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ABSTRACT In recent years, there has been continued interest in the utilization of river discharge as a new energy source. Before this
can be achieved, it is essential to examine the stability of the flow rate. In Korea, however, there are no guidelines for calculating the
water availability of river water. Therefore, this paper proposes a method of estimating the water availability of river water based on
the permissible standard flow rate according to the permission system of river water in Korea, and the amount of domestic river water
available is estimated. In addition, the area where sufficient hydrothermal energy can be taken is analyzed considering the heat pump
installation conditions of the river water. These results can be utilized as an indicator for evaluating river water hydrothermal energy as
an alternative to fossil fuels and the contribution of river water to greenhouse gas reduction.
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Table 1. The permissible standard flow (Han river basin) Table 2. The permissible standard flow (Nakdong river basin)

Mid—watershed name Mid—watershed name
/ ms) | (/s | (mfs) / m¥s) | (/) | tiow (m/s)
Mokgye 23.037 —0,063 £ | Andong dam
Chungju dam [~ —— - z down E\Lanecstlll:ng 11,361 20.8 -9.439
=1
down ney etc_ %1 93454 23.1 0.354 ® | —stream
—~stream Junction z Wolpo 3,125 8.5 —5.375
Sum river junction | 23,882 0.782 % | Naesungcheon
g ] v% g N;esuntgcheon 4,897 8.5 ~3.603
E Yeoju 21,941 8,059 ownstream
B Yeong river
iu wei = 5 I 16,543 20.8 —4,257
2, Yeoju weir 25,236 30 4764 2 Nakdong junction
= Namhan Heukcheon junction| 22,888 =7.112 =3 Sangju Sangju weir 19,108 9 3 —10,192
3 [ .94
river Yangpyeong | 32,604 0.104 - Wicheon junction | 21.361 ' —7.939
= Y k 0.695 —2.705
P - 32.5 onggo. . b
Namhan river 32,745 - 0.245 % Wicheon 3.4
downstream < Wicheon 0,744 —2.656
Uiam Dam 23.297 —0.703 § Nakdan 20,516 29.3 —8.784
g Gumi weir
Uiam Dam Gapyeong 23,789 0 —0.211 =1 Gumi weir 22,507 34,9 —12,393
Z
g Cheonpyeong dam | 24,787 0,787 € | Gameheon Gamcheon 3081 s 4,969
= = downstream : .
jus) Cheonpyeong dam | 31,021 7.021
g Hancheon 96,598 3
= Cheong Cheonpyeong dam 31 905 3605 junction - 34.9 —8.312
= . ) . )
] —pyeong downstream g | Gangeong Chilgok weir 26,038 38.8 -12,762
dam North han river 288 g | Coryeong Seongju 28,152 11,148
dommst 32.442 4142 = wetr Gangi ' 39.3 '
ownstream o angjeong 98,662 . 10 638
Paldang dam |  Paldang dam 67.335 6.135 1yeong weir
Geumho river
Paldang dam 67 702 6 502 g Geumho midstream 4, 562 9‘1 4‘538
downstream : 61.2 : river .
;. 8 %‘;‘ﬁ;gg 5.629 17 6,071
) ungnang
Han river —cheon junction 69,480 7.280 o Goryeonggyo 35,533 —10,767
Seoul ang— : —
Han river bridge | 71,832 8,332 E | nyeong Dalsung weir | 15,832 | —80.468
T g Hanch Hyeonpung 20.127 46.3 —26.173
=} Hongjecheon 68 977 5 477 =] pcheon Chananyeon —
g junction : : wer ARENYENE | 59575 13.275
@ Hapcheon weir
Hangju—daegyo 71,499 7.999 o Jukgo 5,339 —3.261
El . X -
i . Hwang river e 8.6
Han river Gyeyang 70.910 63.5 7410 v% wang rive Hv_vang _rlver 91 373 3 12,773
Goyang —cheon junction : ’ junction
Jeokpo—, 44,748 —7.252
Imjin river junction| 72,604 9,104 z Nakdong eokpo—gyo . o
2 Masuwon 45,151 —6,849
Han river Han river 93 851 30,351 §' Chang— Nam river 52
down—stream downstream : : * nyeong junction 45.243 —6.757
Jeongam 12,967 =5 b5
z
g ‘ Hamancheon | 15 o) 2,849
[} ® Mokaye S Nam river Jjunction 16.5
Uiam Dam 1 o _ - 3 .
070 ~ 0.79 ’%O O’?'»; \Sb.‘\q} 0.63~0.78 g Nam river 14.324 9176
. . ”L@ & * Vo downstream
L) )
Cheongpyeong - -8.06~-4.76 Jindong 60,035 —0.965
3.61~7.02 8 Yangpyeong Haman
/ 0.10~ 0.25 _ Changnyeong | 36,962 —24.038
Paldang » S Nakdong weir ol
Dam Ué; Miryang Imhaejin 24,279 —36.721
6.14~7.28 . Sincheon junction| 61,500 0,500
Han river Mi .
e bridge TYang TIVEr | 63 965 2,265
5.48-~9.10 Jjunction
§ Miryang Miryang 2,545 —6.155
Downstream g river i i 87
30.35 . I-!an ® Miryang river 2.800 =5,900
I river Z ‘Wondongcheon
2 . ; 66.640 5.640
g Jjunction 61
L] : Public notification points of instreamflow @ ‘Wolchon 66,860 5,860
© No permissible standard flow 5 Nakdong
. L _ s 5 Yangsancheon .
- Pelmfss!ble standard flow ¢ 10n'!/s V§ Estuary downstream 0.502 0.6 0.098
mmmmm . Permissible standard flow » 10mi/s 12 weir
z Gupo 67,592 6,592
Fig. 1. The permissible standard flow (Han River Basin) g Nakdong estuary 68.377 61 7377
[Unit: m3/s] o weir
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Sabeol libo
- 10.19~-7.94 - 9.44~-426
LI [ ]
Nakdong Naeseongcheon
- 12.39~-8.37@ Nakdong river
Gamcheon Gumi
Waegwan 1276
- 11.15~-10.64 @ Geumhao river
-4.54~-6.07 mh
Goryeon-gyo GE:J 1ho
] [ ] river
- 30.47~13.28
Hwang river
Jukgo ®
-3.26 Jeokpo-gyo Miryang ~ Yangsan
Nam ’i'v'E' - 725 - 676 /i'v'E’ cheon
. I Estuary
Jeongam lindong

- 3.53~-218 - 36.92~227

Nakdong VSVZIb[

river

- : Public nofification points of instreamflow
* No permissible standard flow

mmmmm | Permissible standard flow € 10mi/s

mmmmm Permissible standard flow > 10mi/s

Fig. 2. The permissible standard flow (Nakdong River Basin)
[Unit: m%/s]
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Miho
cheon Seokwa

° 1.88~2.69
Gongju
7.73~10.90 5229‘31”1995
() °, .
Hyeondo
Gapcheon ° () 7.58
@ Gyuam
9.84~11.19 Hoedeok @ Okcheon
-0.08 3,63~7.49
Ganggyeong Nonsancheon
11.54~12,53 ° ° Hotan
o Nonsan 2.67~2.99
/./Eeum 214 sutona
river °
2.20 Geum
river
L4 . Public notification points of instreamflow

: No permissible standard flow
mmmmm . Permissible standard flow { 10mi/s
mmmmm Permissible standard flow > 10m/s

Fig. 3. The permissible standard flow (Geum River Basin)
[Unit: m®/s]

Table 3. The permissible standard flow (Geum river basin)

River nam Standard 10—year | Instreamflow | Permissible
SR EIS ) low flow | requirement | standard
/ Mid—watershed basin name (m3 /s) (m3 /s) e (m3 /s)
H h
WARECREOn | 5 903 3 2,203
junction
Yeongdong—
Hotan 6,374 3.7 2.674
cheon
Choriver | g 6o 3.7 2,994
junction
@ Daeche d Cha h
5 aecheong dam ?Oﬂg? eon 9533 59 3633
5 upstream Jjunction
<
(o]
= Daecheong 1y gg0 5.9 5,768
dam upstream
Daech
Daecheong dam | 0 "8 |13 046 5.9 7.346
dam
Daech
ACCREONE 1 43 385 5.9 7.485
control dam
&
s} Gapch
& | Gapcheon apeheon 2,424 2.5 ~0.076
2 downstream
=}
& | Daccheong dam| ~ Maepo 16,082 85 7,582
8 down
Jut Mihocheon
= — 16,271 1 1
r:D stream junction 6.27 0.5 5.77
§ Seokwa 4,380 2.5 1.880
8 Mihocheon i
Mihoch
g ocheon 1 5 188 2.5 2,688
s downstream
Yongsucheon 22.448 10.5 11,948
Gongju 23,011 15.1 7.911
Gongju weir 22,826 15.1 7.726
g
Eoch
E | Geumriver SOChEOn 96 001 15.1 10,901
- . junction
=3 Gongju
ot Baekje weir 25.043 15.1 9.943
Gyuam 26,944 17.1 9,844
N h
OnSAnCheon | og 990 17.1 11,190
Jjunction
g
Z N heon
onsanc.
2 | Nonsancheon 2,340 0.2 2,140
= downstream
3
=}
? Ippo 31,442 19.9 11,542
5 Geum river
% | estuary weir | Ceumriver | oo .0 19.9 12,595
< estuary weir : ! :

FrPETAY FEAE 7L Ve de HER it
M9 52 AlQlstaL 8171 71ERagol ot Q= Ao R
FEAA7E A o= Ho] 3
A AR A 0.17-4.01m’/s Afo] 2
T AQJstofolstam AAAow
5P ARgo] ZHs Rt b GARE-ARE §o FheR
HEtH(Fig, 4, Table 4).
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H2o|4 87} 7|2850] 2.82-10.17Tm’/s, LA D BA AR 3P4 AE7IE QeiAE 7]8)71Eke] HEF 2
oA 27k 1.29m’/s, 2.13m’/solek, B7E /1RGOl @], ARl B SUERR 10% oo AMgE

AL Q7] el ofoll thgt 7187t HEME Bart 9l
Yeongsan Gwangju E]— EE-@— %?:IAZ]Q‘I:]O]EE Zﬂlzé‘?_]— —/1\—3547]‘ QA‘EX] Q‘?lol
langseong g river 0.49
-0.29~0.07 Hwangnyong Mareuk
e 068 ! Deokii
Seonam > Bondong I 2.82
0.27~0.55 0.27 sungiin2 g

° Nampyeong 3.29 Osucheon
Naju Jiseokcheon  0-43~ 0.60 H
[ ] Jeokseong

017 2439 @ |Sumijin
omakwon Yeongsanpo river
Hakgyo  -cheon 1.93~2.1 Daegang
037 mme 4.83~6.69 Namwon
Hampyeong Sapo —— =, 19
Hampyeong _c‘:’ ! 0.52~4.01 Yocheon
0.24 Boseong Amnok
Yeongsan rver 6.48
river Jukgok -
213
H Gurye
8.78~9.39
L] * Public notification points of instreamflow Songjeong
: No permissible standard flow 8.93~10.17
mmmmm . Permissible standard flow < 10mi/s ) ’ I
mmmmm Permissible standard flow > 10mi/s
. . Public notification points of instreamflow
Fig. 4. The permissible standard flow (Yeongsan River Basin) * No permissible standard flow
[Unit: m3/s] mmmmm . Permissible standard flow { 10mi/s
mmmmm . Permissible standard flow » 10mi/s
Table 4. The permissible standard flow (Yeongsan river basin) Fig. 5. The permissible standard flow (Sumjin River Basin)
" 3
; 10—year | Instreamflow | Permissible [Umt' m /S]
RIS TENIE Sk low flow | requirement | standard
/ Mid-watershed | basin name (m/s) q(m /s) flow (m¥/s) L L .
Table 5. The permissible standard flow (Sumjin river basin)
= Gwangju 1,062 0,57 0,492 I - f| Permissibl
S Yeongsan A —year | Instreamflow | Permissible
3 River name Standard
a9 . Hwangnyong h X low flow requwement standard
8 river 1,547 0,88 0.667 Mid—watersh
5 river junction : : . I ST RS basin name (m®/s) (m*/s) flow (m*/s)
o J 271 —0.289 @ Sumjin river
] angseong dam | 0. : £ - ! 3.583 0.76 2,893
g 0.56 é; Sumjin river dam downstream ) : :
E | Hwangnyong | [ vanEYONE 0,631 ) 0,071 5 | damdown
3 K river midstream : : = st Osucheon
=1 river 3 stream . R 4.201 0.91 3.291
Ui Hwangnyong = Jjunction
= . 1,244 0.69 0.554 o
et river downstream 2 Osucheon
3 Osuch 1,252 0.37 0.882
% Nampyeong 1,182 0,432 ? ucheon downstream . . .
2 Jiseokcheon 0.75  —— =1
= Jiseokcheon 1.350 0,600 Gyeongcheon
. @ 1.31 4
8% Seungchon weir 1,844 1,57 0.274 E Sunchang junction 5.697 3 387
UE Naju 2.581 2.41 0.171 = Yocheon junction| 6,583 1.75 4,833
8 Juksan weir =
= Yeongsanpo 4,604 2.114 15 Yoch
ey 249 ———— & | Yoch ocheon 1,542 2 1.292
g Juksan weir 4,416 1,926 § ocheon downstream 5 0.25 29
g Gok: h
N N h 0 - seongcheon
§_ Gomakwon | Gomakwoncheon 0.472 01 0.372 g Sumjin junction 8,442 1.75 6.692
L cheon downstream = Gokseong
g : Amnok 8,987 2.51 6.477
§ g Boseong river
Hampyeong 2 |B i 3.411 1.28 2.131
% Yeongsan cheon 0.317 0.08 0.237 v% oseong river downstream . : .
® river
downstream Yeongamehoon Gurye 12,847 o7 8. 777
o 6.841 4,011 Sonjeong 13,461 ’ 9,391
< junctino (é’
] 5 | Sumjin river Hwagaecheon
® Yeongsan E: d i 13,603 8,983
€ | Yeongsan | Yeongamholink | 3512 2.83 0.682 5, own Junction -
. river canal g | Tstream Hodong?2 14171 4.62 9.551
@ .
= estuary weir | vy, i .
eongsan rn.fer 3,354 0.524 Sumjin river 14.794 10174
estuary weir downstream
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Fig. 6. River water hydrothermal energy demand Fig. 7. River water hydrothermal energy demand
(Han river — Yangpyeong) (Han river — Jungrangcheon junction)
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