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FOREWORD

This Symposium on Hawaii/Okinawa Water Resources (SHOWR) is the third in a series of
conferences which began over 10 years ago in Okinawa. The first SHOWR conference convened in
January 1987 just outside the University of the Ryukyus at the Ginowan Seminar House, Okinawa
Prefecture, Japan. The theme was “Water Resources Perspective: Okinawa, Hawaii, and Micronesia.”
A proceedings (May 1991) with that title was jointly published by the University of Hawaii Water
Resources Research Center and the University of the Ryukyus. The second SHOWR conference
was held in December 1991 on Miyako Island in Okinawa Prefecture. Its focus was on the problems
of groundwater quality in insular environments. The papers presented appear in a special issue of
Galaxea (Dec. 1994), a journal of the Sesoko Marine Center, University of the Ryukyus. The two
earlier symposia featured mostly academic papers by faculty members from both the University of
Hawaii and the University of the Ryukyus. Academic-level exchanges between our two faculties
are conducted under the Basic Agreement on International Exchange Between the University of
Hawaii and the University of the Ryukyus.

Water problems of Hawaii, Okinawa, and other tropical islands are not only topics of scholarly
interest; they also involve increasingly pressing issues of common interest that are being confronted
by decision makers at all governmental levels throughout the Pacific island region. Recognizing
the need to share experiences and exchange technologies, the University of Hawaii Water Resources
Research Center organized its Fourth WRRC Conference in June 1996 with the theme “Appropriate
Technologies and Issues for Water Resources Management-on Tropical Islands in the Asia/Pacific
Region.” In this broad regional context, special sessions on technologies and strategies used in
Okinawa were organized and key experts from the prefectural water agencies were invited to
participate. English summaries of their presentations were published in the widely distributed
“Abstracts and Assessments” of the conference (WRRC Special Report SR-97-01). The conference
was by far the largest Pacific islands freshwater conference ever convened, with over 200 participants
from throughout the region attending three full days of parallel sessions. More than 60 papers,
speeches, and poster papers were presented.

A note on Class 2 Rivers is provided here for clarification. Class 2 Rivers in Okinawa are for all
practical purposes streams, often with intermittent flows, typical of tropical island environments.
They are referred to as rivers because under the Japan River Law, all natural water courses fall into
three river classes for jurisdictional purposes. Class 1 Rivers are especially important for the
conservation of national lands and for the national economy. Class 2 Rivers are important to
prefectural interests and are designated by the prefectural governments. Other rivers, Class 3, are
managed by lower-level (city—town-village) jurisdictions. In the case of Okinawa, all major rivers
have been designated as Class 2, which ordinarily would fall under the jurisdiction of the prefectural
government. However, under a Special Steps Law for the Promotion and Development of Okinawa,
the National Ministry of Construction is authorized to improve, maintain, and repair these Class 2
Rivers and to construct multipurpose dams that are heavily subsidized with funding from the national
government. Thus, the Class 2 Rivers of Okinawa are, in effect, treated as Class 1 Rivers, and the
use of the word river serves a useful connotation.



For the production of this proceedings volume we owe a special gratitude to the dedicated efforts of
Karen Tanoue, WRRC editor, and her diligent staff, April Kam and Patricia Hirakawa.

Hiroshi Yamauchi
University of Hawaii at Manoa

Nobuya Miwa
Osaka Gakuin University
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WATER RESOURCES IN OKINAWA PREFECTURE: AN OVERVIEW

Akitoshi Odo?

GEOGRAPHICAL CHARACTERISTICS

The islands of Okinawa Prefecture are in the subtropical zone. The weather there is warm throughout
the year, with an average annual temperature of 22°C. Extremes range from 10°C (in the winter) to
32°C (in the summer). Annual rainfall averages about 2200 mm, but its occurrence is highly seasonal
in two wet periods, a baiu season (May-June) and a typhoon season (August-September). Since
the islands are limited in land area, the rivers are relatively short with steep slopes and rapid runoffs
into coastal waters. There are very few large mountains with high elevations, and the watershed
areas are relatively small. Water levels of most of the rivers are usually low.

WATER RESOURCES

Presently, the major water supply sources include dam reservoirs, rivers, and underground aquifers.
Approximately 44 100 m3/d of water are supplied from these and other sources. Dams account for
about 60.1% (26 500 m3/d); rivers, 28.3% (12 500 m3/d); groundwater, 11.1% (4900 m3/d); and
other sources, 0.45% (200 m3/d).

PROSPECTIVE WATER DEMAND AND FUTURE PLAN

Water demand in Okinawa Prefecture is expected to rise due to an increasing population, improved
living standards, industrial development, and an increasing number of tourists. However, the prospects
of increasing the water supply to satisfy this rising demand remains uncertain. Since it is expected
to become increasingly difficult to meet the continuously rising water demand, the Okinawa
Prefectural Government has been promoting the construction of multipurpose dams that will provide
a secure source of water of improved quality while taking into account environmental protection
factors. Other prefectural projects to improve the water supply situation in Okinawa include the
development of groundwater resources and the construction of desalination facilities.

The limited water resources in Okinawa should be recognized by its people as public property for
the benefit of all. Water reuse programs are strongly recommmended. In this context, there are other
measures to overcome water shortfalls in Okinawa. Rainwater and spring water are currently
underutilized and should be efficiently used, and certain types of drainage water can be treated and
recirculated for reuse. It is also vital to remind people of the importance of water conservation and,
in that context, promote the formation of an “economy-oriented society.”

IDeputy Councilor, Regional Promotion Division, Department of Planning and Promotion, Okinawa Prefectural
Government, Izumizaki 1-2-2, Naha, Okinawa, JAPAN.
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WATER SHORTAGES

Water shortages are common in Okinawa. Except for eight years, water rationing has been imposed
almost every year since 1972. The worst drought occurred during 1981-82 when intermittent water
rationing occurred over 326 days. More recently, water rationing occurred for 33 days in 1988, 26
days in 1989, 64 days in 1991, and 31 days in 1993. However, in 1994, when many places on the
Japanese mainland were suffering from extreme drought conditions, there was no rationing in
Okinawa due to sufficient rainfall from typhoons and other climatic factors.

In times of shortages, official decisions on water rationing are coordinated among the following
national government and prefectural-level entities:

+ Okinawa Water Shortage Measures Liaison Committee

Office: Construction and Administration Section, Development and Construction Division,
Okinawa General Bureau, Government of Japan

» Okinawa Prefectural Water Shortage Measures Main Council

Office: Regional Promotion Division, Department of Planning and Development, Okinawa
Prefectural Government

» Okinawa Prefectural Enterprise Bureau, Water Shortage Measures Headquarters

Office: Regional Promotion Division, Department of Planning and Development, Okinawa
Prefectural Government

THIRD PROMOTION AND DEVELOPMENT PROJECT
OF OKINAWA PREFECTURE

The following pages provide information on water resources development projects as presented in
the “Policies and Outline of Third Promotion and Development Project of Okinawa Prefecture.”
The two figures were reproduced from “DAM?” (a brochure by the North Dam Office, 1994). The
original figures were printed in color.

Odo *+3
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WATER RESOURCES DEVELOPMENT THROUGH DAMS

Rivers in Okinawa are characteristically ineffective for water resources as they are provided with small catchment areas and unstable
supples. Therefore, devices are introduced to make the storage of water efficient by increasing catchment areas, with interconnecting
dams as well as intaking water from rivers.

JL88 5 4 B Wi E — Diagram of Five Dams in Northeastern Okinawa

& A E — Diagram of the Elevation of Five Dams

¥ 37— East China Sea #MAKKHE — Catchment Area

K¥EH — Pacific Ocean Bk D K55 Ik X3 — Flood Control Area

W #5445 B~ Northeast Group of Dams

Wreis  — Cape Hedo S 3R — Mt.Yonaha

4 1%} #§— Ishikina Point AW - KRS AOKRTMRE

# J W— Katsuseno Point ‘Water Resources Development through Kurashiki and Taiho Dams
] — Arakawa Point A H 7~ Intake Pumps

%} /B ~— Kinan Point MK E — Raw Water Main

EHH — Kunigami Vil. Ho )i — Hija River *~Jif ==~ River

x — Higashi Vil. WK Ji| — Rivers of Water Sources

*Raw water from 13 rivers will be stored at and drawn from Kurashiki Dam until the completion of Taiho Dam. After its completion,
8 rivers located to the north of Shioya Bay will be conducted to Taiho Dam and that of the remaining 4 rivers to Kurashiki Dam.
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Measures on Water Resources Development Based on the Third Okinawa Promotion and Development Project of Okinawa Prefecture

Measures Content and Scale of Measures Progress Remarks
Water Resources (1) Haneji Dam Project 5/72 Preliminary studies for the dam Planned for completion in
Development Type Rockfilled Dam project begun 2001.
Height - 66.5 M | 4776 Survey for construction plan begun
Construction of Reservoir Area 115 km3 4/81 Construction commenced
Mu]tipurpese Dams Total Volume 19 800 000 m . .
Governments> Usable Volume 10/92 Contract concluded for standard
Water Supply 12 000 m?/d compensation for land
. 3
It;nga;mr(;\:/gt:; b 83800 m/d 11/95 Memorandum concluded for the
(farmland 1, a) construction of the main dam
3/96 Construction of the main dam began
(2) Integrated Development Project of
Rivers in Eastern Okinawa
Construction of adjusting water channel between
the Okukubi and Kanna Dams.
Existent Kin Dam will be extended and renamed
Okukubi Dam.
(a) Kanna Dam 4/29 Survey for construction plan begun Publicized the alteration
Type Concrete Gravity Dam 4/82 Construction commenced of project from Kanna
Height 45.0m 3/83 Basic ol d blic Dam to Integrated
Reservoir Area 0.55 km? astc pian made publt Development Project of
Total Volume 8 200 000 m? 3/93 Alteration of basic plan made public Rivers in Eastern
Normal Storage 7 800 000 m3 3/93 Completed and put under management| Okinawa.
Usable Volume
Water Supply 11 500 m3/d

Water for Agriculture 12 000 m*/d
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Measures—Continued

Measures

Content and Scale of Measures

Progress

Remarks

(b) Okukubi Dam
Redevelopment project on Kin Dam.

Type Concrete Gravity Dam
Height 415 m
Reservoir Area 0.61 km?
Total Volume 7 600 000 m3
Normal Storage 6 900 000 m?
Usable Volume

Water Supply 8 200 m3/d

(3) Integrated Development Project of
Rivers in Northern Okinawa

Construction of adjusting water channel between
the Taiho and Okuma Dams. Eight rivers will be
conducted to Taiho Dam.

(a) Taiho Dam

Type
Main Dam Concrete Gravity Dam
Side Dam Rockfilled Dam
Height
Main Dam 77.5m
Side Dam 75.0m
Reservoir Area 0.89 km?
Total Volume 20 050 000 m?
Normal Storage 19 350 000 m?

{a) Okuma Dam
Redevelopment project on Kin Dam.

Type Rockfilled Dam
Height 81.0m
Reservoir Area 0.23 km?
Total Volume 3 550 000 m3
Normal Storage 3310 000 m?

Usable water is conducted from Taiho
Water Supply 111 000 m¥d

4/93

5/72

5/87
6/90
8/93

3/95

11795
6/96

Integrated Development Project of
Rivers in Eastern Okinawa begun
{construction of Okukubi Dam)

Preliminary studies for the dam
commenced

Survey for construction plan begun
Construction commenced

Detailed construction plan decided and
publicized (Taiho and Hija Rivers)
Roadbuilding in relation to Taiho Dam
commenced

Terms submitted by Ogimi Village

Contract concluded for standard
compensation for loss of land and
facilities (Taiho Dam)
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Measures—Continued

Measures Content and Scale of Measures Progress Remarks
b Hijz_i River Integrated Development 5/72  Zukeyama Dam completed by the The storage 'volur‘ne will
Project United States Civil Administration of | D¢ tripled with this
Redevelopment of Zukeyama Dam, exclusively the Ryukyu Islands project.
for water supply, wi{h cooperation .of the Central | 4779 Preliminary studies for the dam project Water is copductgd from
Government and Okinawa Enterprise Bureau. commenced the North Side Rivers.
Kurashiki Dam 4/82 Construction commenced
(renamed from Zukeyama Dam) .
3/93 Contract concluded for cooperative
Type . project on Zukeyama Dam between thej
Main Dam Concrete Gravity Dam Central and Prefectural Governments
Side Dam Rockfilled Dam
Height 12/88 Contract concluded for standard
Main Dam 335m compensation for land and facilities
Side Dam 150 m 3/89 Construction of the main dam begun
Reservoir Area 0.77 km? 1/94  Trial impoundment commenced
Total Volume 7 150 000 m3 .
Normal Storage 6 900 000 m? 6/96 Construction completed
Usable Volume
Water Supply 28 800 m’/d
Integrated Northwest Secure stable storage at the Zukeyama and Taiho
Side Reservoirs Dams by conducting excess water from the
Development Project Northwest Side Rivers.
<Central and (1) Intakes 13 facilities (planned)
Prefectural Intake pumps (two places) (Consulting the local authorities) 11 completed (by 1995)
Governments> {Gabusoka and Nakama Rivers) Average volume
. , 42 300 m3/d
(2) Facilities for Water Conduction Under construction ‘
Water conduction project of the main Raceway—total length expected 132 km;
Northwest Side Dam 79 km completed
(3) Storage Facilities Renamed Kurashiki Dam Now intakes
Redevelopment of Zukeyama Dam under management of the Prefectural 71 000 m?/d
Government (from April 1, 1996)
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Measures—Continued

(b) Groundwater development in Okinawa
Istand (Enobi, Gushikawa City)

Supply (1996) 8 000 m3/d
(2) Promotion of Small-Type
Multipurpose Dam
Gakiya Dam (Iheya Village)
Type Concrete Gravity Dam
Height 380m
Reservoir Area 0.05 km?
Total Volume 297 000 m?
Normal Storage 274 000 m3
Usable Volume
Water Supply 70 m3/d

(Consulting the local authorities)

Under construction.

During 1997, adjustments made (roadbuilding
and purchase of lands) for dam construction.

Measures Content and Scale of Measures Progress Remarks
Municipal Water (1) Groundwater Development
Resources {a) Groundwater survey at municipalities in 1992 survey completed
Development isolated islands (all Okinawa islands)
<Prefecture/ Trial Boring 37 cases | As conduction of water from rivers is difficult
Municipalities> Electronic Survey 7 cases | in island municipalities, we will continue
Hydrogeologic Map 13 | surveying for groundwater, the main water
Geological Boring 4 cases | sourcein these areas.
Water Quality Analysis 9 cases
Spring Water Survey I case
Surging Test 1 case
Actual Condition of
Spring/Well Water 1 case
{all Okinawa islands}
Unutilized Water Sources 2 cases
Groundwater Development
Survey 1 case
Total 76 cases
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Measures—Continued

Measures

Content and Scale of Measures

Progress

Remarks

Construction of
Desalination Facilities
<Prefectural
Government>

Construction of desalination facilities as a part
of various water resources development
projects in Okinawa Island.

» Facility Chatan Filtration
« Amount Developed

1995 10000 m¥%/d
1996 25000 m*/d
1997 40000 m¥/d

¢ Qutline of Facility

Place Chatan
Plottage 12 000 m2 (approx.)
Building Area 9 000 m? (approx.)
Output Volume 40 000 m3/d
Desalination Method Reverse Osmosis
Recovery Rate 40% (approx.)
Type of Sprial Type——Polyamide

Membrane (RO membrane)
Intake Submarine Intake Pipe
Discharge Underwater Defusing Method
Total Cost ¥ 34.7 billion

As of 1996, the facility (supply capacity of
25 000 m%d) completed and partially in
operation.

Water for
Agricultural Use

Development of Various Water
Resources and Facilities

Effective use of ground and river waters.
"Supply and Demand Plan of Water for
Agricultural Use" decided in 1992.

Area Volume
(ha) (1000 m¥/yr)

Overall Plan 46 400.0 1894479
Objectives for 2001 24 000.0 999739
Dams and Rivers 11 563.0 61967.8
Underground Reservoir  10119.0 31 290.0
Rainwater Catchment 23180 67161

Progress of the development program of
water for agricultural use by 1995: ‘
Area Benefited 15021 ha

Percentage of Provision
Out of Total Plan 32.4%
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Measures—Continued

Measures Content and Scale of Measures Progress Remarks
Efficient Use of Appropriate Use of Unused Water * Promotion Policies for Efficient Use of "1997 Rainwater Fair in
Rainwater Water Resources in Okinawa Prefecture Okinawa" to be held.

+ Promote efficient use of rainwatrer by creating
a manual and guidelines under "Promotion
Policies for Efficient Use of Water Resources
in Okinawa Prefecture.”

» Financing method for provision of rainwater
utilization facilities

+ Premium financing system for construction of
rainwater utilization facilities (Housing Loan
Cooperation). The system provides those who
purchase or build new houses with loans at
premium rates, for purchasing rainwater
recycling facilities to balance the demand and
supply of water.

(put into force 1992)
+ Guidelines for Rainwater Usage
+ Rainwater Usage Manual (compiled 1992)

+ Technical Policies for Rainwater Usage
{compiled 1994)

Introduced in 1991

Amount of Loan ¥ 500 000

Promotion of
Recycling of Purified
Sewage Water

Consideration of Sewage Water Recycling in
Extensive Areas

Water highly treated in sewage disposal plants
recycled for flush toilet water.

Construction of drains for recycled water.

Decision 1o use recycled water for flush toilets
made by the Department of Civil Engineering
and Construction, Okinawa Prefectural
Government.

Improvement and
Maintenance of Water-
Retaining Forests

Afforestation of Water-Retaining Forests

Project funded by the Okinawa Water Resources
Foundation (subsidize half the amount; the other
half to be borne by municipalities).

Amount subsidized between 1979 and 1995:

Subsidy ¥ 182919 000
Area 2069 ha

Development of
Reservoir Areas

Promotion of Reservoir Areas

Undertaking of projects stipulated in
memorandum,

Promotion of municipal reservoir areas with
privileged subsidies from the National
Treasury and Okinawa Water Resources
Foundation.
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DAM PROJECTS IN OKINAWA PREFECTURE

Toshio Ueto!

Due to the steep inclines of river basins and other geological conditions, rivers in Okinawa Prefecture
that normally do not have a steady flow of water tend to overflow in a short time during and after it
rains. The rivers tend to rise and flood due to localized torrential rains and often result in extensive
damage to coastal areas. Therefore, multipurpose dam projects, such as those which focus on
improving rivers and supplying irrigation water have played an important role in the development
of Okinawa Prefecture. There are two types of projects related to dams: the first is dam projects
under the supervision of the national government, and the second is supplemental dam projects
under the supervision of the prefectural government.

DAM PROJECTS UNDER THE SUPERVISION
OF THE NATIONAL GOVERNMENT

Under the National River Law, large Class 1 Rivers fall under the jurisdiction of the national
government. Although in Okinawa there are no Class 1 Rivers, the Okinawa Development Special
Measures Act provides for water projects in designated areas to be carried out under the direct
control of the national Ministry of Construction. Table 1 includes information on both completed
dam projects and those which are still under construction in Okinawa.

SUPPLEMENTAL DAM PROJECTS UNDER THE SUPERVISION
OF THE PREFECTURAL GOVERNMENT

Dam projects that receive subsidies from the national government but are under the supervision of
the prefectural government are summarized in Table 2. Recently, the emphasis has been on planning
projects for “small-scale dams.” The focus of these projects are on local river improvements and
irrigation water supply in mountainous regions and islands that fall beyond the reach of benefits
from conventional dam projects.

Water demand in local areas (such as mountainous regions and peninsulas) and in remote islands is
relatively small: only a few hundred cubic meters per day. There are a number of problems concerning
the maintenance of the water supply and water quality during periods of water shortage. Moreover,
in these underdeveloped regions, few river improvements have been made, and the water safety
levels of the improved rivers are typically lower than those of other regions. These underdeveloped/
depressed regions have difficulty in receiving benefits from conventional projects under the
supervision of the national government and the Enterprise Bureau of Okinawa Prefecture.

Ipirector, Dams Office, Department of River Management, Okinawa Prefectural Government, Asahimachi 1, Naha,
Okinawa, JAPAN.
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TABLE 1. Dam and Reservoir Projects Under National Government Control

Completed Projects Projects Under Construction
Dam and Reservoir Fukuchi Arakawa Aha Fungawa Benoki Kanna Total Haneji Okukubi Taiho Okuma
Dam Dam Dam Dam Dam Dam Dam Dam Dam Dam
Purpose® F.N.W.L FNW.I FNW.L F.N.W.L F.N.W.L F.N.AW, F.N.AW. F.N.W, F.N. W, F.N.W,
Catchment Area (km?) 32.0 7.4 22.5 8.9 8.1 7.6 86.5 10.9 14.6 13.3 4.8
Reservoir Area (km?) 2.54 0.16 0.83 0.31 0.50 0.55 4.89 1.15 0.61 0.89 0.23
Reservoir Volume (103 m3)
Total 55 000 1 650 18 600 3 050 4 500 8 200 91 000 19 800 7 600 20 050 3 550
Normal Storage 52 000 1 250 17 400 2 550 4 000 7 800 85 000 19 200 6 900 19 350 3310
Flood Control 7 300 650 4 800 1 600 2 400 1 150 17 900 3 600 2 500 2150 500
Usable
Nonspecific Uses 2 000 100 200 150 150 240 2 840 2 600 1 900 1320 720
Municipal Uses
Domestic 31 400 370 9 130 590 1 070 4 670 47 230 5 900 2 500 15 880 2 090
(86 800 m/d) (13 200 m¥d) (55200 m>/d) (19 900 m>/d) (15 500 m¥/d) (i1 500 m’/d) (202 100 m¥/d)| (12 000 m*/d) | (8 200 m’/d) (111 000 m*/d)
Industrial 11 300 130 3270 210 380 1 740 17 030 7 100 — — —
(31200 m¥%/d) (4800 m¥d) (19800 m¥d) (7100 m¥d) (5500 m¥d) (12 000 m¥d)® (80 400 m*/d) |(83 795 m/d)®
Subtotal 42 700 500 12 400 800 1 450 6 410 64 260 13 000 2 500 15880 2 090
(118 000 m¥d) (18 000 m%d) (75 000 m*d) (27 000 m¥d) (21 000 m¥d) (23 500 m3/d) (282 500 m>/d)| (95 795 m3/d) | (8 200 m’/d) (111 000 m¥/d)
Total Usable 44 700 600 12 600 950 1 600 6 650 67 100 15 600 4 400 17 200 2 810
Dam Structure
e - S R M N
Height (m) 91.7 44.5 86.0 32.0 41.5 420 35.0 45.0 37.0 66.5 41.5 77.5 70.0 81.0
Length (m) 260 177 245 80 210 230.1 330.0185.0 500.0 198 330.0 390 730 370
Volume (103 m3) 16224 73.6 4140 77.7 70.0 130.0 440.0 72 991 1 050 130 530 2640 1 550
Elevation of Dam 90.0 164.5 113.5 114.5 136.5 183.5 184.0 33.0 34.5 74.0 29.0 73.5 75.0 162.0
Summit (m)
Construction Cost 1 378 510 300 950

(million ¥)

*F = flood control, N = conservation of natural river flow, W = water supply, I = industrial water, and A = agricultural water.

®Maximum intake for agricultural water.

°G = concrete gravity dam, R = rockfilled dam, and C = combined concrete gravity and rockfilled dam.
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TABLE 2. Dam and Reservoir Projects Under Okinawa Prefectural Government Control

Flood
Cog?ml Total River Development Project Small-Scale Dam Development

Project

Dam and Reservoir Kinjyo [Kurashiki Zamami Maezato Shiramizu Gima  Taihara | Azaka Gakiya Tokashiki

Catchment Area (km?2) 1.70 4.70 0.19 4.82 3.38 1.89 0.95 2.50 0.45 0.37
Reservoir Area (km?) 0.04 0.77 0.01 0.26 0.16 0.09 0.07 0.08 0.05 0.02

Reservoir Volume (103 m3)

Total 510.0 | 7100 66.0 2300 2 150 495.0 560.0 630.0 244.0 72.5
Normal Storage 470.0 | 6900 56.0 2100 2010 4650 5100 | 500.0 221.0 35.5
Flood Control 340.0 | 1000 21.0 800 380 85.0 170.0 130.0 33.0 13.5
Usable 130.0 | 5900 35.0 1300 1630 380.0 340.0 370.0 188.0 22.0
Dam Structure

Type? G R G R G E E G G G

Height (m) 19.0 33.5 30.0 27.0 59.0 21.0 22.0 46.0 30.0 20.7
Length (m) 120.0 | 441.0  85.0 3674  625.0 165.0 2300 173.0 115.0 78.0
Volume (103 m3) 12.8 | 876.0 19.0 362.0 385.0 60.0 160.0 54.0 39.0 7.9

4G = concrete gravity dam, R = rockfilled dam, and E = earthfilled dam.




Faced with this situation, a system for small-scale dam projects as a government subsidy program
was established in 1988 with the purpose of improving small local rivers and supplying irrigation
water to nearby communities. From the time of the program’s establishment through 1995, 107
projects (including 96 multipurpose dam projects and 11 river improvement projects) have been
carried out in 37 prefectures. In the case of dam projects where the water supply is located in the
same area that the project is conducted, people welcome the dam and refer to it as “the dam by our
village, of our village, and for our village” because of its great promise for contributions to the
enrichment of the community.
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QUALITY PROBLEMS OF DRINKING WATER AND
GROUNDWATER IN OKINAWA PREFECTURE

Takatoshi Yamashiro!

WATER SUPPLY IN OKINAWA PREFECTURE

The percentage of the population in Okinawa Prefecture being served by public water supply
systems as of March 1996 was 99.8%, the third highest rate among the 47 prefectures in Japan.
However, demand for water has been increasing year after year due to the rise in living standards
and the development of tourism, along with the construction of resort facilities such as hotels and
the supporting infrastructure. Thus, it has been a major task for Okinawa to develop water
resources by building dams and installing seawater desalination plants. At the same time, the aim
of the water administration has been to secure emergency lifelines in case of large-scale disasters
such as earthquakes.

The total water demand population as of the end of March 1995 was 1 259 984. Waterworks with
user groups exceeding 5000 people serviced 96.3% of this population and small-scale
waterworks with user groups of 5000 or less people serviced the remaining 3.7%. As for the
number of waterworks, there was one major wholesaler, 31 lesser waterworks serving
37 municipalities, and 56 small-scale waterworks serving 24 municipalities.

PRESENT SITUATION ON SOURCES
FOR WATERWORKS

Surface water is the main source of water supply in the main Okinawa Island, Ishigaki Island,
Kume Island, and some of the smaller islands. Groundwater is the main source in the Miyako
Islands and some other islands. In the case of isolated islands which are not favored with surface
or groundwater, seawater desalination plants are being introduced to supply water to the residents
on a stable basis. Also, in the case of 16 isolated islands, water for daily use is being supplied by
submarine water supply systems.

"When judged in terms of biochemical oxygen demand (BOD), which is a typical contamination
index, the quality of water used for the public supply in Okinawa Prefecture is improving due to
the construction of public sewer systems and a rise in residents’ consciousness of public health
matters. However, the quality of water in rivers tapped for water supply has not consistently met
the environmental standard denoted as Category B. Category B corresponds to water supply
Class 3, in which the BOD is less than or equal to 3 mg/l.

Another problem is groundwater contamination. A highly permeable Ryukyu limestone covers
the central and southern parts of Okinawa Island and is also prevalent on other islands such as
Miyako, Tarama, Irabu, and Izena. Because of this high permeability, groundwater is easily
contaminated by surface sources.

1Section Chief of Water Supply, Public Sanitation Division, Department of Environment and Health, Okinawa
Prefectural Government, 1-2-2, Izumizaki, Naha, Okinawa 900, JAPAN.
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The present condition of dams, rivers, and groundwater, which are the main sources of water
supply, is given below.

Kin Dam

Kin Dam is located in the northern part of Okinawa Island. Recently, eutrophication has begun to
take place, due to the inflows of wastewaters from both domestic and livestock sources. This has
led to an increase in the trihalomethane formation potential.

Hija River

Hija River is located in the central part of Okinawa Island. The quality of its water improved up
to 1986, when the environmental standard was met. However, it is now contaminated with
wastewater inflows from various domestic, livestock, industrial, and other sources (Figure 1).

Tengan River

Tengan River is located in the central part of Okinawa Island. It reached its highest water quality
level in 1985 and has remained at about the same level since then. The quality of water has not
met the environmental standard. The main causes of contamination are inflows of wastewaters
from domestic, livestock, industrial, and restaurant sources (Figure 2).

Other Other

Factory Industry 7% Factory industry
Wastewater 2% Wastewater 4% <

: Domestic
Livestock .

Wastewater Domestic Livestock Waﬁtﬂ*«ater
30% Wastewater Wastewater | %
61% 52%

Figure 1. Causes of contamination of Figure 2. Causes of contamination of

Hija River (1993 survey) Tengan River (1993 survey)

Taiho River

Taiho River is located in the northern part of Okinawa Island. The quality of water in this river
fell below the environmental standard in 1991 and is now showing an improving trend. In 1994 it
cleared the environmental standard. The main source of contamination is the wastewater inflow
from an upstream farm where as many as 15 000 pigs are being raised (Figure 3).

Groundwater

In the case of the Miyako Island, it is suspected that the groundwater may be contaminated with
nitrogen by the inflows of wastewater from domestic and livestock sources and by agricultural
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fertilizers. The causes of nitrogen contamination are shown in Figure 4. Presently, however, there
is apparently no particular problem other than hardness of potable water. In the cases of Irabu
and Tarama Islands, four water quality indices are above the water quality standards: hardness,
nitrate and nitrite nitrogen, chlorides, and total residue. All these are caused by miscellaneous
wastewater inflows from domestic sources and by agricultural fertilizers.

Domestic
Wastewater
10%

2%, Wastewater

Livestock
Wastewater

Livestock o 16%
| Wastewater Fertilizer
97% 74%
Figure 3. Causes of contamination of Figure 4. Causes of nitrogen contamination in
Taiho River (1993 survey) groundwater of Miyako Island (1990 survey)

QUALITY OF DRINKING WATER

Recently, the dams and rivers in the central and northern parts of Okinawa Island have become
so badly contaminated with wastewaters from various domestic, livestock, and industrial sources
that advanced water treatments with biologically activated carbon and ozone have become

necessary.
Dams and Reservoirs

Stagnant waters in reservoirs behind dams tend to increase in organic substances with the
accumulation of silt and humus material. Also, in situations where villages are located upstream
of the dams, the water is further contaminated as a result of the inflows of domestic and other
types of wastewaters. The eutrophication of reservoirs is hastened with the growth of algae. This
situation is reflected in the quality of drinking water on Zamami Island (Table 1).

TABLE 1. Zamami Island Drinking Water Quality, 1995

Parameter Maximum Value Average Value Water Quality Standard
Trihalomethanes 0.18 mg/l 0.13 mg/ 0.1 mg/l or less
Chlorides (CI7) 285 mg/l 173 mg/l 200 mg/! or less
Total Residue 925 mgfl 486 mg/l 500 mg/l or less
Hardness (Ca, Mg) 387 mg/l 159 mg/l 300 mg/l or less

NoTe: Water quality is to be improved after 1998,
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River Water Resources

Rivers in Okinawa are apt to be directly influenced by pollutants because of their relatively short
distances and small flow capacities. Recently, pollution of rivers due to wastewater inflows from
domestic and livestock activities has become an issue. There has been an increased awareness of
the harmful effects of trihalomethanes and other contaminants in potable waters. In 1994, it was
found that trihalomethanes in the treated waters at the Ishikawa Treatment Plant and the
Nishihara Treatment Plant exceeded the maximum allowable limit of 0.07 mg/l or 70% of the
water quality standard of 0.1 mg/l. The countermeasures adopted involve the reduction of
chlorine in the treatment process. Prechlorination was replaced by interim chlorination, and the
amount of chlorine additions was lowered.

Groundwater Resources

Because there are no rivers in the Miyako Islands, only groundwater found in the Ryukyu
limestone is tapped to supply drinking water. Hardness in this groundwater supply is higher than
that for dam and river waters.

As in the case with surface waters, it was recently found that the groundwater resources, not only
in Miyako but in other groundwater islands as well, have also been contaminated by wastewaters
from various domestic sources and by chemical fertilizers. As shown in Tables 2 through 6,
levels of nitrates, nitrites, and chlorides exceed their respective water quality standards in the
different islands. Total residue and hardness levels are also excessive.

TABLE 2. Izena Island Drinking Water Quality, 1995

Parameter Maximum Value Average Value Water Quality Standard
Total Residue 836 mg/l 622 mg/l 500 mg/ or less
Hardness (Ca, Mg) 452 mg/l 361 mg/! 300 mg/l or less

NOTE: In 1996, to improve the drinking water quality, the pellet method was applied to remove calcium and
reduce hardness and total residue.

TABLE 3. Tarama Island Drinking Water Quality, 1995

Parameter Maximum Value Average Value Water Quality Standard
Nitrate Nitrogen + Nitrite 11.2 mg/ 10.0 mg/l 10 mg/1 or less
Nitrogen (NO3-N + NO,-N)

Chlorides (CI™) 316 mg/l 237 mg/l 200 mg/1 or less
Total Residue 1890 mgfl 896 mg/l 500 mg/l or less
Hardness (Ca, Mg) 418 mg/l 390 mg/l 300 mg/l or less

NoTE: In 1996, the pellet method and low-pressure reverse osmosis were applied to reduce the levels of nitric
and nitrous acids, hardness, and total residue.
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TABLE 4. Miyako Island Drinking Water Quality, 1995

Parameter Maximum Value Average Value Water Quality Standard

Hardness (Ca, Mg) 302 mg/l 290 mg/l 300 mg/t or less

NOTE: During 1997-1998, the pellet method will be applied to remove calcium and reduce hardness,

TABLE 5. Irabu Island Drinking Water Quality, 1995

Parameter Maximum Value Average Value Water Quality Standard
Nitrate Nitrogen + Nitrite 9.83 mg/l 9.25 mg/l 10 mg/l or less
Nitrogen (NO3-N + NO,-N)

Chlorides (CI7) 346 mg/l 258 mg/l 200 mg/l or less
Total Residue 1050 mg/t 812 mg/l 500 mg/l or less
Hardness (Ca, Mg) 359 mg/l 333 mg/l 300 mg/l or less

NOTE: After 1998, the low-pressure reverse osmosis treatment will be applied to reduce the levels of nitric
and nitrous acids, chlorides, hardness, and total residue.

TABLE 6. Nago City, Okinawa Island, Raw Water Quality, 1995

Parameter Maximum Value Average Value Water Quality Standard
Total Residue 1890 mg/l 896 mg/l 500 mg/l or less
Hardness (Ca, Mg) 224 mg/l 208 mg/l 300 mg/l or less

NOTE: In 1997, the pellet method was applied to remove calcium and reduce total residue and hardness.
Seawater Desalination

In remote small islands like North and South Daito Islands where there are no mountains and
rivers, people have depended on capturing rainwater in reservoirs for their water supply.
However, because this is not a secure and stable source of water and because the quality is not
satisfactory, small-scale seawater desalination plants have been installed. But seawater is high in
boron; 2 to 4 mg/l have been detected in the potable water supplies (the boron monitor index is
0.2 mg/1). We have not yet found a satisfactory method for reducing the boron level, and this is
an urgent need for our small-scale seawater desalination plants in remote islands.

COUNTER MEASURES FOR CONTAMINATION PREVENTION
AND SUBJECTS FOR FUTURE CONSIDERATION

With the recent increase in water contamination due to inflows of wastewater originating from
various sources (domestic, livestock, industrial, and agricultural sources), the presence of
harmful toxins such as trihalomethanes and nitrates in potable supplies has become a pressing
issue. In 1994, a law was enacted to promote the combination of domestic wastewaters from all
sources (flush toilets, showers and bathtubs, sinks, and laundry machines) for efficient treatment
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and disposal through sewage treatment plants in urban areas and septic tanks in rural areas. The
aim was to secure—through integration, consolidation and other drastic means—the quality of
water resources for drinking water supplies. Based on this law, the Okinawa Prefecture
Enterprise Bureau submitted a request to the governor in July 1995 for the purpose of securing
the quality of water in the Kin Dam and the basins of the Taiho River and Tengan River. A
framework plan is to be developed so that projects can be carried out in a systematic manner. The
plan will promote the improvement of sewer systems, combined filtration tanks, and wastewater
disposal facilities in agricultural villages to reduce the potentials for harmful contamination of
water resources. The list of countermeasures to be taken and subjects to be considered follow.

Countermeasures to Prevent Contamination

The countermeasures to prevent contamination are as follows:

1. Livestock solid waste tanks shall be maintained adequately to prevent outflow of solids.

2. Wastewaters from livestock barns shall be processed to reduce the volume of liquid
wastes discharged into rivers.

3. Efforts shall be exerted to reuse the solids as fertilizer and to restore the fertility of farm
lands.

4. Health centers shall provide guidance on the adequate maintenance of solid waste
facilities to prevent outflows during rains.

5. Dealing with trihalomethanes shall be effected through the following projects scheduled
to begin in 1997:

* Installation of a combined purification tank and drainage facility for agricultural
villages in the Tengan River basin and the Kin Dam area.

* Promotion of the installation of drainage facilities in the Tengan River basin.

* Installation of livestock wastewater treatment and composting facilities in the Taiho
River and Tengan River basins and the Kin Dam area.

6. For the purpose of improving the quality of groundwater in Izena Island, Miyako Islands,
and other areas, the pellet method and low-pressure reverse osmosis treatment shall be
applied (beginning in 1996) to reduce nitrates, nitrites, chlorides, hardness, and total
residue.

Subjects for Future Consideration

In order to introduce disposal facilities for domestic and livestock wastewater which otherwise
would tend to flow into the dams and rivers and to actively carry out water quality conservation
projects, the Okinawa Prefectural Promotion Plan requires the cooperation of the municipalities
and other local bodies located near basins. In the case of the Miyako Island, where the source of
potable water is limited to groundwater, it is necessary to minimize the use of chemical
fertilizers. For isolated islands like Zamami and others that are not favored with water resources
(in terms of both quantity and quality) and that do not have alternative sources readily available,
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it is necessary to consider the introduction of seawater desalination plants. The following are
subjects for consideration:

1.

Miscellaneous wastewater produced from domestic sources within a sewer service area
should be discharged into the sewer system. For non-sewered areas, wastewaters should
be disposed by the combined filtration and disposal method, subject to the cooperation of
the residents within the basin area.

As for the disposal of livestock wastes, it is essential to install composting systems and
then to return the composted material to farmlands within and outside the basin area. It is
also necessary to obtain the cooperation of the municipalities and the local people
engaged in agricultural and livestock activities.

In order to promote water quality preservation projects, the procurement of an adequate
budget is essential.

In the case of isolated islands where seawater desalination is being introduced and where
water quality improvement projects must rely on the pellet method, low-pressure reverse
osmosis treatment, and other techniques, the high costs of producing potable water cannot
be fully recovered through revenues from water rates.
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NEW DESALINATION PLANT IN OKINAWA

Seikichi Oshiro!

Geographically, Okinawa Prefecture is located in Japan’s only subtropical region. It is warm all
year round, with an average annual temperature of 22°C. Okinawa Prefecture is an archipelago
of 160 islets and islands, 50 of which are inhabited. Among the many islands, Okinawa, Ishigaki,
and Miyako are relatively large, with Okinawa Island being by far the largest. It has a long and
slender shape, measuring about 130 km in length from north to south and 4 to 8 km wide. The
population of Okinawa Prefecture is approximately 1.26 million, with about 90% of the people
living on the island of Okinawa. Accordingly, the island is the most heavily populated, and water
consumption there is the highest.

Okinawa Island is flat in the southern and central parts where the area is densely populated, and
mountainous in the northern part where the area is less populated. Consonant with the nature of
the island, most of the water supply is developed in the northern part, yet most of the water is
consumed in the central and southern parts. This distributional imbalance between water supply
and consumption is one of the distinct aspects of water management in Okinawa Island.

WATER SUPPLY

Okinawa waterworks rely heavily on seasonal rainfalls during May-June and seasonal typhoons
later in the year. The amount of rainwater obtained during these seasons has a lot of influence on
water services in Okinawa. The sources of water supply for the island consist basically of dams
and reservoirs (60%), flowing rivers (28%), underground water (11%), and seawater desalination
facilities (less than 1%).

An islandwide water supply system is operated by the Okinawa Prefectural Enterprise Bureau.
As the main purveyor of water, the bureau’s role is developer of water resources and supplier of
potable water to the people. The bureau draws about 440 000 m3/d of raw water for treatment
and then supplies potable water to 30 of the 34 municipalities on the island.

Since the reversion of Okinawa to Japan in 1972, a major effort was jointly undertaken by the
national and prefectural governments to develop water resources on Okinawa Island. A number
of dams and rivers have been developed under a plan for the promotion and development of
Okinawa Prefecture. So far, seven multipurpose dams and thirteen water intake pump stations
have been constructed and put into operation.

Despite these water resources development projects to increase the water supply, frequent water
shortages have been experienced on Okinawa Island during the past several years. One reason for
these recurring shortages is unstable river flows. Okinawa Island depends on rivers for almost
one-third of its water supply, but the unstable flows make rivers unreliable sources.

1 Chief, Construction Planning Division, Enterprise Bureau, Okinawa Prefectural Government, Izumizaki 1-2-2,
Naha, Okinawa, JAPAN.
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Rivers on Okinawa Island are all Class 2 or smaller, as categorized under the National River
Law. They are essentially island streams with small catchment areas, as well as channels that are
short and narrow and have steep gradients. Therefore, during dry spells the river water supply
diminishes.

Another reason for shortages is the ever-increasing demand for water. Its consumption has been
continuously increasing with the growth of the population, economic development and
prosperity, and tourist and resort developments. The increasing water demand is expected to
continue,

For these reasons, the Okinawa Prefectural Enterprise Bureau has begun large-scale desalination
of seawater as a means of supplementing traditional land-based water sources.

SEAWATER DESALINATION

Seawater desalination in Okinawa Prefecture actually began in 1974 on a small remote island
(Minami Daito) located far to the east of Okinawa Island. Since then, the technology has been
introduced successfully on other small islands. At present, five small islands use seawater
desalination plants to secure their water supply. These desalination plants are, however, very
small-scale facilities, with capacities ranging from 240 to 400 m3/d. Nevertheless, these plants
are the only important source of secure water supply for the people living on these small islands.

Compared to these small-scale plants, the new desalination plant being built on Okinawa Island
is, by far, a larger-scale operation that is almost 100 times greater in capacity. The total plant
capacity is designed to be 40 000 m3/d. The total construction cost of the plant is estimated at
around 35 billion yen, of which 85% has been subsidized by the national government.

The chronology for development of this large-scale seawater desalination facility in Okinawa is
as follows:

1977-1986  Japan Ministry of Welfare conducts a comprehensive study on seawater
desalination for Okinawa Island.

1988  Okinawa Prefectural Enterprise Bureau obtains authorization from the
Ministry of Welfare to install a seawater desalination plant.

1989  Basic plan for construction of the plant is completed by the bureau.

1990-1991 A 15-member committee is organized to study a phase-in plan for the plant
and any environmental impact. The committee members include university
professors, officials from national and prefectural governments, and officers
of local companies.

1992  The design of the desalination plant is made, based on proposals from
committee members.

1993  Construction of desalination plant begins.

1996  First stage of construction is completed, and partial plant operations begin at
freshwater production rate of 10 000 m3/d. Project completion date is set for
March 1997.
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At present, reverse osmosis is considered the most economical method for producing freshwater
from seawater. To produce 40 000 m3/d of freshwater, 100 000 m3/d of seawater is needed. In
other words, 40% of the total volume of seawater is changed to freshwater.

Figure 1 illustrates the principles of osmosis and reverse osmosis as applied in the desalination of
seawater. When freshwater is placed in one side of a container separated by a semipermeable
membrane and seawater is placed in the other side, the concentrations of both solutions will tend
to equalize. A natural flow of pure water will pass through the semipermeable membrane from
the freshwater side to the seawater side. This is called the “osmosis phenomenon.” The flow of
pure water will stop when a certain difference between the levels of both solutions is achieved.
This difference in the levels of both solutions is called the “osmotic pressure” of seawater. (The
osmotic pressure of seawater is about 25 kg/cm?.) When a higher than the osmotic pressure is
applied to the seawater, pure water contained in the seawater is pushed back through the
semipermeable membrane to the freshwater side. This principle is called “reverse osmosis.”

OSMOSIS REVERSE OSMOSIS

Pressure

Osmotic
Pressure

Semipermeable Membrane Semipermeable Membrane Semipermeable Membrane

Figure 1. Desalination of seawater using principles of osmosis and reverse osmosis

Figure 2 is an illustration of an element of a desalination module which utilizes the reverse
osmosis method. Highly pressurized seawater is fed through the left side of the element, pure
water is collected in the center tube, and brine comes out on the right side.

Figure 3 is a schematic of the seawater desalination process in the overall facilities. The
desalination plant basically consists of five facilities. The first is a seawater intake facility
consisting of an intake tower, an intake pipeline, and a sand-settling basin. The second is an
adjusting facility consisting of primary and secondary filters. The third is a desalination module
facility consisting of high-pressure pumps, reverse osmosis membrane units, and energy-
recovery turbines. The fourth is a brine-discharging facility consisting of a discharging pipeline
and a tower with diffusing nozzles. The fifth is a condensing and dehydration facility consisting
of a condensing basin and a dehydration unit.

The process of desalination begins with the natural flow of raw seawater into the sand-settling
basin where sodium hypochlorite is added for sterilization. The sterilized seawater is passed
through the primary and secondary filters. The clean seawater is then treated with sodium
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Figure 3. Schematic of the desalination process

NOTE: This schematic is based on a color version published in a brochure entitled "Seawater Desalination Plant: Abundant Water From The
Beautiful Ocean” {published by the Enterprise Bureau, Okinawa Prefecture, March 1, 1996, pp. 10-11). That version shows the desalination

process more clearly with the use of color.




bisulfite to neutralize the remaining chlorine, and acid is added to control the pH before it is fed
into the desalination module where pressure of between 60 and 65 kg/cm? is applied.

After desalination, the desalted water is usually treated with ash or caustic soda for pH control
and adjusted for taste with the addition of some minerals. In our Okinawa plant, however, none
of these treatments is necessary because the desalted water is directly mixed into the existing
potable water supply from land sources.

To protect the environment, we have adopted two additional measures. One is a diffusion method
for discharging the brine into the sea, and the other is the recovery of sludge produced after
filtration of the raw seawater by dehydration. The dehydrated sludge can then be used for land
reclamation instead of being dumped back into the ocean as slurry.

Figure 4 illustrates an idealized plume of the brine being diffused in seawater. The brine is
discharged through 16 diffuser nozzles mounted at a 45° angle on a discharging tower located
about 200 m offshore where the tidal current is present.

'—'g- 1 T T
{ i
Raw sea water density: 3.5% ! !
Brine density: 5.8% i 1
i i
7m : |
. :
\J }
]
3m
Range 8m 12m
Density 3.6% 3.54%

Figure 4. Idealized plume of brine being diffused in seawater

Some advantages of our seawater desalination project in Okinawa are listed below:

1. Potable water can be obtained from a practically limitless quantity of seawater which,
unlike rainfall, is basically unaffected by adverse weather conditions.

2. A relatively small land area is required for the plant.

bad

Completion of plant construction can be scheduled according to needs.
4. Location of the plant is near the service area.

Oshiro % 33



Finally, as with most new projects, the operation of a large-scale desalination plant presents a
number of new challenges for the future. A list of considerations follows:

1. An optimum plant-operating pattern must be established, taking into account the high
operating and maintenance costs of running the desalination facilities. Energy
requirements, in particular, are high.

2. An environmental monitoring program must be put in place to protect against degradation
of the environment.

3. Effective countermeasures against corrosion of the installations must be established.

4. A program must be designed to train technicians to handle the fullyvautomated facilities
with computers.
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SUBSURFACE DAMS: CONSTRUCTION AND APPLICATIONS

David S. Yang!

Abstract

A subsurface dam is a facility consisting mainly of a cutoff wall installed in highly permeable strata
to store groundwater and to prevent the intrusion of saltwater. The Soil Mix Wall (SMW) method is
an in-situ soil mixing technology that mixes soil with cement grout using triple-axle augers to
produce subsurface soil-cement walls for groundwater control. Two case examples are presented to
illustrate the construction and applications of subsurface dams installed by in-situ soil mixing

technology.

Nakajima Subsurface Dam——an 88-m-long test dam constructed on Nakajima island in the Seto
inland Sea of Japan. The dam site is located 200 m from the coastline of a valley plain in the
southeast part of the island. The alluvium at the site has a maximum thickness of 26 m and was used
as the storage strata. The low-permeable bedrock underlying the alluvium served as a bottom seal
of the subsurface storage area. The SMW method was selected for the installation of a soil-cement
cutoff wall for use as the subsurface dam. The soil-cement has a 28-day unconfined compressive
strength of 5 kg/cm? and a maximum coefficient of permeability of 1 x 10°6 cm/s. The storage
capacity of the subsurface reservoir is 27 x 103 m3.

Pumping tests were performed (1) to evaluate the effectiveness of subsurface dams for converting
alluvial valleys into subsurface storage strata, (2) to study the methods of monitoring groundwater
quality, and (3) to establish pumping and management criteria for a subsurface dam. The long-term
pumping tests proved that the subsurface dam enables the pumping of additional groundwater and
also prevents saltwater intrusion.

Sunagawa Subsurface Dam—a 1853-m-long dam installed 65 m into the Ryukyu limestone and
keyed into the Shimajiri Mudstone. The dam site is on Miyako Island, Okinawa, J apan. The
subsurface dam was designed to store groundwater in the highly permeable, porous limestone strata
during the rainy season and to supply water for irrigation during the dry season. A single-shaft rock
auger was used to predrill the limestone. Triple-auger SMW equipment was then used to produce
soil-cement panels to form an SMW wall for use as a subsurface dam. The SMW wall has a strength
of 10 kg/cm? and a maximum permeability of 1 x 10-6 cm/s. The storage capacity of the subsurface
reservoir is 9.5 x 106 m3.

1S M.W. Seiko, Inc.; Hayward, California.
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SWINE WASTE TREATMENT SYSTEMS FOR
LAND-LIMITED AND TROPICAL CONDITIONS

P.Y. Yang'

Currently, about 4.5 x 106 Ib (2 x 106 kg) of animal waste is generated daily in Hawaii. This is
approximately equal to two times the organic waste generated by the human population in Hawaii.
Because of the rising concern for environmental protection, the impact of animal waste has become
a serious problem. For instance, on the island of Oahu, Hawaii, the more than 900 tons of manure
produced each day could pollute the island’s freshwater and turn the bays and coastal waters into
polluted areas which would be unsuitable for swimming, fishing, and tourism activities. Added to
this is the effect of methane emission. The United States Environmental Protection Agency has
been aware of the huge amount of uncontrolled methane emission from livestock waste. Because a
gram of methane can absorb about 70 times as much infrared radiation as a gram of carbon dioxide,
methane emission significantly contributes to global warming from the greenhouse effect. Thus,
the controlled treatment of livestock waste, in order to prevent the release of the untreated waste
and methane gas into the environment, is required.

In 1992, the number of pigs in Hawaii was about 35 000, averaging 352 animals per farm operated
by small producers. About 60% of these pig producers are located on Oahu, which is the most
populated and land-limited island in Hawaii. For the past 20 years, the anaerobic lagoon system has
been commonly used for the treatment of pig waste. However, there are many problems with using
this system, including its limited capacity due to inadequate design, odor emission, requirement of
sludge removal and final disposal of the effluent, and the possibility of letting the anaerobic lagoon
become a mosquito habitat.

State and federal agencies are establishing and enforcing more stringent regulations on the disposal
of animal wastes. The future of livestock and poultry production in Hawaii depends on the
successful development of a cost-effective and environmentally sound management system for
treatment of animal wastes.

The Department of Biosystems Engineering at the University of Hawaii has conducted animal
waste management research for the past 20 years. Cost-effective and environmentally sound
treatment alternatives for both highly concentrated and diluted animal wastes (including swine and
poultry wastes) were successfully developed in the laboratory and in the field (pilot scale). All
studies were influenced by the unique environmental, social, and economic conditions in Hawaii,
such as the high cost of land, high environmental standards, and the subtropical/tropical condition.

Swine production in subtropical and tropical regions is considered important as an agricultural
production system. Many biotreatment alternatives for swine wastes, based on the ways or methods
of collecting and handling wastes, have been reported. The composting process for solid wastes
and the anaerobic treatment of wastewater from the swine production system have been investigated.
The disadvantages associated with traditional anaerobic treatment systems for moderate land-limited
areas are the requirement of large volumes of digested effluent for handling and treatment and the

IProfessor, Department of Biosystems Engineering, University of Hawaii at Manoa, 3050 Maile Way, Honolulu,
Hawaii 96822, US.A.
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lack of appropriate treatment alternatives for flushing wastewater after the scraping/separation of
swine solid wastes and anaerobically treated swine wastewater.

For the past 20 years, the University of Hawaii has conducted studies on the biotreatment of animal
wastewater. The studies covered the integrated anaerobic and aerobic treatment of raw swine
wastewater (Yang and Nagano 1984), anaerobic treatment of concentrated swine waste with sludge
recycling (Yang and Wong 1983; Yang and Nagano 1985b), algal-biomass treatment of supernatant
of settled raw and anaerobically digested swine wastewater (Yang and Nagano 1985a), anaerobic
treatment of diluted raw pig wastewater (Yang and Chou 1985; Yang and Moengangongo 1987),
sequential batch treatment of diluted raw pig wastewater (Yang and Koba 1988), hybrid anaerobic
treatment of poultry waste (Yang et al. 1989), modified two-stage anaerobic treatment with effluent
recycling (Yamamoto 1992), development of a small-farm wastewater treatment plant (Yang et al.
1993a), development of a swine waste package biotreatment plant (Yang et al. 1993b), land-limited
and energy-saving treatment system for diluted swine wastewater (Yang and Chen 1994),
investigation of a prototype of swine waste treatment system in Hawaii (Yang et al. 1997), and
sequential anaerobic treatment of concentrated swine waste (Kuroshima and Yang 1995).

Anaerobic treatment of swine wastewater has potential for success in tropical regions because of its
bioenergy production and low energy input for the operation compared to the aerobic treatment
process. In the 1970s, the anaerobic treatment process was investigated extensively for the treatment
of combined wastewater (without solid-liquid separation) which required a bigger reactor volume.
Eventually, it will not be economically sound, especially for the flushing system practiced in most
tropical regions. Therefore, separate studies of concentrated and diluted swine wastewater were
conducted at the University of Hawaii during the past 20 years. Also, the integration of these two
separate processes was investigated in an actual field operation (Yang and Nagano 1984;
Yang et al. 1997). Evaluations were conducted on process performance, operational problems, and
economic aspects of the field study (Yang et al. 1997).

CONCENTRATED SWINE WASTE TREATMENTS

Anaerobic Process with Sludge Recycling

The anaerobic treatment process with sludge recycling was investigated at both the laboratory and
field scales. The 20-liter laboratory-scale process is shown in Figure 1 (Yang and Wong 1983) and

l—) gas {—) gas

Swine ———J» Anaerobic 3 Degasifier |——» Settling 3 Effluent

Wastewater Reactor Tank
e ——————— H
Gas for Heating Degasifier
Waste
Retum Sludge Sludge

Figure 1. Anaerobic process with sludge recycling for treatment of swine
wastewater (after Yang and Wong 1983)
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the 20-m3 field-scale process in Figure 2 (Yang and Nagano 1984, 1985b). It was found that anaerobic
treatment of swine waste with recycling of digested sludge provides an improved and stable process.
At a temperature of 24° to 26°C and a TV loading rate of about 3.0 g/I/d, both operations achieved
a biogas production rate of about 1.0 1/1/d (CH4 content of 67% to 73%) and gas yield of 0.35 to
0.38 liter per gram of TVS added. However, under ideal operation at the laboratory scale, the
biogas production rate of 2 //d (74% methane gas) and gas yield of 0.42 liter per gram of TVS
added could be achieved at a TVS loading rate of 4 g/l/d. The ideal or recommended design and
operational criteria for the anaerobic treatment of swine wastewater with sludge recycling are as

follows:

+ Temperature: 30°C

* Recycled sludge to influent flow rate ratio: 0.25 to 0.30

* Recycled sludge to digested effluent TVS ratio: 2.0 to 3.0
e TVS loading rate: 4 g/l/d

» Feeding frequency: 3 times a week

* Degasification temperature of digested sludge: 50°C

« Settling time for heated sludge recycling: 5 hours

+ TVS contents in the feeding: 25 g/
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Figure 2. Schematic (field scale) showing establishment of gravity flow for input and output of
anaerobic digestion process with sludge recycling (after Yang and Nagano 1985b)

Modified Two-Stage Anaerobic Treatment Process with Effluent Recycling

A modified two-stage anaerobic treatment process with partial effluent recycling was investigated
(Yamamoto 1992) (Figure 3). At an initial TVS concentration of 90 g/l, a TVS loading rate of
6.0 g/1/d, recycled sludge to influent flow rate ratio of 1:1, and a temperature of 30°C, the biogas
production rate was 3.0 1/1/d (70% of CH4) and the gas yield was 0.5 liter per gram of TVS added.
An economic evaluation indicated that for a pig farm to attain a net present value of zero, 450
animals are required.
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Figure 3. Schematic of modified two-stage anaerobic digester with partial
effluent recycling (cross sectional view) (after Yamamoto 1992)

Sequential Anaerobic Treatment Process

Sequential anaerobic treatment of highly concentrated swine waste was investigated (Kuroshima
and Yang 1995) (Figure 4). At a TVS loading rate of about 3.0 g/l/d, an initial TS concentration in
the influent of 8% to 10%, and a temperature of 30°C, the biogas production rate was 1.75 I/I/d
(50% CHy) and the gas yield was 0.58 liter per gram of TVS added. The system combines a series
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of processes involving mixing, homogenization, biological reaction, and final stabilization of
concentrated swine waste. This allows for simpler construction and ease of operation and
maintenance. The estimated wastewater treatment cost of $3.76/pig/year for a 300-head farm is

appropriate for small producers in tropical areas.

Summary of Treatment Alternatives

The overall process performance of anaerobic treatment of concentrated swine wastewater is
summarized in Table 1.

TABLE 1. Process Performance of Various Treatment Alternatives for Concentrated Swine
Wastewater in Hawaii

vS Average TVS Average
Treatment Loading Rate Temperature Removal Methane Gas
Alternatives (&/V/d) °C) Efficiency Production Rate

(%) (1/1/d)

Anaerobic Process 4.0 30 — 0.7

with Sludge

Recycling (Lab Data)

Anaerobic Process 4.2 26+2 — 1.03

with Sludge

Recycling (Field Data)

Modified Two-Stage 35 30 59 1.18

Anaerobic Process 7.3 30 46 2.25

with Partial Effluent .

Recycling

Sequential Anaerobic 2.95 30 70 0.88

Process

A 120-m3 algal-biomass raceway system (Figure 5) to treat the supernatant of raw settled and
anaerobically digested swine wastewater was investigated (Yang and Nagano 1985a). This treatment
can effectively remove both soluble COD (94%) and NH-N (98%) contained in the supernatant of
settled raw manure and anaerobically digested manure with a COD ratio of 25, if the ratio of
oxygen input to oxygen required is maintained at about 0.67 and the unit is operated at a SCOD
loading rate of 0.1 g/lI/d. At this loading rate, the energy consumption is 0.49 kWh per kilogram of
BODs removed and the area requirement is 0.09 hectare for a 1000-pig operation. Possible
nitrification can occur when the ratio of oxygen input to oxygen required is above 0.67. The algal-
biomass raceway system provides better land utilization and lower energy input than other aerobic
stabilization processes. Thus, it is considered to be especially suited for application in tropical areas
where land and fuel are costly.

Treatment Using Horizontal-Baffled Anaerobic Reactor

A horizontal-baffled anaerobic reactor with a liquid volume of 20 liters (Figure 6) was tested at
30°C for the treatment of supernatant of settled swine wastewater with a TVS concentration under
2 g/l (Yang and Chou 1985). With this system, a maximum TCOD removal efficiency rate of 81%
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Figure 6. Schematic of anaerobic horizontal-baffled reactor for treatment of swine wastewater
(after Yang and Chou 1985)

and a maximum methane production rate of 0.8 I/l/d can be achieved at a TCOD loading rate of 2.5
and 8.5 g/l/d, respectively. Also, it was found that the reactor could tolerate a short, sharp shock
loading (100% for 24 hours at an HRT of 5 days) in terms of TCOD removal efficiency. This was
shown when the reactor performance remained stable even when a 20% variation in the TCOD
loading rate was observed (Yang and Moengangongo 1987). The operational performance of HBAR
is comparable with that of the anaerobic filter in treating the supernatant of settled swine wastewater.
Because of its simplicity of construction and operation, compared to other anaerobic reactors, this
reactor is considered a potential anaerobic treatment alternative for highly diluted swine wastewater
containing particulate solids.

Treatment Using Intermittently Aerated Bio-Carousel Reactor

A 2.5-m3 intermittently aerated bio-carousel reactor (Figure 7) was investigated in the field for the
treatment of diluted swine wastewater (Yang and Koba 1988). It is able to increase the SRT and
decrease the HRT and provide greater than 90% removal of influent COD and TKN at a COD
loading rate of 0.2 g/g MLSS/d or 1.2 g/l/d. Also, it is able to combine the reaction of biological
oxidation, nitrification and denitrification, and settling cells in a single unit. The operational and
capital costs for a 2000-pig farm, based on a unit cost of $10.50/pig/year, are about the same as that
for the HBAR operation. However, some advantages of the IABR operation are its greater ability to
remove influent nitrogen, its greater performance stability, and its faster start-up time.
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Treatment Using Combined Bio-Fixed Film and Aquatic Plant

A combined bio-fixed film and aquatic plant system comprised of a series of five 200-liter tanks
(Figure 8) was investigated for the treatment of diluted swine wastewater and anaerobically digested
effluent (Yang and Chen 1994). This process could remove more than 90% of COD, 95% of TKN,
and 99% of TSS at a COD loading rate of 0.1 g/l/d. For a 1000-pig operation, the land requirement
is about 0.077 hectare and the unit cost of the system is $2.95/pig/year. CBFFAP is considered a
moderately land-saving system compared to the facultative pond and aquatic plant treatment systems.

Summary of Treatment Alternatives

The overall process performance of the various treatment alternatives is summarized in Table 2.

SWINE WASTE BIOTREATMENT PLANT FOR TROPICAL REGIONS

Two types of biotreatment plants for swine waste in tropical regions were investigated. One is the
integration of the anaerobic process with sludge recycling and the algal-biomass raceway system
(Yang and Nagano 1985a) (Figure 9); and the other is the integration of the anaerobic process with
the aerobic treatment system (Yang et al. 1997) (Figure 10). Both treatment systems were installed
and operated at the Waialee Livestock Research Farm of the University of Hawaii. Their process
performance and application are discussed below.

Integrated Anaerobic Treatment and Algal-Biomass Raceway System

A pilot plant integrating a 20-m3 anaerobic digester with sludge recycling and a 120-m3 algal-
biomass raceway system was investigated (Yang and Nagano 1984 ) (Figure 9). A maximum biogas
production rate of 1.527 /I/d (69% methane content) was achieved at a TVS loading rate of
4.23 g/l/d. A sludge TS production rate of 0.82 to 2.62 g/l/d was obtained from a TVS loading rate
0f 0.76 t0 4.23 g/l/d. As for the algal-biomass raceway system, a SCOD loading rate of 0.097 g/l/d
achieved SCOD and NH-N removal efficiencies of 94% and 98%, respectively. The operational
conditions for the combined 20-m3 anaerobic process and 120-m3 algal-biomass raceway system
are listed below:
20-m3 anaerobic process

* SRT: >2.5 days
* Recycled sludge to effluent TVS ratio: 2.0 to 2.4

¢ Influent TVS concentration: 9 to 13 g/l

* Ambient temperature: 22° to 25°C

* Recycled sludge to influent flow rate ratio: 0.25
* HRT: 1.5 to 9 days

120-m3 algal-biomass raceway system
* Flow operation: semicontinuous
* Ambient temperature: 22° to 25°C
* SCOD loading rate: 0.04 to 0.15 g/l/d
* TCOD loading rate: 0.1 to 0.3 g/l/d
* TKN loading rate: 0.01 to 0.04 g/l/d
* Applied aeration time: 24, 12, 6, and 3 h/d
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Figure 8. Schematic of combined bio-fixed film and aquatic plant system serial ponds for the treatment
of diluted swine wastewater and anaerobically digested effluent (after Yang and Chen 1994)
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TABLE 2. Process Performance of Various Treatment Alternative for Dilute Swine Wastewater in

Hawaii -
T BODs or COD Liquid 80123 i;?;\g?D Rgrrlfgal
reatment Loading Rate ~ Temperature ) X
Alternatives (@1/d) ©C) Efficiency Efficiency
(%) (%)
Algal-Biomass 0.1 (BODs) 205 97 (BODs) 98
Raceway System 0.09 (SCOD) 94 (SCOD)
Horizontal-Baffled 2.3(TCOD) 301 81 (TCOD) 40
Anaerobic Reactor
System -
Intermittently Aerated 1.2 (TCOD) 26+ 1 87 (TCOD) 95
Bio-Carousel Reactor 0.7 (SCOD) 97 (BODs)
System 0.28 (BODs)
Combined Bio-Fixed 0.042 (BOD:s) 1941 92 (BODy) 90
Film and Aquatic 0.1 (TCOD) 90 (TCOD)
Plant System
l i‘ Swine Holding Pens

Hoacway

-

Pipeline

N
Perforated

Discs (5/unit)

Drainage Line

to Lower
Key to Figures: Pastureland
1 -~ Settling Tank 1 (Sump House}, 60 m3 5 — input Tank, 4 m3
2 ~ Setling Tank 2, 8 m3 6 ~ Recycled Sludge Holding Tank, 4 m3
3 - Output Tank, 1 m2 7 ~ Digested Supematant Holding Tank, 4 m3
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Figure 9. Schematic showing components of swine wastewater pilot plant (after Yang
and Nagano 1984)
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Figure 10. Schematic showing components of swine waste treatment system (Yang et al. 1997)

The settled effluent quality of the combined anaerobic process with sludge recycling and the algal-

biomass raceway system is summarized in Table 3.

TABLE 3. Settled Effluent Quality of Combined Anaerobic Process with

Sludge Recycling and Algal Biomass Raceway System

Parameter Average Value

Effluent Settling Time (minutes)

HRT for Anaerobic Process {days)

HRT for Algal-Biomass Raceway System (days)
TCOD {mg/)

TBODs (mg/h)

S8 (mg/h)

TKN (mg/1)

NH-N (mg/1)

NO3-N (mg/l)

pH

30
2
18
151

135
397
176
16
7.94
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Based on the analysis of energy input and land requirement for the algal-biomass raceway system
and mass balance of energy production utilization, integrating the energy production (anaerobic
digestion) and energy utilization (dehydration of digested sludge and power requirement for raceway)
aspects into one operation provides great potential for successfully operating swine wastewater
treatment facilities in tropical regions.

Combined Anaerobic and Aerobic Treatment System

A prototype of a designed 300-pig waste treatment system, including a solid-liquid separation
component (12 m3), two anaerobic reactors (10 m3 each), one aeration unit (20 m?), and one
sedimentation tank (20 m3) was investigated (Yang et al. 1997) (Figure 10). It was found that for a
combined anaerobic and aerobic treatment system without effluent or sludge recycling on a
240-pig farm with an HRT of 32 days, methane gas production is 0.75 m3/m3/d and TS reduction is
72.2% at a loading rate of 3.09 kg/m3/d. The anaerobic reactors at two different stages in the system
are able to properly treat the high solid content (10% of TS) of the swine wastes. The aeration unit
provides a TCOD and NH-N reduction of 94% and 91%, respectively. The overall settled effluent
quality for this combined treatment system is presented in Table 4.

TABLE 4. Settled Effluent Quality of Combined Anaerobic Process (Two
Stages without Sludge Recycling) and Aeration System

Parameter Average Value
Effluent Settling Time (minutes) 4
HRT for Anaerobic Process (days) 32
HRT for Algal-Biomass Raceway System (days) 3
TCOD (mg/) 411
TBODs (mg/1) 58
S8 (mgh) 50
TKN (mg/1) 64
NH-N (mg/1) 39
NO3-N (mg/h) 20
Total P (mg/1) 33
pH 7.18

The experimental results of this field prototype swine waste treatment system (300-pig design) for
land-limited and tropical/subtropical conditions may result in the following benefits:

* Support for livestock producers in animal waste management decision making

* Government action on water quality regulations or administrative codes or guidelines that are
applicable to animal wastes

* Exploration of potential joint animal production/processing-municipal cooperation if the
energy/fertilizer value is mutually beneficial

* Exploration of potential joint animal production/processing treatment systems
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CONCLUSIONS AND RECOMMENDATION

Swine waste treatment systems for land-limited and tropical/subtropical conditions require solid
and liquid separation. Present studies demonstrate that the anaerobic treatment process provides
the stabilization of concentrated solid for use as fertilizer/soil conditioner and that the aerobic or
partially aerated treatment process involving the liquid portion of the swine manure reduces the
oxygen demand material for reuse as irrigation water for either land application or crop production.
The overall treatment system, including both anaerobic and aerobic treatment of swine manure,
provides the benefit of odor control, bioenergy production, fertilizer/soil conditioner production,
treated wastewater reuse, and improvement of environmental quality.
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ACRONYMS
BOD; 5-day biochemical oxygen demand
CBFFAP combined bio-fixed film and aquatic plant
COD chemical oxygen demand
HBAR horizontal-baffled anaerobic reactor
HRT hydraulic retention time
IABR intermittently aerated bio-carousel reactor
MLSS mixed liquor suspended solid
SCOD soluble chemical oxygen demand
SRT solid retention time
S8 suspended solids
TBODs 5-day total biochemical oxygen demand
TCOD total chemical oxygen demand
TKN total Kjeldahl nitrogen
TS total solids
TSS total suspended solids
TVS total volatile solids
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PROBLEMS OF INTEGRATED WATER RESOURCES
MANAGEMENT ON ISLANDS

Hosei Uehara!

INTRODUCTION

In areas of high population growth and of limited resources and environmental capacities, it is not
easy to implement such Japanese concepts as “creating an ideal environment for mankind” or
“development which helps to achieve consistent human progress.” These Japanese ideas for saving
humankind were proposed and discussed at the United Nations Conference on Environment and
Development in conjunction with official development assistance (for sustainable development) in
Rio de Janeiro in June 1992. As a result, Agenda 21 was agreed upon as an action plan for the 21st
Century. To demonstrate its commitment to this global plan, the Japanese Government enacted the
Basic Environment Law in November 1993 and completed its Basic Environment Plan in December
1994. Local governments followed with the enactment of their own basic environmental plans and
regulations.

The Japanese Basic Environment Plan has an international perspective with a long-term goal for
realizing a society that is committed to the following themes: “resources cycle,” “harmonious
coexistence between nature and mankind,” “participation of all sectors of society,” and “international
exchange activities.”

In the academic and scientific fronts, the development of a new discipline focusing on comprehensive
environmental science (and technology) was promoted. A new field of environmental geotechnology
appeared. Environmental technology, unlike conventional soil mechanics and engineering
(geotechnical engineering), has more variables for prediction and estimation. According to the
Japanese Geotechnical Society (1994), environmental geotechnology takes a more holistic approach
to the environment encompassing the atmosphere, hydrosphere, lithosphere, and biosphere.

In Okinawa, the guidelines for formulating prefectural plans had already been established in the
1990 Okinawa Prefecture Comprehensive Land Policy Guidelines. Following a process to control
land-use planning, the water resources development plan and related environmental management
plans were established as part of the general Okinawa Promotion and Development Plan.

The geotechnical concerns are related to the environmental conditions of islands. Control measures
depend on the correct evaluation of the problems and predicted outcomes. The details are too many
to cover, thus only the scope of considerations are listed below:

* Ground accidents/disasters and land slides/failures: safety control, disaster prevention, land
preservation

» Inland reformations and erosions, loss of soils: soil loses, river and sea pollution, ecosystem
protection

IProfessor, Department of Civil Engineering and Architecture, Faculty of Engineering, University of the Ryukyus,
Senbaru 1, Nishihara-cho, Okinawa 903-01, JAPAN,
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» Reclamation projects in the sea and environmental pollution: soil stabilization and
improvement, prevention of liquefaction and disaster, protection of fisheries and coral reefs
(ecosystem) from disturbances and pollution

* Land development with and by wastes, recycling and reusing materials: soil improvement
and stabilization, protection of ground and groundwater from pollutants, reuse of construction
waste materials

+ Buried assets, ruins and underground resources: technics for protecting structures, ruins, mining
and preservation

« Groundwater pumping: water resources development problems, underground dams, land
subsidence and sinks

» Salty and acidic rainfalls: soil and earth pollution, rock weathering, water quality problems
with drinking water and groundwater sources

» Seawater rise and its effects: low lands and coastal problems, salty groundwater, application
of soil mechanics to engineering problems

WATER RESOURCES OF ISLANDS AND RELATED PROBLEMS

The following are brief accounts of the water resources problems in Okinawa Prefecture, with
particular attention to the water demand and supply situation and the development and use of water.

The physical potential for water development from the inland water environment pre-conditions
the island water supply and demand situation. Drainage and recycling stemming from the demand
side affect safety, disaster-prevention, amenity, and quality concerns.

More details are given in the reference sources listed below. The first three reports are the sources
for the development and utility systems. The remaining four reports look into the potential of using
rainwater, springs and wells, “resting” water resources, and treated sewage water.

* Report on the Comprehensive Water Resources Development Plan and Investigation on
Okinawa Island (1991, in Japanese, H-3)

* Report on the Plan and Investigation of Long-Term Water Demand and Supply (1991, in
Japanese)

* Report on the Workshop for Promoting Effective Uses of Water Resources (1992, in Japanese,
H-4)

*» Investigative Report for Rainwater Utilizing Facilities (1989, H-1)
*» Investigative Report on the Present Springs and Wells, etc. (1989, H-1)

* Investigative Report on the Possibilities for the Reuse of Resting Water Resources (1990,
H-2)

* Report on the Fundamental Investigation on the Utilization of Treated Sewage Water (1991,
H-3)
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BALANCING OF WATER DEMAND AND SUPPLY SYSTEMS

A balanced water demand and supply system incorporates measures for the rational use of water. At
any given time the available supply of water is determined by the intake and capacity of the
distribution system. This available water supply is consumed by a variety of uses and also by
nonuses that can serve as a resource for augmenting the supply system through recycling, reclamation,
reuse, collection, and so on. A rational usage system would incorporate roof and elevated tanks to
control and promote water conservation through instrumentation, user charges, and education.

A balanced water management strategy over time depends on long-term planning that emphasizes
both supply and demand factors. For making comprehensive predictions the resource capacities
and demand requirements must be fully investigated and discussed. The major demand categories
include municipal, industrial, and agricultural water users that are broken down into smaller
subcategories depending on their use characteristics. They are supplied from alternative sources
(rivers, groundwater, rainwater, brackish water, and seawater), depending upon their particular
needs in terms of quantity, quality, timing, and other considerations. Treated wastewater is supplied
to municipal and agricultural water users as well as to maintain the flow in rivers. The supply and
demand system is integrated through the interflow of water between and among users and supply

sources.

Different methods are used to develop alternative water resources. Large high-level dams in the
northern area are built by the Japan Ministry of Construction. Okinawa Prefecture is involved in
building intermediate-sized dams and waterworks, such as river water intakes, wells, and small
desalination plants. The various municipalities maintain smaller storage and intake facilities such
as low-level dams and reservoirs, groundwater pumping stations, and spring waterworks. There are
also industrial waterworks for developing groundwater, capturing rainwater, recycling, and other
activities. Finally, households maintain their own wells and catchment tanks for storing municipal
water and rainwater. They also maintain water recycling facilities.

Ultimately, the best strategy for solving problems of water resources management in rapidly
urbanizing islands is to aggressively promote water conservation practices in urban planning.

RAINWATER, SPRINGS AND WELLS, AND
TREATED WASTEWATER UTILIZATION

Rainwater Utilization

The concept of rainwater use facilities in Okinawa Prefecture is set forth in a Manual for Utilizing
Rainwater (H-5) published in 1993 by the Department of Planning and Development. As an example
of rainwater use by households, clean rainwater is collected and channeled by drain pipes and
screened before it is stored in an underground reservoir, from where it is pumped to an elevated
tank and used for nonpotable purposes (e.g., flushing toilets, washing cars, and landscape irrigation).
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The fundamental considerations for using rainwater include structures, water quality, and maintenance
factors as follows:

« Structures: rainwater utilities may be installed in public buildings, commercial buildings, and
private residences.

« Water quality: the rainwater must be safe for use, cause no public nuisance, and cause no
harm to the building facilities.

» Maintenance: rainwater utilities must be carefully planned and carried out.

Springs and Wells for Water Resources

The concept of spring water use is described in an Investigative Report on the Possibilities for the
Reuse of Resting Water Resources (1990, H-2), published by the Prefectural Department of Plan-
ning and Development. It applies to certain areas such as Naha, Urasoe, Ginowan, and Okinawa
City.

The uses of waters from springs and fountains depend on the scale of the resource as follows:

» Large-scale water resources are used for regional water supply and for dry seasons.

» Small-scale water resources are used for supplementary water and for landscape sprinkling in
parks.

The use of well water depends upon the depth of wells as follows:

* Shallow wells are used as cooperative water resources for parks and community purposes and
as private water resources for households.

* Deep wells are used primarily as water sources by corporations.

Sewage and Reuse of Treated Water
Actions of Okinawa Prefecture

The actions at the prefectural level are covered in a Report on the Fundamental Investigation on the
Utilization of Treated Sewerage Water (1991, H-3). An outline of Okinawa Prefecture Municipal
Basin Area Sewerage Works shows how treated wastewater 1s classified according to major use
categories that are functionally broken down into specific use types. The classification scheme
takes into consideration the natural flow properties of the water source and their utility to the
intended purposes of reuse.

Municipal wastewater treatment is organized according to sewer service areas as follows. In the
middle basin area, ten municipalities are serviced by two filtration and disposal centers located in
Naha and Ginowan. In the Nakagusuku Bay basin area, five municipalities are serviced by the
Gushikawa filtration and disposal center. In the Nakagusuku Bay southern basin area, four
municipalities are serviced by the Nishihara filtration and disposal center.
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Maintaining a healthy flow of water in rivers and streams is an essential part of harmonizing
humankind’s use and reuse of water in the water cycle while securing the natural amenity values of
water for sightseeing and other recreational activities

Toward this end, a number of pilot improvement plans have been developed, including Kumoji
stream flow and clean up in Naha City, Nishizaki aquapark in Itoman City, and Nago central park
and aquawalk along Kohchi River in Nago City.

In 1995, a basic plan for environmental conservation was released for Naha City, followed by the
release of a WELL (Water, Environment, Linkage, Life) plan (H-7). Under these plans, retreated
water can be used (supplied) in three ways: individual building circulation, small-area buildings
circulation, and wide-area circulation supplied by a filtering center.

To recap, there are various purposes for using treated wastewater, including (1) supplementing the
water supply, (2) providing a secondary water resource, (3) lowering system costs of water supply
and sewage facilities, (4) restoring the environment, and (5) enhancing waterfront property and
shoreline areas for a better quality of life. For all these purposes, water quality must be considered
for safety reasons and for the specific use requirements that differ for the many end uses of water.
There are many safety and quality requirements for industrial water, agricultural water, firefighting
water, environmental conservation, and reservation for groundwater recharge, and so on, that vary
not only by the type of use but also by the place and timing of use. Recycling water for reuse can be
problematic, and Okinawa has been gearing up to meet the challenge.

CLOSING REMARKS

Overcoming water resource problems on islands is crucially important for the survival of human
communities and their ecosystems. The popular concept of “sustainable development” on a global
scale is even more important for small islands where the limiting factors are compressed over space
and time. The Japanese equivalent for symbiosis is kyosei and for recycling/reuse is junkan. These
concepts must be taken into careful account in the development and use of island water resources.
They are essential for keeping a balanced flow of water through the atmosphere, biosphere, hydro-
sphere, and geosphere of islands. The development and use of water not only determine the balance
of demand and supply for a planning period, but also affect the potentially permanent flow of water
in terms of both quantity and quality. While this may seem to be a concemn for the more distant
future, it is also current due to the actions of the past. Emphasis must be given to an integrated
approach of water resources planning and management. Such an approach can secure the natural
water resource base for the sustainable development of islands through conservation practices that
harmonize the socioeconomic values with the natural biophysical interrelationships of island water
environments.
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WATER RESOURCES MANAGEMENT PLANNING FOR OKINAWA

Nobuya Miwa' and Hiroshi Yamauchi2

Abstract

The geographical limits of island water resources largely define the scope of island water resources
management. Conventional water development planning often views water resources as unlimited
for development. While it is possible to apply such an approach to islands where the amount of
water used is still well below the available natural sources, geographical limits are nevertheless
always present. It is therefore prudent to take such limits into account as preconditions in drawing
up management plans.

In the case of Okinawa Island, water resources development is encroaching into the limited habitats
of rare native species of plants and animals, and any further encroachment is sure to be controversial.
The problem, it appears, is not so much the development of scarce water resources to offset the
insufficient supply but the changing patterns of resource use and water consumption that reflect
increasing demands. The more crucial issues are likely to be on the demand side rather than on the
supply side.

At the global level, environmental problems have encouraged a re-thinking of the current patterns
of mass production and consumption. New ideas now being implemented include backward planning
(in contrast to forward planning), zero emissions planning, and cleaner production techniques as
part of end-of-pipe technologies for the future. It is important that these new approaches be considered
in dealing with the issues of limited water resources in islands.

In the context of Okinawa, planning for water resources management should consider the following
four basic strategies:

1. Backward planning. Current long-term water resources planning in Okinawa assumes an
increasing trend in water demand for the future and the need to develop new water resources
to meet the projected demand. Backward planning would establish an upper limit on the
traditionally available water resources and focus planning on changing demand patterns
within that limit.

2. Cyclic planning. Cyclic Planning involves changing demand patterns, saving water,
recirculating and reusing it, and substituting or utilizing local water resources instead of
relying on imported water. It is essential that institutional rules and administration change
significantly.

1 Associate Professor, Osaka Gakuin University, 2-36-1, Kishibe-minami, Suita, Osaka 564, JAPAN.
ZProfessor, Department of Agricultural and Resource Economics, and Water Resources Research Center, University
of Hawaii at Manoa, Honolulu, Hawaii, 96822, U.S.A.
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3. Comprehensive river basin management. Rivers were often managed as a source of water
and a channel for draining storm waters. A more comprehensive river basin managernent
approach would consider the channels and their watersheds as an integrated whole and be
oriented toward water conservation. Such an integrated approach would promote active use
of underutilized local water resources, restore both river water and groundwater, and enhance
the value of rivers for scenic and ecological purposes.

4. Citizen participation. Water resources planning that actively involves changing the patterns
of water use recognizes the importance of demand factors that drive consumption trends.
Successful planning of this sort requires that consumers understand and support the
management plans; this means that their involvement in the planning process is necessary.
Effective planning for management of river basins is not possible without the active
participation of those who live and work there. For this reason, citizen involvement is

increasingly important.

The limited nature of island water resources requires that the basis for water resources planning
change. The traditional planning paradigm that focused on expanding the supply needs to be balanced
with a demand management approach. In order to become more water conserving, specific plans
must take into consideration the above four strategies.
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