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Effects of Dams and Water Use on Flow Regime Alteration of the

Geum River Basin
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Abstract

This study presents the alteration of flow regime by effects of dams and water use in the Geum River
Basin. The surface water use rate and the Impounded Runoff (IR) index were examined to assess the
pressure indicators of the flow alteration. We applied the flow duration curve, flow regime coefficient, flood
and low-flow frequency analysis as well as Range of Variability Approach (RVA) to investigate the
quantitative changes in natural flow regimes. The results indicate that the high flow decreased and low
flow increased respectively compared to the natural flow regimes at eight gauging stations. The Geum
river is regulated by 139 dams and reservoirs storing 24% of the annual mean discharge and has high
surface water use rate of 36%. These indicators are main pressure factors to alter flow regimes.

Keywords : water use, dams, impounded runoff index, flow regime, reservoir effects, RVA
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Table 1. Hydrologic Parameters and Ecosystem Influences (Richter B. D., 2007)

Group Chaljaecgtgqiztics ?’:;;a;:efir“sf Examples of Ecosystem Influences
- Habitat availability for aquatic organisms
Monthl — Soil moisture availability for plants
Dischary e Magnitude - Availability of water for terrestrial animals
Con ditiogns Tirr%in Mean Discharge - Availability of food/cover for furbearing mammals
(Group 1) e - Reliability of water supplies for terrestrial animals
P — Access by predators to nesting sites
- Influences water temp. oxygen levels, photosynthesis in water column
max. 1-day means - Balance of competitive, ruderal, and stress-tolerant organisms
min. 1-day means — Creation of sites for plant colonization
max. 3-day means - Structuring of aquatic ecosystems by abiotic vs. biotic factors
min. 3-day means — Structuring of river channel morphology and physical habitat conditions
max. 7-day means - Soil moisture stress in plants
Magnitude min. 7-day means - Dehydration in animals
A ' gni max. 30-day means — Anaerobic stre5§ in plants ) )
nnua Duration min. 30-day means - Volume of nutrient exchanges between rivers and floodplains
E?(treme max. 90-day means - Duration of stressful conditions such as low oxygen and concentrated
IC)1scé1'et1'rge min. 90-day means chemical in aquatic environments '
onditions Number of zero-flow days - Distribution of plant communities in lakes, ponds, floodplains
(Group #2) 7-day min. flow divided by — Duration of high flows for waste disposal, aeration of spawning beds in
mean flow for year (baseflow) channel sediments
Julian date of each annual — Compatibility with life cycles of organisms
Timin one-day max. discharge - Predictability/avoidability of stress for organisms
e Julian date of each annual - Access to special habitats during reproduction ot to avoid predation
one-day min. discharge - Evolution of life history strategies, behavioral mechanisms
- Frequency and magnitude of soil moisture stress for plants
No. of high pulses each year - Frequency and duration of anaerobic stress for plants
. . No. of low pulses each year - Availahility of floodplain habitats for aquatic organisms
;ILLgSTeL/SIOW %igﬂgﬁfe Mean duration of high - Nutrient and organic matter exchanges between river and floodplain
(Group #3) Durc;lition y pulses within each year - Soil mineral availability
P Mean duration of low pulses — Access for waterbirds to feeding, resting, reproduction sites
within each year — Influences bedload transport channel sediment textures, and duration of
substrate disturbance (high pulse)
Means of all positive differences
Hydrograph Frequency between consecutive daily values - Drought stress on plans (falling levels)
Changes Rate of Means of all negative differences - Entrapment of organisms on islands, floodplains (rising levels)
(Group #4) Change between consecutive daily values ~ Desiccation tress on low-mohility streamedge (varial zone) organisms
No. of flow reversals
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Fig. 1. Monthly Rainfall and Discharge in the Geum River Basin
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Table 2. Multi-regional Water Supply in the Geum River Basin (2006)

Source Service Area el Source SEHES Ko
(10° m%y) Area (10° m*/y)
Seocheon 12.8 Cheongju 119.0
Jeonju 97.3 Dacch Cheongwon 64.6
Yongdam Gunsan 66.5 az(;nlqmg Gongju 21.7
Dam Iksan 384 Nonsan 25.9
Gimje 3.1 Buyeo 9.9
Wanju 29.2 G . Seocheon 274
Asan 81.4 eumn mver Jeonju 73
(Buyeo)
Daechung Cheonan 78.5 Gunsan 274
Dam Dangjin 16.8 Estuary dam Gunsan 45.8
Yeongi 9.1 Total amount 781.9
Cheonan, Asan, Dangjin “.*F
creek ’
se“:'“"a ® L Cheongju
Gongju Daechung Legends
s Dam o G . St
augin ion
Gongju Hoedeo.k\L % ging
<] %, @ City
Gyua Daejeon L.
@ Buyeo Gab - Multi regional
Nonsan creck = water transfer
-1 ww D
onsan A::z::" g am
Hotan
,*,
l Yongdam
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> Seocheon, Gunsan @ Jeonju
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25 50 km
Fig. 2. Multi-regional Water Supply Systems of the Geum River Basin in Korea
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Table 3. Storage Capacity and Number of Reservoir Construction in Geum River Basin

. Effective Storage Amount Number of Construction
Construction = : : :
Times Agrlc.ulturgll \ Multl—pugposse Sum Agrlcultu.ral Multi-purpose
Reservoir (10° m”) Dam (10° m”) Reservoir Dam
1945~1960 714 - 71.4 33 -
1961 ~1970 19.5 - 195 19 -
1971 ~1980 22.1 - 22.1 22 -
1981 ~1990 989 790.0 888.9 39 1
1991 ~2000 13.2 - 13.2 24 -
2001 ~2003 - 672.0 672.0 - 1
Total 225.2 1462.0 1687.2 137 2
0.30
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Fig. 3. Impounded Runoff Index of the Geum River Basin
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Year of Flow Data

719,

]

Ry

[}
68, 69, 70, 71, 72, 73, 74, 75, 16, 77, 78, 79, 80

81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91,

93, 94, 95, 96, 97, 00, 01, 02, 03, 04, 05
68, 69, 70, 71, 72, 73, 74, 75, 16, 77, 18, 719, 80
81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91,

56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67,
93, 94, 95, 96, 97, 00, 01, 02, 03, 04, 05

83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99, 00, 01, 02, 03, 04, 05, 06
56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67,
94, 95, 96, 97, 98, 99, 00, 01, 02, 03, 04, 05
94, 95, 96, 97, 98, 99, 00, 01, 02, 03, 04, 05
94, 95, 96, 97, 98, 99, 01, 02, 03, 04, 05

02, 03, 04, 05, 06
96, 97, 98, 99, 00
01, 02, 03, 04, 05

o=

a

A

Site
Yongdam Dam
Hotan
Daechung Dam
Gongju
Gyuam
Hoedeok
Seokhwa
Nonsan

Table 4. Year of Flow Data for Pre- and Post-Impact Analysis
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Table 5. Alteration of Flow Duration and Coefficient of Flow Regime Characteristics

Site Remarks Q1o Qos Q185 Q275 Q355 Coefficient of Flow Regime

Yongdam Inflow 21484 | 1834 | 886 | 493 184 116.76
Dam Outflow 11224 | 2537 | 2239 | 1879 | 11.00 10.20
o Pre-impact | 26380 | 3240 | 1650 | 83l 483 5467

otan
Post-impact | 21787 | 2937 | 1954 | 1453 | 801 27.20
Dacchung Inflow 62937 | 5926 | 2867 | 1619 | 7.7 8773
Dam Outflow 34278 | 9344 | 4438 | 2461 | 1529 92,42
o Pre-impact | 101797 | 10922 | 5097 | 3284 | 16.30 62.44

1N,

OB b ostimpact | 76543 | 15006 | 7921 | 4362 | 26.12 2031
. Pre-impact | 183468 | 18940 | 7752 | 4561 | 2375 7%

m
yua Post-impact | 1.131.85 | 202.81 | 127.15 | 8912 | 5168 21.90
Simulated 13263 | 992 | 460 271 2.33 57.04

Hoedeok
Observed 10397 | 1347 | 788 | 472 | 335 31.04
Simulated 22800 | 2400 | 1032 | 650 | 482 4731

Seokhwa
Observed 28533 | 4014 | 2248 | 1435 | 10.14 2813
Simulated 8548 | 773 | 366 2.13 175 4379

Nonsan
Observed 762 | 778 | 374 2.13 1.07 68.17
g 2 e L

A3 AN

61 o1 121 151 181 211 241 271 301 331 361
Duration(days)

(a) Gongju

Fig. 4. Flow Duration Curve

20104 4J]

121 151 181 211 241 271 301
Duration(days)

(b) Gyuam
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Fig. 5. Trend of Qg5 and Qsss from Upstream to Downstream in the Geum River
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Table 6. Flood and Low-flow Frequency Analysis for the Geum River

Discharge (m%/s) Daechung Dam Gongju Gyuam
Pre-impact 6,601.2 6,977.0 14,125.9
Flood Magnitude .
(return period 100 year) Post-impact 4581.2 6,639.5 8,275.9
Ratio 0.69 0.95 0.59
Pre-impact 2.2 2.3 10.7
Low=flow Magnitude Post-impact 36 65 124
(return period 10 year)
Ratio 1.64 2.83 1.16
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Table 7. Hydrologic Alteration in the Geum River Basin

Hydrologic Alteration
Indices YOnglam Hotan DaIe)cal}Illmg Gongju Gyuam Hoedeok  Seokhwa  Nonsan
Parameter Ggroup #1
Jan. -0.667 0.000 -0.118 -0.337 -0.514 -0.429 -0.286 -0.143
Feb. -0.500 0.333 0.125 0.094 -0.081 -0.800 -0.625 -0.333
Mar -0.667 0.000 0.067 0.091 0.458 -0.222 -0.667 0.286
Apr. 0.667 0.333 0.143 0.146 0.191 -0.286 -0.143 -0.286
May 0.667 -0.333 0.063 0.339 0.172 0.143 0.000 0.000
Jun. 0.667 -0.667 0.200 0.181 0.597 0.286 0.100 0.429
Jul. -1.000 -0.333 0.133 -0.132 0.215 0.111 0.333 -0.333
Aug 0.000 0.333 0.000 -0.219 0.042 0.000 -0.300 0.167
Sep. 0.000 0.667 0.118 0.116 0.237 0.143 0.000 0.286
Oct. -1.000 0.667 0.000 -0.023 0.042 0.286 0.429 0.143
Nov. -1.000 0.667 -0.250 -0.074 -0.287 -0.625 -0.500 -0.571
December -1.000 0.667 -0.474 -0.479 -0.355 -0.375 -0.444 0.143
Parameter Group #2
1-day Minimum -1.000 -0.333 -0.813 -0.609 -0.561 -1.000 -0.750 -1.000
3-day Minimum -1.000 -0.333 -0.313 -0.405 -0.635 -1.000 -0.750 -0.875
7-day Minimum -1.000 -0.667 -0.267 -0.449 -0.595 -0.714 -0.625 -0.875
30-day Minimum -1.000 -0.667 -0.467 -0.107 -0.387 -0.750 -1.000 -0.571
90-day Minimum -1.000 -1.000 -0.529 -0.219 -0.284 -0.667 -1.000 -0.400
1-day Minimum -0.667 -0.333 -0.467 -0.248 -0.023 -0.667 0.000 -0.889
3-day Minimum 0.000 0.333 -0.500 -0.306 0.250 -0.500 0.000 -0.600
7-day Minimum -0.667 0.333 -0.444 -0.142 0.103 -0.444 0.000 -0.625
30-day Minimum -1.000 -0.333 -0.250 0.111 0.302 -0.125 0.000 -0.444
90-day Minimum -1.000 0.000 0.000 -0.089 0.432 0.286 0.000 0.000
Number of Zero Days 0.667 0.000 -0.348 -0.083 0.000 0.000 0.000 -0.083
Base flow -1.000 -1.000 -0.500 -0.449 -0.571 0.143 -0.286 -0.286
Date of Minimum 0.000 0.000 1.000 -0.702 -0.755 2.000 0.200 0.333
Date of Minimum -0.333 2.000 0.250 -0.132 -0.219 0.250 0.250 0.333
Parameter Group #3
Low Pulse Count -1.000 -1.000 -0.895 -0.510 -0.449 -0.889 -1.000 -0.875
Low Pulse Duration -1.000 -0.643 -0.439 -0.653 -0.556 -0.625 -0.889 -0.714
High Pulse Count -0.667 -0.667 -0.842 -0.287 -0.265 0.111 -0.250 -0.111
High Pulse Duration -0.333 -0.333 -0.500 0.042 0.215 -0.125 0.125 -0.143
Parameter Group #4
Rise Rate -0.667 -0.667 -0.375 -0.421 -0.023 -0.625 0.250 -0.429
Fall Rate -0.667 -0.333 -0.438 -0.154 0.302 -0.625 -0.889 -0.857
Number of Reversals -1.000 -0.667 -0.533 -0.942 -0.942 -1.000 -1.000 -1.000
80 1,200
~o-3-day min  —mean —o-Average flow injuly ~ —mean
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Fig. 8. Alteration of 3-day Minimum Flow and Average Flow in July at Gongju
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