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develop until such time that means are found to install water distribution systems in the subdivisions.

Many of the municipal systems on the east side rely on springs and streams for all or part of their
water supply. The need to develop new ground water sources to replace these surface water sources is
expected to arise as decisions are reached on bringing existing municipal systems into compliance with
federal water quality regulations. Thirteen of the twenty-six County systems, including the large Hilo
system will be affected by the regulations. Allowances have been included in the future water need
estimates in anticipation of such move and also to provide for backup wells.

Historically, the windward and rainier side of Hawaii Island, with its plentiful water supply,
sustained the bulk of the economic activities and population. Today, with the island’s economic
activities shifting toward visitor-service oriented industries, the sunny and dryer leeward side of the
island, with its limited supply of water, is becoming the prime location for tourism facilities and
supporting infrastructure.

The leeward side of the island, more specifically the districts of South Kohala and North Kona,
is facing the problem of huge demands versus limited supply of ground water. The windward side,
although not faced with the problem of huge future water demands, is facing the problem of bringing its
spring and surface water sources into compliance with federal safe drinking water regulations and water
quality standards and upgrading many of its older systems.

Although the coastal region of the South Kohala District is seen as the focal point of resort hotel
and condominium projects, the mauka Waimea Village and surrounding areas are also blossoming into
a bustling community. The mauka areas must continue to rely on high level water supplies, primarily
from the Kohala Mountain streams. However, because of its limited supply during dry weather,
alternative sources such as high level dike impounded waters need to be explored and tapped. In the
makai coastal areas, the demand may possibly exceed the capacity of the Lalamilo well field. Although
further explorations in the region may discover additional water, the projected demand of about 16 mgd
will require considerable aquifer resource. Alternative means such as transfer of water from the Hawi
area must be considered if growth is to continue in the makai area.

The unprecedented growth of the North Kona District is taxing the existing well sources to near
capacity. The existing North Kona basal water table source was developed only after exhaustive studies.
However, it appears that the success of the Kahaluu well site cannot be duplicated elsewhere in Kona.
Even at the lower section of this site, the Kahaluu inclined shaft well source is precariously close to over-
pumping. The chloride content has risen to dangerously high level. New well sites must be found to
supplement the Kahaluu site.
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Section VII.

Watershed Management And Flood Control

L Watershed Management and Control

Adequate management and control of watersheds is a prerequisite for our two major concerns—
retaining sufficient acreage of watersheds to insure infiltration into groundwater aquifers to meet our
needs, and to protect the quality of our raw water whether it is recharging groundwater bodies or
impounded for use in either the treated or untreated state.

For many years watershed lands have been carefully guarded and increased in acreage,
particularly on Oahu. In the not too distant future, this practice must be followed in the other counties.
One example is in the Kona highlands where the maintenance and protection of the watershed should
be a high priority consideration in view of the increasing need for more water in the Kona area. Other
areas where watershed acreage should be increased are Waioli and Papaa on Kauai, and the Maunawili
area on Oahu.

It is vital that a minimum area of conservation lands be set aside as watersheds for infiltration.
At present, the State Land Use Commission has the authority to zone lands in conservation and
agricultural areas.

Watershed boundaries are set by the Legislature. In the past, the Legislature has been responsive
to the need to protect our watersheds and there is every reason to believe that it will continue to do so
in the future. With the new law creating the Commission on Water Resources Management, it may be
appropriate to study the advisability of transferring the responsibility of fixing watershed boundaries to
the Commission. .

Under existing law, the Commission has the authority to designate certain areas where
groundwater may be safely withdrawn so as to protect the sources from overdraft. It would therefore
seem logical that the Commission ge given tha authority to set limits on watershed areas which serve as
intakes for the replenishment of groundwater aquifers. However, the legal and technological ramifications
of such a change may be so complex that a thorough evaluation may be necessary before such
authorization is sanctioned.

For many decades, municipalities throughout the county have been using unfiltered water for
domestic purposes. These municipalities have been able to do this while meeting public health
requirements at the same time because they have been successful in maintaining unfiltered supplies with
high raw-water quality, effective watershed control programs, and reliable disinfection procedures.

However, because of the potential of sudden changes in raw-water quality and the possibility of
disinfection process failure, more and more water utilities are employing multiple barriers of treatment.
At the least, these include filtration and disinfection.

The question of whether unfiltered water is acceptable has practically become moot. The
United States Environmental Protection Agency (EPA) has stipulated that as of December 31, 1990,
all surface sources of drinking water, with possibly a few exceptions, must undergo filtration and
disinfection. All utilities confronted with this prospect will be faced with additional major capital
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and operating costs. Whether such a requirement will obviate the need for watershed control is open
to question.

An uncontrolled watershed is exposed to a wide range of contamination possibilities resulting
from the use of herbicides, industrial chemicals, and the dumping of various waste materials. Such a
situation accompanied by treatment failures can give rise to very serious public health emergencies.

The EPA may grant a few exceptions to the filtration requirement in cases where the
watersheds are owned and rigidly controlled by the purveyor, where the raw water is of superior
quality, and where it can be shown that the proposed method of treatment, other than filtration, is
capable of effectively removing viruses and other organisms.

In the State of Hawaii, all of the unfiltered surface supplies are either being phased out or are
undergoing improvements resulting in treatment involving filtration and disinfection. The
completion date of these improvements is sometime before December, 1990.

However, the need to control and protect the watersheds remains urgent. There is still a need
to protect groundwater supplies, especially the shallow sources, from contamination. Moreover,
there are indications that surface supplies will be used for recharge or direct use after treatment. All
in all, a high level of watershed control is still necessary even under the surface water treatment rule
imposed by the EPA.

All watershed lands in Hawaii are owned and controlled by the State. Entry into and
activities in the watersheds are governed by laws and rules and regulations enforced by the State
Department of Health (DOH). Entry into watersheds is by permit and for the scientific studies.

Applicants for permits must pass a stool examination conducted by the DOH. Recreational,
commercial, industrial, and residential developments are prohibited. The exclusion of activities not
compatible with best public health practice has historically provided a high level of water quality
protection in Hawaii.

II.

Floods occur when stream channels overflow due to excessive rainfall which causes a
temporary rise of the water level in a stream or natural water course. Floods can also inundate
overbank lands generally referred to as the stream’s flood plain. Floods can cause considerable
damage to agricultural lands, public property, homes, and human and animal life.

It would therefore be to our advantage to adopt flood control measures not only to minimize
damage but to put flood waters to beneficial use such as storage for recharge, low-flow
augmentation, generation of hydroelectric power, support of fish and wildlife, irrigation, and other
forms of reuse. This multiple-purpose development approach is frequently used in the development
of flood control projects in Hawaii.

Flood control means the minimizing of flood damage by appropriate protective, preventive,
and corrective measures. On the other hand, drainage involves the receiving and conveying of
surface runoff using man-made facilities.

Flood control facilities confine storm runoff within natural water resourses and standing
bodies of water. These facilities may include ditches, streams, dams, and reservoirs. Drainage
facilities collect surface and sub-surface runoff such as culverts, ditches, canals, and reservoirs. It is
obvious that many of these installations are common to drainage and flood control projects. These
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installations, whether for flood control or drainage, serve the broader objective of maximum use of
our water resources.

Drainage serves the useful purpose of reclaiming and improving lands for agricultural and
other beneficial uses. However, overdrainage of interim lands can produce the negative effect of
reducing or completely stopping recharge of our groundwater supplies.

Flood control reservoirs and dams serve the arid and semi-arid areas throughout the country.
The conservation of surplus water for use during periods of low rainfall compensates for sharp
variations in rainfall so that water for irrigation and other uses is available throughout most of the
year.

Planning for flood control facilities should recognize the need to incorporate storage facilities
into the plans so that critical areas would not suffer from shortage of water, expecially for irrigation.
Through the years, a number of reservoirs and dams throughout the State were built as flood control
facilities. Some of the more prominent are the open reservoirs in Nuuanu Valley, Oahu.

As far back as the late 1920’s, the now defunct Honolulu Sewer and Water Commission
prepared conceptual plans to funnel flows from the reservoirs in Nuuanu and Kalihi valleys to a
central 25.0 mgd capacity plant for treatment and use for domestic purposes. It was also planned to
eventually divert water from Manoa and Palolo streams to the proposed filter plant. The plant was
never built but the whole scheme is a reminder to us of the far-sightedness of the engineers of more
than 60 years ago in planning for a facility which may someday become a reality.

Recreation activities can also benefit from flood control. As the population increases and
urbanization expands, more facilities will be needed for recreation such as swimming, fishing,
boating, picnicking, and camping. The construction, operation, and maintenance of aquatic
recreational areas will assume increasing importance and continuing demand. Recreational
reservoirs and free-flowing streams for scenic enhancement can logically become elements of a
multiple-purpose flood control program.

Flood control and drainage can also provide the facilities and environment for the preservation
and propagation of fish and wildlife and not be limited to domestic water use and irrigation. Care should
be exercised that any drainage program be conceived to protect the habitat of fish and wildlife. Flood
control can become a very vital function of government in its drive to preserve our natural resources for
the benefit of future generations.
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Section VIII.

Conservation Of Water Resources

Since about 1975, increasing emphasis has been placed on water conservation on the national,
state and local levels. At that time, the U.S. Water Resources Council stated that while the nation had
an abundance of surface and groundwater supplies, it was estimated that by the year 2000, more than 20
percent of the country will have serious water shortages. In 1975, the American Waterworks Association
(AWWA) adopted a policy which stated in part that “water is a renewable natural resource. It must be
managed to best meet all the many needs of man. Every effective means to prevent and minimize waste
and promote wise use should be employed by all entities, public and private, engaged in water resource
activities.”

The U.S. Water Resources Council defined water conservation as “activities designed to (1)
reduce the demand for water, (2) improve efficiency in use and reduce losses and waste of water, or (3)
improve land management practices to conserve water.”

Generally, water utilities practice conservation by protecting the watersheds in order to realize
dependable yields, reducing system leakage and losses, adopting universal metering, encouraging or
requiring the installation of devices to reduce water use, implementing public education programs,
adjusting water rates to influence demand, and as a last resort, rationing water use during severe
shortages.

Water conservation can be beneficial to a water utility and its customers by reducing demand in
dry years and prolonging short supplies during other emergency conditions. Efficient water use can also
result in savings particularly on hot-water use. It has been estimated that hot-water use can be reduced
almost one-third through effective water conservation measures.

Other energy savings can be realized through reduced water use by requiring less energy to treat
and distribute water. Water conservation within the home and industry decreases the volume of
wastewater flow. This in turn reduces treatment and collection system costs. In Hawaii, reductions in
pumping costs could be very significant.

In planning a water conservation program, a water utility should consider some of the potential
disadvantages involved. One of the most important considerations is the reduction of revenues, the effect
of which is almost immediate. Therefore, careful advance planning is necessary for a utility to balance
conservation against revenue loss.

Water conservation may postpone needed capital improvements so that the utility must face
inflated construction costs in the future. Water conservation can make available additional water to
service undeveloped areas. Unless the conservation program is conceived with long-term considerations,
problems can arise on land use and availability of water. Thus, close coordination between water
conservation and land-use planning is necessary.

Water conservation cannot be regarded as a substitute for a utility’s obligation to maintain an
adequate reserve capacity. Conservation under normal conditions would make conservation under
drought conditions more difficult. Without a reserve capacity, water shortages may become more
frequent. This must be kept in mind in any long-range water supply planning program.
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Many states and municipalities throughout the mainland have developed water conservation
programs with varying degrees of success. Noteworthy programs have been implemented in cities such
as Denver, Oakland (EBMUD), Los Angeles, and Washington, D.C..

Until recent years, Hawaii has not found it necessary to resort to mandatory restriction in water
use. However, during the past several years, the island of Oahu and certain areas on Maui and Hawaii
instituted conservation measures during the summer months. The Honolulu Board of Water Supply
found it necessary to limit water use by mandate on a few occasions.

Water Conservation Programs

Water supply planning and water conservation programs are closely related because the latter
affect both short-term and long-range water requirements and help reduce the risks of water supply
deficiencies. Water conservation programs may involve short-term and long-range conservation
measures. Short-term measures are usually referred to as emergency or drought measures. These may
include such practices as drastically reduced lawn watering, bans on car washing, and limited flushing
of toilets.

Long-range measures may include redesign of toilet tanks to reduce quantity of water for
flushing, low-flow shower heads, pressure regulators, and water-efficient appliances. Table 2 shows
what a long-term conservation program may include.

In industry, recirculation of cooling water and the re-use of treated wastewater must be
considered. In agriculture, drip irrigation and tailwater recovery are effective conservation measures.
The use of surface mulches and pressure regulators is also helpful.

In considering water conservation in its broadest sense, proposals that are non-restrictive or
obvious must be justified on the basis of acceptability and cost effectiveness as compared with alternate
supply projects. A careful evaluation of potential sources of supply, such as water reuse, must be made
from the standpoint of capital and operational costs and public acceptance.

Although government must take the initiative in developing and pursuing a strong water
conservation program, the success of such a program will depend on public participation and cooperation.
Key community leaders and elected officials must be involved. Personnel from government agencies,
private water companies, and environmental groups have vital roles to play. Representatives from
industry, commercial associations, civic organizations, churches, labor unions, school boards, and the
media can all make important contributions. All should be a part of an on-going public education
program and planning efforts. Together, such a group could come up with a most cost-effective program
for presentation to the public, and to the utility for final implementation.

Finally, any water conservation program must undergo periodic assessment to measure program
effectiveness. As a follow-up to program assessment, updating of various program elements may be in
order. This function may well be handled by an advisory committee reporting directly to the water
department manager.

Practice of Water C :

Water conservation methods may be categorized in three general areas. These are resource
conservation, water system conservation, and conservation by consumers. In addition, a fourth area
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dealing with public education should be considered. Resource and water system conservation are
primarily the functions of a water utility. Residential water use is probably the most important since it
accounts for about two-thirds of the total water sales.

1. Resource Conservation

Resource conservation is intended to assure optimum development of sources to protect them
against contamination, waste, and overdraft. Appropriate laws, and rules and regulations must be
adopted to protect the groundwater sources against pollution and improper use. In Hawaii, public
ownership of watershed lands has long been advocated to conserve and protect underground water
resources. Watersheds are infiltration areas that are crucial to the replenishment and preservation of our
basal water resources.

Rules and regulations to control the drilling of private wells and to guard against wasteful
operation have long been in effect in Hawaii, particularly the island of Oahu. However, the State Water
Code which was passed by the Legislature in 1987 empowers the State Water Resource Management
Commission to designate areas where the Commission feels that water resources therein are in danger
of overdraft. Water use in these designated areas is now under the jurisdiction of the Commission. In
addition to that, the various county water departments now have the authority to impose manadatory
restrictions on water use under certain conditions.

An important aspect of the resource conservation program is the continued surveilance of
hydrologic conditions to provide data upon which long-term assessment of groundwater conditions can
be made. The results of these assessments are the basis for corrective action in the overall management
of our groundwater resources.

The preservation of our groundwater resources will gradually assume greater dependence on how
effectively we utilize our total water resources. Wastewater reclamation, surface water recovery,
desalination, improved irrigation practices, and other means to make greater use of our total water
resources all play a part in protecting our groundwater resources against overdraft. The principal means
of augmenting our existing natural water resources are described in greater detail in another section of
this report.

2. Water System Conservation

A water utility can take various actions to effect savings by better operation and control of its
transmission and distribution system. The two primary areas where water system conservation can be
most effective are metering of water supplies and leak detection and control. To a lesser extent, reduction
in water pressure can result in some savings.

Some water utilities bill their customers on a flat-rate basis. Many others, especially among the
larger municipalities, require the installation of water meters and billing their customers for metered
water use and water service. The practice of charging customers on the basis of water use provides a
strong incentive for customers to use less water. According to the AWWA, studies conducted between
1955 and 1975 indicated that water savings resulting from metering ranged from 13 to 45 percent.

When the Denver Water Department started its large-scale metering project, a careful study was
made to determine water savings due to metering. Data collected from 1980 to 1982 indicated that
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metered households use about 20 percent less water annually than unmetered households.

Distribution system losses through leaks are included in a general category referred to as
unaccounted-for water. In addition to leaks, these losses include unmetered water use through fire
hydrants, water illegally taken from the distribution system, inoperative system controls, and water used
for street cleaning and flushing of water mains and sewers, although the Honolulu BWS is now metering
the water used for street and sewer flushing.

An AWWA report contains some comparisons of unaccounted-for water in various cities
throughout the country with figures ranging from an average of 9.5 percent for cities in California to 36
percent in Boston. In 1976, the unaccounted-for water in Boston was 50.5 percent. After a program of
leak detection, meter testing and replacement, and pipe relining and replacement, the unaccounted-for
water in Boston dropped to 36 percent.

The cost-effectiveness of such a program must be determined by each individual municipality.
In the final analysis, a good program of prevention is the best way to reduce leaks. This includes proper
water system design, careful installation, and effective corrosion control measures.

Although not a major factor, reduction of water pressure can save water. A 1984 report by HUD
showed that in the cities of Los Angeles, Atlanta, and Denver, a reduction of pressure of about 30 psi
resulted in a three to six percent decrease in water use. A similar study in Boston showed a decrease of
eight percent. However, each water utility must determine whether it would be practical to operate at
lower pressures where certain services may be affected such as fire-fighting capabilities.

3.  Consumer Conservation

In general, residential water use averages about 65 percentof total urban water sales. Commercial
use averages about 13 percent and industrial use about 14 percent. The rest is attributed to government
and agricultural use. In Hawaii, the figures may vary somewhat. Honolulu, for example, reports that
residential use averages about 61 percent, commercial 21 percent, industrial five percent, and government
and agriculture about 13 percent.

Residential water use can further be classified as water used inside and outside the house. A
typical home uses between 60 and 80 gpcd. Because of wide variations in climate and landscaping, water
used outside the home may vary between 30 and well over 100 gped. Figs. 4 and 5 show average inside
water use for a conserving and non-conserving home, respectively.

Inside the home, most water is used in the bathroom. National figures show that a home
constructed with water-efficient plumbing fixtures uses more than 20 percent less water than a home with
non-conserving fixtures. Some of the more common water-conserving fixtures are as follows:

a. Low-flush toilets - these units use no more than 3.5 gallons per flush. This can save up to
50 percent of the water used in older toilets. A new ultra low-flush toilet is now
available which uses only 1.5 gallons per flush. Itis more expensive than the standard models,
but mass production will probably reduce the cost substantially.
b. Low-flow shower heads - ordinary shower heads deliver from five to eight gpm. A low-flow
shower head uses about 2.75 gpm, resulting in a savings of roughly 5 percent or more.
c. Low-flow faucets - no reliable data are available on water savings due to the use
of low-flow faucets but the AWWA report that the savings would probably be less
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than 1.0 gped.
d. Water-efficient dishwashers and clotheswashers - dishwashers and washing machines

use significant amounts of water. New units on the market now make it possible
to save about five gallons per load dishwashers and about six gallons per load
for clothes washing machines.

Many states now require the installation of water-efficient devices in new construction. Newer
products are appearing on the market but have not gained wide acceptance mainly because of high costs.

Water used outside the home is primarily water for landscape irrigation. Water conservation
measures that can be used include improved irrigation techniques, better turf preparation, and alternative
landscaping designs that reduce water use. Improved irrigation techniques can save from 20to 50 percent
of the water applied.

The potential savings from low water-use landscaping can be considerable. Studies in Denver
and the East Bay Municipal Utility District show that savings from low water-use landscaping reduced
water use by as much as 63 percent. Efficient irrigation combining appropriate choice of sprinkler heads,
uniform water application rates, automatic controllers, and proper zoning of turf and planting beds can
reduce water use substantially. Studies in Palm Springs, California indicated savings of 54 percent under
controlled irrigation conditions. Figs. 6 and 7 are example of how savings can be affected through low
water-use landscaping.

4. Reduction of Commercial Water Use

Water use for commercial establishments is confined mainly to sanitation and landscape
irrigation. Many of the residential water saving techniques apply to commercial establishments. Some
of these are as follows:

a. use of retrofit water-saving devices
adjustment of valves on toilets and
urinals

use of water-efficient appliances
use of low-flow shower heads
elimination of leaks

adoption of water-recycling practices,
such as car wash water

use of low water-use landscaping
installation of automatic irrigation
systems

&
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5. Reduction of Industrial Water Use

Water use by industry is primarily for cooling, landscape irrigation, sanitation, and process water.
Conservation of water used for irrigation and sanitation may be realized through the same methods
recommended for residential and commercial users. Other means of reducing industrial water use are
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as follows:
a. converting once-through cooling systems to
closed systems
b. reclamation of wastewater
c. eliminating waste of water used for
cleanup
d. designing more efficient systems for

process water use

In Hawaii, the potential of reducing industrial wastewater use is not great. Nevertheless,
opportunities for savings still exist, especially in pineapple canneries, power generating plants, and milk
processing plants. In contrast, during California’s drought of 1976-77, many plants in the Los Angeles
area reduced water usage by around 50 percent or more.

6. Public Information Programs

Public information systems are usually intended to develop a conservation ethic among water
users. In order to achieve reductions in water use, it is vital for consumers to make a voluntary
commitment to conserve water.

Public information programs can educate consumers on how waste can be prevented, such as
indiscriminate flushing of toilets, running water unnecessarily while taking showers, shaving, brushing
teeth, washing cars, or watering lawns. The public can be educated on water sources, the costof operating
a water system, the limited capacity of our sources, and the importance of water conservation.

The effectiveness of a public information program is difficult to measure. Information from
literature compiled by the AWW A reported that most programs mentioned a four to five percent savings.
Early in 1977, the Honolulu BWS embarked on a public information program and made a direct plea to
the public to conserve water. The effective savings noted for the year was about nine percent. Experience
shows that in order to be effective, a public information program must be carried out on a long-term basis.
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Augmentation Of Water Resources

The adequacy of water resources to meet all needs throughout the State, especially on a long-
range basis, must be viewed with due consideration of alternative water sources to augment our naturally-
occurring water supplies. A key issue is the order of priority in which the development of these sources
is to be implemented.

Generally, the need for augmentation on the Neighbor Islands does not appear to be urgent. In
many areas, the problem is a matter of development and distribution rather than a scarcity of water. The
situation for the island of Oahu though, has a relatively greater degree of urgency, although it is difficult
to pinpoint at this time as to when augmentation must be implemented.

For the island of Oahu, some feel that all available surface and groundwater supplies will be fully
committed by the turn of the century, and water demands beyond the year 2000 must be met by
augmentation of various alternatives. Although groundwater supplies are largely developed, some are
of the opinion that the eventual full development of these supplies, and more importantly, their judicious
management, would extend their availability to comfortably beyond the year 2000.

However, the need for additional water supplies must be constantly reviewed, research continued,
and priorities established so that the development of these supplies can be pursued in an orderly manner
in the future. In this regard, the amount of lead time, funding, and the availability of technical resources
are major considerations.

The principal alternative sources of water which may be used for augmentation are as follows:

: A DESALINATION: Because Hawaii is in the middle of the Pacific Ocean, there is a
tendency among many to believe that desalination is the answer to our water needs. It is
true that desalination is technologically possible, but the element of cost in comparison
with that of other alternatives becomes a serious factor.

N S ON Al WOR
Region Percentage
Western Asia (Middle East) 63
North America 11
North Africa 7
Europe 7
Pacific B
Caribbean 2
Soviet Union 7.
Other 4
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ALINATION CAPACITY PROC

Percentage
Desalination Process  _United States* | Worldwide
I
Distillation 21 | 70
Electrodialysis 6 | 4
Reverse Osmosis 73 | 25
*Includes U.S. Virgin Islands
S OF W WI DESALINATION CAPACITY—
linati Percentage
Distillation 3
Electrodialysis 13
Reverse Osmosis 32
TOTAL 11

Desalination on a municipal scale has been considered intermittently in the past. In the 1960s,
the Honolulu BWS conducted studies on the feasibility of desalination using seawater and brackish water
as sources. At that time, the estimated cost of desalting brackish water (up to about 1,500 ppm chloride)
was § 0.50/1,000 gallons, and for seawater, the cost was about $ 1.00/1,000 gallons.

The State Department of Land and Natural Resources, with the assistance of the Campbell Estate,
the BWS, and the University of Hawaii Water Resources Research Center, is installing a 1 mgd desalting
plant in the Ewa district using brackish water as the source. Completion date is scheduled for the middle
of 1990. The unit cost of water production is estimated at slightly more than § 3.00/1,000 gallons by the
project consultant. This does not include cost of storage and distribution which is usually several times
greater than the cost of production by conventional means.

For comparison purposes, fig. 8 shows how desalination capacity has increased in the United
States from 1952 to 1988'. Fig. 9 shows the range of desalination costs in the United States from 1950
to 19872 These costs may not be applied accurately to Hawaii, but they do show some interesting trends.
For example, since much of the water developed in Hawaii is groundwater requiring little or no treatment,
the cost of development is probably less than that shown in fig. 9.’Ibid.

Large-scale studies and the use of demonstration plants to show the feasibility of desalination
have taken place only during the past three or four decades. In general, the various methods considered
were based on the principles of phase change (for example, distillation), membrane separation, and
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chemical reaction.

2 IMPROVED IRRIGATION PRACTICES

Up until the late 1960’s, irrigation of cane fields was done by the conventional furrow irrigation
method where the cane was flooded by water applied to furrows. Sometime around 1968, overhead
sprinkler systems became more widely used to irrigate the fields. By 1970, the sprinkler system of
irrigation, although more efficient than furrow irrigation, was largely replaced by drip irrigation.

Results to date show that the adoption of drip irrigation by the sugar industry revolutionized
irrigation practices in Hawaii and to a significant extent saved the sugar industry. This, together with
the burning of bagasse to generate electricity, kept the sugar industry going on a viable basis.

The conversion of furrow to drip irrigation has resulted in better cane yields, higher production,
and substantial decreases in water use. The reduction in the use of potable water for irrigation has
occurred at a very opportune time particularly for the island of Oahu where water demands for urban
development will continue to grow.

Arecentstudy of the Pearl Harbor area indicated that the savings in water use due todrip irrigation
are not as great as initially expected. Many thought a savings of up to 40% was possible. However, the
Pearl Harbor study indicated that a savings of 20-25% is more likely to occur.

The use of sprinkler or drip irrigation has not been confined to cane irrigation. More and more,
these methods are being used on a practical and research basis for crops such as macadamia nuts and

papayas.
3. WEATHER MODIFICATION

Weather modification as a means to increase precipitation has been the subject of research and
experimentation in Hawaii since the early 1950’s. In 1953, the then Territorial Cattlemen’s Council, the
Pineapple Research Institute, and the Hawaii Sugar Planters’ Association jointly conducted research on
spray seeding of clouds in Keanae Valley, Maui. The process called for seeding of warm clouds with
water sprays from a ground-based installation to stimulate rainfall.

Some positive results were noted in increased size and number of raindrops, but the project
indicated that more work was necessary before spray seeding could be considered for practical
application.

Cloud seeding using chemical agents for seeding has also been attempted in certain areas on the
mainland, but no large-scale effort has been made locally.

A potential problem that has not been fully explored is the possible build-up of chemical agents
for seeding. Its potential impact on the environment should be carefully evaluated before further
consideration is given to the viability of this method to produce or increase precipitation.

4. ARTIFICIAL RECHARGE

Artificial recharge is the process by which natural infiltration of surface water or precipitation
into a groundwater body is supplemented by infiltration induced by man. It is accomplished by three
basic methods: water spreading, through pits, shafts, and tunnels, and through wells.



FEAWAIL WATER PLAN - An [ntroduction

Recharge through spreading increases infiltration to a groundwater body by expanding the
ground area covered by water resulting in an increased volume of water available for percolation. Water
can be spread by diversion into shallow basins or depressions, ditches, open irrigation systems, etc.
Another method would be to build check dams across stream channels in order to spread the water over
a larger area of the channel for greater infiltration into the stream bed and valley sides.

Where space is limited or in areas where impervious layers near ground surface restrict
infiltration of water, recharge is achieved by diverting water into pits, shafts, or tunnels. These are used
to either penetrate the impervious layer or to provide direct access to the groundwater body.

Recharge wells are used where there is inadequate space, or recharge to a deep confined aquifer
is desired. In recent years, a number of injection or disposal wells have been located throughout the State.
Some have referred to these wells as recharge wells, although their primary purpose is to serve as an
avenue to dispose of undesirable liquids rather than to replenish the aquifer. In certain parts of the
mainland, injection wells are used to dispose of brine generated in the pumping of oil wells.

In Hawaii, artificial recharge for the sole purpose of supplementing infiltration to the groundwater
body is limited. For many years, the McBryde Sugar Company has been recharging the groundwater
body in the Hanapepe River Valley (Kauai) through asystem of tunnels and shafts and pumping the water
for irrigation purposes. Records for this operation date back to 1924.

In 1965, the Department of Public Works of the County of Maui began recharging operations
through a series of wells and pits in Kahului and Wailuku, but they serve only as disposal sites for storm
run-off.

It is extremely doubtful whether this water recharges any fresh basal groundwater body. Records
indicate that the Maui Agricultural Company (1935) and the Hawaiian Commercial & Sugar Company
(1950) began to recharge the groundwater body with excess irrigation water by spreading in gulches and
irrigation ditches and dumping it into old pits. The effect of this operation on the groundwater body is
not known.

In the mid-1960’s, recharge operations began at Puukapu and Hilo on the island of Hawaii.
Although it is believed that recharge water entered into groundwater bodies, the primary intent of these
projects was flood control and storm water disposal. Hydrologic data related to these oeprations are not
available.

Artificial recharge in Hawaii incidental to irrigation practices probably constitutes the greatest
amount of recharge to the groundwater body. Leakage from reservoirs and ditches, together with
percolation in irrigated fields add up to a considerable amount of recharge.

At one time, it was believed that return irrigation water was responsible for greater than 60% of
the total recharge. However, recent studies by Mink & Yuen (1987) indicated that the figure is closer
to 40%.

Deliberate recharge to basal water bodies in Oahu is not known. Several plantation reservoirs,
such as the Waiawa reservoir, probably lose some of their seepage to the groundwater body but norecords
are available to substantiate this. The Honolulu BWS operates four open reservoirs in Nuuanu Valley
but it is very doubtful that any of the seepage from these reservoirs reaches the basal water body.

Avenues through which water may reach the groundwater body are cesspools, especially on
Oahu. However, no work has been done to determine the magnitude of this recharge which obviously
is decreasing because cesspools are gradually beings replaced by centralized sewerage systems.

Artificial recharge as a direct means of replenishing the fresh groundwater body is not practiced
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in Hawaii. The significant recharge of our fresh water aquifers resulting from infiltration following
irrigation is only incidental to the primary function of irrigation. The disposal of storm water in wells,
pits, and tunnels adds very little to our groundwater supply.

The reason why recharge is not resorted to locally is probably due to the fact that our water supply
problem has not reached a critical state, with the exception of areas on Oahu and possibly Maui where
alternative sources may need to be relied upon in the not too distant future. The adoption of recharge
as a solution depends on its effectiveness and cost as compared with other alternatives.

Recharge through return irrigation water will gradually become less significant because of the
practice of drip irrigation and the reduction of sugar cane acreage. The building of check dams across
valley streams to induce increased percolation may be feasible.

Diversion of stream flows and surface run-off into tunnels, shafts, and pits to recharge
groundwater bodies has been the object of planning for many years, especially by the Honolulu BWS.
However, no pilot studies were ever carried out.

Recharge in the future must be planned with a monitoring program to determine recharge rates,
quantitative effects on the aquifer, and qualitative (pollution) impacts. Field tests and research may
provide the answers to questions now facing recharge as a viable alternative.

5. S W, OVERY

The collection, treatment and distribution of surface water for municipal, industrial and
agricultural uses in Hawaii have not been widely practiced because the cheaper methods of developing
groundwater have heretofore been adequate to meet needs. By today’s standards, the cost of developing
groundwater is less than half the cost of recovering surface water.

However, as the development of groundwater sources approaches their sustainable yields in
certain areas in the State, the feasibility of developing surface water is attracting more attention in the
overall priority considerations of the various alternatives.

As contrasted with many areas throughout the mainland and the world, the recovery of surface
water for domestic purposes in the State of Hawaii is minimal. The Molokai Water Project is probably
the most important, and only a small portion of its total output is being used for domestic purposes. Most
of the project’s production is being used for agricultural purposes.

In the 1960’s, the Honolulu Board of Water Supply experimented with a modified slow sand filter
in upper Nuuanu Valley, using water from Lulumahu Stream. The filter is still in operation today,
contributing a valuable supply to the Upper Nuuanu water system.

Historically, there may have been a few local surface water treatment systems, but it is doubtful
whether they are still in operation. For example, Libby cannery operated a slow sand filter in Wahiawa,
Oahu where some of the water was used for domestic purposes but its operation was terminated a number
of years ago.

The diversion of water from streams for irrigation is resorted to fairly extensively on all the
principal islands, especially where there is or has been sugar can cultivation.

Impounding reservoirs have also been used for irrigation and flood control purposes in a few
areas across the State. A few examples are reservoirs in Waimea (Hawaii), Wailua (Kauai), Waikamoi
(Maui), Wahiawa (Oahu), Olinda (Maui), and Kapahi (Kauai).

In addition, the open reservoirs in Nuuanu Valley, Oahu were built principally as flood control
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reservoirs. A number of projects were intended to impound surface water for domestic use but never
reached fruition. The most outstanding were the Kohakohau River Dam project on the island of Hawaii
and the Kokee Water Project on the island of Kauai. Whether these projects will be reactivated remains
to be seen.

The use of surface water for various purposes, especially domestic and irrigation, is gradually
proceeding beyond the conceptual stage. This is becoming more and more evident on Oahu where
groundwater sources are being used more judiciously and with a greater awareness of their limitations.
Water from Kalauao Springs Park (Pearl Harbor) is now being used for irrigating highway landscaping
by the State Department of Transportation and the Honolulu Board of Water Supply. The latter agency
is also developing plans for the treatment of water from Punaluu and Kahana streams for domestic
purposes.

Another idea that has been considered is the possible impounding of Waikele Stream water in the
West Loch of Pearl Harbor where it can be treated and used for domestic purposes or irrigation. After
dredging, the storage capacity of West Loch is estimated at an excess of five billion gallons, depending
on the location of the dam. Added to this would be the feasibility of capturing some of the Pearl Harbor
Springs leakage which has been the subject of speculation for several decades.

The general use of surface water can result in major benefits, particularly in areas with limited
groundwater resources. Itcan be a valuable source of domestic water. It can provide water for industrial
and agricultural use. Impounding can also open up opportunities for fish propogation, recreation, and
flood control.

However, attempts to impound water for such uses must take into consideration a number of
important factors. One would be the effect on the environment and ecosystem. Another would be the
effect diversion of water would have on stream flows on fishlife, farming, vegetation, and other uses
downstream. Even land use and public health and safety could be affected.

With proper planning, design, construction, and operation of facilities, surface water developments
can be appropriate adjuncts to our efforts to balance human needs against conservation and protection
to the environment.

6.  WASTEWATER REUSE

Reuse or reclamation of wastewater has been practiced on the mainland for a number of years,
especially in areas where fresh water sources are limited. Up to the present time, wastewater reuse has
been confined to irrigation and to a lesser extent industrial use and recharge of underground basins.
Reuse of wastewater for irrigation has reduced the need to develop fresh water facilities, reduced the cost
of wastewater treatment and disposal, and has reduced the amount of pollutants in receiving waters by
diverting treated wastewater to land.

Asurvey in 1977 showed that wastewater from more than 200 treatment plants in California was
reclaimed and applied to more than 360 locations. By the year 2010, the use of reclaimed wastewater
in California is expected to triple the amount used in 1980.

There is no record of treated wastewater being used directly for domestic purposes at the present
time. At least one municipality in California is using tertiary treated wastewater to replenish the supply
to a recreation pond.

The City of Denver in Colorado has built a pilot plant to use treated wastewater for domestic
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purposes but the effluent is not being used in the City’s water system. It is anticipated that the process
would have to undergo several more years of research and experimentation before any consideration is
given to direct diversion for human use.

It appears that two major hurdles for use for domestic purposes are the removal of undesirable
chemicals, especially organics and heavy metals, and the removal or inactivation of viruses in the
effluent. It is likely that some post tertiary treatment would be necessary. With the necessity of total
treatment, it could be that the cost of recovering wastewater for domestic consumption may be
competitive with the cost of desalination at least of brackish water.

Standards for the use of treated wastewater for irrigation are being developed in several states
throughout the country. Texas allows undisinfected secondary effluent for pasture irrigation. Florida
is proposing the use of disinfected secondary effluent for fodder crops. Arizona requires a minimum of
secondary treatment before wastewater can be used for fodder and seed crops. In South Africa, the
requirements are more stringent. Only heavily chlorinated tertiary effluent may be used and only for the
irrigation of orchards, vineyards, and fodder crops.

In Hawaii, the reclamation of wastewater for irrigation and other uses was not actively considered
until relatively recent times. At the present time, several golf courses, such as those at Sheraton Makaha,
Oahu, the Kaneohe Marine course at Kaneohe, Oahu, courses at Keahou, Hawaii and Poipu, Kauai, and
probably a few courses on Maui are irrigating with treated wastewater. Studies conducted by Steven
Chang and Reginald Young in 1977 indicated that the use of treated wastewater for golf course irrigation
is not hazardous to the public’s health.

Probably the most extensive research on the use of treated wastewater for irrigation was
conducted by the University of Hawaii Water Resources Research Center under Dr. Stephen Lau. In
August of 1971, a pilot field study commenced with funding support from the Honolulu Board of Water
Supply and the City and County of Honolulu. Field and laboratory studies were conducted using Oahu
Sugar Company canefields, lysimeters, and secondary effluent from the City and County’s Mililani
Sewage Treatment Plant. The project concluded in June, 1975 with the following observations:

1. Mililani STP secondary treated effluent is a useable irrigation supply for sugar cane and
grasslands in central Oahu.

2. Analysis of percolates strongly suggests that the possibility of contaminating deep
underground water sources is extremely remote.

3. Application of sewage effluent for the first year of a two-year cane crop increased sugar
yield slightly. When effluent is used for the entire two-year crop cycle, sugar yield was reduced by
roughly the same amount. This suggests that effluent and fresh water should be applied alternately on
an annual basis or the effluent should be diluted by fresh water by 25%.

4. There was no significant clogging of the soil during the first two-year crop cycle.

From June, 1985 until November, 1988, the Water Resources Research Center, with funding
assistance by the State Department of Land and Natural Resources and the Estate of James Campbell,
conducted a study of groundwater recharge resulting from cane irrigation using primary effluent from
the City and County’s Honouliuli STP. The test fields were located in the Ewa plain, Oahu, and the
objective was to determine the feasibility of replenishing an unconfined caprock limestone aquifer
through irrigation with low-salinity primary wastewater effluent.

Test results indicated that the recharging process was feasible, producing groundwater of a
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quality suitable for non-potable urban and agricultural users. Irrigation by the flood irrigation method
generated no significant environmental and public health concerns. On the other hand, sprinkler
irrigation is not recommended because of potential health problems from the aerosolized effluent, lower
rate of recharge, and higher cost of operation.

In general, studies and field test to date indicate that the potential for wastewater reuse for
irrigation in Hawaii is promising. A decision to adopt wastewater reuse on an operational basis should
be preceded by a large-scale test operation which should provide additional information on various
administrative and technical matters. Wastewater reuse represents a distinctly feasible alternative in our
overall efforts to preserve our fresh water sources throughout the State.
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Section X.

Water Quality Plan

The Water Quality Plan describes the Department of Health (DOH) and other programs that are
in place and in the process of development that provide protection for ground and surface waters,
particularly those that are existing or potential sources of drinking water.

L Related Water Quality Planning Efforts

Because water quality is a major national concern, numerous laws, regulations and programs
have been enacted and adopted to address various types of pollution. The federal government has been
the dominant force in water quality planning since the passage of the Federal Water Pollution Control
Act Amendments of 1972, also known as Public Law 92-500. In 1977 this law became the Clean Water
Act. It is administered by the U. S. Environmental Protection Agency (EPA). The comparable state law
is the Water Pollution Act (Chapter 342D, HRS.

The Clean Water Act is mainly concerned with surface waters. In 1974, the Federal Safe
Drinking Water Act was enacted. It was the first official recognition of the importance of ground water
as a source of drinking water. The state law which implements this program is the Safe Drinking Water
(Chapter 340E, HRS). Both laws have two distinct parts. One part sets up the regulatory mechanism
to protect developed public drinking water supplies “at the tap.” The provisions of this part of the act,
along with those of state law, make up the state Safe Drinking Water Program, described later on in this
document.

The other part of the Safe Drinking Water Act provides for protection of groundwaters that are
existing or potential sources of drinking water from pollution by subsurface injection of waste materials.
It is the basis for the state’s Underground Injection Control (UIC) program.

Other laws and programs that provide regulatory protection of ground and surface waters from
potential pollutant address solid and hazardous wastes and underground storage tanks. These are also
described in the plan. Related water planning efforts include the State and County “208” Areawide
Waste Treatment Management Plans, the Hawaii Water Resources Plan, the Hawaii State Plan, and the
Health and Water Resources Development Functional Plans developed pursuant to the Hawaii State
Plan.

I Water Quality and Drinking Water Standards

The state policy on water quality is anti-degradation. Waters whose quality is higher than
established water quality standards shall not be lowered in quality unless it has been affirmatively
demonstrated that the change s justifiable. The burden of proving justification is on the applicant. The
state as also declared that it is the public policy of the state to conserve the waters of the state and to
protect, maintain, and improve the quality of state waters to protect the legitimate beneficial water uses
identified in the standards.

The water quality standards include classification of state waters, both by their physical
characteristics and by their beneficial uses, and numeric criteria applicable to the several classifications.

The state safe drinking water act provides for the promulgation and enforcement of both primary
and secondary drinking water standards. Primary drinking water standards “shall protect health to the
extent feasible, using technology, treatment techniques, and other means which are generally available,
taking cost into consideration.” Secondary drinking water standards are directed more at the aesthetics
of water and are not as well defined, being those “requisite to protect the public welfare.” The
administrative rules establish maximum contaminant levels and requirements for public water systems.
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OI.  Groundwater Protection Program

The major policy document for protection of groundwater sources is the state groundwater
protection strategy, still in draft form. The stated goal of the strategy is to “protect, restore and enhance
the quality of groundwater throughout the State of Hawaii, to ensure current and projected future
beneficial uses, and to protect the public health and ecological systems.”

IV.  Water Quality Monitoring

Groundwater quality is currently monitored by more than a dozen independent county, state,
federal, and private institutions. Their monitoring activities are designed to obtain specific information
and are limited to drinking water wells and synthetic organic contaminants.

Because the great majority of wells used for drinking water purposes are not located in the vicinity
of pollutant sources, the actual degree of contamination resulting from pollutant sources can rarely be
determined. Without site-specific monitoring, the magnitude and extent of potential groundwater
contamination can only be estimated or modeled based on factors such as waste characteristics, geology,
and the quality of underlying water bodies. DOH has undertaken a program to develop a systematic
means of screening Hawaii’s groundwater resources for compounds which are most likely to be present
due to environmental contamination.

DOH’s surface water monitoring program is confined to estuary and coastal waters. No streams
used for drinking water are monitored on a regular basis.

V. Water Quality Problems

The quality of water in Hawaii is generally excellent. Most of the domestic water supplied to
consumers does not undergo any significant treatment for physical or biological contaminants. With the
exception of chlorination, no additional treatment is required. There are abundant quantities of
groundwater for domestic water supply on all the major islands. Even in areas that may be subject to
contamination, groundwater can usually be developed at asafe distance from the source of contamination.
Water quality problems are mainly associated with small systems that utilize surface water from streams
or ditches. Problems include undesirable taste, odor, turbidity, and bacterial levels.

On Oahu, where 99 percent of the water furnished by the Board of Water Supply comes from
groundwater, only about 20 percent requires chlorination, and only where the pure undwater is
contaminated by bacteria entering storage tanks or transmission facilities or coming in contact with
surface water. Treatment for removal of minute quantities of TCP, EDB, and/or DBCP is provided at
Waipahu 1 and Kunia 2 wells and wells in Upper Mililani. The U.S. Army Schofield Shafts wells also
receive treatment to remove small quantities of volatile contaminants.

The situation is similar on Kauai, where 98 percent of the drinking water suiplied by the
Department of Water Supply comes from groundwater. All of the system’s water is ¢ lorinated on
general principles. Kalaheo, the only part of the system utilizing surface water, is the site of the only
county water treatment plant.

Hawaii and Maui utilize more surface water than Oahu and Kauai. For the Big Island, 72 percent
of domestic water supplies come from groundwater and 28 percent from surface sources. The only
treatment plant is at Waimea. All drinking water receives chlorination.

On Maui, the percentage of potable water supplied by ground and surface water in the county
systems varies between the hydrologic districts of the island. The proportions are 70 percent from

undwater sources, and 30 from surface sources. Treatment plants are used for Makawao and Kula.
%‘rhgz rest of the water supply is filtered but untreated except for chlorination.

A. Groundwater

Compared to mainland states, Hawaii has very few groundwater problems, and those it has are
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well under control. The focus of the groundwater protection program is therefore on prevention rather
than clean-up. Hawaii has long utilized controls on land use to protect groundwater resources. Even
before the state land use law was adopted in 1961, forest and water reserves had been established on the
major islands. These watershed reserves became part of the new Conservation District classification and
have been kept in as natural a state as possible to protect the purity of the rainfall that percolates into the
area. Activities are strictly regulated by the Department of Land and Natural Resources.

On Oahu, the Board of Water Supply established an informal “no-pass” line (denoting areas
where direct injection of wastewater is prohibited) that was officially recognized by DOH in 1977. The
_UlIC &Jrogram also established “no-pass” lines restricting placement of injection wells for the other
islands.

However, not all aquifers are within these protected areas, and not all potential sources of
pollution are controlled. Direct sources that may affect groundwater quality include injection wells and
individual household wastewater disposal systems such as seepage pits and cesspools. Less direct
pollution may come from leachates from landfill sites or leakage from surface impoundments or
underground storage tanks. Groundwater may also become contaminated by even more diffuse forms
of pollution such as agricultural return flows.

The aquifer classification program now being undertaken will provide the mechanism to address the
remaining land areas which are underlain by unconfined aquifers and potentially vulnerable to
contamination that are not protected by the UIC program or Conservation District designation.

B. Surface Water

Although almost all of the existing problems in meeting potable water quality standards are
associated with surface water sources, none of the problems are attributable to direct discharge. While
mainland states have used their rivers and streams for both wastewater discharge and as sources of
drinking water, the limited amount of industrial development in Hawaii has grown up adjacent to or near
the shoreline and coastal harbors. Wastewater has been discharged into coastal waters rather than
streams. In the unusual instance where discharges enter streams, they are well downstream of water
intake pipes.

The failure of surface water to meet water quality standards is generally attributable to natural
causes, such as excessive organic material and soil particles, or from diffuse or nonpoint sources of
pollution such as agricultural runoff. Since these are the kinds of problems that are extremely difficult
to prevent, the preferred solution is to replace surface water sources with ground water sources wherever

possible.
VL Future Research Needs

Although knowledge about Hawaii’s water resources has increased greatly over the last decade,
there are still a number of areas that require further research. Some of these additional research needs
are as follows:

i Characterization of ambient groundwater quality and aquifer
delineation should be completed for all islands except Niihau and Kahoolawe.
icti igrati ils. This type of activity has been initiated at the
University of Hawaii Water Resources Research Center and College of Tropical Agriculture.
The results of this type of research could form the basis for the strategy for the proposal for
restricting pesticide registration.
i ici . The state’s effort to find alternatives to the use of pesticides should
be expanded, especially alternatives to the use of termaticides. Alternative building construction
methods and biological control are of prime interest.
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