EPS4 Part 13. Miyako-Jima to Samoa
https://youtu.be/SkKZm5al9Tk

JICAEPS Training started | _[Part13.]
from Miyako-Jima, Okinawa. -
EPS is Wise Use of Natural
Purification System.
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EPS4 Part 15. DO is key. Smart Technology.
https://youtu.be/m9dPcAJAfg4

EPS is Wise Application of
Natural Ecosystem.
Key is Dissolved Oxygen.
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delicious water.

EPS4 Part 14. Ishigaki-Jima, warm region
https://youtu.be/ZQbd7 VZ0OZg

Southern most Islands in
Japan. EPS training in :
Ishigaki-Jima, Okinawa. e 1108

JICA EPS training in
panded

There are mountains and dense
forest in Ishigaki-Jima island and
in Iriomote-Jima island.
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JICA EPS Training started
from Miyako-Jima, Okinawa.
EPS Is Wise Use of Natural
Purification System.

19 9L Refresh

Part 13.

Water Supply Management
and Ecological Purification
System.

20 slides: 141-160
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\Water vapor transp

Precnpltatlon

Transpiration /——\
dd /{ a2 ]
Evaporation - \

QOYO, We use natural
O Q’QOO purified water.

Rainfall

In case of We store the natural

mountain area, spring water and use
we can find a for water supply o

good quality of system
spring water. : _ |
In case of island, there is

freshwater in the underground.
We can use this water. -



Where can we flnd Clean and Safe Water in Nature

FI I\\J\L\l | Sy Vapor:
PR O SR, distilled water
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These waters by natural purified process| %

are always clear and;safe to use.
l

In mountalinous
country, many
houses are
scattered on the
slope. They use
natural spring on
the slope.
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W TN i Porous pipes were placed
Water sour C@J or Akan water works, - under the gravel bed in a

Hokkaldo,-Japan B R river. Almost suspended

L
&
¥ d -

S e - free water Is taken for a
| B slow sand filter plant. This
IS an intake of an artificial
subsurface water.
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Ueda city is

| about 200

¥l km far from

2 Tokyo and in
2 B mountain

area.

Japan is an island country surrounded by the sea
and has many mountains. It rains on the mountains.
There are many forests and many springs. Its water
is always flowing into the river from the mountain.

R
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a W ’ ' Fukuoka" \Q \_,,,
= ,gKumamoto "-?f’é”" i
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( Q F ‘ r et Kagoshlma Ml azakl < ’ ,
| N IStIChinalSe // )
~ _ JICAEPStaining started oo ¥
i e

n Okmawafrom 2006. &

Okinawa countries are surrounded by
750 coral reefs and warm currents. The
& // Okmawa%}', climate is similar to tropical islands. In
Ashigek M Y = % Okinawa, there are no large rivers, and
\\:—“ Lt Miyako- & most of the groundwater was hard water,
Ishig;k-i—’pma jima Island SO I'[_IS difficult to obta_ln good quality water
that is soft water. Until several decades

ago, it also used rain harvest water.
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Miyako-Jima island is an uplifted coral reef island where is quit Rainfall
different environment compared with main part of Japan. Area of
islands of Miyako-Jima is 204 km2, population is 55,000 persons. Warris/

.
-
s, .
........
...........
....................

Before 1997, pre-chlorination as algicide to receiving well
was a popular to kill the algae and to stop the algal growth
in all over Japan. This is popular for Rapid Sand Filter.

Mr. Mitsutoshi Tomari, managing director He stopped to injection of
of Sodeyama WTP, Miyako-Jima, visited to algicide into receiving well.
Nakamoto, Shinshu Univ. in July 8, 1997. |:> As soon as the injection stop,
Nakamoto explained about the ecological the taste of tap water S
purification system of slow sand filter. became delicious. 8
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Sode-yama 17.25m x 27.6m(x2.6m) X7 filter ponds (17.25m x 27.6m=476.1m2)
¥ - 23.7m x 20.0m(x2.6m) x 1 filter pond (23.7m x 20.0m=474m?2)

Purification | . _ N .

p| ant Designed capacity (7 filters, 1 filter is spare : 8(new)+1(old)=9 filters)

475m2 x 7m/d= 3,325 m3/d x 7 filters= 23,275 m3/d
: Water demand 400 liter per day per person
/ 7 = 58,000 persons

Miyako-Jima, Okinawa

P ‘ g Receiving WeII (v ¢

Hardness
reduction §
plant ‘

2021-2025 (4 yrs) a, SAGSE
e Refresh Hardness : A .\\\fﬁ‘lo o

And an additional one filter was built.
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In the filter pond, algal bloom was The pre-chlorination was a popular
so severe. They could not flow out treatment to stop the algal growth for
from the scum out. WTP in all over Japan. The close
the scum out was also popular.

They pumped up the H —h
underground water J ﬁ

After the injection
stopped in 1997, the
algae grew well in
=».;v  filter ponds.
’ Filter pond  Floating algae™
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Bl : i N B |
DD [\ . EPS functioned.
' ' The tap water
Hardness | __ The recovery of the : became delicious.

r?ducing 5555 » taste was one year é”
plant }Nan —] before the run of
complete w == | the hardness \ )

In 1998. ‘,:}eg;» reducing plant.
it 149




SUN LIGHT .

Photosynthesis w Growth \xw
Oxygen New Cells
Psé\«(\\a\\(/ ALGAE \proo’uct/on
CO;
Minerals 02

4,/.

oe,

% ;

, \,\ : ,/c%zys%mpmn
Heterotrophic

‘_ Orgamsms = organisms

New Body Growth "% Decomposition From bacteria

TEMPERATURE to small animal
Due to active photosynthesis, water shifted to high pH.

Ay R
7 X1,
ﬂ Do/\\\‘:,?

Foo o i __§ . L _ .1

1 3 5791113 13171921 23
AU, KIRIEEIEZE(1979)

¢
I_ carbonic acid bicarbonate n::arl'J-r:u:rl.atE2
. -|.- - -
mestone:CaCO3 €O, +H,0> H,CO; € H' + HCO;y €= H+ + CO;
Photosynthesis g o0
6CO, + 6H,0 > CeH,,05 + 60, S w0 -
carbon water P glucose oxygen ¥ T
- - .Resplratlon . § 40 -
Biological softening happened g 2T y
In active slow sand filter. 45 6 7 B P 0 W 23
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JICA EPS Training started from 2006 in Miyako-Jima
Island, Okinawa to Pacific Islands and Asian Countries.

5 AN s <

§ BLLLKD £ B ey

K oZLUHF Que&m »afe and Delicious Water
D EWHEE — RATBLLLKBXSEDFUDFER

Oct. 2007
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£ q_- - .,')fn/o'mte. 3 A L =
14 & d he1and elrface featsuipiaster.than the sea

| = ,
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Nakamoto published a [
manual in Japanese with™=
English summary in 2005.

= Island from 2009.
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AN

= Running moae ecture

— :

Sand is clear. Algal mat is just

== laid on the sand surface.

M’c‘@l‘%"':i'” .' £ o . | ——.

Sand surface was
taken.




nd between
maller than

Sand size and
microscopic
organisms
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Aerobic condition“forrsmall*'an‘imals IS the ke

Natural ﬂow

Sandisjust
‘L“‘ habitat. Sand size
IS not important.
Large size of sand
and higher flow
rate are better for

~|mportant ' Large size of sand and hlgher flow

aLate age\b\etter for organisms.:

organisms.

Super saturated

dissolved oxygen

at the bottom. SECLIN O] e

Shallow depth

Active photosynthesis by algae )
and aerobic condition for small o ©
animals are the key. Deep depth -



~ Aerobic condition
| ‘In the sand layer
NO scum out

Heavy algal growth
DO Risky Fluctuation ~ SOlOW flow rate

Consume up DO

Anaerobic condition

DO concentration

Bad smell
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Aerobic condition is essential for biological act|V|ty

DO Normal Fluctuation

DO concentration

Day Night
SUN LIGHT u

Pho!osyn!hes:s

w Growth \

on ABGAE Oxygen New Cells
s\“‘\\a“ ,Oroduct/o,;

ps 0

Minerals - 02
e,
'9/
?‘9’0 gﬁlys%mpnon

Heterotrophic
_ Organisms + organlsms
New Body Growth Decomposition From bacteria

TEMPERA TURE to small animal

DO Risky Fluctuation Surface Draln before
scrape the surface.

_ Over flow

DO concentration

o) .
1} Day Night

£ i8St oW Rte Over flow: scum out
< : Fast flow
§ outflow Inflow
S A :\ ] —
. : Delicious
- ]
o o filtrate
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Surface Loading Rates for a SSF at Ashford Common during April and May 2006
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| @ 1he filter rate was
= 2-3m/d (10cm/h).mp 4.8 m/d (20 cm/h) mm)

38cm water depth

World wide English
Standard Filter rate

Aerobic condition is essential for hetero-tropic organisms in the sand layer.

200yrs ago
Faster flow rate is better for small organisms in the filter.

The filter rate of 0.4 m/h (9.6 m/d)
Is adopted in Thames filter plants
in London to escape oxygen drop
in filtrate during the night time.
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Aerobic condition is essential for biological There is down ward current.

activity. SmEg?, ver

flow
Scum out

Raw water

Filamentous f 4 -:f__.,,,{\".-_-ﬂ”_ % o ° = Hproduction by
algae ol K AP L i

Diurnal change of

= s> (DF :
= ¢ dissolved oxygen
C02+H20 o CH20+O (DO) was measured.

40% Partial pressure of oxygen in bubbles
29??DOOCI)CIDOC>00°29% was also measured.

-
16 — 200 r-

& S ‘ '° Concen- | s % Saturation
D o | . tration o 1% )

> E 10 c 120

O c S 100

T8 © o

2T « 2%

o€ 2 <U

8 § 0o A n—_j 2 3:

5 cC 06 12 18 24 06 12 06 12 8 2 06 12

S Day Night  Day Day Night  Day

Soon after sun rise, DO in filtrate Even after sunset, DO in filtrate
was rapidly increased. was super saturated condition.

Algal photosynthesis accelerates purification process. -



Sedimentation tank, inflow regulation system -~ S |
Simple model of

' Sedimentation:te Ecolglcal i Y1 d

up-flow roughmg

filter, -

and slow sand fjlter

Up-flow roughing filter



Settling
tank

Even the high flow rate, '
the filtrate is good. :

Roughlng.Fllter— 2 delicious an;j
(gravel tank) Up-flow | &, ke e safe water o
Roughing Filter Bacteria free

I Washing beach sand
using mosquito net



Southern most Islands In Part 14
Japan EPS tra|n|ng |n gr;gtsr?mgicalPurification
IShlgakl—Jlma, Oklnawa. 20 slides: 161-168

JCAEPSmaiingin T . There are mountains and dense
to Ishigaki.dima %4 s forest in Ishigaki-Jima island and
In Irlomote-Jima island.

AT i sland
Ishigaki-jima jima |

Island

Ishigaki
island”

Mm%_‘ A /
i 4 . B 161



|
Receiving
well

Sedimentation
ponds

4 Sedimentation ponds
10.5mx65mx3.15mx 4 ponds

18 Filters:
Each 27mx17.6mx4.08m

3 Sedimentation ponds
_, 10mx40mx3.15mx3ponds

Sand wash yard

Control Filtrate
building tank
—1 .

Residence time of
sedimentation ponds:
0.4 day=10 hrs. in
manual.

—_— —

!
| t.&&___ - ]

mmman

Heavy suspended matters sink down to the
bottom. But fine particles do not sink. And
surface water drifts near the surface and
passes the sediment pond. This means
residence time of near surface water is shorter

time than the manual.
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Ishigaki plant capacity: pesign capacity:30,160m3/d

Slow sand filter: in manual. ‘
4Am/d : Design filter rate in manual. Water supply per person

Each filter: 27m x 17.6m = 475.2m2 0.3m3/person/d=>100,000persons.
475.2m2 x 4m/d = 1,901m3/d 0.5m3/person/d= 60,000persons.

2 filters are spare use.



Shallow
depth is the

- —an key for algal
| explain importance of depth and flow. growth.

. i

How to reduce the suspended  [@ e ' "
matter without chemicals. AR N

e
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Designed capacity 1,040m3/d
(2 filters and 1 spare)

" Yoshih

il ——

Sedimentation pond:
3.2mx18.2mx3.0mx2ponds

Slow sand filter

9.4mx14.1m(x4.0m)x3filter(2+1)
9.4x14.1=132.54m2(1 filter)

S 132.54m2x4m/d=530.2m3/d

Nosoko plant
Designed capacity 1,066m3/d
(3 filters and 1 spare)
Sedimentation pond:
3.0x11.2x3.0x4ponds

Slow sand filter
11.0x13.5(x2.4)x4filter(3+1)
11.0x13.5=148.5m2(1 filter)
148.5m2x4m/d=594m3/d

| explained
role of small
organisms.

| LVatlll" al zO;/
DoO
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Scraping the surface at Ishlgakl plant

In case of surface
water intake, muddy
materials are easily
accumulated at the

— Sand is clear. We

“ need not remove all
1 of the biological

J active layer.

. (F€gion.

surface of sand filter.

Blolo%|cal act|V|ty
IS high Iin warm

Muddy materials are
trapped at the surface.
Sand is always clear.
Biological community
works near the surface.
There is food for them
near the surface.
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Drain off filter for scraping. Many fishes and mollusks are remarkable.
This is just natural ecosystem. RS '

Inflow mud does not enter the sand layer. Sand is clear. = ¢ e .0
v Y S S T et

3 2 ' : \ - v'__-"_'. ‘

Grazing Activity s [ = S SRR |

2l high inwarm r

7 1L ] TR L.

egion.

€ s ST




EPS is Wise Application of Part 15.

Water Supply Management

N atU ral ECOsySte m ] g;gtsﬁloqical Purification
Key is Dissolved Oxygen.

R~ 0N —1

Ecological Purification System

for Safe Drinking Water

- Application of Natural Process -

Eco-friendly technique to make artificial spring water

NAKAMOTO Nobutada, Dr. Science

Prof. Emeritus of Shinshu University, Japan

- . .gp o e .
op my LA ST ~
T ,ﬁ ™ “hw 3 . e -:"\» —

Almost n chnge in dissolved oxygn. https://WwWw.cwsc.or.jp

Gentle condition for small organisms. ffiles/pdf/EPStext-NC-
2019.pdf

Brown

T d
Fig.0. Fijian EPS using rain harvest tanks in a village.

August 2018

Presence of Oxygen
is the key for
delicious water.

;;.‘-"’y‘u P
“Just filtered by Ecological'Purification
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¥ "y; *, .‘n..: [ ,y\‘ﬂ ¢

flush out by storm event

When plants and animals do not ~ Vertical current is gentle for
flush out, water is always clear. small animals on the surface

“slow” means “gentle for
organisms”

Algal activity reates
1o solar radiation-
Ca' s &' o &
QO Activity of heterotrophic
3\0085880 organisms (bacteria,
Qogo%&gl small animals) relates
02055 20 to temperature and
TR amount of food for them.

Small animals on the surface of
rocks collect turbid matters.

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




People pre»fer__%to drlnk
at,ULa.I 5p.rmg.m *

~

-

3 1; Ilke chlo inated,

This water is not guarantled by the authority. Is this water is safe? Harris 1974
However, people trusts this water. 171
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It'1s better to scrape
during wet condition
and short time.

r”«i’@ Ollgochaeta in
w{‘: to ) of sand layer.
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IS THE WATER Cl Water color is brown in the filter pond in Edinburgh in
SAFE TO DRINK? Cl - C H Scotland. Raw water comes from peat land.

Harris Report 1974 CI

{_

: a-v-w"b , -
M - 2 " < 2

FIRNRS R T

Robert H. Harris and Vartry Waterworks Dublln Ireland I could see brown water in open

others 1974 pointed out  clear water tank (filtrate water tank). They have served from 1860s.
the risk of formation of . . :
tri-halo-methane by Brown water is not good. This idea came from chemical treatment.

gﬂﬁm:f:' addiionof  Rapid Sand Filter produces Cancer Risk by chlorine addition.
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| investigated the seasonal change of
algae in Thames filters in London from
1994 to 1996, more than 30 years ago.

S —
A= 'llllll
| '
= =
Summer-Autumn  Winter-Spring »]London - 1994
. L B.F 9.8
> / (8] L e
g @ 15 A B
. (S 2 v 13.2 Ne
Melosira o° | S/ 5 1260
e S/ T w 1.1
I I : = X -8.9
[ - y “,v". a . Lo -
R ! i E s s Temperature of surface water
— = of reservoirs. Thames and Lee.
gela 2 L) T L T T T T T
//// e Midge larvae JEM A MUJ J A SONTD
0 Run Days 100 0 50

? Ueda, Nagano, Japan and
short filter run.

Diatom In summer,

green alga .‘ '

was observed. u ‘ ,
| - j Y s e < l\?d' ‘:\r
Diatom to Green algae in PR BTN AU SO P B S R
summer is due to grazing | noticed that this change from diatom to green algae is due to
activity. grazing activity. | confirmed also this change in Ueda. 174



SS free sub-surface water
is taken.

Turbidity is high and -
fluctuates in day time,

in fine day.

constant downward current
a g g 200
180
160
N o 1 2140
. ,_120 ol
Rees 2 .QQ'Q@ 0, Rict "’ o |
' o so
VUG (Bubbe

TN S e e - w P m o = 20

Bubbles

0

TIME IN DAY

-

< v "

" b r.
\\'_ / J://

Micro bubbles

Sampling ™ |

pump

Photosynthetic activity is
high in day time. DO
concentration becomes
super-saturation. After the
sampling pump, oxygen
bubbles form in water.
Turbidity is due to bubbles.



Diurnal Changes in Turbidity Meter Value and

Turbidity Dissolved Oxygen concentration in Filtrate DO (mg/L)
= 1 A e
008 ——D.0 Turbldlty i 18

0 e 00 s o S s e g v e A S ——— DN 80 Pt P 848 8 O S 8
3/1 3/2 3/3 3/4 3/5 3/6 3/7 3/8
constant downward current 303 [ L DO SAT
Bubbles are not formed In AN Meter ol 2,
in filtrate under the high 3 \ )¢ 1 o f N i‘f’jﬁ
pressure and gentle + TR Bubbles are § :g INELOW
condition easily formed E
' under super- 22 - :
06 12 18 24 06 12
Turbidity meter value is not equal to real suspended matter. satudr.a'te TIME IN DAY
condition.

This particulate by the meter is micro-bubble.



Coagulant +

Major turbid matter  Acvaed Carson

500 1

= in mountain stream __ |
200 o is easily set within  vaer
@) % several hours.
100 + = —_— " = . N
x - \:g r_' |- 1 Coagulation, Sedimentation
50 Al o S and Rapid filtration Treatment
J ] ‘A .:.":
N U) :..:.': a
o 20 AL

Coagulant+Chlorine SS passes by
Rapid Sand Filter backwash.

m
"o
A
Q

P o
= 9 2 degrees &
®) 1 4 Jap. standard
o -E E to @
02 outr® Ss

0.1 44 Recommended 25
0 O 1 [ to 0.1 deqgrees 5 %

i = =
1 = 0.L

Ny ‘51“ S ©
002 ) vgv»'.“:) '\,x'%i‘%"% CESJ
001 Jewey o~ 22 5
0.002 E’ S . §
0.001 -5 =y o s

0.0005 - 11 | Super clean

‘ i and delicious.
0.0002 Wk & m @ il

0.0001 § Artificial Natural spring water 177



10.Activety depend on
Temp & Radlatlon

ThIS |sSmart reatment System to make Art|f|C|aI Sprlng Water
by Eco-friendly Technigue of Ecological Purification System.




EPS for safe drinking water in arsenate contaminated Bangladesh in 2004.
B L | Surface water is polluted by = "' B 1

herbicides and insecticides.

e

Repeat URF to Sl
decompose P38 fislp
herbicide and

Mr. Kawahara asked me to teach him a
method to decompose herbicides and
insecticides that are difficult to
decompose in nature. Therefore, | taught

pesticide. ! !
a method of repeating decomposition
SUN LIGHT | ~ through fermentation in the lack of
otosynthesis | | \ M‘w .7 oxygen inside the fecal pellets of the
Photosynth GROWTH
- y | _’OW” R A biological community. | thought that one
aes™ Algae \mducﬁon ' time was not enough, so | recommended
o ALV repeating it four times.
Minergls 02 \ _
Py ™) = 2\ % Complete decomposition
"") oo’b// . Oxygen I I I I
o, . consumption %2 (Mineralization) in the faecal pellet.
" Bacteria ORGANICS . L
New Animal  CrOWTH Decomposition Anaerobic condition in fecal pellet.

New Bacteria 179



In 2008, Mr. Huo Dai Shan, Shenqiu county, Henan province, made safe drinking
water from contaminated groundwater under the guidance of Jin Shengzhe. Since
then, water purification systems have been constructed in over 40 locations.

oA !

groundwater contaminated with industrial wastewater.
: 2008 oer

Stora e for filtrate - —
Covered EPS f i
was [N S IR
constructed at ELDANIA AR

1 [ '\l‘ ' v
a school for ]3] = il
students and ARSI R ||
villagers in I EACIONYE
August, 2014.  [§ o e

0,‘5_‘.- . e® .abg ‘-‘{. H

@ pump up o Sl S



EPS-Use of Natural Process-Chemical Free : Gentle for small organisms

Reservoir

|
|
Up-flow ] Subsurface water

Roughing Fllter= Ecological Purification /’
(Gravel Filter) | (Sand) Tank Pl

| (natural down flow)” Storage Tank
~-=*" Over-flow to

~ (M keep gentle flow
A for EPS system
|_1

6’

Borehole Public Taps -
' Sediment heavy ) N
muddy matter F R e = U " W 2
« Complete “Store the germ , 'Project in Fiji provides
purification free safe & 6 litters/person/day
. .delicious water * |, For drink & cook

Smart Treatment System to
make artificial spring water
by Eco-friendly technique.

aerated water
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THIS Is FOOD CHAIN

(M) 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”.

(3) Slow sand filter has been believed that it was a mechanical filter with
fine sand under slow current.

(4) 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”.

(6) Recently, the English filter of “Slow Sand Filter” has been recognized as
“Ecological Purification System” in Japan.

Slow Sand Filter — Biological Filter — Ecological Purification System

English Filter : Mechanical filter New Concept and New Name
Short time work  Long term action
o wk \\ &‘y‘( oodchan ~ microbial activity,

*.,u 7 anaerobic condition,
P> -

fermentation,
decomposition of
hardly decomposable
matter

- > :> &.::.vp%
Animal %

Siesrent £osgne collection, crush, grazing, fecal pellet
producer, carrying up particles

in the fecal pellet



EPS from Japan to the World Wise Use of Natural Phenomena for Human Life.
~ Safe and Delicious Water by EPS, Our Technology.
& Slow Sand Filter S .

Ecological Purification
System

..') : DQ‘QLD Food chain

e Gentle for small

T g
emembér Three Steps

B 1 Knowing is NOT enough, we must APPLY
It to something useful.

rust Our Sensé! ' o i
super clean delicious water 2 WVillingness is NOT enough, we must PUT

y it into the PLAN and ACTION.

3. Putting the PLAN into action is NOT enough,
we must ACCOMPLISH the goals.
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