Promotion of Treated Wastewater Reuse in Okinawa
—In search of local community without water shortage—
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1. Introduction

Okinawa Prefecture (OP), isolated island, has been historically suffering
from water shortage by severe condition due to geographical feature and
topography. Water rationing was repeated like an annual event, and especially, at
the time of water shortage in 1987, it was performed over about one year, and it
had a great influence on Okinawan’s life. For this reason, many dams have been
built on the mountains in the northern part of Okinawa main island, but the
construction site of dam is restricted due to small OP’s area. Therefore, they
regarded seawater as new water resources, and constructed Desalination Plant in
1997. The Plant has played an important role as precious water sources for OP
that has been suffering from water shortage.

People pay attention to Okinawa sightseeing. Because, TV programs
dealing with Okinawa have been frequently broadcast recently. "Kyushu and
Okinawa Summit" held in 2000 was successful. Therefore, tourist business has
been in good condition for the reason that the number of tourist breaks through 5
millions. Moreover, while population decrease 1is indicated nationally, the
population of OP is increasing in number. Therefore, it is expected that water
demand will continue.

Although one hundred percent of sludge (145t/day) generated within
prefecture plants was recycled for green farmland-return, treated water
(270,000m3/day) was almost discharged to the sea. They have been expecting that
the water is used effectively in OP that has been suffering from water shortage.
Therefore, OP reuses treated wastewater which occurs constantly in urban
environment as precious water resources. I introduce Sewerage Business of
Recycled Water Use (SBRWU) implemented by OP to you.
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2. Sewerage Business of Recycled Water Use

SBRWU treats secondary disposal water discharged from Naha Sewage
Treatment Plant (STP) highly, and supplies the water to Naha New Urban District
(NNUD) mainly for flushing toilets and sprinkling in the parks.

Redevelopment enterprise was planned to utilize vast area of 4.4% of
Naha-City and good location of NNUD which used to be U.S. Forces housing area.
At present, a large-sized commercial store, a public facility, and a large-sized

apartment are under construction at NNUD.

2.1 Advanced Wastewater Treatment Plant
Advanced Wastewater Treatment Plant (AWTP) was built in Naha STP in

2002. The flow of advanced processing is as follows:
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2.2 Technical problems

A few technical problems have been caused over 4 years after supply. One of
them is to secure residual chlorine 0.4 mg/litter or more. At the beginning of the
supply, it was difficult to keep the density, because the water remained for a long
time in the pipe for small-volume use. However, it was solved by releasing the
water at the end of the pipe and by changing the current of water and by
adjustment of the infusion quantity of sodium hypochlolite at AWTP.

2.3 Supply achievement
The Number of Supply Places and Water Use per Day is the following

figure:
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Fig. The Number of Supply Places and Water Use per Day

According to the figure, after supply, between 2002 and 2005 fiscal year,
supply places increased from 20 to 36. Amount of water consumption per day also
increased steadily from 200 to 462 cubic meters. Naha Water Resources Effective
Use Promotion Outline created by Naha City, which encourages citizens to use
recycled water. OP is also going to examine whether the demand can be increased

further.

3. Conclusion

If water shortage happens in OP, a local newspaper begins to indicate the
number of water rate of dams. Moreover, the number is also indicated on Okinawa
Prefectural Enterprise Bureau Homepage, to which Okinawans pay attention.
Fortunately, water rationing has never happened by hard work of the persons in
charge of water works and sewage works since March, 1994. But, reservation of
water resources 1s an important subject for our island prefecture. As stated in the
introduction, it is expected that the water demand of OP will has been increasing.

STP plays a part of constantly-available dam in urban environment. It is
the best to treat secondary effluent and to utilize it. We think that SBRWU is very
important when water condition is considered in OP that has been suffering from
water shortage, and that it is indispensable to promote and spread "Recycled

Water Use without water shortage" from now on.



References

Okinawa Prefecture Sewerage Management Office, Department of Civil

Engineering and Construction, Maintenance Management Annual Report, 2004

Yoshimitu KUWAE, Sewerage Business of Recycled Water Use in Okinawa,
Journal of Japan Sewage Works Association, 2006/No.525, Vol.43

Okinawa Prefecture Enterprise Bureau, Water in Okinawa, 2005

Department of Planning, Statistics Data Reading Room in Okinawa Prefecture,

Statistics Division Home Page

Urban Renaissance Agency of Japan, Naha New Urban District

Home Page of Meteorological Agency of Japan, Meteorological Information



n Okinwa

Takashi KUROSHIMA
Okinawa Prefecture Sewerage
System Construction Office

/ Rusi

S f’\ \
— o
® Ulan Bator /
Mongol

Naha - Seoul
Naha - Hong Kong
Naha - Manila




.

-

10,000 people

Population Trend

160
140
132
120 g 1
STl
RSN lasIaa dourism is one of 10y e
= the main industries R

1660 1865 1570 15875 1980 1835 1000 1485 2000

10,000 people Number of tourist

=UJSPArmy-Base 500

Presently, 75% of US Army bases in :’: |
Japaniare situated in Okinawa, |
taking up about 10% of the total land L

area. !
0

1975 1980 1985 1990 1995 2000 2005

Annual rainfall (Naha) mm Monthly rainfall (Naha)

Aug.
May

1970 1980 1990
Year

Annual rainfall: 2,037mm  Average temp.: 72.7 degF(22.7 degC)
Periodically Hit by Typhoons
7 typhoons per year on the average

Lots of annual rainfall occurs during typhoon and rainy seasons




T

-

AVvallable Water Resoukces

# O EN] e aationallaverage

« Average ralgflll =Nationallaverage rainfall
yamsiyear 1,718m3/year

populationidensity =L ow population density

! }

~=Available water resources =Available water resources
1,973m3/year=person 3,337Tm3/year=person

Without typhoon, water shortage happens in Okinawa

T

dnawa’s Water Situation:

Days of wartar servies rastriction

/250\‘1!?8

Largz 3
rainfzll

‘ EWater service restriction(8hr/day)

‘ EWater service restriction(full time)

Short

rlvary | \ 1“"]1 ol i . ! ) 1 : DO

«
3

Days of water service restriction

1872 75 84 8 80 96

Year

increasing-population

increasing tourists

|

out of: 32 yearsifrom; 1972 to 2004




= suffering from water shortage.
Sewage Treatment Plant
plays a part of constantly-
available dam in urban
environment. It is the best to
treat secondary effluent and
to utilize it.

Py

— Primary'treatment began
~—  at Ginowan Sewage Treatment Pla

1976,  Secondary treatment began - U5 sail pigs argunal 133
at Ginowan Sewage Treatment Plant rejad dirzietiy inio s ge:i)

1977  Secondary treatment began
at Naha Sewage Treatment Plant




— o]
fiiect off Sewage Works(Hver water quialiyz Vs

PENcENntage;of, Sewered Pepulaiioi)

Naha City Sewered Population Changes in Sewered Population Rate & BOD(75% value)
Naminoue Asato River . Rate N
Manmade beach = v = Sewered Population

iR ol (%) Rate in Naha ~* Kumoji River A~ AsatoRiver ~* Kokuba River BOD (mg/L)
umoji River \ 2N
o ’</L 100

90 r

83 88 89 89 ®89g5 gg |

8
813283
79
80
4

70 b

6

s0 M

40 \\

' | 4

P

I I.Iiini“l W
s st ep s N

- - " — 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002
Kumoji River dirty again

Fiscal year
- Ryukyur Shimpo, 1971

il UR
2004

Effect of Sewage \Werks
NaminouesBeach; INEENeILy)

il
;%

EELEBVEEY

Do you swim in the ocean around Okinawa ?

mes




e R0,

£ Statlls of Sewage Works in Ofinawar

Prefecture Plants -

Treatment capacity
B1000m>/day ¥, : - 2008: 53,100m3/day
A5,000m=/day . 7 2020: 61,900m3/day

= 1 Treatment capacity

Treatment capacity A 2009: 35,600m3/day.
2009: 250,000m3/day ® Municipg! Plant 2015: 47,500m3/day
2018: 250,000m3/day

RevseNeiiHighly-lireated \\atex
(treatment. ProcCESsS)

MVENCEN WatertreatmentiatNaaSeWagesireatmentRiant

Bio- Ozone Chlorine
filtration treatment sterilization

Ozone contact: about 40 min.
Ozone injection: 11.2mg/L
e ———

Bio-filtrati iedig = = 5 .
Bio-filtration media
_ (Polypropylene foam, 10 X 10mm)

‘ -

Filtration media
(Anthracite, ¢ 3 to 5mm) Ozone generator




.
REUSE of Recycled Water,

¥

Legend

Naha New Urban
District

N 1B

——  ater service pipe

Supply area boundary

Naha Sewage
Treatment
Plant

Treatment Facili Okinawa Pref. Women’s Center “Ti-Ru-Ru”




Reuse off Recycled Water;

I Water Use per Day
—&— No. of Supply Places

Water Use per Day (m3/day)
No. of Supply Places

2003 2004

Naha New Urban District Year

(Photoed by Urban
Renaissance Agency)

Cemparnson.efi Charees

Large-volume
user

Dyen/m>

128yen/m?

Okinawa Prefecture




Pib;

—_—

: Promotion of Recycled Waterplyse

—

AN aheNeity' Water Resources
Effective Use Outline

Mlzryor muUst Ery o Uuilyid
IEUBERIReated wWaste water
Leuidramaater. ——
= ml  [ocyolod Water
- — Sowage
A ahaiGity' Home Page for B Tt
gcycled water

= SOn the homepage, they try to S
promote and spread recycled
waterby introducing people
the meaning of recycled o
water and the system of the
business; of recycled water
use and the area in which

Treated

they can use it.

Naha City Home Page

BT e tEUN eSS Econdary treatedhwater
X v '
Bio-filtration process Bio-filtration process
= \ |
Ozone treatment
'




RS ECondaAtreatedMWateror:
highly treated water
!

Send the water; to/the upstream of
the river that flows through Naha
City for purification

Naha City o

y b 2% \ I
781 Regycled Witer-Production Plant Naminoue | AsatoRiver '
& "W w N Manmade beach W /4,»‘
o ; ~ .

Kumoji River

", "Supply pipe

Southern part of Okinawa Main Lancd Southarn part of Okinawa Main Land





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


