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A Study on The Sustainable Rainwater
System in Jeju

Park, Chang-myung.,

Department of Construction and Envirmental Enginnering
Graduate School of Industry

Cheju National University

Supervised by Professor Na, Sue-yeun

Summary

As shortage of water resources has become a world-wide
phenomenon, every country in the world is trying to find the
most efficient ways to utilize the existing water resources.

This paper aims to propose the sustainable design process
and strategies of the rainwater system which 1s suitable for the
environmental conditions of Jeju. The rainwater will be used as
an alternative water supply and promote development of ground
water then i1t will reduce the damages from storms and

environmental pollution.
The results of the study can be summarized as follows.

First, rainwater system could be used in every place of most



buildings. and combined with the grey water system, then the
rainwater system or reusing water system In connection with

biotope.

Second, design processes were suggested which are suitable
for both the case in which the rainwater system alone was
planned and for the case in which it was combined with the

reusing water system.

The case study was also conducted to demonstrate the
efficiency and feasibility of the proposed design process. In the
case study, all of the supply water except drinking was utilized
by rainwater, and the rainwater system was combined with the
reusing water system.

A plan to connect the system with biotope was also
suggested in the study. Moreover, detailed guidelines for
construction and maintenance management were proposed
respectively for greenhouses and residential buildings, rainwater
and reusing water, so that construction could be carried out
more efficiently.

The result of the case study shows that the design process
suggested in the research is very effective when applied to

actual construction.



Table Contents

Table 1 Planning Guide fOr Water Supply .......................................................................... 6
Table 2 Rainwater Quahty ..................................................................................................... 14
Table 3 Measument Results Of Water Quality(Japan) ................................................. 16
Table 4 Standard Treatment Process of Rainwater System wwweeeereeeerereeseneneneen 17
Table 5 Example of Rainwater Collection System in Other Region ««eeeeereereeeeess 25
Table 6 Example Of Tanksize ............................................................................................... 25
Table 7 Water Quahty Guidlil’le (Water SerVice Code) ................................................. 37
Table 8 Guidlil’le Of Greywater Quahty(%) ....................................................................... 39
Table 9 Regional Water Supply COHditiOl’l (2002) ........................................................... 54
Table 10 Monthly Water Supply Condition(xl03m3) ...................................................... 55
Table 11 EStemate Of Rainwater Use. ................................................................................ 55
Table 12 Subsurface Water USC il’l J'eJ'U .......................................................................... 56
Table 13 Subsurface Water Use in JeJU .......................................................................... 57
Table 14 Design Process of Sustainable Rainwater System in Jeju «eeeeeeeereereeseeeee 60

Table 15 Design Process of Sustainable Rainwater System Integrated with

Greywater SyStem .................................................................................................................... 61
Table 16 Description Of The Case Buﬂdmg ...................................................................... 62
Table 17 Fixtures il’l The Case Buﬂdmg ........................................................................... 64
Table 18 Water Use Of Agriculture in Jeju ...................................................................... 65
Table 19 Irrigation Effiel'lcy ................................................................................................... 65
Table 20 Water NeedS il’l the Case Buﬂdmg .................................................................... 66
Table 21 Flow and SiZe Of Supply Fitures ....................................................................... 66
Table 22 Fixture Coeffcient Considering Simultaneous Use «eereeereeresresneeeenennenes 67
Table 23 Slte and Material Of CiStern ................................................................................ 72
Table 24 Rainwater Plpe SiZGS(Vertical) ............................................................................ 73
Table 25 Rainwater Plpe SiZeS(HOfiZOHtal) ....................................................................... ’73
Table 26 Water Source Of Greywater ................................................................................ 74
Table 27 Greywater Supply for TOllet ............................................................................... 74
Table 28 Greywater NeedS in The Case Bulldlng .......................................................... ’75
Table 29 Tank SiZeS for Greywater System .................................................................... 75

_iv_



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Figure Contents

1 Reserach FlOW Chart .................................................................................................... 3
2 Diagram Of Rainwater Collecting SyStem ............................................................. 11
3 FirSt Runoff RemOVing SyStem ............................................................................... 11
4 Rail’lwater COHeCtim and Storage COntrOH System ............................................ 11
5 Rainwater COHeCtim and Perrneatin SyStem ........................................................ 11
6 Main Concept Of Rainwater System ....................................................................... 12
7 Design ProceSS Of Rainwater System .................................................................... 13
8 FirSt Runoff RemOVing SyStem ............................................................................... 16
9 Filtration Of Rainwater COHeCtiOn SyStem ............................................................ 17
10 ValVeS Of Settlng TaCk ............................................................................................ 19
11 Sand Fllter ................................................................................................................... 19
12 Storm Water Control System ................................................................................. 20
13 Diagram Of Rainwater FIOW ................................................................................... 21
14 EXal’npleS Of Notice ................................................................................................... 23
15 Notice for EXplaHatiOn Of Rainwater System .................................................... 24
16 NOtice fOr Prevention Of Drink .............................................................................. 24
17 ROOf Plan ...................................................................................................................... 63
18 AVerage precipifation Of SeogWipO ....................................................................... 63
19 Monthly average precipitation ................................................................................ 63
20 Cumulative CUrVe Of Runoff ................................................................................... ’72
21 Conceptural Diagram Of Rainwater System ....................................................... 76
22 Conceptural Diagram Of Greywater System ....................................................... 76
23 Diagram Of Water Supply ....................................................................................... ’7’7
24 Diagram Of Greywater System .............................................................................. 77
25 Section Of Greywater Tank and Rainwater Tank ............................................ 78
26 CiSterl’l Layout (Flrst FlOOr Plan) ......................................................................... ’78
2’7 FirSt FlOOr Plan Of Water SerVice ........................................................................ 79
28 Second FlOOr Plan Of Water SerVice .................................................................... 79
29 ROOftOp Plaﬂ Of Water SerVice .............................................................................. 80



A &

o

Eoln Zo 7|

o)
G
i

o)
Fo

Y

>

jlN

= 7k7k

2019)

s

=
a1

Qo] A5
=

y

s
R

go

Fol seoimd Aw
o8] 71X WS

@o]

[e)

g

Aolgkar AA
AAAD 4

=]
=

st glem 204719 =7}

S

A" Abe) 7}

L

A=}

=

o«

ol AAl o] w7bel A LA

ot 214 7]

id_

b1 9

S

&

o A

o,

S
&

o
=

o

!

e
o

o
—_

&

—~

o
N
-

el

oju] hA FARPoR

R
L.

ol e] =7kl A

S5 (i) 9] S, B

B =

b 9

o

5

o

are

AR RE

\=]
T

o]

al

]

Q0

=
&

]

7

il

3

fanres

e

el

)

177F 609H4x g o] o] =& 2011

o
pd

!

A=l A ol gAY T
st Al

AT, of el uhz}

A48

2=
T

HZ

KeX
=

2=
T

oy

BN

il

el
o

el

AF A

pu
R

whebA, Aol A

B
N

o

—_
o
™

0

o
T

o
B

T

o

i

o7

()
)
ﬁo
)

1o

o
il
=l
iR

X

o

2AXE

A

A A

2~ gl
=

7 8 (2002 ~2011)

=
©

354

s

a

S
)

I

o)

1) AFZEAAFEA]

%



tel 2k A A7 ol

©

(e}
=S AA

it

i)
7K

Al A

el

o

)
ﬁo
o
~

;OL
ToR

slo] AR Al FIO

[¢)

AARE A<t

&ttt

1) 71& &3

24 B

ol
™
0
o
o

—_—

0

)

=)
ﬁo
B
~

o
ol

o

il
o
wjr

ol
=

jzel

il

2}

&+
A

3) Al

AAZ AFFH
T EE2S Fig. 13 2o

[e]

ot

°
il

A 2o whet AL AT E A

A Al

A

=

=
==

A A A
5) ArdlAT A (A ALH

=

4) AlQtE A
h=d)]

£

gl

o F8

ki3

No

TH

ol

0



Research Objectives

Literature Review

- Concept of Sustainable Rainwater Systems
- Characteristics and Case Study of Rainwater Systems
- Characteristics and Case Study of Greywater Systems

Design Process and Strategies of Sustainable Rainwater
System Process

- Analysis of Climate Condition and Water Usage in
Jeju

- Design  [Process | and — Strategies ' = of Sustainable
Rainwater System Process

Case Study

- Analysis of Regional Precipitation, Site Features, Building
Data

- Calculation of Water Supply Needs, of Design Objective

- Design Strategies of Rainwater System

- Design Strategies of Greywater System

- Management Plan

Conclusion and Discussion

Fig. 1 Reserach Flow Chart
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Table 1 Planning Guide for Water Supply
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DA =) B, A=
s s AALRJN(EFSE, 71, 5, 4% )
A 717, A GA
Aae 4
Aeme 38 A g4, FA7|zk
A4 AR zA 9 o] (AMEA, HA, FAA)
Pogel zto], FH=
AEQQ =], JAFAL &
HAEA
59 4
AFZFe AE ZA 2] Aol (AHEA, DA, FAA)
A FAI
2 i o] =)ol
2en el §5

WS e Table 209 2t

47 A5 +59 BFH

Table 2 Rainwater Quality

Measurment data from Japan Ministry of Enviroment
PIV(mg/L) 1978(a) 1979(b) 1930(c)

SS 80 | 20 | 1.0 | 48~157| 1.2~98 8.7~36.3 1.0~2.8
BOD 23 116 | 34| 02~22 | 04~18 - -
COD 3313302 02~58 1| 01~16 - -

pH 41 | 46 | 48 | 58~6.8 | 54~59 - -

NH4-N | 05 | 0.7 | 0.1 - - 06~09 0.1~0.3

NO2-N - - - - - <0.01~0.020 <0.01

NO3-N 04 101 |01 - - <0.01~0.02 <0.01
T-N 15| 12 ] 03 - - 1.9~3.2 0.1~05

T-P 0.3210.13]0.12 - - 0.13~0.21 <0.01

Fe - - - - - 0.10~0.78 0.02~0.11

Mn - - - - - <0.01~0.05 <0.01

4) UZIRSRIT, (b) =T (2w AD), (o) AL (1 EHF7AD

Z+& ¢ Green Town 7WEAFA (7 F12), =4 7]&<0 749, 1998
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qo AN A9 Qe AL & 5 Ak

Table 3 Measurment Results of Water Quality(Japan)

Diameter of .
. pH Turbidity CODmn(mg/L) | NO2-N(mg/L)
rainfall
0~0.5mm 7.20 22 9.46 6.0
0.5~1.0mm 7.45 7 2.58 1.7
1.0~1.5mm 7.59 8 3.16 1.7
1.5~2.0mm 7.78 2 0.00 0.3
2.0~2.5mn 7.51 2 0.00 0.2
2.5~3.0mm 7.35 1 0.20 0.2

FAFEY AN B G5k Asd APl ARE 25 F
Mgl A7 wRe] 2/§FAA MU A4 FasA @A 9%
gae] Bae] $52 AR Feols 271355 WEA AA stolof dit

ol SA A 27 E AlASHE W e YERY Fig. 89 2tk

Fig. 8 First Runoff Removing System
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Table 4 Standard Treatment Process of Rainwater System
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Table 5 Example of Rainwater Collection System in Other Region

Stadium Collector Water Usage
Incheon Roof No Irregation
Suwon Site No Disposal of storm water
Daejeon Stadium floor No Irregation
. Irregation and
Jeonju Roof Yes 3 .
fire protection
. Irregation and
Seogwipo Roof Yes &

toilet

24500m' . 2 73 =t}

Table 6 Example of Tanksize

Stadium Collection area(m’) Tank size(m’)
Incheon 17,500(Roof) 600
Suwon 425,500(Site) 24,500
Daejeon 7,140(Stadium floor) 200
Jeonju 23,810(Roof) 710
Seogwipo 14,200(Roof) 500
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F4EE AX - B A= FFEEY £ Table 79 J1F 4%

Table 7 Water Quality Guidline (Water Service Code)

Div. Toilet Cleaning and other Irregation
Colon bacillus Less than 10 None None
per/mg/ ¢
Chlorides remain more than 0.2mg/ ¢
Turbidity Less than 5 degree Less than 5 degree |Less than 10 degree
BOD(mg/ ¢) Less than 10 Less than 10 Less than 10
Odor Pleasantness Pleasantness Pleasantness
Alkalinity pH5.8 ~85 pH5.8 ~85 pH5.8 ~85
M3 LRSS B ERAade - AUFAES dEgtel Rt B2 olgH
u u

By
o
B
i
__)i:“
rr
BN
N
X
Y
Ol
ol
Ir
jus)
=
2
=
)
it
e
&)
2
2
fu)
O/
ol
2
o

-l>
z
il
i
Y
a1t
12
Lo,
[
o
X

AR AR A SFEE AR, #gsts AddA F
A Al AE ] A5A E= A A FAIE A,
AVAFAE o) 50%°l FFets TS AVMIANIE sto] sjdAtE HET @
o] £l FAALES A5F A QoA o]E EFom Y.
oA AUIAY A0=C]E 2 A
® 7l& 32 dHNES A AujFatel] i@ Ald Al (EAZEAYE Al 105)

- A IAAE AHEStel B4R 4% FATA 10089 100] AFe 7o



o] 500 &9

AstAY 100

oL
[}

A ol A

(AT AY A 26%)

Al Epel gk Al A &

S|
=

@ =4

)

—_—
o

——
o
uie)

o/
1
o

il

~
R
KO
oy
S

©® 54 AT B (2AAErAE Al 23%)

ol q A

3o
= -

o] 2}

S|
=

= A

K

-
o
4

7K

Mo

o}
¢+

cel

s

o)
¢+

G

Al ol we} o)

K
o

~X
dr

o
b
¢+
+

cul

0

~X
4r
o]
=K

0

olp

o)
o
N

o)

o

-

e
o
=0

B
iy

-

e
o
=0

|

B

o
ﬁo
Bl
o
;OU
23]

]

AE o

B

A7) 9l

|

-

ol
o

ok & Zoltt.

wir
o
4

o}
¢+

c

S

FrAeeE PR

o) AEA W)

LA

Ay,

¢

e
=)
0

o))
M

_38_



W
i

¢
4

o

K
A

0
Yo

)

0

k)
el

)

7K

100
100

Tot.

18

16

Toilet |Cleaning | Others
50

24 A

°

20
19
g
A Sl A 7

o

-

Drinking
and Cooking

12
|

2ol

A

Table 8 Guidline of Greywater Quality(%)

24

HA s}

[e]

20

Bathing | Laundering | Washing

il o

3

gugtel A F4E A 9
o] -gg o uhe}

of <
Apt.

Office

Buildin
(2) Tl

=

=
o
-

Q!

TR

1l

-

7K

ol Ao A E AR ol A

+

XO
Ho

s}

i

of
=K
¢+
NI
B
=0

o))
M

e

BN

)

12, 544,

57 [e) >
TAHL Ax

O

X
o

—

3

o

al

sl Riee

olo

]
o

= H18 el 1A

A
ok

_39_



PR

=

2 ox~=

o]

el

AASE %

) =249

G

el

;Oﬁ

77

o)

o el zEAAA(GENE 50-150mm),

p=2
[e)

2AHU(FETA15-25mm) H Al ~ZH (1mm)

i

18] E(grit)

pu
R

as s
]_

2] 3l

A
=

e

Ab A

=]

ii)

B

)

il

of
8

A

<

=

B

S

o] -&

[e)

o Aol we 24

tol AbgETh
A YA 2Hg

<

H

).

<
Sk

t7]

S

s}

o

A2l FAAA A EA

It
n gl A3t

=
=
Kl
i) B=st4 A

3

<

23

—_
1o

, A1 74 3} (bio-reactor),

o))
i

K

H

e
A A el A ol e g

54

o2 e

R RIE

0
Yo

R
T

4 E8AY

—

XO
n_mo

of
-

n_mo

71787 el A H g st A 7= 27

_40_



gy o) 4

g/]

o

A=

;oT
pl

3l

3

R4

0]

e e

g 39

L

R

24 FH

o

Al AgEA g3 Q.

3

Jdel F2d nA=(BE)t HFA17]

uf]

o~ =
T=

I

‘m
BN

—

H
R

AEuAE FYstel F

94 E
| AL

]

[e)
=

Rl

A Hle2 da

[e]

°

J o

}z=

b gl
(o)

dl

A

[

A A
2 %
I O]

=

AAs= A

[e)

o] AEFA Ay FTAU mA

[e)

=

=
o 74 A s sk g

h=
=y

=

EFmA

=
-

1

9
pul

b1 9

9

tol A5 771

© = A3y (HBR - PROCESS)
kel

THoEN 77

3

cHEA TR i EE el

o

o %
(@)
ARE WEAPoRA WARIFI

-

ey 53 2L 7

29k 1S AlA

37} e

Ze17) o]

8

L
R

ey
a=

2] ] o

BIO-REACTOR+=
=9 AA ol oFHAA =
TAAA T

5o} %7
s} <l

ol

~
B

!

X
oh

]
pus

9
yul

b}

SEEDE

[e]

'IT

frl

R

_E.h

o

_41_



= e Agnel

LS|
=

T2 Al

e}
T

e

X

e
~H
olo

AAZE ol e mA

R
.

Hog

i) o

Ho

3
N
)
=

o] 7o} A A
AAQE 2y,

ul
=

of 3}

ol At} ofFfel] ALE-H

g F2 welst ol Agud.

|

fu
L.

Al
2l

_Xﬁl
_EH

puzel

A

=

iii)

el

bol

S|

ol g8 wal 27 o] 200mesh©]

L

R

o A

R

Foll AL§5)

s

ra
_EO#H

T
o

L/ A R
)

idsfoF & AR o]

o] glef of 3}
wholl o 3}

5
T

bofolEe] A AT B

244

ol
C]

o A%
XN
1y
_42_

&
Y ARSI v 2y &4

A

3

3}
=

\

A gelule) e QA v]EHe

spol el 5%e

S

APSRA] WAl Ffrgo] B e
_<|_)r

o o
)

R

o

=

2}
¥

155}
]—§:]_X1—_9_

A
pul

SEE
N FAH 2] )

.

@53 gk et 9

o] @A

iv) && A4¢
L=
ey 2LEAE

u}

)
®o] "opgle] de] ARgHEA o v

o] Al

o~
T



A

file)
g
4
o
T
o

,wo

fo A&
171 B}
7Ne e

o]

o]

3]

=

alr
A2zt Al )

| dA7F

At =
2 A <

[e)
P2

=
S|
=

o

o] o1 7|5

J

A
=

A=

= _(H*

Fof B2 s

°

ofel <]

T

=

} 4 0] =

() B4 A2 BE
Fodm, 42 89 7544

AP A el g

AN S

3]

FEe AbgAe Fad o

Nfo

)
o

~
o
!

!
KH

o

o))

+l

o} A 3

o}
=

AF§ 27}

=

PN
T4

A

=

s}

o oF

o

3},

kel

171 2

©

Aol A

spol o1

B
L

w2} A
boll o3

[e}

kel

)

e

o

i) A4

s

el

A el zt

ey
)l

o

_43_

AT LA GAIAe] AA. 1995

)

5



o HA W 2 ol

QAR o

Plo

=

K

P

o 3
=

b, 239

= AA

ol

= Yt

HAA

C.

Ag=o] AAHEE GaFe

3

A

JYE 5 F7

I~ =
T e

I

9 o

)

- oo
— T

A} o 4

- 3

el

il

g},

&l oF

A7

g =

&

=
<]

Y E AA7 #F

N

X

N
o

s} 715

.
2l
B
o

wK

@

- 471 34 A

N

N
Hr

o
No

7K

ol

N
~
Hir
oF
TR
K
O

‘_ﬁo

wK

1o
ol

K

ol

R

_44_



~

o

BH
w

X;

K

ToR

to
wr

uiel

_Zrl

AL

4

oW

4

X
]

<

7]

HAA el A o]

2=
=

244

};‘:]

A

13]

O

N
i

ol
o)

d
f

—

oo

T
KR

_Z#O

!

o

el
z]t

8
sy

oo

2 A R ol A <]

==
=

3

_45_



oy
NI

=
N
-

Nd
i

ol
o)

=

X
ol

—

olo

pu
"

o

SRS

)
=

o] Z7)

- oA o] o

113 WA = 3] A4

-
R

A4

=

o

—_
1o

3

o
R
T
i+

—_—

0
NG

ugel

A
G

e

X
o

o
7

~

A= A4,

SEAYANA, A
8|

e

a

S
L=t

’

B

]

R

BE A A
e}

— 3714

A
=

SRR R ERER

3 3
H AL

=77t

] o
52

Gl

Nz}

O

TR
ar

o)
_Z#O
o

pzel

B

N
il

B
AL

ol

o)
s
4
s

—

;OH

o
oy

<

A

]

A, 2T

1513
=

2] Mudball

=

o

, HAEe] T, o

}3)
=

u
=

o

o
e
<X

Nd

i

o
ﬁo

A 2] 4]

o

H

A2 A

A

w9l E

SERRE

[e)

L

S|
=

A YA

~
0

™
)

=]
=

R

9
pul

of o
J2f Al el o

&

S|
=

A=

FTd T
_46_

AT oo F A A

°

2

EEEER

o

a8y T



EREER b
FA A

A

°
pul

) -
= ol gl o

= >~
T

=]
=

stj

=

AP 3]
o8yl BEH Y

-
ki3

fo] 4% ol gl mr}

Joll

[¢)

Aol ofuet A%E WelN AANEHS

R ERECR
weps FEA e A el

A2 A
Q .

o A

of o o

o] art

=
o

st 7}

A48

[AE

B8

—
o
o

4.
i

X

ek FEA A el B

——
fi%e)

)

—_—
fi%e)

wr
H

—_—

A

=

o
X

shel A1

Aol 9]

™o
o}

H
-

(e}

_47_

(frA1#ed) HF R A, 1998

i) S A
5




B

Foa o AN

ol

L

N

NS

"

A

R

¢+

B

A, A, 71E )

g, A
I gEAA A

=
.

|5lo] o] ARSARel

A %

<A iy

wl
=
AueS A 7

Np
!
ar
o

A

wWr

T

H
Ho
NE

o
el
No
=K

A

A, v, a7, v, ul

&+

o

T
H)
ol

&+

™
ol
el

Plo

o]
=l

O

X
N

)

)
-

!

ﬁo

171 )

cE A s

Ll

o

T
TR

el

_48_



R

fo] ojul g 7-3-of

S

CEE!

bl @

245

o
B

o]
=l

X
o

o
1]
B

W

tel A7 =elv 7]

3|

7

H)
el

J)

—_
o

%

Np

Z o
A7

I

il

ol

plo

)

)

o
T

&
:

™
)

—

&+

o
™
)

—f

¢+

pul

g A A

o] el 7]
Ao 7jEH oz Hu49

w7k s ofof

=1
=

[N

il
)
o
ﬁo
)

g o]n]

L

R

o

o

shof of

Xg 5

ERREY

s

171 9l

S

=
=

o 549

;OL

0|

X
o

el
b

)

—
i)

)

2t

nee e

3]
pud

A7 shelok gk,

]
X

XO

A

T

)
=

AF3) 5

_49_



HA A A

[e)

Aol

=

Aoz 170l 13 HA

]

p=s
=

E

[e)
2
R

&t

S

el oh

DR

]

ps

A71HQ ASAHOZA 174 o]
=

=
T

o
ﬁo

%

file)

5 °]

TAE A 7

il A A

o]

5] A4

= O

A1 2]
-1

ﬁo

O

X

ol
-
_1_wo
(L
o

K
Np

Q

a

v
=

o

et

s, o 4
g ol A

RLN

HH

A SaAgAde R A4d

5

Ao o

S|
=

ul
=

al

3

J

S
=

719

]

=

)l

T

K

¢

4
fe

—

<
o
i

Nfo

A7F gls A, A7

fLE

A Hell A 2

1

°
il

el
N2

!

1

o] -§ A}l 7

_50_



A

B

ohg 3} ol

€]

=

o

=

=3

SR EEIR

3 AL

AETPY
o

sk
=
4
A
=

2}

| aejsofof
Z;:!,
3} 5472

3|

AR 25

R

=y

B}

L.

o

Al

Rl

=y

S el

i

k]
Rl

F3 QTho10)

14 o] oy

R

A A

o

KR
=

ol
o)

)

o

‘WO

0
B

|

eaxel

]_

713 7}

=
=

7
A

[e}
a

Al

o

=
A<
-

1.

kel
=
=

[¢)

2 3}

i oF

°

shet. kA

9]

[¢)

5o Astel A

o

R

&

o

4 thpele] of
w4

3h

o

=
=

4
Aol

314 s} ]

A = o

P2

S|
=

S, = gt

S

42 7}

< "1071/me]

1™, 23717
= ol&xel whel EAN, AA B 9

%

794

%

o
ﬁo

o)

I

[e;

7)o

R

pu

ol
| wow du 947 =

S

tH, 248l

)

& 1.5 of of

=

o] Ak

%

A=A G gl
o]-&An el Al

—_

o

)

o
=
N
<
ospal

X

=

Azbo] Tk AR gpom

s

™
s
Z.E
e

%

o

r

M02mg/ ¢ | °]4o] H%=

R
.

71E A

_51_

g =olE 7IEA R (9h). 1982

Z

ARAE R FARDAD AAA
345

R E)

L=




—_
o
o
X =0
: S
- ) ! ™A i
s B = 5y
_ jut .
S ol b 1ﬂw oo G
o8 — o o ) T —
o) X ™ TN
X o o WA N 9T W 1
2 ) ® A = of N
- o -
> a@%fmoﬁ @%ﬂ#z
= mw = §- oy < ¥ = = P = =
—~ o = w@ 0 i, ~ T IH 3 5 <
N T o ® Y o o _ ~+ A= ,
= P T % ) B ~ X TE {-
N o wr o W N3 — lany o K ol .
N, CREE = do H o A < e TR il X0 o iy
3 £ SR o| - T =y oy 4 B 1r
o T x a o o HoR s B D °
Y a1@x@J (- LE%E g,nou_s GG
MI# ol ° - ,% < 0§ o ol NN e ™ m Jlo Aﬂ_l %O = = o
x %%;7w§ % ﬂﬂﬂm@ mﬂvwr
mrv o = B = &7 T ohy o Y 1= - h - %0 ° <0
s ~+ 5 X T T gl T Iny M i g B o i =
)| Sl 0 3 T = ) ol Mo A=
_ 5 Urq_sﬂ = s ® dﬂlht oﬁﬂo
s @ojioﬂ S fmz 7 7%
o o B a P G 0w G i B N X Ea = il
= T X o Al — o e = <+ o 7 <
L < 7 o s W H = i = i Y w ¥ &l
3 ba ) o &a oW . s o o o ,A]E 5 & s iy £3
L NH s | = 4% ol W ToH w_,l o7 - %o < = nwo ol -
d = e y T v b TR A+ T WL z o3 X
0 iy %0 X0 bt ,A]o = = do T - 4 ™ R ol
o E.u o) ﬂm S~ ~ A ~ ;Iﬂ_/l wo ‘E|L AN M,ﬁ_“ ﬂ o ZT
& T 2 N %k ISR < 8 o W T ~
= z%gﬁr %1wz Logoogz = 7
T oo W ! N do K Mr 3 R ol A o o S H !
o oy o il " ) ~ — - Y ~ | A= e ,Ul 2 =z = A 2 =
wg%% __EELw %%?Ego ﬂleorm v T =
% g L B ool ERC - z i ERER
Mo & el ) = " & P T CE i s A = U b =
x ﬂ%@rﬂ% %ﬁmmj . x__%ﬂﬂﬂ ﬂkmu
MTMM%L woﬂﬂw waﬂ%ﬂ waﬁ
Bk oy o Wo" 3 ™~ ° ~ o - Nlo = | W
<R = o _ < o r SN 1o 1
mﬂ ébf%wm_@w vﬂzwm %mmq
,01 @%wﬂowmm zﬂ@oTaﬂ ﬂnmw
roEK T m_@ M_A_ll mMo AW Mm T Hlo Mﬂ . Mwl
TR < X 5 X z i /
T e o - 3 o b v Lam owo = B e
¥ B%HM% © = o
. e87 2 T
© —
T - P = -
~ O ﬁ == 0 —
ﬂDl mMo 0 ~ M_ul 0
= MT 3 J) w "
<0 © i o Mo
& i
N o
g

- 52 -



Ao,

S|
=

(e}
= 4,2

o)
T

3} A

bo] B )

S

of o

@ pH

floll A

O

153

Aol dojupr, Wi pH

3l 7

\=]
5

I

ol

e
—_

olth F5l pHZF BolAE B9 v

HEe A%

-

7b sobA & BEF H= A wid el

_53_



4. AFE9 FAY EA

) AFEY $5% 0§ A3

Table 91D A AFES] F5% ol §AFS hE Ak M nE, Y55 BFE
2 100%0M AT FEv AN W 19 FEFE P 4L Ao ey =
S AFEN AW A8 FEAFL AR AEA} A B
AFA Al 89 g we BL Auait wd AARA
Ao M 999 7bg wol aush: Ao ek,

Table 9 Regional Water Supply Condition (2002)

. . Water
Div. | e [supmye)| SO suppty (a0t | P T

day)
Seoul 10,281 100.0 6,520 3,302 370
Busan 3,747 98.8 2,704 1,229 332
Daegu 2,541 99.3 1,810 1,085 430
Incheon 2,596 96.2 2,093 1,045 418
Gwangju 1,402 97.6 830 407 298
Daejeon 1,425 96.6 1,050 539 391
Ulsan 1,070 904 386 304 315
Gyeonggi 10,000 89.8 5,959 3,102 346
Gangwon 1,544 81.0 750 486 388
Chungbuk 1,501 76.1 688 397 347
Chungnam 1,919 56.7 523 383 352
Jeonbuk 1,962 78.0 1,306 601 393
Jeonnam 2,060 62.1 776 427 334
Gyeonbuk 2,776 73.1 1,236 769 379
Gyeonnam 3,143 78.3 1,450 843 343
Jeju 552 100.0 481 176 319




Table 10 Monthly Water Supply Condition(x10°m’)

. Yearly
Jan. Fab. March April May Jun
total
Jejudo 5,007 4,786 5,162 4,890 5,297 5,170| 64,261
Cities 3,713 3,445 3,820 3,694 3,884 3,731| 46,252
Seogwipo 819 805 853 761 873 850 10,923
Jeju 2,894 2,640 2,967 2,933 3,011 2,881 35,329
Province 1,294 1,341 1,342 1,196 1,413 1,439 18,009
Namjeju 734 755 741 651 776 04| 10,137
July Aug. Sep. Oct. Nov. Dec.
Jejudo 5,698 5,680 5,979 5,797 5,513 5,282
Cities 4,078 4,068 4,127 4,038 3,825 3,829
Seogwipo 982 939 1,145 1,026 949 921
Jeju 3,096 3,129 2,982 3,012 2,876 2,908 12)
Province 1,620 1,612 1,852 1,759 1,688 1,453
Namjeju 923 889 1,063 974 996 831
2) AFE At o] &3
Boluh AFA e g5de] FEREAA @ AFEAE AFFE AFHom
&85t 9o Table 11A 18 4 Qd5%o] A7 F 115129 (Y H T 329,
d Ho 124%m') o] A5 Ab&ee oR BAHJYG AL Astre F 1,492
T UgeR BAslon o Ao o4 of seww, UM o] &L o 2%
moEA A o 8AWme AHFE ol §5u Ytk WG AdeE AA A
o] &9 70% S At M W o] AsFE ALEsta )
Table 11 Estemate of Rainwater Use.
Piv Tot. Building Industrial | Arriculture Others.
Number 4,891 1,492 193 3,166 40
Development(m'/day) 1,488,858 634,864 49,490 800,565 3,939
Max.dayuse(m'/day) 1,242,254 579,921 104,378 556,677 4,278
Aver.dayuse(m'/day) 315,395 220,691 11,527 81,495 1,683
Yearly use(x10°m'/year) | 115,119 80,552 4,207 29,746 614
12) AR A4H et s gAY 20029 A= FA. A5 2003
13) A5 AFE FEAE D A3t AW T ZANM). AFE3= 219 FAF



Table 12 Subsurface Water Use in JeJU

Widearea | Waterworks . .
L L Office Tourist
Devision Tot. | waterwork in cities Apt. Hotels .
] S failites
S and province
Number | 1,492 80 27 75 | 116 31 22
Aver.dz
Veraaytsoon6o1| 24775 115227 | 2.858 | 11,603 | 13984 | 2,327
Tot.| e(m’/day)
Max.d
AXCAVISCl 26021 | 70,402 186820 19382| 40,967 | 57,120 | 8887
(m'/day)
Number | 722 16 54 15 77 39 4
Averd
| AVEREATES o ser | 2483 38447 | 2258 | 7329 | 6557 | 215
Jeju| e(m'/day)
Max.d
AXCAVISClongos1| 8923 50746 |11.750| 26478 | 25057 | 1370
(m'/day)
Number | 302 10 23 10 % 35 6
Seo | Aver.dayus
. 32615 - 13707 190 | 1469 | 6882 | 849
gwi | e(m'/day)
Max.d
po | VIAX-CAVUSE] o) 438 - 19525 | 1594 | 6630 | 20353 | 2,732
(m'/day)
Number 250 30 79 10 3 7 7
Averd
Buk | CCOAVES | ygo17 1 37706 33625 218 | 150 | 545 | 210
| e(m'/day)
Jeju Max.dayuse
118386 11540 55812 | 3359 | 729 | 2710 | 1150
(m'/day)
Number | 218 24 66 10 11 - 5
Averd
Nam| OIS 60000 | 18587 99,449 192 | 2656 - 1,053
) e(m'/day)
Jeju Max.dayuse
155116 49,939 51738 | 2,680 | 7130 - 3634
(m'/day)
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Table 13 Subsurface Water Use in JeJU

A4 T Hospitals | Laundries | Car wash | Sports | Golf-links | Others
Number 23 12 13 29 ] 110
Aver.dz
ver-dayuse 1,050 204 307 1528 2627|3694
Tot. (m'/day)
Max.d
axcaytise 3,307 930 1242] 7216 65,782 16973
(m'/day)
Number 17 7 26 13 9 23
Averd
| Averdayuse 948 146 225 262 4825 1.269
Jeju (m'/day)
Max.d
axcayuse 3117 509 873 1419 14026| 4562
(m'/day)
Number 6 2 10 7 7 20
Seo | Aver.dayuse
. 102 85 47 737 3.204 856
gwi (m’/day)
Max.d
po | Max.cayuse 190 164 203 2433 9369 2317
(m'/day)
Number - 2 1 8 13 38
Averd
Buk | o CaVESe - 42 8| 521 6686| 627
Jeiu (m'/day)
Max.d
AR CATISe - 171 75| 3339 19449 4242
(m'/day)
Number = 1 6 1 15 29(14)
Aver.
Nam| ‘HVerdavuse - 21 27 7 7911 942
Jeiu (m'/day)
Max.d
ax-dayuse - 86 92 20 22938 5851
(m'/day)
) o Ho ol g AL
_ jg— A O]C'}:l OO]:

D AT e BaES 100%01 A FlTeh dadd A=A A vt

omf QI 1T AHEFEE 319(/)2A A= Fgndg 24 A2 Aow 44

2) whHel A st AR 19 F 3153%(m/Y) o2 FresE 8 a7 E
, 5 ’

176,000(m/) et A A verstth 58] Asks AR T oF 70%7F A2

1) ARAFE FEAD D AdE A9 FG A, AFEFT 49 34
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Table 14 Design Process of Sustainable Rainwater System in Jeju

‘ Objectives ‘
Building
Data
analysis
Climate

Decision of water

Estimate of catchment service parts using
rainwater
Invesigation on
feasibility of
greywater system
Calculation of quantity Calculation for water
rainwater needs

‘Cistern size ‘
Water distribution
(Roof drain and piping size)

Investigation on

connection with
Biotope.

Equipment selection

Executional plan

Consruction

and management program

Construction
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Table 15 Design Process of Sustainable Rainwater System Integrated with Greywater

System

‘ Objectives ‘

Data

Building

analysis

Estimate of
catchment

Calculation of
quantity rainwater

Decision of water service parts
using rainwater

Calculation for water needs

Application of

Yes

Climate

greywater system

Investigation on
connection with
Biotope.

Cistern size

Water distribution

Calcution of water
supply using
greywater.

Decision of
greywater quality

Cistern size and
filtery system

Equipment selection

Executional plan

Consruction

and management program

Construction
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261.45 m'
Reinforced Concrete Building

2,200m’ (665.5pyoung)
Residentce, Floriculture, Exhibition and Coffe shop

Namjejukun Namwun-wnb Sinhug-li
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HoFm Fig. 172 A%
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=
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Table 16 Description of The Case Building

Area
Roof area
Structure

Location
Building function

Table 16& 1A= 7
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Fig. 17 Roof Plan

RAE AATAG AT Aol gAge AAtn donw AFE FSFol
e AAEe 5 HolHE A&ty A A 5AS £3589 Y. Fig. 192
Aefe] A 10837 49F ADL woF: At
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800 | — 193 300k
700 | A
ow - 195 250
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Y = —
I NN — | | E S
U
100 :?!féz;;/}"*%v\v’ o |20 100
0 == A =< |—2001
PP P2ERPPO R B2 T
0
) 1 23456 78 9101112
Fig. 18 Average precipifation of
Seogwipo Fig. 19 Monthly average precipitation

ZxolA vERG wpel o] ALH12¢€,1€9.29)9 AFE €9 ATFgS
432m78 == Yehya gloy H 3dzRt V5 BEAS R w0039 =0 A9l
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wel 3A FeRe} AR T LRl A FsAn. e AR A0 2 ¢
A7 A3 Table 179 2t}

Table 17 Fixtures in The Case Building

Div. Function 12371 AR
Wat loset(4), Lavat 4), Sh head(4),
Toilet(4), Kitchen(1) ater closet(4), Lavatory(4) .ower. ead(4) .
House | .. Bathtub(2), Laundrytap(1), Sewice sink(1), Kitchen
Utility (1) .
sink(1)
Green Kitchen(1), Toilet(1) W'flter. closet(2), Lavatory(2), Kitchen sink(1),
house Irrigation tap(1)
Roof |[Catchment area Cleaning tap 25mm(1)

e A 3-Dsh 2ol AHg J1T5A % Y PHow ANk
QA = Q" ¥ F % b (3-1)

A7 Qd 119 FEF, Q5 13 A AL /3),

AL SR/, bt A AL AR

oo
—
>
)
oft

OFaFT%F (HdA =271 @ 3AAE &3 2 xk9]) (¢/9)
Al A 7] 10¢ x 39 x 23] x 304 = 1,800
L2 (A ) 125¢ x 391 x 13] x 30 = 11,250
A 15¢ x 23] x 3 x 304 = 2,700
A4 = 100¢ x 83 / ¥ = 800
EEt ] 200 x 3% /4 x30¥ = 1,300
¥ ¥ 7 150 x 39 x 43] x 30¥ = 5,400
EE 23,750|-——@
@ F99 FF%E (HaA =271 029 A& AFY) (¢/9)
A A 7] 10¢ x 29 x 23] x 304 = 1,200
22k 602 x 291 x 13] x 30¥ = 5,400
B 15¢ x 23] x 29 x 30¥ = 1,300
AgR A 100¢ x 83 / ¥ = 800
A3 200 x 3% /o x 304 = 1,800
Pk 15¢ x 29 x 43] x 309 = 3,600
2 A 14,600|-—-2
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uebs] Feo] AaFFEde A 15(m/)dA BAE 24(m/L)7HA] 23 A
o2 EAHow B AFoAE HYAt Hgd 192(m/¥)S Faste] o 20(m'/
oz AT

(2) &4 & F57%F A

O &4 AL F5% (£/4)

HH 7] 2% x 104 x 63] x 6A1F x 304 = 21,600
R 2% x 154 x 63] x 6A17F x 30¥ = 32,400
oo 1% x 157 x 63] x 6A]7F x 30¥ = 16,200
A A = 70,200
A71A AT F5EFS FAALEE H%E nHst v o] A
70,200 x 35% = 245(m/8) o @
@ 249 BPeF A4 ol

FTHAET B dFE AAAL, e 844/ dolng ofF 7.1Y/€9 2 kst
of T8l of7lo] A AHEel AW o] &% Table 29 FAR AE w7 A
£ 88§ Table 22160-& F3lo] 240 a3t 5HEFE &3S

54 AL E 933, #H20me] FaHolA 444 /mine] FEHoE e A
< 7H et A sk

(¢/94)
24 162m* x 10¢ x 75/9 x 0.7 = | 8505 | .. @
22 S A4 &5 25mel 4§ 108 x 44¢ x 33]/4 = 11,320 | .. ©)
Table 18 Water Use of Agriculture in Jeju
Div. Green house product Fruit Farm Aver.
Aver.dailyuse(m'/day,ha) 9.9 3.94 6.18 6.67
Max.dailyuse(m’/day,ha) 38.74 20.05 29.29 29.36
Table 19 Irrigation Effiency
Div. Effciency (%) Loss(%) Irrigation effciency (%)

Sprinkler irrigation 80~90 5~10 70~85

Dripping irrigation 90 5~10 80~85

Surface irrigation 70 5~10 60~65

15) A8 AF% A - B AL A (A5 %,2000)
AFE 587 FFAYSYE 20042 AFE FA7EAL AF LR
16) A5 AT 2@ 5% A Ay B3 A FA7IETAL 2003.12
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upeba Ao A &5t Al ZAE9 AujE 93 T gaEFE O+Q+0=
(m/€)e= AkA =}

Table 232 $FA =gl A Fe 3 240 WAl 28 S Fgste] HoFEr

Table 20 Water Needs in the Case Building (m'/day)
It Minimum Maximum Amounts of water
ouse 146 23.75 19.2(Aver.)
Irrigation Roof cleaning

Green Farm 85 1.32 082

House Caffee or Bath room Roof cleaning 95,82

exhibition 24.5 1.32 ’

9714 AA F5 Bade £A% Jsd Wy 2 GeAA Ao vweh e
o] A4 AFE, B FHF 52 AEETH ALRES] #AEFF 85(m/E)ol
dads Ads 2e AdA SE= ALRYW A4 85 245m/D)e] Bad
A},

EghFEe] HA HaFEe 146(m/DolnE HA H8 F5%EE Ha
14.6+9.82=24.42(m’/ B )oll A #H t 23.75+25.82=49.59(m’/ &) 7} A] ©

b ¥ AT AE WA $4 BRFEE 50m/Aew v FuRe A A
2FE B/ $rxe AF BEe A9 AR vz Ada

Table 21 Flow and Size of Supply Fitures
Size of
Usage per |Frequency Peak
Div. pipe
hour( ¢) | per hour |flow( ¢ /min)
(mm)

Flush valve(large) | 13.5~16.5 6~12 110~180 25 |Average 157 /each/10s

Flush valve(large) 15 " 10 13

Flush valve(small) 4~6 12~20 30~60 20 |Average 5/ /each/6s

Flush tank(small) 9~18 12 8 13 |for 2~4 Person

Flush tank(small) | 22.5~31.5 " 10 13 |for 5~7 Person

Lavaratory 10 6~12 10 13
Sink(13mm) 15 " 15 13
Sink(20mm) 25 ” 15~35 20 17)
Bathtub 125 6~12 25~30 20
Shower head 24~60 3 12~20 13~20

17) A= F71%3 A
3 (IM-19)

I
e

.(handbook of Air-conditioning and Sanitary Engineering),”d 1] 7|
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100
10
33

(%)
70
12
35

50
15
38

40
17
39

32
19
40

24
23
42

16
27
45

12
30
48

40
55

50

100 | 100 | 70

100 | 50

Table 22 Fixture Coeffcient Considering Simultaneous Use
Number

Flush valve
Other fixture

Fixyre
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Precipitation | Runoff Accumulated | Accumulated Precipitation| Runoff Accumulated | Accumulated
Days (mm) (m*) Femains remains use Pavs (mm) (m*) Remains remains use
1 0 0 0 0 0| 38 0 0]2.823696 6.625152 50.0832
2 0 0 0 0 0] 39 13| 2.106/4.160016 8.141472 52.9069
3 5 0.81 0.5832 0.5832 0 40 0 0]3.980016 8.141472 57.06691
4 2| 0.324| 0.63648 0.81648 0.5832| 41 1.5| 0.243|3.974976 8.316432 61.04693
5 0.5/ 0.081| 0.5148 0.8748 1.21968| 42 12.5| 2.025|5.252976 9.774432 65.0219
6 0 0| 0.3348 0.8748 1.73448| 43 0 0]5.072976 9.774432 70.27488
7 0 0| 0.1548 0.8748 2.06928| 44 0 0]4.892976 9.774432 75.34786
8 0 0 0 0.8748 2.22408| 45 0 0[4.712976 9.774432 80.24083
9 0 0 0 0.8748 2.22408 46 4.5 0.729]5.057856 10.29931 84.95381
10 0 0 0 0.8748 2.22408| 47 0.1 0.0162| 4.88952 10.31098 90.01166
1 0 0 0 0.8748 2.22408| 48 0 0| 4.70952 10.31098 94.90118
12 0 0 0 0.8748 2.22408| 49 0 0| 4.52952 10.31098 99.6107
13 0 0 0 0.8748 2.22408| 50 0 0| 4.34952 10.31098 104.1402
14 0 0 0 0.8748 2.22408| 51 0 0| 4.16952 10.31098 108.4897
15 0 0 0 0.8748 2.22408 52 0 0| 3.98952 10.31098 112.6593
16 0 0 0 0.8748 2.22408| 53 2.5 0.405| 4.10112 10.60258 116.6488
17 0 0 0 0.8748 2.22408| 54 18.5| 2.997| 6.07896 12.76042 120.7499
18 0 0 0 0.8748 2.22408| 55 0.5 0.081| 5.95728 12.81874 126.7499
19 0.4 0.0648|0.046656 0.921456 2.22408| 56 0 0| 5.77728 12.81874 132.7072
20 0 0 0 0.921456 2.270736| 57 10 1.62| 6.76368 13.98514 138.4845
21 0 0 0 0.921456 2.270736 58 0 0| 6.58368 13.98514 144.4845
22 9| 1.458| 1.04976 1.971216 2.270736| 59 0.4| 0.0648|6.450336 14.03179 150.4845
23 1| 0.162] 0.9864 2.087856 3.320496| 60 26| 4.212|9.302976 17.06443 156.4845
24 0 0| 0.8064 2.087856 4.306896| 61 1| 0.162]9.239616 17.18107 162.4845
25 0.3 0.0486|0.661392 2.122848 5.113296| 62 7| 1.134/9.876096 17.99755 168.4845
26 23| 3.726|3.164112 4.805568 5.774688| 63 0 0]9.696096 17.99755 174.4845
27 12| 1.944|4.383792 6.205248 8.9388 64 7 1.134]10.33258 18.81403 180.4845
28 0.7| 0.1134| 4.28544 6.286896 13.32259| 65 72| 11.664 14.82 27.21211 186.4845
29 0.5/ 0.081| 4.16376 6.345216 17.60803| 66 0.5 0.081]14.69832 27.27043 192.4845
30 0 0| 3.98376 6.345216 21.77179| 67 0 0[14.51832 27.27043 198.4845
31 1.5 0.243| 3.97872 6.520176 25.75555| 68 0 0]14.33832 27.27043 204.4845
32 0 0| 3.79872 6.520176 29.73427| 69 4] 0.648|14.62488 27.73699 210.4845
33 0 0| 3.61872 6.520176 33.53299 70 0 0| 14.44488 217.73699 216.4845
34 0 0| 3.43872 6.520176 37.15171 71 0 0| 14.26483 27.73699 2224845
35 0.4 0.0648|3.305376 6.566832 40.59043| 72 0 0| 14.08483 27.73699 228.4845
36 0.5/ 0.081]3.183696 6.625152 43.89581 73 9.5 1.539 14.82 28.84507 234.4845
37 0 0/3.003696 6.625152 47.0795 74 15 0.243| 14.81496 29.02003 240.4845
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Precipitation | Runoff | Accumulated | Accumulated Precipitation| Runoff Accumulated | Accumulated
Days (mm) (m) Remains remains use Days (mm) (m*) Remains remains use
75 16.5]  2.673 14.82 30.94459 246.4845| 117 0 0 14.46 44.81309 498.4845
76 1.5 0.243| 14.81496 31.11955 252.4845| 118 0 0 14.28 44.81309 504.4845
7 0 0| 14.63496 31.11955 2584845 119 21 3.402 14.82 47.26253 510.4845
78 0 0| 14.45496 31.11955 264.4845 120 0 14.64 47.26253 516.4845
79 0 0| 14.27496 31.11955 2704845 121 0 0 14.46 47.26253 522.4845
80 75| 1215 14.82 31.99435 276.4845| 122 0 0 14.28 47.26253 528.4845
81 35| 0567 14.82 3240259 282.4845| 123 0 0 14.1 47.26253 534.4845
82 0 0 14.64 3240259 288.4845| 124 1 0.162| 14.03664 4737917 540.4845
83 0 0 14.46 32.40259 294.4845| 125 35 0.567| 14.26488 4778741 546.4845
84 0 0 14.28 3240259 300.4845| 126 6.5 1.053 14.82 4854557 552.4845
85 0 0 14.1 3240259 306.4845| 127 0.5 0.081| 14.69832 48.60389 558.4845
86 65| 1.053| 14.67816 33.16075 312.4845 128 3 0.486 14.82 48.95381 564.4845
87 0 0| 14.49816 33.16075 318.4845| 129 0 0 14.64 4895381 570.4845
88 0 0| 14.31816 33.16075 324.4845| 130 0 14.46 48.95381 576.4845
89 0 0| 14.13816 33.16075 330.4845| 131 0 0 14.28 48.95381 582.4845
90 0 0| 13.95816 33.16075 336.4845| 132 0 0 14.1 4895381 588.4845
91 3| 0.486| 14.12808 3351067 342.4845| 133 75 1.215| 14.7948 49.82861 594.4845
92 0 0f 13.94808 3351067 3484845 134 9.5 1.539 14.82 50.93669 600.4845
93 0 0] 13.76808 33.51067 3544845 135 345 5.589 14.82 54.96077 606.4845
94 0 0] 13.58808 3351067 360:4845| 136 0 0 14.64 54.96077 612.4845
95 0 0f 13.40808 3351067 366.4845| 137 0 0 14.46 54.96077 618.4845
96 0 0] 13.22808 33.51067 3724845 138 0 0 14.28 54.96077 624.4845
97 55| 0.891] 13.6896 34.15219 3784845 139 0 0 14.1 54.96077 630.4845
98 0 0f 135096 34.15219 384.4845| 140 0 0 13.92 54.96077 636.4845
99 0 0| 13.3296 34.15219 390.4845| 141 0 0 13.74 54.96077 642.4845
100 0.5 0.081] 13.20792 34.21051 396.4845| 142 0 0 13.56 54.96077 648.4845
101 85| 1.377| 14.01936 35.20195 402.4845| 143 0 0 13.38 54.96077 654.4845
102 04| 0.0648| 13.88602 35.24861 408.4845| 144 33 5.346 14.82 58.80989 660.4845
103 0 0f 13.70602 35.24861 414.4845| 145 3 0.486 14.82 59.15981 666.4845
104 0 0f 13.52602 35.24861 420.4845| 146 03] 0.0486| 14.67499 59.1948 672.4845
105 0 0] 13.34602 35.24861 426.4845| 147 0 0] 14.49499 59.1948 678.4845
106 0 0f 13.16602 35.24861 432.4845| 148 1 0.162| 14.43163 59.31144 684.4845
107 0 0f 12.98602 35.24861 4384845 149 12 1.944 14.82 60.71112 690.4845
108 16.5]  2.673| 14.73058 37.17317 444.4845| 150 167 27.054 14.82 80.19 696.4845
109 8| 1.296 14.82 38.10629 450.4845| 151 2 0.324 14.82 80.42328 702.4845
110 155 2511 14.82 39.91421 456.4845| 152 0 0 14.64 80.42328 708.4845
111 0 0 14.64 39.91421 462.4845| 153 0 0 14.46 80.42328 714.4845
112 0 0 14.46 39.91421 4684845 154 0 0 14.28 80.42328 720.4845
113 14| 2268 14.82 4154717 474.4845| 155 0 0 141 80.42328 726.4845
114 205 3.321 14.82 4393829 480.4845| 156 0 0 13.92 80.42328 732.4845
115 75| 1215 14.82 44.81309 486.4845| 157 0 0 13.74 80.42328 738.4845
116 0 0 14.64 44.81309 492.4845| 158 0 0 13.56 80.42328 744.4845
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Precipitation | Runoff Accumulated | Accumulated Precipitation| Runoff Accumulated | Accumulated
Days (mm) (m) Remains remains use Days (mm) (m*) Remains remains use

159 0 0 13.38 80.42328 7504845 201 34.5| 5.589 14.82 145.625 1002.484
160 0 0 13.2 80.42328 756.4845| 202 1] 0.162|14.75664 145.7417 1008.484
161 0.5 0.081| 13.07832 80.4816 762.4845| 203 0 0|14.57664 145.7417 1014.484
162 25| 0.405| 13.18992 80.7732 7684845 204 2.5| 0.405|14.68824 146.0333 1020.484
163 12| 1.944| 14.4096 82.17283 774.4845| 205 0 0]14.50824 146.0333 1026.484
164 15| 0.243| 14.40456 82.34784 780.4845| 206 0 0|14.32824 146.0333 1032.484
165 0.5 0.081| 14.28288 82.40616 786.4845| 207 0.1] 0.0162| 14.1599 146.0449 1038.484
166 0 0| 14.10288 82.40616 792.4845| 208 0 0| 13.9799 146.0449 1044.484
167 0 0| 13.92283 82.40616 798.4845 209 0 0| 13.7999 146.0449 1050.484
168 0 0| 13.74288 82.40616 804.4845| 210 1.5] 0.243]13.79486 146.2199 1056.484
169 675 10.935 14.82 90.27936 810.4845| 211 0 0[13.61486 146.2199 1062.484
170 83| 13.446 14.82 99.96048 816.4845 212 0 0/13.43486 146.2199 1068.484
171 0 0 14.64 99.96048 8224845 213 0 0]13.25486 146.2199 1074.484
172 0.2 0.0324| 14.48333 99.98381 828.4845| 214 0 0[13.07486 146.2199 1080.484
173 0 0| 14.30333 99.98381 834.4845| 215 0 0[12.89486 146.2199 1086.484
174 9] 1458 14.82 101.0336 840.4845| 216 0 0[12.71486 146.2199 1092.484
175 0 0 14.64 101.0336 846.4845| 217 13| 2.106/14.05118 147.7362 1098.484
176 0 0 14.46 101.0336 852.4845| 218 0 0[13.87118 147.7362 1104.484
177 0.2| 0.0324| 14.30333 101.0569 858.4845| 219 23| 3.726 14.82 150.4189 1110.484
178 12| 1944 14.82 102:4566 86414845 220 0 0 14.64 150.4189 1116.484
179 1| 0.162] 14.75664 1025732 870.4845| 221 0 0 14.46 150.4189 1122.484
180 0 0| 14.57664 102.5732 876.4845| 222 0 0 14.28 150.4189 1128.484
181 12| 1944 14.82 103.9729 882.4845| 223 50 8.1 14.82 156.2509 1134.484
182 125| 20.25 14.82 118.5529 888.4845| 224 0 0 14.64 156.2509 1140.484
183 0.1] 0.0162|14.65166 118.5646 894.4845| 225 2| 0.324|14.69328 156.4842 1146.484
184 4] 0.648 14.82 119.0311 900.4845| 226 0.5 0.081| 14.5716 156.5425 1152.484
185 0.5| 0.081|14.69832 119.0894 906.4845| 227 0.1] 0.0162]14.40326 156.5542 1158.484
186 13| 2.106 14.82 120.6058 912.4845| 228 32.5| 5.265 14.82 160.345 1164.484
187 4.5 0.729 14.82 121.1306 918.4845| 229 15.5| 2.511 14.82 162.1529 1170.484
188 29.5| 4.779 14.82 124.5715 924.4845 230 79| 12.798 14.82 171.3675 1176.484
189 0.5 0.081]14.69832 124.6298 930.4845| 231 0 0 14.64 171.3675 1182.484
190 0 0[14.51832 124.6298 936.4845| 232 0 0 14.46 171.3675 1188.484
191 3.5| 0.567|14.74656 125.0381 942.4845| 233 0 0 14.28 171.3675 1194.484
192 1] 0.162] 14.6832 125.1547 9484845 234 0 0 141 171.3675 1200.484
193 4] 0.648 14.82 1256213 954.4845| 235 0 0 13.92 171.3675 1206.484
194 2| 0.324 14.82 125.8546 960.4845 236 0 0 13.74 171.3675 1212.484
195 8.5 1.377 14.82 126.846 966.4845| 237 3.5 0.567|13.96824 1717757 1218.484
196 24| 3.888 14.82 129.6454 972.4845| 238 0.5 0.081]13.84656 171.834 1224.484
197 0 0 14.64 129.6454 978.4845 239 3.5| 0.567| 14.0748 172.2423 1230.484
198 61| 9.882 14.82 136.7604 984.4845| 240 15.5] 2.511 14.82 174.0502 1236.484
199 41.5| 6.723 14.82 141.601 990.4845| 241 1| 0.162]14.75664 174.1668 1242.484
200 0 0 14.64 141.601 996.4845( 242 4 0.648 14.82 174.6334 1248.484
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Precipitation | Runoff Accumulated | Accumulated Precipitation| Runoff Accumulated | Accumulated
Days (mm) (m) Remains remains use Days (mm) (m*) Remains remains use

243 1.5] 0.243|14.81496 174.8084 1254.484| 285 0 0| 11.22158 213.5328 1506.484
244 0 0| 14.63496 174.8084 1260.484| 286 28 4536 14.3075 216.7988 1512.484
245 0 0| 14.45496 174.8084 1266.484| 287 0 0| 14.1275 216.7988 1518.484
246 35.5| 5.751 14.82 178.9491 1272.484| 288 0 0| 13.9475 216.7988 1524.484
247 0 0 14.64 178.9491 1278.484| 289 0 0| 13.7675 216.7988 1530.484
248 0 0 14.46 178.9491 1284.484| 290 0 0| 13.5875 216.7988 1536.484
249 0 0 14.28 178.9491 1290.484| 291 0 0| 13.4075 216.7988 1542.484
250 0 0 141 178.9491 1296.484| 292 0 0| 13.2275 216.7988 1548.484
251 0.5 0.081| 13.97832 179.0074 1302.484| 293 0 0| 13.0475 216.7988 1554.484
252 125 2025 14.82 180.4654 1308.484| 294 0 0| 128675 216.7933 1560.484
253 0 0 14.64 180.4654 1314.484| 295 0 0f 126875 216.7988 1566.484
254 345 5589 14.82 184.4895 1320.484| 296 0 0| 12.5075 216.7988 1572.484
255 231.5| 37.503 14.82 211.4916 1326.484| 297 0 0| 12.3275 216.7988 1578.484
256 0.4| 0.0648| 14.68666 211.5383 1332.484| 298 0 0f 12.1475 216.7988 1584.484
257 0 0| 14.50666 211.5383 1338.484| 299 0 0| 11.9675 216.7988 1590.484
258 0 0| 14.32666 211.5383 1344.484| 300 0 0| 11.7875 216.7988 1596.484
259 0 0f 14.14666 211.5383 1350.484| 301 8 1.296| 12.54062 217.7319 1602.484
260 0 0| 13.96666 211.5383 1356.484| 302 0 0| 12.36062 217.7319 1608.484
261 2| 0.324] 14.01994 211.7716 1362.484| 303 0 0| 12.18062 217.7319 1614.484
262 75| 1215 14.71474 212.6464 1368.484| 304 0 0f 12.00062 217.7319 1620.484
263 45| 0.729 14.82 2131713 1374.484| 305 0 0| 11.82062 217.7319 1626.484
264 1.5 0.243| 14.81496 213.3462 1380.484| 306 0 0| 11.64062 217.7319 1632.484
265 0 0| 14.63496 213.3462 1386.484| 307 0 0f 11.46062 217.7319 1638.484
266 0 0| 14.45496 213.3462 1392.484| 308 0 0| 11.28062 217.7319 1644.484
267 0 0| 14.27496 213.3462 1398.484| 309 0.3 0.0486| 11.13562 217.7669 1650.484
268 0 0f 14.09496 213.3462 1404.484| 310 0 0f 10.95562 217.7669 1656.484
269 0 0| 13.91496 213.3462 1410.484| 311 0 0| 10.77562 217.7669 1662.484
270 0 0| 13.73496 213.3462 1416.484| 312 1 0.162| 10.71226 217.8835 1668.484
271 0 0| 13.55496 213.3462 1422.484| 313 5 0.81| 11.11546 218.4667 1674.484
272 0 0| 13.37496 213.3462 1428.484| 314 39 6.318 14.82 223.0157 1680.484
273 0 0| 13.19496 213.3462 1434.484| 315 4 0.648 14.82 223.4822 1686.484
274 1.5 0.243| 13.18992 213.5212 1440.484| 316 35 0.567 14.82 223.8905 1692.484
275 0 0| 13.00992 2135212 1446.484| 317 0 0 14.64 223.8905 1698.484
276 0 0] 12.82992 213.5212 1452.484| 318 0 0 14.46 223.8905 1704.484
271 0 0f 12.64992 213.5212 1458.484| 319 02| 0.0324| 14.30333 2239138 1710.484
278 0.1 0.0162| 12.48158 213.5328 1464.484| 320 0 0| 14.12333 2239138 1716.484
279 0 0| 12.30158 213.5328 1470.484| 321 0 0| 13.94333 2239138 1722.484
280 0 0f 12.12158 213.5328 1476.484| 322 35 0.567| 14.17157 224.322 1728.484
281 0 0| 11.94158 213.5328 1482.484| 323 15 0.243| 14.16653 224.497 1734.484
282 0 0| 11.76158 213.5328 1488.484| 324 55 0.891] 14.62805 225.1385 1740.484
283 0 0f 11.58158 213.5328 1494.484| 325 0 0| 14.44805 225.1385 1746.484
284 0 0| 11.40158 213.5328 1500.484| 326 0 0| 14.26805 2251385 1752.484
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Precipitation | Runoff | Accumulated | Accumulated Precipitation| Runoff Accumulated | Accumulated
Days (mm) (m) Remains remains use Days (mm) (m*) Remains remains use
327 0 0| 14.08805 225.1385 1758.484| 347 0 0| 12.91978 231.612 1878.484
328 65| 1.053] 14.66621 225.8967 1764.484| 348 02| 0.0324| 12.7631 231.6354 1884.484
329 0.1 0.0162| 14.49787 225.9084 1770.484| 349 0 0| 12.5831 231.6354 1890.484
330 05 0.081] 14.37619 225.9667 1776.484| 350 0 0| 12.4031 231.6354 1896.484
331 40 6.48 14.82 230.6323 1782.484| 351 0.4 0.0648| 12.26976 231.682 1902.484
332 04| 0.0648| 14.68666 230.6789 1788.484| 352 0.3| 0.0486| 12.12475 231.717 1908.484
333 15 0.243| 14.68162 230.8539 1794.484| 353 10 1.62| 1311115 232.8834 1914.484
334 0 0] 14.50162 230.8539 1800.484| 354 0.5 0.081| 12.98947 232.9417 1920.484
335 0 0| 14.32162 230.8539 1806.484| 355 0 0| 12.80947 232.9417 1926.484
336 0 0| 14.14162 230.8539 1812.484| 356 0 0| 12.62947 232.9417 1932.484
337 0 0f 13.96162 230.8539 1818.484| 357 0 0f 12.44947 232.9417 1938.484
338 0 0| 13.78162 230.8539 1824.484| 358 0 0| 12.26947 232.9417 1944.484
339 0 0| 13.60162 230.8539 1830.484| 359 0 0| 12.08947 232.9417 1950.484
340 1.5 0.243| 13.59658 231.0288 1836.484| 360 1 0.162| 12.02611 233.0584 1956.484
341 0 0| 13.41658 231.0288 1842.484| 361 0.1| 0.0162| 11.85778 233.07 1962.484
342 0 0] 13.23658 231.0288 1848.484| 362 0 0| 11.67778 233.07 1968.484
343 0 0f 13.05658 231.0288 1854.484| 363 0 0| 11.49778 233.07 1974.484
344 0 0| 12.87658 231.0288 1860.484| 364 0 0| 11.31778 233.07 1980.484
345 5 0.81| 13.27978 231.612 1866.484| 365 1 0.162] 11.25442 233.1867 1986.484
346 0 0f 13.09978 231.612 1872.484
2500
2000
Volume 1500 1
[m®]
1000 |
500
0
1

Fig. 20 Cumulative Curve of Runoff
Az 4 9 AE-2 Table 237 2t}

Table 23 Site and Material of Cistern

Div. Size Material Capacity(m’)
1st. Cistern 1500x3500x3000H FR.P 15
2nd. Cistern 2000x4500%3000H FR.P 27
3rd. Cistern 3900x4300x1500H F.R.P on concrete 25
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Table 24 Rainwater Pipe Table 25 Rainwater Pipe Sizes(Horizontal)
Sizes(Vertical) Size of Allowable maximum roofarea(m’)
Pipe slope
) Allowable pipe(mm) [ 1/25 [ 1/50 | 1/75 [1/100]1/125]1/150[1/200[1/300]1,/400
Size of maximum roof 65 127190 73 - - - - - -
pipe(mn) 75 186 | 131 | 107 | - - - - - -
area(m’) 100 400 | 283 | 231 | 200 | 179 | - - - -
50 67 125 - | 512 | 418 | 362 | 324 | 296 | - - -
65 135 150 - | 833 | 680 | 589 | 527 | 481 | 417 | - -
75 197 200 - - 11,470|1,270|1,130|1,040| 897 | 732 | -
100 425 250 - - - 12,30012,060(1,880|1,630{1,330 1,150
125 770 300 - - - 13,740|3,35013,050 | 2,650|2,160 | 1,870
150 1250 350 - - - - 15,050(4,61013,990 | 3,260 | 2,320
200 2700 400 - - - - - 16,580]5,700 4,650 | 4,030
ATHAL BF FHow T3 HAow g}
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A5y 7)1 %23, QAFsAZE. (handbook of Air-conditioning and Sanitary Engineering),’d v] 7] < 3]
(m-14)
(2) 2t 72 over flow#d f3F Ao|AE HAsta AlAFEZ— A2AF=

— A3A FZ— BioToped] AZAA 7)== AA 35T}

FElol Ayl 2 AR, Sl A 13,050( 2 /Y), HA& 660004 /9)2] ol
s o7 E HAx 5 ES TFFoRE Ba 249 wEHge Ay
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TR AR 7bed AWIY Sx T WS Abge A Table 267 2o
W ool T4 L 142m/LolnR 358 90%= W oF 128 2m/¥E TFE ol &

@ 5 e Ao BAHAL

2 T M
Table 26 Water Source of Greywater (£ /month)
I Lavatory 1800/1200 — 1200
OUS€ IBathtub and shower head  11250/5400 = 5400
Greenhouse Coefficient 35%
Lavatory 21600%35% — 7560

2) T do¥

Table 27 Greywater Supply for Toilet ( 2 /month)
Houes Toilet 5400
Greenhouse Toilet 32400x35% 11340
Tot. 16740

<
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F5 Alzdle] 7H $% BeBe Table 283 2t

Table 28 Greywater Needs in The Case Building (m'/month)
Div. Greywater supply | Reuse rate 90% | Water needs | Rainwater supply
House 6.6 5.94 5.4 -0.54
Greenhouse 7.56 6.804 11.34 454
Tot. 14.16 12.8 16.74 4

T4 FAVEE FE 2o Ao s S ARDE o188k gto] A
ot WS Ausiddt. SEA e 128m/9(=4274 /=714 /h)e| B2 T

T e TRl sFo] AAsl o

&t By +Hwe ReAES+5 RS MEBoR F4E ZEA, AR o

AzsEe AgSAT B B4 AFRE o 204E §3 7504/9 FEZ M

s} A T
TT AfRx 4 FFAFEY &FE Table 299 2t
Table 29 Tank Sizes for Greywater System (2)
Div. Size Material Capacity
Greywater filtery system 350x500x750H Stainless, Steel plate 130
Greywater tank 1000x1000x750H Stainless, Steel plate 750

7) @B Al ag ARt

= ATelM AAF ST S0 gAY AARME S4E vhg 2
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() F5HA delolagy (9 + 249 F5Y)
0,
— Lavatory | 4,400¢ + 1500¢ — 5900 M
Bathub 19%
Rai m 8325 ¢ — 8325¢ — |
amnwater Showerhead
Supply
[0)
437354 Clean 1800 ¢ —  1,8007¢ 4.1% -
Seepage
N
pit
Kitchen 23.3% 43735 ¢
m 5670 ¢ + 4500¢ — 10,1704 — |
sink
Water 38.3%
11340 ¢ + 5400¢ — 16,740/ — |
Closet
1.89
Washing 800 ¢ 800 ¢ L/O
Fig. 21 Conceptural Diagram of Rainwater System
19%
Lavatory 5900 Collection90%
Bathub 26.69% -
; 8,325 ¢
Rainwater Showerhead Collection
Supply 10%
0,
30,99 ¢ Clean 1,800 ¢ 5.8%
Seepage
pit
Kitchen 32.8% 30,995 ¢
10,170 ¢
sink
4ton Water
1 16,740 ¢
Closet
0,
Washing — 800 ¢ 2.6%
12.8 ton Greywater 12.8ton

tank

Fig. 22 Conceptural Diagram of Greywater System
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Fig. 23 Diagram of Water Supply
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Fig. 24 Diagram of Greywater System
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Fig. 25 Section of Greywater Tank and Rainwater Tank
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Fig. 26 Cistern Layout (First Floor Plan)
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Fig. 27 First Floor Plan of Water Service

Fig. 28 Second Floor Plan of Water Service
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Fig. 29 Rooftop Plan of Water Service
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