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[Abstract]

In this study, a water budget analysis was performed in the Gamcheon watershed with a realistic water supply network, and
return flow rates for each demand site using the SCE-UA method were estimated. Contrary to the conventional approach with
uniform values, the estimation showed differentiated rates: 45.0~72.1% for domestic and industrial water use and 15.2~35.1% for
agricultural water use. The analysis also considered energy consumption at each stage of the water use cycle, and the highest
consumption was observed during the intake process and agricultural water use, with a value of 2.8% of Gimcheon City's annual
electricity consumption. In addition, optimization techniques were applied to determine the releases from hydraulic structures and
assess the feasibility of predefined instream flow. The results revealed that, even under optimal operation, the instream flow could
not be satisfied, highlighting the need to reconsider instream flow. The overall findings underscore the importance of water use
cycle and its energy consumption in planning water resource management and carbon-neutral strategies while providing the
necessity of pre-evaluation for reasonable instream flow.
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Fig. 1. Description of study area
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Fig. 2. Water supply and demand network of study area
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Water cycle b resources Water and energy relations
facilities
Domestic and _ 2.
industrial intake ¥'=02448X, (R":0.8477)
Intak Water pumping and
niake distribution system Y=10.2778X, (R*:0.8176)
(agricultural)
Groundwater intake Y=10.7947X, (R*:0.7356)
Distribution Pumping station Y=0.2472X, (R?:0.8145)
Purification Purification plant Y=0.1794X, (R?:0.6519)
Sewage treatment |y, 5505 v (g2 0.7988)
plant !
Treatment W
astewater treatment |, _ 0.5356.X, (R?:0.7196)
plant

¥: Electricity consumption (10° kWh/y), X,: Water intake (10° kWh/y), X,: Water
pumping (10° kWh/y), X,: Water purification (10° kWh/y), X,: Water treatment (10°
kWh/y)
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Fig. 3. Comparison of observed and simulated flow time
series (Gumi-si(Seonjugyo))
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Table 2. Optimizing demand return flow rate

SCE-UA
method(%)

Existing return

Demand site flow rate(%)

<Outer-supply area>

65.0, 65.0, 65.0,
65.0, 65.0, 65.0,

Gammun, Gamcheon,
Gaelyeong, Goa, Guseong,

45.0, 50.5, 45.5,
50.9, 71.1, 66.2,

Daedeog, Mueul, Bongsan, | 65.0, 65.0, 65.0,|72.1, 45.9, 51.7,
Seonsan, Apo, Eomo, 65.0, 65.0, 65.0,|66.1, 45.8, 56.3,
Ogseong, Joma, Kilye 65.0, 65.0 48.3, 67.1

<Facilities with

Industrial: 201003, 201005
standard unit basin

Agricultural: 201005,
201008 standard unit basin

<Agric

Irrigation: 201001, 201002,
201003, 201004, 201005
rural water district

Non-irrigation: 201001,
201002, 201003, 201004,
201005 rural water district

river water use permits>

65.0, 65.0 68.7, 60.1

35.0, 35.0 15.4, 29.6

ultural demand>

35.0, 35.0, 35.0,
35.0, 35.0

356.1,15.2, 15.6,
15.2, 28.5

35.0, 35.0, 35.0,
35.0, 35.0

33.2,15.6, 15.8,
15.2, 20.9

I 3. HERE ZolREe SAHXR
Table 3. Statistics of observed and simulated flow

Mean (m3/s) | Std. (m%/s) | ROV NSE

Obs Case| Casel Obs Case| Case| Case| Case| Case| Case| Case|
1 2 11 2 1 2 1 2 1

Gauged

station Case

Gumisi

(Seonjugyo) 121

12.3]43.3|31.8|36.5|1.05/1.04/0.50{0.78]0.52|0.80
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Table 4. Electricity consumption by water use cycle

Annual electricity consumption (106 kWh/y)
VEET Intake |Purification | Pumping | Treatment| Total Glm?ggt])n—y
2013 | 41.2 8.0 1.0 10.9 |61.2| 1,920.9
2014 | 37.0 7.8 1.1 12.0 |58.0| 1,918.6
2015 | 37.5 7.6 1.1 9.3 55.5| 2,023.4
2016 | 41.3 8.7 1.2 10.0 |61.3| 2,172.1
2017 | 46.5 8.2 1.2 10.0 |65.9| 2,314.1
2018 | 41.7 8.9 1.2 12.3 | 64.1 2,437.3
2019 | 45.0 6.6 1.3 9.9 62.8| 2,316.2
2020 | 47.2 7.6 1.3 12.7 |68.9| 2,267.8
2021 36.7 7.2 1.3 13.5 |58.6| 2,403.3
Total |[374.1 70.6 10.7 100.6 |556.0| 19,773.7
Average | 41.6 7.9 1.2 11.2 61.8 2,197 1
E5 3:E = 0|8 2 M3 M|

Table 5. Electricity consumption by water use sector

3369

Annual electricity consumption (106 kWh/y)
Year Domestic Industrial Agricultural
Total
use use use

2013 25.2 2.8 33.1 61.2

2014 24.7 2.9 30.4 58.0

2015 21.8 3.1 30.6 55.5

2016 23.7 3.5 34.1 61.3

2017 23.8 3.5 38.6 65.9

2018 25.8 41 34.3 64.1

2019 22.2 2.6 38.0 62.8

2020 25.5 3.5 39.8 68.9

2021 25.3 3.8 29.5 58.6

Sum 217.9 29.9 308.3 556.0
Average 24 .2 3.3 34.3 61.8
3-35IMRARE 38 7tsd Bt

SARAFE B 75 BrhE 990 67 Case® 74
sl BAE ST SaA D918 245 AE 0
g 274 A AdE &8ate] Aol aAlE
uI AR A Q) ROl HE Bl 1A] @S drh s
AAE A wE Fa) WA A w4 (D
sl Akt 4= ik

- No. of times Df =0
Rl =————— (7)

N

A7V, Rel'i= 78A 9] AHE, D= 8 i8] = B

N2 A 2] 7|3t 5 ekt

http://www.dcs.or.kr



THA(AF) A e] sl tigh A8 H7} ° — — — — |
gjq__:i__ };L_ 6J—q_ 75_1—9‘11] ZJ|— CaSeHEﬂi %03% 7&%.‘?«3}%94 x1 Case 8 - -Effective storage - -StorageatLW.L - -Dead storage
T 248 a9 4ol JERNATE =3 Case™d 849 & ;
BEES Ard g shitsle] ® 79 A|AEITE Case 33 5
Case 49] HlIE B8] AR aAe] AME Q18 slaFA
F% FF AEE ta ol RESE Zle g B
olst 4= it} o] A¥s B3 PRI ALe T2 8 FF :
7R TGH L Yo sPdAAFHele 288 oS
NH Aoz FAFY AR H4 2498 53 2
ol A FuA|(AF1L) A e SRR 2] Akl 8.00 Time (day)
- - o o1 2l 4 BN 7498 Dol xast
n/sE RS W A AN £ B SufA gy 4 BN T0E 99 HEH
- - 1. 4. Imulated reservolir storage case
o THE 5 Qe Aow BAR o A8es THE g ge by
Y 58S RETE SR ot 19 48 BN B 7. 24 FoY 2 253 Wl
T 3l 4= 9o Case 59 A$ 9 =93] ==5(F Table 7. Evaluation of water shortage by case
FYree Adssy] wiel PRraY AEge] AL Vo [F22223 <‘|°ﬁtm3> Case 4 “loﬁtmg) Cose & “loﬁtma)
L _ _ - m.4Hnd. | Instream | Dom.+nd. | Instream | Dom.+nd. | Instream
T skl SHRE B Fgsh] olEe 7] & +AQ. flow +Agr. flow +Agr. flow
olytt}. uHA Case 79 79 AA7|7he] 04 225 F 2013 | 265 | 1047 | 11.0 | 131.3 | 26.5 | 111.2
sleln 2 shal0x gk Toro] Aox|TlE AEass 3ol 2014 | 58.2 | 104.2 | 49.6 | 1121 | 57.0 | 657
EH% }] 04} o i c o ] ;if}* ge‘i boor 2015| 53.7 | 1149 | 29.2 | 1250 | 51.2 | 90.1
S R FUETE U TEet] = FETe] sk Ao 2016 | 29.7 | 96.1 83 | 1105 | 276 | 72.8
2 YeRt) o] LuA|(AFER) A H] sS85 1A 2017 | 14.0 | 100.4 | 2.7 | 1146 | 140 | 83.9
WE e 4.08 s RSRE Hm viRG PdE e JR e e
HRAE Case 6°] Case 8T} ¥ W2 sPdfA#d& &+ 2020 59 | 454 | 0.2 528 | 54 6.8
o) AEgr FeT 2 589 el Fe 2021 | 1.4 36.5 0.0 43.0 0.4 0.0
9155 570 A0k ) twall gy | iog T og Lo e o]
H ] 1B EFH O = &A o O o3 >
T 7‘?3-34 ijdh"?g' H=2 ‘%Pi'*‘i s Oz‘ﬂ—r/}i O}E_] ‘ﬂ'l':‘ T Year | Dom.#Hnd. | Instream | Dom.+nd. | Instream | Dom.+nd. | Instream
uA[(AFR) ] FPEFAFES UEAI7]7] oHu s AS Agr. flow +Ag. flow Ag. flow
stolslol o 24 200 A 7F A= 43,60 2013 | 22.6 | 238 | 10.7 | 131.3 | 10.7 | 38.7
Frelstd ]::1 1 e ]‘ e l]L - ]# . _09} 2014 | 49.6 | 101 | 491 | 1031 | 451 | 2209
63.9%%= HAEAT sk AEAE e dend FE 2015| 148 | 48 | 288 | 1243 | 26.1 | 329
o] o} s AR AL 93t D] FF 35S Eaf AHAE 2016 | 16.4 16.8 8.1 107.9 8.0 36.9
L o . 2017 | 3.7 0.0 26 | 1140 | 22 26.1
4.03 mY/sE TFI we A o we} AA7|7F AFE
/55 e UHH A T°<] ek A f* 2018 | 2.2 0.0 33 | 800 | 33 | 225
7} 66.0%2} 90.8%= FAE ATk, SEAINE 2 Aol A A4 2019 | 2.8 0.0 3.3 69.1 3.1 16.8
B A% $do] ohd RARFN| AGAFF AL THE 2020 11 | 00 | 04 | 400 | 0.2 | 10
0.16 m'/st eSS BHCase 3) B4 AN 85 FoH s e
- -y - otal . . . . . .
AFEE 31.4%2 FRACITN) - tigk SERAI
& o 70% A= TFA] Kok Ao FAERIT Wl g g6

F A 8 TS AR B 7P ol B
e 3 glow pekeh ShH A G

=
P A= AAE ZRE RFA

E 6. 24 A9 SISARY 33 M =3
Table 6. Water supply reliability of Instream flow by case g 22 s aael ot de 71 5= 7] wiZo|tk
Vgt Case 3| Case 4 | Case 5 | Case 6 | Case 7 | Case 8
(%) (%) (%) (%) (%) (%)
2013 22.2 15.3 19.5 56.4 15.3 44 4
2014 30.1 | 321 65.2 | 89.9 | 40.0 | 71.0 v.d =2

2015 20.5 15.3 46.6 92.6 18.6 54.8
2016 34.7 29.0 62.6 78.7 37.4 51.9

2017 | 23.0 | 17.8 | 405 | 100.0 | 19.7 | 54.8 F QIRk ge] A gt AR nes ik skl
2018 | 400 | 37.5 | 71.8 | 100.0 | 47.9 | 60.3 ek ga)o] Be #o] WEH L ik e vaF gy} g
2019 34.0 29.0 78.9 | 100.0 | 48.2 78.9 2 ARS Y3k Tkt w2S 7] 8o Q). wEh] &
2020 | 56.0 | 57.9 | 89.9 | 100.0 | 79.0 | 87.7 o1 2ol ] oL il o o HLE) ]
2021 425 | 485 | 100.0 | 100.0 | 86.3 | 90.1 18 el n) = UA g AP o W7

; o] o Slx]o-x] o8 Iz k=] =z B35 g
Egrti'(;‘é 33.7 | 31.4 | 63.9 | 90.8 | 43.6 | 66.0 A7 lorl SRR Fviel 2A7E fleA wAw |
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