate hydro-

geological formations within an aquifer system area, extended drought, and well location and 

spacing constraints. There are also regulatory, political, financial, and public acceptance 

uncertainties surrounding additional ground water development and regional transport of water.  

Groundwater development and transport can raise concerns in regards to environmental impacts, 

local water needs, and available supply. A contingency plan should: 

 

• Optimize well spacing and pump sizing on an aquifer system area basis to 

increase recoverability and avoid lens shrinkage, up-coning and seawater 

intrusion.  

• Align water system infrastructure capital plans to more readily accommodate 

smaller wells spaced throughout the water system when practical. 

• During severe, long-term droughts usually greater than three years, the full 

sustainable yield may not be recoverable. Dike source yields will likely drop 

below permitted use. BWS operational experience accounts for source yields in 

normal rainfall and drought years. The difference is supplemented by the 

following drought mitigation strategies that will improve the water system’s 

resilience to climate variability: 

o In non-drought years, ensure pumping does not exceed normal rainfall 

level estimates to preserve sufficient aquifer storage to meet maximum 

day demands during drought. 
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o During drought years, reduce pumping to drought level estimates to 

protect the freshwater lens. Reducing pumping is difficult, as water 

demands will increase during drought, therefore: 

- Implement the BWS low ground water and water shortage plans 

and other progressively restrictive conservation measures to reduce 

water demands. 

- Develop additional ground water wells to supplement reductions in 

source yields due to severe drought. 

- Develop alternative, drought-proof water supplies such as recycled 

water, brackish and seawater desalination facilities to increase 

resilience to climate change impacts. 

- Mandate dual water systems for new large developments to 

maximize non-potable water use to conserve the potable water 

supply. 

o Ensure sufficient aquifer recovery during post-drought periods by 

reducing pumpage and implementing the applicable watershed protection 

projects for the most important and/or impacted watersheds. 

• Until Interim Instream Flow Standards (IIFS) are amended in the area, new 

ground water wells should not be sited in areas that impact surface waters. 

Develop long-term monitoring plans of stream and watershed indicators. 

• Regulatory, political, financial and public acceptance uncertainties can be 

addressed by environmental disclosure, cost benefit analysis, public outreach, 

education, alternative source analyses, and holistic watershed management and 

integrated resource planning. 

 

 Climate Change & Drought Uncertainties and Contingencies 

Climate change is expected to cause more severe droughts and floods, and as global 

temperatures increase, sea water levels are expected to rise affecting coastal environments, 

brackish aquifers and stream estuaries. In 2017, the Hawaiʻi Sea Level Rise Vulnerability and 

Adaptation Report adopted modeling by the Intergovernmental Panel on Climate Change 

Assessment Report 5 (2013), which projected sea level rise by one foot by mid-21st century and 

3.2 feet by year 2100.299 In its 2022 update, the Hawai‘i Sea Level Rise Vulnerability and 

Adaptation Report updated its recommendation:  

 

…to set a revised planning and policy benchmark of 4 ft (up from the 2017 guidance of 

3.2ft) as the minimum scenario for all planning and design based on the report’s 

Intermediate (mid-range) scenario for Hawai`i of 3.9 feet of sea level rise by 2100, and 

apply a 6 ft benchmark for planning and design of public infrastructure projects and other 

projects with low tolerance for risk based on the report’s Intermediate High scenario for 

Hawai`i of 5.9 feet of sea level rise by 2100.300 

 

 Climate Change Planning in the City and County of Honolulu 

In July 2018, the Mayor issued a city-wide directive for all city departments and agencies 

“… to take a proactive approach in both reducing greenhouse gas emissions and adapting to 

impacts caused by sea level rise, and to align programs wherever possible to help protect and 
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prepare the infrastructure, assets, and citizens of the City for the physical and economic impacts 

of climate change.”301 The Directive requires City departments and agencies to take several 

actions, including: 

 

• Use the most current versions of the City Climate Change Commission’s 

Guidance and accompanying Brief as well as the Hawai’i Sea Level Rise 

Vulnerability and Adaptation Report (2017) and Sea Level Rise Viewer as 

resources for managing assets, reviewing permitting requests, and assessing 

project proposals. 

• Use the Guidance, Brief, and 2017 State Sea Level Rise Report in their plans, 

programs, and capital improvement decisions, to mitigate impacts to 

infrastructure and facilities subject to sea level rise exposure, which may include 

the elevation or relocation of infrastructure and critical facilities, the elevating of 

surfaces, structures, and utilities, and/or other adaptation measures. 

• Work cooperatively to develop and implement land use policies, hazard 

mitigation actions, and design and construction standards that mitigate and adapt 

to the impacts of climate change and sea level rise. 

• Work cooperatively to propose revisions to amend shoreline rules and regulations 

to incorporate sea level rise into the determination of shoreline setbacks and 

Special Management Area (SMA) considerations. 

 

The Honolulu Climate Change Commission (HCCC) provides leadership in developing 

analysis and policies relating to critical climate change issues and impacts that City departments 

and agencies must incorporate into their plans and capital improvement programs. HCCC 

identified the following impacts:302  

 

• “The likely global temperature increase this century is a median 5.76 degrees F 

(3.2 degrees C). The last time it was this warm was 125,000 years ago when 

global sea level was 20 ft (6.6 m) higher. 

• Warming air temperatures lead to heat waves, expanded pathogen ranges and 

invasive species, thermal stress for native flora and fauna, increased electricity 

demand, increased wildfire, potential threats to human health, and increased 

evaporation which both reduces water supply and increases demand. Rapid 

warming at highest elevations impedes precipitation, the source of Hawaiʻi’s 

freshwater. 

• Hawaiʻi has seen an overall decline in rainfall over the past 30 years, with widely 

varying precipitation patterns on each island. The period since 2008 has been 

particularly dry. 

• Even under moderate warming, 10 of 21 existing native forest birds are projected 

to lose over 50% of their range by 2100. Of those, three may lose their entire 

ranges and three others are projected to lose more than 90% of their ranges 

making them of high concern for extinction. 

• Ocean warming and acidification are projected to cause annual coral bleaching in 

some areas, like the central equatorial Pacific Ocean, as early as 2030 and almost 

all reefs by 2050. 
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• Indigenous populations will be disproportionally impacted by climate change due 

to their strong ties to place and greater reliance on natural resources for 

sustenance. 

• In Hawaiʻi, climate change impacts, such as reduced streamflow, sea level rise, 

saltwater intrusion, episodes of intense rainfall, and long periods of drought, 

threaten the ongoing cultivation of taro and other traditional crops. 

• CO2 concentration has now passed 400 ppm, a level not seen since 3 million 

years ago, when global temperature and sea level were significantly higher than 

today. Testing revealed most climate models underestimate the effects of 

anthropogenic greenhouse gases....If countries stay on a high-emissions trajectory, 

there is a 93% chance the planet will warm more than 4 degrees C by the end of 

the century.... What will this >5.4 degrees (3 degrees C) look like? 

o Heat waves drive a global scale refugee crisis, as low-latitude lands lose 

habitability; 

o Drought, wildfires, water scarcity, crop failure and other threats to critical 

resources leading to increased human conflict and migration; 

o Multi-meter sea level rise continuing over many centuries; 

o Extreme weather disasters, massive floods, great tropical cyclones, mega-

drought, and torrential rainfall will be widespread. 

• To hold global temperature below an increase of 3.6 degrees F (2 degrees C) per 

the 2015 Paris Agreement, it is necessary to decrease carbon emissions by 50% 

per decade. Clearly the projections by the U.S. Energy Information 

Administration (EIA) – ‘World energy-ralated carbon dioxide emissions rise by 

15 by 2040’ - move in the opposite direction and present a massive challenge to 

humanity.” 

 

 Climate Change and Rainfall Uncertainties  

As referenced in the discussion of the designation criterion on declining water levels 

(IV.D.1.), rainfall data from 1990 to 2010 show decreasing rainfall of on Oʻahu. However, local 

climate models are mixed on the severity of future rainfall trends. The uncertainties introduced 

by climate change emphasize the importance of incorporating water system flexibility, 

conservation and alternative supplies in the range of planning options.303 

 

There are currently two leading models that are used to project future annual average 

rainfall in Hawaiʻi through 2100: statistical downscaling and dynamical downscaling. The 

statistical downscaling model projects a generally drier climate while the dynamical downscaling 

model projects a generally wetter climate (Figure 39 below). Climate scientists support both 

models as representative of future uncertainty and should serve as a guide for evaluating risk 

tolerance of a dry and wet future. The model projections will be refined as new data become 

available over the next 78 years before 2100.  For Waianae, both climate models in the dry 

season converge toward drier conditions in 2100.  The wet season is particularly important for 

aquifer recharge; however, the models diverge in the wet season with drier conditions in the 

statistical model and wetter conditions in the dynamical model.   
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These rainfall projections have implications for ground water aquifer recharge rates. The 

reduced rainfall projection (statistical downscaling) defines a dry “worst case” scenario where 

the island-wide aquifer sustainable yields decrease by 26% by the year 2100.304 In the increased 

rainfall projection (dynamical downscaling), the island-wide sustainable yields may increase by 

9% by 2100. A 2020 BWS study applied a regression analysis to 2017 USGS recharge estimates 

to the average of the UH 2100 dry and wet rainfall forecasts to derive a RAM based range of 

sustainable yields for each aquifer on O‘ahu. 305 Used for planning purposes, the spatial 

distribution of the 2100 dry scenario by aquifer framed aggressive conservation targets and 

alternative water supplies to adapt to the climate change induced decrease. See Figure 40, below. 

 

 
Figure 39. Change in Seasonal Rainfall at the End of the Century Oʻahu, Statistical vs. 

Dynamical Downscaling306 

 

The range of current, low and high aquifer sustainable yields are shown in the below 

Figure.  In 2019, CWRM revised the adopted SYs, with a resulting decrease in the overall 

Wai‘anae sector SY from 16 mgd to 13 mgd. Low and high estimates are still valid for planning 

purposes. 
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Figure 40. Range of Sustainable Yields based on Statistical and Dynamical Rainfall Models 

to 2100. 

 

The range in Waianae sector SY’s are a low of 7 mgd to a high of 17 mgd.  Again, both 

model ranges are possible and supported by UH.  In the low scenario Wai‘anae, Mākaha, and 

Nānākuli SYs are 1 mgd each and Kea‘au and Lualualei are 2 each.   

 

 Contingency for Climate Change, Sea Level Rise, and Impacts to Aquifer 

Rising sea levels and rainfall variability are global issues, which may have long-term 

impacts for Hawaiʻi.  Adapting and mitigating impacts of rising sea levels, rainfall variability 

and reductions in aquifer sustainable yields consist of 1) identify the water system’s most critical 

vulnerabilities; 2) suggest how climate variability and extremes might aggravate those 

vulnerabilities, and 3) design a range of solutions covering the climate uncertainty. 

 

• Sea level rise will cause private brackish caprock wells near the coast may become more 

brackish or unusable, increasing potable demand if converted.  They may need to be 

replaced with alternative supplies, such as recycled water. 

• Recycled water and seawater desalination provide drought proof water supplies. 

Watershed management projects will ensure healthier forests that will capture a larger 

percentage of decreasing rainfall, stabilizing recharge fluctuations and maintaining 

current aquifer sustainable yields. 

• Vulnerable water systems subject to severe drought and coastal inundation will be 

identified and resolved through the BWS capital improvement program. 

• BWS is expected to increase transfers from Pearl Harbor into Waianae as population 

grows or as sustainable yields decrease from climate change. 

Waianae 

Current 

SY 13 

mgd 

Low SY: 7 

mgd 

High SY: 

17 mgd 
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Figure 41. Estimated Population and BWS Potable Water Demand Distribution 2015 

 

 
 

Figure 42. Estimated Population and BWS Potable Water Demand Distribution 2040 

 

 

Legend
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 Ground Water Contamination Uncertainties and Contingencies 

Contaminants infiltrating into ground water and spreading through the aquifers place 

uncertainty in the amount of available water supply. Contamination from agricultural, 

underground fuel storage and distribution, and urban activities has previously occurred in Central 

Oʻahu, Waialua, Red Hill, and Honolulu. Contamination could also result from on-site sewage 

disposal systems (OSDS), such as cesspools, and from purposeful human activities, such as 

illegal dumping. The contamination can be mitigated, but treatment is very expensive and time 

consuming. If treatment is too costly, the well will be shut down and pump capacity will be 

permanently reduced. Replacement wells are also expensive. Therefore, prevention is the most 

cost-effective measure against ground water contamination. 

 

BWS conducts regular water quality sampling of its Wai‘anae and Mākaha sources. No 

chemical or microbiological contamination exists. 

 

 Contingencies for Ground Water Contamination Impacts 

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

• The Environmental Protection Agency (EPA) and Department of Health (DOH) provide 

extensive regulatory guidelines to address contamination of drinking water. EPA has 

developed a list of Best Available Technologies (BAT) to remove various contaminants 

in drinking water and restore the drinking water source for public consumption. 

• Conduct regular water quality samples and track trends of contaminants. If trends are 

rising toward the maximum contaminant level (MCL), initiate planning and engineering 

of the recommended BAT so that treatment is in place before the MCL is reached. 

• Apply DOH Source Water Assessment Protection program guidelines to water systems, 

such as conducting sanitary surveys, protecting source water delineation/capture zones 

above wells, and best management practices for potential contaminating activities. 

Conditions for source water protection should be placed on land use plan approvals.  

• Implement the water system vulnerability assessment recommendations and other 

security measures for well stations and other facilities. 

• Seal old, unused wells with cement grout to prevent direct contamination to the aquifer 

and leakage from the aquifer. 

• Replace cesspools with septic systems or connect to municipal sewer. 

• Defuel and decommission the U.S. Navy’s Red Hill Bulk Fuel Storage Facility. The 

DOH Emergency Order is in response to the fuel release and Navy water system 

contamination of November 2021. Requiring the Navy to defuel and decommission the 

Red Hill Bulk Fuel Storage Facility to eliminate future releases and remediate the aquifer 

to protect human health and the environment. 

• Identify active and formerly used defense sites (FUDS), for chemical contamination that 

could affect the quality of ground and surface water resources and reduce the availability 

of water supply used or expected to be used.  

 

 Groundwater – Surface Water Interactions Uncertainties and Contingencies  

Groundwater and surface water interactions, particularly the impact of groundwater withdrawals 

on surface water sources, remain a topic of significant concern and dispute in Wai`anae.  In 
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addition there are significant uncertainties around the specific ways in which groundwater 

withdrawal impacts specific surface waters and how and whether groundwater withdrawal 

reductions in different locations will result in surface flow restoration. 

 

 Groundwater - Surface Water Interaction Uncertainties 

• High level aquifers where water levels are higher than stream elevations contribute 

flow to streams.  This is referred to a gaining stream segment.  A reduction in high 

level water levels through extraction will reduce stream flows because it is 

hydraulically connected in mauka valleys in Waianae. 

• In basal aquifers, water levels are lower than stream elevations and therefore do not 

contribute flow into streams.  Stream flows in mid- and makai valleys percolate water 

into the aquifer through porous alluvial geology.  This is referred to a losing stream 

segment.  Basal extraction adjacent to losing stream segments will not affect stream 

flows because it is not hydraulically connected.   

• Basal ground water contributes to stream estuaries at the coast where stream 

elevations and ground water tables intersect, especially if caprock formations of 

marine and terrestrial sediments are thin.   

• It is difficult to measure ground water contributions to streams because of the 

variability of rainfall runoff and stream base flow. 

 

 Contingency for Groundwater Surface Water Interactions 

• If sufficient stream flow exists, a stream gage can be constructed to measure the 

stream flow variability 

• Stream seepage runs can measure changes in stream flows along specific stream 

segments to determine whether the stream flow is gaining or losing water. 

• Adaptive management approaches may assist in determining optimal adjustments to 

groundwater withdrawals 

 

 Groundwater Dependent Ecosystems Uncertainties and Contingencies  

Driven by gravity, all aquifer groundwater flows to the ocean, whether emerging as 

visible stream flow, springs or estuaries or as stream under-flow and nearshore underwater 

springs. On O‘ahu, the coastal caprock formation of marine and terrestrial sediments formed 

when sea levels were higher  having the effect of slowing the movement of freshwater to the 

coast, creating freshwater aquifers hundreds of feet thick. Freshwater mixing with saltwater 

creates brackish water environments that support unique ecosystems and fisheries.  

 

The Wai‘anae moku supported multiple fisheries historically, fed in part by nutrient 

holding fresh water flows to the coast.  A map of historic fisheries appears as Figure 43, below.  
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Figure 43. O‘ahu Fisheries, Wai‘anae section, Barbers Point – Ka’ena Point.307  

 

 Groundwater Dependent Ecosystem Uncertainties 

Drought or diversion of freshwater flows could have an impact on these groundwater 

dependent ecosystems (GDE), and is under CWRM consideration. While direct measurement is 

difficult or not possible, groundwater flow to the coast can be generally estimated as the 

difference between recharge and sustainable yield accounting for actual pumpage. Recharge is 

calculated in a hydrologic budget consisting of rainfall, evapotranspiration, runoff and recharge. 

Sustainable yield is calculated as a percentage of recharge based on aquifer thickness. The health 

and impacts to coastal ecosystem environments vary by region, land use, well location and 

pumping rates and therefore have to be evaluated on a watershed by watershed basis. 
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Aquifer system 

Recharge 

Entire 

Watershed 

(USGS 

2017) 

Adjusted 

Recharge 

(rounded)  

Adopted 

Sustainable 

Yield (WRPP 

2019) 

Recharge as flow to 

streams and nearshore 

that support GDEs 

Nānākuli 3.02 3 1 2 

Lualualei 10.80 11 3 8 

Waiʻanae 7.09 7 3 4 

Mākaha 8.57 9 3 6 

Keaʻau 7.79 8 3 5 

Wai‘anae Sector 

Total (mgd) 
37.27 37 13 24 

Table 11. Estimates of groundwater flow to nearshore waters in Wai`anae.308 

 

 Contingency for Groundwater Dependent Ecosystems 

• Site specific studies of coastal ecosystems are needed to evaluate the benefits and 

impacts of freshwater flows affected by diversions and climate change. 

• Develop capture zone delineations (CZD), for GDE, (similar to DOH SWAP), that 

supply groundwater flow to high value coastal ecosystems, such as fishponds and 1) 

avoid new source development within the GDE CZD (2 or 10 year travel time), and 

2) identify water conservation actions to reduce pumpage from the existing sources 

within the GDE CZD. 

• Physical restoration of coastal habitats and fishponds and removing invasive species 

can enhance ecosystems, supplementing actions that increase natural groundwater 

flows to nearshore waters. 

• CWRM enhances groundwater flows to dependent ecosystems by applying a 

conservative approach in selecting the lower range of groundwater sustainable yields 

in the WRPP. Of the 37 mgd of recharge to Waianae sector aquifers in 2017, 24 mgd 

or 65% of recharge naturally flows to the coast if all aquifers were pumped to their 

respective sustainable yields. In practice, full development of sustainable yields will 

not likely happen and currently about 6 mgd of Waianae’s sustainable yield is 

pumped so an additional 31 mgd of sustainable yield is not used and therefore, 55 

mgd (24+31) of recharge continues to naturally flow to the coast in support of GDE. 

• Should CWRM consider increasing groundwater flows to the coast to enhance GDE, 

sustainable yields could be decreased based upon the results of future studies. 

 

 Surface Water Uncertainties and Contingencies 

Surface water supply uncertainties and contingencies are presented in this section and 

include the following topics: 
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• Amending Interim Instream Flow Standards 

• Drought Impacts on Surface Water 

 

While included in this section of the petition on uncertainties and contingencies, surface 

water management area designation is not discussed as a potential uncertainty. Waianae’s 

streams are intermittent due to the lack of rainfall on Oahu’s leeward coast.  Stream flow occurs 

in the back of most valleys due to high level dike leakage, but become losing streams in mid-

valleys influenced by porous alluvial geology and extraction occurring in the mauka valleys 

through tunnels and wells. Likely consequent to the intermittent nature of Wai‘anae surface 

water resources, only one stream diversion exists. Ka‘ala Farms diverts stream water in mauka 

Wai‘anae, piping the water to the mid-valley for kalo and diversified agriculture.  

 

Because of the nature of surface water resources in Wai`anae, the BWS finds that surface 

water designation in Wai‘anae is not warranted. Water use permitting is a key management tool 

in designated areas. Because only one diverter operates in Wai‘anae, imposition of a water use 

permitting system is unnecessary. CWRM can protect, control, and possibly restore mauka 

stream flows by regulating permitting of high level groundwater sources after designating 

Wai‘anae a ground water management area.  Further, stream diversions for traditional and 

customary practices, potentially including Ka‘ala Farms restored lo‘i, would not require a surface 

water use permit even if a surface water management area was designated. 

 

 Uncertainties Around Amending Interim Instream Flow Standards 

The Commission’s potential amendment of IIFS for Wai‘anae surface water resources 

pose significant uncertainty about the availability of surface water and dike groundwater sources 

affecting stream flow. This lack of measurable interim instream flow standards (IIFS) is present 

for the majority of streams on Oʻahu. Other uncertainties relate to the complexity of stream 

studies (scientific, cultural, economic and environmental) and their potential cost. The following 

is a range of possible outcomes: 

 

• If there is additional water available after instream uses are met, water will be 

available for agricultural use. 

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

maintained. 

• If there is insufficient water in the stream to meet the measurable IIFS, water from 

existing non-instream uses may be returned to the stream, and alternative water 

sources for agriculture and urban uses may be needed.  As of this writing, CWRM is 

evaluating the setting of an IIFS for Kaupuni Stream in Waianae Valley. 

 

 Contingency for amending IIFS 

The following contingencies can be pursued to address the uncertainty around IIFS amendments.  

 

• CWRM identifies high natural quality streams to amend interim IFS using best 

available information. 
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• CWRM is acting on the pending petitions for amending interim IFS on a case-by-case 

basis specific to each stream system under evaluation.  It would be beneficial if 

CWRM would develop a standardized measurable IIFS methodology to protect public 

trust uses to address the uncertainty of available instream and non-instream flows 

emphasizing balance of all 4 public trust uses, with practicality and consistency. 

• Surface water users should manage the variability of existing diverted flows, applying 

conservation efficiencies and water loss prevention strategies such as lining or piping 

distribution ditch systems to efficiently distribute limited water supply to where it is 

needed. 

 

BWS expects CWRM will continue its work in amending IIFSs for at Kaupuni stream, 

which BWS has already restored. BWS recognizes the historical and ongoing existence of 

surface water resources as supporting cultural practices. Based on discussions with other water 

users in Wai‘anae moku, designation may require the Mākaha resort and golf courses to reduce 

plans for the resort and not opening a second golf course in Mākaha due to the uncertainty and 

risk of declining aquifer levels and the potential reduction in aquifer sustainable yield.  Despite 

this potential, BWS will meet existing water commitment agreements. 

 

 Uncertainties from Drought Impacts on Surface Water 

Drought impacts to instream uses and surface water availability poses further uncertainty. 

Surface water is supplied by rainfall and high level ground water leakage as base flow and is 

significantly impacted during drought. Extended drought can have dire implications, especially 

for agriculture, much of which relies solely on surface water for irrigation. 

 

 Contingencies for Drought Impacts on Surface Water 

• Alternative sources such as ground water and recycled water should be developed to 

mitigate drought impacts on agriculture. Barriers to recycled water, especially for 

edible vegetable crops, will need to be addressed. 

• Water loss strategies will conserve existing diverted flows. Agricultural crops could 

also be changed to use less water, markets and other factors permitting. 

• Watershed forestation and protection projects focus on critical watersheds to improve 

forest health to increase base flows and natural storage supplying streams. 

 

A significant limitation to using surface water is its variability and lack of reliability 

especially during dry periods and drought. By increasing water storage, or by supplementing 

surface water with ground water, which is called conjunctive use, additional agricultural lands 

may be irrigated year-round cost effectively with minimal impact. Figure 44 is a conceptual 

image of the seasonal relationship between surface water in conjunction with ground water for 

agricultural irrigation. During dry seasons and drought, when demand increases and limited 

stream water is available, ground water can supplement surface water, protecting instream uses. 

Surface water, which is more abundant during the wet season, can be economically used, 

allowing time for the ground water source to be replenished. 
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Figure 44. Seasonal Agricultural Water Use Supplementing Surface Water with Ground 

Water. 

 

 Agriculture and Urban Water Demand Uncertainties and Contingencies 

Predicting agricultural water demands is challenging because of farmer needs, market 

uncertainties, variable regional crop type and associated water demand numbers, climate 

variability, etc. In addition, the general lack of metering agricultural water use severely hampers 

not only demand estimates but the protection and management of the water resource. Hawaiʻi’s 

diversified agricultural production has also increased in recent years, indicating potential long-

term changes in agricultural user profiles. 

 

Regional crop water demand uncertainties are related to crop types, operational variables 

for each crop type such as fallow periods and frequency of harvest, and local climatic conditions. 

Global warming will increase evapotranspiration and water demand. Crop water demands are 

challenging because of the diversity of crops and of the relatively few crop numbers that are 

geographically specific or agreed upon. 

 

 Contingency for Agricultural Water Demands 

CWRM funded a UH study to develop a crop water demand model that is now used to 

provide discreet water demands by specific crop type, climate and soil condition.309 The model 

allows CWRM to tailor water allocations to specific lands thereby assuring reasonable and 

beneficial water use. 

 

 Urban Water Demands Uncertainties and Contingencies 

Water demands associated with urban growth are difficult to estimate because they occur 

concurrently with decreasing per-unit water demands. The former is consequent to growth. The 

latter is consequent to effective water conservation programs. These pose an uncertainty in 

estimating those water demands.  

 

Further, global warming will increase evapotranspiration and water demand across the 

population. Predicting population growth depends on public policies in the Development and 



98 

 

Sustainable Communities Plans and fluctuating economic trends affecting the pace of urban 

growth. The urban growth and rural community boundaries provide essential guidance on 

discreet limits to urban growth to protect agricultural and conservation lands. 

 

The City Department of Planning and Permitting 2012 Wai‘anae Sustainable Communities Plan 

Land Use Plan (DP/SCP) delineates the urban and agricultural lands of Wai‘anae. Land use 

approvals and availability of water service are subject to a hierarchical and sequential series of 

permit approvals such as zoning, special area permits, and building permits. The City DP/SCP is 

an initial step in planning for these uses, but does not guarantee approval for urban and 

agricultural developments. This presenting an uncertainty and timing issue as to whether and 

when water is allocated to land use. 

 

 Contingency for Urban Demand Projection Uncertainties 

The following strategies can mitigate the uncertainties in water demand forecasting: 

 

• Compiling trend data to analyze the extent, causes and effects of decreasing per capita 

water demand to develop reliable and accurate water demand forecasts. Improved 

conservation measures and economic forces have slowed both urban and agricultural 

water demand growth extending existing supplies. 

• Demand forecasts provide a range of possible future demands (low, mid and high) with 

associated water supplies. Adjusting the timing of water supply projects will 

accommodate changes in the rate of demand growth. If growth is slower or faster than 

predicted, projects can be deferred until needed or developed in a shorter timeframe. 

Regular updates of the Wai‘anae Watershed Management Plan will allow course 

corrections on growth rates and infrastructure. 

• With the integrated One Water resources strategies of watershed protection, advanced 

conservation, and sustainable diversified ground water and surface water supplies, and 

new technologies in recycled water and desalination using renewable energy sources, 

there should be sufficient water supply to accommodate variability in climate and 

domestic and agricultural water demand growth. 

• BWS water conservation program consists of five strategic programs: (1) Public outreach 

and education, (2) Leak detection, repair and maintenance, (3) Water Sensible 

conservation incentives program, (4) Water efficiency and water shortage regulations, 

and (5) Alternative source development and recycling.  Figure 45, below shows the trend 

of  island wide BWS source production from 2010 to 2030 with and without water 

conservation.  BWS water conservation programs result in a decreasing production trend 

of 0.33 mgd per year despite an incremental population increase. 
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Figure 45. BWS’ projected service population with projected and actual water savings. 
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