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Abstract

Recently, increased water demand and frequent droughts caused severe water shortages in South Korea. Thus, reusing the reclaimed
water is receiving attention as an alternative water source rather than depending on the conventional water supply. In South Korea, three
types of water reuse are mainly applied, such as rainwater reuse, gray water reuse and wastewater reuse. In this study, the wastewater
reuse was analyzed since the amount of treated wastewater is relatively constant over the year and typically the water quality is
acceptable for reuse. In Yongin-si, there are 26 golf clubs, which is about 10% of entire facilities currently operating in South Korea.
The golf courses consume significant amount of water for landscaping; thus, if the reclaimed water used, the economic, social and
environmental benefits would be tremendous. This study estimates the economic benefits and costs when supplying the reclaimed
wastewater for landscaping of golf courses as a case study in Yongin-si.
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Fig. 2. Wastewater treatment plant (WWTP) locations in Yongin-si
(Water supply office of Yongin-si, 2017)

Table 2. WWTP operating information in Yongin-si (Water supply office of Yongin-si, 2017) (unit: m?/d, %)

WWTP Total treatment amount Water reuse rate Total reused amount | Internal reused amount | External reused amount
Yongin 37,481 6.7% 2,505 2,505 0
Giheung* 33,532 32.7% 10,959 3,212 7,747
Gugal* 31,524 43.5% 13,702 7,081 6,621
Yeongdeok 6,417 7.6% 489 489 0
Suji* 103,913 13.4% 13,883 1,043 12,840
Sanghyun* 7,176 9.4% 677 677 0
Seocheon 2,623 1.4% 36 36 0
Gomae 4,735 68.9% 3,263 261 3,002
Mohyeon 14,335 2.2% 321 321 0
Dongbu* 441 6.8% 30 30 0
Chugye 361 11.9% 43 43 0
Cheon-ri* 3,252 13.1% 426 426 0
Songjeon 1,957 100% 1,957 251 1,706
Namsa* 1,537 14.1% 217 217 0
Wonsam 214 7.9% 17 17 0
Baegam 1,582 11.3% 178 178 0
Total 251,080 19.4% 48,093 16,787 31,916

*Selected WWTPs for application study
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Table 3. External usage of the reclaimed water (Water supply office of Yongin-si, 2017)

WWTP External usage of reclained water Capacity (m*/d) Facility size
- 3.

i River maintenance flow (Tancheon) 30,000 g?l;lp])llgnsler:%/ilgloz i?mn,ﬂllletlgtfé,:?; ll::l]
River maintenance flow (Seongbokcheon) 30,000 g:l;;p ;)]igiertr;r/zliérloz il()mnjlljei;tf i’ 41253(,) l];:/

Giheung River maintenance flow (Jigokcheon) 20,000 g?;:lpDZa?nI::ltZT;ZZ 07 fnﬁf{Lng];:l? ; 1252 ll:nv:/
o River maintenance flow (Suwoncheon) 13,000 g?;;PD‘:a(;l;;;n_mA‘E;fn E?L}j;ﬁiﬁsiwkm
River maintenance flow (Osancheon) 19,000 i?;:lpD?a?nI:tgniz 5 02 ilﬁf{Lejg];:l? ;31781(1\Zm
Yeongdeok River maintenance flow (Yeongdeokcheon) 10,000 g:l;;p D?;ﬂ‘::;n:lgz 05 ilr:q],—lLergflf . 725 lk7ka

Gomae Wastewater sludge flushing water 3,000 g?;:lpDzlahlI;ZTLHZZ 01 fnﬁf{LZrig];:l? ; 101 Zkl:}:/n

Songjeon Landscaping water (golf club) 2,300 g:l;;p Dlla?’n?tznzmzz 0] (EHTE;;E i’ 473 ]I:n\:/

EATH Y et P A 8RRt ol g glo] st 3.2 2RF M
L, B AP E A dFoll= Aol g4 gwol 7kt St Aol g0l a7t d XS A1A o= st
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Table 4. Overview of selected WWTP and golf club
WWTP (supplier) Wastewater treatment capacity (m*/d) Golf club (user) No. of Hole Designed supply (m*/d)
Sanghyun 7,176 Taekwang CC 36 2,000
Gugal 31,524 Suwon CC 36 2,000
Giheung 33,532 Namboo CC 18 1,000
Namsa 1,537 Plaza CC 36 1,500
Suji 103,913 Hansung CC 27 1,500
Cheonti 3052 Haesolia CC 27 1,500
Hwasan CC 18 1,000
Dongbu 441 Eunhwasam CC 18 400
Table 5. Elevation and distance between WWTP and golf club
WWTP Elevation (m) Golf club Elevation (m) AH (m) Distance (km)
Sanghyun 66 Taekwang CC 124 58 53
Gugal 82 Suwon CC 107 25 1.8
Giheung 59 Namboo CC 131 72 4.0
Namsa 20 Plaza CC 110 90 5.1
Suji 64 Hansung CC 143 79 4.6
Cheon.i - Haesolia CC 124 46 5.3
Hwasan CC 177 99 8.2
Dongbu 100 Eunhwasam CC 190 90 1.1
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Table 6. Pump design capacity and construction cost
Design flow (m*/hr) Design head (m) Construction cost (10° won)
WWTP Golf club 24 hour Off-peak 24 hour Off-peak 24 hour Off-peak
operation operation operation operation operation operation
Sanghyun Taekwang CC 83.3 200.0 84.4 76.5 335,277 724,606
Gugal Suwon CC 83.3 200.0 61.9 71.1 301,919 724,606
Giheung Namboo CC 41.7 100.0 94.5 81.5 167,638 402,332
Namsa Plaza CC 62.5 150.0 95.0 95.0 251,458 603,498
Suji Hansung CC 62.5 150.0 92.6 88.5 251,458 603,498
Haesolia CC 62.5 150.0 61.5 72.4 226,439 543,455
Cheon-ri
Hwasan CC 41.7 100.0 99.7 99.7 167,638 402,332
Dongbu Eunhwasam CC 16.7 40.0 98.2 95.7 67,055 160,933
Table 7. Pipe design diameter and construction cost
Design diameter (mm) Construction cost (10° won)
WWTP Golf club Pipe length (km)
24 hour operation | Off-peak operation| 24 hour operation |Off-peak operation
Sanghyun Taekwang CC 53 200 300 765,600 1,024,320
Gugal Suwon CC 1.8 150 200 238,420 263,900
Giheung Namboo CC 4.0 150 250 525,310 685,710
Namsa Plaza CC 5.1 250 350 872,100 1,137,300
Suji Hansung CC 4.6 200 300 669,900 896,280
Cheoni Haesolia CC 53 200 250 765,600 902,330
Hwasan CC 8.2 350 500 1,826,370 2,866,500
Dongbu Eunhwasam CC 1.1 100 150 117,700 144,100
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Pump design power (kw) 30-yr operation cost (10° won)
WWTP Golf club - - - -
24 hour operation Off-peak operation 24 hour operation Off-peak operation
Sanghyun Taekwang CC 25.5 55.6 399,485 335,765
Gugal Suwon CC 10.3 29.4 288,852 310,151
Giheung Namboo CC 14.3 29.6 219,912 174,588
Namsa Plaza CC 21.6 51.7 336,719 310,667
Suji Hansung CC 21.0 48.2 329,286 286,889
Haesolia CC 13.9 394 215,337 232,818
Cheon-ri
Hwasan CC 15.1 36.2 240,922 220,602
Dongbu Eunhwasam CC 5.9 13.9 99,376 83,974
Table 9. Reclaimed water treatment cost for 30 years
WWTP Golf club Designed supply (m*/d) 30-yr treatment cost (10° won)
Sanghyun Taekwang CC 2,000 6,604,355
Gugal Suwon CC 2,000 6,604,355
Giheung Namboo CC 1,000 3,302,178
Namsa Plaza CC 1,500 4,953,267
Suji Hansung CC 1,500 4,953,267
Haesolia CC 1,500 4,953,267
Cheon-ri
Hwasan CC 1,000 3,302,178
Dongbu Eunhwasam CC 400 1,320,871
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Table 10. Total cost for reclaimed water supply

Total cost (10° won)
WWTP Golf club - -
24 hour operation Off-peak operation
Sanghyun Taekwang CC 8,214,805 8,863,939
Gugal Suwon CC 7,487,580 8,001,863
Giheung Namboo CC 4,284,333 4,673,612
Namsa Plaza CC 6,525,899 7,178,811
Suji Hansung CC 6,296,046 6,889,912
Haesolia CC 6,259,847 6,777,053
Cheon-ri

Hwasan CC 5,736,509 7,118,495
Dongbu Eunhwasam CC 1,623,478 1,740,381

9,000,000 [ —

[ IMaintenance Cost
[Z1Pump Oprt. Cost
IlPump Const. Cost

8,000,000
lPipe Const, Cost
Il Treatment Cost

7,000,000
— B.o=m. R .
5,000,000
£ 400000 | | BN | W | -
g j : : §
% 3,000,000 ......................................
— R BB BRR
1,000,000
0
Sanghyun WWTP-  Gugal WWTP-  Giheung WWTP - Namsa WWTP - Suji WWTP - Cheonri WWTP-  Cheonri WWTP - Dongbu WWTP -
Taekwang CC Suwon CC Namboo CC Plaza CC Hansung CC Haesolia CC Hwasan CC Eunhwasam CC
Fig. 3. Total cost comparison
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Table 11. Benefit estimates of supplier (unit: 10 won)
WWTP (supplier) Golf club (user) Annual supply (m?) Annual benefit 30-yr benefit
Sanghyun Taekwang CC 550,000 302,500 7,264,791
Gugal Suwon CC 550,000 302,500 7,264,791
Giheung Namboo CC 275,000 151,250 3,632,395
Namsa Plaza CC 412,500 226,875 5,448,593
Suji Hansung CC 412,500 226,875 5,448,593
) Haesolia CC 412,500 226,875 5,448,593
Cheon-ri
Hwasan CC 275,000 151,250 3,632,395
Dongbu Eunhwasam CC 110,000 60,500 1,452,958
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Table 12. Payback period estimation

333

WWTP Golf club B/C Ratio (30-yr operation) Payback period (year)
Sanghyun Taekwang CC 1.05 20
Gugal Suwon CC 1.18 8
Giheung Namboo CC 1.00 29
Namsa Plaza CC 0.98 32
Suji Hansung CC 1.03 24
Haesolia CC 1.03 24
Cheon-ri
Hwasan CC 0.72 N/A
Dongbu Eunhwasam CC 1.07 18
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