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1. Background of This Study

1 At present, we have 20 multipurpose dams
In South Korea. They have been
successfully managed by K-water to fulfill

—_—_——— e ——

water demands, flood control and | North Korea |
hydropower generation. _ Focus Multi-
. . purpose Dam
“» Recently, our people require river 2010 SWAT-C in this Study

maintenance flow for water quality and
healthy eco-environment and the flow

has been secured by government law.

4

% We can infer that the climate change

L)

certainly affects the dam inflow dynamics
from the watershed. By the temporal
variations of dam storage, we need the
adjustment of operation rule for seasonal

: ]
target release in a monthly base. o 35 70
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1. Background of This Study

O Using SWAT dam operation, we try to evaluate the availability of
maintenance flow under the future climate change scenarios.

/

< Assuming the future water demands of living, industry, and agriculture
are not changed and applying the present monthly target release, we
will discuss the future maintenance flow to the downstream by looking
at the future temporal variations of dam storage.

/
0.0

For a 8,245.6 km? watershed including two dams (one is main dam and
the other is regulation dam at the downstream), the SWAT was setup
using 9 years (2002-2010) dam inflow and storage data, and assessed
the storage and flow by applying RCP 4.5 and 8.5 scenarios (2040s,
2080s) of HadGEM3-RA model.

p. 04/20
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2. Flowchart of Study

Weather data GIS data E Multi-purpose Dam data !
Past data (2002-2010) - DEM Past data (2002-2010)
o Weather data > Soil map i = Daily Dam Outflow data |
o AWS Rainfall data > Land use map 2008 i - Reservoir properties ]

____________________ F-————--————--————--
SWAT Model J
Calibration (2002-2006, 5yrs) ! Dam Operation |

and Validation (2007-2010, 4yrs)

.
| Past data (2002-2010)
o Streamflow Data (2002-2010, yrs) i > Water level

o Dam Inflow Data (2002-2010, 9yrs) o Storage

o Area-level & Volume-
level relationship curve

_ I ---------------------------- -l

Adopted HadGEM3-RA model
RCP 4.5 / 8.5 Scenarios SWAT. M(?del
(2040s, 2080s) Application

\4

Assessment of Dam Operation Tool in SWAT Model
/ Future Climate Change Impact on Multi-purpose Dam

p. 05/20
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3. Focus of SWAT Run In this study

1 Water balance equation

t
SWt = SVVO + Z (Rday - qurf o Ea - Wseep o ng):‘
i=1

* SW, = Final soil water content (mm)

* SW,, = Initial soil water content on day i (mm)

* Ryay = Amount of precipitation on day i (mm)

* Q.us = Amount of surface runoff on day i (mm) oy
* E, = Amount of evapotranspiration on day i (mm) ——

. ng = Amount of return flow on day i (mm)

1 The water balance for a reservoir
V=V + V; - V; —Vpcp—V -V

stored evap seep

lowin lowout

Embankment

Emergency flood control

* Viep = 10 - Ry, (precipitation) - SA (surface area) (mH,0) \
* Vevap = 10 - 1) (evaporation coefficient: 0.6) - E, (potential ET) - SA (/7H,0) Bkt pillway
* Vgeop = 240 - K, (effective saturated hydraulic conductivity) - SA (7H,0) '
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3. Focus of SWAT Run In this study

Vflowout
Measured Daily, Monthly (IRESCO = 3,1)
Viewour = 86400 - gy [outflow rate, m3/s 1 (M3H,0)

Target Release For Controlled Reservoir (IRESCQ O)

V-V, o mm[S 1)

V _
flowout — NDtarg Vtarg — Vpr 2 —_— (Vem Vpr)

if mon < mony, ., (beginning month of the flood season)
Or mon = Mongy .nq (e€nding month of the flood season)
Viarg: target reservoir volume (m? H,0)
NDy,q: NUMber of days required for the reservoir to reach target storage

V,,: volume of water held in the reservoir when filled to the emergency spillway (m3 H,O)

V: volume of water held in the reservoir when filled to the principal spillway (m3 H,0)

p. 07/20
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4. Multi-purpose Dam Watershed Description

) Chungju Dam & Chungju
Regulation Dam Watershed

% The watershed includes two Dams
% The study area: 8,245.6 km?
v’ Forest area ratio: 78.5 % (6,473 km?)
v South Korea : 99,373 km? 20! W#E
* The annual average precipitation: 1,450.9 mm
% The annual mean temperature: 10.3 °C

» Water Supply of CJ Dam

Maintenance Flow
Agriculture (334 10°m’ /year, 10%)

L)
eongju @ HKorea Weather Station

B Reservior
o g — River
, L|\1l||]1-g6&3 Industrylo . « — Sub Watershed
- ( 173 0 m /year: 8 / Cheongju f Mung?reong :'Study Area
-~y Bogun 0 10 20

@ s 4?(ilometers

p. 08/20
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5. Preparation input data

1 Map data (Land use, soil and elevation data)
Spatial resolution : 100 m

% Landuse : Land cover was classified with 9 categories. Forest (78.5%),
Upland Crop (11.1%), Paddy (3.6%)

% Solil Texture : Most soil cover is Sandy Loam (32.3%), Loam (31.8%), and
Silty Loam (21.5%) respectively.

% Average Elevation : 542.8 EL.m

W+E
L]
L. Soil type DEM , .
W E w E o
- S ¢ ‘
< - > o "_‘-' ATg
Chungju Regulati TEIT AT iﬁ.
\ =% L
s -, . g .
T ﬁv .
- Eh '
.
Ak
= Elevation
EL.m
i . 68 - 243
- Loamy sand N 244 - 338
! rass lan K3 Il 339 - 458
[ | Paddy > Sandy loam
B Upland crop [ 459 - 587
B Deciduous fores ; [ 588 - 715
B Mixed forest A4 [ sitty clay loa . [ 1716 - 864
= Coniferous fores s ) o il 0510 20 30 -40 [ 1865- 1,556

0 10 20 0 10 20 B clay loamoam = e Kilometers LI
e et

4q(i!ometers =Kilometers

p. 09/20
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5. Preparation input data - Measured Data

) Chungju Dam & Chungju Regulation Dam Inflow / Outflow

10000.0 — : —
T Chungju Dam j ] . : ooz
E 10000 a - i i i —URY
o : 1 1 1 1 ®
= 1 - ! !
s 1000 : | | !
2 1 1 1 1 g
= / 1 1 ]
5 10.0 o el 1 1
9_ T
2 10
E 1t ‘4o
o .
1] 1
a Flood year : !
0.0 y : - ; ! Drought year
02002 2003 2004 2005 2006  2do7 2008 2009 2010
- . . | | L] i |
= Chungju Regulation Dam | I j ) so
£ | | | | 5o
© 1000.0 : ! " !
g I o 1 I
2 I 1 1 I
o ! [ 1 ! I ;
= : a4 - I 1 if ! I
S 1000 | i PR SRR | B ro
) o i [l i M i
< : 41 Sl o gft ! I i
© 1 1
(=] 3 1 1
1.0

2002 2003 2004 2005 2006 2007 2008 2009 2010
Date (day) p. 10/20
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6. Model Calibration & Verification
- Consider the Dam Operation

WJF-F
A~ |

) Parameter Sensitivity Analysis

10000

GW_DELAY (.gw)

ALPHA_BF (.gw)

g
%- 100
E 10
oo ESCO (.hru) Parameter Range YW CD CRD
- CN2 +20%  -10% -10% -10%
z
= 100
T . GWQMN  0~500 500 500 250
' GW _DELAY 0 ~ 500 300 300 31
oo GWAMN (.gw) GW_REVAP (.aw) GW REVAP 002 ~02 002 002 02
1000 - T
g ;7 Rt REVAPMN  0~500 250 250 200
; 100
E © CH N 001 ~03 0016 0016 0016
& \ ,
N_ SFTMP -5~5 5 5 5
S
oo REVAPMN (.gw) CH_K2 (.rte)
50 —200 —250 —300 —500 0.00 —0.01 —0.02 —0.03 —0.04 SMTMP 5~5 05 05 0.5
g SMFMX 0 ~ 10 11 1
E
f b SMFMN 0~10 45 45 45
5 TIMP @ - il 1 1 1
|/ i Datl;ﬂ(z::iy) 711/2004 003 7/1/2003 Da‘l:fé::i) Ti1/2004 p. 11/20
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6. Model Calibration & Verification
- Consider the Dam Operation

1 Calibration period : 2002-2006 / Verification period : 2007-2010

10000.00 0
~ —
& 1000.00 | L 100 £
= ] [ Validation (a) Yeongwol E
— 100.00 |€ Calibration € >t 200 =
= . . 0
g 1000 [ 4 - 8
= AL i Al a
S too [N L \J 2
Ieb) iy E
= o010 | ; ] a
n R2:0.8/ME: 0.7

0.01 ‘ - ‘ ‘ - ‘ - 600
2002 2003 2004 2005 2006 2007 2008 2009 2010

10000.00 . 0
—~~ —_—
£ 1000.00 | : 100 E
c (b) Chungju Dam E
< 100.00 | 200 ¢
z 10.00 | i | | Jif 300 &
2 . “ L i Iy i : ) ) :g
e | o AT | 0 LV 1 | R 11 R ut =
S 100 |t ‘ ‘ T Y N TR LRIV T Y A | 400 5
E o0 [ j T - Wso &
8 R2:0.7/ - Ut :

0.01 : : : : ‘ ‘ 600
2002 2003 2004 2005 2006 2007 2008 2009 2010

10000.00 S 0
—~ _
£ 1000.00 | _ _ 100 €
= (c) Chungju Regulation Dam 3
= 100.00 } 200
= =
o 1000 } 1l 300 ©
Y i il E_
S 00 | MG oy 400 'S

: g
— River % 010 | 500 &
0510 20 30 40 [ ] Sub Watershed (@) R2 . 08 / ME . 08 mmPCP ——Observed ----- Simulated
u w memw = Kilometers 0.01 - - - - - - . 600
2002 2003 2004 2005 2006 2007 2008 2009 2010
Date (Day)
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6. Model Calibration & Verification
- Consider the Dam Operation

) Calibration & Verification of Dam Volume

3000

Chungju Dam Calibration |Validation —Simulated ----Observed
i )

2500 b
i A
} - \
v, . ! \ .
‘h "
i
: i

500

2002 2003 2004 2005 2006 2007 2008 2009 2010
40

N
[=]
(=]
o

Volume (10%m’)
g 2
o (=]

Chungju Regulation Dam_ = o
Calibration |Validation

35

30

Volume (108m’)

25

20
2002 2003 2004 2005 2006 2007 2008 2009 2010
Date (day)
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/. Application of RCP scenarios

SRES RCP Scenario

(Special Report on Emission Scenario) (Representative Concentration Pathway)
o 1000 "___~\
------------------------------ {RCP8.5!
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/. Application of RCP scenarios

Baseline : 2002~2010 / 2040s : 2031~2050 / 2080s : 2071~2090

Precipitation (mm)

RCP 4.5 RCP 8.5
350 350
. g, ” —2040s . o £12040s
o | 2040s: + 9.59 % 2040 w | 2040s: + 11.32 % —20d0s
— 2% il [ —

. g, 7% . (o) .
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O 200 - P o~s © 200
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- 759 7% ‘ T
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R

F,

2
]
4
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: S : .
e
g N g # t
3 . Al NN kR E . .
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—"‘
10 -10
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/. Application of RCP scenarios

Baseline : 2002~2010 / 2040s : 2031~2050 / 2080s : 2071~2090
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/. Assessment of Future Dam Operation

Baseline : 2002~2010 / 2040s : 2031~2050 / 2080s : 2071~2090
Climate Change Impact on Dam inflow and Storage (CJ)

RCP 8.5
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/. Assessment of Future Dam Operation

Future Dam Storage of Flood year and Drought year (CJ)
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Summary & Concluding remarks

 The availability of downstream maintenance flow from multipurpose

dam was evaluated under the RCP climate change scenarios using
SWAT dam operation.

1 In the future,

v' Dam storage (under the present monthly target release)

» Increased in spring and summer - Available *

» Decreased in autumn and winter - Shortage *

] So, we need the adjustment of operation rule for seasonal target
release in a monthly base by the temporal variations of dam storage.

p. 19/20
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“ Thank You ”

For further information, please contact:

Ha, Rim

Ph.D. Candidate, Dept. of Civil & Environmental System Engineering, Konkuk University
rim486@konkuk.ac.kr

We’re on the Web!
See us at:
http://konkuk.ac.kr/~kimsj/

Earth Information Engineering Laboratory

p. 20/20
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ArcSWAT

. Edit Reservair Parameters, Subbasin: 1, Resrvair I0: E x|
Reservair Data |Mnnthly Data | Lake Water Quality Data |
|| —Reservoir Characteristics
MORES IYRES RES_ESA (ha) REZ_EVOL (1074 m3) RES_PSa cha)
|Simu|ati0n Start Ll |IEIEI'." |23I,IJ? |1599,2 {150 f
|V0|ume of water needed to fill the reservoir to the emergency spillw* Min 15 Max 3{}{}{}|I
RES_PVOL (1074 m3) RES_VOL (1074 m3) RES_SED (rng/L) RES_MSED (rng/L) RES_DAD {urn) ¢
|1DD |IDEI |I |1 |1D
RES_K {mm/hr)
|E|
—Reservoir Management
IRESCO RES_RR (3 s} IFLOD1R IFLODZR
|Measured Daily Outflow -] |2.4E |0ct =1 |Mar | .
MOTARGH RESDAYD Table WURTMNF
|I |C:WSWATDSID‘v\z‘data‘o\:‘DEreservnir_EEHI]]I-IIE El |E|

Edit Values Cancel Edits Save Edits | Exit |
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AVSWAT-X, V4.11 (with ArcView 3.2)

IYRES RES ESA RES EVOL RES PSA RES PVOL RES VOL RES K
(Year) (ha) (10*m?3) (ha) (10*m?3) (10*m?3) (mm/hr)

Watershed

CJ Dam 2002 9634 261951 8775 225152 74211.5 0.5

CIJR Dam 2002 1194 5585 851 3373 2749.5 0.1

. . - :
Edit R irs Input: BS Reservoir data: Subbasin 15 i In i i ; i A |
& Edi Reservairs Inputs & L a &Y ‘Edit R.eser\.rowrs Inputs | 8 Reservoir data: Subbasin 9 . - ﬂ
Select Subbasin: .
Reservoir data: Reservoir data:
3 - IRESCO IRESCO
MORES Jaruary 52 [Measured daily outflow ~] 15 MORES January s2 [Measured daily outflow =
YRES — IYRES 2002
| RES_ESA 3 hg] [t RES_ESA 1194 [ha] 01
IR (=L R L January - RES_EVOL S5 (1074 m3) Jaruary -
RES_PS4 7S [ha] - RES_FS4 1 [ha
anuary x
= RES_PvOL 225152 [1074 m3) RES_PvL 333 (1074 m3 dan.aiy =
RES_WOL RIS 1074 m3] o RES_vOL 274345 (1074 m3] [ 1 [das]
Exit RES_SED 1.0 [mg/] RESDAYD table Eh RES_SED 10 [mad] RESDAYD table
RES_NSED 0 [ma/l] | havsuatitan DB dbl RES_NSED 70 e [ avematen v ot
101 y 3
o | RES_D50 [E] R 000 = — | RES_DS50 01 [ S O ey
BANHO
] BONRYANG RES_K 0.0 [mméhr] [ EONRYANG RES_K 0.0 [mmshr]
[ ENEEE B sucoG
] CHAHANG tonthly dater [ CHAHANG Monthly data
Jan. Feb. Mar. Apr Jan. Feb. Mar. A
DFLOWM @ [ 1692 1348 2539 | 4595 OFLOWMy @ [ 1618 7| 3046 | G70.6
OFLOWMN tay Jun, Jul, Aug. OFLOWMN bday Jun. Jul. Aug.
[ 66,3 | 23764 | 96154 | BIEET [ : [ 14707 | WOEE[ 126365 | 97728 [m34s]
-
: = Sep. Oct, Hov. Dec. i = L Sep. Oct, Hov. Dec.
WURESN ¢ [ 746 | 70 | 3 2425 WURESN | 50046 | 3:4| EE| 2428
5 Lake 'water Quality - 5 Lake ‘W ater Qualiy
Help Cancel Help | Cancel oK ‘
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