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The reuse plan of Sewage Treatment Plant

Effluents in Jeju area

Dal-Hee Joa

Department of Construction and Environmental Engineering
Graduate School of Industry

Cheju National University

Supervised by Professor Yong—-Doo Lee

Summary

In this study, to propose a water reuse system suitable for Jeju, we reviewed
water treatment technologies being implemented in sewage treatment plants in
Jeju, which turn wastewater into water for agricultural purposes. Thus, in this
study, we reviewed related literatures, quantitatively and qualitatively surveyed
the water discharged from the sewage treatment plants, examined the status of
the water reuse system that has been partially used, and analyzed the agricultural
environment for the discussion of the technical and political measures to introduce
the applicable water reuse system and extensively implement water reuse projects.
The analysis of the agricultural environment in the Jeju Special Self-Governing

Province indicated that the area was extremely vulnerable to drought or rainless



periods, by the nature of upland farming. The area of Hangyeong-myeon in the
western part of Jeju is known to experience drought every 2 ~ 3 years. In Jeju,
the optimal amount of groundwater drilling was 1,709,935 m'/day and the drilling
rate was 96.6% as of the end of 2007. This suggests that the groundwater
drilling might have reached the limit of the resource. The drilling rate reached
178 ~ 190%, particularly, in the western area, including Aeweol, Hangyeong and
Daejeong, indicating that the drilling rate significantly exceeded the optimal
drilling rate.

As the concentration of Cl in the treated sewage was higher in Jeju than in
inland areas, it was unfit to be used without reclaiming. To decrease the
concentration of Cl, the combined sewer system needs to be modified into a
separated sewer system to prevent the incoming seawater from seeping through
the collecting pipes. Stronger measures must also be considered, for example, by
imposing relatively high fees for the usage of sewage facilities on seafood
restaurants with a fish tank and aquariums, which usually discharge seawater
into the sewer. Jeju requires a customized water reuse system that filters,
desalinates and sterilizes the treated sewage to optimize the concentration of CI
for the proper reclamation of the treated sewage. The desalinated water can be
used to artificially recharge the groundwater to prevent the contamination of
incoming seawater, or it can be used to water the neighboring golf course during
the winter when less water is used for agriculture. To extensively implement the
water reuse projects, strong determination is needed to establish and promote the
water reclamation plan in administrative, economic, legal and technical aspects.
The optimal measures shall be presented based on the interrelation between such
aspects, and full support shall be given to the stage of facilitating the water

reclamation.
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Table 1. Cultivated acreage in Jeju

73 A ¥ A (ha) 7F A A (a) Hl 3L
ZAIE
A = &l A = LLs
1971 49,336 1,033 48 803 87.0 1.8 85.2
1975 49,498 1,063 48 436 8.8 19 86.9
1980 50,116 1,003 49,113 94.9 25 92.4
1985 51,028 1,038 49,990 120.7 25 1182
1990 54,788 836 53,902 1365 2.2 1343
1995 56,329 206 56,623 1428 05 1423
2000 59,207 195 59,012 151.4 05 150.9
2005 58,442 171 58271 161.4 05 160.9
2006 57,367 101 57,766 1587 0.3 158.4
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Table 2. Agricultural area by land category in Jeju (unit : ko, %)
R R
7] et
T Al Al ki3 v i
WA | B]& | WA | v& | |F | v& | 9 | H& | dF | H&

1980 | 1824.9 | 520.4 | 285 | 420.0 | 23.0 91 5.0 9.4 05 | 13045 | 71.5

1985 | 1824.8 | 519.0 | 284 | 4178 | 229 | 918 | 5.0 9.4 0.5 | 13058 | 71.6

1990 | 1825.6 | 519.9 | 285 | 3874 | 21.2 | 1234 | 6.8 9.1 05 | 13057 | 71.5

1995 | 18454 | 532.8 | 289 | 3653 | 198 | 158.7 | 8.6 8.8 05 | 13126 | 71.1

2000 | 1846.3 | 541.2 | 29.3 | 346.2 | 187 | 1868 | 10.1 8.3 04 | 13051 | 70.7

2001 | 18471 | 5434 | 294 | 3475 | 188 | 187.7 | 10.2 8.2 04 |1303.7| 70.6

2002 | 18472 | 5416 | 29.3 | 345.7 | 187 | 187.7 | 10.2 8.2 04 | 13056 | 70.7

2003 | 1847.8 | 5414 | 29.3 | 3448 | 187 | 1885 | 102 | 81 04 |1306.3 | 70.7

2004 | 18482 | 541.3 | 29.3 | 3447 | 187 | 1885 | 102 | 81 04 |13069 | 70.7
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Table 3. Agricultural area by land category (2004) (unit : km, %)

] Zm A 7 w = W4 71 €}
TE (m®) | A2 | vg | A4 v A4 | ug | @9y | 0s| 94 |0
AFE- AR | 18482 | 541.3 | 29.3 | 344.7 | 187| 81 | 04 | 1885 | 10.2 | 13069 | 70.7
(T)AFA | 25655 | 587 | 23 | 282 | 11 | 06 | 02 | 299 | 11.7 | 1967 | 77
(T)MAZA | 2549 | 675 | 265 | 322 |126| 35 | 14 | 319 | 125 | 1874 | 735
27 | 7223 | 2182|302 | 1701 | 235| 26 | 04 | 455 | 63 | 504.1 | 69.8
e | 912 | 356 | 391|293 [321] 02 | 02 | 61 | 67 | 556 | 609
(7) | AYS | 2022 | 554 | 274 | 402 1199| 09 | 04 | 144 | 71 | 1467 | 726
B | e | 186 | 438 | 235 | 413 [222] 04 | 02 | 21 | 11 | 1422 | 765
:j Z#% | 1507 | 351 | 233 | 198 |132| O 0 | 153 | 102 | 1155 | 76.7
T | 34 | 791 | 424 | 537|338 |428| 11 | 14 | 76 | 96 | 366 | 463
FAE |71 16 | 228 | 16 |222 55 | 772
x™ | 62 42 | 672 | 41 |671 2 32.8
27 | 6155 1969 | 32 | 1142 |186| 14 | 02 | 813 | 132 | 4186 | 68
() | O8F | 786 | 478 | 608 | 411 |523] 06 | 08 | 61 | 77 | 308 | 392
3| 99S | 1885 | 546 | 29 | 94 | 5 0 451 | 24 | 1339 | 71
ﬂ kg | 1077 | 339 | 315 | 226 [209| 01 | 01 | 11.2 | 104 | 738 | 685
;—_: obew | 1055 | 27.1 | 25.7 | 197 |187| 07 | 06 | 67 | 64 | 785 | 743
FAW | 1352 | 335 | 248 | 214 |158| 0 0 | 121 | 89 | 1016 | 75.2

2w 1 BAAR(EAFT, 2005)

2) AFSEAAE Fo A z= B2 AFAA

AFEIAAAE] A= A 25L& Table 49 2tk w3, 957, ¥, AF 22
AgFRge] A AA gasta e W, AR, 2AF, HAF, 2T 59
Aot AAdFE A2 A Frlste AS & F Ak WA Q48T F
ako]l AL AFAEe] AuidAoe] Foj51, FYETF FaFol BE AiFe #
AFe] A A o] SrkEe] wYP&Ge] FaTe] AHH R FY e dvd
Tk &g Table 5914 & 4 9l5teol, AlAAEA WA o] Frhghel] wet sHE&F
FoFol Ut =AY AerRy o HHow SortEr Y& FoTE
=712 Aoz wud,



Table 4. Crop area by year in Jeju

T 19851 19901 199541 2000 20054 20061
N H A (ha) 1,158 797 143 205 1,208 927
e
A2 ZFEM/T) 3,699 2,488 553 710 2,363 2,352
) "4 (ha) 12,765 9,322 5,974 2,576 2,294 2,825
o
A3 ZFM/T) 34,347 26,100 24,724 10,114 8,775 9,232
) ™ 4] (ha) 1,409 1,752 1,101 486 2,098 2,224
2
Y2 F(M/T) 1,718 2,203 1,374 447 2,409 4,921
N W4 (ha) 7919 10,332 8,392 5,942 5,712 5,834
5
Y2 M/T) 7,968 18,173 16,282 7,394 9,417 8,550
5 W4 (ha) 6,756 6,569 7,052 6,018 6,278 4,540
A5
A AZFEM/T) 45,493 38,819 36,046 24,520 27,412 21,252
o Hi& (ha) 2,506 2,939 2,618 3,116 2,869 2,903
o) jH =0
A AF=E(M/T) 118,614 145,675 133,575 156,978 158,537 156,771
. ™ 4 (ha) 1,945 2,355 3,357 3,522 6,290 6,268
LA F
Y2 F(M/T) 39,666 66,347 134,573 155,935 276,332 309,581
H A (ha) 1,600 1,717 1,798 1,186 1,022 977
s
Y2 FM/T) 26,999 35,892 49,114 31,097 33,331 20,786
A (ha) 4,691 2,672 3,399 6,780 6,289 5,491
e R
2§ Ak (M/T) 82,654 47,155 93,251 155,455 131,732 123,671
o "4 (ha) 15,779 20,896 25,491 27,806 22,009 22,375
A
A2 ZFEM/T) 371,289 549,512 629,556 577,822 646,199 632,101
D P =80y 2) W ZRe WFRe 50 3) A oF Y §
4) FiF o ZF 2 T 5 AT AR, 2T 6) JAT  wE, delE, A5 S
7 2AE R BT s 8 AR @, e S 9 2AR 1 G vE B
10) 4 @ g, gl E 5
A7 0 7 A EE (http//www kosis.kr)
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Table 5. Greenhouse area in Jeju
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Table 6. Cropping system of major crops in Jeju
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Table 7. Area supplied by agricultural tube well

TF 5498 #A A FdE #A
an AA T = ~/ - -
B (ha)||  -p ok T2 | o Y FrEH ChbiE
N m®/day) (ha) ° T | (m’day) (ha)
AFE-ARE | 376425 | 725 551,667 215188 | 2523 | 361,481 16,123.7
(A FA] 2,015.9 62 45127 1,538.1 107 14,019 4778
(TINAZA | 74242 69 42,810 2,185.9 747 102,590 5,238.3
A 11,2888 | 319 | 252614 | 98140 265 36,052 1,474.8
() | F&5 | 1,073.0 37 28,327 1,030.6 9 1,166 424
= zAg | 18094 31 25,482 1,239.3 89 11,722 570.1
;1] o | 33923 97 75,667 3,194.8 35 4678 1975
| dES | 1,8459 61 51,253 1,686.1 35 4,857 159.8
4H | 31682 93 71,885 2,663.2 97 13,629 505.0
BV 169136 | 275 | 211,116 | 79808 | 1,404 | 208,820 8,932.8
() | Ak | 1,3984 26 21,731 1,062.4 50 6,872 336.0
2 mam | 20008 32 24,894 1,200.3 120 16,789 809.5
;1] g9y | 7,905.7 60 46,304 2,511.9 661 99,429 5,393.8
Sl ) 4= | 937.9 42 31,167 7338 60 8,671 204.1
WS | 46618 | 115 87,020 2,472.4 513 77,059 2,189.4
g AFEAAAE R8T SHALFHAFEEAA =, 2004)
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Photo 1. Tube well and reservoir in area
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Table 8. Rainfall records by area in Jeju
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Table 9. Rainfall by area in Jeju (unit : mm)
T 1€ | 2¢€ | 3€ | 4€ | 5¢ | 6€ | 7€ | 8¥ | 9€ |10€¥€|11€¥|12¢| &A
Hd 62 | 68 | 75 | 8 | 91 | 169 | 219 | 243 | 212 | 76 | 71 56 1430
iﬂ 2004 | 41 48 | B8 | 56 | 125 | 66 | 56 | 405 | 349 | 25 | 52 | 55 1336
=
20054 | 47 | 98 | 8 | 34 | 53 12 | 121 | 218 | 9 18 | 93 | 79 867
Hd 31 76 | 114 | 181 | 218 | 266 | 290 | 256 | 163 | 72 78 | 46 1791
Al
7 | 2004 | 16 97 87 | 258 | 421 | 180 | 53 | 421 | 326 | 36 81 44 2020
20054 | 33 | 105 | 195 | 136 | 138 | 96 | 195 | 244 | 17 | 53 | 137 | 43 1392
Hd 79 79 1123 | 143 | 168 | 229 | 283 | 305 | 201 | 94 | 90 | 60 1854
]
)3 2004\ | 69 | 45 | 108 | 143 | 291 | 114 | 61 | 553 | 412 | 46 | 76 | 48 1969
2005 | 58 | 110 | 168 | 97 | 119 | 42 | 374 | 256 | 64 | 65 | 124 | 113 | 1590
Hd 46 | 46 | 74 | 83 | 117 | 139 | 166 | 211 | 112 | 38 | 58 | 31 1121
i 2004 | 16 | 70 | 73 | 118 | 169 | 85 | 48 | 364 | 240 | 25 27 | 35 1270
20054 | 33 | 53 | 97 | 54 | &2 36 | 165 | 130 | 11 45 | 93 | 31 830
25 0 AT A 9(2006)
2) 7HEuE) As
Table 10& EW 94d Al ¥ 65294 ha FoA 7FEI &S = A 9o &722
ha(F5F 2,258 ha, A& F 6,464 ha)=® °F 13.4%<2] wo| 7IEI & & Wt} 53], Ef
Ao va| ARTF FFFo] 700 mm o4 FEF ARAG FAW Ade] B
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Table 10. Drought damage to farm products (1994)
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Table 11. Status of groundwater drilling by water Use (2007)

: - o Hede | 7
o 4,941 1,351 3,312 162 4 112
g ° T 1100%) | (27.3%) | 67.0%) | (3.3%) 0.1%) (2.3%)
Al I 1,709 622 1,037 45 5 -
(A m/day) | (100%) | (36.4%) | 607%) | (26%) 0.3%) 0.0%)
R 1,193 324 759 2 3 105
[e)
L e i
5 (8 mw/day) 1,041 372 664 1 4
Al ® == 3,748 1,027 2553 160 1 7
n | NEE 663 950 373 44 1
= | (H m'/day) b
AA s A8 1,144F 79153 m'/day A <)
A8 AFERAAE BAFLATA YRR

Table 12. Distribution of agricultural/stockbreeding Tube Wells by altitude(2005)

(unit : well)

2 | BN | A%e | wde | wRs | oo | Taat
Al 4,941 1,351 o2, 162 112 4
100 m™] vk 3,846 1,031 2,622 130 63
100 ~ 200 m 639 139 510 12 28
200 ~ 300 m 232 71 140 14 7
300 ~ 400 m 92 49 29 6 7 1
400 ~ 500 m 57 37 10 7 3
500 ~ 600 m 14 13 1
600 ~ 700 m 2 2
700 ~ 800 m 1 1
REE 5 8

A% AFEARA
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Fig. 1. Distribution of agricultural/stockbreeding Tube Wells by altitude.
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1089 % A w9857 & dAH R 1602633 m/daye] Lo Aow B
At 24 AT 5985 Fo%S Bl (AFA 136901 m'/day, (7-)A7A
E A 153,835 m'/day, (T)EAFT 635389 m'/day, (F)EAFT 676508 m'/day =
(F)EAFEY (F)gAFE Ade] AA FawFe] 819%E AAst glo] A HH

Ax7E Ae & ¢ Ak

Table 13. Agricultural water demand during a drought in a 10-year period

(Vegetables, Tangerines and Food Crops)

2% (m’/day)
T Frus
A 5T e
AFE - A A = 49,998 1,602,633 1,574,637 27,996
() A F Al 4,726 136,901 135,347 1,554
(F)A A EA 6,114 153,835 151,835 2,000
By 20,467 635,389 618,535 16,854
() of & 5,269 159,288 156,438 2,850
B & 3,343 144,338 137,124 7,214
i 373 4,114 126,297 125,191 1,106
T X5 3,338 90,246 88,144 2,102
T35 4,398 115,219 111,637 3,582
By 18,697 676,508 668,920 7,588
() A5 4,508 193,921 190,465 3,456
G =R 2,340 82,410 81,861 549
i Ak 3,329 151,731 150,752 979
T EAS 3,279 96,962 95,732 1,230
HaE 5,241 151,483 150,109 1,374

A% AFE w8 SRAIFHAFSEAAE, 2004)
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ATHTable 14). o] A& A5l AdA Aol we 54 Fado] AUz
ge Aol gl Ao Hol wuHE, 45t Ae ARAGe] §5fawge] o

A YEha o

Table 14. Agricultural water demand by frequency (Vegetables, Tangerines and

Potatoes)
. FAME e | 5dNE FaF | 10dNE FaF | 0dUE e
(m'/day) (m'/day) (m'/day) (m'/day)
AT E5EAA] = 1,228,705 1,273,474 1,330,383 1,383,788
(F)AFA] 121,081 127,643 135,529 143,785
()4 A EA] 145,928 150,601 156,630 162,158
27 468,202 484,304 505,694 525,683
() SRR 128,487 132,880 138,411 143,699
| eEs 99,881 1984 3 108,558 113,157
;,11 g A 95,442 99,325 104,149 108,897
= 2 67,314 69,149 71,493 73,635
T35 77,078 79,737 83,083 86,295
27 493,494 510,426 532,530 552,162
() g5 177,739 184,909 194,142 202,548
o Qrel ¥ 66,095 68,249 70,950 73,549
;jl A Ak 51,749 53,520 55,716 57,879
- A 57,117 59,198 61,763 64,317
el 140,794 144,550 149,959 153,869
AR AFE FAEF FEANFAAFEAAA =, 2009

=z

TEADFHA>AFEEAA =, 2004) 9]

TANZE &



o FFFHE ANYER Hwd Ao|ty = AR B w s|EAHY AF T
Aol o3 FAET BAAHS 944167 m/dayEA F FRFY 71% £ Aow
EAEAY. SEHe] A9 BAFTFo] Fawe 8% FroR V] MEd wHEF
o] Al ek AuALdHe] AAZE AlFsEtaL, FHRAGY] AE 0% FEORE
F5 F7H0 sdEF ATl 87 EHE A ek o)

Table 15. Agricultural water demand and firm yield (unit : m”/day)

B3 % (20039 @)
F8

(2011

-
M
Lo

2] 3} =
T\ 13k A wy BUE
2A | 3% | AA (%)

ke
+
-z
N
o

AFEE A2 2| 1,330,383 | 944,167 | 930,967 | 558,286 | 372,681 | 13,200 | 386,216 | 71.0
T AFA 135529 | 59,293 | 59,293 | 45,127 | 14,166 = 76,236 | 437
()2 71 32 A] 156,630 | 145,680 | 145,680 | 42,810 | 102,870 - 10,950 | 93.0
A 505,694 | 311,292 | 298,492 | 258,504 | 39,998 | 12,800 | 194,402 | 61.6
() T35 83,083 40,350 | 30,950 | 28,327 | 2,223 | 9800 | 42,733 | 486

?] 5 71,493 39,866 | 39,866 | 27,712 | 12,154 - 31,627 | 55638
A

= o 45 138,411 81,996 | 80,996 | 75,667 | 5329 | 1,000 | 56,415 | 59.2
T ghel 5 108,558 57771 | 57,771 | 51,253 | 6,518 = 50,787 | 532

Einekl 104,149 | 91,309 | 89,309 | 75,545 | 13,764 | 2,000 | 12,840 | 87.7
27 532,530 | 427,902 | 427,502 | 211,845 | 215,657 | 400 | 104,628 | 80.4

()| 845 | 55716 | 28733 | 28733 | 21721 | 7012 | - | 26983 | 516
T gAm | 61,763 | 43149 | 42749 | 24804 | 17855 | 400 | 18614 | 699
;ﬂ el | 149959 | 146,198 | 146,198 | 46304 | 99894 | - | 3761 | 975
Tl oebegm | 10950 | 42,830 | 42830 | 31,167 | 11663 | - | 28120 | 604
WA | 194142 | 166992 | 166992 | 87,759 | 79233 | - | 27,150 | 860
Foopggels A%enAel ASSTEY, 20033 BA AU FTHA e BAS X,
AR AFE SAES FRAIFAAFSEAA =, 2004)
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Table 16. Example of the Treatment Process for the Substance to be Removed
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Treatment

Contaminant Removal Efficiency by

Table 17. Comparison of the

Facility
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(2) AAGAA] FUFHds

Sagete] a4 Ao] &4 2000 2.9%, 20034 54%, 20059 6.9% =
o7 ud FEE Z7hstE Aol gtk 200540l E A7 669 m'el dHEA e
469 mE Aolg o, Aolg FEj= Table 199 eERHA T

of

Table 19. Profiles of sewage water reuse in 2005

Q.3 I 1wl 7k =] < XOHH ol Q. —6]';6 Q.
O }‘ 7 I~ A~ A~ A~
]o oEH *” o ot Ry /]E}%‘—}l: o "o T %X]%—’E 7]E]roT
Al o] &-& 23.5% 6.6% 3.8% 14.0% 6.0% 40.1% 6.1%

T 24 TR M d4A4Y dAsALeR FESGT #PRdME TR
BE M 2006. 9stel Al shFAR gl kAl

2006\ el AQHIE SN A st 67) A el ‘shEA S Aol
stglch A s Aol gk F A Table 2001 WEbH AT 2007'd =0 £
M= st Al S S SAH R FAsA o w(Table 21), str= 714
(2007. 9. 28 Aol wheh 20079 % E 20159744 57h s AALFE A A
AR FRTTAN>S Fdte] TR <FTPAFEFFAL>ANE &
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Table 20. Profiles of sewage water reuse projects promoted by the ministry of

environment (2006)

> Z} _
oo langa) swen | auds | Aen | QusE | Feae
St 2] Al A
A% ek my | 2000 | 85000 | 110,000 | 57,000 10,000 150,000
st el T4 SBR | HBR-TI ASP ASP Biotry-R HI?AI\I?T
BOD 2.0 6.0 - 6.4 10.0 -
A4 | cop 5.0 8.3 3 10.7 20.0 -
2 A Al
w4 SS 5.4 3.1 - 39 10.0 -
7&]
(mg/Ly| TN - 133 - - 15.0 -
T-P - 0.5 = % 2.0 -
A o] &
A S ety | 5000 10,000 | 43,200 12,000 30,000 30,000
SBRﬂE} oz U2 L=/ Al o 3
e R T}+3HA] B
AolE A THEE j;“ﬂ - %}] - o] #++R/O }jﬁ L e | HANT
=A IR e — B 1 3
i=]
N EEi| 3+l 4 25 g 3
Aol 5 T TN A T maaga) ax
° 45 45 °T 2R A58 &%
BOD 2.0 5.0 - 2.0 6.0
COD 5.0 - - 2.0 10.0 -
SS 54 - - 1.0 5.0 -
A o] &
A TN - 10.0 - - 15.0 -
Frd
(mg/L) TP - 1.0 - - 2.0 -
gt s -
— 1 _ _ A= 714 = o
(A/ml) 000 =He
A - 40 - - 10.0 -
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Table 21. Profiles of sewage water reuse projects promoted by the ministry of

environment (2007)

T ey | na | o g 2y | 2%
=] >~ A /g
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= T o
o B
sl 84 NPReelsH| o S | - i’%i@%ﬁ DNR SBR
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W
el TN 15 111 = 10.0 -
(mg/L) | pp Ty 05 - 10 .
A o] & iy ~ 3 o
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Q9 Iz = _
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4
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Table 22. Profiles of sewage water reuse projects promoted by the ministry of

environment (2008)

. A o] & A o] -8-=F
N 2 A8
1 A4 S (it /day) P
_ G 20 kn
Fib Rl 3ol A - AA 8,000 a1
o} 4= 31
PP o) At =4 30,000 ioz:i 2151“1
g et =
olAyl
A% A 2% 7 30,000 PRl
T — = =1
G 64 k
an g | aw #7059 20,000 A A
g =
A F 2 5000 1t
A B 2} 2] = w3 o] 5,000 o|F#E 5
ggAA 14

2. st MolE sAIIE A

D A& WA
sjQt7tel Heo] Mg Al

& Stprh Wol A Hv, ofel sheAd ] AR A7 B xS ot

1500 ~ 5500 ps/em A= FiEo] WSA gl vl a5 folrh upepA,

AFAHEFE TP LEFE Ao 37 YA E dEEEE 2H3le] ZEo] A T

=
o7 Hastrt Table 232 &9 F&o] 100%, 90%, 75%,

HE PA F=
50%, 0% A, <9 EYe] xstFFdo A7|HER(EC)E YEI Xolth H=E
229 A¢ A7 AEZE(EC)7F 2,800 ps/cm 7HA = FElES JA Tz 3,900 us/cm

0%7F dalE 3L, 14000 ps/emo] W@ ZEo] BF J&E A4
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Table 23. Salt resistance by concentration of EC in root zone of crops (unit : gs/cm)

o ot
K 100% | 90% | 7% | 50% | 0%
A&
1 2] (barleya) 8,000 10,000 13,000 18,000 28,000
Z - (beans) 1,000 1,500 2,300 3,600 7,000
ZH (broad bean) 1,600 2,600 4,200 6,300 12,000
544 (corn) 1,700 2,500 3,800 5,900 10,000
= 3}(cotton) 7,700 9,600 13,000 17,000 27,000
=3 (cowpea) 1,300 2,000 3,100 4,900 9,000
o}rl(flax) 1,700 2,500 3,800 5,900 10,000
%2 (groundnut) 3,200 3,500 4,100 4,900 7,000
1] (rice, paddy) 3,000 3,800 5,100 7,200 12,000
ol % (safflower) 5,300 6,200 7,600 9,900 15,000
A 21} o} (sesbania) 2,300 3,700 5,900 9,400 17,000
A== (sorghum) 4,000 5,100 7,200 11,000 18,000
Z(soybean) 5,000 5,500 6,200 7,500 10,000
A (sugar beet) 7,000 8,700 11,000 15,000 24,000
9 (wheata) 6,000 7,400 9,500 13,000 20,000
A A
) (beeth) 4,000 5,100 6,300 9,600 15,000
B2 22 (broccoli) 2,800 3,900 5,500 8,200 14,000
¥l 3= (cabbage) 1,800 2,800 4,400 7,000 12,000
9] (cantaloupe) 2,200 3,600 5,700 9,100 16,000
@2 (carrot) 1,000 1,700 2,800 4,600 8,000
9 ¢](cucumber) 2,500 3,300 4,400 6,300 10,000
2} 3 (lettuce) 1,300 2,100 3,200 5,200 9,000
%3} (onion) 1,200 1,800 2,800 4,300 8,000
1.3 (pepper) 1,500 2,200 3,300 5,100 9,000
7+ 2k (potato) 1,700 2,500 3,800 5,900 10,000
T (radish) 1,200 2,000 3,100 5,000 9,000
A] 5] (spinach) 2,000 3,300 5,300 8,600 15,000
APEFS-5= 5 (sweet corn) 1,700 2,500 3,800 5,900 10,000
Lol (sweet potato) 1,500 2,400 3,800 6,000 11,000
E 1} E (tomato) 2,500 3,500 5,000 7,600 13,000

27 Ayers & Westcot, 1976
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Table 24. Salt resistance by concentration of EC in root zone of crops (unit : ws/cm)

T
A=
100% 90% 75% 50% 0%
I F

o} = (alomond) 1,500 2,000 2,800 4,100 7,000

Al 2} (apple)
vl (pear) 1,700 2,300 3,300 4,800 8,000

& (lemon)
- (apricot) 1,600 2,000 2,600 3,700 6,000
o} 1 7} %= (avocado) 1,300 1,800 2,500 3,700 6,000
) F=oF A} (date plam) 4,000 6,300 10,900 17,900 32,000

-3k (fig)
< B (olive) 2,700 3,800 5,500 8,400 14,000

2] 5 (pomegranate)

3 %= (grape) 1,500 2,500 4,100 6,700 12,000
2}-& (grapefruit) 1,800 2,400 3,400 4,900 8,000
2 @l 7] (orange) 1,700 2,300 3,200 4,800 8,000
& %} (peach) 1,700 2,200 2,900 4,100 7,000
217 (plum) 1,500 2,100 2,900 4,300 7,000
@7 (strawberry) 1,000 1,300 1,800 2,500 4,000
5 (walnut) 1,700 2,300 3,300 4,800 8,000

27 Ayers & Westcot, 1976

F 1 25T oA 25 EYF] x3FEH ] AV EE(EC)Y
a : Tolr]ek F7ldE 4000 ~ 5000 us/cms @olAE ok
b : wolrel= 3,000 us/cme dolA e ot

g, Table 243 2H&9] F=3tako] 100%, 90%, 75%, 50%, 0% 7} == #7852
ANAEEECE EAFa g 5, Ard A7AE==EC)S dlsE AH4e=
NSRS AF FHFo] Fade WSS & F Atk FFH L T, AF, Fad
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Table 25. Comparison of national and international reclaimed water quality

s
AR

EREE

A4

ShT

A &)=

()]

]
= H

olo (e
x off

TpE
4]
g5

EPA
OREEE:S
44 4%

pH

6.0~8.5

6.0~8.5

6.0~8.5

6.0~

o0

)

6~9

SS(mg/L)

100

15

100

BOD(mg/L)

10

COD(mg/L)

6.0

DO(mg/L)

5.0

(E)

2NTU

250

TDS(mg/L)

500~
3500

NH;-N(mg/L)

T-N(mg/L)

1.0

1.0

T-P(mg/L)

0.1

Al(mg/L)

As(mg/L)

0.05

0.05

0.1

0.1

B-total(mg/L)

0.75

0.5~0.6

Cd(mg/L)

0.01

0.01

0.01

0.01

0.01

Cr-total(mg/L)

0.05

0.05

0.1

0.1

Co(mg/L)

0.05

0.05

Cu(mg/L)

0.02

0.2

02~1

F-total)(mg/L)

Pb(mg/L)

0.1

0.1

0.1

a1

0.2

Li(mg/L)

Mn(mg/L)

Hg(mg/L)

ND

ND

ND

Ni(mg/L)

0.2

0.2

Se(mg/L)

0.02

0.02~0.05

Zn(mg/L)

0.5

1~5

ABS(mg/L)

0.5

0.5

CN(mg/L)

ND

ND

ND

PCB(mg/L)

ND

ND

o
(71/100mL)

ND

*ND: Not Detected
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Table 27. Recommendation regarding reuse water quality

Aolg FHAARY|E
& W Aol g4 AR S
o -
joé RN RN g I A B I i A | A5 ;E@
g5 |Hes| &4 | 85 | g5 T ax | 220
pH 58~85 | 58~85 | 5.8~85 | 58~85 | 58~85 | 58~85 |58~85| 58~85 | 58~85
SS(mg/L) <6 <6 <6 <6
BOD (mg/L) <3 <8 <3 <5 <5 <6
DO(mg/L) >2 >2 >2 >2
gZ(NTU) | <2 <2 <2 <2 <10
WA WEH | mEH | = v E || v s
A (%) <20 | <20 | <5 <20 <20 <5 <5 <5
2R gl | >0.2 >0.2
WEEEOHOM | =15 | Ed 5 | 22435 <1,000| <200 | EAZF 2dHE| E4F | <1,000
Felaped/) <250 <250 <250 | <250
T-N(mg/L)” <10 <10 | <10 | <10
T-P(mg/L)” <1 <1 <1 <1 <1
ABS(mg/L) <1 <1 <05 <05 | <05
® w98 AALYE F7HE S (mg/L)
Al As B-total Cd Cr® Co Cu Pb
5018k | 0.05°]3F | 0.75°13F | 0.01°]3} | 0.05°]3}F | 0.05°]3} 0.20]3 0.10]3
Li Mn Hg Ni Se Zn CN PCB
25018k | 0.20]3F | 0.001°]3} | 0.2¢]3} | 0.02¢]3} | 20]3] E4E 4=
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T-N 60mg/L, T-P 8mg/L
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Table 28. Sewage treatment plants in Jeju (2007)

N A e FERdYg | A5

i = (m'/day) el (m'/day) (%)

& RICHES) 209,000 £ 120,856 57.8

2 7 154,000 s 95,073 61.7

A FA] = 130,000 ﬂf =7 90,262 69.4

(37H—/1\—) [e) }‘“é‘(CNR)

% ¥ 12,000 SBR 2,459 205

2 A 12,000 SBR 2,352 19.6

2 7 55,000 % 95,783 46.9

A g 15,000 B3(¥d) 6,591 439

REESN B = 20,000 B3(x13) 13,392 67.0
(G4 o A 8,000 SBR 3,692 46.2
g9 8,000 SBR 637 8.0

A Ak 4,000 SBR 1,471 36.8

Table 289 20073 % A|F=A9 st-Aeld d3S YeRUA o™, Table 29 &=
FAgdd 9l steA g Zs e AT Agd s = 120,856 m'/day <]
5

F7F 72 A9 A oR FyEo] HEE ).

_36_
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Table 29. Monthly incoming sewage of the sewage treatment plant in Jeju (2007)

. A5 A1 (m'/day) A1 A (m'/day)

h =% B3 474 A HE o7 e K
14 90,394 - - 5648 | 11,490 | 2933 - 1,281
29 85,416 466 - 5547 | 12202 | 2863 - 1,215
34 89,940 | 1,207 - 5747 | 11561 | 3175 - 1,398
49 83318 | 1213 - 5842 | 11534 | 3105 - 1,261
59 83899 | 1611 - 6,338 | 12250 | 3321 - 1,311
64 90476 | 2,347 - 6489 | 12540 | 3294 - 1,497
74 97692 | 4,094 2,106 7987 | 15508 | 5772 - 1,844
84 97,779 | 4,184 2,638 8300 | 16234 | 4133 - 1,800
99 84,751 | 3,858 3,766 7532 16512 | 4,049 203 1,969
10¢ 91529 | 2937 2,170 7409 | 15704 | 3919 770 1,369
114 86,882 | 2466 1,618 6,220 | 13556 | 4,099 774 1,228
129 90,251 | 2568 1,766 5924 | 11607 | 3637 799 1,462
Jo | 90262 | 2459 2,352 6,591 13,392 | 3692 637 1,471
A1 | 127,389 - - 9442 | 16512 | 5772 1,315 3,726
= 27,320 - - 4687 | 11,490 | 2863 50 942

steAEl e EAAGY mFsteA o]l Hit 90,262 m/day, =& EFAY
g BEA o] 6591 ~ 13,392 m/day, A #HE, 44, O, G4, L4

o] A%+ 637 ~ 3,692 m/days Aelsta Aok

2) AFAY H5AAE 54 54
Table 30, Fig. 2 ~ Fig. 6& 20079% A% A9y st5Ae)5 FA@Foz 44
BN ARE Agsat AEADFE 3T FANFAE dAGeE RIS A
X

o2 HolARE Aol g FHAAILY|EI B aLs)
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Table 30. Quality of the water discharged from the sewage treatment plant in

Jeju (2007)

WH=2 (mg/L, 7H/mL)
R
BOD COD SS T-N T-P o)t
A 8.8 104 78 21.043 1.971 139
B 49 74 9.9 10.566 1.457 56
C 8.6 8.7 6.8 11.456 1.097 57
D 10.5 12.9 8.9 15.963 1.771 180
E 2.0 7A) 2.2 9.138 1.639 300] 3}
RS FEAE 200]3} | 40918} | 20°]3} | 60°]3} 8olsl | 1,0000]3}
st gl 4 Aol & v =
caRmNEcsRes) | O - : |
AR HeEAD P AR
20
15
=
1)
S L
51 0
O
D
5 -
O 1 1 1 1 1 1 1 1 1 1 1
189 2% 3" 4% 58 68 7€ 8% 9F 10¥ 11¥ 12¥
——A =B ——C & D ——E

Fig. 2. BOD Concentration of the sewage treatment plants in 2007.
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20

O 1 1 1 If 1 1 1 1 1 1 1
12 28 3% 42 538 6% 7€ 8¥ 9% 10€ 11& 128

—— A =B ——C D —*—E

Fig. 3. COD Concentration of the sewage treatment plants in 2007.

20

SS(mg/L)
o

O 1 1 1 1 1 1 1 1 1 1 1
12 28 38 42 53 6¥ 72 8¥ 98 10€¥€ 11& 12¢

——A =B ——C -mD ——E

Fig. 4. SS Concentration of the sewage treatment plants in 2007.
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30

25

20

T-N(mg/L)

10

O 1 1 1 1 Il 1 1 1 1 1 1
19 2% 3% 4¥ 53 63 78 8¥ 9¥ 10 11¥ 128

—— A —-a—B —a—C D ——E

Fig. 5. T-N Concentration of the sewage treatment plants in 2007.

T-P(mg/L)
N

O 1 1 1 1 1 1 1 1 1 1 1
12 28 3% 42 58 6% 72 8¥ 9% 10" 11 12¢

—— A =B ——C D —*—E

Fig. 6. T-P Concentration of the sewage treatment plants in 2007.
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m'd A7 Al S 2000 me A= 68949, 3,000 mMeE §HS FUHAI7IH
6509, 50,000 m'# 100,000 m'e= AA 2 45 77t 2855UF 260.3U o= AlE &
Fol T 45 ALV ol = R A Al (economy of scale)’t EA|E}H7]

wjEolth Al A g2 AALA 7S Table 319 YEF A THAIFEE 21X =, 2003).

Table 31. Operating cost by size of the water reclamation facilities (unit : won)

A& (m'/day)
2,000 3,000 5,000 10,000 50,000 100,000
A 689 650 539 428 285.5 269.3
1 7AH - = - 5 55 2.8
Rk 81 81 81 81 89 89
BMF® A H] 210 210 144 90 30 25
RO a4 40 38 34 29 12.5 115
oF -] 25 25 21 19 19 15
7P 333 296 259 204 129.5 126
Zts 0 AlFEHE AR = (2003)
mheba A an]§ Ao]8 AlaEle] A A RS sHE&T o] &A1V Ak
H-& 5ol B2 TAHS o7 A1Z F Aok 284 b33 22 AFAY AA
= Ao]& Al="lE ARty gt
Fig. 8& <AF3 stsAgs Aol& A =w>9 A= Ay T Cl =7t
1,000 mg/Le]Zdo] =™ sfef o= WF{shA v 1,000 mg/L Pve] A9-= @A
A G Az ol Ht olF Cl ¥%7F 200 mg/L vwte] A$-= g A

mﬂ

PAEE F3ete] AfER olFstAl HaL, 200 ~ 1,000 mg/L vRke] 5=
dAY A AL F AFER ol Tk AF5-AA = (2003)2F 2H2008)
of A7 Ays By 2ddAgAES ol RlE TE8] fr7l= B SS g o

18
= =T
AELF & ANT F Qe Ao vy oy, FIAYANLE ol gatE AF
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Table 32. Comparison of water quality of Two-Stage PCEF/RO and JeJu Plant

JeJu Plant Two-Stage PCF/RO
st | ST e
Effluent
pH 69 7.0 6.0 6.7 6.7 6.0
SS(mg/L.) 6.9 11 - 59 0.2 0.0
COD(ng/L) | 114 9.7 05 58 39 06
Cl(ng/L) | 664 640 99 203 207 5
T-N(ng/L) | 169 Y 7 0.9 153 133 0.4
T-Pig/l) | 24 1.9 0.1 2037 | 0.069 0.003
Conductivity | 53 (70 | 3001 0.069 1083 | 1012 0.033
(mS/cm)
27 0 AFEE AR E=(2003), 2HE A (2008)
ol 2~ 4 QA FE T 2 Bl - A4 TAE s AsY] sty AsAlA

et Aol AUV

e
-
2
>,
X
fru
>
oo
4}
kl
%0
ke

r_g_:
E)
:(I)L_l‘
18
=2,
=)
rr
of
oot
fto
m

mg/Le]3s}e] 5ol A

1
TAES TS A Fevha dEA k@A e e, 2001). ClO;
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Fig. 9. Facility plan for the water reuse
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