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filter. Tri-halo-methane produced by experiments.
chiorination. Cryptosporidium outbreak.
International SSF conference. 151-153 Flood
. Heavy particles are quickly set down, but light
23-53 Mechanism colfoidal matters are not easily set down.
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PROGRESS IN
SLOW SAND AND
ALTERNATIVE
BIOFILTRATION
PROCESSES
Further Developments and Applications

Nobutada Nakamoto, Nigel Graham,
M. Robin Collins and Rolf Gimbel

EPS water is super clean delicious like
a natural spring water.
IR EEDKB BN UNKRARDBEKDERIE
Proc. 5th International Conference in June, 2014
£oME BR - £MSBEESERNE 2014.6.

THIS is FOOD CHAIN

The first use of slow sand filter for the public supply of drinking
water began in 1804 in Paisley, Scotland. The present vertical
type of slow sand filter was devised by James Simpson in 1829
after his 2,000 miles inspection trip all over the Britain. This
filter provided safe drinking water, free of pathogens to
residents in London. This vertical type of filter spread round the
world and was known as the “English Filter”. Slow sand filter
has been believed that it was a mechanical filter with fine sand
under slow current. However, the major contribution of the
purification of the impurities is the food chain in this system.
The word of “slow” was “gentle for organisms”. Recently, the
English filter of “Slow Sand Filter’ has been recognized as
“Ecological Purification System” in Japan.
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Slow Sand Filter — Biological Filter — Ecological Purification System
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Are YOU sure this tap water is safe?

CDEKIILZETID ?

Fish is killed by chlorinated water. fRIdERCIEIC Qg’ ©
This water has not acute toxicity %g; jﬁﬁfg : A
for human in the case of low level —gai=ca &

of chlorination. However it may 923EA. T6
. v = y {EMEEIZHDY =
get into chronic iliness. =t A,

=5

ESARER
DEKDALE
=TT, 75
nTaxy F
7R LIRS
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BREZDC .
NBOEHS -
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People does not trust
chlorinated water.

ESAEBFRESTIERE
BELTHEE v

People response instinctively.
B Al AR TRIGTLE T,

People know “commercial bottled water
is filled non-treated natural spring water.

3
IR AEE ABE —ARAAE
i REtE & _ " £k WEZZDIL, EDK?
Is this, safe or not?
= s Cokiz
% A e ==?
Ve \\—/ W0 (D — % <
We have to think about acceptable risk and treatment.
FETESLIEY. SFETCEIMEESZSD,
Which level of treatment, we need?
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" Sweet drop(honey dew)
Natural sweet and delicious water

HEKRADENHL LUK
&W’ R e - &

gl K
' Rain harvesting
RIZKFIAR

. Natural spring
water and rain
water are
usually sweet
and delicious.
RIRDEIKXDRYK
F. & B<
ALYULY

240 liters : one day water use Washing face
per person (Tokyo, 2012) EE 14 liter

ERE—MRE TDKRODER
ZIE(—A18240 w L)

Bath A&
96 liter
40 %

This one day use per person
for drink and cook is really
large. It this is true or not?

OICASIKIELEL ), 51
CAIEIE D TV SDDVE,

41 liter
17 %

kAL
53 liter
22 %

=

Water supply system for drinking water is already broken by
chlorinated water supply system of American filter. We don’t
believe any propaganda of the company. In Japan, people
buy pet bottle water and to go to get spring water. The

| public tap is located at a super market.

TR BN ITRE) VKB IKIC K SHEIKTTEL B, BERLTY 13,

RIEBIG EEOSHEEHL TV, BERTENY FRNALES))
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* - =) il X
Indonesia  HBXEBR  pypjic tap system §
J | Tap keeper collects
. money of filling the
|- bottle for the
/" maintenance cost
of the plant.

KIEADMRICEED.
S8, Bﬁm@%ﬁﬁ%

Delivery service
to other village.

&8 Vilager maintains EEE, BOST
over 10 years by ~<OHEREENE
themselves. BLTN3,

Two bottles of 20liters per 1 family. This water is used for drinking and cooking only. This water is not used for
bath and washing hands. Diarrhea and eye sickness are disappeared. —Health village —sanitary sense and its
level are distributed among the villagers. —This acts to protect against sickness.

1FEICORBEREBRIC20U v ML

” ’C-r s New biological pre-treatment for SSF VDOE, REREICIEEDEL, FED
T how Active growth of algae : holding stick (code) for filamentous algae ~ BROBFEIATELBY. BEMICESE, F
turn clean water in W pud ; g ROPT, HFERHBEL. BIITTL
a paddy field. 021 —bubbles —keep aerobic condition TR CEEOTH DS,

KEOKCES <D pH T — precipitate oxide and hydroxide complexes.

AtV TRAEN, =

WEBBHABOG = | m

Lere, _—————

—] e, ‘ DB Safe
Sedimentation D e 1 drinking
sink water
gc_:ckeptable Periodical small drain to eliminate precipitate Slow sand filter
is

material and unhealthy organisms.

Metal-OH | Oxide complexes can react with anions and precipitate. Slow veloci?y of
= Safe ) ) o . water for microbe to
Danger Animals grazed particulate matter (living and non-living). eliminate bacteria.

; ; & 1 IE ! NS ILF )
Welcome to lightning bug!/ £t :
This is sweet water. < 95?7&;3‘0 o

Small wild organisms are sensitive to nature. g
B DU STEE DTV BEED R |

Salmons come back  gyt=nz-=
to their mother river. s iIcE->T<3

Butterfly and bird migrate far x5~ .gmnen
distance. We cannot explain %=, m#fistiliss
this by our latest technology. THHBETERL

Animals escape from risky g5 = g m i mE SR
environment, and move to ¢ sn\mEALR#HTS

Gold fish cannot escape from

better place. this box to survive.
Plants produce seed to avoids from SR VB ENBED 2K7E Tl
risky condition. They wait until recovery S%IF&EhH=/\T=18T r_ﬁ .% 750
of better environmental condition. BNREORSTTHD

Result ' Reason and Theory is after the resull

Hrs, :> EER. Bl
FIMER

{ Good result. No problem!. ‘

. gaf®
RBERIINILEERL | w5 5
Logic and standard value | g « 2(B/FET 15 thi> #‘2‘5
are after the result DIF/EEEE safe 5tan7
is
We need notto | EEZRFD W“atgg SA7?
wait the logic. Vo= #Z
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Where we can find Clean and Safe Water in Nature ?
SRR/T, ETIC, BETREBEKDDION?

OVER) /L, [SIZE]

Oficif of wat = Vapor: distilled water
rigin of water : . 205t sl
va;:?or from ocean % KES  ABK

KOERILE
DEOKES -

Percoltd ‘water
@SNk

L )

V
SROEIE. TTROHE
DRIEENNICESD,

: oeal]
ke BEonT

- 5 TEONRE
Muddy water due to a heavy rain. Soil is n(;@f”[; %*jf‘mé

easily flushed out and flow into a river. A,

Sand, stone and rocks
don’t role and move
in a small creak among
dense forest.

Small animals on the surface of

ERODDZRITREND : : rocks coflect turbid matters.
B eRehEkL o BOETICL BB
When plants and

FEDERTZD,
animals do not flush "Xy
out, water is always
clear.

e eEHRENEN
B5KEBICEER,
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Origin of slow sand filter #ERi)ABOEIE

Artificial system of natural safe
filtered water was originated
from clear seepage water in the
flood plain of a river.

Q?X@%J@TAIB‘J[CH@EK&D

Horizontal flow sand filter : 1 inlet pipe,
2 inlet through to prevent scouring, 3
barriers, 4 gravel 50 mm, 5 outlet
through, 6 flow direction

KIEFTNIW28 - 1 WA 25
AKICKDIESNELE. 3B, 4 B
(ES0mm) « 5t 6 RAHBEL

Venetian Filter, 16th century

16t8ke. RRF T 738 a1 1! 1 1 1 1140~
| s S %6-1{»- SR W >
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EARTHE
A FILL —
< CLEAR-WATER BASIN
o : North THICK 2 FT. OF PUDDLED EARTH 2
.,f’ ’f‘*g‘b”@" WHINSTONE FREESTONE RUBBLE, OPEN JOINTS
3 ¥ FUOBLECIEARTR HEWN STONE JOINTED WITH CEMENT WATH CEMENT
O o 'Umted PUDDLED EARTH" b NernE
é\; /= Kingdom.
A isle of Man, 3 John Gibb in Paisley near Glasgow, Scotland. Bleacher of textile made an
| ' i Dughn '.'fff‘FL’“s‘e’ = artificial clear seepage water of the flood plain for his factory in 1804,
lrefan X s industrial revolution period. He delivered the clear water to Paisley town.

& 4 ‘ / *  Thisis the origin of Public water supply of treated water.

20w FSY R ISRT-HIN—X—T, EXZDERD18044E., #iEEEad
BDHEBELTNEI. ¥ BEDOIHEORYD. URTEEHITTHESATAIHICEER
BKEREICDL2Z, ROEOT. X=X —pEFDHNCODRFAKBOBED,
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Completlon of Enghsh Filter
e 1 1 1 1 1 1 $i0 e 10,
St eofeo oo e’ Horizontal — ’;'.z?‘.l::."
g B 7 Buxins.
e R 1 (5 : Gaments
12,500 galltonn,
James Simpson (1799- 1869) worked at S - o
Chelsea Water Works Company in his 1 .
. . ross Drainy, = | Main Deuiy,
age of 24 (1823) which was his father’'s e ﬁ = ﬁ o3
company. At 28, he started “2,000-mile '
mspectlon trlp” aII over the Brltam S Dot of e
5 paes & S W - °"‘,':'.:,‘:‘g'| g’s:u
- This filter rate was 2-3 m/d (10cm/h).
| EEREESBOR J VYTV (1799-1869) 13245 D8,
ROF TV —KESHICHE. 28%0 18235, BETE
20007’()b0305§ﬁﬁ1j§ Uiz, BRNDS ENSTART
| BE S BOERE1827-20FI . 182951 T——
1 (4,047m2=41100mx400m) DEF>BHERRE L,
v CORDOZEEE. 2-3m/d (10cm/h 2o 1E,
\[ Polluted Sedimentation 5'4/%/3/03/ Germ
|| Tnames || basn bl S || e,
e Rt Ermon BEESMEHN
BENETA FHELBADTR \
2@03;3: now3a TREEZEK
12
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The clear proof of the filtration was provided
in 1892. Hamburg suffered from a cholera
epidemic that infected and caused more
than 7,500 deaths, while Altona was almost
unscathed.

BBOBEMES 892 FICBHBRIEENRESNE, NV TILIT T3V
SHRFRITU7TS00AMENTL Ao E, BEUVEPIVETITEEEA

* inenvier Mpnien Avgusi- November 1892.

<

EBEDTED DI,

Lrkcaskunysline
« Vg Aoliry aach A BgecHn't T,

_E

100cfu,

Dr. Robert Koch tested the bacteria in the
water with slow sand filtration. When
bacterial counts were less than 700 colony-
forming units per ml (cfu/ml), epidemics of
cholera and typhoid were reduced.
ROy IIYEESBOSBKOMEREE LI, —BABEOEER 1 m]
P100BMUTFES. ILS0F T REEDGREIIFENN T,
Present WHO safe standard for bacteria is

referred to this 100 cfu/ml by Dr. R. Koch.

REOWHODHMIEEEL I v MDFENE—EEROERHD 1 mide100
BUTERB LTINS,

N
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T

Depth in Inches

I

*

Monster Soup
commonly called
Thames Water on 3§
Ucle Metropo}litan
ater su in
1828. i
TR A=
EEODNTWET
L, IKEKIE,

I(XI[XX)O

S B -

I;a::g_riemoved by Scraping

Report in 1893(Berlin):Bacteria and dirty matter were
accumulated at the top of sand layer. Depth of scraping
was deep in winter, shallow in summer. However, algae
was in bloom. Reduction of bacteria in open filters is
effective and more clear filtrate water in comparison with
open and covered filters during 20 years. It may be
especial case.

It was notified to biological phenomenon.
However, he said that physical process
was main.
18935, NLUYDBKETANEECS, MEWSED
WE LSBICHBLTLVE, MIDERDE, KT, BEEL.
BVEEZBINE T — T Y D3 BMELOFRANE TS,

Z—TVO3@HOIEN MEREELIRL. SBKEEE
Tholz. Thid. UL UESEBRNELNEN,

FIMRKRICONTEBULDN IEeY (e
IShRZERENECARNTUVE,

1832 : The great common
% sewers discharged into
. the Thames river. This
was the Source of the
Southwark Water Works.

REKDRA L TNDFT A,
CTNHIKBIKIR,

pore size trapped
particle

passed particle

(A) strain (or screen) filter (B) depth filter

Removal of pathogens is not explained by
these phenomena in comparison with size
of microbial pathogens and opening space
of sand grains. We can operate the filter
without any clog during long filter run. We
can not explain the reduction mechanism
of pathogens by physical phenomena.

RREBEOREBHENORES EWO™E CIdEH
BATERL, WAEMISEHRELENTEHR
BZ2, BREOFREDIAEH IR (i
8 IRLHEA TIIERBETER,
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This idea is so called ‘acceptable risk’.
COEZIE FETEBURY BEW EEONTNS,

13

14



IT\_Iatural Filter

; 1829 T3 Slmson (2m/d)
English Filter (4.8m/d)
Present Thames filter (9.6m/d)

1829 - J. Simson, (2mid)
EET 258 (4.8m/d)
| IR7EO T L X 7KE (9. 6mld)

Water supply system for dense populated city
1892: Humburg : germ free filtrate

of impurity by sl

They believed SSF was Mechanical reduction

ow filtration with fine sand.

1829 J. SimsonRLUWOY FY (2m/d
LZEFEHKEE UTHEHEN | ZEENAE_(4.8m/d
1802: R « NV T I TCHRERBEIFREERS

Non-polluted river in new continent:
poor food for small organisms

1882: NJ, USA, Coagulation treatment :
Origin of Rapid sand filter

v = : S L , : Origin of commercial filter
; fFlalst;er flow rate mlaliesgetter TaLL O Th 2038 1970: NJ, USA, Chlorine treatment
B trate even in cool London D BHKED B o Completion of American Filter
A B N, SR FIAREE) || DKEEE(373 < MO T I DR
: ;m:’ed\ 4 N“ - 1882:1NJ, USAEDXIR CESEAIRESBDEIR
e O _,—,"1 :"\’-"-m.,, Eﬁé‘m | 1910 F#/%_(‘\sii_i/{;?ﬁ \7>(|J7J‘\’,_5n§0)ﬁ}§
”__C—T‘ClakFllfQ}\'\ '—‘,—‘ Gelmw? lal;_.,;vj-'@;:-f'ﬂz&kﬁssnc. -l/\ Mcnnnolla)_/s \"7 /v \I
— i l .8 -\ \l{nly A \ 1\'\ /rrv:;’-.“;\.,_,_ |
Umtedstales ( A'\" North I, ,pmn L & Turl!i\.'-\\ha'; \A{c’f)\/ T ""// Japan :
Ocean? B N Q) e B """{7’;’,{/ ey ; » |
) 4 R / Thalh]

it B‘razul {
o= Old
\1

'”'“"’ SSF B

/
/’ x_\Mah ] Nig: / fSudan

;';'&5' Spread SSF to tﬁé“iivarm deﬁé!dpmenta/ countrles hg:
ﬁ@fﬁ@é&?@ﬁ%%ﬁggﬁ&%@Aﬂi o |

New Techrology People loves new
Rapid Sand Fllter, S

/‘w@? W ﬂ&»ﬁ

Eb\SSFHff] ’a"“ b‘%ﬁ b%%%@&ﬁf]

EA )@xﬁ')ﬁﬁ’é"

Commercial Filter

[

e

South Africa; — = 1 5
SSF Image leads misunderstand! SsFo+x—yheg@esne
Slow Sand Filter . Ecological & 75
mmm) | Main process due Purification | Z##itiE
Mechanical filter using fine Vi & Svyst
sand under sfow current. fo small or, ganisms ystem
NEBH TP ><D ERIGHNEYD
EHEHED 258 w=EEoLEs | Slow
. . - i mean
RS Filter pond Scum out o "Genﬂe"
; JJ_ for small
Photosynthesis ~ Bubbles\ s organisms.
Fllamentous algae e BN Filtrate
' SR i~ tank Mp-><0 ]
LA IS [SHUNEIC
SRR R AY
Unfai h - - - - Chemically B
marname: Main process is Finally Rapid Coagulation | Z&|
Rapid Sand Filter |m®p| Chemical Treatment |™® | Sand Filter Sedimentation | TREZ
PRIFREET = o8B {EEEENEN T FEICRRZB Treatment IR
Coagulatlo%égﬁﬂ sedibnsitation Rapid sand
chemic pond filter
ol e | I . Rapid Sand
Raw 5 : (><’ ‘><’ (><’ : Fiirete Filter process is
water 3 supplementary
Slow mixing ﬁ BFERMAE treatment.
R itz Chlorination e
R i < BIID
Rapid mixing Sludge treatment #Q RRMNEIME
REDSENE
16
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Algae in water supplies; an illustrated manual on the identification,
significance, and control of algae in water supplies. C. M. Palmer 1962
FREFKEES, /\—V— ERIR RBKEFEK6(7):59-,1964~7(1)59-,1965

algae http://digital.library.unt.edu/ark:/67531/metadc9129/m1/

EWATER Algae had been trouble for the conventional filter (rapid sand filter) in US. Taste and

odor algae, filter clogging algae are important in water supplies (Rapid Sand Filter).
KECTRESE CITRELEEEMESN. &k Bl 2BEEEECCED.

In slow sand filter, the algae and other aquatic microorganisms may play a useful part in
the treatment process. They form a loose, slimy layer over the surface of the sand and
act as a filter. The algae in this layer release oxygen during photosynthesis, and the

supplies

ALGAE IMPORTANT IN WATER SUPPLIES ‘ FILTER CLOGGING ALGAE OXy gen in _turn iS Utfllzed by aerObic
— e e ° .« Ssaprophytic t?actena, fyngl, and
TASTE AND 000 ALGAE R .\. P \ok ﬁ protozoa which establish themselves
o in and on the filter. This permits the

decomposition or stabilization of the
organic material that was present in
the raw water. In p.22.

BESBTIE. FREKEEMSNE
ERABEENDD, ENSEWEBICIL—X
THEROBEMR L. S8EE U THEE
LTS, BEHESHTRREME L. 3
BEOWEBD L TER L TNDEFRBIDER
ME. B RESMNEBREDHINET
@@é’éﬁ)ﬁll‘]'(‘b\%o <D UTRKPDE
IR LZE (R 33,

S8 I F|ER - AKEEKG(9):65,1964

Main focus is how to kill algae
for Rapid Sand Filter.

SEZBTORENTEN |

1962 Rachel Carson Silent Spring 1962 L—F )l H—ILVY SNROE (EEFROWE)

Pesticide of DDT, food chain, biological concentration,
caution to chlorine compounds

QIR . 5i0DDT. RYES, LIRS,
sty B
o

! IS THE WATER
WO oo wsss | SAFE TO DRINK?

By Robert H. andwll Brecher,
Consurer Rej

BRAIKISBZED | =

Robert H. Harris and Edward M. Brecher and the Editors of | PART 12 -THE PROBLEM
Consumer Reports @
Consumer Reports 1974.June :436-443: Part 1:The Problem:
New Orleans, like many other American cities, gets its drinking water from a
heavily polluted source — the Mississippi River. Many industries discharge
their wastes into the river, and many upriver cities discharge their sewage
into it. The rainwater runoff from farmland carries a wide variety of
pesticides, herbicides, fertilizers, and other agricultural chemicals that swell =~ ‘ ...:ig.‘.
the Mississippi's pollution burdens. :
Asbestos in the water :Temporizing with cancer. Bacteria, Viruses, Heavy =\,
metals, Organic compounds, Hazards after the treatment. July:538-542: T
How to make it safer August:623-627: What you can do

Ta—FUVZABREPAINOZLOEBHIE. TV v ETORICEBEICSEZREN
TEKDSRBKEDL 2TND, Z2LOITIZBDSEEANIIN. EROSOEH R
KENNBEE U TS, BoEME. RRFAL FEA. ENDRORERERELR)
Bl TYVYENINOEBREFTEEDLTINSD,

KPDPZINZ HEEDSAMEDOBIEEN DD, B, DIV EERE. BRtE
. IMEEROBRMER CRIEE,
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RS
7 984, Apr// S/ow sand "
f /z‘er (Ro/e of algae)

1975: Shinshu univ. Sugadaira Reservoir study

~ i-

Igllggr/n o P Odor problem of tap |:> Turn to
reservoir | - Stop delicious
Algaecide |:> a{gaeC/de tap water

Bad algae

Good | 10844 fEk3E5HENE FEOLRHT

EEINH > ZKEKICERE :> sk, | algae
RIEFIE L<&Z2/E g
= wmaeE | O | mEaiL =

BNE

1988, November 1991,0ctover
R BT UL 1st |nternational SSF Conf. 2 SSF Conf. in
"LTRAHON in London, UK New Hampshire,
Imperial College of London USA

£10. FEEIEEFSH 20, HEIBEEFESE
=E-OVEY 19088 KE s Za-—-N\VIVvp—
1991
Supported by AWWA

X KB FSEE

A large outbreak of diarrhea was
— turbidity outbreak enneuncemant occurred in Milwaukee, USA, in 1993.

87 * Over 400,000 people were sickened

by crypfosporidium.
1993548, 40BAMEND T FRRICED
REBEOEE RS,

Slow sand filtration system was
refocused and a workshop on it was held
at Salem city, Oregon state by American
05 | Water Works Association in Sept.1994.

pre
Turbidity (NTU)

—_

GIH rate per 100,000

NE , _ o
O5Har  15Mar  25Mar  CdApr 14 Apr 24.'Apr &EEBE@D‘@.W#?;SH 1 994&9)@ 9z >< 1) 737)@51&’53
tutbreak period ‘

BR#E. BRR. | Refocus, Rediscovery, Timeless
RRICE U2 | Technology for Modern Application.

PNES {0
Yy~ However, people loves New Technology. |
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The village of llion, NY
maintains the second
oldest working slow sand
filter bed system (in 1891)
in the United States.
REBEL TN SEEZB0S
KIZFT2EBICENDIEZ2—
I=Til-r UAVICH D,

Mr. Michael McCormack (llion Water
Commission) organized “The
American Slow Sand Association” in
1994 (until 2004 at his retirement)
after the large outbreak in 1993.

A )ZAYONA Dl DT ASHORE
19045, P A IiBESEMASERER L.
EFEERID2004 55 THRIITZ,

‘Water reservoir

They did not care about the farm animals
around the water reservoir.

Covered slow sand filter plant in Central Bridge, NY
was constructed in 1997.

S o oy (. 5 vz KIFEPKEOBEBICE. AR SNTNE, BESE
5%@@mgglt§ t?j;jbj JyIle 99T FLCEEE BOTOUT FRRICKDBERFLE L TLVEL,

21

A
ADVANCES i SLOW SAND axo
ALTERNATIVE BIOLOGICAL FILTRATION

D B NGEL GRAMAM
80 ROIN COLUNS.

My first visit to Thames Filter
was Aug. 1991. | discussed on
SSF with Thames scientists.

1991-8F7 AZKEWRSE CI1ER
TR 1994-1996F7 AGBE

| could study on Thames
Filters during 1994 to 1996.

1996 April, 3rd SSF Conf. 2006 May, 4th SSF Conf.
in London, UK in Mulheim, Germany

2014 June, 5th SSF Conf.
in Nagoya, Japan

'Aug_ §U75 ’D<U7:T Aug.

Prof Nigel 1.D.
Yamamura  Graham

R,

For B -
S e May, | 3 Eco-Tech Award. 2= PROGRESS IN
S| 2000|  wew. | World Expo. 2005 B sLow saND AND

e
iyako | SR
i Aichi, Japan. ALTERNATIVE

How to make drinking waterby “\'>,  Chinese, China ekl — ;
Ecological purification system = BEXDE 2 - BEE E’ﬁ BIOFILTRATION
PROCESSES

Natural filter of
slow sand filter

March,

= — Portuguese,
2000, |  'Biwil
R Erpp—
Internet text by JICA .
. . B o ) S ILEICER Ecological Purification System
https://stream.jica-net-library.jica.go.jp/lib2/08PRDMO007/index.html —E was focused and recognized.
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There is vertical downward current 2@ it. FHSTFAORENE. BHEIHT
s ®  inafilter pond. This is gentle RO LU VEE,
environment for small organisms
where sand does not move. Filamentous algae grow well on the sand

surface. Microscopic and small animals live on
and among the sand layer where food comes.

FNOBDOTHRIA
FEDWEOLE TR
B, TUERDTH
IWEHROE, B
DRETEE.
’ Natural flow
§ Food comes from 2
----------- 2> (YO meip” " dshoae
; Germ free safe water to drink OV microscopic BERIETS
Small animals ) organisms collect =
collect any turbid BREREOVENZ2THK any germ cells.
matters near the .
surface where . Trap and collection time of particle by ~ FUNESILEER TES
food comes. ., Small organisms is very short. Passing 1EREIES 3. BILED
THHC BEE OJ_, = time of food in body is also very short. EEET SERSE.
\w < TRUNERIEE
{ DERESS. FAESRIER SHRIOER
oo Short time work  Long term action

S 4 .
@-ﬁgg\b v?&_;' afii' food chain é i D microbial activity,

a
- .% < / anaerobic condition,
S ® &
o
" e
Animal =

fermentation,
decomposition of
collection, crush, grazing, fecal pellet @
producer, carrying up particles

: hardly decomposable
° matter

RNEMEEIC X SRIBEHISE EDAF

Food chain by small animals is the key for purification system.

BN ' ™

There is no food in deep place.
FENETAICRITHEN.

= EROd
in the fecal pellet Tz:pz

S W : R\ o, N
Healthy and hungry condition of animals are important to collect any particles under gentle condition.
ZEET. RRCRNSINAEN L CEE TS 200K,

23
SLOW SAND FILTRATION is this book
{ on SSF is this boo!
; The most referred tex 74. This is copy free
L. HUISMAN published by WHO |r;r; ?n \WHO. PDF file: 6.43 MB
Professor of Sanitary Engineering, Department of Civil Engineering, mrough the mternet WHO
Technological University, Delft, Netherlands 5&1&1§(3HU-|5 man and \[\6‘:.0(16 14931448
BEL<BRESN TN O TR AD, POF OAZTE
W.E. WOOD, F.LC.E. - e, * s |
formerly Chief; C ity Water Supply, ~_ _ mmmm—— e ation
" World Health Organization, Genesa v ;h;y_misunderstand the rgal’ ?5‘:?;:;40 ‘I
WORLD HEALTH ORGANIZATION I ooess based on €cologios Z°m o - - - =
l_p _______ = @,}gfﬁ&“imgﬁ%
GENEVA fwg;%ﬁgé,?lﬁﬁ
1974 LTHIE® pl4 BkDOASH
OEWIETKL
(3) Most of the organisms are allowed to die off in storage and the | TL\SEICIER
remainder are killed by chlorination, the water having first been prepared | 3370 BEEFL
2 e (e.g., by removing ammonia and organic matter) to enable the applied | /ZSER TR
They notified on biological - chlorine to exert the maximum disinfecting action. &3
phenomenon. However, they believed p20
that physical process was main. On the surface of the sand there is a thin slimy matting of material, =
s 2 ‘ . o Bl S
_ largely organic in origin, known as the schmutzdecke, or filter skin, through | oy \esesiz
Their knowledge was not enough to which the water must pass before reaching the filter medium itsclf. The | pEptEHN. =
grédFerstagd }he_ re;dlpphg:_no?eng O'][ schmutzdecke consists of threadlike algac and numerous other forms of | bizZssEs s
L as Tcological Furication SYSteM. | yraximum that should be permitted for longer periods, and the best| FEDU\3.
SEMBESOZELH DN, MESERHNEE purification occurs when the average turbidity is 10 mg/l or less (expressed p23
ELTA. as SiO,). When higher turbidities are expected, biological filtration should | EKBE
5O S 2 5 A R L2 bﬂ81 Qreced?d by other forms of treatment, such as (in ascending order of ;{OIO;EngégtC
BILECE R BICER+S. efficiency): $ 28
. 100mg/1 : &
I know microscopic organisms is very (1) plain sedimentation (for turbidities of 20-100 mg/l); min. 1U -
sensitive to non-detectable amount of (2) storage with microstraining for algae removal, the detention periods %’mggéﬁi
chemicals. They scare ',"SKV Chemlcals. varying from a few weeks to a few months (for turbidities of up to several | .~~~ ~
They escape from the risk. EPS is grams per litre); gﬂﬁibéﬁ
i ? DEFIK,
Wisalise Uk natliA plicfiamena. (3) natural screening prior to intake (for turbidities of 10-20mgfl, s bo-.
TEESAME. BUTERNLSTREDS depending _on“the degree:’of clogging of the r.i"f”.' bed); 50me/ 1338,
BICEATCHRE. BREERERN. U (4) rapid “roughing” filtration (for turbidities of 20-50 mg/l); and 50—200
IHheERLET. £EMmAEEL. BREs (5) sedimentation preceded by chemical coagulation (if necessary) and | mg/] 3283 »
DEVVERTY.  followed by rapid “roughing” filtration (for turbidities of 50-200 mgj/l). SE « S8,
24
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Most of small organisms live on the surface of substrata
(sand particle) under slow current condition. They live at
the top of sand layer where food comes. They are always ¢ » )./ §
waiting for food. They are hungry. anll

o> <DOFNBETIE. AEDORUNENISEE () O
%@!‘_Eﬁ l/f[/\%e IUN<DWELEICND, TUESR

»

\/\ ﬂ/‘ }

\_/&/’\.

< 1 = radius = 0.5 radius = 0.25 radius= 0.125 ;‘;%ig?;a”
Bottom surface area Surface area Surface area of one ball  One ball area becomes
=4 XMAFXS =0.785 =0.196 a flat
(e 314~ 8 balls in box = 6.28 64 balls in box =12.56 | Surface.
it =345 ~< 'Lotal i | oftop4 balls  Total area of top 16 balls /1< 2
TELnmEe | Surface area of a ball is $l= 3. 14 J= i > _3_12 ?ﬁ%ﬁ
xKEBIE3 141 | 3.14 times than flat area. a ': 171 B3,

Total surface area of top layer of balls is always same of 3.14 times than flat area. Smaller ball makes larger area.
FEIE1BOMKOBRBEEL. BIC3.1448, BONE<L BB EENUBEELZDORERESIER D,

And, total volume of balls is always same of 52 % ( porosity : 48%) in a box.
SODORNER CEREBEIENDT. 52% (ZRE: 48%) . peratufe
Filter resistance increases toward smaller size of particle. g osity . te .8 4
BHFDE< BB EBBERIAE TS VISEP gt

ZEOV R

YDOTAZ

KETHD

E38lE 4

ANE, B Sand is
DAESD Jjust 4
Sl habitat = &
BC LT %
.y ‘ “lh- <t

| checked the washed clean filter sand of the filter Y led-=
bed in London. Thames water utility does not care LS
about sand size and uniformity.
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In the text, on the surface of the sand there is a thin slimy (gelatinous) mat known as the
Schmutzdecke, or filter skin. This explanation is not correct.

B TI3,

oo’

WBIRICEV\BIRDIE, Scmutzdecke EENN TL\DBBEDH D,

COsRBAd, IEL<IEUN,

‘("7 e

“'\Y. ,'r.-,-,,

. i Sl L

On the surface of sand layer, there is a  Sand is clear at the site in water. When we

soft mat like light feather mat.
Filamentous algal mat is just lay down.

WBORBEICIE. 7770 E UIEHEDR
BENDD, RINEEENMEZDO>TND,

pull up this mat from the bottom to surface
and in air, sand turns dirty color. A large
amount of trapped SS among filamentous
algal mat drops into sand layer.

KPTEFWEENWNTHD, WELDEEEE
ENSID LIFZERCHET & RINEERICH
RENTNERDDRS THBILEND,

On the shallow bottom, = - =~
filamentous algae grow well.  Algae are the best?food
3 for animal. 8

d 7 U NE
BNETE. K/ ;
szEnt | 48

SRTD. A

54
RAEEDKENENKETEDCRET S. 27

Filter pond (Ecological Purification System) where is slow down ward current is the suitable

environment for filamentous algae.  FEzORNIGBSB CEMRLSR) TR RABENEE

= ErE
Filter pond  Floating algae

Pond/Lake .34

Stream ||

Y -~
Algal mat ";?’“:?m"—-w&ﬂ“ Running water,
FRE N\ n o nas| »  DUtUneXpected gk UL
flush out by R, BN T
Constant slow current storm event 125K

BICD><DDFEN

1

wona BT

AR S

Ulotris *

| =

s > Periphyton
RUDPA Y
Phytoplankton w75y . Attached algae
Filamentous algae p—
& = == SRER
Floating algae  F&itEsE ARTE
28
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sira

- SREESNERTD, -

[SU

Filamentous diatom was grazed RIREBDNEXNGND ©
up and filamentous green algae & RIRBENBIID,
are remarkable in warm water or  BEN\ \thisih 3@EHE
in case of long filter run. WEBTID,

S
Grazer A0

?g’i“?/’ Noee

=X G‘e After diatom is grazed by small animals,
\,\ filamentous green algae (Cladophora,
N Spirogyra, Hydrodictyon, efc.) are

7 remarkable algae. These green algae
=
Filter Run EAIRNERD RS have hard cell wall and larger size. After

At the beginning, filamentous TR FMCRNS that , Mollusk appears.

diatom dominates. However, “g5§§§<35§‘%mﬁ*ﬁaMLawan\mmﬁxé<IMﬁ@ﬁ§Eo$mﬁ*'
filamentous green algae becomes KENSNERIRER (VATY. PAIRO. PIIROGE) NBEICED, TOE.

dominant during the long filter run. [Z753, sMiEEY (858 SHohHnd,

Chironomid is not same as Mosquito. | aieso

Chironomid S ey, Mosquito ~ T Bing |
T2 EX Mosquito
= IDI’EU&Z’DT (Female)
Non bltlng DX 2_‘;
Mosquito . ; Mz
Both of Chironomid and A2Yhswms

Mosquito swarm for mating. g3 &5 DL D

Mosquito
larvae

Ecological System under ' ) 5 =
slow water current X WOBRI, FAIIKD

Chironomid larva;e: ma;(ing nest at‘ the botfom w ggggég%@gﬁq]
ARUNBEREDHDHA UIE « HE) TREDLD

30
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Name of Slow Sand - -
Filter makes un-correct EP_S_ IS a_n Instant
image “It takes so long purification system.

time to purification”.
Short time work O Py AEMnBEEE

,?&Ab food chain T‘gi%ﬂ: l5. — N
s S [ Hicaas
Animal % %Cb\iﬂl DO)}%%
collection, crush, grazing, fecal pellet >( = ‘\/’ ' 3: ﬂﬁﬁ‘g

producer, carrying up particles

ﬁr% HEPT

REDN Kka DR
unit | Simpson | English | Present | Experiment
1829 Filter | Thames | in Samoa
Filter
ABRE | Flow rate m/d 2 4.8 96 20
Flow rate cm/h 8.3 20 40 83
WBO=RKS 0%T Flow rate in sand
DOWBD 3 BRE laver (30% cm/h 16.7 40 80 167
: . porosity)
(65D m sand layer
EVLEENRN1n® [ Passing time of min | 3.6 15 | 0.75 0.36
m|eE () upper active 1 cm

Diurnal change of dissolved oxygen in inflow and in filtrate water and the partial pressure
oxygen in bubbles. AR KU B:@KPDBEFERFEZEOBEILR LUK BDEERDEDEIL

SUBDEBRDE
Partial pressure of oxygen in bubbles.

40% F EEd
fo) O,
20%, 0000000 o -20% [ Scum out of aiae |
a e
P i, N7 g - -

Active growth of algae on the sand bed.
Oxygen bubbles are formed under super
saturated condition.

EDWE ETEHRICREIIZETE, HERNIBAT
BEFVARE TSN E LD,

Continuous culture condition of algae
keeps aerobic condition in the filtrate
even in the night.

16 - 200 EEOEmRBSERREE.
o up ‘7%, congg%ajgtlon I;‘;’ i "’t,}q saturation &@Tﬁﬁwgméﬁ}ﬁ
I a 2140 | »  BAFIE BOICIR D,
2 ?,. e j =120 b /
SE 8f S0t o o
C-c 6F 80 INFLOW \/
38 .1 8 sl
s w0}
8 2 o NGHT DAY 20} DAY NGHT oAV
(@] 0 . s 0 " . 3 =
(a)] 06 12 18 24 06 12 06 12 18 24 06 12
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Importance of effect of scum outlet and DO change related with flow rate.
W 3 N 3Z= A 37 e
’¥t7§%®@’ﬁ‘ ,ﬁ%d’_‘ 57@3(0)’%??@2%”5@@%1% Large fluctuation is observed under low speed of filtering

rate. Small fluctuation is observed under high speed.

Effective scum out FBEENENE, BBKDOEER
t o iy BILOBSRBENN. SBEEN
T Al S SN EZEBIBHNEL,

I FENIN

filtrate

slow &\ =) fast 'v':'iriﬂow"f'”

D/

)
(

" Flow rate

BiEEE

Day Night

Algae produce oxygen when they grow. Super-saturated oxygen releases
from the surface to atmosphere. When they die, they consume much oxygen.
During the night, oxygen consumption becomes high. Sometimes, low oxygen
makes unpalatable effluent water under low DO concentration. Effective
removal of floating scum is necessary to keep favorite DO condition in night.

BHINERICIDIBRELET D, @ERTNIARDEERIKENS
RENKIT D, ENENEMRREASEICHET D, AH. BRES
[FRELED, BR. BEBRFREENEL ESBKOWREDKE
NEBLBBCEN DD, FLEENRNICHLIT AN mEICHE
EFRREENHEEICE >TYUEIE,

Biological community is sensitive | 4#pBtEld. BEDE
to low oxygen concentration. It is IR =
better to shift to higher flow rate. lgg’(g%g%fgﬁgg

Dissolved Oxygen concentration

Effective scum out Iosed sum out
33

food chain
& «}}k‘,‘,‘) -'

‘..-";._2)-' .

%‘:’%ﬁ -2y Key: Hungry condition of animals under aerobic condition.
' MBANDDIRIE. ZEIGIRREBOR NS K DEYNEHD I+

Animals collect and take anything into mouth and produce fecal pellet.
g, ICEmieL. OCAN. ERICT D,

34
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Clog indicator: Head Loss (Filter Resistance) is proportional to flow rate.
2 BRAZEBIRIRRKE (S8IEH) [IFRERICLLEIT D,

Floating algae
l g\

= U‘!wl‘,m e avicr g = I
Inflow T U
50~ 12055 A H:Head loss
Y.
4
ia'?‘.‘;.‘s
Sedimentation basin
V :Velocity
" = Flow rate
Clog indicator: Head loss (AH) HERICIE. SHDBKBEEEEZBRE
Head loss (AH) is proportional to velocity (V). (4.8m/d T8 UEHSICERE UIEIERK
AH = kV 58 (1210 58K8) DEZESEERDEIE

Normal filter rate is 20cm/h (4.8m/d : Vn). SLISHNBTTEIS,

NHL(Normalized Head Loss :HnN) atnormal flow rate

can calculated by the observed head loss and the observed flow rate.
NHL: Normalized head loss:Hn (cm)
Hn=(HxVn) -V
Observed head loss:H (cm)
Observed flow rate:V (cm/h or m/d)

Normal flow rate:Vn (20cm/h or m/d) 35

Filter run and filter resistance (NHL) in Ueda, Nagano, Japan, 1988. LHMEEFKECHITID3:EMGL SBIEH

During water temperature is E 5 150
less than 5 C in cold winter, 100

filter resistance rapidly
increased. When algae m/j\ 50
f 0
0
JFMAMJJRSONTD 100 +

grow in spring (May),
resistance did not increase.

RAKEDSSEMTOEEE. SBIENEEEIC LD, S&EthT
EHEFENREONDISANSABENE—D L5 ELED,

o

WATER TEMP

S0 g

(CM)

In cold season, air bubbles are trapped among sand
layer after scraping. However, in warm period these
bubbles are easily released. This phenomena is due
to the viscosity of water.

RAKEDOEMTORRE. WERERIDBDEIC. WBRICS
EDAD. SERBEICARIENRELDD, OHT. Cozant
ELIEDOTERANNE<ED, KEDNENDLE, CoxEld.
BEICHXT D, CORRE. KOWBEZEEICKD,

_________________

APR| ocT

ED HEAD LGSS
o

rapidly. It was caused by suddenly rapid change of
high filter rate before scraping event. |

BICZ @R ROREICSAENNIRFCERTD0E. BIDERD
HIIC, BEICAEREE FITSIEHICIWE LB CTRIESNTULE
BENOWBAICESATEHEEZ SN D,

ThIS result indicates that filter does not clog
' over 5 C temperature in inflow water.

C DB, FTAKEDSEIFAS, S80I, ' ‘
10 20 30 O 10 20 30 40
SEEEULNCEFZEZ LTS, EILTER RUN (DAYS) "
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SUSPENDED SOLID (MG-L™1)

—
o
u

0

n

150

JFMAMJJARSOND

In summer, filter resistance does not increase
even high turbidity after sedimentation basin.

High biological activity is the most important to
keep the low filter resistance.

EMBEESBNER. MEBHERDRABRENIZBO>TES
BIERE EDSRN, £IEEES< T DT ENZBENEN

EFDDICALD,

Continuous culture system of filamentous
algae is important. Small animals are also
important in this system to collect particles

and to keep a better condition of filter.

RINEEDOEREERDREN, H5ODBDERHR
T DMNEDBREOAL], TNSOEIEE.
2BthOWEERVVAREICERD,

Don’t use coagulant, algaecide for pre-treatment.
Small organisms are sensitive to small amount of chemicals.

1R LIBRkTE (BiBIER)
NORMALIZED HEAD LOSS (cm)

100

FEB-1990

Water temperature less
than 5 C

Inflow periphyton from a
river just accumulated on
the bottom.

Head loss increased.

KENSCUTD19905F
28

ANDSRAUVRNESRE
HWEREICERLU TN,

E<IC38RETD

200 400

INLET SS LOAD (g/m?)
AEMAORAT TSR

50

0
0

100 | JAN | JuL |
SO B T
0 + Jﬁé ¥

ey FEB AUG |
= ; 1 ]
= 4&%
— O +

MAR SEP

(3100 | - .
RV N W)Y
2 e + i ”_/JJ
Lo | APR | ocT
(] SD L -
Lt Lfé’—: g Z
‘: 8] 7
100l MAT | NOV |
=
o= 50 } b T p
= 0 :

100 | JUN DEC |

50 t { 4

. g&éaéé;ﬁ 2.

0

JUN-1990

Filamentous algae grew
well on the bottom.

Filter did not cloe.

1990564

Bt OWEREICHRIR
FREBN'SIE,

B@EE=EE LN,

400
INLET SS LOAD (g/m?)
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200 40
SBHOWERAD\ORATRNERS INLET SS LOAD

200 400 600
(G- M—2)

0

37

BIAME DB EERIDRERILE > TENH RN,
MuNEmE. DUOERTEERCRDY B,

In June 1979, pre-chlorination
was treated in order to prevent
algal growth in the filters.

The filters auickly were blocked
like in cold winter.

1979F 6B, 2Bt CTHRESEEE
Fa</EsHIC. BIMETIERERIL
TYE,

S@nEENE 28 ORICES
[CB&ExD U,
100,

JUN-1979

(Pre—chlorination)

50

400

200
INLET SS LOAD (g/m?)
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25
20
15
10

5

There was a record of

0
DIJFMAMJJASOND

Inflow water temperature (C) to the
filters: from Dec, 2003 to Dec.2004.

cupper sulfate as

algaecide from 1928.

pe i

13 4

18

1EEEBIR KR
(3BIERER

NHL, cm

T |
5 8

1928F0 587

T

Surface
water of
river

Wakata plant, Takasaki city, Gunma, Japan

—

Sedimentation Slow
basin |:> Sand
Filter

SIETEE @R KIRIE1 EP

28RE LxH)

20 40 8o 8o 100

Someya WTP
1992, 1993

Depth cm
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5 Washed SS/ sand

mg/g

Kt T
EDIZHRERIERT

10 20 300
Filter run days

B~

-

A

20 300
AE i EE

10

Sakai WTP,1957

8

Phytoplankton from the
reservoir is just accumulated on
the filter bed. There is no
growth of algae in this filter due
to the influence of algaecide in
the reservoir.

2@ MOWEREC (IR TEEE
UIRIBW TSV D FyDgEEL T
D, S@ith CITZREITEIE L TR,

Microscopic organisms is
very sensitive to small
amount of toxin.

10 2030 4050 60 70 #uhEtn. MEOSMELC

Precipitate / 30min
ml/100g sand

EHRCRNY D,
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1000
E 100 -
.E’ .
© : e
g 10 1  LGALEIOMASS AI;aekrow weﬁ in smmer Continuous
. ON THE SAND SURFACE culture system of filamentous algae
OB OB . WEREORERE=E becomes after 10 days.
2 : ElRAFEOEBIR N, H10BTER
v . . . p EBREBICESRE,
BS © 10 20 30 40 ppelo s
O - DAY IN FILTER RUN  5;@#455 - ©5
SR ff22 :
o 80
E 3
® 604 =
8 i ; ABKPICREITD
o 40 - : CHLOROPHYLL a gﬁg@ﬁﬁﬁ,grggg Filtrate water became clear water in 10
2 \ /\ ° IN FILTRATE a7+ JLETELE, days. Grazing animal community grew
3 N well within 10 days.
20 1 N\ B A@KIFH1OBTERICR o2, FHIEEMD
N R : . BENMRELUCCEERKT D,
- e = Insummer, scrapping of surface mud is
.0 o 10 20 0 4p Notnecessary.
 DAYINFILTERRUN DBl T ER. BIOBOERIENBE,
41
After sedimentation Raw water 4 mg/l
g e AR
LRI S e
< ; Py n
) L =
* ‘ A "zﬁ,‘f } 4 G
Quality of filtrate can be evaluated by turbidity.
Someya Water wks (1st May, 2012) produced
“Super clean filtrate” of 0.000 mg/l. ; _
2EKOKEISBESH TR TER, 2012658 Filtrate 0.000 mg/I
1 BOREEKBOSBKBEF, 0000 mg/IT | o | N
“BBERIIK THoIE, 3 i :
Japanese standard level is 2.0 mg/l  BAROKEKEEDBEE. 20 me/l
and recommended level is 0.1 mg/ DT +BHE. EFEUNEBEEER
after cryptosporidium accident. 01 mg/l CHEBLTNS,
42
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Shallow depth is important for algal activity.
EVIKRIRREICER

Scum Outlet
a

Floating Algal Mat (SS. Grazing Animals) j
NF Removal of
R / .
SSi g e e Smal Water 4UN.P....., SS
‘ M@Me@h 1| Grazing Animals
O, Bubbles Shallow
Aerobic Decomposition é
Mineralization of DOM, POM {4
/
4
3
small N, P, S§ Clean Filtrate

106CO,+ 16HNO, +H PO, +122H,0+Minerals
=(CH,0)106(NH,) 16H,PO,+1380,

Algae produce oxygen by photosynthesis. BlIMNESRICIDEREE

Active growth of filamentous

When no growth of
algae was observed
on the filter bed in
winter, active growth
of filamentous
diatom was observed
in a shallow model.
- B SBHOETIEE
HOBRENRSNE
Doleht RUVEEBRE
TIVCIERIREREDEE
EONED DT,

2, TROFVNEFA Tl

Algal growth promotes heterotrophic activity & fE0EWnEMARE<  diatom was observed in a pool  FEBEOZEHNESN
(bactoe anmel romovl ofuliontand o, smigomO S, Infondpianncolwner T xansioms
G where the grazing activity by e it
RIS animal was weak in cold water. EMOSEDEL)
WEEERENE © «  Shallow depth SUN LIGHT ' (3 | a0
> Deep depth i Photosynthesis ! GROWTH \ \M \xw ™
g " W o ~
ﬂ ar ) o9 ALGAE Production NEW CELLS NEW CELLS
P 23 0
From deep depth “ L AR
to shallow depth. ~ “sn ™, N 9N consumption PR
R - ¢ BACTERIA s ORGANICS IN Y
L BUVIKFEERS,  newces  SROWTH S Decomposition Bubble forma
TEMPERATURE rermarkable iy shallow.d

Coral Island :Miyako Jima, Okinawa. Water source of Sodeyama Plant is underground hard water

[EET YIRS, 268

which contains high concentration of calcium carbohydrate.
FHZKIBOAKRISH TR TREEDILY 2 —LAREDSL.

They believed algal bloom produced odor problem, they injected
chlorine as algaecide to raw water. After stopping of chlorine

injection from July 1997, tap water became suddenly better taste
(and soft water). However, heavy algal bloom happened in filter pond.

ARISEEDEE T DDITKEKICRNETTDE
UT BKICHZEENE UUSRERIU TG,
1997 F7ACRIERNBERIFLEECS, R
D5 MKEKTBNULEIE] EOREDD DI,

LD L. S8 TIEEOERNE L<E2I,

Dropping a
vinegar drop into
slide glass,
bubbles formed

. and crystals were
" & disappeared.

& £ e dRT T VON il

Calcium carbohydrate crystals
were observed on algal

é;ggggé filament under microscope.
ESIPE ., EiS CERE T D RINESR
S(EEELE, CENEEDOBRIHFOSNIT.

o
g 2y

by algal growth.

Bio-mineralization is occurred by
algal photosynthetic activity under
high pH condition. Saturated
calcium carbohydrate was
crystalized. This phenomenon
means softening under high pH
condition and reduction of nutrient

AEMC i DEmE N7 A=
ROUEL—V3) DEED
HERICKDBLp HIREIC
BDELUTIVE, BATARRD
7)Y 2 D ADESRIE L
2, CORFSHE N0 HT,
FUKiE. REROFENED
TNBOEBHRLU T,
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Phenomena of Ecological Purification System(EPS) related with algae FRCHEIS
EPSOIRZ

¥¢Oxygen Production by Photosynthesis CO,+H,0—CH,0+0,1

Gives a better condition for heterotrophs. (Decomposer: bacteria, small animals)
NHERICKDBRREE | KEREEN (DFS 8. B CRVWARBICT 5.

YcReduction of Nutrients in Water by Algal Growth FERRICISREIERRE

106C0O,+16HNO;+H;PO,+122H,0+(micronutrients energy)
! T

Photosynthesis &5k respiration, decomposition 0% « D

J i
(CH20)106(NH3)16H3PO4 + 13402 T + micronutrients

Oligo-trophication (opposite process of eutrophication:shift to less polluted water)
BXEL  BREOW | BRHDZEIEN e
YProduction of Food and Energy Source for Heterotrophic Organisms @Eﬁ%ﬁﬂ’_\gé
Alga is one of the best food for animals in EPS.
ZEEMORROIY
HEX CTpHZESL,

% Shift to High pH and High DO Concentration by Photosynthesis m=ems=c5z
(Low CO, concentration shifts to high pH condition)

e LB, =) i - .. .
Fabeal KRl RS ST Easily precipitate:bio-mineralization

Metal ions are easily changed to hydro-oxide compounds. BRICHR  N1ZZRDY
BT 2 VEBBRICKEEEICED €-vav

Reduction of metal ions : Reduction of toxic heavy metals &2~ : SEESRAZTVED |

| K-wks: Raw water: SS free water of underground subsurface gk &0 A3l STROKFIK T
water which is taken several under drainage pipes in the flood  sgnAvr<, ZBRE= UL, 2
4 plain. Flltc_er does not clogged due to SS free water. Standard E2EEEFS 5m/d,9.5m/diE,
| flow rate is 8.5 m/d (K.K.) and 9.5 m/d (K.S.).
G However this plant operated less than L7\ Ln 2m/'dL>{"F‘<D5I§
Y S = . - 2m/d. The bloom of algae were _C’IE?E L %‘ﬁﬁb SLDT
= o " . Temarkable, dissolved oxygen St TRIREERNARETE L
—*.~== consumed up during the night. Then, ~RRICEERAEICTE SIS, %
they tried to kill the algae. Finally, they & Cx FERAIERIL. S8
covered the filter. At present time, this EE->TLEork, REGER
plant changed to membrane filter plant. BT T,

Underground water is source water of

Nishihara plant, Nagano. This plant does
not clog over 5 years even in cold region.
This plant is maintenance free filter.

. RERAIRTARZKBOEKEL
DEOMTK, Bk COFE-RME

Thames Utility made an experiment to cover a practical filter
pond to control the heavy algal bloom in 1998. Finally, in order
to prevent low oxygen concentration in water, Thames utility
selected an open filter under higher flow rate of 9.6 m/d.

THARKER. BER

4.8 m/d
D n': | 5 Q'G.m:f — TREBETSLY
N ay | Night | . z@nsEE>=
- )V\_ 4#7% 7 L. B2
e i F— TV RBEE
: : BES LIS,
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-]
12
11 3-
0 2 I&
9 (8] }
6 9
8 15 Y . e\
= 7 [} 132 5
€ 2 o e\“ {Jig
z 5 © 18 1 W% 8.5
3 4 5 2 -s"sz" '8 FEAN RESSRWOIR TEPERATLRE (SURFACE) %
z 3 o NJIRIENT WRIALCN AT RIVER LEE £ ¢ gyt
2 ke *ipon s 8 LSS 1684, Thames ard Leo Uslleys
1
] o Q L T T T v L3 T g 8 v v v
4.8 mid 96 m/d J FMA MJJ A S OND JFM A MJ J A S ONTD
Large ! i T > smalfuewston - Nutrient level of raw water is highly rich. Algal growth is always remarkable,
] "Y\ iWL ot filamentous diatom in cold season, and filamentous green algae in warm
$ : ) e Nl period. This change from diatom to green algae is caused by grazing animals.
§ v ! ’ And DO fluctuation is large in filtrate water. There is serious level of DO in
e i : Flow rate — early morning. Thames utility made various experiments on flow rate. Finall
Day Night
D Night z i
[tong o agmms p 35’"‘” i Gentle and Reliable they decided faster flow rate was the best solution to make better filtrate.
: from microbe to animals.
I?ﬂ(@x%ﬁﬁglafﬁiﬁl«_éb \DT. Surface Loading Rates for a S SF at Ashford Common AWTW during April and May 2006

ERFBE—EPEOI L B

BEE BE@EChHd, CoBE
BRIAMOEEICS D, BEERE
EOZ{tIEWEC. HEHICERTE
[CEBRIFEN DD, EEEL. S
BEREEERS LIS,

All the plant of Thames
waterworks adopted 9.6m/d
(0.4m/h). Higher flow rate
makes better quality in the
filtered water. Diurnal change
of DO in filtrate becomes
small. It is better to avoid low
oxygen concentration in the
morning.

TAZKEIE 96m/d (40cm/h)
EZFALZ, 28REELT. 58
KOKBHRL B o, BREABIE  °

Surfaca Loading Rate (m*¥m*h)

i 5 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8
BONELED, SADBESRARIC’: 3 3 3 2 3 3 P F B F B B B F B E F B F B E B 5 B
— . = = = = = = = = = = = = = = = = 2 <
BRELESE, ¢ & 8 4 B & = & 8 K & ¥ 2 & £ 2 § @ & & &4 5 ¢ ¢

47

1. Algae produce oxygen under the sunshine. 2. Algae and other hetero-frophic organisms
M (bacteria, profozoa, other small animals, etc.) consume DO in night. 3. And algae are food for
TER small animals. 4. Small animals on and at the top of sand layer graze any particulate matters. 5.
They live near the surface of sand layer. 6. And these animal among sand grains avoids filter
clog. 7. A large biomass of algae and animals occurs a large fluctuation of DO in filfrate. 8. In
early morning, DO in filtrate becomes sometimes serious level in case of slow flow rate. 9.
Faster flow rate makes better environment for small animals. 10. This is gentle for small animals.
1, BREDCESHRTEBREEE, 2. BEJLURRREEN GIE. RESW. fuNaElD Rt
REHEHETD, 3. EdE@hoTy, 4, wEE. EE NORNEWIITTERREUVENRD, 5. #
INEMIEMERMIEL [CIEATND, 6, WENTREICES I DEIE. SEEREEMILTD, 7. &F
@EOEREES (@) OENSNCEFRREEOBEENIAZ 2D, 8. S@mENENE.
875, BEREREENDEZECROEBIRICED. 9. 2EEENRNCEMICE > TEREED+DICE
DRW. 10, Thid /RUNaECE >T MdELL ,

Large Fluctuation Small Fluctuation

DO concentration
‘-:,"'.‘-‘:-.‘ - g\-

Day ‘ Night

Dangerous for small animals Gentle and Reliable

: from microbe to animals.

Safe : Clean (2
N ,SP°
(65 \S

They rush and escape
from a risky water.

P ent
00 o,oow%g i
gio" s\° O‘Qa“\
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Giovgom URNSEE3 W26 | o o=

[Lonon, uk NS1.08 W01 [(m S

SUN LIGHT ‘ | ( Production of Oxygen
Pholosynthas:s \ \ relates with radiation
\o“ \ G’::‘ﬂ’ \&w \Mw (photosynthesis).
o noae poducion NEWCELLS  grmeampgre
CO GCEErD [CREIR
Mlnargls 02
o Consumption of Oxygen
\/’*) %0\ BAETERU\ A“""’pm ORGANICS relates with temperature
A GROWTH S, Decompos,,,on (respiration).
NEW CELLS
TEMPERATURE BREELRE (WR) (CRSER

Saturated Dissolve Oxygen in water is related with

temperature, atmospheric pressure and water depth.
BEBRREELRE. [ KEICHERTSD
Dsat(O2 mg/l)=14.161 - 0.3943xT + 0.007714xTxT - 0.0000646xTxTxT
Dabsat(O2 mg/l)= Dsat x (Ba+Bw)/1013
T:C:temperature, Ba:hPa:atmospheric pressure, Bw:cm (water depth)

New York, USA
a0

N4D 6WTSE4

$30

BEEREEDER (RE) SKERICER
Saturation DO at altitude and temperature

mg02/liter Truesdale et al. 1955
meter above sea level

Temp. 0 500 1000 2000 3000
. . i i 0 1416 1329 1251 11.11 9.80
10 1092 1025 9.65 857 7.56
Saturation (Equilibrium) dissolved oxygen 10, 10921 1020, 9.66) 857 1.56
30{ 7.53| 7.07| 6.85 5.91| 5.21
Cold water Hot water Shallow water Deep water A0 wEscl B Bdl adl o
SBEMSREEKE OKE) CKBICER
Large DO Small DO Small Pressure  Large Pressure . -
2 W Saturation DO at depth and temperature
Low Activity ngh ACthlty Small DO Large DO mg 02/liter
depth.cm
. : . Temp. 0 50 100 150 200
Easy to Easy to RighAltRyde RN AIde 0 1416 1486 1556 1626 16.96
Aerobic Anaerobic 10 1092 1146 1200 1254 13.08
Small Pressure Large Pressure 20 884 928 971 1015 1059
AEHUEL KEDEV R 30 753 790 827 865 902
S [E7200TL iAo Large DO 4 680 692 725 757 790 o
Water purification process is based on  k@B{tld. BEMBE SUN LIGHT EUTROPHIcATION '
the activity of heterotrophic organisms URUNESDEEEDEEE Pho,osym,,es,s i
from bacteria to small animals that is EinEHEC LD, BFhE \ ROWTH
food chain. Presence of dissolve oxygen  S=AME(\&. RUNEMDIE a“°“ Xygen
is necessary for these organisms. BRETEEL, hss'\ AL G Production NEW ekl
CO,
Minerals 02
//78’29 =D
QV ¥ /\, ’/o,, oonsumP"O"
=] - BActiRIADecomposmon ORGANICS
NEW CELLS .
POLUTION ~ TEMPERATURE

FTRRINT 52T
AIDBEFHRR
VAV AN Qe ol el
&L, BRI D,

The Thames Bubbler is a boat
operated by Thames Water to
monitor oxygen levels and
oxygenate the river.
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e s SISy
b2

TS
§ Trickling filter fo
8 BUKBR

B

of EPS for sewage‘treatment . Rrts

use of food chain on gravels

BRETOEMRS
[CRDEYNE

' sprinkler

o

¢ filter

air

l

4 feed pipe » [

g filter support i

collection

51

Bk 3R

5 &% % S s
' BLEuk3iR - Covered trickling filter 59
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Pre-Treatment is the key for easy maintenance of EPS.
Basic points are how to treat for Suspended Matter E7K@H”ﬂii_$_ﬁ Epsmjﬁﬁgﬂé%'“gﬁ
and Reduced Substances (biologically toxic matter). B CETME (EWS) ARDER

Don’t use chemical treatment. SERNEFEDICOE LI
Ordinal organisms don't like any chemicals. TR Sy, B3 E= 2 IO
Surface water from stream

CRD=3E « 38D
Avoid too much direct load of SS to EPS 2@ BN BZRE ISEE
(Sedimentation, Roughing Filter) OKEEZLT3)
Acceptable normal SS load e (BEIR & TED S OERZEREDKEIRK
We can see the bottom surface. Make a shallow depth. DUEEMEDD) =ES+HESE
Lake water (Thereisa possible intake oxygen ZEESMOI Y. REK03EHE
deficient water originated from bottom.) DERICESEN

Aeration and Roughing Filter

Algae is food for animal. Algae is not any problem of odor
and filter clog in case of EPS.

Subsurface water (underground water: well, spring)

Check the taste, DO concentration, Iron and Manganese. Key is “Gentle for small organisms”.
Oxygen deficient water: Aeration and Roughing Filter By 2 o
yg g g Surface Water Treatment %475‘3’;(/1

by Roughing Filters

Rk (P - 3840 k- BEEBRRFI YD
-~V
BREAE=EBRI 58

' Gabriele Heber 1985

‘ ;‘I:*ni’:;'(cllmds_ror_lbe .

Treatment of Drinking Water Slmple Methods for
the Treatment of
‘ - Drinking Water

Martin Wegelin 1996

Surface Water Treatment
by Roughing Filter

JICA training on EPS from
7th to 12th August, 2010 in
Miyako and Ishigaki islands,
Okinawa, Japan.

2010F887B~128. &
SEREST. £¥2tE0
JICAFHE, 2010EH53F™
JOYIok TEBIICHTDK
ERFEEED -] (UEA.
YA NRPY T =
DI, V—Yvib. vV
oty

This speech by Ms. Manista
from Solomon islands on
1st September, 2010.

JCATHEDR%(20109.1)
[CVDOEVEENLSSIULE
NV URABDEADHEEERE
L TREBDEE

v,

It is also worth appreciating the Ecological Purification System as sy j=siete- 1 321E7% (BE3B) [Cl3A
faught by you, Dr. Nakamoto; a simple, natural and yet an TR L COEY, BN, BB T, BRT. Th.
effective water purification technology, we can all agree fo as the kn2itFEE L THEHTY, MiEb2a. BEC
most relevant technology for the Islands. It is cheap to construct, SEEUERiE U TEERECRELST, BRE.
operate and maintain which makes it even more attractive. We  i%fE. #iFICREETIEENEL. REBIHWTT,
are grateful to your pioneering research on this technology and  1=5IC& > TAZBICEERIET D/ S 7= P—BIEHS
for generously impatrt this to us, so that the people of the pacific =~ BREEE LHE<FEBIIER TINAZCRE UE
may in the very near future will have access fo the high quality — 3. KFMOARIE. TEWER. CORIT. BET
and delicious taste that this technology provides. BNUWKERDCENTEDTLLD,
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. ] fhere is an ideal water treatment system in Samoa.
4 Alaoa WTP was constructed during 1984-'88.

e T

« - B,

| Settling tanks
A Ta

) ot oy "
a0 e

Hydrostatlc
valves

™ Balance
& storage
' reservoir BT

This problem was happened by the misunderstand
of the real mechanism. Slow sand filter system is
not simple mechanical filter. This is a real
Ecological Purification System.

SEHEIHA LTS SEKTHETSELI D ED, EE
LTUE, BEDERIX. (HXAEEFEL TE<. BKE
DI EEAEREL TLE, BN T P E

We solved the filter block problem by
turbid water in Samoa, even in heavy
rainy days.

SEMDRKDFTA UDBiIEIE
TOEREERRTER,

In Samoa, there are several slow sand filter plants. Three plants of JR type in Upolu island were constructed during 1984-'88. And
two plants of EU type in both islands of Upolu and Savai and were constructed in 2002-'04. Alaoa plant had problem on turbidity
during heavy rainy days.

TEPICIE. @DFDNCERZDBOBKEND oIE, TMIVBICIEI S FIIC1994-88FICBHBRENE JRY1TE DMILET/N
1 C132002—04FICB/ENIEEUS 1 TNBD 212, AlaoaB KBNS IEERDIEK TR BMNEIET SREND o2,

Original Alaoa plant design (JR type) adopted the natural gravidity.

Alaca FPower House However, this plant had turbidity problem.

Tailrace Inlake.

18.86
. Up ~Flow
——— Sellling Tank Roughing Filter
S~ L : Vs =0.75m/h Ve = 1m/h
1! S N Detention time: 3.3 hrs
n3.e1 ) o
Y 00
2 e 153 106 40
Eas! Vaisigano T S Y 1k
River Intake. ND 40&*--{3 LT I |
1
-‘Ptf-o. Slow
" Sand
Filters
Slow Sand Filler Chlorination Balancing
Ve 1 0125 m/h img /4 Reservoir ‘
450m3 Meter Mt V;
Crossing wes! o Chamber Rese:\fgir
Vaisigano River 4500m?3
{Existing )
Connectlion
Widia | To Magiagi
\ ‘-...--’...N | 100.40 Reservoir
\‘_*_‘ ._. H ﬂ- X
ND 400 =i~ Pe==s :*- v o = acall 98.40
ND 450 L= lx .__;,_%V 84.1
ND 450 ‘J,| s
ND 400 lis 2
D 400 't N B 1.
I**
To Distribution
hetworlk. 56
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Jica project in Samoa, Nov.8-17,2008 ALAOA / VAISIGANO WTP

5 5 FLOWS AND LOADING i Vi e
Surface water from a river, settling tank, up-flow Design Flow MUGsy s ;e o
i mhour w
roughing filter and sand filter. < o o m
% increase over design 33
= IPRL 0 s ) @
ST IRFUK= RS = S SE= 28
éé : & * TREATMENT SYSTEM
Raw Water Intake Bar screen i
3 T - Fi i No. of units
ALAQA WATER TREATMENT PLANT - Figure 1a - processing Nt - o a5
nw_ufr P — Bar Apenture mm 25
7 Settling Tank
imlake ssreen Hop gae Nt 5
Diameter m 178
Senling tants SR e z;ss.s
Side Water m X
T.ank volum':mh m 622.1139
Overflow Rate @ Design Flow m’/m’ hour 0.6
-------- > y Overflow Rate @ Actual Average Flow o'/’ houe 1.01
tled wiier Chs S - Detention time @ Design Flow hours 33
Detention time @ Actual Average Flow hours 25
Outlet Weir length (per tank) m 537
ROUGHING FILTERS  (Gravel media)
4 Gravel
No. of tanks y
Diameter m 112 size (mes)  depth (mm)]
Surface Area m 98.5 4.7 ;s:
Media Depth m‘ Z 7-10
Media volume m 197.0407 12-18 1000
Surface Loading Rete @ Design Flow m’tm’ houe 096 20-25 250
P S
SLRY design flow ! 1 flier ofFine o 139
Surface Loading Rate @ Act. Avg Flow o’/ hous 128
SLR/octual crerape flow ! 1 filter offfine i hour 12/} .
Deteation time @ Design Flow hours 21
Detention time @ Actusl Average Flow hours 16
Backwash Oree every 2 weeks
Storw sand filtees Z SLOW SAND FILTERS (Sand mona-media)
? No. of tanks 5
Diameter e 28
Surface Arca m 6} 6
Media Depth m
Media volume , r:\’ 616
Surface Losding Rate @ Design Flow m'/m’haur 0123
S
SLR  design flow ! I fiier o time. ot howr arse
Surface Loading Rate @ Act. Avg Flow m'fm’ hour 0,164
SR faenial averoge flow ! | filler off fine 't howe 025
Detention time @ Design Flow haurs 81 Follow up of Miyako-
Detentfon time @ Actual Average Flow hours 6.1 7
Cleaniog O vy ot jima from 2010-2013.
BALANCE TANK 5
4 No. of tanks 1
F’;: f Diancler m 178
" 4
‘ Side Water Deplh = 18
Active volume L 4479
Retealion time @ Design Flow hoars 1.2
Retention time @ Actva) Average Flow hours 09 5 7

s Samoa Water Authority(SWA) reported the pia ]
During heavy rainy days, sand filters were blocked. They had to remove mud frequently and to scrape the filter
and to clean up the settling tank. EWOEKTEBNHIEIEL. AEMOBROSBIOBOROHIUEE L TWE,

central well
I ;

Calm surface..

Alaoa :Sétt/ing tank
25, Nov. 2010

The inflow water into Alaoa plant is larger than that into Fuluasou. The
detention time is too short in Alaoa. This condition is same as river
condition. Muddy matter is not easily settled down. And this muddy
matter passed also the roughing filter and into the slow sand filters.

AlaocaiFKBADRAKRIEFuluasouE HENRD &
DI, EEGM T ORBIEEREIEEN o2, KElE
RIS T SUIOREERUIEHIZ, EDIEBEE
ISEFET. E38EER UERZBMETHRAL

Design condition

We advisec' Calm surface

to reduce central well
inflow valve M
di
i)ItI-A#T Rtu:_uyurr
KEED
7;: < ‘g—%o dover frow Studge withdrawal
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NTU cm
10000 05
5000 09
4000 10
3000 12
2000 16
1500 19
1000 25
750 30
500 40
300 56
200 73
150 89
100 1186
90 125
80 13,
70 147
60 163
50 184
40 214
30 259
20 339
15 411
10 538
8 625

7 683

6 757

5 854

4 991

3 1201

pad A e
Original design of retention
3.4 hours. However, present retention time may  B%f5,
be less than several minutes. This conditionis ~ WT.

sink. Too much water flew into the settling tank.
Major amount of water flew out through the over
flow outlet.

Easily set down
40 — .~ within short time.

Transpare

0 : -

- 0 50 100 150 200
o8 Turbidity test tube
y SEREEt Turbidity, NTU

Transparency and Turbidity

90

time of setfling tank is spepmpsmRREERst HIZ34

UD L. COIRREISEID I
BRSO || DIRREIE, <

same as river. Therefore, turbid matter does not 12 TIIEDIIILTTEL), KEDH
7\7J<73‘)\103)\ ﬁ)} _Cl/\o

The sedimentation rate
of this water was
checked. Even this low
turbid water, turbidity

P, became less than half

within 5 minutes.

BODDIRNKTE. 5
ﬁ%g'@ﬂ%ﬂﬂ?l&%ﬁ
[Z3EE,

59

80

DN =
(=T =)

w
S
1
(0]]
X

S
o

L e

= ad

Transparency, cm

w
o
2

(]
<

=
Fi
I

(=}

0 50 100 150 200 250
Turbidity, NTU

Transparency(cm)=249.55*POWER(NTU,-0.666)

)
Data from:
http://www.cee.mtu.edu/su -
stainable_engineering/res
ources/technical/Turbidity- b | o s e
Myre_Shaw.pdf = )
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Scumout

Original depth of supernatant is 1m.
REt EOWE EOAEE 1 m,

Shallow water depth(No.4):
Bottom algal mat with mud
lifts up from the bottom by

the oxygen bubbles.

FEVKE (160 cm) D38t
(No A TIE, ETEIELIEE

WAEEHRORBDFOTRE—

RBICFEEN>TE,

Thick mud layer Hardly growth of algae
was seen on the at the bottom due to
Present pottom at Alaoa low radiation. High

depth:  No.1 deep filter on | pressure on the bottom.

220 26th Nov. 2010. Easily block.  BEEE L

om  ZELIKE (220 cm) Algae grow well at KRDENE5
DHEB (NoA)T BOVKRCBHENDELS  shallow depth. This ZOFEDRL.
B ECIGENESE SEEWNE<. KEN®  meansalotof food EWMIDTTEE
E-5TUE, WD TABEHEELDIUN, for animals. <33,

61

(0 i ol
7 o

T 6 Up Flow Roughing Filter (vutilayer type)

J:I_"jj %%ﬁ%)‘@ ontlet weir \&‘_J

-

(ZEV

750 mm deep gravel layer 4 - 7 mn

500 mmn deep gravel layer § - 12 mm

ZRF outflow valve

N4

500 mm deep gravel layer 14 - 18 mm

250 mm deep graved layer 20 - 25 mm 10 slow sand filters

From settling tanks Mﬁ
infef valve

dirty wash water

—

slvice valve

Open the Sluice (not scour) i #2891 B/ LI & i,

valve fully and dump the — 5 — N

contents to waste. This sluice “\%)HE Hj‘ati}E_C.i_?_j" J?“U)HE'E;& 2

procedure may need to be one Zu%j‘ 337?— d1BIC1ET S, Lf?

time enough. L. COHEEEE U CUL\ED 2, C
Each filter should be cleaned DHEEISRID TIZoTE,

= J fortnightly or more regularly.

G ; However, this drain had been . fiE
Sitandcoliodal . operated. This was the first Sluiced mud ||
matter are trapped 4 sank quickly. |

in roughing filter.

MEMEORBATOD0O B
AT (IHESE TRiecSN D,
SLOTENRODSE, T

Many shrimp were =h =
o o oing RIS DRRO8I.

COROIIEEIZEL.
SE 3 it 8

Wyl

fitter. ] Up Flow Roughing Filter is also
Shrimp is top animal | Ecological Purification System.
of the pyramid of food e pa—p— Mud like an ;
chain. =Y & ; RICe i ;
activated sludge. SEMEERAIEL)
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Shift to shallower depth
and faster flow rate

Large radiation to the bottom,
small water pressure, easy
produce bubbles by active
TR photosynthesis

- BENKEC, dBREEE -
¥ EETHDCBHN KEHN
ELED, HEBDBAICRD
BRUCEDEELDD,

ARE L VRS

7 Tk Make shallow depth
Y 5 KEEEZELUE

% -
Filter clog 0
 Fiter clog g 15

X condition

| sulfuric smell

TR SR e

i)

Faster
filter rate

BBREE
@< U2

Floating
algal mat
with mud

= ERCED

SR
Turn to aerobic sand layer,
recover the fifter clog and
better quality of filtrate.

FRNEWEICED. IEF[MENRIED. KEHFRIEDE,

| advised to SWA to make shallow depth

with any large size of sand. SWA putt

washed beach sand to make shallow depth.

Textile over the under drain and sand only.
EABWTERIWD'SEVKRICERS, BR0WE
o TR, EKEDLICH. ZOLEIEWET,

- e ) EE T Sioao
e 8~ e

gL

I also advised to SWA that textile is
one of the way instead of gravel
layer. SWA followed my advice.

SWANEEBIHZE. ICRNEISL
2. SWAIEISICHETZ,

allower depth of
ggpernatant, faster
flow rate makes
lager amount of
filirate and better

quality.

Full of Balance tank

7J<3:J7|E gé ;‘E SR A S T(ansor't cgpaity of the
AR = =@ I 1 pipe fo city is too small.
“gseim T B - onKE
n. KBLER

LIEoIz. —
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Points: shallow depth,
enough radiation on the
bottom, rapid growth,
large size of sand.

BUOKE EN+DEBE.
SRR, KEEW

Sand separated with

Two up-flow - ::{ﬂi‘ﬁ?g
roughing filters

LFREE3E28

P ==

Draincap

Sand filters
(5m/d,
10m/d,
20m/d)

filtrates.

2BEE 5m/d,
10m/d, 20m/dT
SRER
ZESBKDERLY

Feb.14.(15th)

Shallow depth: Algae grow well
ENKETEOEENDRN,

Porous pipe

65

< The model was moved ton Feb.21, 2013

ESNE2R218ICHBER

v

TR T
A'@ model in the Dave Parker Eco-Lodge.
ETORRKED Y ITER .,

- Filtrate is delicious and
Algae grew well in intake vinyl pipe, EKE”—)U&E. L | safe water of Bacteria
sedimentation tank and pressure BaE. EREET free water.
control tank. Algal growth made the  Z=N'AEEIEL. K
pipe clogging. We covered them HENENOT. 7 Ai@Kkld. B0y ,Lf.<‘ HwE
with aluminum foil and tape, and LSRAILERYE DRESNENREEK
pained the tanks. FELIE,
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I JICA Training in 2011

e us  He returned back to Fiji, he made a
201 1:¢:8}§JICA'¢§$_C‘” model to make safe drinking water by
FiibD5Y— bEAld. 28 EPS technology at the yard of

Mr. Vishwa Jeet from Fiji gave many questions to us. ‘ DERE UL, Jepanmen of sewage and Walor:

g Water source was rain harvest tank.
| The PM had attention for EPS display 201259512 Fi> 58 LIey— héh’\[g‘ IR
during the World Marine Time Day on ‘E!_YEE#@TE’FB 355:‘ Ex&_ﬁi?ﬁﬂﬁﬁ&{ﬂ@?ﬁ
Sept. 28, 2012. Our Director informed [—=JICATHE TS ZKIRE LETIVED o1,
the PM on the functions of the EPS ~ AICEPSOER 2013518

and reference to JICA was made. ME&ESRBA LIZ, Erllc"jaonff \{\é?rgg:lg_pat 168. ne
saam - HOIIday Inn. %%%ﬁ@
The FlJl Tlmes ONLINE Commander Francis F—vi
. _ ¥ B. Kean, Permanent = o
Quality water for all ity Mokt ATHES
Friya Chand of Works, Transport, ERIELIE,
ThUmaw: Januiry 12,2013 Public Utilities. FE7 LR
WITH the new Ecologicl Purification System (EPS) in ] A fiiEPSTE
4 the pipeline, water quslity enjoyed by urban people can - | ;ﬁ?&ﬂ(J "
'| now also be made svsilsble in rursl villages and r% [(:goj
communities. 3
=1AVId

A workshop on a new water treatment system, hosted
by the Department for Water and in colisborstion with
the Japsn Internstions| Cooperation Agency (JICA) in
Suva yesterday, revesaled that EPS was an economical
and ecological wsy of purifying water.

- I A & v
New plans for
Works permanent secretsry Commander Francis Kean
Sty C l ea n e r w ate r said the vision to provide safe adaquste water and

efficient itation to the whole p lation in Fiji was in
\g government's rosdmasp.

"About 70 par cent of our rural populstion drink water
directly from creeks snd river sources which sre most

467

Opening ceremony of public tap on July 16, 2013. EPS technology is our technology for ours.
We can make it by ourselves.

THE FIJIAN GOVERNMENT EPSHEiTISRE SO, FhEH T TEDEIi,

KALOKOLEVU VILLAGERS WELCOME ACCESS TO CLEAN DRINKING
WATER o

/17/2013
. More than 270 villag:
" ecological purificatiory
nd Sewerage, the W
JICA).

' The EPS, which is thel
4 the Ministry of Works
4 in Kalokolevu village,

T

Opening ceremony of public tap on '_7
THE FH IAN GOVERNMENT September 11, 2013. at 2nd Eps. _

I<L_ }’ﬂ NAVATUVULA VILLAGERS GET ACCESS TO CLEAN DRINKING WATER E

9/12/2013
Improving the living standards of the rural c Clean: safe wat
safe drinking water and sanitation is one of the

er brings joy to village
: ] :

o This was highlighted today by the Ministry for

“The incorporation of the EPS into rural water projects will take place after further moni
the results of the pilot projects by the Water Authority of Fiji (WAF),” Mr Kean added. 68

Miyako-Jima , Ishigaki-Jima in Okinawa and Ueda in Nagano, in 2015 by N. NAKAMOTO Pacific-  Fiji-1 34



5 We have been use natural safe FEBIE. EHNSBERBOZETHL
wa}er ‘q,?l',Ch IS tnat_ural 5,%"29_ LUV VKERIBLTLE, COKIZER
water. [his water Is puriied in ﬁ?%m E@DE(I\T%{E&“F =
nature without any chemical. We g0 | o uitie, L
prefer this water than chlorinated 3 Cae S VEKEIKKDBRDTIN
tap water. Commercial bottle BFETY, N TNy FREIL
water is just filled with this water. (X T Dk ESSHIZIZH,

\Water vapor transport

Precipitation, " %" %'\
L B

Transpiration
o e
R 4

Group of coli-form bacteria : an indicator

of pollution: many in the natural environment KASE
TR BARICS U BDHERDIEE

N

Escherichia coli : indication of intestinal
'bacteriaj(ﬂ%:ﬁ%?\]?ﬁﬂld)? £

NN N

. Fecal Escherichia coli

| fecal contamination of mammal
| FLEORE R DI51R

b= S

. an indicator of !

DD D (o BB D

We must think about acceptable risk. #zt#sUzo5£755 0
; 7
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Survey EPS trip on sites oo
by Nobutada NAKAMOTO and Hidemitsu EGUCHI

Nasasa ,
from 8th June to 16th July, 2015 ~ Labeea y 7
g r//” .//,- r‘ |
-~ r% - 9 I o &
Rayuka WaNqb‘ua Naravuka, Nabavatu, =~/ Vaital®u- 0 Nabua _V_JO(L«,J.:_‘_, o
Banikia, Nasawana, Batinivurewai =~ / O oNatuao savusavu o ,EWalgevo &
Keka,Bagasau, Nagigi, Levuka p 0 Taveum Isjahe
Oamalata y
Naboum@l g /
Gunu "
Komave, Nalevaleba,Bukuya, Natawana,
Koroboya, Nadelai, Naiserelagi
Volivoli kOdU
-2 Nabalabala, Naiserelagi, Nalidf
ML) 0 Nasautoka
.Ba oo 0 ?‘;--'-.;7;1
Lautoka Vatukoula o Bucalevu Soa
C Yy -
\
N S 5} P Lovoni, Toki
aulsiand° oNadi @ g s o
'. El J 2 [% _ |
1‘. a7 ﬂ} Nau;sb ; Nagali, N:aavolal“,ﬁ-_argiti
Sanasana /," f (o] 1 a"\} Ty
{ 7 Pacific o 4 OlfERs prOJectstarted from Kolokolevu

Sugatoka o} Harbo
Namakumaqua;Namos ? lNadakunl

and Navatuvula in 2013

(&

f‘
Vi \
- Nagali
- \

it L\f/k ’” 201 5061 1

Storage tank with
over flow function

Over flow
to keep
gentfe
running
water
system of
EPS

Drain valve for

accumulated mud

-------------------------------- == P
! Inﬂow rate can be regufated and can be keptthe | - =~ ‘f

| running water system of EPS by inflow control i -

) valve before URF watching the flow into EPS.

Storage Public
_URF_EPS Tank - Tap

72
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Sand, stone and rocks
don’t role and move.

VAN

There is vertical current in Ecological )
Purification System. This is gentle g
rrrch > system for small organisms where sand >,
3|

does not move.

o
]

N Trap and collection time of particle by g e
&Y small organisms is very short. Passing When plants and animals do not
& time of food in body is also very short. ~ Tlush out, water is always clear.

gj;b Short time work  Long term action
OO ERw— food chain 7 I [
i Food comes from the top. °£3é’%é R = - 2 2 " ::ca;":";;'cag"‘\’gi’;o .
Germ free safe water to drink Microscopic organisms > ® \ P fermentation, E
i i 57 colfect any germ celfls. 5 & decomposition of

¢ A7 Animal = hardly decomposable

& matter
collection, crush, grazing, fecal peliet &

producer, carrying up particles - —

in the fecal pellet
Food chain by small animals is the key for purification system.
AN : : T

Fiji Government Plan of Ecological 7+ I—HEIFEPS Tith75
Furification System: EPS provide Safe DERICZZIZERHBIKELHE
Drinking Water for Rural People. X 1. Bk, 2, ByE
1.Water source D EEEESE (URFT

2. Reduce load of mudc}:l%/ matter using Up- g &fEraEslE. 3. 8
flow Roughing Filter (URF) of gravel tank. phgnEinzitig (EPS)
3. Final treatment for germ free water with c@EEIR<INE, 4. A
natural down flow of EPS tank (filled with  tt)kicEOE=R,

large size of sand).

4. Storage tank for public use.

: URF ' ' rEEE3E

Mechanical and URF s R LU

ecological reduction = 3

of mud by Up-Flow VDB C’:é’gq)ﬂﬁﬁ°
Roughing Filter Gentle condition:
(URF). Almost constant

a1

A = 4 > @ natural flow.
BRI - AFKiE e O BEACRUERO
Storage tank and Wat OO FAEUL

public tap in a village
Don’t stop the natural flow
T DWS plan fo keep aerobic condition.
‘is 2 liters

Don’t scare any small <«

%,rcﬁ.%zﬁgl animals which live in |8
water. the top of sand layer. L &

25
liter/min
1,500
liter/h

36,000 o
liter/day 3

16.6
liter/min
1,000
liter/h

24,000
liter/day

. ; 1.66
As EPS capacity is big, an EPS Don’t stop the inflow water fiter/min
system may provide 6 liters per info the EPS, even in case

person for drinking and cooking. of over flow from the

BEE—A1B8EK2wED, | slorage lank Thisis gentle || cogg | 1200
EPSOEEND HBDT. BT -4 for natural organisms.

P A

T 2 o OB O 7

2,400
liter/day

' 24 m3/day 36 m/day
=~ N : =
ETownz s, Reduce the risk to safe water. One day ost: (" 700 1er [1]2]] « -BB.B

= This amount | ank - = - 1 g
| % — —3 = is the lost of 2,700 liter 5 nn
- - ,:; Banger oy e— oneopentap |— e | 6|7
during one a ==
22 L@ e W o[
[ A = & =
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= SOA (Bureivanua school)
20150618 & é' i5j'y'*"'7

Tk. Paula Seru (7616760)

Mesu (Water authority)

Storage tank
with ball tap_

I~ Storage tank
with over
4 flow function

Tap for =
villagers

2 \ , : Water flows directly:
, SR : ‘ % | into main pipe..i
TK: Joseph Taylor cell: 944811 : N6 resenvoir tank.
Village population of TOKI: 164+9 teachers + - T
some = ca 180 persons
TOKI school students = 120 pupils from 5 villages.
Students in TOKI village is 30 persons.

-
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Lovoni primary school

Paulo Talavutu
7445060

120 students

Water
source

L.ovoni Avili SALAVOU Tk
Gy 7351639
2015 6-24 \

. 500 persons in 3 villages

Ovalau Island

.y B

& Qralau
-

Existing
storage
tank for
school

Drink only:
school

Water demand for
120 students

=120 x 2 liter
= 240 liters/day / .

Storage Tank Water demand
with ball tap for 500 villagers
=500 x 6 liter
= 3,000 liters/day S
S
liter/min Addiitional storage

fanks and pipe will
be covered by local.

Additionafstoraqge tanks 100

Small balance invillage by locai2 liter/n
=-tank with over : 2,400

liter/day

T

3 R B I R e e
G A R =

for school

URF | uRF+EPS+ Balance tank :Above school |
B u kuya 201 50708 Small Balance tank
smwm Tk FREDI 8740783 i cver o
} 808 persons 167 houses e

By, A 00!

Drain valve for

accumulated mud Over flow to keep
gentle running water
system of EPS

Storage Tank with
ball tap for villagers

Ventilation

for air r
]

Near thel
community
hall n[

rlnﬂow rafe can be
: regulated and can

1 be kept the running

: water system of EPS
1 by inflow control

: valve before URF

1

I

watching the flow
into EPS.

for vmagers

This flow :
One day water demand 1.66 liter/min

I

1
| (drink and cooking) ; 100 liter/h
808 x 6 liters = 4,848 liters/day : 2,400 fiter/day

&y

, Bukuya demand
| is double flow of
| this flow for a

F 2 0284 1 051 01 OO o ¢ 05 o

-3
Qo
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MInflow
control
'Lvalve |

Drain valve for
accumulated mud

Storage Tank with

ball tap for villagers

Ventilation

for air
|

Calculation on EPS capacity and Storage tank for EPS (in case of 2,700 tank)

URF+EPS+ Balance tank

Public tap

(ca 300 liters) with
over flow function

Small Balance tank

L

Tap for
school

Over flow to keep
gentle running water
system of EPS

() Mverfior |

et 5 < F o

a-q..“ll

into EPS.

Inflonzv rate c;n .be- regulated and can be kept
the running water system of EPS by inflow
control valve before URF watching the flow

MAF CEPSN\DRAEE R CRE.

Slow sand filter (SSF) started ] EPS Capacity of Tank (2,700 liter tank)
from UK in cold region. EPS | __Radius of fank (1):0.7m = Filter area (pxixr), 1.54 m2
g ow rate Filtrate rate Suppy capacity for person i
treatment capacity is related  |qrer i ma/a] fiter/d] lter/nfiter/m] 2 liter/d] 6 liter/d] 100 liter/d renel
with filter area and biological ™5™ | 37| 3080] 128] 21| 1540] 513 31|Original filter rate in UK, in 1829
activity which means 5| 20| 7.4] 7,392] 308| 51| 3,696 1,232 74| Traditional English standard ;
temperature. We can adopt 10| 42| 15.4|15,400| 642| 10.7| 7,700 2567 154|Present Thames rate
higher flow rate in warm 15| 63[23.1]23,100| 963| 16.0/ 11,550| 3,850 231|Acceptable rate in warm region
climate region. 20| 83| 30.8]| 30,800/1,283| 21.4| 15400| 5,133 308|Acceptable rate in warm region
. — EPS fig71 (2,700 ') v FJLIE)
i (8D BBl mUNE EE ()00 = BBER (pxrar), 164 m2
EOR, EmEtE DEERE %iBKE BKATREAD E
(EPS) MEIGEEDIE. B8 |m/dlem/h[m3/d] liter/d] liter/h]iter/43| 2 liter/d] 6 liter/d] 100 liter/d
EEE YIS CERT S, |_2| 8| 3.1 3080 128] 2.1 1540[ 613 3 [EETISNEDBRND 5 @M L
EYEE RS CRIR T B | 0| 20| 74| 7.392] 308 51| 3696| 1.232 74 EBERE LCERFE - RES BB |
T, BN ME TR, S0\S 1o 42[15.4[15.400] 642] 10.7] 7700 2,867 154[F LV T LA KEDBHED 5L | i
S Ui i e 15| 63/ 23.123,100] 963| 16.0] 11,550] 3,850 231 [EA VI T DT RE 5 @B
BREICTSTENTED, [20] 83[308]30.800[1,283| 21.4| 15,400 5.133 308 AL T DT AE B AEE
Volume of storage tank which _ BKEOSESE
Volume of Storage tank for we need. 1
filtrate which we need. Water daily demand (fter) ; | 18, BEE (iter)
N, = i—] drink+
SARpERaR persons, only | AIIC* | aste Sl T L Wi
drink | cook B2 o— M
1 2 6: 100: 1 2 6 100: &
= . 00260600 10,000, o 0500 660! 10,600
KoEREOESZEL 500! 400 1,500; 50,600 2000 400; 1,200, 90,000
An example of demand variation E0) B00 1 800 30,000 BN 60011, 800: 30,600
of water in a day. 400 800, 2400 40,000, 400.  800; 2,400: 40,000

Night |
® |/

B

Night

1234567 89101112131415161718192021222324

Treatment process by EPS runs always by almost same
flow rate during a whole day. This is gentle condition for
small organisms under current condition. EPS water is
stocked during the night in the storage tank and fill up
the tank when water demand is small.

EPSEEDICDNT

79

EPSOMEEREICT1BR. AULKIE
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2,700

4 -~ liters —
A gtank— i

Save
water
Keep
tap
close

One day lost:
This amount
is the lost of
one open tap
during one
day .

Miyako-Jima , Ishigaki-Jima in Okinawa and Ueda in Nagano, in 2015 by N. NAKAMOTO

0.83
liter/min

50
liter/h

1,200
liter/day

ange rubber W
Change - mVAVASY

2,700 liter
tank

-

1.66
liter/min

100
liter/h

2,400
liter/day

2,700 liter
tank

St
~'s
Prxl
T
2
=
9 5‘
5
CE
z
=57
=Y
-3
#
e
,.3‘.

ks Soapon
D AT

Save 1.66

Water, | jiter/min

Keep

Tap 100

Close liter/h

IKEREDIC,

h 2,400
| LOEED liter/day

One day lost.

This amount is
the fost of one
en tap
unng a day

1BMDEE. <
DOBEEH—DD
TEONSHNE
D=,

2,700 liter
tank

81

16.6 25
liter/min liter/min
1,000 1,500
liter/h liter/h
24,000 36,000
liter/day : liter/day
102 fi 3 /4_\] 1712 (|3 (4 5
516 |7 a 6 | 7| 8 9|10
9 11112 |13 | 14
Pacific-  Fiji-8 41
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From Mechanical Filter of Slow Sand Filter to EPS depended on |m°::“’;‘:,',?“|n‘;%,'
Ecological Function (temperature) EPSM&EDIGKESICEERTD ;

Wﬁ

‘anm climate region

Cool climate region
% ' UK original |
30 | ratein 1829 Present = x%dé"
- gzmz; rate 4 oW /L\
20 TRALVEE
e 8m/d) o™

10 |
{ V or tank
| ek -

10 15

Filtrate amount rate, m3/d

Present Fiji rate
(less than 1m/d)

Experiment rate in
Samoa (20m/d)

Natural fiow

SEH

Copth ; D75 m

83

Navolau
20150611

Lomai

Storage tank with
over flow function

Over flow
to keep
gentle
running
water
system of
EPS

_| Drain valve for
accumulated mud

! Inflow rate can be regulated and can be kept the | _ s\ﬁ
| running water system of EPS by inflow control } i

.-Sfor e ‘;E) Public‘
Tankg 40ilap:s
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‘h Bucalevu
. 20150618

EPELI Tk
@ : 8678871

Wo-I-Suva Forest Park’ 4. Nauso;\\//

Nasmu

r/-g ,@Suva /F

" Public tap
Fer vitagens

-School - drink 32 Ilten/ ude nt)
Public tap for villagers/~.
= drink and cook Iltgq"vlllager)

0 i (LN
Tap for> 1ap for Bchool
wIIagers e

Electiacota Tk 8812044
10 houses 40 persons in Ravuka, however
200 persons return back in holiday from town.

Matainadbi Existing storage tank and
Turaga Father of Tk pipe line were built in 1983.

20 m3 receiving tank, tank
cleaning: 3-4 months interval

One da water demand (drink and cooking)
60 persons x 6 liters (per person) = 360 liters
200 persons x 6 liters = 1,200 liters in holiday

1,100 liters tank is
enough size for Ravuka

Keep almost
this inflow rate
fo EPS systfem.

liter/min
l{ter/h

Storage

tank
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Tk Jonasa 9910847 There is a receiving

40 persons, 7 houses tank. _Inteyval of tank
cleaning is over 1 year.

This village is small demand due to small
population. According to “Practical Guidelines for
Rural Water Supply Management Plan, May 2012”

One day water demand Domestic consumption: 1,00 liters/person/day
(drink and cooking) LW

4_0 persons x 6 liters/person One day water demand (all use for villager)
= 240 liters Nvillage 40 persons x 700 liters/person

{/L =4,000 liters /village
1,100 liters tanks

are enough size
A for Naua.
N Keep Double rafe
[ oo | In case of the worst almost info EPS is
condijtion, larger size of || thjs inflow | ( l : over the all
fanks are recommended. || rate or " LK demand.
less into | We can
EPS. cover the full
demand by
‘ EPS.
0.83] 1.66
liter/min | liter/min
907 100
liter/h liter/h
1,200 2,400
liter/day | liter/day

DRUGA Tk 9941046
250 persons, 37 families

Spring- - - - Storage Tank - - -village
sufficient supply (Old, broke)

spring _ Ojy,
el Pivey,

ta

ok,

village
S 4

Beside Tk house

Enough pressure

Turbid water (ca 30 ntu)
Due to yesterday rain

NARAVUKA-1
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Check main pipe line and valves and
water pressure.

No water near the church.
But, he said “sufficient water, and
always”

We check the water pressure of the
taps by our side. again.

Tap near the pipe entrance to the
village is looks like enough pressure.

v

b A M

Water committee controls these valves in order to supply the water to
each house block. This means water pressure is not enough.

We found it is necessary to set a new storage tank in the center of
this village to keep water pressure at the end user of the village.

Check main pipe line and valves and water pressure.

Where is the suitable place in this village? If EPS is installed in this viIIage,

1 ] water shortage will appear at the
end of village. EPS requires the
running water condition.

We conclude : EPS should be

| installed after the build of new
storage tank in the center of village
to hold the water pressure.

We check the influence the pressure by valve control.

Nabavatu, 2015-6-20

Divisional Engineer Northern already
started to construct EPS at this viflage.

Small Balance
tank (ca 300
liters) with over
flow system

¥
; Drain valve for
““““““ accumulated mud

Over flow to liter/min  1.66
keep gentle liter/h 100

running water :
system of EPS liter/day 2 400

o tap .
. 4W| s Water demand per day This inflow |
o Drink only: rate info EPS |
= 2 liters x 400 persons | /1ust be kept
= 800 liters/day for running
Drink and Cooking: water system

of EPS.

FPuiictap = @ liters x 400 persons
= 2,400 liters/day

This viflage has not enough amount of water. “Water source is
limited. We have fo keep iap close always. Save the water.”
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Spring . - T e R, < A Water demand per day
on i 2 - Drink only:
Receiving tank Gl | R : lemctj11 = 2 liters x 162 persons
) ks ank over =324 liters/day
4 URF is not % & Al Drink and Cooking:

required, due = 6 liters x 162 persons
Tk PITAE 9797207 Village to clean water =972 Iiters/dayp

162 persons, 37 families source.

o & @?ﬁ’ A
\l

Inflow rate
Plenty water into EPS is
in this village about this
rate.

liter/min ¢ g3
liter/h 50
liter/day 1,200

: Ty e T Ty
v r w02 k0 051 m 0 w0 w0016 M ow B OSw

©
=

_ Nasawana, 20150701

Source: steam, never dry

S}nall balance tank
(ca 300 liter) with
over flow function

Chairman of Brother of TK
Water AKUILA
committee 7433733
KAMINIONI ~ 7423988 LIVA

300 persons, 50 families

Small Balance
tank (ca 300
liters) with over
flow system

{vaveé | Drain valve for

accumulated mud Over flow to
keepgente | balance
running water
Storage Tank ystem of FPO ok '(ca
with bgall tap 390 Ilter)
— with over
‘entilation

flow
function

Pubtic tap
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- Batinivurewai 20150701

& URF and EPS 2,700 tank g .
: (e Y S| balancing tank

(ca 300 liter) with
j over flow function

8

rewai
L
Fathor of Tk (76 years old)
BERITITI BROWN
9641448
Son TK Wiliam Brown

Spring 150 persons,
fall 20 houses
+teachers

24 houses(Total)

.Storage:tank
with ball tap

And
public tap

93

=

Tk SANAILA 8222091
90 persons, 24 families

5m3 receiving tank
Plenty of water
Enough water pressure

Easy to install EPS
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‘Bagasau 20150702

54 Village under cloud on google map

,Tk SAILOSI K. D 9598871
= 80 + persons 27 famllles

vy
*

I 4

flﬁt‘g’r;gtzégm fark URF and EPS _ Small balancing

: tank (ca 300
= 015 arienc =R liter) with over

0.6 m3/h i flow functlon
14.4 m3/d

i

Epineri  Nina Losalini Tal’ISI

Maint- Treas- Ass. Secre-
Treas-

ainace urer tary
e 14.4 m3/80 persons/d

= 180 liter/person/d

Spring

-w.;.;oozm;'..'-.osl; o w001 u NG

Receiving tank

20 m3 _ ‘ '_ ..
2 liter x 80 persons = 160 liters/day = liter/min ¢ 83

Tank cleaning 6 liter x 80 persons = 480 liters/ day ... g liter/h 50

Once/month “fs liter/day 1 200

Vlllage Small size (300 liter) of storage tank 7 £

with ball tap HIOU TSI

s into URF:

: Keep half of
. . this rafe
Spring water

source is poor.

95

Nagigi 20150702

Time supply controlled by valve at tank
Close 12:00(mid night) - am6:00
Open am6:00 - amS:30

Close am9:30 — pm3:00

Open pm3:00 - 12:00(mid night)

METUI Iast Tk 9342823 mobile | Flow rate into tank

220 persons, 68 families 1 liter/2.5 sec
Stream = 0.4 liter/sec
. = 24 liter/min
2 Receiving tanks | = 1.44 m3/h
(10 m3x2) = 34.56 m3/d

Small balancing tank
(ca 300 liter) with over
flow function
Inflow rate info URF
Keep this rate

34.56 m3/220 persons/d
= 157 liter/person/d

Village

2 liter x 220 persons—=4440 liters/ day
6 liter x 220 persons = 1,320 liters/ day

Small size (1,100 liter) of storage tank
4 with ball tap.

INOSI Water
Authority
8423829

Sediment mud clean
Interval: 5 weeks
Max. accumulated mud: ¢
the ankle depth (ca. 7 cm)

liter/min " o g3
liter/h 50
liter/day 1 200 96
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Levuka
20150702

SIVO Tk 8453864 mobile
8207428 line
120 persons, 30 families

Spring
km Alwa i
P ys clean water during the year.
2 Recelvmg tanks 0.24 ntu, conductivity = 50 micro S
(10 m3x 2) . . .
There is no eye sickness patient and no
diarrhea patient. This is a healthy village.
Tanks (10 m3 x2) were set Feb. 2015. Tank cleaning is
Qver flow not necessary. The first cleaning was at the setting time

only.

Village

Over fl

I

Always overflow was observed from the receiving tanks. O

Village water is
already EPS water.

EPS installation is
not necessary.

BUKE BUKE Ass. Tk

Village Total:

20150708

construction

One day water
demand

New tank under
construction

360 x 6 liters

30m3 tank (1988)
Full of water

into EPS.

Miyako-Jima , Ishigaki-Jima in Okinawa and Ueda in Nagano, in 2015 by N. NAKAMOTO Pacific-

‘ ‘ ‘ and pipe | |
e . e under™

M G
w from tanks.

9774529 (Tk LUKE)

360+persons 32 houses
Center: 200 persons 32 houses

(drink and cooking)

= 2,160 liters/day

: Demand is this
, flow for a day.

This flow :
1.66 liter/min
100 liter/h
2,400 liter/day

Keep this flow

Fiji-16

) \ Water Several sefflements are focated
committee outside of the concentrated village.
AN . strea
Never dry, Tank cleaning
\i\IOPtE Bi interval: 6months P_restla_nt
estern Div pipe line
R e e IR A [ ) 30m3

{

St
Pl
31
3 Ui
S
3
i 2
s
=
=B
et
ey
=]
£
3
g,
8§
¥
S
;.!\.
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Nalevaleba
20150708

Tk NAIBUKA 9677612
Village: Total:
360+persons 86 houses '
Center: 200 persons 30 houses

Several seftlements are located
outside of the concentrated viflage.

D N

Receiving tanks were supported
, by JICA, 2008-2009 ‘

2,

Water chairman
ULAIASI VASU
Mbi: same as Tk

Water always comes.
Sometimes, water becomes
low pressure at the end.

Tap water becomes dirty after
heavy rain.

One day water demand
(drink and cooking)
360 x 6 liters = 2,160 liters/day

1

This flow :
1.66 liter/min
100 liter/h
2,400 liter/day

Demand is this
flow for a day.

¥ |

Q" strea
¥ Natawa 20150708 L Prosnt
| Tk MANOA 8708405 .
225 persons 50 houses New pipe line ™,
. Under
construction

Plenty of water, always:
Present situation: no receiving tank
New storage tank (10m3) and pipe
line are under construction.

between church
~__and community hall
New pipe line under process

will be allocated between
church and community hall.

One day water
demand

(drink and cooking)
264 x 6 liters ‘
= 1,584 liters/day

Keep almost
this inflow rate
fo EPS system.

liter/min ¢ 83
litet/h 50
liter/day 1,200

100 m

i
8"
3
S

2
=
8
1
L]
¢
i
¥
e

100
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Tk JOSEFO NAKIDA
8748456 (m) 6030154 (h)

_ = NaKoroboya
8 20150709 - 200+persons 40 houses
Turaga ESIRA VUDA

. 67ys

1 liter/4.5 sec
=0.22/sec

=13 liters/min

= 800 liter/h

= 19,200 liters/d
(19.2 m3/d)

= 19,200 liters/200 persons/d
= 96 liters/person/d

One day water demand
(drink and cooking)
200 x 6 liters

= 1,200 liters/day

i Keep almost this
inflow rate fo |
EPS system. |

083
liter/min i(

. 90 |
litei’h |

Tk ILAIMANOA 9054724
. 400 persons 75 houses

One day water demand
(drink and cooking)

400 x 6 liters

= 2,400 liters/day

rDemand is this
! flow for a day.

This flow :
1.66 liter/min
100 liter/h
2,400 liter/day

 Keep this flow
1 into EPS.

102
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7 R N

O A, & fo
o ) S
.y

Valukculs o

8
. =,

s
3 as® -y y
Lawoka \~

oo ol

Na|ser;elag|
20150709

ety sivito ‘f\),s,"), i r,—

s i Pacific.
GooglEihit s o tate

Base of
URF+EPS

Filipe (DWS Suva) contacted to
advise an additional small balance
tank after EPS to Western division
office after watching this site on 9
July on the way back to Suva.

Sou o £ e
AN k Filipe (DWS Suva)
contacted to advise an

Nalserelagr polie sl b

20150745l arer icring this e
& F¥7| on 9 July on the way

back to Suva.

Ba/ance tank
(recommencd)

Korolevy \

Starage Tank with
ball tap for vilogors

|

w Base of Bal@ﬁt::e "aAnk
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Tk Mario

J//é,/-\%f” 9818843
Tavua .
I \ 100+ (220 include
Vatuloul a
settlements)
a One day water demand
uNatiatal (drink and cooking)
2ark 220 x 6 liters
20 1&507 1 5 N\ =1,320 liters/day
¢ W
Eii | i(oriwouh i o
Keep small inflow rate |
fo EPS sysfem. o
Existing '
New storage iﬂ
tank 10 m = Small Balance tank
‘ (ca 300 liters) with
over flow function
| /“—1!5: l T, T,
Public tap Drain valve for >
accumulated mud Over flow to keep
gentle running water
system of EPS

Storage Tank with
ball tap for villagers

i i\ and can be kept the running

- water system of EPS by inflow
. control valve before URF

i 1 walching the flow into EPS.

i Stéra e Tankwrth
(1,50( ) liter) ball tap

Keep a/mosz‘ this inflow

RET
- liter/m
‘ rate to EFPS system. ”

50
liter/hr

7,200
‘ liter/day |

One day water demand
(drink and cooking)
500 x 6 liters

LUKE Tk 9665952
Nalide Village 300 persons

Valwoula

N a I I d‘l e Naituvatuvatu village 200 persons  _ 3,400 liters/day
oot \j.\ : 4 Total: 500 persons T
mem i I Demand is a litter
20 1 507 1 5 ' larger of this flow
! for a day.

Fiji

om0l

W 0020 m o 0510

106
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g hin Ravuama Koroibulooeka Tk One day water demand
o ST S ta\wjk' 844579-9329890 (drink and cooking)
ge - 300 x 6 liters

X
= 1,800 liters/day
\ Demand is enough
1 of this flow for a day.

Na/sautoka
201 50745..

S iSuvd

This flow :
1.66 liter/min
100 liter/h
2,400 liter/day

P2 1002 m &1 %G5 wODI 4 05

"U' . - wg,\
Karolevu |

Namaq,u,magua

Naslnu

201507 1 5pdd g

G ooq,le Lo g/ 4 Iveri Lavou Tk
"

22 Mapdata 215 Coogle Tems . 9084684

224 persons, 52 houses
Water Committee -
Meri Meli

Jute

Always, plenty of water

One day water demand
(drink and cooking)
224 x 6 liters

= 1,344 liters/day

Keep almost this b
inflow rate to e
EPS system. &
20

083 e

liter/min &
50 2
liter/h 5 é
7,200 v
liter/day i
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N a m O S i Antonio Tk of Namosi

6030520 Public phone

20150716 iz
500 persons 97 houses

Navunibau (neighbor village)
100 persons 23 houses

Colo-I-Suva Forest Park 4
a8y
S

Always, plenty of water

Total 600 persons Bott_ling
station for
Water demand Ir)neélga (;t;ée
600 persons X 6 liters
located near

=3,600 liters/day this village

Navunibau

a4
=
W

) : Inflow rate can be regulated and
i : can be kept the running water

i | system of EPS by inflow controf
5 | valve before URF watching the

: flow into EPS.

= —SSSSSSooo s

: This flow :
| 1.66 liter/min
: 100 liter/h
1
1
[}

e a1 12

2,400 liter/day

y Demand is 1.5
I times of this of
| this flow for a

109

FEan Nadakuni

oo Snaoniupai ) Mo V4 o
= 4 { 20150716

Matereti

Always, Water Water chair man
plepiv;of committee 6030627
water

300 persons 100 houses Water demand

300 persons x 6 liters
=1,800 liters/day

Of a1

This flow :
1.66 litet/min
100 liter/h
2,400 liter/day

| Demand is

[ less than this
1 flow for a day
into EPS.

3
3
T
Sid
..g'
! &
3 §
Skl
14
z
3
e
=4
é.
3 u
S
;4
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“@87.| Cleaner Water Project by EPS (Ecological Purification System: | oo‘
i@ Wise Use of Natural Phenomena) for Rural People in Fiji f

& ,/ Vai%al.gu B o Nabua

Natuao Savusavu l
o

2 % T T Confirated EPS sites from 8th June to 16th July in 2015: Northern (Ravuka, Naua, Naravuka,
= ; 73,%‘@ = g Nabavatu, Banikea, Nasawana, Batinivurewai, Keka, Bagasau, Nagigi and Levuka), Western (Komave,
ﬁ Ba \ o Nalevaleba, Bukuya, Natawa, Koroboya, Nadelai, Nabalabala, Nalidi and Naiserelagi), Eastern(Lovoni,
L4 \ S ity o "f’\;:» Toki), Central (Bucalevu, Soa, Bureivanua, Namosi, Nadakuni, Namaqumaqua, Navolau and Nagali)
Lautoka  Vatukoula | 0 ——
c N X e ,. i [}
NS LD
( N7 ASEY \
b I7‘\,A'.'\, - '
aulsland e ONad| o { = _f‘/ ) y = |;/(~ Reduce the risk to safe water.
Vertical Genfle Flow for o F J 1 D N [ 5 —zﬁ > 1
Small Organisms in Nature ( )T \ -O/ @ { === U A \ o /i
%@ @ w > o ) Py (2s) """" EPS Engineer Meetmg (Suva, Lautoka and Labasa) 2015 |
= i
r o 2
& 3‘ 5 Nausorl s O Tema
,o @,;;osma’,“/ ‘ ¢ % ' Jica Volunteer 'y, NAKAMOTO
is I De LoD B y i : beds
C@o‘\/}%} Food CQZ':. s B Rsal : de Fec? 0 Sl |Va> ] Jica stafr Hide EGUCHI g
> folet Pacific _Qul A «

Harbour/—{ EPS project started from Kolokolevu
W 9" < | and Navatuvulain 2013

Nagali village

20150714 construction started.
20150812 completed P
20150814 raw water introduced (filter run started)
20150818 villagers already drink filtrate.

Nacali & 2015575148256 881 ZE%&
8H14BEKEK (GEED e 8218BRIAP
(MEATERAKIEZE > TNTE. ZBKITFETE RN LK)

Navolau village

20150814 completed
20150817 raw water introduced.
20150818 Filtrate already clear.

Navolau & 20155881485
SHE1T7TBEKEK GED R8s
SH188%:8K. B&
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Statics of water supply in Nagano (2012) Nagano is

mountain reqgion.
g UBOESEDKERS  (2012)

FIKIMETTER, BKEDEE (%)
Ratio(%) of water supply by different system.

SHEBDM ARS8
Sterilize only RSF 50,522,000 m3/year

KT 00 T o
Special supply
agent for 134
authority

226,117,000 m3/year %

Large supply
plant (b & HEBD 602
ool Sterilize only (spring, underground

ersons ; ;
p <ub-Surfagewater) 36,989,000 m3/year
Small supply e
plant msxE ki i &
For 100 to | SSF, RSF Membrane
5,000 persons ‘ : ' ' ' ' ' l ' '

0% 10% 2% 30% 40% 50% 60% 10% 80%s 90% 1005 173

Collect natural spng water
, for public water supply

Non-treated
delicious water

NGBS TEMARDE
TS TiaIK

g EAIETEHELLLIK
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Miyako-jima is a risen coral island
~ where is quit different environment
compared with main part of Japan.

SH8EERY Y TJEODST. 8

Before 1997, pre- | 1997Eum?.;] !

chlorination was a BADD e sy AOALERFER TV,

popular treatment ‘ @ﬂ(ﬁfl& i S g T %

to Kill the algal ‘ SIEEE Cld Y

growth for WTP in | giigZ=iEnt P~

all over Japan } gﬁ"cangf;o 3 8.

After Mr Mltsutoshl 1997&7)% ;o

Tomari, managing SHEZE

director of Sodeyama 0)0 EER o

WTP, Miyako-jima, YR . &

visited to Nakamoto, KIFEENYS YA
/Shinshu Univ. in July | XchAR%E /-, | studied on ecological function of Miyako-jima

8, 1997, he stopped  FHR, . 4. ' wks. | made avideo on EPS function of

to injection of SKRHND _‘(g ___ Miyako wks and published a book. After that, %8 S
?e%ae(iev?;?gevlvrglcl). ﬁ%f&:f\ﬁ i ,f{?’ -, JicA tralnlng started. JICA made a text on web. R

As soon as the injection stop, the - CIEFRFAEILDES, Eﬁb\byj( ?g{ﬁ%?ﬂgﬁ‘

taste of tap water became delicious. §7_K7J‘ [BNLLBE] EED  wEEET4CR
Ecologlcal function was recovered nic. $¢7g§¥§7ﬁ)‘,ﬁﬁ§ LIEUIE, ?&Aﬁﬁf&*ﬁﬁg‘g %
I 5oLk JCAERY
I\ﬁﬁ EERRLUE,

1 Slow sand filtration: creating clean, safe water (25561
O MEZHE ~BRTHOLANKERST~ (2555

https://stream.jica-net-library.jica.go.jp/1ib2/08PRDMO007/index.html

115

The pre-chlorination was a popular gERINECREETD
Rainal A= treatment to kill the algal growth for U)IEtEIZKEPI’thTM
4 WTP in all over Japan. The close %o 7J<E%,m§tffb\0)
— the scum out was also popular. BE Do,
S Nopia Y coa s \ m
They pumpedupthe T ‘K%\ 3
underground water as water :
source. They could not flow
out from the scumout. Inthe — |
pond, algal bloom was so e
severe. The pre-chlorination =, 7= =<: \
was introduced to kill the ) B 5 o g
algal activity. Rt After the injection 19;;@“‘ New hard work ~ ZEDDE
stopped in 1997, IE$hEDS  raised to remove  SaTLVIE
RSN J T H LS the algae grew #h R floating algae Pl A
KB T, ERLECSOL | well in filter ponds. AEIC %58 B,
BAXEL SRUEDC. SR % But the taste oftap  L7es <5
ENETREELE, = water became [ﬁtﬂ(?_ B
— delicious. EPS =,
> functioned.
I:l DD 2 2 A 5 l-" l-\
TR, N h
Hardness reducing plant =
was completed in 1998. The recovery of the taste was
one year before the run of the
713995&'73@;{&‘@15% —] hardness reducing plant.
e KEROBNLLESEDIR, EEIEE \
Cenlsesse  ABESROSERIDIFRILE DI,

116
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Aifie
Bokit
2R
MR
Lipsc)

Jone (y XEEKIE

x~<§}!§/

(3.700m)

@o@Ccen

WepBRkit (PCY
-~ FRECKiE (PC)

(FAER S 18

g
EFAEATLR

HLEeRit (PC)
HLXAR, 78

KBS >
HMRIEKE (PC) (1.624m) BAREERKE (PC)

Miyako island is a raised coral island. There is no mountain and no SHEdERU Y JEOET. WEE<, JIER
river. They used rain harvesting and underground water. Occupied FRIE. FKFAE . m‘FzK?a:-ﬂFE L,‘C(,\l:o 77>(
government of US to this made a purification plant by SSF. The water UNOWSBUEL, BRSBMREERL I, #RK

2 : : : =) ENRAICEB LT
source of water purification plants is only the underground water which el L/L(D_CEED < = o
is hard water. And algal grew well. They treated algaecide. TUTREAIC L/_CEJIE%EEFE LTUE,

Hardness reduction
plant * i s

> 4‘7 25mx27 em(x2.6m)x7 filter pon 5"
23.7Tmx20.0m(x2.6m)x 1 filter pond

17.25mx27 . 6m=476.1m2
=n=t LohaY 73 (133 23.7Tmx20.0m=474 m2
Designed capacity (1 filter is spare) ZEEEETm/d
475mxim/d= 3,325 m3/d x 7 filters=23,275 m3/d
Water demand 400 liter per day per person = 58,000 persons
—ATH400U v B)LETDE 58000 ADIKEF
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Lecture

Sand is clear. On the sand surface and in the supernatant water, Many filamentous algae
and small animals are active on the sand surface and in the supernatant water. In the
water, this is not gelatinous and not slime. When we pull up this layer into air, it becomes
gelatinous. , BIESENTUVEL, KT ERORU BT He0
ARY =7\ ENDSEROETE. MBRICE>TRERS.
0 " P 'j ' NN :*, :/

Sand surface was
taken.

119

: B ‘ - a k ; 0
Fine sand. But this sand - ISz, CEEEREEEmELL
size is too large in NDE, EATERIARE,

comparison with
g

microscopic organisms. #
.

« Sand size and

microsc%gic
~ organisms

/S
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Sand is just habitat.
Sand size is not
i LA \ important. Large size
SEEN V’Tl- & /) of sand and higher
' flow rate are better
for organisms.

WEERC. EMDERHT, AES

SRR, AREBRRERNTDE
DRNEBICE > TR,

Natura! ﬂow

0@9‘

\Shallow depz‘h is better

R&moz‘e photosyntheSIS

FVKEDR,
FHERDBAICZOWELE, BFEER
(LBEIAVAREICIRDD T, [EHE LD
T, RIEFEEDDDTL), WENED
ZERREBIC U, WEBRBICLSFED
FEROMNEDICE > TRNBRIRICRD.

Super saturated
dissolved oxygen

at the bottom. DRI
Shallow depth
Aerobic condition for o\
small animals is the key. s ecram—

121

Sedimentation tank, mflow regulatlon system /—_\ ' i

Up-flow roughing filter

122
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. 4 sedimentation

Receiving well _ ponds

3 sedimentation
E ponds

e -

Ishigaki Slow  —|
Sand Filter plant

BIERKIR

Sedimentation pond
ezt 10.5m x 65 m x 3.15 m x 4 ponds
10mx40mx 3.15mx 3 ponds

@i Filter: 27 m x 17.6 m x 18 filters

Ishigaki slow sand filter: Designed capacity: 30,160 m3/d  &@zikig ?rﬂﬁ%a@ﬁgm

Receiving Sedimentation ponds 12,380 m3

well (residence time :0.4 day=10 hrs) Slow sand filters 2583t
27 x 17.6 x 4.08 x 18 filt

Bkt 10 x 40 x 3.15 x 3 ponds = 3,780 m3 X X x 18 filters
27 x17.6 =475.2 m2

10.5x 65 x 3.15 X 4 ponds = 8,600 m3 4752 x 4 mid = 1,901 m3/d
1,901 x 16 filters = 30,413 m3/d

Designed flow rate 4 m/d #®£3@=2E 4 m/d

LB
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Scraping the surface
HIVERO 1EZE

Ma'e sato reservoir

Mountain stream.

Shiramizu intake

Pump station for
underground water
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Yoshihara plant Designed capacity 1,040 m3/d (2 filters and 1 spare)

: - Slow sand filter
Receiving well | | Sedimentation pond 9.4 x 14.1 (x 4.0) x 3 filter (2+1)
8m3 347 m3 9.4 x 14.1 = 132.54 m2 (1 filter)
32 x 182 X 30 e ponds 132.54 m2 x 4 m/d = 530.2 m3/d
Residence time: 8 hrs o T :

127

NOSOkO pla nt Desig:ned capacity 1,066 m3/d (3 filters and 1 spare)

1 3.0x11.2x3.0x 4 ponds | ‘ Slow sand filter
| Residence time: 9 hrs ‘ 11.0 x 13.5 (x 2.4) x 4 filter (3+1) _
il i T | 11.0x 13.5 = 148.5 m2 (1 filter) =
148.5 m2 x 4 m/d = 594 m3/d
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depth is the

. - u key for algal
KEEEL | BEFRICREMEEE LTS, growth.

.‘ AT 4 S 3T

EREEDNT. BOXRET SONER ¥

How to reduce the suspended
matter without chemicals.

Drain off filter for scraping. Many fishes and mollusks are remarkable.

MOIOE, KERETHE, S<OROEFNEID. FAULCERDERCASTDEENN, I G e
Inflow mud does not enter the sand layer. Sand is clear.

£ W
1@ - =SS ~ D SUR E g

A >t

e

NN
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When surface
was dried, they
started scraping

Before the

surface was
L)&E‘u‘{zt\ 2%@ dried, they
Domoac | sorapped
Tz, REDFL
BIICEIDER
NETD,

S e
Scrape in wet condition
o TNDEICEIVERD

131

Natural delicious spring

water contains enough

amount c|>tf dissolved BREOS
oxygen. I 1S usually 3
sa¥e to drink. E[&@’%%
Al R
EEldzE,

Addition of oxygen: ’ BB 7S
Aeration is frequently used for @Ei@% ;l%j - TRk

treatment of groundwater (reduction NV TER [~ [ =
of unpleasant tastes and odors, ?%%tﬁ;’f@%igt

discoloration, precipitation of iron e

Ehnd, BRTER
and manganese). LSRN EL VO, &
by OV VARG
E=Nd,

Cascade
aeration

Heber 1985

Iron and manganese are BMAEAEDBE CAFL
oxidized and form nearly TUVEERDOVY VA VIGER
insoluble hydroxide sludge. {EENRBEOKER{ET
They can be removed in a MERICED, ZNITTER
settling tank (a coarse filter). EOIESB TIHRETED,
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2 —Mlllllllﬂlllllhlllllllllllllmllllﬁllllllllhlll[lillﬂllﬂh

~ Showerand cascade aerator
systems for low oxygen water

BEAROEKCE, B
(TPL—=Y3Y) DS
CRABARIMEE T B,

133

High concentration of iron and manganese in a tube-
well water was treated by a cascade aeration with
an ecological purification system.
HPKICERDY VHVDBINVRS, BEERIRIC Ly
BMREMS UVEDNEET D, :

| using biological activity of bacteria,
. algae and animals.
S C ——

Cascade aerator and
Oxidized by photosynthetic organisms

Shower aerator

e - — s —

Slow sand filters

' Filtered water
reservoir

2
*

Final treatment of slow sand filter.
RECERWNSBUNE
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Use of natural slope, drinking water could be made by EPS, Bolivia, 2008
BRORO0-TERMBL. HFPKICHOVYAYDBIVKEEPSTRRKEDL oz, 20085, RUEP

RICHDE Use of natural slope, pour in sand filter
Pump for groundwater and source water tank 3 gravel filters T ,,__..:;-F —

3&@@% i ' A Bomba manual

A ' fl’rlmelrohlnque I

L ok

Filtracién de grava

Filtered water tank
AEIKEFIKIE

2 Flmnon

- sand
| de grava.

es pueden venir

TR

After 4 days, filtered water became clear. AB%. KONEBIC. 18 Bk 8% W56%E
After one month, the water became %, MEKICENEER
drinkable water, in which coli-form bacteria RSB ENRETEE Volunteer JICA's report,
form was not detected. DKICIZEDTE, Horie, T. 2009
135
Underground water contains iron LAY RRYT « Vv HILIEHOH
and manganese in Jakarta plain. TokicEssovyHdvNes, HE
Well water was clear. But the KIERH EISERE. EBRIED B
brown colloidal particle was formed ~ <ICBEDRBOELS, IERIRO
soon. They could make clear water ~B2{CILET, %””?ﬁb@hﬁaﬂam
using cascade aeration system CEBENTELE
without any chemical reagent.
B 3
- %
i ,....i
L2g {
|
e )
>
~ Bekasi,
Jakarta,
Indonesia
1Y ERYP
v IE
Thy
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i Chittagong, Bangladesh

SRR ORI, 5 51 X

By Mr. N. Iwase

% : Mechanical SSF was used.
- - ‘: Underground water HHBIHE RSB THNTE,
In Bangladesh, surface water is Underground water contaminated with

contaminated by germ bacteria. must be oxidized. arsenate. i Rok(FRHIRICSE
NV 57 vy aTlI=EKIIBERE HTRKIISTERICAIET D, a=nTuLE,

g =35> \ sy
LR clieniEE. | recommended use of EPS using up-flow
i 7 roughing filter for contaminated shallow
=35~ lagoon water. | tried to eliminate herbicide
and insecticide.

BRENIE=BAMOKEWMET SEHDIC, &
BEESBEAECEL. BEFEEEAR

Faster flow rate is necessary EPSZE#EDIE,
to keep aerobic condition. i ——
it ) I | == Treated
ENAERE(SIFSH s A e water tank
IRREEIR D, g;l i L T
EL 3 i

—=—1]|Raw water
Ay v |
5

| -
= & ] ﬁ
Woer Twer —t
=i
Trested | t o
bt Bttt
Soprly
1 [ Treated water
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Reservoir, aerator, sedimentation (horizontal roughlng filter), then slow sand filter.
B = H%‘b"é?ﬁ = ME EBREE3E) = Epze B o,

Fi;)w rate is about 10m/d. But
deep filter (1.5 m) and frequent
scrape of 3 days interval.

2EEEILH 10m/d KEE1 5m
CEL 3BIC—EDHEIDEID,

| recommend them to keep
long filter run. It is necessary to
grow for the small animals.
BEMiEER T DRI DICERDIE,

3 BREENLL T DEMEFEDFE
[CHETHD,

139

Vartry Watemorké, Dublih, Ireland. VThe original scheme was
constructed in 1862, and almost unchanged over 150 years.

PAIVSY R« FTUVICIE182F[CERENIEHEEDBICLDE — . -
KIBORETERLTND, ] CLEAR WATER TANK (fiitered wmd]

L CONTROL
VALVE FLTER QUTLET WEIR

E TeED
s / e

RA' VIA‘ER

MD GRAVEL —
COLLECTOR DRAIN — =

Filtered water basin is open!

2B UEBORKIE. Z2—TY EHELD .
Brown filtered water : This is safe water
during 150 years.
150F™. BROREBKESLKUEERN,
Chlorination is necessary for rapid filtration.
BEVEIREDBICUEEE ST,
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Brown color water
contains humic substances
which are the €nd products of
decompose Process. These
are hardly decomposable matters by

biological action.

BEBOKICE, EMDEEREOREENDREED
BNEENTND, COBEDINER. £
Tl DEET SDISEE UL,

Color water is low BOD (Biochemical
Oxygen Demand) value but is high
COD (Chemical Oxygen Demand)
value.

BEOEKE, BODEYMEZHEERERE)
[EDIZNDCODUEFHBERERE) [FAREVN,

Biologically easy decomposable matter

BOD coD

Hardly decomposable matter

Humic substances are oxidized

by-chemical oxialze.reagent BRIEEBIES CORTES,
The oxidized matters may not SNEENTUEL. MFLEEIC
always safe for organisms. ESTREERBIRBEN,

141

2 Open filter: Algal growth. Production
GOVERED FILTER of food for animals. In open filter,
biological community of algae and
animals are active in the filier. Small
animals collect small particle in water.
Z—T V2B CIIREEWNE. S0
THOEEHNREN, Z—TViEEEhntan
TiEH, MNEmETHEI TR, @TH
RSB ERE LEaEDD,

OPEN FILTER

0 1 2 3 4 L] 6 7 8 9
Filter Run in days
Covered filter: no algal growth E\RE | SENEmTEE0,
—There is rare food for small animals. =gynEOT HHDEN,
—increase filter resistance : clog easily. =3zEiEiAr1EZ3, 3BE=,

Surface water of a river+ sub-surface water
(low oxygen concentration)

—j. S iy Up flow roughing filters
A DZFRAKHRTEK (L Ll
BEZEREDKOZTZIFND)

Up flow roughing filters

¥ ﬂfﬂ’.‘m.‘,' !

)

Miyako-Jima , Ishigaki-Jima in Okinawa and Ueda in Nagano, in 2015 by N. NAKAMOTO Aerator-6, Model-1 71



Small Ecological Purification system was set up at Jessore
in Bangladesh, in December, 2006. One day capacity is 0.5
m3. In Bangladesh, one person demand is 10 liter per day.

This capacity corresponds to 50 persons (10 families). Two
times of pumping up is required in one day.

2006F1 28NV I ST v Y a TNESBREEEF DI,
182E. BKIIHUBHDD, 18/ICO5M3. —A18
10Uy RILETBE. SOAD. 10KEDTE,

My student rebuilt concrete one. Plastic bottle was very SENRIVIY—TOv T

expensive than brick price. This was cheaper than TIEDBELTLNE, 52

plastic one. Handy pump was used to fill up raw water. FVIODREZIVIE &
R o o ]

& | Storage tank capacity=12td, R CO<BDIDEAEICH

[ Up-flow roughing filters (3 steps: G272 FERY T TRk
30X30cm2 gravel), TBEDICUIE,
' 40x82cm2:sandfilter, 50cm depth.

N A

ApamNapat Art Project (Mr. Sohei Iwata managed near Korcata in 2008). T DKE

w ) %
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OISCA Tokyo:
polluted water (Kanda river) — gravel —
gravel — small sand — safe water

ZA ZADOKRMEAIE. FFFUIERR « 188 DKER
KU 2BROEZE. B35BT, RTOKEDLS DI,

Sri Lank: three Up flow roughing filters — sand filter — safe
drinking water (300 liters / day). This water is the demand of
safe drinking and cooking water for 5-6 families.

RUSVAT, EOES
B, W3R T18300Uy
FIVOBRTIDKEDL D
| XEEF-IE, COEE.
5~ B KIEDDERRIKER
BCUBRKETY,

Wise use of natural
phenomena.

We can easily get safe
drinking water by ourselves.

BXRREDSVER.
MEBIE. BEICBDHT
§ TERRRKEDILDCE
NTED,
145
Sedimentation basin
HTw\
Flow rate is controlled to keep the
water level using an over flow pipe.
BRC. KEZ—RICUL. mEE—TICURL,
rain tap in
il case of filter clog.
146
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LRISIE5 4
Up Flow Zaughing Fiser

%co/ogfcal
Purification S ystemn

FZEE) §-1Porous pipe
TSNS 0 W SR

To keep continuous
flow by a small pump

S
small G“lmul

keeP out

Filtrate storage tank

P Filtered
keep out “water
dust and
light |
7l 7 Under drainage porous pipe
— ap, covered with mesh cloth.
Over flow NL
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Mr. Jinshengzhe,
translator of Chinese
version, made several
water plant in China in
4 2008 after the great
earthquake.

BN LNKDDLY
731 EPEEICEIERL
| CLhizEBESAlL
| 2008FEm)|IXHED
&I, m)ITEPS®DK
BRESRELINEAN TE
#=URE,

2008 10 180
10:05:34 M (¢

This is 30 tons per day.
Sedimentation, up-flow
roughing filter, SSF
BE30~>. M.
FEEES8. EPS

o — ]

1149
Raw water VLERE
~_ Settling box (BRasg -
~ —_ (over flow to keep KE%%) * ;
water pressure o F
) pressire] raEEsE  TOs
: q}f g gpuﬂo#/ EEibiE
e W & oughing Ecological
1 &>\  Filter Purification
= e Tank (down
53 4%: » flow)
Reduce 9 5 >°<b°o
hear | @tel o B B |
Sludge Xl = ;
drain valve © %o sz
Reduce sil!y partic!e [(EEyrEH1X]
W305xD440xHE640mm
Filterarea=305cmx44cm=1342cm2  S:EEE BEDTAZZE
S In case of Present Thames filter rate (40cm/h =9.6m/d) BEEEATAIE
i Filtrate/min = 1,342 cm2 x 40 c/h/ 60 (min) =895 cm3(ml)/min 1 2RO SiBKE
< — 7 Filtraterh = 1,342 cm2 x 40 cm/h = 53,680 cm3/h =53.7 literh 1 g3pS = BIkE
gilter aré>ka can be measured using a cup and is regulated  Filtrate/d = 53.7 liter x 24 hrs = 1.29 m3/d 180O38KE
y a cock.
SEREGDy TEERU TR, Dy o THRETS. .
£
Shallow water depth over . ThZ JEPTO
sand fs important to keep RERN kg ES
aerobic condition. - - - -
Passing time of water is unit | Simpson | English | Present | Experiment
shorter in shallfower depth. 1829 Filter Thames | in Samoa
Alnd Zigérer rflolt(/v rate is Filter
also better to keep
- .. aerobic condition. g | Elowrste m/d 2 48 96 20
o o7 Al cmh | 83 20 20 83
KDZTBIFETITEY ). WEOEEES 0% Flow rate in sand
BEEEEREC TS ST TE S laver (50% porosit cm/h 16.7 40 80 167
R S P:ssiﬁg ti:nz of1 r)r?
FJ(E% )‘I mODEEES’E sand layer hr 6 25 1.25 06
Passing time of -
%g;‘gg%}ﬁbggn upper active 1 cm min 36 15 0.75 0.36
150
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In Japan, river water gxTid. =& After heavy storm event, sy :
is usually clear and 3ok river water becomes dirty ig’%ggﬁgﬁ'f??@‘
small amount of water. B<KIIFE, and rapidly increases. ' ’

Clear and suspended
free water from spring
is found in a flood plain.

SARICIEBKRDSD
L OPAAN V=Y TAVIS
DR5NIE,

Vi O > 4

Flood water is dirty. There | ik LizkKlZE. SEHS
Light and small particle is huge amount of soil W, BEOERENST
which is not easily settled. matter from land surface. BERIFHRALTND,
" A1)
it A large amount of heavy and HKBEAEES <. SENBHTIE

large particles in a storm water. =< ASRMTFOEEES),

151
There were extremely small particles like BECOEMTROLIBNE, %t - J0
as colloidal particles in case of smail I’( P*ﬁ?@ﬁ%éd)%?b‘g“ Eorm
turbidity, like as less than 20 NTU. The 7J<U)I§':;é” B0 @X’S_Bﬁlél 4B§I;a'i 13,(179(5‘7[1
rapid settling of turbid matters was A 4B\§Fa‘31«){l7$lli>7t€$ﬁ¥*636 2. X
observed within 4 hrs. However, a large %Bﬁbi%@(at%ajl: <b\—
portion of turbidity did not decrease. ¢
Lt turbid water BEEDMNE( K
ol [ March18-19, 2008 | 20 NTUwater &&§Y Liohttubid D
—39—0 = =~ L 5m ;6-25cm —+—45cm -#-65cm . . turbid-ity . K] ;ﬁﬂ]lf_)\?lh
o 15 6% was settled. e =Y Lighf large portion ;g;ﬂAg‘g
(= ——l e — 1gnt: (=1 ]
= ! of light (A%
£ 60.4% did not settled | ; particle:
£, B Y D60 A%HILE B\ 39.6%"
= | I
i (;r urbid water after a heavy rain fall  FROEDCSEEDK In case of turbid water, a large | BEBEOKIE. BN
' ' portion was heavy particles. WFDEISHSB N,
) July 29-30, 2008
300 T = ; i [ 28.5%
-~ - —0-5ch —-25cm ——45cm -=-65cm Light particle
250 - |
~
I\ ~
200 o & imE .
Was S ~
150 |t > o
E —— -~ Heavy parficles rapidly
- — K‘N\E*:, 71.5% & settled within 4 hrs.
5 \ z %
£ 3 Heavy particle ¢
F 50 [-Heavy particle SL\HIF (S48
settled within 4 hrs_ RBMAIC S
0 | |
0 4 8 12 16 20 24
ii fe ol AN
Elasped Time in Hours | ¢ hrs. settling is enough. |  4BRIT+5
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Turbidity change from 1st Aug. to 24th Sept., 2008.

2008F8R218~0RA2480EEE(L

776
120 T —o— Raw Water —e— URF 2 —
i --8-- Settling Tank --a-- URF 3
100 5: —o— URF 1 —— SSF  _
5 i
IE 80 : 'I %Turbldrty changes of every step showed similar changes.|—|
i Every step had a significant removal.
gﬁm?gtﬁ)g Al = i :: _(BSSF filtrate was always satisfied.
scaleinorderto -2 - ]
make clear the 5 :ﬁ [\ K
removal rate from F 44 s
raw water to SSF H
filtrate. R i
ZihEEEX o 3 = PV
TEUEXHBERET Z e o o
=T EEDES B e o R e S
DODOOT N, S S
2 2
1000.0
Sl EETLI SR TEE. e Raw Waler: =~ URF ¢
furbid water o ERETERESRENE, --8-- Settling Tank --s-- URF 3
ol be 8 . | DEKIBREEE, —— URF 1 —— SSF
treated to > R
acceptable S
level of - X
quality by this ™~ 6o 1Mea \ v
system. 2 : v, s-ag o
7 =z a-a-é J=)
Y AN S > ,n R/
BEOKTE 5 10 @euoinotisA ¢
EEYDE 'g A\ 8 S %
BICTEE, = N - h v’ ; 4 : 4 c ‘27 ‘A Somme
el < © — — © <
ggg%g:ﬁﬂ:ﬂamn:&m%zgsggggqggg
S EEEEEEEEEEEEEEEEERE R
~Y S8 S8 K8RESEREEREIRERTSYSTEERIERERRKRKERER 153
http:/# ; li. /02_1-2.html - i i i
S Nty . lote cop/engiehy | [ Tust Paprfor Gener
Suncoli bacteria test paper . @ i Bacteria/Coliform Group
Viable number of coliform group bacteria test coliform group bacteria and
paper and general bacteria paper in water are coliform bacteria by UV irradiation Atfter one day incubation,
easily counted by this pater. ' blue colonies develop.
) epeVEEPNEEENZIEERY  These colonies are
general bacteria paper égl 1§];o%$§ U Coliform group bacteria.
L And under UV radiation,
Py 3 e ,\ AZE100KA 5“” gﬁm*:,sﬁ;??é;%gj’” -t luminescence colonies
s s HEIsHTARGE: & are Coliform bacteria.
i J ’ RIS : 35~37°C24R 1]
i s ks — 18B&E. 8100
IR EERHEE.
ki FMNEERSFITDER
After one day incubation, pink [ d WEZTRIONAESR,
colonies develop. These colonies
are general (total) bacteria
il:[/\jD_ H—fe (23 958 @0Dip it into the sample water
I ] i 7 = no
You can incubate at room
temperature. Development speed
relates with temperature.
HMBOREREILRECERTD. OM ket
e 5 g Dip itinto th le water, pull i d shake off the extra water.
EMECI‘D [/E[/\" f;‘t":h- pinch ‘;‘;{“{P of g:’a:(::;?he Bsiplc iz Pu‘:u:cm sfmplccs:czpp:;:z(op:’hc:q‘,"af,'s peo:ch.cuf:huca,ﬁm ion line and
it papér ant take it throw away the top.
®@ ®
We can use this ®
cheap UV light
(Magic light pen).
100yen+tax
B3N =} Y
= = \|lights7/
ﬁiﬁﬁg@fﬁﬁl Push the air out of the pouch. Then seal the Put It In a thermostat and incubate it at
Uhsge fastener. 35-37°C. Count the number of spots(colonies).
Coli form Group* **15 hours
General Bacteria® * *24 hours
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Gabriele Heber 1985: Simple Methods for the Treatment of Drinking Water

Turbidity, Average | E. Coli

Processes and Combinations

St s Mtk fox the Values (NTU) (MPN/100 ml)
Mf’mt of Deinking Water Upto 10 10 | No treatment necessary
=4 10 100 | Only disinfection
a8 100 1,000 | Slow sand filtration
250 1,000 | Pretreatment + Slow sand filtration
250 10,000 Pr.et.reatm.ent + Slow sand filtration +
Disinfection
Two pretreatment methods: e.g.
sedimentation + coarse filtration or
1,000 100,000 | coagulation/fluctuation + sedimentation
Subsequently: slow sand filtration +
disinfection
100 2.000 | Rapid filtration + disinfection
Pretreatment + rapid filtration +
1o0n 3,000 disinfection

Acce pta ble Risk httpz//www.cd3wd.com/CD3WD_40/CD3WD/WATSAN/G13SIE/EN/B973.HTM

Table 4: Treatment processes and s .
combinations as a function of turbidity and Eﬂ@@@?tﬂ%
E. Coli count in the raw water. Additional HEIETE © BERE
aeration generally helps to increase the FDEH, BN
W Wwater's oxygen content. The turbidity =3 VIEED D,
| values refer to the contents of settle-able SBE S IE Y DIBE,
and non-settle-able substances. The choice k25 -\ BrEECIEFS
of pretreatment method thus depends on 5%})?5 2
the type and composition of turbidity. :
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Ecological Purification System is Simple Technology for Ours.
EPS £ CELRIELDIEHDBERFILE

Slow means “Gentle for organisms”.
Slowld: {EMEFEIC DS ULV ORI

Uniform Fine Sand is not necessary.
Sand is just habitat for organisms.

E—DOWEHNRTR0Y, INIEBITIERER

We can construct by ourselves.

MWEBIEd, BEDSTERTED.
Water company does not like this technology.
IKEERIS CORAMIEIF IS0,

“This is natural filter, behind is commercial filter”.
CNETFaIINT v IS —, BAEIV—I v I 1 )L5—

Don’t believe propaganda.

F e R

Bz ER UL

Clear=Safe?
SNWEE=E"?

B Why chlorination is

necessary ?

T, \BENUERD?
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When the raw water is suspended free and
d water temperature is over 10 degree, the
filker does not clog. Biological community
can actively work under this condition.

BODEL, KES1OEMEES. 3EmEL
BND, BIDERDEMEEN,

£

Nishihara purification plant (Suzaka city, Nagano) was builtin ~&ERAHET AREFKE (2006 (Ef1 8) 28
Feb. 28th. 2006. 288%T) 320038 (2BO3BUSSHETE =
Two filters (area of two filters = 183.6 m2, one filter size: 6.8m 1850 M2 THBOAREE © 68mx 13.5m (x 2.7ml

— 7 A / 4
x 13.5m (x2.7m)=91.8m2) produces 881.3 m3/day in case of  umamis o mmesorono GEWE

4.8m/d (English standard rate). 710 m3/8 (B£3BEEIOm/BERE) , —A1
This plant can cover about the one day demand of 3,000 H300U w kb, E5E£FDE. 2:TI000ADDK
persons in case of 300 liters/day/person. BREICHEETD,

When the filter clog, the surface of sand layer should be SBME (BN EN'S) L/f’_iE;: ﬁ&%ﬁ%@féiﬁjw
ik it RMOREEOEHEED, LD L. CORKBO2:8iIE

scraped. However, this filter never clog from the beginning BT L TCHBZBEELED >, ZNELUOBRENS

(Feb. 2006). The raw water is suspended free spring water at ~ pEkNFEKTEOHERC . KEEZIC10EM T, &

the foot of mountain and water temperature is over 10 degree. IBEIR(CEETE/E, 157

& "Yf\n "‘ g3 5 A
10.Activety depend on [l 11.Pass time is 1 or 2 minute
Temp & Radliation..
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A 5% Slow Sand and Alternative Biological

Ecological Purification System....Smart Technology

Ecological Purification System (EPS), so called
Slow Sand Filter (SSF), utilizes an ecological
process. The name of SSF came from the
mechanical filter through a sand layer under the
slow filter rate 4.8 m/day (20 cm/h). The real
purification mechanism had been not clear for long
fime since the system developed in the United
Kingdom in 1829, but it was recognized to be an
ecological process in the 1990’s in Japan.

Algae and associated microscopic organisms
which grow on the surface of the filter sand purify
the impurities in the water, though some people
might think algae can cause odor problem. Algae
produce oxygen by photosynthesis and absorb
dissolved nutrients such as nitrate and phosphate.
In addition, filamentous algae trap particles in the
water, and the associate organisms decompose
organic matters; and they trap and graze the
suspended matters. As the result of ecological
process, undesirable impurities such as turbidity,
pathogenic bacteria, other organic matters, bad
smell, iron and manganese are removed effectively
from the original raw water. EPS seems to be a
primitive low technology but this is a wise use of
natural phenomena. This is a real smart technology
for our life.

Miyako-Jima , Ishigaki-Jima in Okinawa and Ueda in Nagano, in 2015 by N. NAKAMOTO

Filtration Conference was held at
Nagoya, Japan, in June, 2014.
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EPS from Japan to the World Wise Use of Natural Phenomena for Human Life.
BADSHRA ____ Safe and Delicious Water by EPS, Our Technology.
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Ecological Purification System design Village population: 100 to 500 persons P
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Ecological Purification System design

Storage tank 2, 700L

Air vent
25

mosquito nesh

EEUCH (I & NAKAMOTO, JICA 5 LY 2079

Break (siphon & air binding

1mosquIto mesn \

 Qutlet Il
additional storage tank

Balance tank 300L
Overflow

«z Overflow

Gate valve J
N ;( seal
Valve

Village population:100 to 500 persons

Break (siphon & air binding

mosqito mest””

Window & mosquito mesh

Window & mosquito mesh

219
450
ot Sy

SRS

o 00

?{f [elele] %
S o (% %\ ) C.uJ
o ° ood |\

b 00 7Y

S0 @

So0 00 o0g | ooog

o ©

7 ver flow § Glog indicator

Drain valve

lravel & nosquito mesh

Flow control valve

Smal | village less than 100 persons
1, 100L tank, 1inch pipe, base 1, 700m

\[ (RF 2, 700



Ecological Purification System
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Ecological Purification System
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