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Introduction

As an island state Hawaii has presented unique circumstances to the national
movement for implementation of envirommental quality control programs. The heavy
dependence of Hawaii's economy on tourism mandates the preservation and enhance-
ment of environmental quality which is a vital factor for visitor attraction and the
life-styles of the residents, The goals and objectives of the control programs are
the same as those of national goals, However, the applicable standards, effluent
limits, and priorities mandated by federal law have often impeded the implementa-
tion of the most cost-effective strategy toward attainment and maintenance of water
quality goals in our island setting,

Hawaii is an island state with unique environmental factors. Federal laws have
been enacted from experience with problems and solutions applicable to tl"xe conti -
nental United States, Therefore, these laws have often been insensitive and in-
flexible toward allowing the implementation of what has been determined to be the
most cost-effective strategy for Hawaii,

In at least one significant case, Hawaii leaders had to lobby the Congress of

the United States in order to effect a change in the law. In other cases, what
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has evolved is the accommodation of federal mandates to local needs for water

quality control programs and systems.

Water Pollution Control Programs

The United States Congress enacted into law the most comprehensive and strin-
gent piece of legislation of the times to force a massive national effort to clean up
the waterways and coastal waters, This was the 1972 Amendments to the Federal
Water Pollution Control Act, Congress responded to the American public who were
in an uproar over conditions of filthy and polluted waters throughout the nation,

Congress authorized to be appropriated an unprecedented sum of money to under-
write this clean-up effort, Stringent deadlines were imposed, Enforcement was
made simpler to administer by specifying effluent guidelines, It became illegal to
discharge any material into the waterways and it didn’t matter whether the sub-
stances discharged were harmful or not.

The public policies embodied in the 1972 Amendments were a marked deviation
from the earlier Federal Water Pollution Control Act from the standpoint of profes-
sional logic of the control programs, But the earlier Act didn’t produce results
and waters were still polluted, Strong action was then deemed necessary by Con-
gress,

The federal law embodied two policies which were troublesome for island com-
munities, The first troublesome policy dealt with uniformity. All publicly owned
treatment works had to meet the same secondary treatment guidelines, It didn’t
matter whether the discharge occurred in a lake, stream, river, or into the ocean,
The second policy was farcing the application of technology as the only solution to
pollution control, The answer to the clean-up effort was the construction of treat-
ment plants, The United States Environmental Protection Agency (USEPA) forced
the construction of treatment plants in an effort to clean up the waterways, There

was a proliferation of treatment plants in the early 1970s, even in the Pacific
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Islands where there were no sewer hookups,

The policy of forcing the application of technology was already established in
the Clean Air Act which preceded the 1972 Amendments, The USEPA through
this experience was already of this mind in the enforcement of water pollution con-
trol programs, With respect to air pollution control, Hawaii had already taken ac-
tion through land use laws to isolate industries away from residential and other
urban developments which were deemed incompatible, Through state legislation
previously enacted and policies already in farce, Hawaii did not need to rely on the

sole application of technology to control the impact,

Mamagement Above Technology

Prior to the enactment of the 1972 Amendments, the City and County of Hono-
lulu undertook a comprehensive study of the coast water quality parameters for the
development of a wastewater management strategy and plan,

The most cost-effective strategy to preserving coastal water quality was to
eliminate all discharges into embayments and into the near share coastal waters re-
gardless of the level of treatment. The near shore coastal waters were found to
be the most sensitive ecologically and used most frequently by the public for water
recreation,

The treatment objective was the removal of settleable and floatable solids, An
advanced primary treatment system was deemed sufficient to achieve this effluent
objective. The other concem was toxicants, heavy metals and biocides w};ich per-
sist in the environment, affecting biological systems and entering the food chain,
The control measure adopted was to prohibit their discharge and require pretreat-

ment at the source,

Regional Systems

The City and County of Honolulu ( the de facto population was 877,300 as of
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July 1, 1986) developed four regional systems with a centralized treatment plant
serving each one with an ocean outfall disposal system,

The centralized system in each region was determined to be the most cost-
effective in terms of construction and operation and maintenance costs, The systems
are operated and maintained by the Department of Public Works of the City and
County of Honolulu, Individual treatment works within the regional areas are
prohibited ,

The significant deviation of the wastewater management strategy of the City
and County of Honolulu from the federal requirements is in the requirement of
secondary treatment, Federal law requires that all municipal discharges receive
secondary treatment, For Honolulu, this meant a construction cost of about $150
million, without the benefit of water quality enhancement, Secondary treatment re-
moves BOD, biochemical oxygen demand, which is not a problem in ocean disposal,
This parameter is not even listed in the state’s water quality standards,

The management strategy for Honolulu is to spend the money instead on con-
structing deep ocean outfalls outside the critical ecological zone in the coastal wa-
ters, where there would be minimum harm to the environment because of the rapid
mixing and dispersion of effluent, or where the effluent might do some good, Some
biologists claim that Hawaiian waters are relatively sterile biologically and that the
nutrient discharges are actually beneficial through biologic enrichment.

Because of the requirements of law for secondary treatment, Hawaii along with
coastal cities on the mainland lobbied Congress to amend the Federal law to allow
exemptions from the secondary treatment requirement, This action was pursued
because it was apparent that Hawaii did not possess the resources to raise millions

of dollars to attack non-problems in water quality control,

Zero Discharge Zone

The Kaneohe System is an illustration of the management strategy of the City
and County of Honolulu,

A treatment plant with a marine outfall into Kaneohe Bay (on the north coast
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of the island of Qahu, directly north of Honolulu city limits) was constructed in
the early 1960s. The treatment plant and outfall system were based on the then
applicable public health criteria of limiting the coliform bacteria that would impact
the shoreline, The system met all applicable standards for public health safety,

Under the provisions of the secondary treatment guidelines of the USEPA, the
treatment and outfall system was permissible under the law, City and County
officials recognized, however, that certain ecological factors had become a major
concern, eclipsing the public health safety factor, The embayment was undergoing
eutrophication with the die-away of coral communities in the bay, Bioassays showed
that sewage effluent was toxic to coral growth, It was argued that mixing and
dispersion were insufficient in the embayment, The alternative was to implement
tertiary treatment to remove nitrogen and phosphorus from the effluent, However,
expenditures far the technology were high and the reliability of controlling toxicity
and the nutrient addition were not assured, Instead, it was deemed more cost-
effective to export the effluent out of the embayment entirely and transport the
wastewater to a deep ocean outfall off Mokapu Point (a landmark in east Kaneohe
Bay). This plan is consistent with the policy that evolved to eliminate all dis-
charges from embayments and the near shore coastal waters,

Clearly, the exclusive application of technology, while being expensive, would
not have achieved the goal of water quality enhancement, Instead, the most cost-
effective solution was management of the disposal site, Imposing the requirement
of secondary treatment to the diversion alternative adds a financial burden with no
water quality benefit, Compliance with the federal law by leaving the discharge
alone and continuing to discharge effluent into Kaneohe Bay would have been cheaper,

but this would have caused severe water quality impact on Kaneohe Bay.

Effluent Rec!amation

Reclamation alternatives were earlier considered for the City and County of Hon-
olulu, Provisions for sewage effluent irrigation are incorporated into the system

design for the regional system, Early studies focused on the reclamation of sewage
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effluent for sugar cane irrigation, following the concept of integrating the water
and wastewater management. In fact there have been several alternative proposals
for combining the organizational functions of the Board of Water Supply and the
Division of Wastewater Management of the City and County of Honolulu into a sin-
gle agency., In this way, sewage effluent would receive agency attention as a wa-
ter resource for irrigation and other uses, The allocation of potable water and re-
claimed effluent would be administered by the new agency,

At present, however, the arganizational proposals for combining these functions
have not been implemented,

The attention to reclamation as an alternative to ocean disposal has received
considerable attention and the major implementation is intended for the County of
Maui, Maui County, by administrative policy established in the late 1960s, pro-
hibited the construction of ocean outfalls, The intent was to force reclamation and
reuse of sewage effluent, Moreover, there was a strong policy position to preserve
the coastal water quality by prohibiting outfalls, In retrospect this position may
have been misguided, considering that the proliferation of injection wells as a meth-
od of disposal in the geohydrologic regime of the islands has begun to result in

wastes being discharged into the coastal waters as seepage,

Subregional Systems

The management plan for the County of Maui (the de facto population was
120,200 as of July 1, 1986) followed the trend that prevailed in the early 1970s
for centralized regional systems., From the standpoint of construction and opera-
tion of the collection, treatment and disposal by ocean outfall systems, regional-

ization was the most cost-effective in the long run,

Injection Wells for Disposal

However, the disposal’ alternative of injection wells and reclamation of effluent

appears to be more cost-effective for subregional systems with smaller flows,
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Effluent injected in the substrata eventually emerges in the near share coastal wa-
ters, Nitrogen, for example, passes through the geologic medium with the result
that nitrates are virtually unabated. The load on coastal water would occur as a
diffused source rather than a point source, but there is no control over the loca-
tion of the discharge,

The Water Pollution Control Act did not address this method of disposal. Re-
gulatory requirements have been subsequently enacted into law through the Safe
Drinking Water Act, The criteria and objectives relate to the preservation and pro-

tection of ground water drinking water supplies,

Water and Wastewater Management

The subregional systems that are the outgrowth of wastewater management sys-
tems in the County of Maui by necessity require greater management attention as
water and wastewater management systems with a far greater reliance on subsurface
disposal of wastewater effluents through injection wells, Each subregional system
is limited by the volumetric rate of effluent that can be injected into the substrata
in the confines of any one location, Moreover, there is an advantage to keeping
the seepage of contaminant into the coastal zone as a diffused flow.

Notwithstanding, the major thrust for sewage effluent reclamation for land-
scape irrigation such as for golf courses can limit the quantities actually being
discharged to the coastal water through seepage. The application rates recom-
mended for landscape irrigation for the Hawaiian Islands are 4,000 to 8,000 gal-
lons per day per acre (gpd/acre), depending upon the climatology of the particular
region of the islands, Usually on the leeward side where it is downwind from
the trade winds, the climate is sunny and dry with an average annual rainfall of
15 inches, The evapotranspiration rates of Bermuda grasses in the summer months,
for example, are on the order of 8,000 gpd/acre, At the high elevations and on
the windward sides of the islands, the evapotranspiration rates are closer to 4,000

gpd/acre. Golf course irrigation requirements would be on the order of 5,000 gpd/
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acre. For a 200-acre golf course, the requirement on the average would be one
million gallons per day (mgd). In the dry regions of the islands, the requ irement
could be 1,6 mgd.

Reclamation of sewage effluent for irrigation applied at the evapotranspiration
rate would lead to virtually zero discharge to the coastal waters, Actually, in
practice losses through deep percolation and seepage may be from 5 to 25 percent,
depending on the application method,

Nutrients in the sewage effluent such as nitrogen and phosphorus are fertilizers
and are readily retained in the soil or are taken up by plants, Up to 90 percent
of the nitrogen can be retained this way,

Besides the diversion of effluent from discharges to the coastal water regime,
satisfying the irrigation water regime with sewage effluent can extend the avail-
ability of the natural water resources for domestic and other uses,

In the subregional systems that are developing on the islands from Honolulu,
proper management of the water and wastewater disposal systems can minimize the
application of technology and the expense for controlling water quality in the usage
of water and in the disposal of wastewater, Management is the answer to min-
imizing cost and achieving cost -effectiveness in water supply and coastal water qual-
ity enhancement,

While the effluent reclamation schemes are being practiced now in the islands
for subregional systems, especially those serving the resort communities, the larger
regional systems on Oahu have not developed reclamation systems to the extent
practical,  The direction being taken instead for water supply development is desal-
ination of brackish waters., A one mgd demonstration desalination plant was designed
and has gone out to bid far $5.7 million.

The demonstration plant is intended to provide the experience and demonstration
of the cost factors for desalinating brackish waters utilizing the technologies of re-
verse osmosis, electrodialysis, and electrodialysis reversal ., While there is no need
to resort to desalination at present, there may be a need to consider desalination
around the year 2000 when the natural ground water supplies on the island will be

nearly depleted, The Govemor and the State Legislature feel it wise to start
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developing the experience with desalination technology now before a crisis develops.

Summary and Conclusion

The history of the implementation of the Federal Water Pollution Control laws
in Hawaii show that the cost-effective attainment and maintenance of the quality
of our coastal waters does not follow parameters and priorities applicable to the
continental United States, The professional environmental engineering community in
Hawaii has shown that management, and not technology, provides the most cost-
effective solution to pollution control,

To summarize the two approaches to water and wastewater management in prac-
tice by county governments, each whose jurisdiction covers a major Hawaiian island:
the City and County of Honolulu (the city of Honolulu and its environs comprising
the entire island of Oahu) has developed a regional system with ocean outfalls for
treated waste from four centralized treatment plants. The same method of central-
ized plants and outfalls is also practiced by the County of Hawaii (the Big Island)
and the County of Kauai.

On the other hand, the County of Maui developed a network of injection wells
with a corresponding unit cost of operation higher than for those of the other coun-
ties. As discussed earlier, problems with seepage into coastal waters from these
wells is becoming a concern, The design and implementation of a plant-outfall sys-
tem may become the long-term solution,

The success for the design and long-range maintenance of a wastewater man-
agement system for an island province is dependent upon the ability of its planners
to consider directives for general legislation and policies, and a determination to take
that one further step to consider the island’s special environment, conditions, and

future goals in the management of water quality and wastewater handling,
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