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Abstract

In North Korea, hydropower which occupies about 63% of power generation is a major electric power source, and North Korea has many
advantages in the geographical for developing hydroelectric power. In this study, Information on the basin and dam capacity for 33
potential development site of hydroelectric dam was analyzed using DEM, and potential annual power generation was estimated by
applying results of long-term runoff simulation with MWSWAT model for recent 30-year. The potential annual power generation at 33
dam was estimated to be about 28% of the current hydroelectric power in North Korea. In addition, a priority of dam development in each
province was assessed by estimating the scale of an industry and prospecting the population change in the future. And a priority for dam
development within the province was estimated based on the dam capacity and the potential annual power generation. The priority of each
province was ranked in order of Pyeongannamdo, Hamgyungnamdo, Hamgyungbukdo, Hwanghaebukdo, Pyeonganbukdo, Jagangdo,
Ryanggangdo, Hwanghaenamdo, and Gangwondo. The results of this study can be used as an initial review data for advancing to
hydropower development project in North Korea.
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Jagangdo
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Fig. 1. Potential dam development site

Table 1. Location of potential dam development site
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No Name Latitude Longitude Administrative district
1 Sipil 41°58'36" 128°55'34" Ryanggangdo Dachongdangun
2 Guyang 41°52'32" 129°1'30" Hamgyeongbukdo Yeonsagun
3 Bakcheon 42°3'11" 129°8'49" Hamgyeongbukdo Musangun
4 Yeongsan 42°18'17" 129°48'2" Hamgyeongbukdo Hoeryeongsi
5 Bongo 42°34'32" 130°6'55" Hamgyeongbukdo Eundeokgun
6 Sanggo 40°6'37" 124°43'27" Pyeonganbukdo Cheonmagun
7 Jangmu 40°3'19" 124°43'32" Pyeonganbukdo Pihyeongun
8 Yongdu 39°45727" 125°1'17" Pyeonganbukdo Gwaksangun
9 Sopyeongchang 40°9'1" 126°19'6" Jagangdo Dongsingun
10 Tapgol 40°0'17" 125°52'54" Pyeonganbukdo Unsangun
11 Seogojeo 39°052'8" 125°46'14" Pyeonganbukdo Yeongbyeongun
12 Sachang 40°6'10" 126°56'30" Pyeongannamdo Daeheunggun
13 Bakgolryeong 39°56'12" 126°46'28" Pyeongannamdo Yeongwolgun
14 Songpyeong 39°42'36" 126°33'6" Pyeongannamdo Maengsangun
15 Simtan 39°19'6" 126°27'21" Pyeongannamdo Sinyanggun
16 Wolam 38°55'42" 126°46'47" Hwanghaebukdo Sinpyeonggun
17 Jikhae 38°18'43" 126°27'48" Hwanghaebukdo Geumcheongun
18 Myeonhak 38°36'48" 126°54'52" Gangwondo Pangyogun
19 Jangmi 38°33123" 126°53'8" Gangwondo Icheongun
20 Muchang 42°12'21" 130°6'56" Hamgyeongbukdo Cheongjinsi
21 Wolsan 42°10'15" 130°5'39" Hamgyeongbukdo Cheongjinsi
22 Socheong 42°8129" 130°6"21" Hamgyeongbukdo Cheongjinsi
23 Ayang 41°46'38" 129°37'31" Hamgyeongbukdo Cheongjinsi
24 Bosang 41°32'42" 129°26'17" Hamgyeongbukdo Gyeongseonggum
25 Jueulon 41°39'13" 129°30'40" Hamgyeongbukdo Gyeongseonggum
26 Yongyang 41°1825" 129°34'44" Hamgyeongbukdo Eoranggun
27 Ipeok 40°5322" 129°11'35" Hamgyeongbukdo Giljugun
28 Jadong 40°43'44" 129°8'24" Hamgyeongbukdo Gimchaeksi
29 Goyang 40°24'38" 128°1929" Hamgyeongnamdo Deoksunggun
30 Deokji 39°28'8" 127°10'12" Hamgyeongnamdo Guwongun
31 Gosung 38°35'44" 128°17'20" Gangwondo Gosunggun
32 Hoeyang 38°44'51" 127°3825" Gangwondo Hoeyanggun
33 Geumgangsan 38925'18" 127°47'42" Gangwondo Gimhwagun
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Fig. 2. 3D spatial data construction for improvement of accuracy in location information
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Fig. 3. Generation procedure of basin characteristics
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Fig. 4. Global data for runoff simulation using SWAT model
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Fig. 5. Comparison of runoff simulation between SWAT using global data and PRMS provided by WAMIS

O] 2 FAE TP A 9] P AISsh=t A
th(Park ez al., 2017). SWAT 2@ ol A -F<5=3t ol =2 Q]3|
STA Ao ZAE TS, S A BRE, V1A
Z, 2|5k Tl thet R o5 72 2 uk-g ] = At 4=
Ath(Jeong et al., 2013). SWAT R | A AL-g5H= E44]
WAL Eq. (3)1 2Tt

13
SW, = SWy+ D (Ripy = Quurg = B = Woey = Q) (3)
i=0

A71M, s, HF EFFE mm), sw, =i 27 E
8 mm), = ARNday), Ry, = dFEHmm), Q,,, = A
FE-FEH(mm), £,E T (mm), W, = EFHOZT
B 55450 20 BpEl= S (mm), 191 @, = 25
ZHmm) ©|t}.

MWSWAT 23 9] Jiztm 155 Sl 71 E=
WMOONA A= 53t Y 714355 2851911, DEM
2 JAXAA Al FSH=30 m ST At B
b= = WaterbaseOl| Al Al-8-0k= HAA] - AR E ©]
(Fig. 4).

1

O

o] FE50] E7Hs3t Alo] @Aoltt wtabA] -ajutate] |
AT 71 EARE A 27 REA R = B A4
SH5ASE 27 91 JAXA S| DEM, A2 EJ L W Exjo]-&
TE &85t fEFS moota, S AL TEEE
HAAR(WAMIS)ONA Al-gsh= 7553 A=t vl
SFATE. Fig. sollAleh 2ol ui7isi4= B2 glo] GIS A=E ©]
45to] =AH v E 28 MWSWAT 29 9] {5
g At WAMIS O] A7 4-E5S vlu st 2}, ZHAS=
0.712 APV FTRAAGFS A7) et 52 23
517] flall AR 2AA2E o] 8t FIA| A AY]5-E 4 0]
7158 Ao = mokEct

0O

24 YN M2 WL
74 o] 918 BrFsho] SlefA s o 917
of W) Aol ne AV B4, BB 5
AR A B4 7B asle s, Sl i
ol AgHEole, B a o] ofgt A2 5ol Bk A
o] @Ao]ct. ool AP HE FAES 01§ L Erf2
8 3YATO) FRE A 02 Bt Sl o

o,
N
N

P

i



934 M. Kwon et al. / Journal of Korea Water Resources Association 51(10) 929-939

THISE ol S A gt Hete] ISt AU e S 48
sted Il 91915 7oAl AN 7hs d o] At A
WFsIAAEES EHE T 495 7okt

A Eoto] At A SAlE A7 et Aotk St A
HE5A Azt pste] 7P A= o ole ApRe ey
2ol A vihd Algshe H et ofluA] SAR =0 SEAIE, o]

r0l|

A8 ARG PR si A 2 uete] EAE AT EH, ¢
2uate] 1919 A2 AH]ERe 19811 915 kWholl A 20161
9,699 kWhi ¢F 108] o] Z7Fstl o, o] = AFdH-E9]
A 4LH7F 7] o) 103 HEauFe AAH o2
291l &ott, 7P HE-2 2 A= 25]# OECDE
Hr} e =20 ]CHKEPCO, 2017). AF9-8 H 2 o] ALg=Fo]
A 53% = AHHF0] 7F = A e T

ZA7} st what 4t 8- A8 AR 2A] S7tet

7] Wi gell Bete] AA7F ok 7H S o, AR <]
TADAE FHOZ HEL Q7 ST A0 & AT 5
Atk 4H-§ M= et opu el Aty AR 149] o] 5o
= ARhE, 7188 YO AR B P TR, A SO
2 F5 T AR i) Beto] ZAuA|o gt JRE=
KRIHS (2013), KINU (2001) Sl A4 g1t 4=Qlont,

~

AGAA Y] TR s ARl iRt A H = Eelsk ) 7h
ofel Aot} & AelA e AR
Jeor Bl FA8S ARG A
SHlth = 3 A8 AR 1990 &
AR =AM 9 A oA Zld 4= 3leH
=083 B E 7P A F e 2 Abg ol i Ak}
A7l @ H AR 23 53] A e g
e o 7| 222 2 &85 28717 olrkal i
.Table20l= =8 3-8 o] 8= UERH e
T, @AEE, P olA of-go] vl
It} KINU (2001)°] &J5HH B
ot FFFTAATF= 2

il
all
o,
ek

e
=
e 4
e A
o
<L BN o A

s
_I-IE Fﬂm

S

o

Rl
p

ro it
ot O
=)

o

>
b
=
10
oH,
on

R U VIS
H o

e
9

il

L
ok
b
)
i 1o
o
ol
ofi
I

o N

N
— ol
5o
=i
& 1
o 2
ol o
Jdgtl B
Oli
) [@
29 oo
Aol
R |
S U
o 4
oft I
2
>,
rr

o

<
b
=)
i Lo

oo ng T
ol by o

N 1o g & o 12 o ril mo nE Lo
o[;}ll
E il
o
)
4
Hu
i}
oF,
ol
[
%0,
2

ol OH
e
Of
i
S
o
ol
s
e 2 o

S

O
1
ko
o
4
iy
o
T
12
s
>
%9
rir
P
ol
ik
S
N

A [}
Balo] EAAEL 2010 712 715 1990 163
ol 4 2016 1499 G 2 2F8.5% slteh o=z Sl
=0, 1990 FA-82] 2tm= A A A A8l 7Fs

Table 2. Industrial water use in each province

Province Industrial water use (10° m®)
Pyeongannamdo 326.0
Pyeonganbukdo 115.4
Hwanghaenamdo 314
Hwanghaebukdo 2373

Ryanggangdo 60.8
Jagangdo 67.4
Gangwondo 28.9
Hamgyeongbukdo 317.0
Hamgyeongnamdo 358.3

Source: NKST (1990)
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Table 3. Population prospect reflecting south korea population
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Table 40]= 9 7t 2] Q0] G HA wh2=o
EF QL) 337 Ao B S dHA e K
FAHAS A AH2,289.2km’, H A F

o

82.5 km*o|t}, B Aok 314,84t

Table 4. Information of potential dam
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Table 5. Potential annual power generation

High Dam Plant | Effective | Potential annual
No Name (i::?) water level capacity No Name discharge head power generation
(El. m) (10° m®) (m*/s) (m) (kWh)
1 Sipil 2,289.2 815 1,180.1 1 Sipil 1333 169.3 1,086,421,877
2 Guyang 325.6 842 194.3 2 Guyang 18.2 81.9 71,748,987
3 Bakcheon 430.8 650 150.4 3 Bakcheon 25.2 64.4 78,028,817
4 Yeongsan 178.0 373 61.3 4 Yeongsan 9.4 39.6 17,874,756
5 Bongo 984.8 135 562.9 5 Bongo 54.6 52.4 137,922,733
6 Sanggo 834.4 95 445.8 6 Sanggo 44.0 322 68,254,745
7 Jangmu 150.1 80 68.9 7 Jangmu 7.6 21.2 7,750,926
8 Yongdu 210.9 37 58.8 8 Yongdu 10.1 21.2 10,334,093
9 | Sopyeongchang 1,426.6 174 295.7 9 | Sopyeongchang 75.5 50.6 183,894,120
10 Tapgol 524.6 110 365.5 10 Tapgol 273 304 39,845,314
11 Seogojeo 1,069.5 67 280.6 11 Seogojeo 55.1 26.7 70,842,847
12 Sachang 468.2 677 171.1 12 Sachang 21.7 88.3 92,152,004
13 | Bakgolryeong 1,233.3 411 199.5 13 | Bakgolryeong 62.5 61.6 185,587,593
14 Songpyeong 270.4 242 103.2 14 Songpyeong 14.1 35.0 23,700,253
15 Simtan 566.6 181 124.6 15 Simtan 29.7 56.1 80,324,731
16 Wolam 1,043.5 198 333.9 16 Wolam 57.4 51.5 142,368,629
17 Jikhae 1,629.2 49 327.3 17 Jikhae 79.4 27.6 105,544,935
18 Myeonhak 1,091.1 209 398.1 18 Myeonhak 62.0 67.2 200,563,294
19 Jangmi 2,230.1 183 574.0 19 Jangmi 133.0 58.0 371,283,555
20 Muchang 82.5 81 15.9 20 Muchang 4.5 17.5 3,800,866
21 Wolsan 115.7 64 21.2 21 Wolsan 6.3 28.5 8,709,642
22 Socheong 232.8 45 43.1 22 Socheong 12.8 25.8 15,915,670
23 Ayang 215.7 130 36.2 23 Ayang 12.4 39.6 23,703,643
24 Bosang 273.1 249 19.2 24 Bosang 15.8 46.9 35,785,309
25 Jueulon 214.1 240 28.8 25 Jueulon 12.3 74.5 44,318,712
26 Yongyang 895.9 89 101.9 26 Yongyang 50.5 534 129,840,198
27 Ipeok 188.1 240 91.3 27 Ipeok 9.1 67.2 29,439,540
28 Jadong 90.8 100 242 28 Jadong 43 423 8,834,209
29 Goyang 243.1 240 13.8 29 Goyang 12.7 359 21,901,969
30 Deokji 618.2 90 2,211.7 30 Deokji 343 67.2 110,938,270
31 Gosung 437.5 80 320.9 31 Gosung 30.7 49.7 73,524,647
32 Hoeyang 510.2 430 254.2 32 Hoeyang 29.2 65.3 91,839,257
33 | Geumgangsan 2,195.5 220 1,311.4 33 | Geumgangsan 181.9 35.9 314,330,161




M. Kwon et al. / Journal of Korea Water Resources Association 51(10) 929-939 937

A7t 52t 317] A Eol oA Bl w gt A}, 2 23 2]
ko] gho] & o] Avh=9F27.39 kWho|1, Eo et al.
(2018)2] AL A = 0F83.29] kWhiE 34| oA+ & 2jol S &
o5t} A7 sEbg A o] AA AL HAsr) 4011

off

O

F) 70 Fwle] Qo Egh v wsac 293, 5
9, AT, GoI9, WA SR ol ATIE

W of] o gt e A A2 G w0 e
1‘7}‘;114 QIR 2 ARG E = faYAt= U gk 3
1,844 kWh/km*/m ©] 10, B &Lof| A 43431 337]) 7] 144 3
TS F 2,602 kWh/ka/mE 2 Ao At tha =
A= QAT Eo et al. (2018)°141+= 6,006 kWh/km*/m 2
- FA| AP = Tt =] o] st v w gk Ayt 7)E
O] Aol A ARt AP P A A = e Al 8 = S
=44 Uk

Table 6°l= =&
TEEFAS S

o) EEake Aot 2} 1] 7SR, Te T = A

DRI/

rlo

Table 6. Result of priority assessment for provinces
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Score Total score and ranking

Province Industrial water use Population it (1)0.6 (1)0.7 (1)0.8 (1)0.9

1) ) (2)0.4 (2)0.3 (2)0.2 (2)0.1
Pyeongannamdo 0.90 1.00 0.940(1) 0.930(1) 0.920(1) 0.910(2)
Pyeonganbukdo 0.26 0.17 0.224(5) 0.233(5) 0.242(5) 0.251(5)
Hwanghaenamdo 0.01 0.09 0.042(8) 0.034(8) 0.026(8) 0.018(8)
Hwanghaebukdo 0.63 0.15 0.438(4) 0.486(4) 0.534(4) 0.582(4)
Ryanggangdo 0.10 0.00 (r:rfg;g) 0.060(7) 0.070(7) 0.080(7) 0.090(7)
Jagangdo 0.12 0.03 0.084(6) 0.093(6) 0.102(6) 0.111(6)
Gangwondo 0.00 0.04 0.016(9) 0.012(9) 0.008(9) 0.004(9)
Hamgyeongbukdo 0.87 0.17 0.590(3) 0.660(3) 0.730(3) 0.800(3)
Hamgyeongnamdo 1.00 0.24 0.696(2) 0.772(2) 0.848(2) 0.924(1)
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Fig. 6. Results of priority assessment for potential dam development
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Table 7. Result of priority assessment within province
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Score Total score and ranking

Province Name Electric power | Water capacity Weight (1)0.6 (1)0.7 (1)0.8 (1)0.9
(1) ) ()04 )03 )02 2)0.1
Sachang 0.423 0.705 0.536(2) | 0.508(2) | 04792) | 0.451(2)
Pyeongan | Bakgolryeong 1.000 1.000 1.000(1) | 1.000(1) | 1.000(1) | 1.000(1)
namdo Songpyeong 0.000 0.000 0.000(4) | 0.000(4) | 0.000(4) | 0.000(4)
Simtan 0.350 0.222 02993) | 0312(3) | 0324(3) | 0.337(3)
Hamgyeong Goyang 0.000 0.000 0.0002) | 0.000(2) | 0.0002) | 0.000(2)
namdo Deokji 1.000 1.000 1.000(1) | 1.000(1) | 1.000(1) | 1.000(1)
Guyang 0.507 0.326 0.435(3) | 0.453(4) | 0471(4) | 0.489(4)
Bakcheon 0.553 0.246 0.430(4) | 0461(3) | 0492(3) | 0.522(3)
Yeongsan 0.105 0.083 0.096(9) | 0.098(9) | 0.101(9) | 0.103(9)
Bongo 1.000 1.000 1.000(1) | 1.000(1) | 1.000(1) | 1.000(1)

Muchang 0.000 0.000 0.000(13) | 0.000(13) | 0.000(13) | 0.000(13)

Wolsan 0.037 0.010 0.026(12) | 0.029(12) | 0.032(12) | 0.034(12)

Hag‘uglfde(?“g Socheong 0.090 0.050 0.074(10) | 0.078(10) | 0.082(10) | 0.086(10)
Ayang 0.148 0.037 0.104(8) | 0.115(8) | 0.126(8) | 0.137(8)
Bosang 0.238 0.006 0.145(7) | 0.168(7) | 0.192(6) | 0.215(6)
Jueulon 0.302 0.024 0.191(5) | 0.219(5) | 0.246(5) | 0.274(5)
Yongyang 0.940 0.157 Score 0.627(2) 0.705(2) 0.783(2) 0.862(2)
Ipeok 0.191 0.138 (ranking) | 0170(6) | 0.175(6) | 0.180(7) | 0.186(7)

Jadong 0.038 0.015 0.029(11) | 0.031(11) | 0.033(11) | 0.036(11)
Hwanghae Wolam 1.000 1.000 1.000(1) | 1.000(1) | 1.000(1) | 1.000(1)
bukdo Jikhae 0.000 0.000 0.0002) | 0.000(2) | 0.0002) | 0.000(2)
Sanggo 0.959 1.000 0.975(1) | 0.971(1) | 0.967(1) | 0.963(1)
Jangmu 0.000 0.026 0.01(5) 0.008(5) | 0.005(5) | 0.003(5)
Pf‘;(';ga“ Yongdu 0.041 0.000 0.025(4) | 0.029(4) | 0.033(4) | 0.037(4)
e Tapgol 0.509 0.793 0.623(3) | 0.594(3) | 0.566(3) | 0.537(3)
Seogojeo 1.000 0.573 0.829(2) | 0.872(2) | 0915(22) | 0.957(2)

Jagangdo Soci};:;ng - - - - - -
Ryanggangdo Sipil - - - - - -
Myeonhak 0.427 0.136 0311(3) | 0.340(3) | 0369(3) | 0.398(3)
Jangmi 1.000 0.302 0.7212) | 0.791(2) | 0.860(1) | 0.930(1)
Gangwondo Gosung 0.000 0.063 0.025(5) | 0.019(5) | 0.013(5) | 0.006(5)
Hoeyang 0.062 0.000 0.037(4) | 0.043(4) | 0.05(4) 0.056(4)
Geumgangsan 0.809 1.000 0.885(1) | 0.866(1) | 0.847(2) | 0.828(2)
i =91 3912t 49171 ete| A ] 7]+= Sk o] 2] <] 4.2
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Aoy 2|43t Ao o] 2 0] ol

ol o
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