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Abstract

Agricultural water deficit and the effect of tide level occurred during 2014-2015 due to decrease in rainfall
and runoff in downstream of Imjin River basin, including northern Gyeonggi-do. This paper analyzed the
causes of the water deficit in Imjin River basin and proposed possible solutions. A trend analysis of precipitation
and runoff revealed that runoff in the Imjin River has been decreased due to operation of dams in North
Korea and the decrease in runoff from 2014 to 2015 was due largely to a reduction in precipitation. While
there was no water deficit prior to the operation of the dams (an average low-flow of 46.84 m’/s), the average
low-flow dropped to 27.99 m'/s after the dam operation which is less than water demand (29.88 m'/s). Based
on the findings of the analyses, this paper proposed an alternative to meet the water demand by using
Gunnam Dam and Hantangang Dam in the Imjin River basin during the dry season.
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Table 1. Characteristics of the Imjin river basin
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Figure 1. Description of the Imjin river basin: (a) Land coverage, (b) Land slope, and (c) Location of dams
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Figure 2. Time series of monthly areal average precipitation in the Imjin river basin
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Figure 3. Time series of monthly average water level in the Hengsan station and streamflow in the Gunnam station
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Figure 4. Time series of monthly average streamflow and streamflow

Table 2. Comparison of annual precipitation, streamflow and average runoff ratio between the reference period (2003~2013) and 2014

Annual Annual streamflow(m'/s) Runoff ratio
Period Precipitation
(nm) Gunnam Jeongok Jeoksung Gunnam Jeongok Jeoksung
Reference 155410 1731.59 931.39 2750,73 0.66 0.65 0,76
2014 680.60 85,07 303,77 149,78 0.10 0.30 0.22
(43,8%)* (4.9%) (32.6%) (5.5%) (15,2%) (46.2%) (28.9%)

* Percentage value in 2014 represents the ratio compared to the reference period
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Figure 5. Monthly average streagmlow trend analysis in the Gunnam station: (a) Before the dam operation, (b) After the dam operation

Table 3. Statistics in low-flow period for the Gunnam station

Statistic Total period Before operating After operating
(2003~2013) Hwanggang dam (~2008) Hwanggang dam (2008~)
Average(m'/s) 33.65 46,29 24,03
Standard deviation(m'/s) 31.93 41.67 20.34
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Figure 6. Monthly average streamflow trend analysis in the Jeongok station: (a) Before the dam operation, (b) After the dam operation
Table 4. Statistics in low-flow period for the Jeongok station
Statisti Total period Before operating After operating
atisuie (2003~2013) Hwanggang dam (~2008) Hwanggang dam (2008~)
Average(m'/s) 18.72 20.75 17.55
Standard deviation(m'/s) 12.76 16.86 12.76
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Figure 7. Monthly average streamflow trend analysis in the Jeoksung station: (a) Before the dam operation, (b) After the dam operation

Table 5. Statistics in low-flow period for the Jeoksung station

Statistic Total period Before operating After operating
(2003~2013) Hwanggang dam (~2008) Hwanggang dam (2008~)
Average(m'/s) 71.94 105.88 52.39
Standard deviation(m'/s) 56.12 70.10 33.70
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Table 6. Average low-flows by frequency

(a) Gunnam

Low—flow Total period’ 2014 2015 Period#1” Period#2’
_ , 0.68(4,0%) 0.93
Average low—flow (m'/s) 17.09 (355Q) (355Q) 20.81 12.74
22,25 21,42
Average low—flow 10-year 25.19 (included 2001-2014) | (included 2001-2015) 29.14 23.07
by frequency (m'/s) 14.16 13.80
30-year 20.12 (included 2001-2014) | (included 2001-2015) 20.24 e
1, Total period: from 2001 to 2013
2. Period#l(before operating Hwanggang Dam): from 2001 to 2007
3. Period#2(after operating Hwanggang Dam): from 2008 to 2013
(b) Jeoksung
Low—flow Total period 2014 2015 Period#1 Period#2
5 7.65(22.9%) 5.38
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Average low—flow | 0 Yo% 62.65 (included 2001-2014) | (included 2001-2015) 63.75 38.20
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Table 7. Comparison of instream flows between this study and other previous reports

This study (m'/s) Instream flow (m'/s)
Division , Average low—flow
2014's 355Q (2001~2013) @ @ ©)
Jeoksung station 7.65 33.37 18,7 20.0 23.0
Difference of instream flow between
this study and other previous reports 25.72 11.05 12.35 15.35

(D Ministry of Construction and Transportation (2006)
@ Ministry of Land, Transport, and Maritime Affairs (2011)
(@ Gyeonggi Research Institute (2015)
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Table 8. Comparison of instream flows between this study and other reports before/after operating the Hwanggang dam

Instream flow + Water demand for
Division This study (m'/s) living, industry and agriculture
(Jeoksung) (9.88 m'/s)
Period#1* Period#2? Period#l Period#2
Hwanggang Dam _ _
(Average low—flow) 46.84 27.99
Dift ¢ inst flow bet @ 18.26 -0,59
this study and previous reports (175)|—2. 28.14 9.29 16.96 ~1.89
’ ® 13,96 —4,89
1, Period#l1: before operating Hwanggang dam (2001~2007)
2. Period#2: after operating Hwanggang dam (2001~2007)
(D Ministry of Construction and Transportation (2006): Total=28 58m'/s
(@ Ministry of Land, Transport, and Maritime Affairs (2011): Total=29 88m'/s
(3 Gyeonggi Research Institute (2015): Total=32.88m'/s
Table 9. Comparison of water deficit according to the reference flow in emergency: 2014's case
Reference flow . - Volume
(Jeoksung station) 2014's 355Q Water deficit (million m’)
20 m'/s : : 365—day: 389.5
m m
(Instream flow) 7.65m/s 12.35 m7s 75—dayl: 80
29.88 m'/s 365—day: 701
(Instream flow + Water demand for living, 7.65m'/s 22.23 m'/s
: . 75—day: 144
industry and agriculture)

1, 75—day: Spring period(from March 1 to May 14)(Gyeonggi Research Institute, 2015)
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Table 10. Single dam operation condition in Hantangang dam

A AEs-8g 2ol Tus] flsiie @
1

D 10 ROZE 0.6 Y 5 j-%

2
B Hizo] WS Hr}, o] B EL 3hus] Y
Shebd gz 21 4:912) BL125.0 m7H

Foate, S AisE fadsse
464,790} ek, SR A LN Haw 4

A7) B Agaks AL ujS ATEQ Aol

3

3

7go] - Wekal o = Qlef. R 201419, 2015 7}
wo| AGEE vdAY A= Asssroil =4

2] 1709 ToAT BFIE A B Aol

- Water deficit Required reservoir Available water supply

Condition Content (million m’) water level (EL, m) (million m’)

I+W! 59.6 (365—day) maximum 90,0 61.0
Normal -

+W 12.2 (75—day) maximum 70,0 16.7
P 389.5 (365—day) maximum 125.0 4647
Emergency 80 (75—day) maximum 95,0 83.1
(2014's) LW 701 (365—day) 125.0 4647
144 (75—day) maximum 105.0 156.4

1, [+W: Instream flow + Water demand for living, industry and agricluture

2. I: Instream flow
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Table 11. Conjunctive dam operation condition in Hantangang dam and Gunnam dam(Normal pool level in Gunnam dam)

(a) Normal pool level in Gunnam Dam: EL. 31,0m

Water deficit

Hantangang Dam

Gunnam Dam

Required reservoir

Available water

Required reservoir

Available water

Condition Content 1 .

(million m') water level supply water level supply
(EL, m) (million m’) (EL, m) (million m’)

Normal +W 59.6 (365-day) ma;‘;%“m 45.2 31.0 13.3
+W 12.2 (75—day) - - 31.0 13.3
I 389.5 (365—day) 120.0 365.6 31.0 13.3
Emergency 80 (75—day) 90,0 61 31.0 13.3
(2014's) W 701 (365—day) 125.0 4647 31.0 13.3
144 (75—day) 100.0 1143 31.0 13.3

(b) low level in

Gunnam Dam: EL, 31,0m

Water deficit

Hantangang Dam

Gunnam Dam

Required reservoir

Available water

Required reservoir

Available water

Condition Content 1 5
(million m) water level supply water level supply
(EL, m) (million m’) (EL. m) (million m’)
+W 59.6 (365—day) maximum 90,0 61.0 25 1.8
Ni 1 i
orma +W 12.2 (75-day) mag;%“m 10.8 25 18
I 389.5 (365—day) maximum 125.0 4647 25 1.8
Emergency 80 (75—day) maximum 95,0 83.1 25 1.8
(2014's) W 701 (365—day) 125.0 4647 25 1.8
144 (75—day) maximum 105,0 156.4 25 1.8
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