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ABSTRACT

Because of their insular subtropic and volcanic environment, Hawailti
and similar regions have special water problems and study needs not dupli-
cated in the temperate continental region. Hawaiil's water problems have
also changed over the past two decades as the economic base has progressed
from a primarily agricultural existence to a mixture of urban-recreation-
tourism, plantation agricultural, commercial-industrial, and military and
governmental activities. Existing and emerging water problems and study
needs have been tdentified for Hawaii in a 1974-1975 joint study by the
Hawaii Water Resources Regional Study and the University of Hawaii's Water
Resources Research Center. Among the nine water problem areas in water
quantity, water quality, envirommental impact, and water pZanning and
management, over 20 specific study needs have been idehtified. The his-
torteal and recent water study assoctiation and cooperation between Hawaitl

and other Pacific islands, including Guam, is described.
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INTRODUCTION

Hawaii's Changing Water Problems

Water problems are continually changing with man's changing needs and
activities and, thus, require constant study. For both urban and rural
communities located in an insular subtropic environment, water problems and
study needs acquire a special dimension not duplicated in a temperate con-
tinental region.

In the beginning, the native Hawaiians' water problems involved only
their subsistence needs: water safe enough for drinking and constant in
supply, stream water diverted to irrigate taro, fish ponds constructed to
make their fish supply (aquaculture) more dependable and plentiful. The
ahupua'al was a concept well suited for the ancient Hawaii water resource
management.

Hawaii's water problems changed gradually after Captain Cook's arrival
in 1778. The population of the Hawaiian Islands began to increase in the
late 1800's with a continuous shift of population from the neighbor islands
to Oahu. Today, Oahu is heavily urbanized with a resident population of
over 600,000 which accounts for 80% of the state population plus an addi-
tional transient tourist population approaching 3 million annually. Another
major force greatly influencing the exploitation of Hawaii's land and water
resources is the sugarcane agriculture which began in 1835 on Kauai with the
first permanent sugar plantation after a sporadic start in 1825 -in Honolulu
(Kuykendall 1957) and has continued to expand to the present. Water demand
on Oahu is now rapidly outstripping the natural water resources, thus
forcing drastic and basic water management changes in the foreseeable
future. Sugarcane agriculture has caused not only changes in streamflow

regime through diversion and in groundwater regimes-through pumping, but

1The ahupua'’a is a land division which, in old Hawaii, was ruled by an

ali'? (chief) or konohiki (headman or landlord under the chief). The ideal
ahupua'a was a wedge-shaped parcel extending from an apex in the uplands to
a base at the sea, thus conforming with a natural watershed valley and plain
and extending to the ocean below. The ideal ahupua'’a was a_ largely self-
sufficient community and has been described by Chinen (1958) as "enabling
the chief of the ahupua’a and his followers to obtain fish and seaweeds at
the seashore, taro, bananas, and sweet potatoes from the lowlands, and
forest products from the mountains'--focal points of the early Hawaiians'
socio-economic base.
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also associated changes in the quality of the stream water, estuarine and
coastal waters, and, to some extent, groundwater. Intensified urban land
development during the last two decades has increased both point and non-
point pollution sources affecting localized coastal waters and ecosystems.
Legislative, judicial, and administrative processes have also imposed pro-
found influences on water resources. To pick just one or two examples at
random, the Federal Water Pollution Control Act Amendments (PL 92-500) have
not only enhanced water pollution control through need for construction of
sewage treatment plants and ocean sewage outfalls, but restructured the
economic obligation for all levels of government, commercial and private
sectors, and every tax payer in financing these water pollution control
systems. The recent Hanapepe decision handed .down by the Hawaii State
Supreme Court, if upheld, will completely upset the principles which gov-
erned the water rights and ownership of water of natural watercourses as
ownership will be vested in the institution of the people--the State.

The uniqueness of Hawaii's warm island hydrology and natural and cul-
tural settings has made its water and related land resources utilization
and management distinguishable in many ways, some of which require and have
shaped new concepts, systems, and technologies especially suited for Hawaii,
for example:

1. Virtual inapplication of the mainland river basin concept

2. Warm ocean orientation of water resources

3. Great social and economic value placed on aquatic recreation

4, Self-sufficiency requirement of fresh water for each island

5. Great dependence on groundwater as resource for water supply

6. Few if any water conflicts among counties (islands)

To be sure, records of water used in trading began perhaps as early as
1778 when Captain Cook discovered the islands and noted the trading of nails
and iron in exchange for fresh produce and, on the first day of trading,
"nine tons of water were gotten on board the Resolution" (Kuykendall 1957,
p.13). Sugarcane irrigation water needs brought about installation of many
stream gaging stations at the head of the tropical rain forest watersheds.
The data are useful in water supply studies although they are not espe-
cially suited for flood hydrologic studies that have in recent years in-
cluded the larger areas in the downstream urbanized coastal plain. Dis-

covery of artesian water on Oahu and the associated development of skimming



tunnels began a continuous and unique contribution from workers in Hawaii
in applicable island hydrology and water resources development. More re-
cently, methods for application of irrigation water in Hawaii have pro- -
gressed from the traditional furrow method to the more water and labor con-
servative sprinkling and drip methods.

Water institutions in Hawaii have also grown in both number and variety
in recent years. In addition to the traditional water agencies, a number of
agencies have appeared on the scene and responded to the changing time and
needs. Among these are the Water Resources Research Center in 1964, the
outgrowth of the State Department of Health into the water quality agency
for the state of Hawaii, and the creation of the Governor's Office of Envi-
‘ronmental Quality Control.

Across the nation as well as in Hawaii, water resources planning is
being actively conducted. At the national level, the U.S. Water Resources
- Council has been the source for generating action under the authority of
the 1965 Water Resources Planning Act. In Hawaii, the Hawaii Water Re-
sources Regional Study (HWRRS) is undertaking the first multiobjective and
multijurisdictional water resources planning for Hawaii. This prior lack
in Hawaii may be due to the natural isolation of each island county by
ocean waters and the lack of common water issues that could be beneficial
by joint actions at the county level. The pervasive federal governmental
actions have changed all these through legislation, such as the Water Pollu-
tion Control Act, which was made very effective by intervention and the
carrot-and-stick approach. In reality, the counties and the state now have

a new common target: how to best deal with the federal government.

Water Research Planning

The established objectives of the Water Resources Research Center

program are as follows:

1. To provide a continuously expanding body of knowledge of the water
resources of the state of Hawaii, the water requirements of the
state, and methods of utilization pertinent in the state, that are
essential to the satisfaction of future water needs with regard

to both quantity and quality



2. To assist in the training of water resources personnel in order
to help meet the needs of the state, the nation, and the world,
and to extend the opportunities for service and employment of
Hawaii's young people, through stimulation of and coordination
with the water resources-related instructional programs of the
University and through the provision of research opportunities
and support for students

3. To assist in meeting national needs for water resources knowledge
and to optimize the attainment of the above objectives through
cooperation in the federally supported water resources programs

4. To assist in meeting water resources planning, development, and
conservation problems in Hawaii through cooperation with the
water resources administrative agencies of the state

5. To assist in meeting water resources problems in Pacific and
Asian areas of need through cooperation with appropriate
agencies

Within the general framework of the long-term objectives, identifica-
tion of the water problems and evaluation of the solution approaches to
the problems are necessary. A classical example to illustrate the solu-
tion approach is mitigating flood damages. It is now firmly established
that structural control of floods alone, i.e., through use of dams,
levees, flood walls, is utterly ineffective, and that nonstructural meas-
ures such as flood plain management by zoning, subdivision regulations,
building codes, floodproofing of buildings, emergency evacuation, and
flood insurance are indispensable elements of a successful program. In
other words, the solution approach should include coupling management of
the flood plain and control of the floodwater.

To further illustrate the relation between problem and study, the
problem of unplugging the littoral sediment deposits accumulated at the
mouth of small Hawalian streams requires no more than a hydraulics solu-
tion. It appeared possible to hydraulically utilize the early rising
bulk of floodwater to breach the sediment deposit fast enough to allow
passage of the floodwater when it arrived later. Such an automatic
device utilizing hydraulic principle in fact has been developed and field
tested successfully in Hawaii. The two examples serve to illustrate the

importance of correct problem approach and the disciplinary expertise



necessary to do the job.

The problem-research or, more broadly speaking, problem-study approach
for water resources research can be deliberately planned and designed. The
role of research in the problem solving process was well-analyzed by
Warren Hall and is diagrammed in a flow chart reproduced in Figure 1
(OWRT 1973b). According to Hall, there can be as many as five general
types of research associated with problem solution:

1. Identification research

Identify the systems and processes (hydrological, biological,
sociological, planning and management, engineering, data écquisi—
tion) with the nature and symptoms of the problem

2. Inspirational research '

Generate new ideas or alternatives for modifying or controlling
the systems and processes

3. Feasibility research

Ascertain whether the system will in fact respond to the proposed
action

4. Consequences research

Investigate the side effects, such as the environmental or
economic impacts, of an alternative

5. Monitoring research

Ascertain whether the systems in fact respond to the controls
imposed as predicted, and anticipate major problems not previously

identified

Project Objectives

The two major specific objectives of the project are (1) to identify
and project current and future (next 5 to 10 yr) critical water problems
facing Hawaii and (2) to associate each problem with the systems or pro-
cesses within which the problem or subproblem operates and which require
research or, more broadly, study to solve the problem. It is anticipated
that the research needs so identified may guide planning and design of re-
search that will provide timely and useful findings to aid action agencies
and practitioners. This research planning process should not stifle and

indeed can go hand in hand with the basic research which an academic



"WE GOT PROBLEMS"|

SOURCE:

After Hall 1973.

FIGURE 1.
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institution traditionally fosters.

1971 STUDY OF WATER RESEARCH NEEDS

In 1971, six years after the start of the first WRRC research
projects, a statewide survey of the Hawaii water resources research needs
for the period 1972 to 1977 was conducted by WRRC (1972a). This survey
was initiated primarily through its Statewide Advisory Committée on Water
Resources and its Water Resources Council. The composition of these two
bodies is representative of essentially all the leading water resources
agencies and officials within the state (Appendix A). 1In addition,
important inputs were solicited from the University of Hawaii's College of
Tropical Agriculture (WRRC-HAES 1974)._

The conduct of the survey involved first a mail questionnaire which
was devised by the Universities Council on Water Resources for soliciting
regional research needs from directors of water institutes and centers
throughbut the country. This was then followed up by analysis and grouping
of the input. The 85 specific research needs that were reported were first
grouped under the Federal Council for Science and Technology (FCST) cate-
gories (see Appendix A) and subdivided further into subcategories and
identified as to priorities.assigned by the reporters. These were then
regrouped into 28 primary areas of research needs from which the following
list of 9 most important and urgent insular water resources problems in

need of research for the period 1972 to 1977 was developed.

A Tentative List of Most Important and Urgent
Insular Water Resources Problems in Need of Research
for the period 1972-1977

(Prepared 19 April 1972)
(Not arranged in order of importance)

1. Quality of coastal waters and coastal environment: Related to land
use, land management, and cultural pattern

2. Soil erosion and sediment: Data collection, relation to hydrology,
yield prediction, ecological and water quality effects on coastal
waters, and control measures

3. Urban flood hydrology: Water yield and relation of rainfall, runoff,

and surface description



4. Alternative water supplies: Water recyclihg from waste water and storm
runoff, and desalting brackish grbundwater

5. Aquifer evaluation for waste water disposal

6. Efficient and conservative irrigation practice
Water balance in high rainfall watershed areas: Rainfall and evapo-
transpiration evaluation

8. Lens-type groundwater circulation: Relation of storage, flux, and
water quality

9. Economic and institutional arrangement for water supply and water

quality management.

While it is premature to review and evaluate the degree of the
university's implementation of these 9 problem areas in need of research
as seen in 1972, it is interesting to report the high degree of concordance
between these needs and the current WRRC and other related university
research programs, i.e., areas 1, 2, 3, 4, 5, 6, and 8. However area 7
-apparently - has received inadequate attention. It should be noted that this
comment does not extend beYond being an impression and is limited to uni-
versity programs. Non-university water related research agencies such as
government water data collecting égencies and the Experiment Station of
the Hawaiian Sugar Planters' Association (HSPA) also contribute to the
overall body of Hawaii water resources knowledge. It should also be noted
that some water problems now regarded as critical in 1975, received no
mention in 1972, e.g., impact on water resources of energy resourceé con-
servation and development (geothermal energy, enriched deep coastal water,
and hydropower). This only points out the necessity for periodic updating,
perhaps no less frequent than every 5 years, in order to continually

consider often rapidly changing and unanticipated needs.

1974 JOINT STUDY OF WATER PROBLEMS AND STUDY NEEDS

In July 1974, the Hawaii Water Resources Regional Study (HWRRS) and
the Water Resources Research Center (WRRC) launched a joint study to iden-
tify water resources research and data collection needs (HWRRS 1974). The

concept of the study followed the problem-research approach developed by



The U.S. Office of Water Research and Technology! in 1973 (OWRT 1973a,
1973b). Basically, all 15 Study Element Teams of HWRRS?2 representing all
major water and water related agencies at all governmental levels were
directly involved. The present and near future major water problems were
first identified and classified by their severity and were then assessed
in terms of the adequacy of present data and knowledge that is needed to
solve these problems. ' '

Each Study Element Team was individually contacted and the procedure
explained. At least one follow-up visit was made. A narrative report,
the Form OW-415, and the matrices, were received from the Study Element
Teams. Besides HWRRS, input was also received from the WRRC faculty and
staff. Final selection and summary were made under the direction of the
WRRC director.

The reporting format of the joint study conformed to the OWRT
Procedure Memorandum 74-3, "Guidelines for Problem-Oriented Research
Program Development'. The report consisted of the following two parts
(WRRC 1974b): ' '

1. Critical water research needs for major pressing water resources

problems for Region IX, Hawaii, for the FY 1975-1980 period:
FY 1975 Report

2. Problem-oriented research classification, OWRT Form OW-415.

The study was completed in November 1974 with simultaneous submission
of the report to both OWRT and HWRRS. The report was judged comprehensive
and complete by HWRRS and the results were incorporated in an HWRRS report
(1975).

It is necessary to describe briefly the Form OW-415, the original
matrix, because of both.its inventiveness and controversial nature. The
water problem areas specified in OW-415 consist of 3 major headings, 13

'subheadings and 79 sub-subheadings. The specified research need areas

consists of 6 major headings and 125 subheadings. Thus, there is a total

1OWRT was reorganized in July 1974 as a new agency combining the former
U.S. Office of Water Resources Research and the U.S. Office of Saline
Waters, of the Department of the Interior.

2The 15 HWRRS Study Element Teams are: Social Base, Economic Base,
Environmental Base, Climatology, Surface and Ground Water, Coastal Water,
Related Land Resources, Water Supply, Recreation, Fish and Wildlife,
Coastal Zone, Floods, Erosion and Sedimentation, Water Quality, and Laws
and Institutions.
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of 79 x 125 or 9,875 theoretical intersections between problems and
research needs in the matrix. Each intersection is further classified
according to a classification legend, i.e., the severity of the problem-
research combination: Critical (C), Severe (S), Important (I), and Moder-
ate or Minor (M). Even with these nearly 10,000 classifications, they
were found deficient for Hawaii and needed additional 17 problem areas and
16 research needs in order to suit the local hydrologic environment, water
problems, and specific research needs. Clearly the OW-415 matrices were
an extremely time-consuming and mind-boggling classification system. OWRT
. subsequently judged OW-415 too unwieldy and substituted with OW-417 in the
following year. OW-417 consists of 11 problem-area subheadings and 37
research-need subheadings with only 2 classification legends: Critical (C)
or Severe (S).

It is really quite difficult to summarize the 1974 WRRC report on
problem-research because of its complexity (see matrix OW-415 reproduced
as Appendix B). But for all practical purposes, the essence of this
report is reflected in another document (WRRC 1975a) produced about one
year later under the auspices of the National Association of Water Insti-
tute Directors (NAWID). This document is an expanded version of a shorter
document (WRRC 1975b) and represents Hawaii's input to a document of larger
scope for the Pacific Northwest/Oceania region which will in turn become a
part of the national document to be prepared by NAWID for use in the
Congressional FY 1978 budget hearing on the OWRT program.

Each problem area was first described in terms of its nature and
severity. Then study needs rather than research needs are identified. The
entire content for each problem area was purposely limited to one page to
be succinct. Following OW-417, the simplified matrix, is Form OW-418 which
reflects the budgetary requirements for both the Annual Allotment Program
(AA) and the Matching Grant Program (MG) as authorized under Sections 100
and 101, respectively, of the Water Resources Research Act. The whole
draft final report is reproduced in entirety in the following pages.

It should be commented that insular hydrology and associated water
problems peculiar to Hawaii.are officially recognized as a part of a
broader insular regional frame which includes Hawaii, Guam, Puerto Rico,
and the Virgin Islands (U.S. Congressional Record 1974) and presently as a

part of the Pacific Northwest/Oceania region, the Oceania region including
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both Hawaii and Guam (WRRC 1975a, 1975b).

The 1974 Problem-Study document must be regarded as a summary rather
than a detailed document by virtue of its origin. The study-needs portion
reflects in part the need for continuation or extension of certain on-going
research programs that have been proven to be of substantial value to
solving real world problems in Hawaii.

The overall 1974 WRRC-HWRRS study and the 1975 NAWID study were
accompliéhed with a broad-based participation represented by the HWRRS
agencies plus the University of Hawaii. Thus, the documents produced
should bear recognizable relevance to real-world problems and the practi-
tioners' feeling for study needs.

A byproduct resulting in the 1974 to 1975 studies was an updated
inventory of the research projects completed and in progress at the Water
Resources Research Center (1974a). It lists 108 projects classified by
FCST, OWRT, and HWRRS categories. The entire list is reproduced in
Appendix C.
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I. - WATER QUANTITY PROBLEMS
A. Control of Excess Water

Problems '

Hawaii's intensive rainstorms coupled with the extremely small-sized
watershed (mostly less than 1 mi2), short stream courses, and steep hill-
sides produce devastating flash floods. The resulting flood water levels
rise and fall 10 to 20 ft in less than 1 or 2 hours. Severe flood damages
continue and have not been effectively mitigated in Hawaii: the April
1974 flood on Oahu and Kaual alone took 5 human lives and caused $4 million
of property loss.

Conventional river forecast methodology is completely useless for
Hawaii floods. The lack of land-based observation stations surrounding
the islands further compounds the difficulty in flood warning. Better
methodology is needed to improve the present inadequate system of moni-
toring, interpreting, and forecasting flood-producing atmospheric disturb-
ances over the surrounding ocean so that a flash flood alarm system for
evacuation may be made possible.

There remain large data gaps of hydrologic properties, such as water
infiltration and, hence, water-shedding characteristics of Hawaiian soils
with different covers that are needed to enable development of more
appropriate drainage design criteria and predictive models of the flood
flow resulting from rain storms. -Similarly, data gathering on sediment
generation that have barely got started must be continued so that useful
sediment rating curves and more appropriate universal soil-loss formulas
may be developed to describe and predict Hawaii sediment generation.

Study needs
** Methodology for flash flood forecasting in 1sland env1ronment
Matrix code: IA, IIIB, IVA, IVC, VD, VIA

** Development of hydrologic properties of soils useful for storm
drainage design
Matrix code: 1IB, IVA, IVC

** Assessment of soil loss and sediment deposition on estuaries
Matrix code: 1IB, IVA, IVC
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I. WATER QUANTITY PROBLEMS
B. Water Supply Augmentation and Conservation

Problems
There are two levels of needs for water supply augmentation and conser-

vation in Hawaii: (1) island-wide water shortage for the island of Oahu
on which 80% of the state population lives and most of the 3 million visi-
tors stay annually, and (2) chronic droughts for the intrinsically dry
areas on the leeward side of all the five major Hawaiian islands,

Hydrologic and natural environment in Hawaii favor groundwater develop-
ment. Indeed, Oahu municipal water supply is entirely dependent on ground-
water. Furthermore, the purity of the water makes purification before use
unnecessary. The gross requirement of potable water for municipal uses
has now reached an exceedingly high 209 gpd per person. Urban irrigation
is said to account for 40% of the municipal water requirement. Much of
the sugarcane irrigation water, which far exceeds any other water use, is
also drawn from the same groundwater sources. This trend if allowed to
continue and applied to future water demand projections will mean full
commitment of the readily developable natural groundwater resources within
the next 20 yr.

The state has reaffirmed its goal for agriculture to continue to be a
viable economic force of the state. Recycling of municipal waste water
effluent by irrigation of sugarcane and grassland is thus a timely concept
for Hawaii. Recycling will not only offer a supplementary source for
irrigation water but also free potable water for other uses that demand
higher water quality. Although considerable knowledge on recycling effects
of sugarcane and grassland irrigation has been developed by a pilot field
study conducted by Hawaii's WRRC, continued research is needed to ascertain
medium-term and long-term effects on the crop yield and the soil system,
to test the concept for selected diversified crops and timber, and to
investigate irrigation system optimization including predilution and
post-treatment of effluent before application.

Planning and management of desalting brackish groundwater, engineering
system design of fog drip catchment, urban water conservation through
physical and economic measures have been identified as potentially effec-
tive possibilities for water supply augmentation and conservation in
Hawaii. Research is urgently needed to identify and develop fully the
necessary physical measures, economic incentive, and social valuation to
best suit representative tropical islands. '

Seasonally deficient supplies, annual short supply, and drought per-
sistence occur on all islands with increasing frequency and economic
consequence to both agricultural and urban development. Supplementary
water supply and conservation alternatives including some of the above
noted and urban irrigation evaluation require identification, systems
development, and economic evaluation.

Study needs
** Economy values and social values of urban irrigation

Matrix code: IIIC, IIID, IVB, VI, VIC
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Identification and economic study of alternative or supplementary
water supply system for drought
Matrix code: IIID, IVC

Continued studies on waste water recycling for sugarcane irrigation
Matrix code: 1B, IE, IIIA, IVA, VB, VIA :

Planning and development of desalting brackish groundwater
Matrix code: IVE, IVF

Engineering system design of fog drip catchment for isolated
ranches and homesteads
Matrix code: VE



IT. WATER QUALITY PROBLEMS
A. Control of Entering Pollutants

The two current major Hawaiian water resources are the groundwater and
the coastal water. Both are vital to the state economy and both are
easily susceptible to water quality problems.

Groundwater .

The underground freshwater source in Hawaii known as the Ghyben-
Herzberg lens is subjected to potential. contamination by saline water
enicroachment from the bottom and by cesspool leachate and waste water
effluent injected through effluent wells. The fact that the Ghyben-
Herzberg lens provides the major water supply source on all the islands
and that the purity of the water requires no treatment prior to use makes
it amply clear that the protection of groundwater quality from contamina-
tion is of utmost concern and necessity.

While reuse of secondary treated sewage effluent for sugarcane and
grassland irrigation has proved to be an acceptable method for water
augmentation and conservation and to cause no discernible water quality
problems to the underlying groundwater, the need exists to determine the
effect of sewage irrigation on water quality changes in the soil systems
and to test sewage irrigation on select diversified crops and forest in
terms of groundwater pollution effects.

The dynamics of the Ghyben-Herzberg freshwater lens has always been
the most complex groundwater in which to predict water quality responses
to pumping from the underlying salt water. Notwithstanding much past
research and recent intensive mathematical modeling, there remain no good
methods for predicting water quality responses. The recent practice of
using effluent wells injecting sewage effluent and thermal waste water into
the brackish and salt water zones below the freshwater lens in Hawaii's
coastal areas has created an additional concern as to the fate of the
injected pollutants on the quality of both the groundwater and the
adjoining coastal water. Research which has been initiated and field
monitoring which has not but should be done, are absolutely essential for
developing guidelines for systems design and monitoring.

Cesspools, while recognized as permissible waste water disposal systems
in Hawaii through the years especially for remote areas not served by
sewerage systems have never been thoroughly scrutinized in terms of their
pollution effects. Studies of field testing and monitoring are seriously
needed to identify the problem water quality parameters and their concen-
trations in the leachate.

Coastal water

Utilization of water and land resources in Hawaii's coastal zone for
domestic, commercial, agricultural, and industrial purposes produces a
great variety of wastes including soil particles, nutrients, thermal
waste water, toxic chemicals, etc. Besides land sources discharging as
either point or nonpoint sources into the coastal water, wastes are also
generated from human activities within the seaward section of the coastal
zone. Coastal structures including harbors, marinas, and waste water
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II A. Continued

disposal have been identified as major waste generators that can cause major
alteration of marine resources and coastal water quality and environment.

Hawaii's coastal water environment provides a unique natural resource
for year-round recreational activities which enhance island living. In add-
ition, the scenic beauty of Hawaii's coastal and ocean environment attracts
many visitors from all over the world. Thus, a very significant fraction of
the state's economy derives from recreation, which in turn depends upon the
safeguarding and enhancing of Hawaii's coastal resources and of its tradi-
tional island life style. Because of their dependence on the quality of the
coastal environment to maintain and propagate their species, the biota of
Hawaii's waters constitutes another major reason for coastal water quality
protection. The well being of aquatic life enhances both recreational and
commercial activities.

Recent intensive studies on the quality of coastal waters in Hawaii have
revealed a strong relationship between land use and development practices
and the quality of the adjoining coastal waters. Also revealed were the
urgent need for revision of the coastal water quality standards which have
been found to be unrealistic, improvement of the water quality monitoring
systems which have been regarded as inadequate, and more in-depth studies of
the fate and effects of nutrients, toxic metals, and sediment discharged as
nonpoint -sources of pollution ofi both the water quality and the ecosystem in
different Hawaiian estuarine environments.

Study needs

**  Water recycling of sewage effluent for irrigation of diversified
crops and timber
Matrix code: IB, IE, IITA, IVA, VB, VIA

** Effluent well injection system=guidelines for design and
monitoring
Matrix code: IE, IIC, VC, VIA

** Identification of pollutants in cesspool leachates
Matrix code: IE, IIC, VC, VIA

** In-depth studies of the fate and effects of nutrients, toxic
metals, and sediment on estuarine water quality and the ecosystem
Matrix code: IE, IIC, VC, VIA
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IT. WATER QUALITY PROBLEMS
B. Effects of Pollution

Problems

Ala Wai Canal in Waikiki has been found to receive biologically
available mercury from urban storm runoff water as evidenced by the
corresponding increase in the mercury level present in the tissue of cer-
tain canal shrimps and worms after each storm. The potential of heavy
metal contamination has profound impact on Hawaii's marine resources.
These findings point out the necessity to investigate other estuarine
waters (eutrophic as well as oligotrophic) and other toxic metals such as
cadmium and lead as to the pollution effects not only on the quality of
the water and sediment but on the aquatic food chain or food web.

Study needs

** In-depth studies of the fate and effects of nutrients, toxic
metals, and sediment on estuarine water quality and ecosystem
Matrix code: IF, IIC, VC, VIA

**  Mercury and toxic metal cycling in estuaries
Matrix code: ID, IIC, I1ID, IVB, VIA
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II. WATER QUALITY PROBLEMS
C. Water Treatment Processes and Disposal of Wastes

Problems

The traditional waste water disposal method in Hawaii is ocean disposal
but land disposal has become increasingly attractive on account of coastal
water quality control and the need for supplementary water supply.

Groundwater

The underground freshwater source in Hawaii known as the Ghyben-
Herzberg lens is subject to potential contamination by saline water
encroachment from the bottom and by cesspool leachate and waste water
effluent injected through effluent wells. The fact that the Ghyben-
Herzberg lens provides the major water supply source on all the islands and
that the purity of the water requires no treatment prior to use makes it
amply clear that the necessity to protect the groundwater quality from con-
- tamination is of utmost concern.

While reuse of secondary treatment sewage effluent for sugarcane and
grassland irrigation has proved to be an acceptable method for water
. augmentation and conservation and to cause no discernible water quality
problems to the underlying groundwater, the need exists to determine the
effect of sewage irrigation on the water quality changes in the soil
systems and to test sewage irrigation on select diversified crops and
forest in terms of groundwater pollution effects.

The dynamics of the Ghyben-Herzberg freshwater lens has always been

. the most complex groundwater system in which to predict water quality
responses to pumping from the underlying salt water. Notwithstanding much
past research and recent intensive mathematical modeling, there remain no
good methods for predicting water quality responses. The recent practice
of using effluent wells injecting sewage effluent and thermal waste water
into the brackish and salt water zones below the freshwater lens in
Hawaii's coastal areas has created an additional concern as to the fate of
the injected pollutants on the quality of both the groundwater and the
adjoining coastal water. Research which has been initiated and field
monitoring which has not but should be done are absolutely essential for
developing guidelines for systems design and monitoring.

Cesspools, while recognized as permissible wastewater disposal systems
in Hawaii through the years especially for remote areas not served by
sewerage systems, have never been thoroughly scrutinized in terms of their
pollution effects. Studies of field testing and monitoring are seriously
needed to identify the problem water quality parameters and their concen-
trations in the leachate.

Coastal water

Utilization of water and land resources in Hawaii's coastal zone for
domestic, commercial, agricultural, and industrial purposes produces a
great variety of wastes including soil particles, nutrients, thermal waste
water, toxic chemicals, etc. Besides land sources discharging as either
point or nonpoint sources into the coastal water, wastes are also
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IT C. Continued.

generated from human activities within the seaward section of the coastal
zone. Coastal structures including harbors, marinas, and waste water
disposal have been identified as major waste generators that can cause
major alteration of marine resources and coastal water quality and
environment.

Hawaii's coastal water environment provides a unique natural resource
for year-round recreational activities which enhance island living. In
addition, the scenic beauty of Hawaii's coastal and ocean environment
attracts many visitors from all over the world. Thus, a very significant
fraction of the state's economy derives from recreation, which in turn
depends upon the safeguarding and enhancing of Hawaii's coastal resources
and of its traditional island life style. Because of their dependence on
the quality of the coastal environment to maintain and propagate their
species, the biota of Hawaii's waters constitutes another major reason
for coastal water quality protection. The well being of aquatic life
enhances both recreational and commercial activities.

Recent intensive studies on the quality of coastal waters in Hawaii
has revealed a strong relationship between the land use and development
practices and the quality of the adjoining coastal waters. Also revealed
were the urgent need for revision of the coastal water quality standards
which have been fourid to be unrealistic, improvement of the water quality
monitoring systems which have been regarded as inadequate, and more in-
depth studies of the fate and effects of nutrients, toxic metals and
sediment discharged as nonpoint sources of pollution on both the water
quality and the ecosystem in different Hawaiian estuarine environments.

Ala Wai Canal in Waikiki has been found to receive biologically availa-
ble mercury from urban storm runoff water as evidenced by the corresponding
increase in the mercury level present in the tissue of certain canal shrimp
and worm after each storm. The potential of heavy metal contamination has
profound impact on Hawaii's marine resources, These findings point out
the necessity to investigate other estuarine waters (eutrophic as well as
oligotrophic) and other toxic metals such as cadmium and lead as to the
pollution effects not only on the quality of the water and sediment but on
the aquatic food chain or food web.

Study needs

** Water recycling of sewage effluent for irrigation of diversified
crops and timber
Matrix code: 1IB, IE, IIIA, IVA, VB, VIB

** Effluent well injection system = guidelines for design and
monitoring
Matrix code: IE, IIC, VC, VIA

** Jdentification of pollutants in cesspool leachates
Matrix code: IE, IIC, VC, VIA

** In-depth studies of the fate and effects of nutrients, toxic
metals, and sediment on estuarine water quality and ecosystem
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Continued.
Matrix code: IE, IIC, VC, VIA

Mercury and toxic metal cycling in estuaries
Matrix code: 1D, IIC, IID, IVB, VIA, VIB

23



24
ITI. ENVIRONMENTAL IMPACT ASSESSMENT
B. Ecosystem Effects

Problems

Offshore coral reefs mostly of the fringing type occur off the older
islands, such as Kauai, Oahu, and Maui. Reef building, by coral and
algae, is one of the littoral processes that help shape terraces near sea
level, thus shallow coastal waters exist in the otherwise steeply dropping
submarine topography characteristic of Hawaii. The reefs, together with
the shallow waters they confine, provide: a protective habitat for
marine biota, a supply of shell and coral detritus for beach buildup, and
the marine resources for recreation. Thus, the coral reef ecosystem is
an indispensable ingredient of the state's economy and island life style
and must be protected and enhanced. Continued studies are needed to
discover the causes for and to monitor both dramatic and subtle changes of
the coral reef ecosystem in stressed coastal zones.

Diversion of stream water for water supply and channelization for
storm drainage have drastically altered many Hawaiian downstream and
estuarine habitats for fish and aquatic life. Thorough field survey and
documentation of endangered or rare species of fish and aquatic life are
needed as a step towards conservation of the natural processes. A similar
data base is also needed for Kawainui Swamp, the only major marshland
being hemmed in and threatened by the rapid urban development of the
windward Oahu coast.

Reuse of secondary treated sewage effluent for irrigation water in
Hawaii is dependent to a large measure, upon crop yield in particular and
effects on the terrestrial ecosystem in general. .Studies are needed to
ascertain responses such as yields, plant uptake of toxic substances,
s0il property changes in terrestrial ecosystems subjected to waste water
irrigation.

Study needs
** Monitoring methodology for coastal zone effects on coral reef

ecosystem
Matrix code: IIC, IID, VIB

** Stream habitat and ecology affected by water control and develop-

ment
Matrix code: IIB, VIB

** Baseline study of Kawainuil marshland ecosystem
Matrix code: 1IIB, VIB

** Responses of plants and terrestrial ecosystem subjected to waste

water irrigation
Matrix code: 1IB, IE, IIIA, IVA, VB, VIA
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.III. ENVIRONMENTALPIMPACT.ASSESSMENT
C. Public Welfare Effects

Problems
Disposal of sewage or sewage effluent into nearshore waters e1ther

directly or via typically short streams has, been the traditional practice
in the Hawaiian islands. During the past few years, several other
methods have been developed: .long sewage outfall extendlng into deep
ocean waters, effluent injection wells, and reuse of effluent for sugar-
cane irrigation. Although there has never been any epidemic outbreak or
beach pollution attrlbutable to ocean dlscharge of sewage, the viability
and die-off of the sewage-borne v1ruses in the ocean environment are
virtually unknown. : :

s

It has been establlshed that sewage borne viruses are rendered 1nact1?
vated in several treated sewage effluent- 1rr1gated Hawallan terrestrial
ecosystems but only after a period of time up to 60 days_ Although there
has not been any reported instances of workers health problems attributa-
ble to sewage-borne viruses, complete inactivation of pathogenic viruses
from sewage effluent should be held as the ultimate goal. Thus, there.
exists a cr1t1cal need for continuing the extant virus. research to
develop more effective disinfection methods and to monitor methodology of
the water environment for both health protection and waste water manage-
ment.

Study needs

** Health protectlon from sewage orlglnated pathogenlc viruses in
both marine and terrestrlal ecosystems
Matrix code: IB, ID, VB, VIB
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IV. WATER PLANNING AND MANAGEMENT PROBLEMS
A. Institutions

Problems v

Prior to the recent Supreme Court of Hawaii decision in the MeBryde
Sugar Co. v. Pbinson (aka the '"Hanapepe decision'), waters in surface
water courses were held to be essentially subject to the doctrine of
private ownership. The various classes of surface water rights were
appurtenant, prescriptive, statutory rights to normal daily surplus, and
to a limited extent, riparian. These different doctrines were largely
the result of a superimposition of the common law tradition, in the con-
text of capitalist development, on the ancient customs and practices of a
basically feudal society. All of these rights prior to the Hanapepe
decision were viewed as rights in property and, thus, subject to transfer
of use, place, and person. This was especially important as regards
waters of normal daily surplus, the transfer of which from one watershed
to another was crucial for the irrigation of dry lands and the growth of
the sugar industry.

The Hanapepe decision, if upheld, will completely upset the principles
which governed the water rights and ownership of water in natural water
courses. The ownership will be vested in the institution of the people--
the State. I

The implications of the Hanapepe decision are far-reaching but have
not been explored. For example, much water previously available free as
surplus water for normal daily flow may now have to be paid for. The
maintenance of normal flow in all streams may prove problematic. Studies
are needed to examine the effects of the decision.

Study needs
** Implications of Hanapepe decision on Hawaii water rights
Matrix code: IIIE, IVB
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IV. WATER PLANNING AND MANAGEMENT PROBLEMS

B. Methods and Procedures

Problems
Many resources planning models have been developed but few have been

implemented. Many are not adopted because of an inadequacy such as
partial economic analysis. Many are too cumbersome to use. Frequently,
months are needed to prepare input for a few-second analysis. Analysis
of the output requires more time to be plotted for comprehension. Thus,
large amounts of valuable output cannot be readily utilized. These
bottlenecks sometimes become the main reason for a model being rejected.

Since planning is usually an iterative process, original input must
be referenced for generating planning actions. For example, transferring
of water from wet to dry areas requires the spatial study of water supply
conditions. Water supply information requires searching through many
volumes of material. Therefore, creating an efficient data basis for
easy and fast retrieval will speed up the planning process.

The University of Hawaii WRRC has developed a linear programming-input
output with resources planning model that can handle the entire economy.
A matrix generator was also developed for this model. The model is being
used by the U.S. Water Resources Council and the state of Hawaii in their
level B Hawaii- water resources planning. The final plan, when accepted,
will be used as the only guideline for funding future Hawaii State water
developments. Experience from using the model indicates a strong need
for a model output display and input retrieval system so that the lack
of such a system will not become the limiting factor for effective use
of this vital planning model for Hawaii.

Study needs
** Planning model output display and input retrieval system

Matrix code: 1IVD, VIE.
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HAWAII-GUAM ASSOCIATION IN WATER RESOURCES RESEARCH

Insularity and, to a slightly lesser extent, climate and geology
provide the natural common hydrologic base for Hawaii and Guam. Actually
the Marianas Islands of which Guam is the southernmost and largest island
may be recognized in this association. Hawaii and Guam are oceanic
islands located 5° within the Tfopic of Cancer, surrounded by warm ocean
water, created by volcanic actions, and being both high islands (in
altitude). Geography does set them apart (3,339 nautical miles beiween
Guam and Hawaii as compared to 2,092 between Hawaii and San Francisco).
The climate is truly tropic and equable year-around with Guam being the
warmer and more humid of the two. Guam is in the track of typhoons, while
Hawaii is only at the fringe of central Pacific storms. Both coastal
water environments are heavily influenced by coral reef; however, Guam's
lagoonal type is more pronounced or developed than Hawaii.

Guam's surface and subsurface hydrology actually differ from Hawaii's
to a noticeable extent. Guam's volcanics are poorly permeable and
actually become the basement of the permeable reef and lagoonal limestone
in the northern part of Guam. Thus, northern Guam is groundwater abundant
by virtue of the rain and the permeable limestone, whereas the volcanics
of southern Guam sustain streamflow and are quite suitable for reservoir
type surface water development.

The economy and economic base are substantially different betweeén
Hawaii and Guam. Although both tourists and military expenditures are
vital for both places, Hawaii is far more advanced than Guam in terms of
the nature and scope of both the visitor industry and the federal
government programs. In addition, Hawaii's agriculture is both well
developed and important to the state's export economy, whereas Guam's is
limited to table vegetables for local consumption.

Hawaii's advancement in scientific knowledge parallels the mainland
United States. The University of Hawaii, for example, includes a number
of colleges and schools, including medicine and law and serves far more
than just Hawaii residents.

Both scientific knowledge and technology necessary for water
resources development are well advanced in Hawaii as is best described by

the following excerpts from an article (Mink 1972):
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Hawaii has been long established as a source of trained manpower for
the solution of hydrologic problems in the islands of the Pacific and
the tradition continues as strongly as ever. Initially the skills
were obtained principally from the U.S. Geological Survey (USGS), the
Board of Water Supply (BWS), and the Experiment Station of the
Hawaiian Sugar Planters' Association (HSPA), but in recent years the
Water Resources Research Center (WRRC) at the University has enhanced
the pool of talent and has added a formal research capacity as well
in insular hydrology.

Hydrologists--a term I will use to include both engineers and
geologists whose main concern is to evaluate and plan the development
of water resources--have journeyed from Hawaii to the islands of the
Pacific for nearly half a century. Before World War II, Harold
Stearns...was requested by the U.S. Navy to study the water resources
of Guam. His reconnaissance evaluation has held up remarkably well
over the years.... Stearns also worked on many other islands during
the War, often accompanying the military forces during their inva-
sions.

...Chester Wentworth...participated in numerous studies, both
hydrological and of broader scientific perspective, of atolls and
other island types. Doak Cox...participated in some of those
studies in addition to conducting evaluations in such distant places
as Saipan and Western Samoa. Cox may have been the first scientist
born in Hawaii to have traveled the Pacific as a hydrologist.

Following Stearns' work, the USGS continued the practice of utilizing
the expertise of their Hawaiian staff to solve water resources
problems elsewhere in the Pacific. Dan Davis has been active in
Samoa, the Marianas, Okinawa, the Trust Territory, and most recently,
the Philippines. K.J. Takasaki did much work on Guam and Truk. All
of the USGS personnel in one way or another have been involved in
insular hydrology throughout the Pacific.

...1 was invited in 1963 to evaluate the water resources of an
entire island, Miyako, in the Ryukyus. This first experience away
from Hawaii convinced me that the range of problems we have to deal
with in only a single island in the Hawaiian chain--such as Oahu--
provides an incomparable base for developing skills relevant to all
warm island environments. Hydrology by analogy is, I believe,
fundamental to the realistic solution of water resources problems,
and the experience I had gained in studying the fossil reefs of the
Ewa Plain and Honolulu enabled me to appreciate the opportunities
provided by similar reefs on Miyako as potential aquifers. Since
then I have encountered comparable environments on Okinawa, in the
Marianas, and even in Tortugas in the Caribbean, all of which have
strong analogies to each other and to Oahu's marine caprock areas.

The closest hydrological analogy to Hawaii that I have experienced is
Tahiti.... Tahiti illustrates the role Hawaii could play in eluci-
dating the hydrology of the islands of the Pacific and, for that
matter, the world. When the French decided to make water resources
studies in their Polynesian possessions about a decade ago, they
were unaware of dike water hydrology and missed evaluating it until
the hydrologist assigned to Tahiti visited the Board of Water Supply
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several years ago. On seeing the extensive development of dike water
in windward Oahu, Msr. Petit, the hydrologist, immediately on his
return undertook a field study of the dike potential in the valleys
behind Papeete, and with the assistance of the hydrologist at the
BWS, unhappily by correspondence rather .than in the field, was able
to propose a water development scheme for Papeete which has now been
successfully implemented.

More recently the WRRC project in Taiwan is an excellent example of
the pooling of experience and knowledge gained in Hawaii and else-
where in the Pacific to identify and offer solutions to a unique
hydrologic problem. The Taiwan project required an appreciation of

a tropical-subtropical insular environment, including its agricul-
tural components, to establish a meaningful hydrologic budget, and

of small heterogenous aquifers and the effects of sea water intrusion
to make sense of pumping tests. The quality and usability of the
final report was superior to the usual, vastly more expensive similar
studies funded by the World Bank or AID. I say this on the basis of
experience and familiarity I have had with these types of studies.

It is not chauvinistic to assert that in Hawaii is collected the
most experienced and diverse grouping of hydrological (and environ-
mental) skills capable of dealing with the evaluation and utilization
of island resources, particularly in warm climates. Institutions
such as the USGS and the BWS have provided skills for many years and
the formation of the WRRC has greatly strengthened and diversified
the range of talents needed to assist rapidly developing island
communities. WRRC has a challenge to assert itself in the premier
role as the world authority in island enviromments--I believe it has
already established a reputation and that it will be called upon to
provide leadership in applied and theoretical hydrology in the
Pacific.

In 1971 the University of Guam invited the director of the University
of Hawaii WRRC to Guam to advise and assist in the establishment of a
similar organized research unit at the University of Guam. In 1975,
several Hawaii WRRC researchers were invited by Guam WRRC to advise and
assist in identifying and formulating its first water resources research
projects. This effort has resulted in the substance of the FY 1976 Guam
Annual Allotment Program accepted by OWRT (Guam WRRC 1975). An arrange-
ment has been made recently for a Hawaili water researcher to speﬁd part
of his sabbatical leave on Guam in 1976 to assist in the implementation
of some of the research projects.

In water resources research, training, technology transfer, and other
related programs, Hawaii and Guam naturally and logically are bound

together. Indeed, this has been the case and promises to continue.
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CONCLUSIONS

. For both urban and rural societies located in an insular subtropic

environment, water problems and study needs acquire a special dimension

not duplicated in the temperate continental region.

. Continual identification of the water problems and evaluation of the

solution approaches to the problems are necessary. Research or study

needs including data collection are evolved from this process.

. Eight out of nine critical Hawaii water problem areas identified in

1972 have been programmed into organized research by 1975, the remaining

one problem area being continuing data collection. These problem areas

failed to include energy impact on water resources.

. A joint study of water problems and study needs made by the Hawaii

Water Resources Regional Study and the Water Resources Research Center,

University of Hawaii in 1974-75 resulted in nine water problem areas in

water quantity, water quality, environmental impact, and water planning

and management. Among the more specific critical study needs are (not

in order of importance):

a. Methodology for flash flood forecasting for island environment

b. Development of hydrologic properties of soils useful for storm
drainage design

c. Assessment of watershed soil loss and sediment deposition in
estuaries

d. Economic and social values of urban irrigation

e. Identification and economic study of alternatives or of a supple-
mentary water supply system for drought periods

f. Continued studies on water recycling from sewage effluent for
sugarcane irrigation

g. Water recycling from sewage effluent for irrigation of diversified
crops and timber

h. Planning and development methods for desalting brackish groundwater
resources

i. Engineering system design of fog drip catchment for isolated home-
steads and ranches

j. Effluent injection well system guidelines for design and monitoring
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S.
t.

u.

Identification of pollutants in cesspool leachates

In-depth studies of the fate and effect of nutrients, toxic metals,
and sediment on estuarine water quality and the ecosystem

Mercury and toiic metal cycling in estuaries

Monitoring methodology for gradual adverse effects on coral reef
ecosystem

Stream habitat and ecology affected by water control and development
Scientific baseline study of Kawainui marshland ecosystem

Responses of plants and terrestrial ecosystem subjected to waste
water irrigation

Health protection from sewage-borne human pathogenic viruses in both
marine and terrestrial ecosystems

Implications of Hanapepe decision on Hawaii water rights

Improvement on water resources planning model for insular environment

Energy impact on terrestrial and coastal water resources

. Hawaii has been long established as a source of trained manpower for the

solution of water resources problems in the islands of the Pacific. Con-

tinued sharing of Hawaii's water expertise with Pacific island communi-

ties is not only a privilege for Hawaii but also an obligation. The

recently initiated Hawaii-Guam association of water resources research

program should be continued.
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20.
21.
22.

23.
24.
25.
26.
27.
28.

APPENDIX A: A STATESIDE SURVEY OF WATER RESOURCES
RESEARCH NEEDS OF THE STATE OF HAWAII, 1972 TO 1977

Primary Grouping: Water Resources Research Needs Survey, 1971

Water balance in high rainfall watershed (Rain and ET)
Relations of rainfall, runoff, and ground condition
Urban flood hydrology

Water yield from stream basins under different land uses and manage-
ment practices

Evapotranspiration of crops
Efficient and conservative irrigation practices
Infiltration and water movements in soil horizons

Erosion and sedimentation

Data

Relation to terrestrial hydrology

Yield prediction

Ecological effects in coastal water and biota
Control of erosion and sedimentation

[CHE =V ol v i 1}

Conservation in domestic and municipal uses

Alternative water supplies '

Recycling of waste water

Development of economic methods of water treatment for municipal uses
Identification, sources, and fate of pollution

Effects of pollution on water and biota

Viral contamination and microbiological indicators evaluation
Pollution effects of sanitary landfill

Quality effects of cesspools on water wells in basaltic terrain
Application of isotopes to groundwater studies

Aquifer evaluation for waste disposal

Storage-discharge-quality relationship of coastal groundwater
Coastal water quality

Land use and land management practices related to coastal water and
environment

Institutional arrangement for water supply and quality management
Remote sensing application to coastal water quality studies

Tidal effects on groundwater

Artificial recharge field tests

Hydrologic data net and information system

Water distribution operator's manual



SUMMARY: HAWAII WATER RESOURCES RESEARCH 1971

' FCST Category
Il Pl v v Vi VIl VI X

FCST Sub-Category

T O T M 99 O w >

r X c

2 2 2 4 1 4 0 0 1
1 2 2 5 0 0 1 1
0 1 6 5 ] 0 0 0 0
2 1 2 2 1 2 0 0
2 ] I 2 0 0
4 4 2 0 0 1
4 1 | 0

0 0

]

5

1

2

25 11 12 20 6 6 2 ] 3

85
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II.

III.

Iv.

VI.

VII.

VIII.

IX.

Federal Council for Science and Technology (CST)
Water Resources Research Categories

Described in "Federal Water Resources Research Programs for Fiscal Year
1970," by the Federal Council for Science and Technology, December 1969

Nature of Water

A-Properties of Water; B-Aqueous Solutions.

Water Cycle
A-General; B-Precipitation; C-Snow, Ice, and Frost; D-Evaporation and

Transpiration; E-Streamflow and Runoff; F-Groundwaterj; G-Water in Soils;
H-Lakes; I-Water and Plants; J-Erosion and Sedimentation; K-Chemical
Processes; L-Estuaries.

Water Supply Augmentation and Conservation

A-Saline Water Conversion; B-Water Yield Improvement; C-Use of Water of
Impaired Quality; D-Conservation in Domestic and Municipal Use; E~Con-
servation in Industry; F-Conservation in Agriculture.

Water Quantity Management and Control
A-Control of Water on the Surface; B-Groundwater Management; C-Effects
on Water of Man's Nonwater Activities; D-Watershed Protection.

Water Quality Management and Protection

A-TIdentification of Pollutants; B-Sources and Fate of Pollution;
C-Effects of Pollution; D-Waste Treatment Processes; E-Ultimate
Disposal of Wastes; F-Water Treatment and Distribution; G-Water
Quality Control.

Water Resources Planning

A-Techniques of Planning; B-Evaluation Process; C-Cost Allocation,
Cost Sharing, Pricing, and Repayment; D-Water Demand; E-Water Law
and Institutions; F-Nonstructural Alternatives; G-Ecologic Impact
of Water Development

Resource Data
A-Network Design; B-Data Acquisition,C-Evaluation, Processing and
Publication.

Engineering Works

A-Structures; B-Hydraulics; C-Hydraulic Machinery; D-Soil Mechanics;
E-Rock Mechanics and Geology; F-Concrete; G-Materials; H—-Rapid Exca-
vation; I-Fisheries Engineering.

Manpower, Grants and Facilities )
A-Education——Extramural; B-Education—-In-house; C-Research Facilities;
D-Grants, Contracts, and Research Allotments.

Scientific and Technical Information

A-Acquisition and Processing; B-Reference and Retrieval; C-Secondary
Publication and Distribution; D-Specialized Information Center Ser-—
vices; E-Translation; F-Preparation of Reviews.




Sub-

WATER RESOURCES RESEARCH CENTER
University of Hawaii

Hawaii Water Resources Research Needs Survey 1971

FCST Category 11
Water Cycle

Category

A.

Evaluate water balance in high rainfall watersheds
Streamflow and runoff relations

Relating meteorologic conditions to flooding

ET evaluation and its relation to environmental
parameters in major climatic zones
"Evaporation and transpiration' in general

Mechanics of overland flow
Relating runoff to rain intensity and amount and
to ground conditions

Basal lens storage-discharge-quality relationship
for near shore area; water development
"Groundwater'" in general

Magnitude and location.of submarine leakage from

Pearl Harbor-Honolulu aquifer
Research on development and management of dike-
confined groundwater

Document infiltration and recharge rates in a
broad range of terrains

Infiltration, movement and storage in soil profile

Movement of water in tropical soils under unsatu-
rated flow conditions (subsurface and trickle)

Soil water and especially lateral flow

Crop water production functions for cane, sorghum,
bapaya

"Erosion and sedimentation'" in general

Erosion and sedimentation treating sediment as
pollutant

Erosion process, prediction of sediment yield,
sedimentation in bays and estuaries

Predication of sediment yield

Sedimentation and erosion control resulting from
construction

Effects of soil moisture level on the C:N ratio in
tropical soil

Effects of sediment deposit on estuaries
Tidal effects; fluvial-estuarine hydrodynamics

Pri-

39

ority Reporter

4
4

4

1
6

11

N

3a

3a

3a

~3
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WATER RESOURCES RESEARCH CENTER
University of Hawaili

Hawaii Water Resources Research Needs Survey 1971
FCST Category III
Water Supply Augmentation and Conservation

Sub~ ' Pri-
category ority Reporter
A. U"Alternative water supplies'" such as desalting 2 5

Developing rainfall-runoff relation for flood
prone areas _ 1 12
B. Cloud seeding for drought prone areas 1 14
Evaluate water yield improvement through vegeta—
tion management _ 1 1
"Use of water of impaired quality" in general 3 3b
"Conservation in domestlc and municipal use'" in
general 2 8
E. Identification of flood prone areas and their
flooding history 2 12
F. '"Conservation in agricultural use" in general 3 8
More efficient irrigation practices 7 7

"Water conservation in agricultural use" in

general 2 3b
""Water conservation in agricultural use" in

general 2 6
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WATER RESOURCES RESEARCH CENTER
University of Hawaii

Hawaii Water Resources Research Needs Survey 1971
FCST Category IV
Water Supply Augmentation and Conservation

Sub- Pri-
category ority Reporter

A. Control by artificial barriers of deep seepage
loss in irrigation 3* 3a
Effects of land management on runoff; conserva-
tion treatment of agricultural lands versus
standards practice 2 7

B. Full scale test of artificial recharge of basal

water by well injection 3 10
"Groundwater management" in general 1 8
C. Effects of urbanization on ground water recharge 5 5
Effects of urbanization on runoff and sedimentation 3 7
Forecasting urban effects on hydrology of small
watershed ' 4 9
Hydrologic impact of land uses and watershed
management . 2 1
Urban effects of land use on flood frequency and
vulnerability 5 11
Water yields from stream basins under different
land use and management practices 4 2
D. Methods for controlling erosion and sediment -9 7

Methods of erosion control under land-use changes
caused by construction and urbanization 3 2



42

WATER RESOURCES RESEARCH CENTER
University of Hawaii

Hawaii Water Resources Research Needs Survey 1971
_ FCST Category V
Water Quality Management and Protection

Sub- ‘ Pri-
category ority Reporter
A. Assessment of current microbiological indicators 5 14
"Identification of pollutants" in general 3 11
"Identification of pollutants'" in general 4 8
Techniques for detection, identification and
quantification of pollutants 2 10

B. Determination of chemical, biological and sediment
pollution sources and their occurrence in the
hydrologic cycle 3 1
Effects of cesspools and septic tanks on water wells
Fate of waste water discharged to transitional zone
between fresh and saline groundwater . 2 13

=
—
=

"Sources and fate of pollution' in general 5 8
"Sources and fate of pollution' in general 5 9
C. Concentration of toxic substances on fish and
marine life ' ) ) 2 14
Effects of temperature on benthic and marine life 3 14
"Effects of pollution" in general 2 4
"Effects of pollution'' in general 6 3b
"Effects of pollution" in general 6 9
D. Effects of sewage effluents on crop yield and viral
transmission 4 14
Feasibility of reclamation and reuse of water from
sewage 5 2
E. Effects of subsurface waste disposal on groundwater
quality 3 5

F. Development of more economic methods of water
treatment for municipal use 4 10
"Water treatment and distribution" in general 11

[\

G. Effects of surface disposal of solid waste on
groundwater supplies (sanitary landfill leachate) 4 5
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WATER RESOURCES RESEARCH CENTER
University of Hawaii

Hawaii Water Resources Research Needs Survey 1971
FCST Category VI
Water Resources Planning

Sub- _ Pri-
category ority Reporter
A. Water demand projection for Oahu by economic model
techniques 4 13
"Cost allocation, cost sharing, pricing/repayment" 5 4
"Water demand" in general 4
Assessment of institutional arrangement for
managing water supply and quality 1 13
"Water law and institutions' in general 1 4

G. Ecological impact and water development 7
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WATER RESOURCES RESEARCH CENTER
University of Hawaii

Hawaii Water Resources Research Needs Survey 1971
FCST Category VII
Resources Data

Sub- ' Pri-
category ority Reporter
A. Collection of basin groundwater data for neighbor
islands 7 5
Design of an environmental data collection network 3 13
Develop and install a network of telemetered rain
gages 3 12
Develop method and initiate program for rainfall
ET measurements in wet mountain areas in Hawaiil 1 2
B. '"Data acquisition' in general 5 11

Operation of data gathering instruments 3 6
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WATER RESOURCES RESEARCH CENTER
University of Hawali

Hawaii Water Resources Research Needs Survey 1971
FCST Category VIII
Engineering Works

Sub- Pri-
category ority Reporter

D. Prediction of behavior of soils; revision of
classification system for tropical soil 6 7
Slope stability as related to subsurface water
and soil drainage 6 5
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WATER RESOURCES RESEARCH CENTER
University of Hawail

Hawaii Water Resources Research Needs Survey 1971
FCST Category IX
Manpower, Grants, and Facilities

Sub- ' Pri-
category ‘ ority Reporter
B Development of curriculum and text for water

distribution operators (basic, intermediate, and
advanced) in semi-tropical climate 1 10



WATER RESOURCES RESEARCH CENTER
University of Hawaii

Hawaii Water Resources Research Needs Survey 1971
FCST Category X
Scientific and Technical Information

Sub-. Pri-
category ority
A. '"Acquisition and processing (of documents)" in
general 8
B. "Reference and Retrieval of documents'" in general 4*
F. '"Critical reviews of specific technical subject

areas'" in general 5*

47

Reporter

3b

3b
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REPORTERS' LIST: WATER RESOURCES RESEARCH NEEDS SURVEY 1971
February 1972

USDA, Forest Service, Institute of Pacific Islands Forestry

U.S. Geological Survey, Water Resources Division

. Hawaiian Sugar Planters' Association

. Hawaiian Sugar Planters' Association

Hiroshi Yamauchi, WRRC Council

Frank Peterson, WRRC Council

Paul Ekern, WRRC Council

USDA, Soil Conservation Service

Board of Water Supply, City and County of Honolulu
U.S. Department of the Army, Honolulu District

Board of Water Supply, County of Kauai

Department of Water Supply, County of Hawaii

U.S. Department of Commerce, National Weather Service
U.S. Environmental Protection Agency ‘

Department of Health, State of Hawaii
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APPENDIX B. OWRT FORMS OW-415

RESEARCH NEEDS
! HYDROLOGICAL SYSTEMS AND PROCESSES

OFFICE OF
WATER RESEARCH AND TECHNOLOGY
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1. Floods
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5.
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C — Critical
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WATER RESEARCH AND TECHNOLOGY
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RESEARCH NEEDS
Data Measurement Systems & Methods (Requiring Further R & D)—Cont.
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HYDROLOGICAL SYSTEMS AND PROCESSES—Continued
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3. Bio-Physical-Chemical Interaction
4. Water Level Controls

6. Heat Discharge

6. Saline Accumulations
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{a) Nutrients
{b) Heavy Metals

{c) Chiorinated Hydrocarbon (etc.)

10, Wetland
11.

12.

Iniand & Coastal Wetland Quality Mgmt.
1. Channelization Impact Assessment

2. Toxic Waste Impact Assessment

3. Dredning and Filling Impact Assessment

4. Sedimentation
6. Bio-Physical/Chemical Interactions

6. Contaminated Inflow
7. Flushing Characteristics
8.
E. Estuaring Quality Problems
1. Dredaing Impacts C
2. Heated Discharge Impacis C C
3. Industsiai Wastes c
4. Urban Domestic Waste C C
6. Bio-Physical-Chemical Interactions C c
6. Shoreline Area Land Use Control C C C
—_7.Salt Water Intrusion
8 _Sedimentation/Soil Erosion C C Ic
F. Urban Watar Problams
3. Diffuse Sources of Pollution
2. Combined Sawers
3. Urban Land Development hinpacts
— 9. Diffuse Pollution Sources cicC . C
—10.Coral Resource Mut, C [ clC
G.Constnl Cuality Problepe

1 thru 10 same as II E 1 thru 10 -- Same Marking as II E
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PROBLEM ORIENTED RESEARCH
CLASSIFICATION

nd Swamp Ecosystern
SWamp Ecosystems

Syslems

Bio-Degradarion p

Piration Processes

Emwnems

3ctions

land Ecosyslems
Ecosystemns
ent Stream Ecosystems
Peration Dynamics
COs Stems

ystemns

Systems

EW‘Ys(em;
rocesses
nversions
Reactiong

0systems
Lake and Reseryor,

0systems
rocesses

H

COsy stems
ion Processes

Up
0Systems

rsh g,

mity
N. Coastal Marsh ang

R. Bio-Chemica; Co
S, Pholo:ymhesis P,
V. Bio-Contror Inter,
A Toxm-Organism
W. Biosystem Recyy,
X.Coastal F
\&
Z.

Scrub and Brysh

L. Grest Lakes Ecq

M. Freshwator wo,
0. Estuarine Ecg,
P.

Q. Bio-Accumuy)
T. Transpir

I Dr.-grndlng River E¢,
K.

PMar ZMrOODO
A. Foresteq Upland E;
D.Arid ang Semi-Arig
E.Agricunural Ecos:
F.Filood Prain Eco.
G.Creek ang Inter
H.Aggrading River Ee,
. Pond ang Pothote

5.
IC. Grassiang Ecosyste;

PROBLEM AREAS

Il. WATER QUALITY PROBLEMS
A, Gr d Quality P
1. Saline Intrusion
2. Surface Leochates
3. Toxic Trace Substance
4. Deepwetl Waste Disposal
cl-IC C

5. Land Disposal of
Wastewater

B, Upland Watershed Quality Degradation
. Diffuse Sources of Contaminants

{a) Nutrients .
{b) Pesticides & Herbicides

{c) Feedlot Runoff

{d) Organic Residues

{e} Soil Erosion

{f) Mining Residues

{9} Other Cultural Waste

{h) .

1]

2. Point Source of Contaminants
(a) Industrial Waste |
(b} Urban/Domestic Waste

(c
Lake and Reservoir Quality Degradation

]

1. Recreational Development

2. Diffuse Sources
3. Bio-Physical-Chemical Interaction
4. Water Level Controfs
5. Heat Discharge

6. Saline Accumulations

7. Deoxygenation Ic
8. Eutrophication
9. Sediment Water Exchanges of:
{a} Nutrients

{b) Heavy Metals

{c) Chiorinated Hydrocarbon (etc.)

10. Wetland

11.

12,
™, inland & Coastal Wetland Quality Mgmt,
C

Impact A

1. ¢

2. Toxic Waste Impact Assessment
3. Dredging and Filling Impact Assessment

Mion

4. Sedimentation

5. Bio-Physical/Chemical Interactions

6. Contaminated Inflow
7. Flushing Characteristics

E. Estuarine Quality Problems
1. Drodging Impacts

2. Heated Discharge Impacts

ielizlzlelis]
zisizislle]

3. Industrial Wastes
4. Urban Domestic Waste

ellal sl elel o
]

5. Bio-Physical-Chemical interactions

6. Shoreline Area Land Use Controt

¢)

7. Salt Water Intrusion

8. Sedimentation/Seil Erosion
F. Urban Wator Problems

1. Ditfuse Sources of Poliution
2. Combined Sewers
CiC

3. Urban Land Developrment himpacts

— 0, Diffuse pollution Sources

10.7oxal Resnurce Mgt.

G, Constal Ouality Probloms

1 thru 10 same as IT E 1 thru 10 -- Same Marking as II E
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PROBLEM ORIENTED RESEARCH
CLASSIFICATION
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2 | Social Oisrupy;
5
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1
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3
4
5
5
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3
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interstate Compacts
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4
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ang A
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CRESEE oy
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tl. WATER QUALITY PROBLEN:S

2

21|
o
2]

A. Quality F

1. Saline Intrusion
2. Surface Leachates

3. Toxic Trace Substance

i O

i
=l
—
;
nin;

4. Deepwell Waste Disposal

5 Land Disposal of
Wastewiter

B. Uplant Watershed Quality Degradation

1. Diffuse Sources of Contaminants
{a) Nutrients

{b) Pesticides & Herbicides

{c) Feediot Runoff
{d) Organic Residues

i {a) Soil Erosion

{f) Mining Residues

{g) Other Cultural Waste
{h) :

{i)

2. Point Source of Contaminants
(a) Industrial Waste

{b) Urban/Damestic Waste

tc)
Lake and Reservoir Quality Degradation

1. Recreational Development

2. Ditfuse Sources

3. Bio-Physical-Chemical Interaction
4. Water Level Controls

6. Hceat Discharge

6. Saline Accumulations
7. Deoxygenation

8. Eutrophication

9. Sediment Water Exchanges of:
{a} Nutrlents

{b) Heavy Metals

{¢) Chlorinated Hydrocarbon {ete.)

10. Wetland
11,

12,

Intand & Coastal V/atland Quatity Mgint.
1. Ch lization Impact Asse: ]

2. Yoxic Waste Impact Assessment

4. Sedimentation

3. Dredging and Filling Impact Assessment

5. Bio-Physical/Chemical Interactions

57

6. Contaminated Inflow -
7. Flushing Charucteristics

8.

E. Estuaring Quality Problems

t. Dredging Impacts
2, Heated Discharge Impacts

3. Industrisl Wostes

4. Urban Domestic Waste
5. Bio-Physical-Chemical Interactions

6. Shoreline Area Land Use Controt

7. Salt Water Intrusion

F. Urpan Water Problams

8. Sedimentation/Soil Erosio

1. Diffuse Sources of Pollution
2. Comhined Sewers

3. Urtian Land Davelopment Impacts

a.n

£8)s¢ Pollution Sourdéces

E)OJCQ!_L Resource Mgt

Dol ids- Problons

G, (nusral

1 thru 10 same as II E 1 thru 10 -- Same Marking as II E
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PROBLEM ORIENTED RESEARCH
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Alternatives
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reening

) Processes
Evaluation
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Energy po,
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Planner Public Comm
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Public Response
Impact Analysis of

D Alternative Plan ¢,

E Sizing ang Scopin,

F Confiict Identific.

G Corllict Resor,

H Po

B Oevelopment of Fe;

1
2
3
"
5
6
7

i Porivic,
) NZn

PMDP IMrOODT
Ic

A Public Participation

1
2.
3

PROBLEM AREAS

Il. WATER QUALITY PROBLEMS
A. Quality F .
1. Saline Intrusion c|CIc [o} clcle
2. Surface Leachates
3. Toxic Trace Substance
4. Deepwell Waste Disposal
S. Land Disposal of
Wastewater
B. Upland Watershed Quality Degradation
1. Ditfuse Sources of Contaminants
(a) Nutrients
. {b} Pesticides & Herbicides
{c) Feedlot Runoff
{d) Organic Residues’
(e) Soil Erosion
B () Mining Residues
{g) Other Cultural Waste
{n)
(i)
2, Point Source of Contaminants

{a} Industrial Waste

~ (b} Urbad/Domastic Waste
(c) E
Lake and Reservoir Quality Degradation

o

. Recreational Development

2. Diffuse Sources
3. Bio-Physical-Chemical Interaction E
4. Water Level Controls C
5. Heat Discharge
6. Satine Accumutations
7. Deoxygenation
8. Eutrophication
9. Sediment Water Exchanges of:
{a} Nutrients
{b) Heavy Metals
{c) Chiorinated Hydrocarbon [etc.}

10. Wetland
1.

12,
Intand & Coastal Wetland Quality Mgmt.

1. Channelization fmpact Assessment
2. Toxic Waste Impact Assessment
3. Dredging and Filling impact Assessment i

4. Sedimentation
5. Bio-Physical/Chemical Interactions
6. Contaminated Inflow

7. Flushing Characteristics

8, .
E, Estusrine Quality Problems ]
1. Dredging Impacts
2. Heated Discharge Impacts
3. Industrial Wastes
4. Urban Domestic Waste
5. Bio-Physical-Chemical Interactions
6. Shoreline Area Land Use Control C C C
7. Salt Water Intrusion
8 Sedimentation/Soil Erosion
F. Urban Water Problems Lt

OO [
O [y [y
o]
e

1. Diffuse Sources of Pollution
et o el

2. Combined Sewers
2. Urban Land Development Impacts .
(O (v .

——9.Diffuse Pollution Sources
'—10.Coral Resource Mgt i

G.Coastal Quality Problem

1 thru 10 same as II E 1 thru 10 -- Same Marking as II E
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tems

PROBLEM ORIENTED RESEARCH
CLASSIFICATION

als
N Systems
n Systems
201t Systems
ficaiton Systems
d Alarm Syst
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Nt Systems
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¢ Disposal Systermns
170! Systems
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S Water Harvest
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U Evaporation
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Y Drainage Systemns

K Wastewarer Collectin,

D

pmMz>
A Construction
E Deszlination Sys
F Suspendeq Solid
(G Sewage Treatme.
H Artificial O
| Warer Applicatio,

]

PROBLEM AREAS

1. WATER QUALITY PROBLEMS
A. Quakity F
1. Saline tntrusion |
2. Surface Leachates
3. Toxic Trace Substance
4. Deepwell Waste Disposal C C C
5. Land Djsposal af C c
. Wastewater
B. Upland Watarshed Quality Deyradation
1. Diftuse Sources of Contaminants

{a) Nutrients

. (b} Pesticides & Herbicides
{c) Feedlot Runoff

{d} Organic Residues

i (e} Soil Erosion

{1} Mining Residues

{g) Other Cultural Waste
{h)

(i)

2. Point Source of Contaminants .

{a) Industrial Waste
(b} Urban/Domestic Waste

{c)
C. Lake and Reservoir Quolity Degradation

1. Racreational Development

2. Diffuse Sources
3. Rio-Physical-Chemical Interaction
4. Water Level Controls
6. Heat Discharge

6. Saline Accumulations

) [

7. Deoxygenation
8. Eutrophication
9. Sedimant Water Exchanges of:

{2} Nutrients

(b} Heavy Metals
{c) Chlorinated Hydrocarbon (etc.)

10, Wettand
11,

12,
Intand & Coasta) Wetland Quality Mgmt,

1. Ch Impact Ass2 t

2. Toxic Waste Impact Assessmant
3. Dredying and Filling Impact Assassment

4. Sedimantation

'5, Bio-Physical/Chemical Interactions

6. Contaminated Inflow

7. Flushing Characteristics

8.

E. Estuarina Quality Prablems
1. Dredging Impacts
C

2. Heated Discharge Impacts
clC

3. Industrial Wastes
4. Urhan Domestic Waste

5. Bio-Physical-Chemical Interactions

G. Shorcling Area Land Use Control
C

7. Salt Water Intrnsion
8. Sedimentation/Soil Exosion

F. Urhan Water Problems

._Ditfuse Sources of Pollution
2. Comtiined Sewors

3. Urban Land Devilopment linpacts
s -

—0.Di > Pollution Sources
|==1C.Cora] Pesources Mpi._
G.Coastal Oualitv Prohlap-

1 thru 10 same as II E 1 thru 10 -- Same Marking as II E
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K Sediment Transport
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D Water Qualiry Monitorin
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H Non-Equilibrium Flow a;

L Remote Sensing ang
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3
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1. WATER QUALITY PROBLEMS

Quality P

A,

1.

Saline Intrusion

2.

Surface Leachates

3.

Toxic Trace Substance

(@]

4.
5.

Deepwell Waste Disposal

6.

Land Disposal of
Wastewater

B. Upland Watershed Quality Degradation
1.

Diffuse Sources of Contaminants

{a) Nutrients

(b) Pesticides & Herbicides

{c) Feedlot Runoff

(d) Organic Residues

(e) Soil Erosion

{f) Mining Residues

{g} Other Culturol Waste

{h}

]
2. Point Source of Contaminants

(a) Industrial Waste

{b) Urbian/Domestic Waste

(c)

Lake and Reservoir Quality Degradation

1. Recreational Development

2. Diffuse Sources
3. Bio-Physical-Chemical Interaction

4. Water Level Controls

5. Heat Discharge
6. Saline Accumulations

7. Deoxygenation

8. Eutrophication

9. Sediment Water Exchanges of:
{a) Nutrients

{b) Heavy Matafs

{c) Chigrinated Hydiocarbon (etc.)
10. Wetland )

11,

12,
D. Inland & Coastal Wetland Quality Mgmt.

1. Ci ization kmpact A

2. Toxic Waste Impact Assessment
3. Dredging and Filling Impact Assessment

4, Sedimentation -

6. Bio-Physical/Chemical Interactions
6. Conitaminated Inflow

7. Flushing Characteristics

8.

E. Estuarine Quality Problems
1. Dredging Impacts

—
1

2. Heated Discharge Impacts

[sd sl eliele]
T
1
|
i

3. Industrial Wastes
4. Urban Domestic Waste

[elielelelle]
@]
oOia|c

5. Bio-Physical-Chemical Interactions

6. Shoreline Area Land Use Control
7. Salt Water Intrusion

8. Sedimontjon/Soil Lrosion

F. Usban Water Problems

1. Diffuse Sources of Pollution
2. Combined Sewers

3. Urban Land Development Impacts

—9.Diffuse Pollution Sources
'—10.Cora)] Resource Mot

G.Coastal Quality Problen

1 thru 10 same as I

I E1 thru 10 -- Same Marking as II E
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1Il. PLANNING & MANAGEMENT PROBLEMS

A. Operations

1. River Regulations

2. Canals and Aqueducts

3. Urban Water Treatment

4. Urban Water Distribution

5. Waste Water Coltection

6. Waste Water Treatment

7. Commercial Ports
8. Recreational Ports

B. Planning Methodologies

1. Objective ldent. & Measurement
2. Obijective Interrelationships

3. System Behavior Modeling

4. Alternatives Assessments
6. Trade-Off Analysis

J|N|®

C.

1. Water Supply Systems

2. Waste Treatment Systems
3. Land Use Management Systems
¢

4. Regional Resource Management

{a) Water based recreation
(b} Watersheds

5. Institutional Requirements

6. Lega! Requirements & Constraints |
7. Public Safety C
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B. Scrub ang Brush
C.Grassiang Ecosystem.
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PROBLEM AREAS

1H. PLANNING & MANAGEMENT PROBLEMS
A. Operations

1. River Regulations

2. Canals and Aqueducts

3. Urban Water Treatment
4. Urban Water Distribution

5. Waste Water Collection

6. Waste Water Treatment

7.
8.

B. Planning Methodologies

1. Objective Ident. & Measurement

2. Objective Interrelationships
3. System Behavior Modeling

4. Alternatives Assessinents

5. Tiade-Off Analysis™

C.

Waste Treatment Systems

Land Use Management Systems
o

6.
7.
1. Water Supply Systems
2.
3.
4.

Regionatl Resource Management

(a) Water based recreation

{b) Watersheds
5. Institutional Requirements

6. Legal Requirements & Constraints

7. Public Safety

8.
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OFFICE OF
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PROBLEM ORIENTED RESEARCH
CLASSIFICATION
PROBLEM AREAS

111. PLANNING & MANAGEMENT PROBLEMS

A. Operations

1. River Regulations

2. Canals and Aqueducts

3. Urban Water Treatment
4. Urban Water Distribution

6. Waste Water Collection

6. Waste Water Treatment

B. Planning Methodologies

1. Objective 1dent. & Measurement

2. Objective Interrelationships
3. System Behavior Modeling
4. Alternatives Assessments

5. Trode-OH Analysis

C. Regional Management

1. Water Supply Systems
2. Waste Treatment Systemns

3. Land Use Management Systems

4. Regiona) Resource Management

{a) Water based recreation

(b) Watersheds
5 Institutional Requirements

6. Lega! Requirements & Constraints

7. Public Safety

7
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£ Sizing ang Sco,

F Conflict Ident

G Conflict Reso,

H Political Decision
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PROBLEM AREAS

111. PLANNING & MANAGEMENT PROBLEMS

A, Operations

1. River Regulations
2. Canals and Aqueducts

3. Urban Water Treatment

4. Urban Water Distribution
5. Waste Water Collection

6. Waste Water Treatment

7.
8.

B. Planning Methodologies

1. Objective Ident. & Measurement
2. Objective Interrelationships
C
Clc

3. System Behavior Modeling
C C|C

4. Alternatives Assessments
5. Trade-Off Analysis _

zlNle

c.

1. Water Supply Systerns .
cl ¢l _1cicl |C

2. Waste Treatment Systems )
3. Land Use Management Systems ClC|C
| Cl |C

4. Regional Resource Management
_ C

{a) Water based recreation
[b) Watersheds .

' clcle [

C

m
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@]
»]

5. Institutional Requirements
1 lclcle
. C
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INVENTORY OF RESEARCH PROJECTS COMPLETED AND IN PROGRESS

FCST OWRT  HWRRS

Cate- Cate- Cate- Principal Dura- Funding

gory gory gory Title Investigator tion Agencies

IV-B 5 2.2 1. Water Development L.S. Lau 2/62- BWS
and Hydrology of 12/67
Groundwater Basin

II-D 11 2.1 2. Effect of Mulches L.S. Lau 4/65- OWRT
on Evapotranspira- 9/65
tion from Low Humic
Latosols

IV-B 5 2.2 3. Development and L.S. Lau 4/65- OWRT
Hydrology of D.C. Cox 9/65
Groundwater Basins
with Special Refer-
ence to Seawater-
Encroachment in the
Honolulu Region

II-F 11 2.2 4. Groundwater Tracing L.S. Lau 5/65- BWS

I.L. Barnes 6/68

II-F 11 2.2 5. Feasibility of D.C. Cox 7/65- OWRT
Seismic Exploration L.S. Palmer 6/66
for Groundwater W.M. Adams

VII-B 10 2.2 6. Hydrologic Conver- D.C. Cox 7/65- OWRT
sion of Ewa Beach [ 5. palmer 6/66
Test

IIIF 5 2.1 7. Pilot Evapotrans- P.C. Ekern 7/65- OWRT
piration Study 6/67

V-B 4 3.7 8. Pollution Effects L.S. Lau 10/65- OWRT

‘ of Groundwater 9/67

Recharge in Hawaii

VII-B 10 2.2 9. Electric Logging D.C. Cox 1/66- BWS
in Hawaiian Wells C. Lao 6/68 UH
(also electric well DOWALD
logging and Ewa
test wells)

II-E 11 2.2 10. Pilot Study of I-P. Wu 2/66- UH
Small Watershed 6/66
Flood Hydrology in
Hawaii -

II-F 11 2.2 11. Water Levels Fluc- R.H. Dale 2/66- UH
tuations Wells 6/69

Caused by Tidal
Fluctuations
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APPENDIX C. Continued.
FCST OWRT  HWRRS
Cate- Cate- Cate- Principal Dura- Funding
gory  gory  gory Title Investigator tion  Agencies
I1I-F 11 2.2 12. Geohydrology of D.C. Cox 6/66- Private
' Eastern Slope of 6/70
West Maui
II-F 11 2.2 13. Geophysical Explo- W.M. Adams 7/66- OWRT
ration for L.S. Palmer 6/67 UH
Hawaiian Ground-
water, Phase I
VI-B 1 1.2 14, Methods for Deter- J.R. Davidson 7/66- OWRT
mining the Eco- 9/69 :
nomic Productivi-
ty of Irrigation
Water for the
Production of
Sugar in Hawaii
II-E 11 2.2 15. Pilot Study of I-P. Wu 7/66- CCOH
Small Watershed 8/67
Flood Hydrology in
Hawaii, Phase I
V-F 4 3.1 16. Characterization N.C. Burbank 9/66- OWRT
and removal of 1/69 UH
Refractory Color DOWALD
Colloids from
Hawaiian Surface
Water
V-B 4 3.7 17. Bacteriological K.R. 6/67- DOH
Study of the Gundersen 8/67 UH
Pollution of
Kaneohe Bay, Oahu
VII-A 1 2.2 18. Hydrologic Data L.S. Lau 7/67- DOWALD
Network D.C. Cox 9/71
II-F 11 2.2 19. Geophysical Explo- D.C. Cox 7/67- OWRT
ration for W.M. Adams 9/68 UH
Hawaiian Ground- DOWALD
water, Phase II
(infrared scanning
of south coast of
Hawaii
V-A 4 3.7 20. Identification of R.H.F. Young 7/67- OWRT
Irrigation Return S.N. Davis 3/69  BWS
Water in the Sub-  H.C. UH
surface, Phase I Whitehead
21. Sugarcane Evapo- P.C. Ekern 7/67- OWRT
transpiration Study 9/69  Private
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APPENDIX C. Continued.
FCST OWRT HWRRS
Cate- Cate- Cate- Principal Dura- Funding
gory gory  gory Title Investigator tion Agencies
I1I-E 11 2.2 22. Pilot Study of I-P. Wu 9/67- OWRT
Small Watershed 8/68 CCOH
Flood Hydrology in UH
Hawaii, Phase II
II-F 11 2.2 23. Tidal Effects on J.A. Williams 2/68- OWRT
Groundwater Hydrau- D.C. Cox 9/69
lics in Hawaii L.S. Lau
II-A 11 2.2 24. Water Tracing and L.S. Lau 6/68- OWRT
Dating in Hawaiian R.A. Duce 6/70
Hydrologic Cycle
II-F 11 2.2 25. South Kohala D.C. Cox 3/68- Private
Groundwater L.S. Lau 9/68
W.M. Adams
II-F 11 2.2 26. Kohala Resistivity W.M. Adams 6/68- DOWALD
12/68
II-L 9 1.3 27. Estuarine Pollution D.C. Cox 7/68- FWPCA-EPA
in the State of 6/69
Hawaii
II-F 11 2.2 28. Geophysical Explora- W.M. Adams 7/68  DOWALD
tion for Hawaiian 12/69  OWRT
Groundwater, Phase
I1T
II-F 11 2.2 29. Confirmation of F.L. Peterson 7/69- Private
Water Table Configu- 6/70
ration near Pahala,
Hawaii
I1-F 11 2.2 30. Analog Simulation J.A. Williams 7/69- OWRT
' of Tidal Effects on 6/71
Aquifers
II-F 11 2.2 31. Environmental L.S. Lau 7/69- OWRT
Isotope Applications 6/71  State
to Hawaiian Ghyben-
Herzberg Lens
V-B 4 3.1 32. Pollution and Reuse L.S. Lau 7/69- OWRT
of Waste Water 6/71
_Effluents and Storm-
water
I-A 13 2.3 33. Thermal Properties J.C.S. Chou 7/69- OWRT
of Sea Water 6/71
II-1I 11 3.1 34. Water Budget of P.C. Ekern 6/69- OWRT
Sprinkler Irrigated 6/71

Sugarcane
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APPENDIX C. Continued.

FCST OWRT  HWRRS

Cate- Cate- Cate- Principal Dura- Funding

gory gory . gory Title Investigator tion Agencies

VI-E 1 3.8 35. Water Resources H. Yamauchi 7/69- OWRT
Institute in 6/71
Hawaii: A Pre-
liminary Study

V-A 4 3.7 36. Identification of R.H.F. Young 7/69- OWRT
Irrigation Return 7/70  BWS
Water in the Sub- UH
surface, Phase III

VII-B 3.1 37. Remote Sensing of W.M. Adanms 7/69- OWRT
Water with Electro- 3/72 UH
magnetic Radiation
from 107! to 107!'3
Hertz

II-F 11 2.2 38. Revision of G.D. 7/69- OWRT
Hydrogeology MacDonald 6/70

Vii-c 10 4.0 39. Inventory of Pub- J.H. Chang 7/69- OWRT
lished Information 6/70
on Hawaiian Water
Resources

V-F 4 3.7 40. Continued Research L.S. Lau. 9/69- BWS
in Oahu 8/71

VIi-B 11 2.2 41. Proposal for a W.M. Adams 3/70- DOWALD
Report on Estimates 7/70
Depth-to-Water at
Four Specified
Sites Using Elec-
tromagnetic Mutual
Induction Methods

II-F 11 2.2  42. Taiwan Groundwater L.S. Lau 6/70- Private
Supply 6/71

VI-B 1 4.0 43. Economic Systems J.E.T. Moncur 7/70- OWRT
Simulation of Water 6/71
Supply-Demand
Relationships

I11-F 5 3.1 44. Evaluation of F.L. Peterson 7/70- OWRT
Artificial Recharge 6/71
in Hawaiian Ghyben-
Herzberg Aquifers

V-B 4 3.7 45. Pollution in R.H.F. Young 7/70- OWRT
Hawaiian Watersheds 6/71

VII-A 11 2.2 46. Rainfall and Runoff L.S. Lau 7/70- OWRT
Data Nets for 6/71

Hawaii
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APPENDIX C. Continued.
FCST  OWRT HWRRS
Cate- Cate- Cate- Principal Dura- Funding
gory gory gory Title Investigator tion Agencies
V-B 4 2.3 47. Inshore Pollution L.S. Lau 7/70- NSF-NOAA
6/71
VII-B 11 2.2 48. Radiation Well F.L. Peterson 7/70- DOWALD
Logging 6/71 UH
Private
BWS
V-A 4 3.7 49. Irrigation Return R.H.F. Young 9/70- UH
Water on Oahu 8/71 BWS
II-F 11 2.2 50. Environmental R.W. 7/71- OWRT
Isotope Applica- Buddemeier 6/72  State
tions to Hawaiian BWS
Ghyben-Herzberg
Lens, Phase II
V-B 4 3.1 51. Pollution and Reuse L.S. Lau 7/71- OWRT
of Wastewater Efflu- 6/72
ents and Stormwater
VI-B 1 4.0 52. Economic Systems J.E.T. Moncur 7/71- OWRT
Simulation of Water 6-72
Supply-Demand
Relationships
V-B 4 3.7 53. Pollution in R.H.F. Young 7/71- OWRT
Hawaiian Watersheds 6/73
V-C 4 2.3 54. Coastal Water L.S. Lau 9/71- NSF-NOAA
Quality 6/72
ITI-B 11 2.2 55. Radiation Well F.L. Peterson 7/71 DOWALD
Logging, Phase II 6/72 OWRT
BWS
II-F 11 2.2 56. Analog Simulation J.A. 7/71- OWRT
of Tidal Effects Williams 6/72
on Aquifers
VI-D 1 4.0 57. Patterns and Trends H. Yamauchi  7/71- OWRT
of Water Demand in 6/73
Honolulu and
Southern Oahu
IV-A 11 2.2 58. Flood Hydrology and Y.S. Fok 7/71- OWRT
Urban Water Re- 6/72 BWS
sources of the UH
Island of Oahu,
Hawaii
IV-B 1 2.2 59. Safe Yield in West F.L. Peterson 7/71- OWRT
Maui Basal Aquifers 6/72
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Logging in Hawaii,

Phase IT

6/72

APPENDIX C. Continued.
FCST OWRT  HWRRS _
Cate- Cate- Cate-~ Principal Dura- Funding
gory: gory  gory Title Investigator tion- Agencies
I1-B 11 2.1 60. Space-Time Varia- C.M. 7/71- OWRT
' tions in High Fullerton 6/72 UH
Intensity Rainfall
on the Windward
Coast of the Island
of Hawaii ‘
II-D 1 2.2 61. Water Budget of P.C. Ekern 7/71- OWRT
Drip Irrigated 6/72
Sugarcane
V-E 5 3.1 62. Recycling of Water L.S. Lau 8/71- BWS
from Sewage by 6/72  DPW{CCOH)
Irrigation:
Preliminary Study
VII-C 10 4.0 63. Water Quality H. Yamauchi  7/71- DOH
Information Storage 1/73
and Retrieval Sys-
tem for Hawaii
VII-C 10 4.0 64. Evaluation of L.S. Lau 7/71- BWS
Analytic Methods 6/73
for Aquifer Tests
for Hawaiian
Basaltic Aquifers
V-B 4 3.7 65. Pollution in R.H.F. Young 7/72- OWRT
- Hawaiian Water- 6/73
_ sheds, Phase ITI (ext. to 6/74)
VI-D 1 3.1 66. Patterns and H. Yamauchi  7/72- OWRT
Trends of Water 6/73
Demand, Phase II
IT-D 1 3.1 67. Water Budget of P.C. Ekern 7/72- OWRT
Drip Irrigated 6/73
Sugarcane, Phase II
Iir-B, 10 2.2 68. Calibration Tech-  F.L. Peterson 7/72- OWRT
IV-B, niques for Radia- 6/73
VII-B tion Well Logging
in Hawaii
III-A 11 2.2 69. Radiation Well F.L. Peterson 7/71- OWRT
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APPENDIX C. Continued.
FCST OWRT  HWRRS
‘Cate- Cate- Cate- Principal Dura- Funding
gory gory gory Title Investigator tion Agencies
VIII-D 10 2.2 70. Laboratory and E.D.H. Cheng 7/72- OWRT
Finite Element 6/73
Method of Analyzing
One-Dimensional
Water Infiltration
into Unsaturated
Layered Hawaiian
Soils, Phase I
V-D, 10 3.1 71. Reverse Osmosis R.H.F. Young 7/72- OWRT
E,F Technology Applied 6/73  CCOH
to Development of
Hawaiian Low Quality
» Waters
VI-D 1 4.0 72. Input-Output Water J.E.T. Moncur 7/72- OQWRT
Planning Model 6/73
II-E, 11, 3.1 73. Optimal Use of I P. Wu 7/72- OWRT
I11-F, Water Resources in 6/73
IV-A, Hawaiian Small
VI-A Reservoir Systems,
Phase I
II-J 11 3.6 74. Sediment Rating P.C. Ekern 7/72- OWRT
Curves for Oahu 6/73
Streams, Phase I
V-A,B, 4 3.7 75. Groundwater Pollu- M.J. Chun 7/72- OWRT
C,E,G tion from Sanitary 6/73
Landfill Leachate,
Phase 1
II-F 11 2.2 76. Environmental R.W. 7/71- OWRT
Isotopes Applica- Buddemeier 6/72  State
tions, Phase II
II-B 11 2.1 77. Space-Time Varia- C.M. 7/72- OWRT
tions in High Inten- Fullerton 6/73  State
sity Rainfall,
Phase 11 A ,
IV-A 11 2.2 78. Urban Hydrology and Y.S. Fok 7/72- OWRT
Urban Water Re- 6/73 State
sources, Phase II
III-D, 1 3.1 79. Dynamic Programming T. Liang 7/72- OWRT
E,F, Optimization of 6/73 State
VIII-B Water Distribution
System Design,
Phase 1
V-E 5 3.1 80. Sewage Recycling L.S. Lau 9/72- BWS
of Water, Phase II R.H.F. Young 8/73 CCOH
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APPENDIX C. Continued.
FCST OWRT HWRRS
Cate- Cate- Cate- Principal Dura- Funding
gory  gory . gory Title Investigator tion  Agencies
VII-C 10 4.0 81. Water Quality H. Yamauchi 9/72- DOH
Information Storage J. Miller 8/73
and Retrieval,
Phase II
VII-C 10 4.0 82, Hawaiian Basal J. Williams 9/72- BWS
Aquifers, Phase II L.S. Lau 8/73
V-C 4 3.7 83. Waipahu Landfill M.J. Chun 6/72- CCOH
- Leachate Study 12/72
¥-C 4 2.3 84, Mokapu Outfall L.S. Lau 6/01/72~ NSF
Baseline Study R. Western 9/24/72
II-F 11 2.2 85, Environmental R.W. 7/72- OWRT
Isotopes Applica- Buddemeier 6/73  State
tion, Phase III
VIII-D 10 2.2  86. Laboratory and E.D.H. Cheng 7/73- OWRT
Finite Element 6/74  State
Method of Analyzing
One-Dimensional
Water Infiltration
into Unsaturated
Layered Hawaiian
Soils, Phase II
I1I-E, 1 3.1 87. Optimal Use of I P. Wu 7/73- OWRT
ITI-F, Water Resources in 6/74  State
IV-A, Hawaiian Small
VI-A Reservoir Systems,
Phase Il
I1-J 11 3.6 88. Sediment Rating P.C. Ekern 7/73- OWRT
Curves for Oahu 6/74 State
Streams, Phase II |
V-A,B, 4 3.7 89. Groundwater Pollu- M.J. Chun 7/73- OWRT
C,E,G tion from Sanitary 6/74  State
Landfill Leachates
in Hawaii, Phase II
II-A 11 2.1 90. Fog Precipitation J.0. Juvick 7/73- OWRT
along Topo-Climatic 6/74  State
Gradients on the
Island of Hawaii,
Phase I
VII-B, 10 4.0 91. Updating of the J.H. Chang 7/73- OWRT
C Computer-Generated 6/74  State

Inventory of Pub-
lished Information
on Hawaiian Water
Resources, Phase I
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APPENDIX C. Continued.
FCST OWRT  HWRRS
Cate- Cate- Cate- Principal Dura- Funding
gory  gory  gory Title Investigator tion Agencies
V-B, 11,3, 3.6 92, Deposition of P.F. Fan 7/73- OWRT
II-L. 4,8 Hawaiian Watershed 6/74 State
and Estuarine
Sediments, Phase I
II-E 4 3.7 93. Quality and Quantity G.L. Dugan 7/73- OWRT
of Nonpoint Pollu- 6/74 State
tion Sources, Phase
11
VI-D 1 +3,1 94. Review and Evalua- J.E.T. Moncur 7/73- OWRT
tion of Methods of 6/74 State
Analyzing Time
Patterns of Water
Use
II-K 4 2.1 95. Rainwater Contami- J. Finlayson 7/73- OWRT
nation by Volcanic 6/74  State
Volatiles from
Kilauea Volcano,
Hawaii, Phase 1
V-D 4 3.7 96. Nitrogen Removal in G.L. Dugan 7/73- OWRT
the Operation of 6/74  State
the Mililani Sewage
Treatment Plant
II-B 11 2.1 97. Space-Time Varia- C.R. 6/73- OWRT
tions in High Fullerton 6/74  State
Intensity Rainfall (ext. to 12/74)
on the Windward
Coast of the Island
of Hawaii, Phase III
VI-A 11 2.2 98. Urban Water Y.S. Fok 7/73- OWRT
Resources Systems 6/74  State
Analysis for
Selected Areas on
Island of Oahu,
Phase III
III-D, 1 3.1 99. Dynamic Programming T. Liang 7/73- OWRT
E,F; Optimization of 6/74  State
VIII-B " Water Distribution (ext. to 8/74)
System Design,
Phase II
V-1 1 4.0 100. Analysis of L.S. Lau 6/15/73- OWRT
Researchable Water 6/15/75 State

Problems in the
Insular Region:
Pacific Region
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Island Outfall

APPENDIX C. Continued.
FCST OWRT  HWRRS
Cate- Cate- Cate- Principal Dura- Funding
gory  gory  gory Title Investigator tion Agencies
III-A 11 2.2 101. Radiation Well F.L. Peterson 7/70- OWRT
: Logging in Hawaii, 6/71  DOWALD
Phase 1 State
IV-A 11 2.2 Flood Hydrology Y.S. Fok 7/71- OWRT
and Urban Water 6/72 UH
Resources of the CCOH
Island of Oahu,
Phase I
V-E 5 3.1 102. Recycling of Water L.S. Lau 7/71- BWS
from Sewage 6/76  DPW(CCOH)
VII-C 10 3.8, 103. Water Quality H. Yamauchi 7/01/73- DOH
4.0 Information Storage 12/31/73
and Retrieval Sys-
tem, Phase III
V-D 4 3.7 104. A Pilot and Labo- R.H.F. Young 4/73- CCOH
ratory Study of 6/74
Loading and Opera-
tional Variations
at Waipahu Oxida-
tion Pond _
"V-B,C 4 2.2, 105. Eutrophication and R.H.F. 7/15/73-~ CCOH
3.7 Fish to XI City Young 3/15/75
Potentials in a
Multiple-Use Sub-
Tropical Reservoir
V-E 4 2.2 106. Subsurface Waste F.L. 6/01/73~ State
Disposal by Peterson 12/31/73 COM
Injection Environ.
- Ctr.
V-A, 4 2.3 107. Quality of Coastal L.S. Lau 9/01/71- NOAA
B,C Water 6/30/75
- 4 2.3 108. Biological Moni- S.A. Reed 10/01/73- CCOH
toring at the Sand 9/30/77
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CCOH

CoM

DOWALD

FWPCA-EPA

BWS

NSF-NOAA

OWRT

DOH

UH

DPW

HWRRS
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Continued.

Acronyms

City and County of Honolulu
County of Maui
Division of Water and Land Development (State)

Federal Water Pollution Control Administra-
tion - Environmental Protection Agency

Board of Water Supply (Honolulu)

National Science Foundation -
National Oceanic and Atmospheric Administration

Office of Water Research and Technology
Department of Health (State)

University of Hawaii

Department of Public Works

Hawaii Water Resources Regional Study





