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Study on treated water of individual sewage

treatment plants in golf courses in Jeju Island

Taek-Sung Yang

Department of Construction and Environmental Engineering
Graduate School of Industry

Cheju National University

Supervised by Professor eun—il Cho

Summary

Most of the golf courses in Jeju Island install individual sewage treatment
plants, remove organisms in sewage, and use treated sewage to water grass
after being brought into the ponds in golf courses. But if nutrient salts are
not removed in sewage and flow into the ponds, this can cause the
generation of green algae by eutrophication and make it impossible to recycle
treated sewage as irrigating water. Most of the individual sewage treatment
plants being operated in golf courses are focusing on organism removal
through a changed activated sludge process. Recently, some of them introduce
advanced treatment process to remove nutritive salts such as nitrogen,
phosphorus, etc. In accordance with the revision of the Sewage Act in 2008,
the number of the constituents of the effluent water quality criteria increased
from 2 items such as BOD and SS to 5 items including T-N, T-P and Total
Coliforms. Beginning January 2012, the effluent water quality criteria of the 5

items will be applied and the treatment for removal of nitrogen and



phosphorus will become much more important.

Consequently, this research deals with the comparison of efficiency by method
between one golf course applying advanced treatment, Bio—NET process,
among individual sewage treatment plants installed in golf courses in Jeju
Island and 2 golf courses using conventional extended aeration method and
aerobic contact oxidation method. And it also covers whether the individual
sewage treatment plants can meet effluent water quality criteria in the future.
In addition, it lays the foundation for collecting basic data concerning the
increased efficiency of sewage treatment plants by comparing the removal
efficiency of organisms and nutrients between the plants adopting the
advanced treatment process and the ones using a conventional treatment

process. The main results of the research are as follows:

The examination of water quality characteristics between sewage home and
abroad and sewage in golf courses shows that the average BOD, T-N and
T-P of golf courses are 95.7mg/L, 22.3mg/L and 3.1mg/L respectively and
concentrations are similar to those of domestic confluence-type sewer pipes
along with unfavorableness in terms of nutrient removal. And the more golf
course users are, the more the concentrations of BOD, SS and T-N of
influent water into individual sewage treatment plants are. T-N and T-P in
influent water exceed effluent water quality criteria, T-N 20mg/L and T-P
2mg/L, which will be applicable in 2012. Therefore, it has been surveyed that

it 18 necessary to remove nitrogen and phosphorus.

It is shown that BOD and SS are all removed stably in advanced Bio—Net
method, extended aeration method and aerobic contact oxidation method.
Though T-N has been treated less than effluent water quality criteria,

20mg/L, which will be applicable in 2012, it frequently reaches effluent water



quality criteria. T-P occasionally exceed effluent water quality criteria of
2mg/L, which will be applied hereafter. And it is necessary to efficiently
operate and improve a treatment process to treat sewage in a stable manner

in the future.

Consequently, the effluent water quality criteria to be enacted in 2012 for
individual sewage treatment plants will be stricter than now. And it is
indispensable to remove nutrient salts. Therefore, it is judged that it will be
more and more difficult to remove T-N and T-P in individual sewage
treatment plants because of increased influx as the number of golf course
users Increases. As operating conditions are limited in conventional sewage
treatment method, it is difficult to increase efficiency in removing nutrient
salts. Therefore, it is judged that the specific examination should be made
concerning removal efficiency by method. And it will be necessary to
thoroughly review the introduction of the advanced sewage treatment method
in individual sewage treatment plants installed in golf courses in terms of

removal of nitrogen and phosphorus.
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Table 1. The present situation of public sewage treatment plant in Jeju Island

Facilies | (G0bntidmy) (i, Wonp | PO Perod | Remarks
Total 8 197 467,069
o Subtotal 130 65,000
( ;ﬁ;‘; irltza) Dodoo | Phase 1 60 36,000 877193
Phase 2 70 29,000 ‘947798
2 35 43,944
Seogwi | Subtotal 20 18,317
Seogwipo City| (Bomok) | Bomok 20 18,317 ‘937'96
(Dong Area) Subtotal 15 25,627
Joongmoon| Phase 1 5 1,220 ‘817783
Phase 2 10 24,407 ‘94798
y. 2 12 194,750
" jﬁ;‘iycgea) Panpo 6 102,272 ‘97 ~ 2007
Weoljung 6 92,478 “
3 20 163,375
Seogwipo City Daejung 8 47,204 ‘97~ 2007
(County Area) Namwon 8 58,433 ‘97~ 2007
Seonsan 4 57,738 ‘97 7 2007

(Data: 2008 gt A The Jeju special self-governing Province)

Table 2. The present situation of golf courses in Jeju Island

Category 01 | 02 | ‘03| fo4 | 05 | ‘06 | ‘07 | 08
No. of golf 8 9 9 12 16 | 19 | 23 %
courses

No. of holes 225 252 252 324 432. | 513 . 612 631

Vistors (1,000) | 572 701 782 848 977 | 1,017 | 1,188 | 1,443

Vistors per
hole(people)
Increase rate
in Vistors %)

2,042 | 2782 | 3,103 | 2,617 | 2,262 | 1,982 | 1,941 | 2,119

976 | 1094 | 1116 | 843 | 8.4 | 877 | 97.9 | 109.2

(Data: City Planning Division of The Jeju special self-governing Province)
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Table 3. The guidelines for Interpretations of Effluent Water Quality for the

individual sewage treatment plant

T | 19 AeeF e G5 AETT A E
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J = 10 ol
T AbZe 8.7 % (mg/L)
. 7522 (ng/L) 10 o] 3}
50m U] i A &3} 5+ A
5349 4 o 20 o]al
- Er 2h2: 27 % (ng/L)
LFAY j &2 (ng/L) 20 o] 3}
Al A 53515 A
] h 10 o] &
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gAY AE dFddo] v x2oA AL F7] A7IHE A7) AEEkel] 9

3 A Aol FasEE Aol ded oldd BEAHE o&dte] Fr|FeA

9 |t}

52 49 14 FAAE Agska 2994 AFASRDS 27 ste] F/M
12 0.03~0.05kgBOD/kgSS - day®2 #l$ w7l fx&dew Sl w4 ol
A3 fA Bt Gold eIt

o] -2 BOD F-3H 0.13~0.2kgBOD/m’ - day)7} @2 7 §olx 287153}t
W, AR NG oRA Beo] e Fel A6 ga A HBPAe]

Table 4. The operating condition of extended aeration method

Section Plan Application
HRT(hr) 24~36 26
BOD Capacity Load (kg/m’-d) 0.13~0.2 0.18
MLSS 3,000~6,000 3,000
Sludge Return Rate (%) 50~150 100
Effluent BOD (mg/L) 200
Treated BOD (mg/L) 5
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@ jeju



FE
- — —>
o
o © o
[~/
Coo
c® o
ZJ| = :
i
NS IEN NN NN NN NI NN AR AN AEmIEmEEN Ill!
A== PN :
-......
."

=l
ful
vl
Rl

Fig. 1. The process of extended aeration method.

AN F7HY AR o ZE ZT|EAA Y AFAZIe] HojABnE ZI|AE
Aol Har weta S8 X 7F g dAe A WAZSEATA] E7]x el
HEA FozH £eA 71 AjkstE o] FHE A dA A A TAAHo] o4&
A "ok 88X £ X7 ZA4EE A 7R ol 28 AN AT "o
= Aol i HAkE ] Xl E o pHe AdE AL E G E Sth
ok#ll Table 5 o F7]1Z7|He] dvkdd AAJNAE e ST

Table 5. The design factor of extended aeration method
Organism ) Sludge |Hydraulic| Sludge
Organism
Plan Load Load MLSS Stay Stay Return
oa
Factor | (kgBOD/kg (BB /D) (mg/L) Period Period |Percentage
-
MLSS/d) |2 (day) | (o) (%)
Planned
0.03~0.05 0.15~0.21 |3,200~4,100| 14~45 15~25 | 100~200
Value
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AOFA 5o glon, BRG] A= whexygo] 24 2 F&3tE o)
of F-ztrlo] st AET(biofilm)e o] &3k dz4e 3402 34
G HF-S-Z(submerged packed bed reactor)®} & 8H-8-Z(fluidized bed

o] 9tHU.S. EPA, 1993).

o ES oS-l A= SR 2 o) A S A= S
(post-denitrification) & .2 F&& 4 v, @l A dedo n|slo]
HEY &2 =AY REALYS T Fojof stz dedF g Hls] A

Aol dolR= Aol v (Metcalf & Eddy, 2003).

7hH A% skak-g-

Ao AbskE 5 A9 &4 g oz e A ed , HEYEZ
Foz AZH o L2 oflu|xito] Hrg ol o8] sl al thA] dEY o}
(NI = B85 713z 42 golr] =3Hdeamination) 9} ]9 %1
ol7} AAbzlulg glolo] ol& olAAA AL HAAHALT A3lE = AANE R
e 4+ A9 (Bitton, 1994).

St W9 s ofu|iqbe] HE|=d3to R o] Fojx dwiA = FEx)gkr)

ri

T2z AdeE A4S Gy olsuk-S-(ammonification) o] 23l 39, o] ¥k
of oJafiA wEAL ofmitez AekE L golr] i3 uk-g-(deamination) ol ¢ 3
HE=ZF o2 o] 9l ofv|iibe] dEFO|2(NHH2E HAgdr). o] ukg
A4k g gy EEHASR A= 3] o] Foj AW olr| A ofw]
Wb Al EElwo] b NHz7b NHy Fei2 Ashs e 7 =s A 7)==
ojwf NH, 29| %82 pHel 93] #-¢¥vHGaudy & Gaudy, 1980)

Aisl= 37188 A dEY SHASTAE Nitrosomonas <}

Nitrobacterdll &3] o}fdAAAAAE AXH HFHdoz ANMGALZE sy

flo

.

_15_



Aol tHStenstrom ¥ Song, 1991). A A A AAg = 5
el SHFGr A=l ez o] Fo HAF vt Edoly 35 FolA 5
A A= o8l dEYort AbstH | E sy, I 2 =9 4 o (Gaudy &
Gaudy, 1980) &< Fr A& e AisiEEE SHAG A= o 2t
st wth of 10W] 7 =2 th(Randall -5, 1984).

TEHASNAEIAE & HA S A EL fF7eaug EEAE f2s
Az o] el AbgETE w9 FAY Tl H Aol ko] AL = AAbs] A E
of FHHFL FTHALVARBEY HNxE F2 7 vgte oy u] ArHUS. EPA,

1993). fr71d 2t E 2Ry A Az WMk v 2

4

Organic N Compounds ———> NH;-N ——> NO» > NOs
Heterotrophic Nitrosomonas Nitrobacter
Ammonification Nitrification

YR ALE s o =z dUAE AE HAEEFTOZE  Nitrospira,
Nitrosomonas, Nitrosolobus, Nitrocyctis &©| 9132, ofA A A A2 HEH A4
AAZ W3A PBodt= mAESE 0 2= Nitrobacter, Nitrospira, Nitrocystis 5
o] o} Ekolu} #HeAHETAHA AAsiukgds= F2  Nitrosomonas 2}
Nitrobacter7} %8 o] Zt}(Bitton, 1994; Randall %5, 1984). A3l e] wh&28
53 o]l A

NHS + 20, Nitrosomonas

o] AAZ}IEFE--S 9&] 7.14mg CaCOz/mgN &

A5
=7 ARFEE AMstE eadlr] YEA = S8 buffering capacity’}  pH

> NO; + 2H + H.0

6578 FAESE &Aook dtHHalling ¥ Jorgensen, 1993). T3tk o]l wjA)

ge) Azolgg nushd e Aolw, AR T4 wHFA e 2

NH4+ +1.8302 +HCO3 —>0.21C5H7NOo+ 1.041H>0+ 0.98NO3 + 1.88H2CO3~

_16_
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A QAEe EbAQl gcle=m 3 Ax gonz Al AAisE fA 5t
7] 1A= ofEie] F8 e FUUAES A g ste]oF F(Stenstrom
2 Song, 1991; Anthoniou, 1990; Belser, 1984; Painter % Loveless, 1983). Z Ak

A

shRkg-¢] G A= 25, DO, pH ¥ ¢Z4Y=E, #f7aF3, SA4ed, ¢4

A& GA (denitrification) M| BEo] F7]Eg W W ibamial A4t
HALE HE AAFEARZ AMEHEA A AaTE AavkeZ HEH e 3

Aolty, & #ojdt= AL AU A E(Facultative organism)Z L8 A 9l o
H(Wild &, 1971), Aba9] f3o Adgle] o559 AxgAL #4L 7o =
FL3Th dutdow U4y EAuAE=F  Achrobacteria, Achromobacter,
Alcaligenes, Pseudomonas, Spirillum, Thiobacillus, Brevibacterium, Entrobacter,
Lactobacillus, Paracalobactrium, Bacillus, Micrococcus & °] At €A A =&
o FEES A7 An A= ofd BATHIYH A=/t (Randall 7,
1992).

AN ES FUES ASAE W HFAAFRAR 44 A AL, o)

4

AR 58 o]&3t} GlucoseE A& w 2HAa7F H=E Axf

BT AaE AZEA Au webs gdRkE A AT S g A&

FAAA7 Fe AW A LT HEHAAFEAR o] FHTHUS. EPA, 1975).
Hhzl o2 AtAae] &A= d4AE FAAT)E 849 A4S dedt=r, &k

Ahae] Aelli= mAEe] FRol wEl zkolrk vk (Focht & Chang, 1975).
ARl A ZE e oeS ol ELre] Glucose®th AR A5 o] &Hu}

(Akunna %5, 1993). gdutdoz AEIH d4ds 9 @ihgdoz Fderiss)



3 o] F

AR ol

+5C0O2

=

> 2N + 40H
AXE

a7k obA Ay

=

14

o gdeAast
23

-

el ol A vl et

[e]
A
A

BN
T

5t

o1 §r9 AAl #-g4o]
)

dH A Jrh e
2 & 3(Assimilation)®} ©] 3H(Dissimilation)ol] 2]

il

°
pad

b orel A

6‘]—6‘
5(Organic— C) + 2H;0+4NO3"

H

7l
£

o] 7%
o] 21t} (Tiedje, 1998). =3}2F&-&

(Barnard, 1975). o]

=]
=

O

—
o

o
ol

N

a2 das o] nAd=o]

opf et oM,

]

A
A

3

— >NOs + 2/3H50
—— > 1/2Ny+ 1/2C02+ 2/3H20+ OH

1 ohee} ol

A
A

(o]

82

1=}
i

=
NO3 + 1/2CH30H

NOo + 1/2CH30H

-

357mg CaCOs2] €47l AAEY. AXIAAS 319

#$4. e

o

ojy

o] 2loA AAMANAL Img® ¢F 3mg CaC039 &Zd w7l A A=

4 SITHUS. EPA, 1993).

>0.056C5H70oN+ 0.47No+ 1.68H.0+ HCO3
- 18 -
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(2)219] 54 B AALH

7helel 54

T 22 AAFhel a7 SAFAN st Folle A8 B Fol
=43, Al tlF-Ho] <14k (phosphate)2] Hej2 EA 3t} AAA A ] 2
< A2 w8 FAE &8 ke 1Y &88 vAEY A8 2HsHA
HBAE o] F7IAolA Fr)Qdeg e FI|QdA fr]dez o] HAr
12 m AL SlojA oy HdEd 1AA, dibed 22 A A=A T8
5l A 91 x}o], ADP(adenosin diphosphate)”} ATP(adenosin triphosphate) &
At ol8d & e duAY F4& dozln Q2 53 7|Hde 4hsh-
SANES ot AT ©]85 = NAD(nicotinamide adenine dinucleotide) 2}
DNA(deoxyribonucleic acid)s =2 10~12% & =+ gt}
ek ol gafojie] uwgl &3A  <l(soluble phosphorus)¥ E&4 <l
(insoluble phosphorus)o.@ F&&kal ZAztaE 4o w& H%E F7|<l(inorganic
phosphorus)® 7] ¢l (organic phosphorus)®. 2 F&% 4 vl Hammer(1986)
of o3t 3JFFuel] EA]3k= =<9 (total phosphorus, T-P)& 70%7} F7]1219
FEolal 30%7F F7191e FEE EAdE Ao= Haso o, Frdd
PO/ 89 A2 ortho—phosphate) ¥ Aelxte] T 7] o4 Adw =
(condensed phosphate) 0.2 &3 & Q] AJEE HAd, #A33E JAJ 59
whgo] slEtAl o7 Ay Bosta, EsA 0w AE AFujrlel] &

uk&- A ¢l(reactive phosphate)o] &} 1% 3k},

F719e WA laHEEA RS PSR Qi A4k AR Fa947)
F71 8 adical 2 ThA50] ek f719160E B, Aok Q4 o @

WA, 24k oM ", XA, A Fo] EFHO e O EAE FE Exd
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SAMCO 3 A (Serim Automated Circular Oxidation Ditch, A/OA 4)
HE 7] A Ake S db g FEvksxE FAY

o] 9lom 7+ ¥7|d AgArEF Wk Z(IACOD) 2

94 U553 3dE(Spiraflo Clarifier) & P2 X272 HFAET

I E N wie |/ b Xl
e @olE [ AE=)E Rz | N0
Ty o TT

&2l
=TT

Fig. 4. SAMCO process.

tHDNR #4 (Daewoo Nutrient Removal, A°O7A <)

FTgAEYA FHE BIdT o RE &84 @H X (Pre-Anoxic Tank),
¥ 714 Z(Anaerohic Tank), T4~ Z(Anoxic Tank), & 7]4 % (Aerohic Tank)®
TAHY, A ALE AAGY] e HF-REE(Nitrifier Recycle)¥ A4 &
HA] wkFo =z FFE o] gk

AAA oz VIP 2 AOFHA fAsht 89X gdx(£8x AFx)7t 4
A= o] o] fAE A ofgt AL H AN -N)E AATFEZA] 3 7] oA
A d el og & AAEE AT 7 e EAo] vk DNREAH 9

= bt 2YEA B EE, 2006)
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vHICEAS 3 A (Intermittent Cycle Extended Aeration System)

ICEAS® A2 SBREAS Wt @ /e wh&xE o] &dh= &t A%
Hog st e HFE FATTE AT L vhEx oA BETA,
Absl Aakst, @ gl i vt o] Rl = 2], A AEF vlEe] 39AR
wAHAAER A £8X] #jF ARke] Bagly FREEx Aol AXx Ho
A= AAHE wExolM =& F/MHIE FAEY 7714 A EAHOrganic
Selector) 241 ¢ q4e-g 3, ol= £elA EH Y Aol He AR S

AA 8= A& shrh ICEAS 4 EA =& offffet Zrh

ill 'n #. On ﬂu l" I'q ia I. lb

0,0, | 0.0, 0,0, 0.0, & 0 =¥ 02
0°0° 1 0"0° o0 ¢°¢® ¢ i}
1z izl

wex (2) - BH - REY JENE E8)

Fig. 7. ICEAS process.

BHOMNIFLOE A
OMNIFLOEA 2 @Y wkgzxoA o A5 F¢ 9 HEF9
U= 32 AR Ak wide] w7} @9 o] dA&doz dojilA

Aok, AA FAL FA4A 59 (Anxoic Fil)&A3 — 7148 U (Aerated Fill)

A

A — €A (Denitrification) & — ¥F-&(React) — A (Settle) — 4= Hj=
(Decant) 34 — £t# #]ZFIdle) 34 oz ¥r$o] Ashxn, OMNIFLO
T4 BAEE us3 2oEh g @ e, 2006, 34 #elE e, 2003)
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Table 6. The operating condition of Bio-NET process

Section Unit Application
SRT day 7~15
BOD Capacity Load kgBOD/m'.d 0.32~0.96
MLSS mg/L 2,500
Anoxic Tank hr 2.1
Anaerobic Tank hr 1.3
Aeration Tank hr 9.1
Sludge Return Rate % 50%
Inner Return Rate % 100%
Step-Feed % 0%~50%

Table 7. The designed basis of Bio-NET process

Section Unit Designed Condition
Influent Wastewater Volume ;
per Day m'/d 440
Influent Water BOD mg/L 200
Influent Water SS mg/L 200
Influent Water T-N mg/L 30
Influent Water T-P mg/L 6
Treated Water BOD mg/L or less 5
Treated Water SS mg/L or less 5
Treated Water T-N mg/L or less 10
Treated Water T-P mg/L or less 2
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Table 8. The present situation of individual STP in golf courses

Section A-STP B-STP C-STP
Installation Year 2004 1999 1999
Capacity (m’/day) 440 300 280

, BIO-NET . Aerobic Contact
Main Treatment Extended Aeration o

(Advanced Treatment) . ) Oxidation +

Process . . + Filteration . .

+ Filteration Filteration
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Individual sewage treatment facility in golf
courses for investigating the performance

Fig. 12. The location of individual sewage treatment plant in golf courses for

investigating t

he performance.

2. EAdiH dl M=

B oATgA e 7 HEHde §7E, 138E 2 Ada 9 AAYYE FU1E 9
3] f 4 2@ wkEgo] Wiste] BOD, SS, T-N, T-P 471 &-&of thale] 3%
UE AR AFHEY R dT A G Y wE B48 AAFAT, AlFEY A
FHulH S Table 9 o e}

Table 9. The analytical methods for water quality parameters

Parameters Methods
BOD Winkler's azide Modification
SS Glass wool filtration
T-N Ultraviolet Spectrophotometric Method
T-P Ascrobic acid method, Spectrometer

Collection @ jeju
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Tuge] she] FAEHL AN A-STPY Z4¢ #U BR4 s
3t 9] BOD®& 147 mg/L9t ¥|5:3}9)3L, B-STP, C-STP9 A% @2
stedA ske] BOD 75 mg/Leb W=8ksith & XA ¢ BOD, T-N, T-P
s EE B 957 mg/L, 33.0 mg/L, 3.90 mg/L= =] 572 #A 34 2
AFA A9 el wiske] BOD, SS, T-N, T-P ®5 gty wd Jw
BOD/T-N, BOD/T-P9] A% =d 52 BOD/T-N, BOD/T-Pul ¢} f-AFg 4
S e dAdFT AlA"ENA B3 Aoz e
SEe AFPTH FES Table 10 o vlarste] Bepgl.
Table 10. The concentration of nutritive salts in sewage
Influent Sewage
Items BOD T-N T-P BOD/T-N BOD/T-P
(mg/L) | (mg/L) | (mg/L)
Separated Type 147 37 5.2 4.0 28
Korea
Combine Type 75 29 3.7 2.6 20
Japan 150 30 5 5 30
United States 220 40 8 5.5 27.5
Europe 250 48 12 5.2 20.8
Jeju City
Dodoo 172.4 45.8 8.4 3.8 2150
(Dong)
Jeju City Panpo 41.5 23.3 2.7 1.8 15.4
(County) | Woljung 86 24.8 3.1 1.5 27.7
Jelu ISeogwipo| Bomok 129.4 27.3 2.6 4.7 49.8
Province|  (City
Joongmoon| 101.8 31.5 2.6 82 31.8
(Dong)
Seogwipo| Seongsan | 74.2 20.3 Y 3.7 23.2
City
Daejung 73.3 20.7 1.6 3.5 21.0
(County)
Average 9.7 33.0 3.9 29 245
Golt A-STP 165.4 388 4.8 4.3 34.2
Courses
. ) B-STP 539 378 3.8 14 14.1
n Jeju
C-STP 679 22.3 3.1 3.1 22
(Data : Environment Division, 2000b ; AlFEEAA T F A=A 0] 7] A
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Fig. 13. The variation of the influent from the individual sewage treatment




Table 12. The influent of individual sewage treatment plant

A-STP B-STP C-STP
Section Influent Compared Influent Compared Influent Compared
Volume with Plan Volume with Plan Volume with Plan
(m'/d) (%) (m'/d) (%) (m'/d) (%)
Average 214 495 97 32.1 90 32.1
Max 273 70.9 249 32.8 128 44.8
Min 114 25.8 31 10.3 53 20.7

Table 13. The present situation of the visitors in the golf courses

(Unit: person)

Section | May | June | July |August|September| Total IXI\(I):;:gIZ Alx?éliyge Accommodations
A-STP| 6,120 | 7,321 | 7,341 | 7,162 8,156 36,100 | 7,220 241 o}
B-STP | 5,257 | 5,037 | 3797 | 4,648 4,510 23,249 | 4,650 155 X
C-STP | 6,848 | 5906 | 5528 | 7,171 ¥, 108 32,652 | 6,530 218 X

(Data: The Jeju special self-governing Province, 2009)
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_39_



Fig. 14 ©] ey

R

k<)

AE A

s

o)
o
i+

R

+

=
_,AO
©
©
.
H)
i

—
o

ATk oA sk 2ol A e

el At} Fig. 15, Fig 16 & A3}

=

v SS 2 T-P9 A& A WE7F it

<]

=23

L9l o] Te Sl

22

189 205 224 235 248 290 328 365 366
Visitor(persons)

184
Fig. 14. The variation of water consumption by wvisitors.

= 178
79

300
250

W BOD, T-N ¥%& =7}

P

367 L/day -

=

=

(=3
(=}
N

p/.u JuowiNsuod Id9)epp

100

It

e

j2)

e

j2)

©

—

O

o}

2]
Hi

-d
- dez

2.6g/9

-

- d~30.9 /<l -

et lew BOD

- d, 1.6g/%!

w9

]

i

- d, 16.0g/%1

16.2g/%1

Ein

[
3

L

- d, T-P2]

=

=

9
20.7g/<1

_40_

LER LAl T-N

=

- d9)

-

1.

¥ 9]

- d9)
- d~3.1g/%)

@ jeju

2.2g/91

-d, T-N9| Hid9

- d~123.0g/%]

-

2 BOD, T-N, T-P9 A= TRAAHESY 58.0g/¢l

56.0g/<1
d, T-P
87.8g/<1



A2

AR 20099 547H 84€7HA

e, 20003 = vebs Ao A AT

il

48 Fig. 15 9 Fig. 16 o 7t7F el

—=—BOD —a— SS(mg/L)

4
.

184 189 205 224 235 248 290 328 365 366
Visitor(Persons)

79

Fig. 15. The variation of BOD, SS in A-STP by Visitors.

350

o o o o

[=
e 1 o uu o
(3]

N N - -~
(7/6w)uonenuasuo)

AL
;OO

iR AR

o
ﬁo

BOD Y]

BOD& =7}

o)
—
o
R

s

=
[}

A7 A FEE7}

tol 37

G

BOD¥ %9 H]
vk & 2004) 2

—_
o
R
oF
=

R

™
N

ojy
500
T
59

= 7tat

AT

-
1.

ojy

_41_

@ jeju



—+TN-=T-P

100
- . N N P
> & — - g —— e
3 .
k=1
.0
E 10
§ - — . ./.\.ﬁ
5
(&)

1 1 1 1 1 1 1 1 1 1 1

79 184 189 205 224 235 248 290 328 365 366

Visitor(person)

Fig. 16. The variation of T-N, T-P in A-STP by Visitors.

Fig. 16 oA B T-Ne lojM = W24 wE BOD % 3kef npzhrA]
2 WEAFE 27F €5 wokAe FEe UEHiglE. T-Pe xRSk A
o] nnd Aoz yElutl o] Sawyer and McCarty(1994)2} Snoeyink and
Jenkins(1980)0] 2]3lH 7}A 3 5o o3 T-P 5-3l&#<S 16kg/19 - oz 714
ol Hat T-P ¥k 10 mg/LA =W, o 5 AAlel <3 T-P F-a &2
AT G AA 9 50~70%S ATty vl AR EE ZxF 79155
YA o] T-Pe] FRAAL AAe] &gk 3¢
LS ek WY Eold dHE £ u WA SUtE A8 = AR

& T/ I e 7s) TR T LA

o

DEFZG MY fYstr £ 54
ZF A A fr9iskare] BODe diske] el whEl 20099 549 ~8€
ok B8 At A-STPeA BODE 94.0 mg/L ~ 224.0 mg/LH §lelA w3}
atil 9lom, WHBODE 1654 mg/LE 339 APAAE % ¢ BOD/ 7+ =
A debgen, AFA X9 FEseH Al Fit BOD9 w528k UER
o},
B-STPol A= 31.0 mg/L ~ 826 mg/LH$ WelA Wslata glon,

o
=

_42_

@ jeju



BOD+= 539 mg/LE 74 YA yebda, C-STPoA= 280 mg/L ~ 88.0
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Fig. 21. The variation of BOD in the influent and effluent from A-STP.
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Fig. 22. The variation of SS in the influent and effluent from A-STP.
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Fig. 23. The variation of T-IN in the influent and effluent from A-STP.
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Fig. 24. The variation of T-P in the influent and effluent from A-STP.
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Fig. 25. The variation of BOD in the influent and effluent from B-STP.
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Fig. 26. The variation of SS in the influent and effluent from B-STP.

_51_

Collection @ jeju



—&— Influent —m— Effluent

80

T-N Concentration(mg/L)
EN o
o o

N
o
T

5/2 5115 6/1 6/9 6/14 7/3 7110 7118 7127 8/3 8/19
Time(days)

Fig. 27. The variation of T-IN in the influent and effluent from B-STP.
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Fig. 28. The variation of T-P in the influent and effluent from B-STP.
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Fig. 29. The variation of BOD in the influent and effluent from C-STP.
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Fig. 30. The variation of SS in the influent and effluent from C-STP.
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Fig. 31. The variation of T-N in the influent and effluent from C-STP.
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Fig. 32. The variation of T-P in the influent and effluent from C-STP.
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Fig. 33. The removal efficiency classified by treatment processes
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