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Abstract

This study derived the effectiveness analysis results of construction of wastewater treatment plant under climate change
scenarios. Canadian Global Coupled Model (CGCM3) was used and A1B and A2 of Special Report on Emission Scenario
(SRES) were selected. Regional climate change data for this application were downscaled by using Statistical Downscaling
Model (SDSM) and the flow and BOD concentration durations were obtained by using Hydrological Simulation Program -
Fortran (HSPF). The criteriafor low flow and water quality were chosen as Qgg, Qos, Qg0 and Cso, C10, C1. The numbers of days
to satisfy the instreamflow regquirements and target BOD concentration were also added to the criteria for comparison. As a
results, small wastewater treatment plant improved the water cycle due to the increase of low flow and the decrease of BOD
concentration. But climate change affected the reduction of effectiveness significantly. Especially in case of construction of
small waste water treatment plant in the upstream region, it is necessary to take climate change impact into consideration since
itisusually related to the low flow and the water quality of the stream.

keywords : Climate change, Duration curve, Hydrological Simulation Program - Fortran (HSPF), Statistical Downscaling
Model (SDSM), Waste water treatment plant
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ok 0.7°CY Aoz FFSAUHKIM et ., 1997). o= 2
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Fig. 1. Flow chart of this study.
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Fig. 2. Map of the study watershed.

Table 1. Applied alternatives in this study S o] &3l Tl NCEPSH CGCM39 AR A9 A
Code for . Quantity | Quality eHZ4 YXE Fg 37 2t

lassification Alternatives (cms) (mg/L) ATES = | ) o] =]

e 715988 AU es HSPF 23l HEA717] 915t

Alt 1 Coll;;ﬂ gzﬂcfwaﬁf oy | 0205 | 10 OEIARAL Fos & EASE 478 2E<2 SDSM

R)e/zuse ofay g olgste a9 AER AFHL e GCM EH

Alt 2 treated wastewater 0.145 5.0 e 49 A52 F4F54h 71FHE AU E &

Alt 3 AL6-1 & AL6-3 0.350 6.0 A A AFS ASHSAE 2001958 2100d 714 2

3. 2t H uH

1. 7|FH3E AlUE|2 MM

7187t sk f&8l riAle 9 getstr] A 3
22+ 71593 g 93] (Intergovernmental Panel on Climate
Change, IPCC)ellA AFstil U+ GCM F CGCM3
(Canadian Global Coupled Model)9] Z3E o] &35l &&
2] FEA AT 247tE wlEAIUE 2+ IPCCY 24
7k v &l #3 58 X231 (Specia Report on Emission
Scenario, SRES)9] AlUEl 2 & A1BS A2 AU s A
g3t AIBE #Z IPCC 43 AR AN AA =
el ddo 7ME F FEIEHE AUz I FEAM
7} 3 Qi) 21008974 CO,7F 720 ppmell =2E A S
2 Y5 AUy FFdel 48 olFA 2 Aoz v}
Aot £, 2009). A2 AlUE LE CO, WSS}
343 Z7lsted 21004 = 820 ppmell o2& wjEAY
oz 24727t F486 UMY FAF Y /3 A
FFE Frtste AL dFY SdHAA gnrt e
Ao 2 FHE **Zqé}ﬁq(ﬁﬁ‘:—*.i 5, 2007).

2 AFoAM AFEE GCM 2 CGCM39 FAAe ¢
350 kmx 350 kme] Z71& &—‘Et‘r NCEPS] A& 9A]
< 3719 HEEE JHAL Q7] dEd Bk A >
A& skl NCEPSt CGCM3<| ]% T M2B529 Hg 3 Location of used grid point of NCEP, CGCM3, Seoul
A2 HZeA T o] ol 7hae Uil HAFRE Station.
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Table 2. Result of Mann-Kendall test
Station Present (1961~2000) Future (2011~2100)
Element Air temperature \ Precipitation Air temperature Precipitation
Scenarios Present (1961~2000) Al1B A2 A1B A2
S 4,978 E+6 -6.230 E+5 26148200 41115776 5134131 7655988
V(S 5.988 E+11 3.922 E+11 4,080 E+12 4.080 E+12 3.792 E+12 2.803 E+12
Uc 6.433 -0.995 12.946 20.356 2.637 4573
p-value 1.250 E-10 0.320 2.220 E-16 2.220 E-16 0.002 4.820 E-16
AeER 71 ARS A4AATh ManKenddl @RS Wth Z Aoz 4e@zid o9 49T adz
&5t Table 29t #o] HAAS m BF A A& & Fig. 4, 5% 2t}
FIsA T AedEZae H7IHES ALB AU 20A ‘2 AR AdeE 29 ALBSY AU 2o BlE)] ok
AWF 7120 ¢ 15°C F7he 137°CE Ve A2 A 3 AE'E AL 9k A2 AU edA o 2 79
Ul e oF 1.9°C 453 141°CE YEyth 443 HES AHE ¢ 9t A2 AU eE AEFE I/
o A% FAY FHF AFFFZol 14013 mmel Wl WNHY o] ZYHOoE o] TojAE IS ZE AU
A1B Al e+ < 500 mm7t F7Fe 1,896.9 mmo|H, ool wEty 4 EAE gForvt sfdsts =9
A2 AlYE = 9 630 mmrt S7He 2,029.5 mmE ek = 718, A AFAYA EA W =¥ JEolA
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170 1 - Trend ("10~'00)
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Fig. 4. Predicted annual mean temperature at Seoul dtation.
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Fig. 5. Predicted total precipitation at Seoul station.
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Ayl e vl o =A JedA " stEth AFE 5(2009)L 4B E S o=
FEIH ASTELS AL vk A FF3F F(2007) =
32. 2ot &M f&_a 98 HaF fEFAL AL v Utk me
2 Ao PR S(2009)0] FFA fdel 75 £ ZHANA ERENG 9
HSPF 23S AMEsSAt E3#E Hlwsty] 8 A" 3l Tr%J—’ﬂ(flow duration curve)¥ BOD BEAETH
EXFAGES EXxFE L o|4A 5(2006)0 AAIH FHS (concentration duration curve)S ©]-&3tR T o] Zdd
ol AR FEFARTES FEFH ZFI} PHAMSIM - <1, 99%, 95%, 90% F3(Qos, Qos, Qeo) T ZEHA
(US Geological Survey, 2001) 23& o] &3 Aty & g TEdTE, FAHIE A vE AESFHAA

1404

_>ar_>c:L

AftEFS aeste] 9ER 0277 cms (L, 2, 3, 11, 129), 30%, 10%, 1%9] HE7k(Cs, Cuo, C)TF BEFZ WEY
11 cms (4, 9, 10¥), 0.4 cms (5, 6¥), 1.05 cms (7, 8¥) 2 oty Hrir|Eo g A9t

2 AEHAL Fx £FE o] 2EHAT ddEe= Zh AvE e, dPEE HSPF 2¥E o] &3t 43
HEF 71E(BEE) WA ARA H2 FHS lﬂ%— % Aok Fig. 62 =8 STAHAA U 1, 2, 39 #A
3o BOD 5 mg/Lolst2 333 th 309(1979~2008) 7 mlE] 7]$wsH(2011~2040) A=

Hejazi and Moglen(2008)2 7] ste} TAIS &
Foj mA= IFS BN A3l Z5FFH(ow flow)<
stoll thsl 99%, 95%, 90%<] & (flow duration)S, 3L

2(A1B, A2)9l W&l 243 4334 BE A&EFHE
x'“/\]o}oaq- o]— _1:17]- o]— i = /\]L}_E‘l_‘o_oﬂ EH_SH %’]\_
I W3 g FAAoZ A Table 3, 49 2t}
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Fig. 6. Flow duration curves of al aternatives under climate change scenarios.
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Fig. 7. BOD pollutant duration curves of al aternatives under climate change scenarios.
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Table 3. Summary of flow duration changes and numbers of days required satisfying target quantity

_ ) Values (cms) Ratio
Criteria Scenario
P Al1B A2 P A1B A2 Average
No Alt 0.07 0.09 0.09
010 Altl 0.28 0.29 0.29 279.0% 234.2% 222.8% 245.3%
Alt2 0.22 0.23 0.23 196.2% 165.1% 156.7% 172.7%
Alt3 0.42 0.43 0.44 477.8% 401.9% 381.3% 420.3%
No Alt 0.10 0.11 0.12
05 Altl 0.31 0.32 0.32 198.3% 177.1% 171.4% 182.3%
Alt2 0.25 0.26 0.26 139.7% 125.1% 120.4% 128.4%
Alt3 0.45 0.46 0.47 339.9% 303.2% 293.6% 312.2%
No Alt 0.13 0.14 0.14
o1 Altl 0.33 0.34 0.35 157.3% 146.2% 143.2% 148.9%
Alt2 0.27 0.28 0.29 110.9% 103.0% 101.1% 105.0%
Alt3 0.48 0.49 0.49 269.5% 250.1% 244.8% 254.8%
Number of days|  No Alt 138.6 69.4 67.4
required Altl 254.0 115.9 116.0 83.3% 67.1% 72.0% 74.1%
satisfying target Alt2 219.0 101.2 101.0 58.0% 45.9% 49.8% 51.3%
quantity Alt3 278.1 122.3 122.2 100.7% 76.3% 81.3% 86.1%
Table 4. Summary of BOD concentration duration changes and numbers of days required satisfying target quality
_ ) Values (mg/L) Ratio
Criteria Scenario
P AlB A2 P AlB A2 Average
No Alt 23.17 22.62 21.08
c30 Altl 13.91 14.89 14.96 -40.0% -34.2% -29.0% -34.4%
Alt2 14.70 15.59 15.67 -36.6% -31.1% -25.7% -31.1%
Alt3 12.60 13.72 13.89 -45.6% -39.3% -34.1% -39.7%
No Alt 23.17 22.62 21.08
c10 Altl 13.91 14.89 14.96 -40.0% -34.2% -29.0% -34.4%
Alt2 14.70 15.59 15.67 -36.6% -31.1% -25.7% -31.1%
Alt3 12.60 13.72 13.89 -45.6% -39.3% -34.1% -39.7%
No Alt 49.00 38.91 32.47
c1 Altl 24.49 24.58 24.51 -50.0% -36.8% -24.5% -37.1%
Alt2 25.63 25.93 25.71 -47.7% -33.3% -20.8% -34.0%
Alt3 22.34 22.26 22.23 -54.4% -42.8% -31.5% -42.9%
Number of days|  No Alt 467 287 28.8 274.6% 153.2% 149.3%
required Altl 1533 65.6 63.8 228.2% 128.4% 121.3% 159.3%
satisfying target Alt2 102.8 477 46.6 120.1% 66.1% 61.7% 82.7%
quality Alt3 268.8 104.9 105.2 475.5% 265.1% 264.9% 335.2%
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