DISSERTATION

OPTIMIZATION OF SANGJU WEIR OPERATIONS

TO MITIGATE SEDIMENTATION PROBLEMS

Submitted by
Hwa Young Kim

Department of Civil and Environmental Engineering

In partial fulfillment of the requirements
For the Degree of Doctor of Philosophy
Colorado State University
Fort Collins, Colorado

Summer2016

Doctoral Committee:
Advisor: Pierre Y. Julien
Darrell G. Fontane

Christopher I. Thornton
Sara L. Rathburn



Copyright by Hwa Young Kim 2016

All Rights Reserved



ABSTRACT

OPTIMIZATION OF SANGJU WEIR OPERATIONS

TO MITIGATE SEDIMENTATION PROBLEMS

The Four River Restoration Project (FRRP) in Korea emamspletedby the Korean Government
in 2013. Through thisproject eight weirs were constructed along thBlakdong River, which
have altered the river regime from a natural environmémt postweir conditions The
constructionof the consecutive weirs and excavation aldhg Nakdong Rivechanged many
channelcharacteristics such as lotglinal slope, crossectional area, water stage whled to
changs in erosion and sediment transport patterfts.is now necessary to asseshe
sedimentation problempstream of the weirs and seslay tomitigatethe problem.

Firstly, sedimentation ipartly linked to thecurrent weir operation rute There are multiple
purposes when it comes to reservoir operaspand thevariousinteress include: (1) flood
control, (2) dredging (3) hydropower production(4) water supply, and (5) environment,
including fish passage, recreation, tourism and downstream turbiditys, introducing
optimization techniguefor reservoir operations expected to mitigate sedimentation problems
for complexmulti-purpose weirs.

The study site of Sangju Weir has besshected for this study because it is a representative site
for these types of problenasid because sufficiency aadailablity of data.

The purpose of this research is to:

(1) estimate incoming sedimegteld, define the trap efficiency and estimate the reservoir

sedimentatiomatesof weirs and lowhead damaising the Flow-Dration andSedment



Rating Curve (FD/SRC) method along with theSeries Expansion of theModified
Einstein Point Rocedure (SEMEPPj)o determine the longerm sediment yield for
Sangju Weir from suspended load concentration measurement;

(2) find the B/C ratio and brea#ven point between hydropower production revenues and
sediment excavation costs usam@enefit and Cost Analysis (BCA)

(3) suggesnhew operation rukefor Sangju Weir and proposesystemtic analysis procedure
to find a better operation riddor mitigating sedimentation problems using tielti-

Criterion DecisionAnalysis (MCDA) method.

The methodology used for this study includes the followikgst, in this studythe Integrated
Reservoir Sedimentation Estimation Procedure (IRSEP) was proposedrnategtie reservoir
sedimentation at weirs and ldvead dams. IRSERtegrates all conventional methods related to
reservoi sedimentation: (1) Flowduration (FD), (2) SedimerRRating Curve (SRC), (3) Series
Expansion of the Modified Einstein Point Procedure (SEME&®R)(4) Trap efficiency (F), in
order to estimate reservoir sedimentation rate. Steps (3) and (4) corbgtuew elements of
this type of analysisThroughstream flowrunoff modeling and channel geometry analysis, the
trap efficiencies in accordance with certain stages were defliedtrap efficiency of Sangju
Weir was calculated for each sediment size fractionfasaion of the variables, sediment load
at daily discharges and patrticle size distribution of the sediment transpgritbe@ INakdong
River. The trap efficiency is also dependent on channel geometry, inflow diseimargeservoir
stage determied by the operation rules at Sangju Weir. Then, the amount of reservoir
sedimentation was calculated by multiplying the annual sediment load witteffreipncies

which vary with discharge and water stage. As a result, the reservogy filies werexamined.



Second, the B/C ratio and breaken point between hydropower production revenues and
sediment excavation costs were estimated uailgnefit and CosAnalysis (BCA) method
based on dailynodeling. $hce the operation rules of Sangju Weir sigrahtly affect the trap
efficiency and the volume of dredging, it is essential to determine the effettte ceservoir
operationrules usingthe Multi-Criterion Decision Analysis (MCDAYechniquein order toseek
improvement in the operation rulesrtotigate sedimentatiorcosts simultaneously considering
the other decision makers’ interest&nally, new operational rugefor Sangju Weir and a

systenatic analysis procedure were proposed.

The conclusionf this researchwith respect to the sedimeptoblems and reservoir operation

rules aresummarizeds follows:

(1) the totalincoming sediment loadand the average trap efficiencygfTat the lowest
(EL37.2m) and highes(EL47.0m) stages were estimated 485000 tons/year50.1 %
and B.1%, respectivel; and themaximumannualamount of reservoir sedimentatiah
Sangju Weir wagstimatedas 332000 tons/year207,000 ni/year) which corresponds to
0.76 %yearof the total eservoir storage of Sangju We®n the contrary, the minimum
reservoirsedimentation rate was 9.%/year, which was come when the water stage was
the lowest (EE37.2m). According to this result, it was proved that reservoir operation
rules like management water stagmsiderablyaffects reservoir sedimentation.

(2) Since the opation rules of Sangju Weir affects significantly the trap efficiea®Bgnefit
and Cost Analysis (BCA) based on daihodeling was performed in order to find the

breakeven point between hydropower production revenues and sediment excavation



costs.For daily sediment transport modelingistorical and predicted reservostream
flow data R015-2034) were generated by Tank model using sewanty daily
precipitation dataThe B/C ratioobtained 20 years of daigimulation was calculated as
2.28 Also, thedischarge and stage thresholds, balancing both hydropower production
revenues and sediment excavation costs, are fosnd0@ nt/s and El43.6m,
respectively.

(3) based onthe daily Multi-Criterion Decision Analysis (DA) modeling, the most
favorableSangju Véir operation rulgto mitigate reservoir sedimentatiorere foundin
Alternative 5 after includingseasonal managemeaot stage control according to the

magnitude otheupstream inflow. Proposed operation ridesshown below:

Season Inflow (m%/s) Stage(EL. m)
Non-flood season (Octobdviay) Any 47.0
below 50 47.0
Flood Season (Jurgeptember) 50 ~ ®0 46.0
above 80 44.5

The systenatic analysis proceduyethe combination of the Integrated Reservoir
Sedimentation Estimation Procedure (IRSEP) and the @uilterion Decision Analysis
(MCDA) method, are deemed useful to find optimum operation rules of weirs and low
head damswhich can mediate the disputesi@ng various decision makers who have
different interests related to reservoir operatibhe proposed methodology could be

applied to the other weirs of the Four River Restoration Project, and elsewhere.
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1 CHAPTER | —INTRODUCTION AND OBJECTIVES

1.1 FOUR RIVER RESTORATION PROJECT IN KOREA

The Four River Restoration Project (FRRP) in Korea was initiated009 by the Korean
Governmento preemptively respond to climate change. Throughpttugect sixteenweirs were
installedon major rivers in KoreaBeforethe FRRPKorean rivers suffered from severe droughts
and floods due to the hydrological characteristics of Northeast Asia.apiteindustrialization,
river basin developmenand crop cultivation within levees resulted in significant inflows of
pollutants that resulted in deterioration of the river water quality.

The Korean government undertook the project in order to improve flood control, restokethe ri
ecosystemsand provide drought reliefwvith a total budget of approximately 18 billion US
dollars. The projecivascompleted in 2013, and has shosuccessful results of decreasing the
damage by floods and droughtShe poject included the construction of sixteen movable weirs
(length: 184 - 953 m, &ight 3.5 - 11.8m) with associatechydropower plants. Large scale
dredging operations were conducteddduceflood stages ancestorefloodplains for agriculture

in the mgor rivers of Korea- Han River, Nakdong River, Geum River and Yeongsan River. The
deteriorated levees were reinforcatidapproximately 456nillion m* of materialwas dredged

in order to increase the flood control capacity for a 200-year flood. As a resdtetbvwerbeds
have increased tHew capacityof the river cross sectipmesulting in reducing flood damage to
adjacent farming land and residential areas near the riieraddition, an improvement imase
flow discharge has been supplied framo multi-purposedams (Yeongju and Bohyunsan)
constructedn the upstream of the Nakdong River watershdte project successfully lowered

the river water level by.9 m duringheflood season in 2012.
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Figurel: The location of sixteen weirs constructed by FRRP

1.2 PROBLEM STATEMENT

The constructionof consecutive weirs and excavation along major rivers has changed many
characteristics of the channel such as longitudinal slope,-seatisnal area, water stagad
otherswhich will lead to changa erosion and sediment transport patterns.

The natural processes of erosion, transport, and sedimentation of solid padiclesad to

significant engineering and environmental problems. Sediment partichsg\an stream cross



section wereerodedsomewhere in the watershed and transported by flow from the place of

erosion to the cross section.

Figure2: Example ofreservoirsedimentation;d) Sedimentation of Sangju Weir in Nakdong

River; (b) thesedimentation problem at Yeoju Weir downstream in Han River
Figure 2 showstwo reservoir sedimentation examplese ofwhich hasoccurredupstreamof
SangjuWeir in the NakdongRiver. Reservoir sedimentation depends on sediment discharges and
trap efficiencyof the reservoir The sediment trap efficienaypcreasedafter construction of
weirs. In this condition,the operation rules of hydraulic structursignificantly affect reservoir
trap efficiencysignificantly.

Reservoir sedimentation problems can be sanwrad as below:

(1) after consecutiveveir constructionalong the river, sedimentation probletmave been
severe athereservoirs
(2) ambiguous reservoir operation rubgggravate theeservoir sedimentatigoroblem;

(3) reservoir sedimentation leads to undesirable costs redairegcavation.

Since eservoir operation isfluencedby various decision makersonflicts mayarise among

them. It is necessary tguggest reasonabtgerationrules to alleviate disputemmong various



decision makey. The study site of Sangju Weir has been selected for this study becmuae it
representative site for these types of problems and becasisticency and availability of data.
The Sangju Weirs one of the weirs constructed by FRRP. Since the Sangju i$¢the most
upstreanon theNakdong Rivemandincludestwo tributares the Naesung Streamndthe Yeong
Streamas well as the mailNakdong River the Sangju Weir can be considered one of the

representative sites for sedimentation problemarese

1.3 DISSERTATION OBJECTI VE

The purpose of thisesearchis to improve the operatiomules of Sangju Véir to mitigate
sedimentation problems, considering sediment concentratithre catchment area, discharge of
the river, water stage of the reseryoiperation olupstreandams, hydropowgproductionof the
hydraulic facilities, and sedimetrap efficiency.

Themainobjectives of this research are to

(1) estimate incoming sedimegteld, define the trap efficiency and estimate the reservoir
sedimentation rates of weirs and knad dams using the FleRwration and Sediment
Rating Curve (FD/SRC) method, along with the Series Expansion of the Modified
Einstein Point Procedure (SEMEPP) to determine the-temg sediment yield for
Sangju Weir fom suspended load concentration measurement;

(2) find the B/C ratio and brea#iven point between hydropower production revenues and
sediment excavation costs using a Benefit and aalysis (BCA)

(3) suggest new operation rules for Sangju Weir and proposeerst analysis procedure
to find better operation rules for mitigating sedimentation problems using the- Multi

Criterion Decision Analysis (MCDA) method.
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It is important to notehe differences of operation rules between sland weis; usually dams
are panned to store water for flood control, water supplydropower productionand other
purposes.On the other hand, weirs typically daot store water.However, erosion and
sedimentation probleneso occuin reservoirghat are operated by weirs.

Many researchers havstudied reservoir sedimentatiotie estimation of incoming sediment
load, andhe optimization of operation rusan view of flood control and water supplyowever,

the optimization ofoperationrules in view of sedimentation problerbg predictingincoming
sediment load andjiving careful consideration tovarious decision makersas beerrarely
attempted.

This dissertatiorconsists okevenchapters. An introduction is presented in Chapter 1. Chapter 2
providesthe literature review for the reservoir sedimentation and optimization methodit&€he
descriptions and characteristics of the study area are described in Chagtaptér @resents
the sediment transport in this area includitata from previous measurement and estimation of
trap efficiency In Chapter 4the FlowDuration and Sediment Rating Curve (FD/SRC) method
and the Series Expansion of the Modified Einstein Point Procedure (SEM&PIR) used.
Chapter 5addresses Benefit and Cos®nalysis (BCA) using the historical data Chapter 6
provides informationand simulation resultsising multi criterion decision analysis (MCDA)
optimization and propose the new systemic analysis procedure solve these complex

problems. Tie conclusions are addressedimapter7.



1.4 RESEARCHAPPROACHAND METHODOLOGY

Threestepsare requiredo achieve the goals in this reseaashfollows

Stage.l: Estimation of hydrologic and hydraulic quantities

The incoming sediment load and reservoir sedimentatiere calculated usinghe Flow
Duration and Sediment Rating Curve (FD/SRC) metland the Series Expansion of the
Modified Einstein Point Procedure (SEMEP&)d sediment trap efficiencyhe stream flows
are generated based on historical precipitation and meteorologicahdataes ofanalysesvere
performedseparatelyn threebasirs: (1) Naesung Stream including Yeongju mipltirpose dam
subbasin (2) Yeong Stream; and (3) upper part of Nakdong Rbbasinwhich includessub-

basinof Andong and Imha muHlpurpose dam.

Stage.2: Define thecost threshold in view of hydropower generation and sediment
excavation
A Benefit and Cost Analysis (BCAyas performedto find the threshokifor balanced hydro

power production revenue and sediment excavation cosg hisitorical operational data.

Stage.3: Optimization with MCDA method
The optimal Sangju Weiroperation rulewas proposed usinghe Multi-Criterion Decision
Analysis(MCDA) method which can media the disputeamongvarious decision makerand

a newsystenatic analysis procedure wpsoposed

Figure3 presents theletailed research procedure and fioeluding the phases of the study and

their associated analyses



Figure3: Study procedure
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2 CHAPTER Il — LITERATURE REVIEW

Although dam construction oalluvial rivers decreaspeak flood flow and sediment discharge
downstream(Williams & Wolman, 1984) dans disturb longitudinal continuity, and interfere
with continuities of flow and sediment transport in reve€Channel becelevationincreases and
channel sdpeis reducedupstream of the dariVhen water flows int@reservoir, the capacity of
sediment transport is decreased significantlyaddition,this stimulates the development af
delta atthe boundaryof the backwater and decreasthe storage capacity dhe reservoir.
Reservoirausuallytrap over 90% othetotal sedimentoad andin particular trap efficienges of
giant reservos aretypically over 99%Williams & Wolman, 1984) Mahmood (1987presented
that dout 1% of the total storageverall reservoirsin the worldis annuallylost because of
reservoir sedimentation which is correspondingto replacing approximately 300 large dams
worldwide with the estimaéd cost of 9 billion dollars to replace existing storage capacity
(Annandale, 2001).

In view of reservoir operation, although releaseater from a dam has energy to transport
sediment discharge, there is no sediment. This flow is cdilatgry waterwhich dissipateits
energy to scouthe channel bed and bar{Kondolf, 1997) Several years othannel bed and
bank erosion after dam constructicen equilibrium is reached as bedaterial grain size
becomes coarsehe bedmaterial cannot move anymore becauss channel bed armoring
(Julien, 2002) The eroded bededimentdirectly downstream o dam or weir funatins asa

sedimentation source downstream.



Reduction of sediment discharge in rivers downstream of danmessdue tofactorssuch aghe
storage of the reservoir, facility operation, and the location of dam retatstliment sources
(Brandt, 2000) After construction ofweirs and dredginghe river bedthrough the Four River
Restoration Project, the natural river environments were changed. Also, settamepbrt and
reservoir sedimentation rates are etiéel by reservoir operations.

This chapterprovides a literature reviemw termsof total sediment logdtrap efficiency, and

optimization technique

2.1 TOTAL SEDIMENT LOAD (Q o)

There are difficulties in estimating the total sediment load in-baddchannels, because there
arethree different wayq1) by type of movement, (2) by the method of measurement, and (3) by
the source of sedimenthe btal sediment load, consists bthe bedload and suspended load,

measured load and unmeasured load, washload and bed materieddpadtivelyFigure4, and

Equation 1-3.
Washload, L.,
- i N rshload I‘“
Measured load J iy B~
S _lm' S i L ) ﬁ;ﬂu:-pcndud load, L,
Unmeasured load, Ly ——8 o —g" "1 = —— =2,
V%0 ") 0 1 Bedload, L
L] e

Bed material load, L,

Figure4: Sketch of ways to determine the total I¢adlien, Erosion and Sedimentation, 2010)

Ly =Ly + Lg (2)
Ly =Ly + 1L, (2)
Ly =Ly + Lpy (3)



where Lt = the total sediment load
L, = the bed load,
L = the suspended load,
L,, = the measured load,
L,, = the unmeasured load,
L,, = the wash load,

Ly, = the bed material load

2.1.1 Einstein procedure

Einstein (1950)first developed a method to determine the total sediment load in open channel
which uses the bedload functirom Einstein(1942)and determines the suspended sediment
concentration profilefrom Rouse(1937).His approach calculates the suspended load from the
bed load. The integral of the product of velocity and sediment concentpatiies resulted in

the total sediment loa@e., the sum of bed load and suspended load (Eq. 1)).

=
Concentration T
h ~ Catz suspended load. 4y
=7 '[ — o =2 T
g~ Coalz=a * I Bedload, g,

AW T Ay X T AW AN T LA I:l1

Hed material load. L

Figure5: Sketch of the Einstein approach
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h
qt=qb+qs=qb+f6vdz (4)
a

The sediment concentration profile is described by the Rouse eq(Rbmse, 1937). The
suspended sediment distribution described in Eq. 5 provides the concentratiGpeaifizd

distance x above the bed.

Ro

iz(h—z a ) (5)

zZ h—a

w
h—z a \BKu,
-t

where C is the concentration at an elevation z above th&peslthe reference concentration at

a = 2d, above the bed and h is the total depth of flow.

The turbulent velocity profile within a river is based on the logarithmic velabgribution

(Keulegan, 1938).

v_ll <Z>
w ok g, (7
_u*l <302)
vE K n ks

wherev is the velocity at a distanceabove the bedy, is the shear velocity is the von
Karman constant assumed equal to 0.4,zgnd the vertical elevation whater the velocity equals
zero.By the pipe experinmg on rough boundaries, the corresponding valug, ef ks/30, and

grain roughness heigkt can be considered ds.
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Substitution of these values of C and v in Equation (4) yields

w

s J-hC (h—z a )BKu* u*1 (302) p ()
qt - CIb 4 a 7 h_a K n ds A

Rewriting Eq.8 in dimensionless form with* = z/h , E = 2d/h andRo = ﬁ% gives:

30h
qc = b <1 + 1 In + Iz) 9

ds

where
Ro-1 1 1 _Z* Ro
= 0. * 10
I 0216(1—E)R0,[E( pr ) dz (10)
Ro-1 1 1—z* Ro

12 = 0216mL <T> Inz* dz* (11)

2.1.2 Modified Einstein Procedure (MEP)

Since theEinstein Procedure was developed, the methasl beenmproved several times;
including theModified Einstein Procedure (MEP) by Colby and Hemb{E855) The MEP
determinsthe total sediment load based on figldasurementsbtained from a deptimtegrated
suspended sediment sampldgnich is a major differerwe from the original Einstein Procedure
calculating suspended load from bed load. Several remodifications have been proposé&y by Col
and Hubbell (1961).ara(1966), Burkham and Dawdy (198@hen and Hun{1983).

However, The MEP haslifficulty calculatng total load when there is not enough overlap
between sediment particles sizes in suspension and in the bedam&or example, the total
sediment load for grawdled streams with sand sizes in suspension could neictgately

calculated by the MEP.
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2.1.3 Series Expansion of the Modified Einstein Procedure (SEMEP)

ShahFairbank et al(2011) proposed the Series Expansion of the Modified Einstein Procedure

(SEMEP) which was based on dejtegrated samplesnd SEMEP has been shown to work

well in sandbed river data from the Niobrara to the Mississippi River.
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Figure6: Definition sketch for SEMERShahkFairbank, Julien, & Baird, 2011)

As shown inFigure 6, the measured unit sediment discharge is evaluated by integrating the

product of flow velocity and sediment concentration, from the nozzle hgjghto the free

surface (i.e.z = h, Eq. 12))

qm = f Cvdz (12)
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Eq. 13belowis obtained by inserting Egs. 6 and 7 into Eq. 12. The only differencetfrem

equations otheoriginal EinsteinProcedures the change in the limits of integration:

BRo-1 30h 13
dm = 0.216 g, (1= B)Fo {ln( d. )]11\4 +]2M} (13)
1 1_Z* Ro
Jim = j ( o ) dz* (14)
M
1 1_Z* Ro
]2M=_[ ( pm ) Inz* dz* (15)
M

where/;, and/,,, = modified Einsteinntegrals evaluated in the measured zoMe= z,,,,/h).

In the same manney, andgq; in Figure6 can be expressed as follows:

h
qs = f Cvdz (16)
Zp
h
Qt=Qb+qs=qb+jCUdZ (17)
Z
Ro—-1 30h
s = 0.216 ) (1 _ B)RO {1]’1( ds )]15 +]25} (18)
Ro-1 30h
q: = qp + 0.216 gy (1— B)Ro {ln( d, )]15 +]25} (19)
1 1 _Z* Ro
Jis = j ( e ) dz* (20)
B
1 1 _Z* RO
Jos = j ( o ) Inz* dz* (21)
B

whereB = 2d/h, z, = 2d; = 2d4s Of the bed material§ = 1, andw is based on the median
grain diameter of the measured suspended samplges;§. The value of/;s and/,s are

detemired by the series expansion proposed by Guo and Julien (2004).
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The bed load can be calculated directly on the bagjs, tlecause all other parameters in Eqg. 13

are known, which is the novelof the SEMEP. The followingdescribeshe SEMEP procedure

for determiningg,,, g, andg; on the basis of,,;;

a. CalculateRo on the basis of hydragli parameters and the median grain size in

214

suspension

Determine the limits of integratiot,(z,,,,, and z, in Figure6)

Use the SEMEP to calculate the Einstein and the modified Einstein integrals
(im and Joy)

Calculateg, andq,

Estimate the total sediment discharge from the unit sediment discharge and tied chan

width.

Series Expansion of the Modified Einstein Point Procedure (SEMEPP)

The point measurement technique for flow velocity and sediment concentration is ugdeln

field measurement, because it has greater accuracy than-inkegiated measurement.

Therefore, the point measurements have definite advantages in the estwhdtie total load in

sand bed rivers.

In order to improve the accuracy of calculation of total sediment load basdide goint

sampling methodShahFairbank and Julie(2015) proposed the Series Expansion of the

Modified Einstein Point Procedure (SEMEPPhe SEMEPRXxpands on the SEME#Rocedure

with depthintegratedsamplingand also employs the series expansion to solve the Einstein

integrals developed by Guo and Juli@&®04). ShahkFairbank and Julier(2015) proposed the
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relationshipbetweerthe relative sampling depth rafib,,/h), shear velocity to fall velocity ratio

(u./w), and ratio of partial to total sediment dischangg/§.).
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Figure7: Point sampling efficiency for sardmedRivers(ShahkFairbank & Julien, 2015)

The accuracy of the calculations depends.gfe and h,/d,;. The SEMEPP procedure is well
suited wheru,/w > 5 where at least 60% of the total sediment load is measured when 90% of
the flow depth is sampledrigure 7 shows the proposed relationship for shallow, medium, and
deep Rivers.

In summary, the modes of sediment transport will determine the appropriate estimation
procedures for sediment loadin§igure 8 presents the recommended sediment transport
procedures as a function of Rouse number and the ratio of shear velocity to fali\(algeit).

The determination of sediment discharge from point measurement by the Sgréesign of
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Modified Einstein Point Procedure (SEMEPP) is most accurate in deep rivershyytl, >

10,000 andu,/w > 10.
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Figure8: Modes of transport and procedure for load calculation (Julien, 2010)

2.2 RESERVOIR SEDIMENTAT ION

The water carries sediment partici®vnstream. And when the flow enters into the reservaoir,

sediment particles start tdeposit throughout a reservoir due to decreased velodtigste 9

presents the typical reservoir sedimentation patléna.longitudinal deposition consists folur

main zones: Topset slope, Foreset slope, Bottom defiositsediments)and Density currdén

bed (very fine sedimentglrrenette & Julien, 1986 he coarsenaterial formghe Deltaandfine

material deposit$o the Bottom deposizone.The density cuent carries he finer particles to

Density current bed, right in front tfe hydraulic structure.
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Figure9: Typical reservoir sedimentation patt€dulien, 2010)

The relationship between Topset bed slope and original stream slope of a resdtaoias
proposed byBorland (1971). He found that Topset slope is approximately dmaf of the
original bedslope usindield measurementsAfter that, thenumerical modelingand empirical
methodswere usedo estimate reservoir sedimentatioonsideing geomety of the reservoirs
Miller and Borland(1963) and Borland(1975) proposedhe area increment nieid and
empirical relationshipn order todetermine aeservoir sedimeation pattern they ugd field

datafrom 30 reservoirs in the United Statesticel and Gra{1973),Lopez(1978) Rice(1981),
Simons et al(1982),Graf (1984),andFrenette and Julief1986)carried out numerical modaly

to find the deposition patterns of reservoifglorris and FanMorris & Fan, 1997)presented
four general types of longitudinal deposif$) delta; (2) tapering; (3) unifornand (4) wedge

shape, which are shown kigure10.
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Wedge-shape deposits Uniform deposits

Figure10: Basic types of longitudinal deposit (Morris & Fan, 1997)

A coarse fraction of s@tient or large amount of finer sediment like silt forrhe telta type
reservoir sedimentation patterifapering and uniform patterns commonly appear long
reservois with fine sediment and narrow reservaingh frequentdischarge fluctuation and a
small sediment load, respectivelWhen thewater dischargeontaininga large portion of fine
sedimententersa small reservoirwedgeshapedreservoir sedimentation patterns ocdbithe
waterpassesegularly through the g of a reservoir, the apex of the deltavesto the dam and
the delta typedepositionchanges intavedgeshaped, which is considered the equilibriahthe
reservoirs over a long time perigdai & Shen, 1996) The inflowing sediment characteristics
and reservoir operatiorules greatly affect the formation of depsegiMorris & Fan, 1997)
However, deposition pattesim natureare susceptible tthe interactioa amongwvater discharge,
sediment graisize, channgjeometry, andeservoiroperations.

Sediment surveys for multiurpose dams and watsupply-purposelamsin South Koreavere
conducted by Kwater starting withSoyanggang mulpurpose dam in 1983ollowing that,
reservoir sedimentation surveywere conductedor Chungju, Andong, Imha, Daechegng
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Seomjinganand othemulti-purpose dam Tablel1 shows the current status of sediment sysv
for multi-purpose dams in KoregK-water, 2014) Figure 11 shows locations othe multi-

purpose dams, single-purpose dams, and weirs constructed by FRRP in Korea.
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Tablel: The status of sediment survey for multi-purpose dams in K&reeater, 2014)

Basin Han River Nakdong River Guem River Seomjin River Others

Div. Unit
Dam

name

SY | CJ | HS | AD IH | GW K-BH| HC | NG | MY || DC | YD SJ |JAM | JAR| BA | BR | JH

Watershed area (A} km? | 2,703| 6,648 209 || 1,584| 1,361 87.5| 820 | 925 | 2,285| 954 | 4,134| 930 | 763 | 1,010| 134.6| 59.0 | 163.6| 193.0

Res. containing date¢yymm.dd| 721110 84111 991224 75124 91123 09128 121212 837.1| 9810 | 00104) 80630 00119 657 | 90312 90119 95929 %103 041217

Survey year 2006| 2007 2013| 2008 2007| - - | 2012 2004/ 2013] 2006| 2011 1983/ 2003 2003| 2011 2011| -
Number of years (T] 33 2 13| 32| 15 - - 23 5|12l 1017 12 12| 15 14 -
Total accumulation) | o6 3 || g1 5| 1305 05 | 55 | - | - - 1 190| 125| - | 814 - |190 50| 21| 06| 08 | -
o st 00 . 5 0. . . . . 0| 5 . . .

Mean annual
sedimentatiomate [mcmiyr|| 2.47 | 5.93 | 0.04[ 0.17 | - - - 1083250 - [326 - [ 112 042| 018|004 006 -

XIT)
Specific degradatiq ., & | 914 | 892 | 184 | 100 - - - | 8931004 - | 788| - |[1.465 413 1,300 678 | 349 | -

(X/AT)

Annual inflow(l) || cms (| 71.0|174.0, 6.1 || 32.4| 225| 1.1 | 0.1 | 21.6| 69.3| 3.1 | 86.1| 26.7( 17.8| 21.9| 145 1.7 | 4.7 | 5.3

Notes: SY(Soyangganglam), CJ(Chungjudam), HS (Hoengsungdam) AD (Andong dam), IH (Imha dam), GW (Gundam), kBH (KimcheorBuhang
dam), HC (Hapcheon dam), NG (Namgang dam), MY (Miryang dam), DC fieaag dam), YD (Yongdam dam), SJ (Seomjingang damjyiJAuam main

dam), JAR (Juam regulation dam), BA (Buan dam), BR (Boryong dam), JH (Janghenmg da
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2.3 TRAP EFFICIENCY

Geomorphologists know that onlyZ5% of eroded sediment actually reaches the ocean, with
most being deposited at the bottom of hillslopes.,(€olluvium), in floodplains and wetlands
(i.e., alluvium), and in reservoirs, lakes, and estuaries (Aufdenkampe, et al., 2011).

Trap efficiency is the ratio of the deposited sediments to the total sedinflemting from
upstream basinThere are two approaches in estimation of trap efficiency: (1) empirical

approach and (2) analytical approach.

2.3.1 Empirical approach

Trap efficiency has been widely used to predict the amount of sediment dépasgsrvoirs.
Churchill (1948)and Brung(1953) proposedempirical methods to determine the trap efficiency
of reservoirs

Churchill (1948)firstly provided a logarithmictrap efficiencyrelationship in which heused
reservoir data from the Tennessee Valley Authoilitye sedimentation index of reservoir was
defined aghe percentage of incoming sediments passing through a reséngnire(12). The
sediment index is the ratio of the retention time to the mean velocity of watelgththe
reservoir.

i . ] Period of Retention
Sedimentation Index of Reservoir = - (22)
Mean velocity

where, Period of time Feservoir capacitgV, ft%) / inflow (Q, ft/s)

Mean velocity = inflow / average craessectional area (ft/s).
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Figurel3: Brune's curve for trap efficiengiorland, 1971)
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Brune (1953)developed the empirical relationship using field records from 44 reservoirs in the
U.S. He presents the relationship between the sedimenteffagiency and the capacitinflow
ratio (Figure13). The capacityinflow ratio is based on the mean annual water inflow (Eq. 23).

Reservoir Capacity (acre — feet)
Inflow (acre — feet/year)

(23)

Capacity — Inflow ratio =

Because of the lack of available daBogrland (1971)indicated that Bruris curve is not
recommended for use on desilting basins, flood retarding structures, edryeraservoirs; the

Churchill curve ispreferredfor estimating the trap efficiency for desilting basins and sbmi

reservoirs.

More recently, thdJ.S. Bureau ofReclamation(2006) presentedield measurement data co

plotted withcurvesfrom Churchill and Brune (Figure 14

1.0 T s ?—_‘_
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Figurel4: Trap efficiency versus reservoir capacity to annual inflow ratio. BuBau of
Reclamation, 2006)
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2.3.2 Analytical approach

Different approachefor estimating the trap efficiencffy) of a settling basiwere utilizedby

Brown (1944). He proposed Eq. 24.

Tz = 100( 1 — (24)

C
1+KW

where K =the numerical coefficient equal to 0.046 for the lower curvEigure15 and 1 for
the upper curve
C = the original reservoir storage capacity (afeet)
W =the watershed area (adext)
The design curve givesmaean value to be used for preliminary investigations. He recommended
that the engineer responsible for the design must study the site and choose K betweard0.046 a

1.
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40 - 1 ’ !

20 i ' e

| | |
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Sediment trapped F (Percent)

Figurel5: Trap efficiency curves due to Brow8imons & Senturk, 1992)
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Borland (1971)introduced a new computing the trap efficiencyadfettling basin by applying
the results obtained by Einstgit065) He used two basic equations from Einstein’s study. One

is the halflife time equation:

d

T = 0.657
Ven

(25)

where T = haHife time or time for concentration to be reducednatf-(sec)

d = water depth (ft)

\{ = fall velocity (ft/s)

n = the ratio of water volume above the gravel bed to the total of the flume system by
Einstein(assumed equal to unity).

The second equation as follows is used in the trap efficiency computations.
l
P=1-exp (—0.693 Z) (26)

where P = fraction of material deposited over total flume length (%)
[ = settling basin length (mile)
L = length of channel over which dmalf the particles are deposited (mile)
Through further mathematical treatmethi trap efficiencyequation was developegplying the

fraction of deposited material and the lssgtvelocity of the suspended material as follows:

VT _0657vd )
= — - = ——
5,280 5,280 V, 11
P=1 ( vd ) 28)
TSP\ T 10551y,

where P= trap efficiency(%)
[ = settling basin length (ft)

IV = cross sectionaveraged velocit{ft/s)
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d = water depth (ft)

\{ = fall velocity (ft/s)

o
/'/,
Sediment - G 5
particle” ( Note:
Ch l-bed C, = Initial sediment concentration
annel-be
N w X = settling distance

ool0oc 00000000 0O h= flow depth

X

Figurel6: Concept diagram for sediment conservation relationship

V., = flow velocity

w = Settling velocity

Julien (1998) derived newequation from sediment conservation relationship as follows:

a_C ath+aqty+aqtz
Jat  Ox dy 0z

=0 (Unsteady)

0qex 04y,
ox + 3y 0 (Steady,1D)
aV,C Jd(—w0)
ox T oz 0
|74 oc oc Simpl imati
el —_— 5 - —
* 3x w 57 ) A (Simple approximation)
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ac w wX

s Y = = 33

C hvxax—>lnC A (33)
X

C=Coe_’(:)_Vx (34)

According to the diagram iRigure 16, the trap efficiency can be defindedEs 35 and can be

written as the function of reservoir surface area (A) and discharge (Q) (Eq. 36)

C _wX
Ty =Cym—=1— ¢ M (35)
Co
wA
To=1—¢e¢ C (36)

The distancgX) to settle the 99% of suspended sediment is calculated by substifut{rg

0.01) from Eg. 33 as follows:

W 5 wX
11’1(001) = _W - 2.3 10g10(10 ) = _W (37)
x x
Veh
X0.01 = 4‘6% (38)

Frenette and Julie(1986)found that the empirical methodscluding Churchills and Brune’s
methods underestimated trap efficiencies compared to actual measurenduntislg a
sedimentation study of the Peligre Reservoir in Haiso, Julien (19983uggested that careful
consideration isequiredwhencalculatingtrap efficiencies for silt and clay particles because of

density currents and possible flocculation effects.
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2.4 SEDIMENT YIELD

The sediment yield can be writtentzedow:
Y = Ar Spp. (39)
whereY = sediment yield
Spr = sediment delibery ratio

At = the gross erosion on its drainage area

The sediment yield can be estimatesingthe following five different methods: (1) thé-low-
Duration/&dimentRating Curve methodFD/SRC) (2) the amount of reservoir sedimentation
and trap efficiency method; (3) the basin erosion and sedidedinmery ratio method; (4)
empirical and stochastic metrgyédnd (5) deterministic sediment routing model{igpo, Kim,

& Ji, 2015). The shottermsediment yieldanalysis provides information on a daily basihile
the longterm analysis gives an estimate of the expected amount of sediment yielalatidam

whichis required for reservoir sedimentation control.

2.4.1 Short-term sediment load

When the stream flow and sediment concentration is steady within ddalgity sediment load
can be computed with a relatively high degree of accufidoy total sedimenbadis the product
of the fluxaveraged total sediment concentration, the daily mean water discharge, and a unit

conversion factoas following formula:

Qs (metric tons/day) = 0.0864 Cyg/; Q (inm?/s) (40)
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The concentration and gage recocds bedivided into hourly increments, if the discharge and
concentration varywing the certainperiod. The sedimentating curvefrom the measurements

is used in order toterpolate or extrapolate fromcomgete sediment records

2.4.2 Long-term sediment load

There are two basic approaches for the determination of thedangaverage sediment load of
a river: (1) the Flow-Duration curve approach; arfd) the summation approach (Julien, 2010)
Theflow-duration curveapproach combines a fleduration curvewith a sedimentating curve
This method is referred to as thRlow-Duration/®dimentRating Curve(FD/SRC)method. The
flow-duration curve states the percentage of tangiven river discharge is exceedddlien
(2010)explains that ‘the flow-duration/sedimentating curve method is most reliable: (1) when
the period of record is long; (2) when sufficient data at high flows is &lgiland (3) when the
sedimendrating curve shows considerable scdtteBince rivers carry most of the sediment of
annual total loadduring flood flows field measurements have b conduced in the flood
period. Howevermeasurements are rarely available during extribooel eventsdue to larsh
conditions for field observation.nEannual sediment loathn be expressed as below:

Qs (metric tons/year) = 31.56 Cpg Q (inm?/s) (41)

The total annual sediment load is then given bystira of all the intervals of the floduration
curve. The second approach is the summation methbd. summation over a long period of
time of the measured and rectinged daily sediment discharges can be accomplished using
computers. Mass curves progidhe cumulative sediment load as a function of time in years.

Observation of the slope of the double mass coavereveasignificant changes in flow regime.
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2.5 CONTROL OF SEDIMENTA TION

Once storageis initiated, the resevoir’s storage capacitprogressivelydecreases. In ordeo t
maintain storage capacity, appropriate methods to control sedimentatizecassaryReservoir
sedimentatiorcontrol methods haveeen proposetly Brown (1943) Fan(1985a; 1985band
Brabben(1988) Morris and Fan1997) described three strategies: (1) reduction of sediment
yield; (2) sediment excavatingne (3) hydraulic regime methods such as sediment routing and
flushing. The following sections discus&o of the control methaglfor reservoirsedimentation,

in order to determinthe most effective method for Sangju Weir.

2.5.1 Reduction of sediment yield

The erosion control and upstream trapping measaeslelay the sediment accumulation ate
the reservoir, although these cannot totally solve the sedimentation praflemsg Morris,
1992). Many structural or mechanicaheasures aremployed to reduce the flow velocityor
erosion control, to increase the storage of surface water, and to disposaffofiviangan, 1995)
Typically, hydraulic structuredike drop structures for reducing flowelocity, check damsand
sediment detention pondse usedo trap sediment at the upstreafdrainage area

Although many of measures mentioned in the previous paragraphbkawenstalled inthe
study area, many of theare not effective becausef maintenancessues.For example, many
check dams were constructed in the watersigstream, however, they filled with rocks and
debris with severalflooding events In order to maintain sediment reduction functionality,

excavation wagecessaryButthis has rarelyoccurreddue to location and costs.
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Figurel7: Sediment detention facility of Yeongju muyfturpose dam

Recently, asediment detention reservoir was installed for the first time in Korea, which is
located 13 kilomets upstream fronthe Yeongju multipurpose danfFigure 17).According to

the detail design othe Yeongju dam, this concrete dam can tlz4y,969 m of sedimentper
year This facility will be exposedor two monthseachyearwhen the deposited sedaents will

be dredged by backhoes or other excavating macf@assung Inc., 2009).

In spite of some facilities working effectively for prevention of sedimentaticatenshed
management with erosion control would neeteégeformed widely tosubstantiallyeduce the

sediment yield.
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25.2 Sediment dredging

Channel excavatiohasbeen used widely in lakes, reservoirs, and barragé®ugh itis very
expensive in order tprotectthe reservoicapacityand keeghe navigation channslound.The
excavation methodsre determined considering several factors suclseament volume,
location, particle size and geometry of deposits, and the water Tédnveeldredgingnethods can

be classified into hydraulic and mead@al. Hydraulic dredging appropriates the water to
transport sediments and mechanical dredging involves digging and lifting séslitoegthe
surface. Hydraulic dredging is efficient to handlelely distributed size materials from fine to
coarsesand.The most popular typés hydraulic suction dredging with a cutterheewd hydraulic
pump.

For exanple, Korea Water Resources Corporationvidter)has usedhydraulic suction dredging
with a cutterhead and a large puowyera period 020 yearsexcavatings65,000 m of sediment

per year at the Nakdong River Esty8&arrage Due tocompletionof FRRP,dredging has ceased
for the presenfTable2 presents the dredging record of Nakdong River Estuary Barrage.

Siphon dredging is one of the popular hydraulic methods which doeseed pumpsand
discharge line This isbecausdhehead differences between the water surfaces in the reservoir
and the lowespossibledischarge point on the daenable depositededimentto transport
downstream of reservoirs.

Many small siphon dredges are used in Chinese rese(Morsis & Fan, 1997)Due to head
differences and the water ldybowever, this method hasomelimitations. For preci dredging

a cablesuspended dredge pungused with a submerged video monitor. A submerged hydraulic

or pneumatic pump creates a suction vortex without a cutterhead.
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Table2: Nakdong River Estuary Barrage excavation amount and [@®&86-2013)

(K-water, 2014)

Year Period Excavation amount Expenses Tglrfri:;%r?tm
Upstream Downstream (mil.Won) (thousand r)
1990 3.24-12.24 727 - 2,873 -
1991 3.30-12.24 627 - 2,299 -
1992 4.30-12.22 949 - 2,269 -
1993 5.07-12.22 763 - 1,954 333
1994 4.14-12.19 938 - 2,014 1,790
1995 3.23-96.1.6 2,489 - 5,251 1,593
1996 4.03-12.31 879 - 3,703 63
1997 4.01-12.31 - 1,288 3,766 33
1998 4.01-12.15 - 330 1,980 156
1999 5.01- 12.07 547 - 2,063 69
2000 4.07-12.08 726 - 2,635 139
2001 3.12-11.06 480 - 2,047 790
2002 4.22-12.07 442 - 1,782 14
2003 6.05- 12.19 295 - 1,861 215
2004 4.16-12.11 347 - 1,685 427
2005 3.14-12.11 344 - 1,571 484
2006 6.26- 12.27 334 - 1,675 204
2007 3.30- 12.07 429 - 2,035 157
2008 3.17-12.16 229 - 1,338 198
2009 8.03-12.30 215 - 1,352 25
2010 5.27-12.22 271 - 1,442 37
2011 - - - - 122
2012 - - - - -
2013 - - - - -
Total 12,020 1,618 47,557 6,849

Note: Unit cost = 47,557,000,000 KRW / 6,849,000=6,944 KRW/ni = 6.31 USD/m (1 USD = 1,100KRW)
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Figurel8: (a) Photos of excavation and (b) dredging method and equipment used i(KRRP
water, 2012)

The Korean government dredgechany tons of sediment during th€RRP construction
companies used various kinds of excavation equipment: (1) land dredging and (2) umderwate
dredging Figure 18). Mechanical dredging removes the sediment with a closed or unclosed
bucket. Compared to hydraulic dredging, mechanical dredging carries theesedwth low

water content, andxeavated amounts are relatively small. It may be suitable for gravel or large

materialin a reservoir.

2.6 OPTIMIZATION OF OPER ATIONS

The Multi-Criterion Decision AnalysisMCDA) method has been used in many cases in various
fields such as water quantity amgiality, groundwater anthe environment sewerageand
others. Cohorand Marks(1975) and Cohon et al(1979) tried to introduce mukobjective
programming technique&oicoecheaet al.(1976)investigatedhe introduction ofa mechanical
and chemical plants treatment methodincrease the watershed runoff of San Pedro River in
Arizona. This research analyzed five objectivesoff increase sediment reduction wildlife

balance, recreatiogmnd commercial profit.
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Tauxe et al(1979)used multipurpose dynamic programminghe Shasta reservoir operation in

California, in whichthree objectives wer€l) to maxmize the cumulative dump energy

generated above the level of firm ener@, to minimize thecumulative evaporation, ar(8) to

maximize the firm energy

Table3: Multi-objectives and criteria used by Gershon et al. (1982)

Objective Specifications Criteria*
1. Water supply Aquifer level net change in ft/yr
Water quality, urban a, b,c,d, e
Water quality, agriculture a, b,c,d, e
2. Flood protection Expected flood losses expected dollars
Expected frequency expected number of
floods (annual
probability)
3. Environmental Preservation of designated a,b,c,d, e
areas
Effect on wildlife and a,b,c,d,e

4. Utilization of
resources

5. recreation

vegetation
Implementation
Operation and maintenance
Indirect costs
Natural resources
Preservation of existing
facilities
Creation of new opportunities

present dollars
present dollars
a,b,c,d e
a,b,c,d, e
a,b,c,d, e

a, b,c,d, e

*Here, a, b, c, d, e is an ordinal scale, with a being the best and e being worst.

A typical example of environmental elements shared iiwer basin planning was provided by

Gerdon et al.(1982).Balancing manynterestsin the Santa Cruz River BasiGashon et al.

(1982)generated the set of objectives showiiable3. Thisexamplellustrates the need to span

gualitative and quantitative objectives in seeking a desirable solution.

Large scale reservoir systems typically serve many important psyposkeiding water supply,

hydropower production,

flood control, and low flow augmentation for water quality

enhancement. Numerous mathematical simulation and optimization models have bé&medeve

for reservoir systems analysis, but most of these techniquds faansider multiple objectives
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simultaneously since they may becommensuratand conflicting in natur¢Ko, Fontane, &
Labadie, 1992). The U.S. Army Corps of Engineers publishedTradeoff analysis for
environmental projects: An annotated bibliograp(fiyeather, Harrington, & Capan, 1995%)ug

et al.(2000) applied thisesearcho the optimization of Glen Canyon dam.

It is well known that reservoirs can cause numerous effects on downstream river chiimgels
may affect riverbed elevation, channel width and depth, -padicle sizes and armoring,
vegetation expansion, and other morphological changesvar.
Althoughsameresearclstudieswere performed with respect to watprantityand water quality
(Ko, Fontane, & Labadie, 1992here were few papenscludingthe erosion and sedimentation
problem. In addition, most of thresearclstudieswere performed for dams, not for weirs. Since
the operation rules are apparently different between dams and weirs, the peesarchis
neededor solvingthe sedimentation problem in weirs.

Sincecompletionof the Sangju Weir in 2012, the Wé&roperation rulegK-water, 2012have
been ambiguouswith respect to thesedimentation problem. Thiambiguity can lead to
tremendougost to excavate the deposition in the reseotumulating oveseveral yeardt is
necessary to determirtbe operation rules for minimizing management cost in order to ensure

long term economic viability of this hydraulic structure.

2.7 PREVIOUS STUDIES PERFORMED IN THE PROJECT LOCATION

Kim and Julien(2006) evaluated the spatial distribution of soil loss rates for the Imha-multi
purpose dam watershed and predicted the mean annual soil losses caused by gimajor ty
The RUSLE model and GIS techniques were combined to analyze the mean annoal erosi

losses and the soil loss&sgure 19 shows the Nakdong River basin which incluttesprevious
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study arealdi et al.(2011) defined sediment flushing curves as a function of river stage and
discharge and performed analysis of lsagn simulations using a quasteady numerical
model. According to their study, about 54% of the mean annual dredging volume could be
eliminated bysediment flushing at Nakdong River Estuary Barrage. An and Julien (2Dd#gd

the propagation of the turbid density currents of the Imha Reservoir using the/-BDO
computational dynamics code.

The Korea governmeninvestigatedhe Naesung Stream watersh{&ahman Corp. & Isan Corp.,
2012),the Yeong Stream watershd@aman Corp., 1991), anble Nakdong River basiiflsan

Corp. & DonghoCorp., 2009)to establish master plaof river improvementThey conducted

river surveys, longitudinal and cross sectional sygvandbedmaterial sampling

Also, in planningfor the Yeongju multipurpose damK-water conducted similar investigations
including sediment transport modeling; however, the investigation was confitieel Xfeongju
multi-purpose dam watershed (Samsung Inc., 20089 M of Koreapublished The sediment
mangement plan establishment research for river channel stabilizano2013 (K-water,
2013) In this study they builta watershed runoff modelnd predicted streambed aggradation
anddegradatiorby sediment transport modagj with view both to thdong-term and shofterm,

for the entireNakdong River basinThey useda SWAT model(2005)to estimatehe sediment

load of main tributaries, and predicted Nakdong River bed elevation changes.

Ji et al (2014) studiedsediment transport and yield for Naesung Stream watershed. They
assessed erosion risks within the Nakdong River basin in South Korea. Theythseetiered
approach (1) a screening based on topography and land use; (2) a lumped parametes analysi
using RUSLE; and (3) a detailed analysis using TREX. Throughidb&archtheyidentified the

northeast area of Songriwas ahighly erosive area, in the Nakdong River basin.
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2.8 SUMMARY

According to the research in previous sections, resesamimentation isffected by various
factors:sediment productiom drainage areahe rate of transportatipthe riverregime, flood
frequencies, reservoigeometry and operatiorules density currentsand possible land use
changes over the life expectancy of the reserfduilien, 2010)Of all above factors, only trap
efficiency in reseroirs can be controlled by reservoir operatarg] furthermorehere are many
competing operational criteria for reservoidany researclstudies have beertonducted about
reservoir sedimentation However,almost all of thesavere performed omams that have
relatively large height. Operation rules between damand weis are apparentlydifferent dans
usually areallowed to gore water for flood control, water suppligydropower productiorand
other purposes. On the other hand, weirs dotoot svatetbecause the mapurpose ot weir is
elevating water stage at a certain stream esesfion Thus,the mechanism of sedimentation in
weirs would be different from damSomestudies have tried to optimize water quanttyd
qguality objectives; however, rarely have theytried to optimize operations relatetb
sedimentationissues Therdore, this researchs unique becauseit provides a solution for
complex optimization problems relatetb reservoir operation rules in view of sedimentation

issues in South Korea.
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3 CHAPTER Il — STE DESCRIPTION

3.1 STUDY AREA

The study area is the Sangju Weir catchment, located in the upper Nakdongv&meshed, in

the Gyeongsangbutto of Eastern Kored his basin includes the Naesung Stream watershed, the
Yeong Stream watershed, and some of the Nakdongr Ragin. Four multpurpose dams;
Andong (completed in 1977), Imha (completed in 1993), Sungdeok (completed in 2014), and
Yeongju (completed in 2@) and the Sangju Weir (constructed through FRRP in 2012) are
located in the study arekigure20 andFigure21 show watersheds aradschematic diagram of

the study area, respectively. The watershed area and gaging stations emeegresiable 4.

Table5 shows detailed infmation about multpurpose dams located in this area.
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Figure21: Schematic diagram of river system in study area

Table4: Basic information for studgrrea

Basin Area (k) Ratio (%) Gaging station

Andong multipurpose dam 1,584 21.4
Imha multipurpose dam 1,361 18.4
Sungdeok multpurpose dam 41 0.6
Yeongju multipurpose dam 500 6.8

(1) Naesung stream 1,315 17.7 Hyangseok

(2) Yeong stream 914 12.3 Jeomchon

(3) Nakdong River 1,692 22.8 Waegwan

Sangju Weir 7,407 100.0
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All of these facilities have hydro power generators. The hydropower capatit@sgju Weir
and Yeongju multpurpose dam are 3,000 kW and 5,000 kW, respectiVal.naximumheight
to generate electricitig 7 m for Sangju Weir and 35.6m for Yeongju dam.

The schematic diagram of river systemghe study area is presented kiigure 21. The main
facility, Sangju Weir has acatchment areaf 7,407 knf. This area will be divided into three
parts for this research: (1) Naesung Stream area including Yeongjypomgtse dam; (2) Yeong
Stream area; and (3) Nakdong River area upstream ofuS&feyr including three mukpurpose

dams, Andong, Imha, and Sungdeok.

3.2 NAKDO NG RIVER BASIN

The Nakdong River is located in the southeastern regidhedforean peninsula with a total
drainage area of about 384 square kilometers, 25.9 % of South Kagranda total river length

of 510.36 km. The shape tie basin is nearlya rectanglgethe wesern part ofthe watershed
summitis almost parallel téthe west coast othe Korearpeninsula, anthe easterfmoundary of
the watershedoincides with theeast Sea shore. The Nakdong River flalmostthroughthe
center of the basin. The path of the flow chantgedirectionfour times due to the Sobaek Range
and finally flows intothe South Sea througthe Nakdong River Estuary Barrage in Busan, the
second largest cityn South Korea (Saman Corp. & Isan Corp., 2012).

This basin has 785 rivergl national class, an@d74 local class, and 7,304 km of total stream
length. The population of the basin is 6.2 millip@ople;Daegu acountsfor 40.6% of the total
population, Geongbuk 29%Gyeongnam 18.4 %, and Busan 11.2%. The forest area accounts

for the majority of the basin &7.4%, agricultural area 23.5%, urban area 4.13 % and others 5%.

43



The annual rainfall is 1,255 mm which is about 20 mm less than the average of South Korea,

1,274 mm.

3.3 NAESUNG STREAM BASIN

The Naesung Stream watershed is located within the upper region of the Nakden&a&in
and drains an area of approximately 1,815%kithe Naesung Stream joins the main river
upstreamof the Sangju Weir, which is the upp®&iost of the new weirs constructed on the
Nakdong River. Surface topography of the Naesung Stream watershed rang®4$ frotm 1,420

m above mean sea levdh this region,the Yeongju multipurpose dam has been under
constructionsince2009(it will be completed in 2015)which is located on Naesung Stream 55.6
km upstream from the confluence with Nakdong River.

The Naesung Stream was ranked thghest prodcer ofsediment load in Nakdong River basin
(K-water, 2013). Due to thig,sediment detention reservoir was introduaetheYeongju multt
purpose dam for the first time in Korea (Samsung Inc., R0D®ere are two gaging stations,

Weolpo and Hyangseokneasuringvater stage and discharge.

3.4 YEONG STREAM BASIN

The Yeong Stream watershed is adjacertheNaesung streanmwatershedThe Yeong Stream is
the first tributary ofthe Nakdong River and the catchment area is 914 Rrhis watershed was
investigated officially in 1991, which was the latest sur¢@gman Corp., 1991)There isone

water stage and sediment gaging statl@momchon station, in the watershed.
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Table5: Detailed data of mulpurpose dams in study arg&water, 2014)

Multi-purposedam Unit Andong Imha Sungdeok Yeongju

(Dam)
Basin Nakdong NakdongBanbyeon Nakdorgl?;:\nbyeom NakdongNaesung
River Nakdong Banbyeon Bohyeon Naesung
Type E.C.R.D E.C.R.D C.G.D C.G.D/IC.F.R.D
Height M 83 73 58.5 55.5
Length M 612 515 274 400
Top Elevation EL.m 166 168 368.5 168
Top elevation of core EL.m 165.4 167.5 - -
Volume of dam 10°m' 4,015 3,423 227 1,181

(Catchmenk
Catchment area kit 1,584 1,361 41.3 500
Cover ratio % 6.7 5.8 0.2 2.1
Averaged annual inflow CMS 27 17.3 0.77 10.04

10°m' 940 762 24.3 316.6

Averaged annual rainfall mm 950 1,055.10 1,043.30 1,137
Annual water supply 10°m’ 926 591.6 20.6 203.3
- Municipal and industrial 450 363.6 15.4 10.7
- Irrigation 300 13 3.1 6
- Base flow 176 215 2.1 186.6

(Reservoip
Surface area (flood water level) kn 51.5 26.4 1.53 10.4
Design flood water level EL.m 161.7 164.7 364.9 164
Full reservoir level EL.m 160 163 364 163
Limited water level during flood

EL.m - 161.7 362

season 156.7
Elevation of overflow section EL.m 151 151.4 360 153
Low water level EL.m 130 137 333 135
Lowest water level for water supply EL.m 121 124 321 135
Target year for water supply Year 1984 2001 2021 -
Construction period YY.MM 19711977 19841993 20022014 20092015
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Table5 continues

Multi -purposedam Unit Andong Imha Sungdeok Yeongju
Total storage 10°m 1,248 595 27.9 181.1
Effective storage 10°m 1,000 424 24.8 160.4
Flood control storage 10°m' 110 80 4.2 75
Low-level storage 10°m' 248 124 2.2 -
- Emergency storage 10°m' 130 84 1.6 -
- Dead storage 10°m 118 40 0.6 8.8
Total stream length (originmouth) km 512 463 529 108.2
Streamlength(origin - dam) km 172 98.1 7.5 52.6
Length of reservoir km 43.5 - 21.28
(Hydropowe)p

. 10°kw 9.15 5.106 0.02 0.5

Capacity - . . .
(Main:9, Reg.:0.15) (Main:5, Reg.:0.1)
Annual hydropower production Gwh . 90.167 . 83.547 1.65 5.78
(Main:89, Reg.:10.167) (Main:78.7, Req.:4.847
Effective head M 57 48.4 39.7
Maximum design water disalge CMS 161 119 0.707
Generator type DERIAZ FRANCIS FRANCIS
(Regulation dam

Top elevation EL.m 101.5 107 - -
Length M 218 320 - -
Flood water level EL.m 98.8 106.2 - -
Fool reservoir level EL.m 98 103.1 - -
Low water level EL.m 95 101.3 - -

. . EL.m 91.5 97 - -
Elevation of overflow section *96.0
Total storage 10°m 5 3.4 - -
Effective storage 10°m 3 1.7 - -
Maximum design water disalge CMSxEa. - 9.6x2 - -
Distance from main dam km 3 4.7 - -
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3.5 EXPECTED GEOMORPHOLOGIC CHANG ES

Wohl (2014)emphasizethe interaction between humans and rivers in her bdikers in the
Landscap& Human impacts can be indirect or direct. Flow regulasaonsidered athe most
important factor for geomorphologic change.

“Direct human impacts result from activities within the river network that dirattdy channel
form or process. Flow regulation, and specifically the construction of damsedeised the
most scientific and public scrutiny, in part because individual dams can be dytlarge and

can alter physical, chemical, and biological characteristics of entire wate(Stals 2014).”

3.5.1 Scour and channel degradation

Through FRRP, eight weirs were constructessecutivelyalong the Nakdong River in 2012
and two dams and one connection turarelunder constructionThe new hydraulic structuse
block upstreamsedimentand regulatethe stream flow which potentially causes change in
channel geometryHgure22).

Flow
requlation

Hydrology
Sediment supply
Substrate mobility

Channel form

Figure22: Schematic illustration of the changes in a river as a result of flow regulation
(Wohl, 2014)
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Although released flow from dam has energy to transport sediment discharge,sthere i
sediment. This flow is calledhungry waterwhich dissipateits energy to scouhe channel bed
and bank(Kondolf, 1997) Figure 23 presents the concept of chandebradatiorand armoring

of the channelFigure 24 illustrates the example of the aggradation and degradation of the

reservoir.

Clearwater
release at dam )

A0riginal bed

Figure23: Concept of aggradation and degradation due to dam construction (Julien, 2002)
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“The influence of a dam constructed on a sedint@ién stream is twipld. Aggradation of the

bed of the streams occurs upstream of the reservoir and degradation of the streanurised occ
downstream of the dam(Simons & Senturk, 1992p this studyarea, hydraulic structures like

the Yeongju multipurpose danmand Sangju Weiare expected toausehe above problemsSuch

structures caaffect geomorphic changes from right belthe structur@o the mouth of the river.

3.5.2 Grave and sand mining in Naesung Stream

In spite of thigheoreticabackgroundthe Yeongjucity has allowedome businegsto excavate
sand and gravel on Naesung Stream and its tributautiésh are locatedlownstream of the
Yeongju multipurpose dan{Figure 25 andFigure 26). This excavation can lead tocreased

scour and channel degradation.
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Figure25: Location of graveind sand mining in lower part of Naesung Stream
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Figure26: Amount of gravel and sand mining (1989-2009) (Saman Corp. & Isan Corp., 2013;
Bonghwagun, Yeongjusi, & Yecheongun, 2013)

3.5.3 Tributary scour

The water stage dhe downsteam reservoir also affects the sediment transport rate of the main
stream the Nakdong River andtributariessuch aghe Yeorg Stream If reservoirstage iskept

lower relativeto the normal condition, the friction slope of the tributasyncreasedwhich leads

to a headcut problesy However, ifthe reservoirstage is kephigh, the opposite situation will

Ooccur.

Headcut [Drop in base level

Incision

Figure27: Concept of headcut in tributary due to changing water level in main stream
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The sediment transport rate depends on various factorasumtnaterial, channellepe, daily

discharge, upstreasrodbility, and others.

Figure28: An example photo of headcut (Wohl, 2014)

3.6 GAUGING STATION

There are twenty stations at whistspended load and bathterial samplingvasperformed in
Korea, some of whicarenot sampled regularly.

In study area,here are two sediment gauging statiaii3;Hyangseokand(2) JoemchonThe
Hyangseok and Joemchon statiorepresent the Naesung Stream &hd Yeong Stream,
respectively. There is no station fitre main stemof the Nakdong River upstream of Sangju
Weir. Instead,measured data of Waegwan Station locatethe middle ofthe Nakdong River

was used for Nakdong River watershed.
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3.6.1 Hyangseok

Hyangseok gauging station is located in Hyangsedkonggungmyeon, Yeheoncity, near
Hoeryong-bridgewhich is 270 meters long with eight pier&igure 29). Hyangseok station
providessediment discharge and yield estimates as well as flow disame@suremenMLTM,
2012).This stationrepresentshe total discharge othe Naesung Stream becausas almostat
the outlet of the basin. The data measured in 2010 and 2011 were used for deweegdingent

rating curve for this research.

Figure 29: (a) Location of Hyangseok station and (b) picture of Hyangseok gauging station on
Naesung StrearfMLTM, 2011)

3.6.2 Joemchon station

Joemchon gauging station is located in Gimyandoungsunmyeon, Munkyeongi, near
Yeongsunbridge. Joemchon station provides suspended loaemnlagetial distribution as well as
flow discharges for 2010 and 2013. This statiepresentghe total discharge ofthe Yeong
Stream because this station imaktat the outlet of the basin. The data measured in 2010 and

2011 were used for developiagediment rating curve for this research.
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Figure30: (a) Location of Joemchon station, and (b) picture of Joemchon station (MLTM, 2011)

3.6.3 Waegwan station

Waegwan gauging station is locatedMaegwanri Waegwaroep Chilgokcity, nearthe second
Waegwarbridge. The Waegwarstation has one of the longest gauge histories Korea for
variablessuch assuspended load, bedaterial distributionandflow dischargesince 2003This
statian representshe dischargand sediment concentration the Nakdong Rivereachbecause

there is naupstreangaging statiomepresenting thenain Nakdong River reach

Figure31: (a) Location of Waegwan station, and (b) picture of Waegwan station (MLTMI) 201
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4 CHAPTER IV — EDIMENT TRANSPORT

41 STREAM FLOW

Discharge is one of the most important components for sediment transport arfay$mg
term sediment loadhnalysisin this study the FlowDuration and Sediment Rating Curve
(FD/SRC) methodvas usedwhich requiresdaily discharge for every watershed as well as a
dischargeand sediment concentration relationsf@C relationship). Also, daily discharge is
essential focalculation oftrap efficiency forthe daily sediment load analysis.

Approachedo obtain daily discharge in this study area: éi¢ field measurement, (2unoff
modeling, and (3) proportional methothere are three reliable daily discharge dates (1)
Andong multipurpose dam (1972014), (2) Imha multpurpose dam (1992014), and (3)
Sangju weir (2012-2014) operational data.

In order to get daily idcharges, the TANKSugawara, Watanabe, Ozaki, & Katsuyama, 1984)
rainfall runoff model wasisedin this study because of its wide useainfall-runoff modeling in
Korea For example, the Korean government established ‘Waftmion 2020’ (the
comprehensive water resources plan order to resolve watgelated problems expected to
happen in the futurdhis planis considered as the masimprehensivelan for water resources

field in Korea.

4.1.1 Precipitation and evaporation

The model requires not only hydrologic data like precipitation and evaporation but also

watershed characteristiagacluding watershed area, surface cover classificatmg others.
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Above all, rainfall data is the most important and dominant component for runoff sonulati
Figure 33 shows the rainfall stations and thiessen polygons which were used for runoff

simulation.
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Figure32: Rainfall gations and Thiessen polygons
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Table6: Table of precipitation stations used for Tank simulation

Station Name Manager Lon. Lat. Beg. of Obs. Period (yrs)
Deokjusa MOLIT 1280518 36-51-49 1984 31
Olsan MOLIT 12822-19 36-50-23 1984 31
Yeonpung MOLIT 127-59-51 36-45-45 1962 53
Ipseok MOLIT 127-53-09 36-38-17 1984 31
Bokcheonam MOLIT 127-50-06 36-32-26 1984 31
Songmyeon MOLIT 127-52-28 36-39-36 1996 19
Taebaek KMA 12859-21 37-10-13 1985 30
Bonghwa KMA 12854-52 36-56-36 1988 27
Jaesan MOLIT 12857-42 36-48-57 1962 53
Seokdong MOLIT 12848-21 36-34-28 1968 47
Yean2 MOLIT 1284848 36-42-04 1968 47
Seokhyeon MOLIT 12852-21 36-59-06 1968 47
Mijil MOLIT 1285314 36-39-40 1968 47
Docheon MOLIT 1285319 36-50-47 1968 47
Hwangji MOLIT 1285919 37-09-36 1968 47
Seokpo MOLIT 12903-50 37-02-50 1968 47
Namhoeryong MOLIT 12907-16 36-55-58 1968 47
Yuicheon K-water 12851-21 36-42-52 1978 37
Baekcheon K-water 12858-30 37-04-10 1978 37
Galsan K-water 12858-36 36-50-10 1978 37
Goseon2 K-water 12859-26 36-57-33 1978 37
Taebaeksan MOLIT 12857-14 37-07-17 1983 32
Myeongho K-water 12852-34 36-48-34 1995 20
Yean K-water 12852-43 36-39-16 1995 20
Chunyang K-water 1285507 36-56-48 1995 20
Taebaek K-water 12900-27 37-07-25 1995 20
Seomyeon K-water 1290643 36-57-37 1995 20
Andong MOLIT 12843-09 36-33-31 1916 99
Hyeonseo MOLIT 12853-54 36-16-22 1961 54
Giran MOLIT 12854-39 36-25-54 1964 51
Imdong MOLIT 12855-05 36-33-52 1969 46
Cheongsong K-water 12902-38 36-25-42 1987 28
Bunam K-water 12904-19 36-19-47 1987 28
Yeongyang K-water 12906-32 36-39-01 1987 28
Seokbo K-water 12908-36 36-32-33 1987 28
llweol K-water 1290519 36-44-54 1992 23
Dopyeong MOLIT 12903-05 36-18-24 1998 17
Jinbo2 K-water 12904-17 36-31-28 2000 15
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Budong K-water 1290842 36-22-34 2000 15
Subi2 K-water 12912-15 36-41-40 2000 15
Andong KMA 12842-26 36-34-22 1973 42
Jibo MOLIT 12822-02 36-31-37 1962 53
Ijik1 MOLIT 128-39-38 36-29-17 1962 53
Pungsan MOLIT 12834-48 36-35-47 1988 27
ljik2 MOLIT 12840-20 36-28-05 1988 27
Yeongju KMA 128-31-00 36-52-18 1972 43
Yeongju MOLIT 12837-21 36-49-41 1988 27
Buseok MOLIT 1283912 36-58-32 1961 54
Dongnol MOLIT 1281905 36-46-25 1962 53
Huibang MOLIT 128-28-08 36-5343 1984 31
Dongno?2 MOLIT 12820-21 36-42-15 1988 27
Wolpo MOLIT 1282923 36-37-00 1996 19
Sihang MOLIT 128-27-28 36-44-09 1998 17
Punggi MOLIT 12831-12 36-52-14 1998 17
Bonghwa MOLIT 12844-03 36-53-05 1998 17
Munkyeong KMA 128-08-55 36-37-38 1973 42
Nongaml MOLIT 128-00-26 36-35-47 1961 54
Jeomchon MOLIT 12813-00 36-35-22 1962 53
Hwaseo MOLIT 127-58-42 36-27-49 1969 46
lan MOLIT 12809-32 36-32-38 1969 46
Hwabuk1 MOLIT 127-54-43 36-34-00 1984 31
Donghwawon MOLIT 1280503 36-44-22 1984 31
Nongam?2 MOLIT 127-59-09 36-34-20 1988 27
Eoeseo MOLIT 128-06-28 36-28-45 1969 46
Sabeol MOLIT 1281601 36-30-08 1996 19
Uiseong KMA 12841-18 36-21-21 1973 42
Uiseong MOLIT 12841-49 36-20-39 1916 99
Angye MOLIT 12826-25 36-23-02 1961 54
Seoksan MOLIT 12849-38 36-10-00 1982 33
Uiheung MOLIT 12842-53 36-10-32 1988 27
Gasa K-water 12909-25 36-11-85 1996 19
Hyeonnae K-water 12904-33 36-11-59 1996 19
Hwabuk2 MOLIT 1285939 36-07-44 1988 27
Subi MOLIT 12912-35 364541 1962 53
Pyeongon MOLIT 127-57-17 36-26-38 1982 33
Samga MOLIT 127-51-44 36-29-21 1982 33
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The seventysix precipitation station$ historical daily data were collected from Korean

Meteorological Administration (KMA 6), Ministry of Land, Infrastructure and Transport

(MOLIT, 51), and Korea Water Resources Corporationwater, 19).The missingainfall data

were estimated usinghe Inverse Distance Weiging (IDW) method(Yoon, 2009) In addition,

the gage constency was checked lblge mass curve metho@Figure33) (McCUEN, 1989) The

rainfall stations were grouped by watersheds. After ttia#, average areal rainfalls were

estimated usinthe Thiessen Polygon Method, for every watershiieéidure 34 shows an example

of daily average areal rainfall data fame of the sulbasirs.
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Evaporation datare only available from thA&ndong station (operated by KMAN the study
area. These datawvere collected and used for simulatiom addition, parameter values are
essential to simulate discharge famgagedwatersheds witiTANK. Model parameterérom
Water Vision 2020 were used, because these were approved official coeffioierthe
government. Theecoefficiens areshown inTable7.

Table7: Tank parameters used in 'Water Vision 2020' (MCT, 2001)

Parametery All Al2 B1 A2 A3 B2 A4 B3 H11 H12 H2 H3

Andong | 0.500 0.140 0.086 0.125 0.255 | 0.0511 | 0.0895 0.00 56.42 25.00 0.00 0.00

Imha 0.500 0.300 0.050 0.300 0.291 | 0.0185 | 0.0471 | 0.00 55.67 25.00 0.00 0.00

Hapcheon 0.491 0.157 0.103 0.119 0.273 | 0.0218 | 0.0391 0.00 65.00 22.11 0.00 0.00

Namgang| 0.500 0.155 0.125 0.176 0.235 | 0.0223 | 0.0248 | 0.00 65.00 25.00 0.00 0.00

Milyang 0.500 0.300 0.114 0.300 0.151 | 0.0626 | 0.0983 0.00 64.82 21.96 0.00 0.00

4.1.2 Stream flow modeling and synthesis

The study area consisted of six watersheds; watershed 2001 (Andongatshell watershed
2002 (Imha damwatershell watershed 2003 (Nakdong River), watershed 2004 (Maes
Stream), watershed 2005 (Yeong Stream), and watershed 2007 (Sangjwaiéeshd). The
discharges were simulated for every unit watershed and the dischaingdNekdong River sub
basin was synthesized from unit watersh@dan River Flood Control Office, 2015); 2001,
2002, 2003, and 200Wsing average raal rainfalland evaporation recordsrresponding to
subbasins, the 30 year (198914) series of dischargefor (1) Naesung Stream, (2) Yeong
Stream, and (3) Nakdong River shasin,were generatetbr verification with observed data
(1) Andong multipurpose dam inflow data (198®14)and (2) Sangju Weir operational data

(2013-2014).
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Tank simulation vs. Observation (Andong Dam Inflow)
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Figure35: The discharge comparison between Tank simulation and observed data

Figure 35 shows the comparison betweePANK simulation and gauged data, which
demonstrates the validity of TANK model results for future prediction consgldhe
accordance of results between obséraed simulated discharges.

Based on verification for historical data, the 20 year prediction p€2iots-2034)discharges
for the three sukbasinswere simulatedFigure 36 shows theentire period (19852034) of
discharges used in this study. These dischdagawere used for all simulation and calculation

related to discharge this study.
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Naeseong Stream Inflow (1985-2034)
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4.2 BED MATERIAL

There aresixty-two bedmaterial samples in this study area. Upper reach of Naesung Stream has
fourteen samples sampled in 2011 atwlenty-eight samples were sampled at lower reach of
Naesung Stream in 2010. Also, the reach of Nakdong River in this study has 7 sanelés
material distribution which were sampled in 2009. However,tjustsampes of bedmaterial at
Joemchon station were performed in Yeong stream in 2010.

Although some spots show coarse Hpeaterial distribution, it iseasonabldo assume bed
material in this study area as sametl channelTable 8 showsthe summary obedmaterial

samping in study area.

Table8: The status of bedmaterial sampling in study area

River Year No. Specfic sampling location
STA 0, 1+160, 1+970, 2+950, 3+913, 4+850, 5+729, 6+823,
2010 24 7+794, 8+805, 13+846, 14+863, 15+879, 16+855, 17+845,
18+893, 19+920,20+919, 21+927, 22+955, 23+956,
Naesung 25+028,26+048, 27+000
Stream
2011 14 STA 0, 2+100, 5+000, 7+1000, 10+000, 12+100, 15+000,
17+200,20+000, 22+200, 25+000, 27+200, 30+000, 32+250
Yeong Stream| 2010 2 Joemchon station
Nakdong River| 2009 22 ND-24~45
Total 62
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Bedmaterial for Naesung Stream and Nakdong River were collected from entire feachhs
Korean government established river improvement master plan in 2013 and 2010, respectively
The ked-material fromYeong Streanwas examinedduring the annual hydrogical survey in
2013. Figure 37 andFigure 38 show the sampling location and distribution of {vedterial,
respectively. The distribution shows that bedterial in Naesung Stream is finer tiltaat from

the Nakdong Riverwhich has alsp of about 1 mm. The result of Yeong Stréarhedmaterial

analysis states thdgp is around 3nmrepresentingine gravel.
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Figure37: Location of bednaterial sampling in study arél@an Corp. & Dongho Corp., 2009)
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4.3 SUSPENDED LOAD DISTRIBUTION

133 suspended loadampleswere used for this study area. Naesung Streanil®@samples
sampled in 202. Sixteenandseventeersamples were collected for Yeong Stream and Nakdong
River respectively. Table9 shows the summary of suspended Isathplingnumbersin study
area.

Since the pvious report doesot provide trapped suspended load distribution Naesung
Stream the suspended load distribution was produced ugiegDden curve methodrigure 39
showsthe original data sheet frolaboratory.These data were used to complete@gen curve
analyss (Figure40). Table10 preserdthe analyzed results.

For obtaining suspended grain size distribution of Yeong Stream and Nakdongthtverser
Diffraction method was userigure 41 shows the distribution of suspended load tfar study

area.

Table9: The status of suspended l@inpling in study area

River Year No. Specific sampling location Method
Naesung Stream| 2012 100 Hyangseok station Oden curve method
Yeong Stream 2013 16 Joemchon station Laser diffraction method
Nakdong River 2013 17 Waegwan station Laser diffraction method
Total 133
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Figure40: Example ofOden curve analysis for Joemchon station

Table10: Suspended logzhrticle size distributioexampleestimated by Oden curve analysis

Grade Grain size(mm) w1l (%) w2 (%) wl-w2 (%)
1 0.0020-0.0221 63.01 0 63.01
2 0.0222-0.0312 70.53 63.01 7.52
3 0.0313-0.0422 74.88 70.53 4.35
4 0.0423-0.0625 77.75 74.88 2.87
5 0.0626-0.1250 86.72 77.75 8.97
6 0.1251-0.2500 98.5 86.72 11.78
7 0.2501-0.5000 99.27 98.5 0.77
8 0.5001-1.0000 100 99.27 0.73
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4.4 DISCHARGE AND SEDIME NT CONCENTRATION REL ATIONSHIP (Q-C)

Three QC relationships werdefined based otiree stationg the study areaHjgure4?2).
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4.5 LONG-TERM SEDIMENT LOAD

TheFlow-Duration/®dimentRating curve methodasused to stimate longterm sediment load
for three subbasirs. (1) Naesung Strearsubbasin, (2) Yeong Strearsubbasin, and (3)
Nakdong Riversub-basin.This method combines a sedimeating curve (total sediment
dischargeas a function of water discharge and a flowduration curveFigure 43 shows the
procedurdor longterm sediment yield.

[STAGE 1: SEDIMENT LOAD ]

[ Flow-duration and Sediment Rating Curve method ] Fall velocity (w)
Suspended load Q-C relationship
Measurement
FD& Long-term
SDR curve Sediment
Method Yield TRAP
Flow Duration Curve EFFICIENCY

Daily Discharge (Q)

Channel Water Surface
Geometry Area (A)
Field
measurement
Ratio Natural
STAGE
Surface runoff
Modeling
Discharge Gate
Control

Control

Figure43: Sediment loagstimation process diagram

First, the relationship of discharge and sediment concentratias developed from field

measurements for suspended load. Second, the flow duratiors axgreproduced from daily
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dischargesimulatedas described ithe previos chapterThis curvestates the percentage of time
a given river dischargs exceededThen these two curvewere combinedto predictlongterm
sedimentyield at the mouth of everwatershedFinally, trap efficiencycalculatedas described
in the previous chaptewas applied tothe longterm sediment yield, resulting thhe reservoir
sedimentation amount at Sangju Weom everysubbasin. The summation of thesethen the

total Sangju Weibasinsedimentation

45.1 Flowduration curve
Since theobserved inflowrecords are natontinuous or comprehensifer the threesub-basins,
simulatedstream flow(1985-2014) usinghe TANKk model was used todevelopthe flow-

duration curveKigure44).

Naesung Stream FD (1985-2014)

Exceedance probability

Figure44: Flow-duration curvef the Naesng Streamsolidlinesand red dots represent data
from 1985to 2014 andiverage data, respectively
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Figure45: Flow-duration curves of the sub-basinstudy area

Table1l: Discharges corresponding interval mid-point for the sub-basins of study area

. i i . Corresponding dischardgen’®s)
Mid-point of time exceeded probability ;
Naesundgstream | YeongStream NakdongRiver
0.0001 1669.6 824.7 2164.5
0.0006 1615.3 797.9 2111.6
0.003 1268.0 625.2 1731.2
0.01 678.4 370.2 1095.1
0.0325 262.8 154.8 641.0
0.1 104.0 57.1 265.0
0.2 54.6 30.6 137.1
0.3 33.0 18.4 78.3
0.4 21.0 12.4 51.3
0.5 12.9 8.3 36.0
0.6 7.5 4.9 24.3
0.7 3.0 2.1 15.3
0.8 0.9 0.7 8.4
0.9 0.1 0.1 3.2
0.975 0.0 0.0 0.6
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Table 11 shows several data points witte exceedance interval and corresponding discharge,

based on the curves showrFigure45.

45.2 Q-Creationship

Q-C relationship below for Hyangseok, Jeomchamd Waegwan were used to estimate long

term sediment loa(Figure42).

C = 10.48 Q%47 for Hyangseok station (42)
C = 0.35 Q%% for Joemchon station (43)
C = 0.04 Q1! for Waegwan station (44)

where,
C = suspended sediment concentration (metric tons/day)

Q = dischargém?®/s)

45.3 Suspended/ Measured load (Qsus/ Qm)

As a result ofcombiningthe Q-C relationship and flovduration curve, the incoming sediment
load was estimatediable 12-Table 14 present the resultsf the estimatedincoming sediment
load at the threesub-basins The total suspended sediment loadas estimated a887,175

tons/yearThesummaryis presented ifable15.
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Tablel2: Longterm sediment yield for Naesung Stream using {fthwation and sedimem&ting curve method

Time Interval Interval Discharge Concentration QxAP Sediment Load
intervals(%) mid-point (%) AP(%) Q (ns) C (mg/L) Qsx AP (tons/yr)
1) ) ®3) 4) 5) (6) (7

0 ~ 0.02 0.01 0.02 1,670 355 0.3 3,361 2%
0.02 ~ 0.1 0.06 0.08 1,615 350 1.3 14,360 7%
01 ~ 05 0.3 0.4 1,268 312 5.1 50,218 23%
05 ~ 15 1 1 678 231 6.8 49,574 23%
15 ~ 5 3.25 35 263 148 9.2 42,972 20%
5 ~ 15 10 10 104 95 10.4 31,181 15%
15 ~ 25 20 10 55 70 55 12,151 6%
25 ~ 35 30 10 33 55 3.3 5,728 3%
35 ~ 45 40 10 21 44 2.1 2,916 1%
45 ~ 55 50 10 13 35 1.3 1,436 1%
55 ~ 65 60 10 7 26 0.7 574 0%
65 ~ 75 70 10 3 18 0.3 170 0%
7% ~ 85 80 10 1 10 0.1 32 0%
85 ~ 95 90 10 0 0 0.0 0 0%
95 ~ 100 97.5 5 0 0 0.0 0 0%
Total 214673 100%
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Tablel3: Longterm sediment yield foreongStream using flowduration and sedimeméting curve method

Time Interval Interval Discharge Concentration QxAP Sediment Load
intervals (%) mid-point (%) AP(%) Q (ns) C (mg/L) Qs xAP (tons/yr)
(1) (2) 3) (4) (5) (6) )

0 ~ 0.02 0.01 0.02 825 230 0.2 1,452 3%
0.02 ~ 01 0.06 0.08 798 222 0.6 4,204 10%
01 ~ 05 0.3 0.4 625 176 25 13,86 31%
05 ~ 15 1 1 370 106 3.7 12,378 28%
15 ~ 5 3.25 3.5 155 46 5.4 7,840 18%
5 ~ 15 10 10 57 17 5.7 3,058 7%
15 ~ 25 20 10 31 10 3.1 987 2%
25 ~ 35 30 10 18 6 1.8 341 1%
35 ~ 45 40 10 12 4 1.2 151 0%
45 ~ 55 50 10 8 3 0.8 76 0%
55 ~ 65 60 10 5 2 0.5 32 0%
65 ~ 75 70 10 2 1 0.2 6 0%
75 ~ 85 80 10 1 0 0.1 0 0%
85 ~ 95 90 10 0 0 0.0 0 0%
95 ~ 100 97.5 5 0 0 0.0 0 0%
Total 44,402 100%
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Tablel4: Longterm sediment yield for Nakdong River using flow-duration and sedina¢ing curve method

Time Interval Interval Discharge Concentration QxAP Sediment Load
intervals (%) mid-point (%) AP(%) Q (ns) C (mg/L) Qs xAP (tons/yr)
1) ) 3 4) 5) (6) (7

0 ~ 0.02 0.01 0.02 2,165 184 0.4 2,323 2%
0.02 ~ 01 0.06 0.08 2,112 179 1.7 9,604 8%
01 ~ 05 0.3 0.4 1,731 144 6.9 31,358 25%
05 ~ 15 1 1 1,095 87 10.9 29,928 23%
15 ~ 5 3.25 35 641 48 22.4 33,933 26%
5 ~ 15 10 10 265 18 26.5 15,054 12%
15 ~ 25 20 10 137 9 13.7 3,891 3%
25 ~ 35 30 10 78 5 7.8 1231 1%
35 ~ 45 40 10 51 3 5.1 483 0%
45 ~ 55 50 10 36 2 3.6 2271 0%
55 ~ 65 60 10 24 1 2.4 76 0%
65 ~ 75 70 10 15 1 15 47 0%
7% ~ 85 80 10 8 0 0.8 0 0%
85 ~ 95 90 10 3 0 0.3 0 0%
95 ~ 100 97.5 5 1 0 0.1 0 0%
Total 128155 100%
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Tablel5: Estimation of incominguspended (measurddad

Subbasin Suspendetbad Qsus, Qmtons/year)
Naesundstream 214673
YeongStream 44402
NakdongRiver 128155
Total 387,230

454 Total load (Qror)

The sediment yielgkstimatedin the previous section was only based measuredsuspended
sedimentconcentrationwhich represents to the measured portigp, )X in Figure 47B. The
integral of the product of velocity and sediment concentration resulted in the totaésetbad.
However, the sediment load estimated doesreptesent the total sediment load because the

unmeasured loads are not considefiddis, in order to estimate the total loadmpensatiotfior

unmeasured load is required.
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A, Bed load and suspended sediment load

B. Measured and unmeasured load

Figure47: Definition sketch fosediment measurements irspansior(ShahFairbank & Julien,
2015)
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ShahFairbank and Julie(ShahFairbank & Julien, 2015)roposed the relationship among the
relative sampling deptrthf, /h), ratio of shear velocity tall velocity (. / w), and ratio of partial
to total sediment discharge,(/q,). Figure 48 andTable 16 show measured relative sampling

depth and calculation of the ratio velocity to falocity for this study area.
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Figure48: Relative sampling depth estimation

Table16: Calculation of reative sampling depth and ratio of shear velocity to fall velocity

Div. Naesing Stream Yeong Stream Nakdong River
dso (Mm) 0.035 0.025 0.027
hm, (M) 1.56 0.96 3.42
h (m) 1.71 1.16 3.61
hw/h (%) 91.2 82.8 94.7
h/ds, 44,571 38,400 126,667
u, (m/s) 0.143 0.164 0.145
w (m/s) 0.001 0.001 0.001
u, lw 130.1 291.3 220.6
S 0.0012 0.0024 0.0006
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Figure50: The SEMEPP correction factand discharge relationship
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Figure49 showshe ratio of partial to total sediment dischargg/q,) corresponding to average
sampling ratio fy/h) andthe ratio of shear velocity to the grain fall velocity/() for three sb-
basins acoordance with SEMEPR was examined through data analysis of field measurement
that the SEMEPP correction factors at sediment discharge gauging sketi@nstrong relation
with discharge Figure 50 shows the relationship between discharge and SEMEPP correction
factors at every sediment discharge gauging station. The SEMEPP carrectior can be
expressed as a function of discharffee averageatio of partial (measured suspended) sediment
discharge to the total were estimated @2% for Naesung Stream68% for Yeong Stream,

and 941% for Nakdong River. Finallynultiplying theseg, /q; ratios to measured suspended

load (Qn), the total sedimdrnoad was estimated as below (Tab#.

Tablel17: Total incoming sediment load for Sangju Weir basin

Measured
Subbasin susEer:dleO(aj load ?gl{a C{fo\r/]Ssh% q:yqe:?a?t?o sedi;(;tr?tl yield
tons,/year) (%) (Qr, 10 tons/year)
Naesung Stream 214,673 4p/q: = 0.05InQ + 0.62 90.2% 237,912
Yeong Stream 44,402 qp/q: = 0.09 InQ + 0.36 86.8% 51,143
Nakdong River 128155 qp/q: = 0.02InQ + 0.80 94.1% 136,155
Total 387,230 91.1% 425210
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4.6 TRAP EFFICIENCY OF SANGJU WEIR

To calculate trap efficiency, three componenly surface area; (2) discharge; and (3) fall

velocity are requireddg. 456, Figure43 andFigure51).
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Figure51: Concept diagram of trap efficiency

T, = 1—exp (— wQ_A> (46)

where Tg = trap efficiency,
w = particle fall velocity (m/s),
A = water surface area @

Q = discharge (r#s)
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4.6.1 Water surfacearea (A)

The reservoir surface ares a function ofwater stage was estimated by the cimssional
survey data fronweir construction andhe Nakdong river improvement plaitaman Corp. &
Isan Corp., 2013)The volume was estimatég combining all cross sectiorfBigure52) located
upstream of Sangju Weir, whichasvariedaccording to changing water stages. The surface and

capacity curve is presented in Tab&andFigure53.
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T Sangju Weir

Figure52: Surface area according to stages andssectinsupstream of Sangju Weir
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Tablel8: Surface area according to different water stage

Stage (EL.m) Area (nf) Volume ()
47.0 5,417,615 26,081,987
46.5 5,047,975 23,465,589
46.0 4,678,335 21,034,012
45.5 4,506,393 18,737,830
45.0 4,334,451 16,527,619
445 4,119,568 14,414,114
44.0 3,904,686 12,408,051
43.5 3,720,473 10,501,761
43.0 3,536,260 8,687,578
42.5 3,169,206 7,011,211
42.0 2,802,151 5,518,372
41.5 2,370,114 4,225,306
41.0 1,938,077 3,148,258
40.5 1,778,556 2,219,100
40.0 1,619,034 1,369,703
39.5 1,331,971 927,052
39.0 1,044,908 570,520
38.5 757,846 300,107
38.0 470,783 115,813
37.2 - -

Surface Area (m2)
4é3.5 5 4.5 4 3.5 3 2.5 2 1.5 0.5 048
\ /
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Figure53: Area and capacity curve of Sangju Weir
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4.6.2 Fall veocity (w)

Fall velocity is the function of grain size, kinematic viscosity, and dimeressrgrain size as

below:

8v
w= 4 [(1+0.0139d3)%° —1] 47

S
1
— 3
d. = d. [wl (48)
v
where w = fall velocity (m/s),

d = dimension less grain size,

v =kinematic viscosity 1 x 10° m?/s at 20°C).

Table19: Fall velocity calculation for various particle sizes

Lower fimit of Grain ds(mm) ds(m) d w(mls)
Small Cobble 64 0.064 1,619 0.960
Very Coarse Grave 32 0.032 809 0.679
Coarse Grave 16 0.016 405 0.479
Medium Gravel 8 0.008 202 0.338
Fine Gravel 4 0.004 101 0.238
Very Fine Gravel 2 0.002 51 0.166
Very Coarse Sand 1 0.001 25 0.112
Coarse Sand 0.5 0.0005 13 0.070
Medium Sand 0.25 0.00025 6 0.036
Fine Sand 0.125 0.000125 3 0.013
Very Fine Sand 0.0625 0.0000625 2 0.003
Coarse Silt 0.031 0.000031 1 0.001
Medium Silt 0.016 0.000016 0 0.000
Fine Silt 0.008 0.000008 0 0.000
Very Fine Silt 0.004 0.000004 0 0.000
Coarse Clay 0.002 0.000002 0 0.000
Medium Clay 0.001 0.000001 0 0.000
Fine Clay 0.0005 0.0000005 0 0.000
Very Fine Clay 0.00024 0.00000024 0 0.000

85



4.6.3 Discharge (Q)

The stream flows for three sdiasins were represented Bymulated discharge&escribed

previousy in Section4.1.

4.6.4 Trap efficiency (Tg)

Trap efficiency was calculated using fall velocity, surface area, and disch&ith increases in
inflow, the trap efficiency curves move to thedt in Figure 54. Trap efficiency curveshow
significant variation in trap efficiency with water stageap efficiency curves for the lowest
water stage are shown in graykigure54.

Figure 55-Figure 57 and Figure 104- Figure 106 ceeAppendix B show trap efficiency curves
with respect to variousdischargeswith EL. 47.0 m and EL. 372 m of waterstage at Sangju
Weir. The curves of suspended particle size distribution, anerzdrial distributiorare also
presentedn the same Figures

Average trap efficiencies were calculated by analyzing suspended particlassidmittbn at
10% increments and corresponding discharges were read from trap efficieney (se green
line and red square marks in figures) and table in the lower right corkéyure 55-+Figure57
andFigurel104 -Figure106(see AppendixB).

The results also show that most of the sediment load comes from high flow dischalgmn
(10) denotes averaged trap efficiencies at Sangju Weir according to vaischarges. The
sedimen yield at the mouth of Naesung Stream will be trapped at Sangju Weir withedtffer

rates as shown at column (1Tpble20 - Table21 andTable30-Table33 (see AppendiB)
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Low stage at Sangju Weir
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High stage at Sangju Weir
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Table20: Longterm sediment yield for Naesung Stream uglog-duration and sediment-rating curve method when the gdfje

37.2m

Time Interval Interval Discharge | Concentration| Q x AP Sediment Load qr';{iq(; Sediment Load Average QsxTy
intervals(%) mid-point (%) AP (%) Q (m3/s) C (mg/L) Qsx AP (tons/yr) (%) Qsx AP (tonsl/yr) Ty (%) (tonslyr)

€y @ ©)) 4 ®) (6) 0 ®) © (10) (11)=(9)*(10)
0 ~ 0.02 0.01 0.02 1,670 355 0.3 3,361 2% 97. ™6 3,440 1% 37.8 1,300 1%
0'2 ~ 0.1 0.06 0.08 1,615 350 1.3 14360 7% 97.%% 14,728 6% 38.2 5,626 4%
01 ~ 05 0.3 0.4 1,268 312 5.1 50,218 23% 96.3% 52147 22% 41.3| 21537 16%
05 ~ 15 1 1 678 232 6.8 49,574 23% 93.3% 53134 22% 49.5| 26,301 20%
15 ~ 5 3.25 35 263 148 9.2 42972 20% 88.8%6 48392 20% 62.2 | 30,100 22%
5 ~ 15 10 10 104 95 10.4 31181 15% 84.3% 36988 15% 72.1| 26,668 20%
15 ~ 25 20 10 55 70 55 12151 6% 81.2%6 14964 6% 76.2| 11,403 9%
25 ~ 35 30 10 33 55 3.3 5,728 3% 78.8% 7,269 3% 78.3 5,692 4%
35 ~ 45 40 10 21 44 2.1 2916 1% 76.6% 3,807 2% 79.4 3,023 2%
45 ~ 55 50 10 13 35 1.3 1,43% 1% 74.3% 1,933 1% 80.0 1546 1%
55 ~ 65 60 10 7 26 0.7 574 0% 71.3% 805 0% 80.4 647 1%
65 ~ 75 70 10 3 18 0.3 170 0% 67.26 253 0% 81.1 205 0%
75 ~ 85 80 10 1 10 0.1 32 0% 61.9% 52 0% 83.3 43 0%
85 ~ 95 90 10 0 0.0 0 0% 50.8%6 0 0% 94.5 0 0%
95 ~ 100 97.5 5 0 0.0 0 0% 50.8% 0 0% 00.0 0 0%

Total 214673 | 100% 90.2% | 237912 100% | 56.4%| 134,091 100%
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Table21: Longterm sediment yield for Naesung Stream using {fthwation and sediment-rating curve method when the stage is EL.

47.0m
Time Interval Interval Discharge | Concentration| Q xAP Sediment Load qr’;{:lof Sediment Load Average QsxTy
intervals (%) mid-point (%) | AP(%) Q (m3/s) C (mg/L) QsxAP (tonsl/yr) (%) Qs xAP (tons/yr) Ty (%) (tonsl/yr)
@ @ ©) 4 ®) (6) 0 ®) C) (10) (11)=(9)*(10)

0 ~ 0.02 0.01 0.02 1,670 355 0.3 3,361 2% | 97.7% 3,440 1% 72.6 2497 1%
0.02 ~ 01 0.06 0.08 1,615 350 1.3 14360 7% | 97.%% 14,728 6% 72.8 10,722 6%
01 ~ 05 0.3 0.4 1,268 312 5.1 50,218 23% | 96.3% 52147 22% 74.5 38,850 21%
05 ~ 15 1 1 678 232 6.8 49,574 23% | 93.3% 53134 22% 776 | 41232 22%
15 ~ 5 3.25 35 263 148 9.2 42972 20% | 88.8% 48392 20% 79.9 38,665 21%
5 ~ 15 10 10 104 95 10.4 31181 15% | 84.3% 36988 15% 80.5 29,775 16%
15 ~ 25 20 10 55 70 55 12151 6% | 81.2% 14964 6% 81.0 12121 7%
25 ~ 35 30 10 33 55 3.3 5,728 3% | 78.8% 7,269 3% 81.7 5939 3%
35 ~ 45 40 10 21 44 2.1 2,916 1% | 76.6% 3,807 2% 82.5 3141 2%
45 ~ 55 50 10 13 35 1.3 1,43% 1% | 74.3% 1,933 1% 83.9 1,622 1%
55 ~ 65 60 10 7 26 0.7 574 0% | 71.3% 805 0% 85.9 691 0%
65 ~ 75 70 10 3 18 0.3 170 0% | 67.2% 253 0% 90.0 228 0%
75 ~ 85 80 10 1 10 0.1 32 0% | 61.9% 52 0% 94.4 49 0%
85 ~ 95 90 10 0 0.0 0 0% | 50.86 0 0% 100.0 0 0%
95 ~ 100 97.5 5 0 0.0 0 0% | 50.8% 0 0% 100.0 0 0%
Total 214673 | 100% | 90.2%| 237912 100% 78.0% | 185532 100%
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4.7 RESERVOIR SEDIMENTATION RATE

Sincereservoir sedimentatios varied according to trap efficienayf Sangju Weirfwo extreme
cases were examined to figure out the differemerasnghighest (EL 47 m: management water
stage) and lowest condition I(E37.2 m: overflow height when the gates is fully openete

total sediment load was estimated 425,000 tons/year. Deposition ratio, however, has a
significant differenceowing to the management water stage at Sangju Weir. The trap efficiency
varies from50.1% to 7.1 % according to the stage. Thus, the amount of reservoir sedimentation
and reservoir filling rate also has shown digfiet valuesas 0.76% and 0.48, respectively.

Table 22 presend the summary ofall computations fromthis chapter, including measdre
sediment loadtotal load, trap efficiency, reservoir sedimentation and reservoir filliregweikh

sedimentwhen the mangement stages ated#.0m, and E 37.2m,respectively.

Table22: The summary of sediment yield when the management stage is EIl. 47.0 m

High stage (EL. 47.0m) Low stage (EL. 37.2m)
Sub Measured qp/qt Total Res Res
basin | '0ad.@. | ratio | load, G Res. Sed.| Res.Sed.| .- Res. Sed.| Res. Sed. | .=
(10%/yr) (%) | (10%yr) Te . ) P filling Te ) - * filling
Y y (%) in ton in vol. rate %) in ton in vol. rate
3 3
10%/yr) | (1Cm3yr) %) (10%/yr) (10°mé/yr) %)
Naesung 215 90% 238 78.0% 186 116 56.4% 134 84
Yeong 44 87% 51 86.2% 44 27 49.9% 26 16
0.76% 0.49%
Nakdong 128 94% 136 75.3% 102 64 39.1% 53 33
Total 387 91% 425 78.1% 332 207 50.1% 213 133
Note:

* Res. Sed. in vol. is the Reservoir sedimentation in voluritgear calculated by dividing Res. Sed. in ton (tons/yr)
into unit weight of sand (1.6 tonfjn

** Res. Filling rate is the annual rate of reservoir sedin@ntecalculated by dividing summation of Res. Sed. in
vol. into total reservoir volume (27.4 mil.3m
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5 CHAPTER V — BENEFIT AND COST ANALYSIS

A two-year daily simulation was performed to find dbe thresholdto balancehydropower
revenue and excavation cost usadenefit and Coshnalysis (BCA) A BCA is a systematic
approach to estimating the strengths and weaksedsalternatives thasatisfy activities or
functional requirements for a business. In this casBCA is used todiagnose the current
condition anddetermine athreshold of discharge affecting sediment depositiOnly two
variables from many possiblexcavation cost and hydropower revesyugere selected for

simulation becausthey are¢he main variabls. Figure58 presentthe BCA process.

[STAGE 1: SEDIMENT YIELD]
FLOW
DURATION
CURVE
(FD) - ~
SEDIMENT TEIELT
YIELD TRAR
= EFFICIENCY
o (TE)
SEDIMENT )
RATING
CURVE
(SRC)
[STAGE 2: BCA]
RESERVOIR
SEDIMENTATION | — N
(COST)
: DAILY CcOsT
HYDRO-POWER MODELING . .‘\f‘:.gé‘i?ls
REVENUES — s
(BENEFIT)

Figure58: A Benefit and Cost Analysis process

94



Inflow and discharge

10

LI

10°

Inflow & discharge (rﬁ/s)

j\ L i |

inflow

total discharge
discharge for hydropower
Q threshold

s T ..‘.a‘_kuﬂul

- L
MWM llh||LM|\|.\,n..,\Mﬂ.JH-" i | il MM | ""<"~l"'ﬁ “MM" W‘hu“ " “‘ by

| Il \
4l hHARALITH | i LY e
‘ i ,JUW “M b il | f

10
10? | | | | | | | | |
07/17/2012 10/01/2012 01/01/2013 04/01/2013 07/01/2013 10/01/2013 01/01/2014 04/01/2014 07/01/2014 10/01/2014 12/31/2014
Water stages and movable gate opening at Sangju Weir
70
upstream
gatel opening

65 gate2 opening H
B
i
Y60
o
=
=]
‘S 95
c
]
%]
]
o 50
(=2}
] LA
§ n ‘V~m~m
]
=

40 |

k L 1 L I MJ« Ll I F‘H [ T

35

07/17/2012 10/01/2012 01/01/2013 04/01/2013 07/01/2013 10/01/2013 01/01/2014 04/01/2014 07/01/2014 10/01/2014 12/31/2014

Figure59: Discharge and threshold, many dischargkiesexceed the threshold which means increasing dredgingvitbgimes,
whereas hydropower production is almost constant because required dischdripes (ne Figure) fothe hydropower

plantarelessthan nemal discharge

95



E Water stages at Sangju Weir
o 50
= upstream
g 48 AT B g AV A A RSN SO SRS downstream
S M’WWMW e WM |
) [ f W
& 44
]
o 42 ‘k
g ) . -
% 20 it b . PR kgt P m A.Aﬂ,\,»mw,\ﬁw'{ T “ o e I ovlphgen SO WL LSRN
5 ] 1 |
§7I17/2012 10/01/2012 01/01/2013 04/01/2013 07/01/2013 10/01/2013 01/01/2014 04/01/2014 07/01/2014 10/01/2014 12/31/2014
4 Inflow and discharge
10
Q inflow
(E total discharge
S 102 | | AL Py TS
s h \\W W u’ Wﬂwm
=
3
2
< 10° , | d
5 ! H | |
o
< 102
07/17/2012 10/01/2012 01/01/2013 04/01/2013 07/01/2013 10/01/2013 01/01/2014 04/01/2014 07/01/2014 10/01/2014 12/31/2014
Gate opening height
50
P~ Gatel
“_E-iwﬂﬁ T I Bl | [L Rt l il | ! 1! Pt
= I L I | , | Flab gate ||
o 46t [ I, O T N Y o | W M T e I S O T L O O P I I RN [ s g
E .
5
o 42
3 |
O 40 l l
Ll N A
38
07/17/2012 10/01/2012 01/01/2013 04/01/2013 07/01/2013 10/01/2013 01/01/2014 04/01/2014 07/01/2014 10/01/2014 12/31/2014
Discharge for hydropower plant
60
50 & Ur\ w0 ﬂU | "P."’ | LTI ‘Mi“ VW VI b i J"k“_mlmr"m T e IV ,ZZHFHU
@ i
2w . i \n,unm. ALY | |
i -
% 30 IE— l#‘ - ) _ | | “ r
I - 1
g W — i b Ty
w L1 LI iy LA | lliL
a
Bl I | |
0]
07/17/2012 10/01/2012 01/01/2013 04/01/2013 07/01/2013 10/01/2013 01/01/2014 04/01/2014 07/01/2014 10/01/2014 12/31/2014

Date (mm/dd/yyyy)
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of much sedimeni the reservoir. In additionthe flap gate was operated very frequently.
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5.1 HISTORICAL RECORD

Sangju Weirbeganto operatein July 2012. The I®ninute operational data frodanuaryl®,
2013to Dec. 3%, 2014 were collected tealidate thedata generated by surface runoff modeling
for a Benefit andCost Analysis (BCA)The records include water stage, totddasedischarges
for hydropower generation, and gate openkigure59 andFigure60 show the historical water

stage, discharge, and gate opening.

5.2 HYDRO POWER GENERATIO N REVENUE

The amount of hydropower productidepends omvater discharge, head, and operating periods
as below:
P, (kW) =9.811nQ, H, (49)

Where, P, = capacity (kW)

n = overall efficiency of power plant

Q, = discharge for generatiqm?®/s)

H, = effectivehead(m)
The hydropower generation capacity of Sangju Weir is 3,000 kW and annual nizapdwer
production was estimated be 15,931 MWh(KoreaEngineering Consultants Corp., 2009).
To reach annual hydropower production, the generator has to run 221 days in a year, which will
require high water stage at Sanju Weir. If the hé&gdjs lower than 4.07 m, the generator will
be stopped due to the low head.
According to historical power generation and sales, unit cost of sales f@pby¢ger generation
was estimated as 0.13 U$er kWh {Table23).
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Table23: Hydropower generation and benefit for sales (Jan. 1st, 2014 - Jun. 25th, 2014)
(K-water, 2014).

Production and benefit Unit cost of sales

Station (Weir)
kwh benefit(KRW) benefit(USD) KRW ushD
Ipo 8,860,334 1,300,789,226 1,182,536 146.81 0.13
Yeoju 15,357,166 2,254,892,048 2,049,902 146.83 0.13
Gangcheon 13,578,798 1,999,770,772 1,817,973 147.27 0.13
ChangnyeongHaman 12,477,036 1,835,708,000 1,668,825 147.13 0.13
HapcheorChangnyeong 11,071,818 1,635,389,829 1,486,718 147.71 0.13
Dalseong 6,256,469 927,271,216 842,974 148.21 0.13
GangjeongGoryeong 5,555,653 819,125,677 744,660 147.44 0.13
Chilgok 7,911,156 1,167,732,722 1,061,575 147.61 0.13
Gumi 7,508,179 1,109,538,905 1,008,672 147.78 0.13
Nakdan 8,172,434 1,200,586,255 1,091,442 146.91 0.13
Sangu 8,003,863 1,179,135,245 1,071,941 147.32 0.13
Baekje 3,920,442 571,326,278 519,388 145.73 0.13
Gongju 5,918,918 863,089,717 784,627 145.82 0.13
Sejong 4,033,143 583,418,450 530,380 144.66 0.13
Juksan 2,342,777 344,276,886 312,979 146.95 0.13
Seughon 1,256,290 184,103,565 167,367 146.55 0.13
Total 122,224,476 17,976,154,791 16,341,959 147.07 0.13

Note: 1 USD =1,100 KRW

5.3 DREDGING COST

K-water has excavated the bottom of the Nakdong River Estuary Barrage resemdi©f0 to
2010. According to the records excavation cost for unit volume is calculated as @8h*US

(Table2).
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5.4 DIAGNOSING CURRENT CONDITION

Using historical (2013-2014) angbredicted (20182034) datakeepingthe historical pattern for

water stage hydropower production benefit and excavation cost,Bdfdratiowere calculated

asshown inTable24.

Based on thisesult hydropower production profit is higher than the cost of sedimh@uging.

However, tle B/C ratiocan changeas time goes hybecause dredging costnsuchhigher than

hydropower generation revenue and because the current operation rule has beeafrotitbm

reservoir sedimentation
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Table24: Daily modeling result for historical data

Avg.P HP Revenue Qr avaT Dep. Dep. Cost B/C
(kW) (GWh) (mil. USD) | (mil. tong 9-le (mil. tong | (mil m® | (mil USD) | ratio
2,106 407 52.8 7.4 80% 5.9 3.7 23.2 2.28
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5.5 THRESHOLDS

Using historicaland predicted operational data, thresholdth respect to water stage and
dischargewere estimated, which are balancing hydropower production revenue and excavati
cost. Thresholds of discharge and water stage corresporidigB/C ratio equal to lwere

calculatedas600 ni/s and EL 43.6n, respectively.

5.5.1 Dischargethreshold

Through daily modeling withthe current operational conditionmnaximizing water stage
regardles®f season, hydropower revenues and sediment excavation costs were geneeated. Th

dischargethreshold that balances revenues and agassgraphicalljoundas620 nv/s.
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Figure62: Finding discharge threshold
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Figure62 showshow to get the discharge threshold graphicallydidpowerproductionrevenue
and dredging cost depend simeamflow at Sargju Weir. As the flow rate increases, excavation
cost increase proportionally, whereas hydropower generation revéiasia constantvalue after

approximatel\54 nt/s.
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Figure63: Sangju Weir flowduration curve and discharge threshold

The discharge threshold for a B/C ratio equal to 1 was excee@bdod the time in the Sangju
Weir flow duration curve for the analysis peri@Eigure 63). The discharges exceeding only

6.9 of the time cause tremendous excavation costs
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Figure64: Estimation of water stage threshold

5.5.2 Water stagethreshold

After daily modeling with fixed water stage for a range of stagés3(E2m-H. 47.0m), B/C
ratios were calculated for every stagée simulation results are shownhkigure 64 andTable

25. Demonstrated that the threshold water stage at Sangju Weir should be EL43.6mnslt mea
that the water stage should be kept above this threshold level when the flow disbbbrgehe

discharge threshold. During floods, the operational stage at Sangju Weir should bel&ept as

as possible.
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Table25: Water stage threshold in view of sedimentation layatopower production

Stage HP HP . Benefit Sediment ;‘l;i;? Sedimgnt Sedimgnt Cost (USD) B(;
(ELm) | (kW) production (USD) Yield ency Deposition Dep305|t|0n ©) ratio

@ @ (kwh) (3) 4 (tons) (5) ©6) (tons) (7) | (M) (8) (10)
43.00 5 940,226 122,229 | 7,188,417| 0.770| 5,537,209 | 3,460,756 | 21,837,369| 0.01
43.20 30 5,702,664 741,346 7,188,417| 0.772| 5,551,957 | 3,469,973 | 21,895,531| 0.03
43.90 454 87,552,519 | 11,381,827| 7,188,417 | 0.774| 5,565,006 | 3,478,129 | 21,946,992| 0.52
43.9 727 140,120,469| 18,215,661| 7,188,417| 0.775| 5,570,980 | 3,481,863 | 21,970,554| 0.83
43.% 821 | 158,362,989| 20,587,189| 7,188,417| 0.775| 5,573,844 | 3,483,652 | 21,981,847| 0.94
43.0 889 | 171,416,365| 22,284,127 7,188,417| 0.776 | 5,576,630 | 3,485,394 | 21,992,833| 1.01
43.65 957 184,638,640| 24,003,023| 7,188,417| 0.776| 5,579,341 | 3,487,088 | 22,003,527| 1.09
43.70 999 | 192,699,302| 25,050,909| 7,188,417| 0.777| 5,581,982 | 3,488,739 | 22,013,941| 1.14
43.80 1,039 | 200,357,372| 26,046,458| 7,188,417| 0.777| 5,587,063 | 3,491,915 | 22,033,982| 1.18
440 | 1,108 | 213,716,523| 27,783,148| 7,188,417| 0.779| 5,596,512 | 3,497,820 | 22,071,244| 1.26
449 1,281 | 247,103,806 32,123,495| 7,188,417| 0.781| 5,615,490 | 3,509,681 | 22,146,090 1.45
45.0 1,457 | 280,939,598| 36,522,148| 7,188,417| 0.784| 5,632,928 | 3,520,580 | 22,214,858| 1.64
455 | 1,636 | 315,458,375 41,009,589| 7,188,417| 0.786| 5,651,751 | 3,532,345 | 22,289,094 1.84
46.0 1,822 | 351,279,251| 45,666,303| 7,188,417| 0.789| 5,673,584 | 3,545,990 | 22,375,196| 2.04
46.% | 2,011 | 387,835,316| 50,418,591| 7,188,417| 0.794| 5,706,797 | 3,566,748 | 22,506,181 2.24
47.0 2,117 | 408,150,113| 53,059,515 7,188,417| 0.798| 5,738,610 | 3,586,631 | 22,631,642 2.34

Note: @) Pi =9.81 1 Q, H, (kW);
(4) Hydropower generation revenue = Pi (3,000 kW) * operating hrs (24 hrs) price (0.13 USD/kWh);
(9) Excavation Cost = Reservoir sedimentation * Excavation unit cat (6SD/n);
(10) Benefit and cost ratio, B/C = Revenue / Cost.
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6 CHAPTER VI — MULTI -CRITERION DECISION A NALYSIS (MCDA)

There are manycriteria associated with various decision makarsreservoir operatian

Accordingly, it is nearly impossible testablish reservoir operation rules thatisfy all decision

makers.

[ STAGE 3: MCDA ]

Discharge
Control

[ Variables ] [ Multi-Criterion ] [ Decision Makers ]
Low Turbidity Environmetal
downstream Agency
TRAP
EFFICIENCY
High Reservoir Central
Sedimentation Government
Effective Hydropower Reservoir
Head Production Operator
Water depth Water supply
RESERVOIR of Reservoir Stability & citizen
STAGE
Flow area Flood Government
of Cross section Conveyance & Operator
Flow Width Scenery & Local city
Ratio Tourism & citizen

Stage
Control

Multi-Criterion Decision Analysis Optimization

OPERATION
RULE

= Optimum operation rule in view of sedimentation

« Trade-off curve for decision makers

Figure65: Criteriaand decision makers entangled in reservoir operation
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The current operation rules of Sangju Wegemnot totake consideratiofor the sediment issue,
which could leadto a substantiasediment problem in the futyr@and problems forvarious
decision makey' in regard toflood conveyancehydropower generation, water supply from
stored water in upstream, and othe(BSigure 65). Therefore, we need to introdueemulti-
objective optimization techniqueto solve this problem. Since this case has many decision
makers, theMulti-Criterion Decision Analysis (MCDAJ}echniqueis necessarto develop a

‘bestcase’ operation rule for all parties.

6.1 DEFINITION AND CHARA CTERISTICS OF MCDA

MCDA refers to decision making to choose the best alternative in situatiene multiple

criteria are conflicting. The greatest challenge is the iofidebetween conflicting criteria.
Therefore, various analyses are required to make decisions in e&temsl complex mukHi
criteriaproblems.

MCDA method has some advantages and characteristics as below:

e Systematic process for analyzing discrete decisions
e Based on the familiar concept of an overall score for an alternative
e Provides a way to document and audit decisions

e |Iterative procedure that can easily be adapted to new information

According to the expression of Ackoff (1978), MCDA probkare complex, interconnected and
disharmonious, i.e. having incompatiloiéteria. The role of MCDAIs toidentify and defie the

status of issuethat could not be‘'cleaned up and presentingthe problem itself clearly to
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decision makers. In conclusiotine core role of MCDA is helpinghe “Decision makers group
by providng the problemsolving process clearly based amathematidool, notby solving the

problemitself.

6.2 WHAT ARE THE CONFLICTS?

The amount of sediment in the reservoir depends on sedimen(dgeaand trap efficiencyTy)
which vary according to watestage particle fall velocity,and inflow rate. Ifthereis small
inflow anda high water stage condition, the trap efficiency reaches 100% and allesgdiom
upstream watersheds will be captured in the resefmirexample, reservoir levels are kbh
to provide more storage to mitigate drought conditions and to increase hydropowatigene
However, this increases the risk of reservoir sedimentation and flooding if a W&t pecurs.

Figure66 showshatthere aranany kinds of decision makers related to reservoir operation.

Different Uses for Water Different Decision Makers
* Domestic Water «  Water Supply Agencies
+ Irrigation * Energv Supply Agencies
* Industrial Water * TIrrigation Districts
* Hyvdro-energy » Regulatory Agencies
« Navigation a « Environmental Agencies
* Recreation * Recreational Agencies
 Environmental

Maintenance

Figure66: Reservoir operation conflicts (Fontane, 2014)
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6.3 MCDA PROCEDURE

The systematic process is one of the characteristics of M@Ddtder to reach the conclusion,
MCDA follows several stepdhere arefive steps inMCDA, used for this studgnalysis, listed

below.

Identification of Mam-Criteria
and Sub-Criteria

+ Definition of Relative
Importance Factors

* Constraints Analysis

Alternatives Development

* Rating Method Determination
and Modeling

Figure67: MCDA procedure

6.4 CRITERIA AND OBJECTIVE FUNCTION IDENTIFICATION

Criteria are the objectives or measures or metrics used to evaluatpdrtbenanceof the
potential alternativedzive main criteria were selectéor the decision making process of Sangju
Weir operation (1) Reservoir sedimentatio() hydrgpowerenergy production3) water supply
stability, (4) flood protection ancconveyanceand (5) environmeat. Eachof main criteriacan
have sukcriteria, which were selecteid define metrics for theimulation. Inthis study, # sub-

criteria were selected.
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Table26: Main and sulkeriteria with relative importance factor

Main-Criteria Sub-Criteria Function
RIF (2) RIF (4) | Max/Min (5)
(1) 3) (6)
Trap efficiency (T, %) 3 Min T.=1- e_%"‘
e =
Reservoir Water Stage (WS, El.m) 1 Min
sedimentation 4 >
(Minimize) Water surface area (A, m ) 2 Min A = f(stage)
3
Reservoir sedimentation (Sdep, m ) 4 Min Saep = Sy X Tg
Hydropower Stage difference (dH, m) 3 1 Max
production 3 Discharge for hydropower (Q_, m /s) 1 Max
(Maximize) -
Hydropower production (HP, kWh) 4 Max P=981xnxQ,XxH,
3
Water Storage above intake facility (V ,m) 1 Max
oy storalge
supply stability 3
(Maximize) Water supply stability 4 Max Stability = f (Vstorage)
3
Empty space above water stage (Vempty, m ) 2 Max
H 2
Flood pr.ott_ect|on 2 Available cross sectional area (A , m ) 2 Max
(Maximize) xs
Flood control and drainage effect 4 Max Flood Effect = f (Vempty, Axs)
Turbidity downstream (T, NTU) 4 Min Tur = f(discharge)
Riverside environment 1
and stream ecology Good view station ratio (GVSR, %) 4 Max GVSR = f(stage)

Note: (2): Relativémportanceractor for maincriteria, (4): RelativémportanceFactor for sukcriteria, (6): function for sugriteria
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6.4.1 Reservoir sedimentation

Reservoir sedimentation is one of the most important objectives in this study, whibtécted
mostly by trg efficiency of the reservoir. To prevent reservoir sedimentation, the trajgedfy
function (Eg. 50) has to be minimized. This can be achieved by minimizing water surfaee are
(A) and maximizing discharge (Q), when the grain fall velogity can be asumeda constant

value.

Ty = 1—exp (— %4) (50)

where Tg = trap efficiency,
w = particle fall velocity (m/s),
A = water surface area @n

Q = discharge (rffs)

Stream flow ofSangju Weir consistof natural inflow from upstream watersheasd controlled
releases from upstrealarge-scale damsTypically, mult-purpose dams haweseasonal release
pattern. For example, dam operators release more watbke irrigation seasonMarch-June,
than other seasonalthough we can contrahmount of discharge atlarge dam weirs havea
relativelysmallamount of extra storage for flood control when their stage isThis.isbecause
the Weirs were constructed for keeping water l@ogitrol not for storageHowever,a variable
we can controlat the Weir is water stage. Water stage adfeetrious aspects such as trap
efficiency, water supply stability, flow width ratio, and others. As theewsurfacearea (A, in
Eqg. 50 is also funtion of water stage, water stage control eventually changes the resepoir

efficiency ().
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Figure68: Trap efficiency sukzriterion which has two main variables: H and Q

Figure 68 presents the relationships between trap efficierigy) @nd water stage (H), and
discharge (Q). This shows that when the water stage is low and dischdmgd, ishe trap
efficiency decreases améservoir sedimentation alsecrease

Thus, water stage (H), discharge (Q), trap efficierigy, (and the reservoir sediment excavation
cost (Cost _dred) were selected as-suteria for the Multi-Criterion Decision Analysis

(MCDA).

6.4.2 Hydropower generation

Sangju Weir haa hydropower plant that has3,000 kW of capacity. Hydropower generation is
very important because this is the only revenue from reservoir operatiorhy@opower

production decision makers group wants to maximize hydropower revenue in reservoir
operation. Hydropower productionafunction of discharge (Q¥stage difference (dH) between

upstream and downstream, and power pdéfitiency ().
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P=981nQ,H, (51)
where P = hydropower production (kW),
n = gear efficiency{) x turbine efficiencyfr),
Qa= discharggm®/s),

Ha= stage difference between upstream and downstfegm

Eq. 51shows the function of hydropower production. Both components are proportional to the
hydropower production. Thugjischarge Qa), stage differenceHa), and thehydropower
generation revenu¢HP_beng¢ were selected as swbiteria for the MCDA method The
maximum or optimal operational condition is determined usheturbine performance hill

chart.Figure69 shows the ideal values of Qa, Ha, antespectivel.

ANDRITL

Hydro

4-Rivers K (Sangju)

Expected Prototype Turbine Performance Hill Chart

s P=981xnxQ,xH,

Q [m3fs]

+ Discharge (Qa)=25m3/s <

* N=N¢XNr

Figure69: Hydropower production criterion and turbine performance hill chart
(Andritz Hydro, 2010)
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6.4.3 Water supply stability

Eight intake facilities provide drinking and irrigation water from Sangju Weuo Df them
including Pungyang intake station, are run as annual bBapply And the others have
operational periosifor agriculture.ln Sangju City, the local government, atiek Korea Rural
Community Corporation (KR) are in charge of thésalities. Their goal isto secure as much
water agpossible for water supply stability. The reservoir storage depends on thestagte(H).

So, water stage (H) and the available storage (Vstorage) are chosencagesabof water
supply stabilityFigure70 presents the relationship between water stage and available storage for
water supply. The higher water stage leads to more water storage. Thusjzimgxwater stage

is desirablefor the waer supply decision makers group.

Max Available storage (V)

%10

ik

Wasdmum-storage forwater-supply —
25F b

Available storage

ra

o

Tinimurn storage for water supply —
(Pungyang intak e facility

Resevoir storage (m°)

-

05F

42
Water stage (EL.m)

Figure70: Water supply criteria and H and Vstorage relationship
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6.4.4 Flood prevention

In contrast to water supply criteriageping the water stage high may not be desirable for
everyone.The reservoir operator anthe governmentaim to empty the reservoir as much as
possible duringherainy season, in order to prevent flood damaddeere arealso19 agricultural
drainage facilitiedocated...,which areoperatedby the Korea Rural Community Cogpation

(KR); thereby KR functions in water supply and water drainage roles in the saaly ar

Max Flood prevention space
SRR R R R s Meximum floed space =
h_ Flood prevention space / ]

ol / 1 EL.47.00 m ASL
F Cument mansgement storage (247 WMCM) q

« Top of bagks

(%]

R es enoir storage (rnsj

i} L 40 42 44 28 48 51 52 5
Water stage (ELm)

Figure71: Flood preventiogriteria and H and &mptyrelationship
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Figure72: Flood preventiogriteria and H andonveyanceelationship
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In fact, the flood conveyance ability is more important than the flood prevention storage in w
operation i contrast tdarge dam operatignThe cross sectional area at Sangju Weir depends
on the gate openinwhich also determines theater stage control. Ithe view of flood
prevention, it is better for the reservoir water level to be low, which conflicéstly with the
water supply criteriafFigure 71 andFigure 72 present the relatiohgp between water stage (H)

and flood prevention volume (Vempty) and cross sectional areg, (lespectively.

6.4.5 Riverside environment and stream ecology

Turbidity is one of key factors fanvironmentalistsThe high turbidity causemnincreasen the
use of coagulation chemicals in Water Treatment Plant (WTRhidity varies withdischarge

(Q) andwas selected as thmain environmentatriterion. Figure 73 shows the relationship and

an example.

Minimize Discharge (Q)
(High uncertainty)

3
o
S

-
o
@

Turbidity = 0.0508Q + 2.9977

n

o

Turbidity (NTU),
O_;

0 4
10 10 10 10 10
Discharge (mafs)

Haepyeong intake station
(Jan. 1%, 2013-Feb. 28%, 2015)

Figure73: Turbidity criteria and example picture of turbidity flow from Imha mplirpose dam
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The river view for sightseeing was chosen as the last critéridCDA. People go to the
riversidefor hiking, biking and other activitied=or this purposehe GoodView SectionRatio

(GVSR) was defineds Eq52.

CVSR = No.of Good view sections % 100 (% (52)
 Total number of sections (%)

GVSR is the ratio othe number oftatiors which havecomfortable amenityn terms ofwater
surfacewidth ratioas compare to the totalnumberof stations. Sangju Weir has 63 upstream

sections [tigure74).

River width and flow width (m)

“7530.035 541 543 545 547 549 551 553 555 557 550 560 562 564 566 567 568 570 572 574 576 578 579.086 581 583 585 587 589 591 593 595 596
Station No.

—©— Flow width ratio
09— Preference levels

T . A I ]
+ NNV ANV :

flow width ratio
o
@

| b od bododbododbobododbodbodold
530.035 541 543 545 547 549 551 553 555 557 559 560 562 564 566 567 568 570 572 574 576 578 579.086 581 583 585 587 589 501 503 595 596
Station No.

Figure74: Ratio of water surfaceidth upstream of Sangju Weir
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According toa survey amongKorea residents(K-water, 2012) the best riverside recreation
environment occurs when the water surface width ratio to the river width is pebv&eand 0.7.

The good viewsectionnumbersrepresenthe station numberfalling into the preference slot

(0.5-0.7).

Maximize GVSR

50

45 -

%)

401

35 -

30+

251

Percent of preference flow width ratio {

I I I I I |
36 38 40 42 44 46 48 50 52
Managing water stage (El.m)

Figure75: The relationship between stage avater surface width ratio

Figure75 presents the relationship between water stage (H) and good view safitiqiGVSR),
which varies as theeservoirlevel changes. The GVSR was selected as one of therisetia for

riversideenvironmentind stream ecologyriterion.
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6.5 RELATIVE IMPORTANCE FACTORS (RIF) DEFINITION

The Relativdmportance Bctor(RIF) is the relative importancaef eachcriterion, or the ratio of

the importance of each criterion as compared to the ile@strtantcriteria. The leasimportant
criterion has aRelative Importance Bctor (RIF) of 1 (one).The criterionhavingan RIF of 2

mears thatthis criterionhas twicemoreimportarce thanthatwith anRIF of 1. For a case where
therelative importane among criteriacannot be decidethe same relative importance factofr

1 can be usedor all criteria.In this study, a total of seven R#ets weredeveloped based on
decisionmaker groups (1) reservoir operatorgroup (2) reservoir operatorgroup with
sedimentation emphasis, (3) reservoir sedimentation management group, (4) hydropowe
production group, (5) water supply responsibility group, (6) flood control agency group, and (7)

riversideenvironment andtream ecologgroup.

Main-Criteria Sub-Criteria Max/Min Function Sub-Criteria RIF Main-Criteria RIF
o Reservoir sedimentation
Minimize  Trap efficiency (TE, %) Min A= f(ws) 3
Water Stage (WS, El.m) Min B _wA i 4
Water surface area (A, m2) Min Ip=1-4R 2
Resenvoir sedimentation (Qs, m3) Min : Sy X TE e 4
o Hydropower production
Maximize  Stage difference (dH, m) Max 1
Discharge for hydropower (Qa, m3/s) Max [ 1 3
Hydropower production (HP, kWh) Max 9.81 X1 XQq X Hy e -

o Water supply stability
Maximize Storage above intake facility (Vs, m3) Max 1

3
Water supply stability Max |Stability = f(Vstorage) —— e——ip 4

o Flood control and conveyance
Maximize EMPty space above water stage (Vf, m3) Max 2
Available cross sectional area (Axs, m2) Max e 2

Flood control and drainage effect Max |Flood Ef fect|= [ (Vempey: Axs) =i

o Riverside environment and stream ecology
Turbidity downstream (T, NTU) Min
Good view station ratio (GVSR, %) Max

Figure76: Relative importance factor feub-criteria consideringunctions
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Then 14 subcriteria were assignedlsing two approaches, omgth the same RIF (case 1) and
one using different weights (case 2) in order to evaluate thBvesimportanceo the main
criteria. Normalized weightingsvere computed by dividing th&IF for a specific criterion, by
the sum of the relative importance factors for all critdRid. were set according to the variable’s
functions, which mean that the final objectivariables are assigned as the highest values
(Figure 76). Figure 76 presents the main ansub criteria target function for sulriteria,

correspondindrIF for subcriteriaand those for mainriteria.

Decision makers | - ) )] )] )] )] )] ) Oy
Main Criteria G1 G2 GI G4 G5 Gk G7 G& G9 G10
Reservoir sedimentation 1 4 4 1 1 1 1 2 3 4
Hydropower production 1 3 1 4 1 1 1 1 3 2
Water supply stability 1 3 1 1 4 1 1 3 4 1
Flood control and conveyance 1 2 1 1 1 4 1 3 1 2
Environment and riverside amenity 1 1 1 1 1 1 4 2 2 2

G1: Resenvoir operator group

G2: Reservoir operator group with sedimentation emphasis
53: Resemoir sedimentation management group

54: Hydropower production group

G5: Water supply responsibility group

G6: Flood control agency

G7: Riverside environment & stream ecology group

58: MCDA variability 1

59: MCDA variability 2

G10: MCDA variability 3

Figure77. Relative importance factdor main criteriaconsidering various decision makers'
interests

The RIF for maircriteria varies depending on tldecision makers’ groug-igure 77 showshe
Relative ImportanceFactors (RIF) for the five main-criteria according tadhe severnvarious
decision makers’ groups. They all have different interagig;h sometimesreateconflicts This
study focuse®n the reservoir operation rules view of the reservoir operator group wita

sedimentatiommphasigo evaluate the sedimentation problem.
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6.6 CONSTRAINTS ANALYSIS

The reservoir operators have to consider many constrginth exist upstream and downstream

of Sangju Weir The constraints can be sortedo categories related to various purposes like
drinking water, irrigation, flood drainage, riverside amenities, environmessiaés, and others.
Sangju Weir has been examining annually the constraints which could afecedérvoir
operations sincehe construction period. According to the annushngju Weir operation
constraints surveySangju Weir Operation Office, -Water, 2014) there are 27upstream
constraints. These are related to water supply and flood damage mitigaties. ksgure 78
presents the summary tife constraints survey result. Through the constraints analysis, possible
or desirable operational zaWer water stage and discharge were studied. Two o@imponents

of the constraints analysis are the water stage analysis and the discharge analysis.
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Figure78: Location of Sangju Weir's constraints
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6.6.1 Reservoir stage constraints

In terms ofwater supply,d satisfy the water intake condition for the drinking water facilities, the
reservoir stage has tme kept above E 44.2 m above theneansea level. But for consistent

irrigation, the water level must keep at lealsbve EL45.0 m duringheirrigation period (May

September).
52 T T T T T T
(a) B Drinking constraints
® rrigation constraints
50| === - Drin. period: year round R
— Irr. period: May-Sep.
E
o 48 .
E
g
7]
S 46 Hoesang(45.0) B
(8]
% @<« Jukam(45.0)® @<« Maeho(45.0)
B e e e e e e
5 44F ® 'g' ]
g Pungyang(44.2) ®
a2F 8
[}
40 1 1 1 1 1 1
0 2 4 6 8 10 12 14
Distance from Sangju Weir (km)
52 T T T T T T
(b) ® Flood drainage constraints
Flood season: Jun.21-Sep.20th
50f % e © o]
[ ]
= [ ]
1S
3 [}
o 48 1
Pt ® 0 o ©
£
3
L o g
8 * 1
> Maeho G4(46.1) Waryong G5(46.1)
7]
5 44 8
kS
=
a2F 8
40 1 1 1 1 1 1
0 2 4 6 8 10 12 14

Distance from Sangju Weir (km)

Figure79: Watersupply constraints and flood drainage constraints of upstream of Sangju Weir
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In contrastto the water supply issue, some constraints forceebervoiroperators to keep the
water level low.There are 19 flood drainage facilities which are drairnigh waterfrom their

own watershed to Nakdong River (Sangju Weir upstream) during the flood season (June
September)lf the Sangju Weir’s water stage is greater than El. 46.1m, flooding occurs én thes
upstream watersheds)cluding in paddy fields which cannot drain effectivalyto the river.
Hence, these two water stages have to be considered for developing operatonali\as.

Figure79 presents the water stage constraiotsvatersupply and flood control.

6.6.2 Discharge constraints

The otherimportant constraint ishe flow discharge. Discharge influences many aspects like
turbidity at thedownstream water treatment plant, hydropower genetatiap efficiency, and
others. First, hydropower has to be considered. The turbines are designed toao@um
performance when the discharge2Bnt/s. Since there are two generators, at leasm®8 of
discharge (green color linein Figure 79 is necessary taachieve optimum hydropower
performanceSecondly, downstream turbidity issuersimportant factor. High concentration of
sediment flow may damage the water treatment feslibocated downstream of Sangju Weir
The relationship between discharge (Q) and turbidity (Tulffigure 80 is from Haepyeong
intake facility where is located in downstream of Sangju Weir. From thisorethip exceeding
1,000 ni/s of discharge(yellow line in Figure 79) leads to high turbidity. Finally, the last
discharge constraint is related to reservoir sedimentation issue. Theebesaklischarge was
calculated as 620 s (orange color line in Figure ¥9wvhich balances the dredging cost and
hydropower revenues. The discharges below the feak point cause more reservoir sediment

excavation cost than hydropower revenue.
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Figure80: Dischargeversus turbidity relationship atagpyeong intake and discharge constraints

6.6.3 Constraintsfor alternative development

Consideringthe previous sections’ constraints analydl® constraints filtering zone were
determined as follow:

50 < Q< 600 (m/s),and44.2 < H < 47.0 (El.m).

Figure81 show the result of constraints analysis, which was used for alternativespeeats

for MCDA modeling.
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Figure81: Constraints with reget to water stage and discharge

6.7 ALTERNATIVE SDEVELOPMENT

Based on constraints analysadoptal of five alternativesvere developed as follows

e Alt. 1: Full waterstage operatio(EL 47.0 m, current operation rule)

e Alt. 22 Medium water stage operati@BL 43.6 m, breakeven
e Alt. 3: Lowestwater stage operatiqiL 37.2 m)
e Alt. 4 Seasonal water stage control

= Normal season (E47.0 m)

* Flood season (EL 46.0 m)
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e Alt. 5: Seasonal stage control considering upstream inflow
= Normal season (E47.0 m)
* Flood season:
Q< 50ni/s> El 47.0m
50 < Q<600 ni/s-> El. 46.0 m

Q >600 ni/s> El. 44.5 m.

Alt. 1-3 havefixed management water stafegh, medium, lowyegardles®f season. IAlt. 4,
the water stage is dropped Eh 46.0m for flood drainage facilities ithe flood season. If the
reservoir operators used tiAdt. 4, water can be drainethore effectively tharwith current

condition.

Alt. 5 is the most advanced alternatfee mitigation of the sedimentation problem. The most
attractive feature of this alternative is that the reservoir sediment tragmtfjccan be reduced

when the stream flow rate is high.
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Figure82: Alternativesdeveloped for MCDA analysis
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It is apparent with the sediment yield calculation ushegFD/SRC methodthat the amount of
sedimentation is affected by the magnitude of dischahgeordingly the stream flow was
categorized as 3 groups: (1) low flow ra2) medium flow rate, and (3) high flow rate. Since
the low flow rateduring theflood seasomwill not cause substantigkedimentation, the reservoir
level remais high for the hydropower and water supply which is the same as the current
operation rule. dwever, high flow rates, exceedititge breakeven point, are very influential to
the reservoir sedimentation. For this casepider to reduce the trap efficiency and reservoir
sedimentationthe reservoir stageemainslow near the critical stage for veatsupplyi.e., EL
44.5m. This will allow more sediment to pass through the Sangjudi/eirg the floods. For the
medium stream flossduring the flood season, the water stadewered to EE 46.0m to increase
flood drainage abilityFigure 82 shows the proposed alternativegh seasonal stage difference

according to discharges.

6.8 MCDA MODELING

Daily modeling was performed for every scenamier 20 yearsith respect to sediment and
hydropower generationThe MCDA input variables were extracted based on daily modeling
results. Next, numerical and word scaling standawdere set up. Finally, the MCDA input

variables were applied for ttddCDA modeling.

6.8.1 Daily ssimulation

Daily simulations were performeamler a20 year simulatiomeriod (20152034)for hydropower
generation, reservoir sedimentation, hydropower revenue, dredging cost, aBéC tnap

efficiency, turbidity, and environmental constraints.
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6.8.2 MCDA input from simulation

From the daily modeling result$4 MCDA variables were extractg@able27). Since therare

8,035 simulationdays, a statistical method was used to decide the representative values. The
most important sulsriteria, average trap efficiencies, were calculated by divithegsum of

daily reservoir sedimentation to the total sediment yield, which were diffemntrhedianof

daily trap efficiencies.

Figure88 shows thestatisticaltrap efficiencies for every alternativEhe median was selected as
the representative value for MCDA up Table 27 presents the summary of MCDA input

variables calculated from daily modeling results.

1.1
17 —
0.9 . . ‘ . . 7
H L]

> 0.8 * < avgTE=0.798 « avgTE= 0.791 |
§ ‘ « avgTE= 0.776 9 « avgTE= 0.782
S
@
g
= 0.7 i

0.6l —Median i

“||——25% quantile
——75% quantile
—Max « avgTE= 0.556
Min
° Mean of daily modleling
= Overall average
0.5 ‘ ‘ \ \
1 2 3 4 5
Case No.

Figure88: Trap efficiency for MCDA inpti
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Table27: Summary of MCDA input variables

. o avg_WS | avg WSA Dep vol Cost_dred dH Qa
Alternatives TEé)A’) (ElLm) (k) 10°n®) | (mil.UsD) | (m) (m¥/s)
(2) (3) (4) (5) (6) (1)
Alt. 1 79.8 47.0 5.65 3.59 226 6.8 36.9
Alt. 2 77.6 43.6 3.94 3.49 2.0 3.4 38.6
Alt. 3 55.6 37.2 0.34 2.50 1538 0.0 38.6
Alt. 4 79.1 46.7 545 355 224 6.6 37.6
Alt. 5 78.2 46.3 514 351 222 6.2 38.6
. P_kWh Bene_hp Vs Vempt Ass Turb GVSR
A'terga“"e (GWh) | (mil.USD) | dfmd) | (@dm) (m) (NTU) (%)
(8) 9) (10) (11) (12) (13) (14)
Alt. 1 4081 53.1 13.0 42.0 2,734 6.3 33.3
Alt. 2 1714 223 -2.0 57.1 2,984 6.3 14.3
Alt. 3 0 0 14.0 69.1 3,470 6.3 0.0
Alt. 4 3892 50.6 117 474 2,807 6.3 28.6
Alt. 5 3559 46.3 95 53.7 2,918 6.3 30.2
Note:

(1) Te: overall trap efficiency (= Deposit volume / total sediment yield *)106)
(2) avg_WS: average water stage during 20 years’ daily simul@iam)

(3) avg_WSA: water surface area corresponding avg (Mi#)

(4) Dep_vol the amount of reservoir sedimentatid®®(m®)

(5) Cost_dred: the excavation costilfion USD)

(6) avg_dH: average water stage differences between upstream and dawifstjea
(7) avg_Qa: average discharge through the hydropower turbittg) (m

(8) PKwWh: the amount of hydropower generati@Wh)

(9) Bene_hp: hydropower revenumillion USD)

(10)V,.s the secured water volume for water suppi§f (n°)

(11)Vempty the empty space reservoir volume for flood preventidf in°)
(12)As the cross sectional area at the Sangju Weir locatién (m

(13)Turb: average turbidity corresponding average discharge (NTU)
(14)GVSR: good viewstation ratio %)
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6.8.3 Scaling

All criteria were evaluated using rating scales that are the numerical scores given to the
alternatives with respect to each criveriThe common scale, 0 to 1, or 1 tonas usedl12 of
the sub<criteria can be expressednumeric values. Thus, these variables vesaed betweefh
and 5 based on their magnitude relative to good or poor conditions. For example, the highest

score(5) is assigned for best values, and thedstiascorgl) indicates the worst valueBiQure

89).
Sub-Criteria Best Worst Scale Upper | Scale Lower
Trap efficiency (%) 42.79 93.55 5 1
Water Stage (El.m) 37.20 47.00 5 1
Water surface area (m?) 341,914 5,648,678 5 1
Sedimentation ( m?) 1,019,054 3,333,488 5 1
Dredging cost (5) 6,430,232 21,034,310 5 1

Figure89: Numerical scale

Word scale
Empty space range (m?) Word scale | Scaling Remarks
™~ 42,100,000 Poor 1 Basic
42,100,000 ~  48950,000 Fair 2 Basic + 25% of Vres
Weir top (El. 47m) 48,950,000 ~ 55,200,000 Good 3 Basic + 50% of Vres
55,800,000 ~ 62,650,000 Very Good 4 Basic + 75% of Vres
Reservoir volume 62,650,000 ™ Excellent 5 over (Basic + 75% of Vres)
(27.4 MCM)
Additional Corresponding
percentage (%) storage (m3)
25% 6,850,000
50% 13,700,000
7a% 20,550,000
100% 27,400,000

Figure90: Word scale development for flood control and drainage effect criterion
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Capacity of facilities

Word Scale

Constraints Distance Capacity Word
Div. Facilities Storage range (m?) Scaling Remarks
(ELm) (km) (m?/d) scale
Toegang 43.5 12.3 7,085 -1,889,000 ~ ] Poor 1 Not available
Maeho 45.0 10.5 86,402 0 ~ 1,889,000 Fair 2 0~10days
Irrigation Boelima 44.0 56 6.525 1,889,000 ~ 3,778,000 Good 3 10~20days
Gamnamugol 44.0 5.6 2,298
facility 3,778,000 ~ 5,667,000 Very Good 4 20~30days
Hoesang 45.0 3.5 8,865
Jugam 45.0 0.3 57,302 5,667,000 ~ Excellent 5 over 30days
Sub-total 169,006
Drink : Pungyang 44.2 10.0 1,000
rinking water H H
Saboel Macho 215 1.0 18,900 Possible water supply Corresponding
facility duration (days) storage (m?)
Sub-total 19,500
Total 188,906 -10 -1,888,000
0 0
10 1,889,000
20 3,778,000
30 5,667,000
Figure91: Word scale for water supply criterion

However, twoof the variables, water supply stability and flood control and drainage eféeet
not expressd numerically but using qualitative scores such’'Bscellent, Very Good, Good,

Poor, andBad'. This word scalas converted into correspondimgimericalscoresas shown in

Figure 89 and Figure 90.

6.8.4 MCDA rating methods

Four MCDA rating methodswere used to evaluate the figases{1) Weighted Average Mabd
(WAM), (2) Compromise Programming Method (CR3) Preference Ranking Organization
Method for Enrichment Evaluations (PROMETHEE), &aya hybrid method (PROMETHEE

WAM). Table 28 shows theresults forall cass given MCDA input dataand modelingesults

The calculation procedures are showifrigure92-Figure 97.
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* Weighted Average Method

(WAM)

— 1-5scale

— Find Best and Worst

— Linear Interpolation_

Sub-Criteria
Trap efficiency (TE, %)

WAM Rating

Max/Min

Y2

Y1

X1 X X2
(X-X1) Y -Y1)
K2-X1)  (Y2-Y1)

2-Y1
Yevisp-xy L2
(X2 - X1)

Figure92: Weighted Average Method (WAM) scaling method

« Compromise Programming

method (CP)

— Conversion to 0-1 scale
— Find Best and Worst

R= 1_1]1—0
-==5| =

Sub-Criteria
Trap efficiency (TE, %) Min
WAM Rating Min
CP Rating Min

1.162

1.331

ij

Figure93: Compromise Programming (CP) scaling method
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Table28: MCDA criteria, functioncass and inputfor MCDA simulation

Alt. 1 Alt. 2 Alt. 3 Alt. 4 Alt. 5

Criteria Sub-Criteria Max/Min (EL.47.0m) (EL.43.6m) (EL.37.2m) | (flood season)| (Q condition)

Reservoir sedimentation

Trap efficiency (TE, %) Min 79.83 77.58 55.58 79.06 78.22
Water Stage (WS, El.m) Min 47.00 43.60 37.20 46.75 46.33
Water surface area (Am°) Min 5.64 393 0.34 5.45 513
Reservoir sedimentation (QE)° m?) Min 358 348 249 355 351

Hydropower production

Stage difference (dH, m) Max 6.84 3.44 - 6.58 6.17
Discharge for hydropower (Qa,’fs) Max 36.94 38.64 38.64 37.59 38.64
Hydropower production (HRGWh) Max 4081 1714 - 3892 3559

Water supply stability
Storage above intake facility (V&0° m°) Max 130 (2.0) (14.0) 117 9.5
Water supply stability Max Excellent Poor Poor Excellent Excellent

Flood control and conveyance

Empty space above water stage (M, m°) Max 420 57.0 69.1 47.4 53.7
Available cross sectional area (Axs)m Max 2,734 2,984 3,470 2,807 2,918
Flood control and drainage effect Max Poor Very Good Excellent Fair Good

Environment and riverside amenity
Turbidity downstream (T, NTU) Min 6.32 6.32 6.32 6.32 6.32
Good view station ratio (GVSR, %) Max 33.3 14.2 - 286 302
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Rating

Maln Cr|te ria (5) Sangju Weir in South Korea
Attribute
Relative Normalized | Normalized ALTERNATIVES
Resource Criteria Importance | Weights Weights 2 3 4
2 Reservoir sedimentation 4 0308 -
Trap efficiency (TE. %) 0.300
Water Stage (WS, El.m) 0.100
Sub-criteria (4) { Water surface area (A, m2) 0.200
Reservoir sedimentation (Qstot_vol, m3) 0.400
0.000
1
% Hydropower production 3 0231
Stage difference (dH, m) 0.167 5 | 301 1 |4.853| 461
Sub-criteria (3) { Discharge for hydropower (Qa, m3/s) 0.167 1 5 5 12539 5
Hydropower production (HP, kWh) 0.667 5 | 268 | 1 |4.815(4.488
0.000
0.000
1 433 312 167 444 459
3 Water supply stability 3 0231
. i Storage above intake facility (Vavailable, m3) 0.200 5 |2774| 1 (4802|4475
Sub-criteria (2) = Water supply stabilty 0800 | 5 | 1| 1|5 |5
0.000
0.000
0.000
1 500 135 100 49 49
» Flood control and conveyance 2 0154
i . Empty space above water stage (Vempty, m3) 0.250 1 |3226| 5 |1.789| 2.72
Sub-criteria (3) —I:Available cross sectional area (Axs, m2) 0250 | 1 [2363| 5 |1401[2002
Flood control and drainage effect 0.500 1 4 5 2 3
0.000
0.000
S— 1 100 340 500 180 268
P Riverside environment and stream ecology - 0.077 E—
—cri i Turbidity downstream (T, NTU) 0.500 5 L 5 5 5
SUb criteria (2) {Gand view station ratio (GVSR, %) 0.500 5 |2714 1 (4429|4619
0.000
0.000
___0.000
Overall score and 1 500 386 300 471 481
>
- 13 Overall [3.000 2362 3.154 3.156 3 369
Ranklng Reok | 4 | 6 | 3| 2 | 1

Figure94: WAM method
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MCDA General Spreadsheet ® p=1 R d t | ng
. . = (8] p=2 Conversion to a 0§- 1 Scali
Ma]n Cf']ter]a (5) |Sangju Weir in South Korea (@] p=m=™
Attribute
Relative | Normalized |Normalized ALTERNATIVES
Resource Criteria Importance | Weights Weights 1 2 3 5
“» [Reservoir sedimentation 4 | 0308 |
Trap eficiency (TE, %) 0.250 0 0108 1 0.041 0.083
S Water Stage (WS, El.m) 0.250 0 0337 1 0.026 0.059
Sub-criteria (4) { Water surface area (A, m2) 0250 || o 0314 1 0037 0085
|Reservoir sedimentation (Qstot_vol, m3) mn 0 0108 1 0.041 0.083
0000
1 000 022 100 004 008
% Hydropower production 3 .02
~ |Stage difierence (dH. m) 0333 1 0517 0 0963 0.915
Sub-criteria (3) { Discharge for hydropower (Qa, m3/s) 0.333 0 1 1 0398 1
Hydropower production (HP, kWh) 03313 1 047 0 0855 089
0 0.000
0 0.000
1 067 066 033 077 093
<3 Water supply stability ¥ |TeEm _
2 2 |Storage above intake facility (Vavailable, m3) 0.500 1 045 0 095 0.885
Sub-criteria (2) { Watergsupply stability i 0.500. 1 o o 1 o8
0 0.000
0 0.000
0.000
1 100 023 000 098 084
2% Flood control and conveyance 2 0154
~ Empty space above water stage (Vempty, m3 0333 0 054 1 0197 043
Sub-criteria (3) -L |Available cross sectional area (Axs, m2) 0.333 0 033 1 01 0251
Flood control and drainage effect 0.333 0 075 1 025 05
0 0.000
0 0.000
1 000 054 100 018 039
=% | Environment and tourism * | 0077
= = ~ |Turbidity downstream (T, NTU) 0.500 0 0 0 0 0
Sub-criteria (2) Good view station ratio (GVSR. %) 0500 | 1 0429 0 0857 0.857
0 0.000
0.000
. 0.000
Over—a | | SCDre a nd 1.000 050 021 000 043 043
. - ® | [Overal 0423 0372 0538 0475 0526
Ranking , ok | 4 | 5 | 9§13 |2

Figure95: Compromise Programming (CP) rating method
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Preference Table for the Reservoir sedimentation criterion

Sub-Criteria Indifference %| Normalized] A1-A1 A1-A2 A1-A3 A1-A4 A1-A5 A2-A1 A2-A2 A2-A3 A2-A4 A2-A5 A3-A1 A3-A2 A3-A3 A3-A4
Trap efficiency (TE, %) 0.0% 0.3 0 0 0 0 0 1 0 0 1 1 1 1 0 1
Water Stage (WS, EL.m) 0.0% 0.1 0 0 0 0 0 1 0 0 1 1 1 1 0 1
Water surface area (A, m2 0.0% 0.2 0 0 0 0 0 1 0 0 1 1 1 1 0 1
roir sedimentation (Qstot v 0.0% 0.4 0 0 0 0 0 1 0 0 1 1 1 1 0 1
0.0% 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Preference
Preference Index 0 0 0 0 0 1 0 0 1 1 1 1 0 1
Qutranking Table for A1 A2 A3 Al A5 [ a2
the Reservoir sedimentatio A1 0 0 0 0 0 0
criterion A-2 1 0 0 1 1 0.75
A3 1 1 0 1 1 1
A4 1 0 0 0 0 0.25
A5 1 0 0 1 0 0.5
& 1 0.25 0 0.75 0.5
= — 41000 | 0500 | 1000 | -0.500 [ 0.000
Ranking 5 2 1 4 3

Figure96: PROMETHEE rating method
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SANGJU WEIR operations to mitigate sedimentation problems (MCDA spreadsheet)

Sangju Weir in South Korea

Qutranking Comparison Using the PROMETHEE Method with Indifference Ranges for the Main
Criteria combined with the Weighted Average Method for the Sub-criteria

Preference Table for the Main Criteria

Table Continues to the Right

I

Criteria Indifference %] HNormalized Al-A1 Al-A2 A1-A3 Al-A4 Al-A5 A2-A1 A2-A2 A2-A3 A2-Ad A2-A5 A3-A1
Reservoir sedimentation 0.0% 0.307692308 0 0 0 0 0 1 0 0 1 1 1
Hydropower production 0.0% 0.230769231 0 1 1 0 0 0 0 1 0 0 0
Water supply stability 0.0% 0.230769231 0 1 1 1 1 0 0 1 0 0 0
Flood control and conveyance 0.0% 0.153846154 0 0 0 0 0 1 0 0 1 1 1
Environment and tourism 0.0% 0.076923077 0 1 1 1 1 0 0 1 0 0 0
Preference
Preference Index 0 0.538462 | 0.535462 ] 0.307692 ] 0.307692 | 0.461538 0 0.538462 | 0.461538] 0.461538 ] 0.4615:
Qutranking Table A A2 A3 Al A5 [ s
A 0 0.538462 | 0.538462 | 0.307692 | 0.307692 | 0.423077
A-2 0.461535462 0 0.538462 | 0.461538] 0.461538 | 0.480769
A3 0.461538462 | 0.461538 0 0.461538 | 0.461538 | 0.461538
A4 0.692307692 | 0.538462 | 0.538462 0 0.230769 0.5
A5 0.692307692 | 0.538462 | 0.538462 | 0.692308 0 0.615385
[= 0.576923077 | 0.519231] 0.538462 | 0.480769 | 0.365385
= — -0.154 | 0038 | 0077 | o019 | 0250
Ranking 5 3 4 2 1

Figure97. PROMETHEEWAM rating method
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6.9 MODELING RESULT S

According to the simulation resulislt. 5 has the first position in overall simulations, which has
84 times simulationby rating methods and RIF. The four MCDA methods to deternaitiiegs
and decision makers’ groups were considefée. oserall ranking inFigure98 shows thaflt. 5

has the priorityThe detail results aiia AppendixC.

Overall Alternative Ranking
Alternative
1 2 3 4 5
i |
2 I -
_\é 3 L L
m
: I
4
. Y
Comprehensive Resulis
Alternative 1 2 3 4 5
Average ranking 2.80 4.53 2.75 3.00 1.90
Ranking 3 5 2 4 1

Figure98: Comprehensive MCDA resulf overall alternativeanking

The results ary according tathe rating methods aritie decision makers groughich feature
different relative importance fac®(RIF). The ranking also fluctuatedlepending orthe sub
criteria’s RIF whichwere modeled witlequal RIFanddifferent RIF.

In this studythe most important issue is the reservoir sedimentation at the SangjuFijeire
99-Figure 100 present the modeling resultSor the case with thehighestRIF for reservoir
sedimentatiorfGroup 2)and same relative importantaectorfor all criteria(Group 1) Alt. 5 has

asuperior score.
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SANGJU WEIR operations to mitigate sedimentation problems (MCDA spreadsheet)

Darrell G. Fontane, Colorado State University, Spring 2013
Modified by Hwa Young Kim, Sept. 2015

1. Select a Decision Influence Group

Decision makers [ & @ 4 @ @ & O [ O ’ ;
Main Criteria Gl G2 G} GI G5 G G G GY GID Alternative Comparison for G2
Reservoir sedimentation 1 4 4 1 1 1 1 2 3 4
Hydropower production 1 3 1 4 1 1 1 1 3 2
Water supply stability 1 3 1 1 4 1 1 3 4 5 350
Flood control and conveyance 1 2 1 1 i 4 i 3 1 2 300
Environment and riverside amenity 1 1 1 1 1 1 4 2 2 & S 25
G1: Reservoir operator group i
G2 Reservoir operator group with sedimantation emphasis & 200
G3: Reservoir sedimentation management group 180
G4: Hydropower production group e 1.00
G5: Water supply responsibility group 050
G6: Flood control agency 3
GT: Riverside environment & stream ecology group 0.00
G8: Variability 1
G9: Variability 2 .
G10: Variabilty 3 Aipative
2. Select Sub-Criteria Weights 3. Select analysing Options 4. Results
Case 1 = WAM (1-5 Scale) Alternative 1 2 3 4 ]
Case 2 & CP (0-15cale)
PROMETHEE_WAM
R Score 2.85 2.62 KX | 3.05 1M
Ranking 4 5 2 3 1

Figure99: MCDA simulation result for decision making group 1 (Reservoir operator group)
using WAM method with same RIF for sabiteria

SANGJU WEIR operations to mitigate sedimentation problems (MCDA spreadsheet)

Darrell G. Fontane, Colorado State University, Spring 2013
Modified by Hwa Young Kim, Sept. 2015

1. Select a Decision Influence Group

Decision makers | (3 @ ® @& @& @ iy & Oy 0 x :
Main Criteria 61 G2 G) GA G5 Gb GI  GB  GI G0 Alternative Comparison for G2
Reservoir sedimentation 1 4 4 1 1 1 1 2 3 4
Hydropower production 1 3 1 4 1 1 1 1 3 2
Water supply stability 1 3 1 1 4 1 1 3 4 1 350
Flood control and conveyance 1 2 i 1 * 4 1 3 1 o 3.00
Environment and riverside amenity 1 1 1 1 1 1 4 2 2 2 S 250
G1: Resemoir operator group -
G2: Reservoir operator group with sedimentation emphasis . 200
G3: Resenvoir sedimentation management group 180
G4: Hydropower production group e 100
G5: Water supply responsibility group 050
G6: Flood control agency -
GT- Riverside environment & stream ecology group 0.00
G8: Variability 1
G9: Variability 2 5
G40 Variabilty 3 Allcmative
2. Select Sub-Criteria Weights 3. Select analysing Options 4. Results
s s Alternative 1 2 3 4 5
Score 3.00 2.36 315 3.16 33
Ranking 4 5 3 2 1

Figure100: MCDA simulation result for decision making group 2 (Reservoir operator group
with relative important factor) using WAM method with different RIF for-sukeria
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Hence Alt. 5 is the most appropriate alternatiwéh regard to many stakeholders’ interedts.
conclusion,Alt. 5: Seasonal stage control considering upstream inflopyoposedas thenew

Sangju Weir operation rule.

Season Inflow (m%s) Stage (EL. m)
Non-flood season (Octobéviay) Any 47.0
below 50 47.0
Flood Season (Jureeptember) 50 ~ ®0 46.0
above 60 445

Figure1l01 Proposed Sangju Weir operation rules

The systeratic analysis procedure, the combinationtlué FlowDurationand Sediment Rating
Curve (FD/SRC) methqdthe Series Expansion of the Modified Einstein Point Procedure
(SEMEPP) andthe Multi-Criterion Decision Analysis (MCDA) methodre deemediseful to

find an optimum operation rule which canediae the dispute amongvarious decision makers

related to reservoir operation.
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7 CHAPTER VIl —SUMMARY AND CONCLUSIONS

Three purposes of this study wéudilled according to their individugbrocedures as follows.

First, the Integrated Reservoir Sedimentation Estimation Procedure (IRSER)romssed to
estimate the reservoir sedimentation at weirs anehlead dams in this studay. IRSERegrates

all conventional methods related to reservoir sedimentation: (1)-Bloaion (FD), (2)
SedimertRating Curve (SRC), (3) Series Expansion of the Modified Einstein Point Procedure
(SEMEPP),and (4) Trap efficiency (E), in order to estimate reservoir sedimentation rate.
Throughstream flowrunoff modeling and channel geometry analysis, the trap efficiencies in
accordance with certain stages were defined. The trap efficiency of Sangju etaleulated

for each sediment size fraction atuaction of two variables, sediment load at dailischarges

and particle size distribution of the sediment transported by the Nakdong Riheertrap
efficiency is also dependent on channel geometry, inflow discharge andoressiage
determined by the operation rules at Sangju Weir. Then, the amount of reservogrgation

was calculated by multiplying the annual sediment load withdffigencies which vary with
discharge and water stage. As a result, the reservoir filling rates wermeadam

Second, the B/C ratio and breaken point between hydropower production revenues and
sediment excavation costs were estimated using a Benefit and Cost Analyais e@od
based on daily-modeling.

Since the operation rules of Sangju Weir significantly affect the tragesfty and the volume of
dredgirg, it is essential to determine the effects of the reservoir operatesusing the Multi

Criterion Decision Analysis (MCDA) technique in order to seek improvenmetite operation
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rules to mitigate sedimentation costs, simultaneously considering hiee @gcision makers’

interests. Finallya new operational rule for Sangju Weir wasposed.

The conclusionsof this researchvith respect to the sediment problems and reservoir operation

rule aresummarizeds follows:

(1) Using the Integrated Reservoir édimentation Estimation Procedure (IRSEP) which
integrates all conventional methods related to reservoir sedimentation: (:PElatvon
(FD), (2) SedimenRating Curve (SRC), (3) Series Expansion of the Modified Einstein
Point Procedure (SEMEPPINd (4) Trap efficiency (E), the total sediment yield (®
and trap efficiency Tg) were calculatedThe total incoming sediment load and the
average trap efficiency £J at the lowes{EL 37.2m)and highes{EL47.0m)stages were
estimated at25000 tons/year50.1 % and 78.1%, respectively and themaximum
annualamount of reservoir sedimentati@at Sangju Weir wafstimatedas 332,000
tons/year 207,000 ni/year) which corresponds .76 %year of the total eservoir
storage of Sangju Weiln contrast, the mimum reservoir sedimentation rate was
0.49 %lyear, whicloccurswhen the water stage was the lowedt 8.2m). According to
this result, reservoir operation rulescorporating managementof water stage

considerablhaffect reservoir sedimentation.

(2) Sincethe operation rules of Sangju Weir affects significantly the trap affigi@ Benefit
and Cost Analysis (BCA) based on daihodeling was performed in order to find the

breakeven point between hydropower production revenues and sediment excavation
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coss. For daily sediment transport modelingstorical and predicted reservostream

flow data @015-2034)were generated byhe Tank model using sevengix daily
precipitation data. fie B/C ratioobtained 20 years of daigimulation was calculated as
2.28 Also, the discharge and stage thresholds, balancing both hydropower production
revenues and sediment excavation costs, are fosn@@ ni/s and EL 43.6 m,

respectively.

(3) Based onthe daily Multi-Criterion Decision Analysis (KDA) modeling, the most
favorableSangju Weir operation ruddo mitigate reservoir sedimentatiorere foundin
Alt. 5 after includingseasonal managemesftwaterstage according to the magnitude of

the upstream inflowProposedseasonal management stage and operation rulesaava sh

below:
Season Inflow (m%s) Stage (EL. m)
Non-flood season (Octobdviay) Any 47.0
below 50 47.0
Flood Season (Jureeptember) 50 ~ ®0 46.0
above 60 445

The systematic analysis procedure, the combination of the Integrated Reservoi
Sedimentation Estimation Procedure (IRSEP) and the I@uilterion Decision Analysis
(MCDA) method, are deemed useful to find optimum operation rules of weirs and low
head dams, which can mediate the disputes among various decision makers who have
differert interests related to reservoir operation. The proposed methodology could be

applied to the other weirs of the Four River Restoration Project, and elsewhere.
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APPENDIX A: TRAP EFFICIENCY CALCULATION

[Brune’s curve (1953)]
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Percent of Incoming Silt Passing Through Reservoir
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Mean annual inflow (Qin)=
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cms

2,996

MCM

Reservoir storage =

27.4

MCM

Period of retention

0.01

Length of reservoir = 15,517 m
Mean XS area = 1,766 m2
Mean velocity (V) = 0.054 m/s

Sedimentation index of reservoir =

0.17




APPENDIX B: SEDIMENT YIELD CALCULATION
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Figure102 Trap efficiency curve with respect to various discharges when EL37.2m, sudpeadeand bedaaterial distribution

curves for Yeong Stream
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Table29: Longterm sediment yield for Yeong Stream uskigw-Duration and &dimentRating Curve method when the stage is EL.

37.2m
Time Interval Interval Discharge | Concentration| Q xAP Sediment Load q,/9; ratio Sediment Load Average QsxTy
intervals (%) mid-point (%) AP(%) Q m3/s) C (mg/L) QsxAP (tons/yr) (%) Qs xAP (tons/yr) Te (%) (tonslyr)
@ @) ®) 4 ®) (6) 0 ® 9) (10) (11)=(9)*(10)

0 ~ 0.02 0.01 0.02 825 230 0.2 1452 3% 95.8% 1516 3% 33.9 514 2%
002 ~ 0.1 0.06 0.08 798 222 0.6 4,204 10% 95.%% 4402 9% 34.4 1514 6%
01 ~ 05 0.3 0.4 625 176 25 13,886 31% 93.%% 14867 2% 38.3 5694 22%
05 ~ 15 1 1 370 106 3.7 12,378 28% 88. ™0 13955 27% 46.9 6545 26%
15 ~ 5 3.25 35 155 46 5.4 7,840 18% 81.0% 9679 19% 61.2 5924 23%
5 ~ 15 10 10 57 17 5.7 3,058 7% 72.2%% 4235 8% 75.6 3202 13%
15 ~ 25 20 10 31 10 3.1 978 2% 66.8% 1464 3% 82.7 1211 5%
25 ~ 35 30 10 18 6 1.8 341 1% 62.0% 550 1% 87.2 480 2%
35 ~ 45 40 10 12 4 1.2 151 0% 58.4% 259 1% 90.1 233 1%
45 ~ 55 50 10 8 3 0.8 76 0% 54.8% 139 0% 92.6 129 0%
55 ~ 65 60 10 5 2 0.5 32 0% 50.6% 63 0% 95.3 60 0%
65 ~ 75 70 10 2 1 0.2 6 0% 42.3% 14 0% 98.5 14 0%
75 ~ 85 80 10 1 0 0.1 0 0% 36.%% 0 0% 99.9 0 0%
85 ~ 95 90 10 0 0 0 0 0% 16.0%0 0 0% 100.0 0 0%
95 ~ 100 97.5 5 0 0 0 0 0% 16.0%0 0 0% 100.0 0 0%
Total 44,402 100% 86.8% 51143 100% 49.9% | 2%20 1(3/8
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Table30: Longterm sediment yield for Yeong Stream using flduration and sediment-rating curve method when the stage is EL.

47.0m
Time Interval Interval Discharge| Concentration| Q xAP Sediment Load qr?;{i%f Sediment Load Average Qs*Te
intervals % midpoint (%) | delta P(%)| Q (m3/s) C (mg/L) QsxAP (tonsl/yr) (%) Qs xAP (tons/yr) Te (%) (tonsl/yr)
€y @ ©)) 4 ®) (6) @) ® © (10) (11)=(9)*(10)

0 ~ 0.02 0.01 0.02 825 230 0.2 1,452 3% 95.8% 1516 3% 77.7 1178 3%
Oé) ~ 01 0.06 0.08 798 222 0.6 4,204 10% 95.%% 4402 9% 78.1 3438 8%
01 ~ 05 0.3 0.4 625 176 25 13,886 31% 93.%% 14867 2% 80.8 | 12,013 27%
05 ~ 15 1 1 370 106 3.7 12,378 28% 88.™0 13955 27% 85.9 | 11,987 27%
15 ~ 5 3.25 35 155 46 5.4 7,840 18% 81.0% 9679 19% 92.1 8914 20%

5 ~ 15 10 10 57 17 5.7 3,058 7% 72.2% 4235 8% 97.0 | 4,108 9%

15 ~ 25 20 10 31 10 3.1 978 2% 66.8% 1464 3% 98.9 1448 3%
25 ~ 35 30 10 18 6 1.8 341 1% 62.0% 550 1% 99.7 548 1%
35 ~ 45 40 10 12 4 1.2 151 0% 58.%% 259 1% 99.9 259 1%
45 ~ 55 50 10 8 3 0.8 76 0% 54.8% 139 0% 100.0 139 0%
55 ~ 65 60 10 5 2 0.5 32 0% 50.8% 63 0% 100.0 63 0%
65 ~ 75 70 10 2 1 0.2 6 0% 42.9% 14 0% 100.0 14 0%
75 ~ 85 80 10 1 0 0.1 0 0% 36.%% 0 0% 100.0 0 0%
85 ~ 95 90 10 0 0 0 0 0% 16.0% 0 0% 100.0 0 0%
95 ~ 100 97.5 5 0 0 0 0 0% 16.0% 0 0% 100.0 0 0%

Total 44,402 100% 86.8% 51143 { 100% 86.2% | 44109 : 100%
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curves for Nakdong River
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Table31: Longterm sediment yield for Nakdong River using flow-duration and sedimengratirve method when the stage is EL.

37.2m
Time Interval Interval Discharge | Concentration| Q xAP Sediment Load qr?;{i%f Sediment Load Average QsxTy
intervals (%) mid-point (%) AP (%) Q (m3/s) C (mg/L) QsxAP (tonsl/yr) (%) Qs xAP (tons/yr) Ty (%) (tonsl/yr)
@ @ ©) 4) ®) (6) @) ® ©) (10) (11)=(9)*(10)

0 ~ 0.02 0.01 0.02 2,165 184 0.4 2,323 2% | 96.1% 2417 2% 27.1 655 1%
0.02 ~ 0.1 0.06 0.08 2,112 179 1.7 9,604 7% | 96.1% 9,994 7% 27.4 2,738 5%
01 ~ 05 0.3 0.4 1,731 144 6.9 31,358 25% | 95.7% 32,767 24% 29.7 9,732 18%
05 ~ 15 1 1 1,095 87 10.9 29928 23% | 94.7% 31,603 23% 35.5 11,219 21%
15 ~ 5 3.25 35 641 48 224 33933 27% | 935% 36,292 27% 42.6 | 15460 29%
5 ~ 15 10 10 265 18 26.5 15,054 12% | 91.6% 16,434 12% 54.7 8,989 17%
15 ~ 25 20 10 137 9 13.7 3,891 3% | 90.2% 4314 3% 63.6 2,744 5%
25 ~ 35 30 10 78 5 7.8 1231 1% | 89.0% 1,383 1% 70.7 978 2%
35 ~ 45 40 10 51 3 5.1 483 0% | 88.1% 548 1% 75.7 415 1%
45 ~ 55 50 10 36 2 3.6 227 0% | 87.3% 260 0% 79.6 207 1%
55 ~ 65 60 10 24 1 2.4 76 0% | 86.4% 88 0% 83.5 73 0%
65 ~ 75 70 10 15 1 15 47 0% | 85.4% 55 0% 87.4 48 0%
7 ~ 85 80 10 8 0 0.8 0 0% | 84.1% 0 0% 91.7 0 0%
85 ~ 95 90 10 3 0 0.3 0 0% | 81.9% 0 0% 96.6 0 0%
95 ~ 100 97.5 5 1 0 0.1 0 0% | 79.6% 0 0% 99.9 0 0%
Total 128155 100% | 94.1%| 136155 100% 39.1%| 53258 100%
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Table32: Longterm sediment yield for Nakdong River using flow-duration and sedimengretirve method when the stage is EL.

47.0m
Time Interval Interval Discharge | Concentration| Q xAP Sediment Load 1’;{% Sediment Load Average QsXTy
intervals (%) mid-point (%) AP(%) Q m3/s) C (mg/l) QsxAP (tons/yr) (%) Qs xAP (tons/yr) Te (%) (tons/yr)
) @ ©) 4 ®) (6) 0 ® © (10) (11)=(9)*(10)

0 ~ 0.02 0.01 0.02 2,165 184 0.4 2,323 2% | 96.1% 2417 2% 64.6 1561 1%
002 ~ 0.1 0.06 0.08 2,112 179 1.7 9,604 7% | 96.1% 9,994 7% 64.9 6,486 6%
01 ~ 05 0.3 0.4 1,731 144 6.9 31,358 25% | 95.7% 32,767 24% 67.5 22,118 22%
05 ~ 15 1 1 1,095 87 10.9 29,928 23% | 94.7% 31,603 23% 73.1 23102 23%
15 ~ 5 3.25 35 641 48 22.4 33933 27% | 935% 36,292 27% 79.1 28,707 28%
5 ~ 15 10 10 265 18 26.5 15,054 12% | 91.6% 16,434 12% 87.3 14,347 14%
15 ~ 25 20 10 137 9 13.7 3,891 3% | 90.2% 4314 3% 92.0 3,969 4%
25 ~ 35 30 10 78 5 7.8 1231 1% | 89.0% 1,383 1% 95.0 1314 1%
35 ~ 45 40 10 51 3 5.1 483 0% | 881% 548 1% 96.9 531 1%
45 ~ 55 50 10 36 2 3.6 227 0% | 87.3% 260 0% 98.1 255 0%
55 ~ 65 60 10 24 1 2.4 76 0% | 86.4% 88 0% 99.0 87 0%
65 ~ 75 70 10 15 1 15 47 0% | 854% 55 0% 99.6 55 0%
75 ~ 85 80 10 0 0.8 0 0% | 84.1% 0 0% 99.9 0 0%
85 ~ 95 90 10 0 0.3 0 0% | 81L9% 0 0% 100.0 0 0%
95 ~ 100 97.5 5 0 0.1 0 0% | 79.6% 0 0% 100.0 0 0%
Total 128155 100%| 94.1%| 136,555 100% 753% | 102,532} 100%
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APPENDIX C: DAILY SEDIMENT TRANSPORT MODELING RESULTS
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APPENDIX D: FACILITY DESCRIPTION FOR THE STUDY AREA

YEONGJU MULTI -PURPOSE DAM

Yeongu multipurpose dam is located in the northeastern part of the Nakdong River watershed
andwill be completed in 204. It is one of the major sources of base flow for entire Nagd

River, with various water supply purposes, as showfigare 19. The capacity of the volume
reaches 181 million cubic meters and flood control wimillion cubic meters among the total
storage ofl81 million cubic meters. It also contributes to the annual power generation of 5,000
kW. The catchment area of Yeongju dam is about 500 square kilometers, drainedsbggNae
Stream. It has a steep, narrow and meandering river with a 0.2 bottom slope and guittp ran

from 300 meter to D00 meter. Maximum watelepthis about 58 meters near the dam.site

Figurelll Bird's-eye view of Yeongju multi-purpose dam.
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In particular, sediment trap reservoir was install@dkilometer upstream from the main dam,
which is the first introductiom dam construction history (Samsung Inc., 2009).
Mean annual rainfall was measured at 1,247 m@B8 mm, and ,029 mm, respectively, at

three stations located near Yeongju Dam, based on hydrological observati@0 geears.

1. Facilities

Yeongju dam has five spillways, intake and outlet, and hydropower generators like otser dam
Intake tower was constructed with combined with main dam and 5,000 kW of hydro power plant
was connected at the end of water supply pipeline.

The sediment detention weir was constructed 13 km upstream, which is the feshdasrea.
Since this facility will be exposed about two month in a year, the sediments da®dria this
facility will be excavated by backhoe or other excavation equipriéet.detailed design report
says that almost all of the sediments have relatively coarser particles vitbgped at this
facility.

In addiion, washout facility was installed on main dam. This faciitll release finer particles

that would be accumulated near main dam after passnegghupstream sediment detention
facility. These two facilities are unique in Korea: (1) sediment detentitiy;uand (2) washout
structure.Tabe 33 gives detailed information about the dafgure 113 show the designs and
real photos of facilities, left column presents the planning pictures andcalgimin shows real

photos of facilities already have completed or on constructing, respectively.
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Table33: Detailed information about Yeongju mufturpose dam

[ Basin ]

Stream name
Catchment area
Annual rainfall
Annual inflow

Naesung Stream
500kt

1,137mm

316.6 MCM/year

[ Reservoir ]

» Total storage 181.1 MCM

* Flood control 75.0 MCM

» Effective storage 160.4 MCM

» Dead storage 8.8 MCM

e Submerged area 10.4 Kk

[ Main dam ]

. Location (ﬁ_ﬁ‘?{%&% Yeongjusi Pyeongummyeon Geumgwang li
Kyeomgbuk  Yeongjusi  Pyeongummyeon  Yonghyeol i
(Right bank)

 Type Complex(CGD+CFRD)

* Length 400m (CGD:193.0m, CFRD:207.0m)

* Height 55.5m

[ Spillway ]

Maximum capacity

Gate

Gate dmension

Elevation of overflow section
Energy disgator

4,692 /s (PMF)

Radial Gate (B10.4m x H13.67m x 5 ea.)

66m (5@10.4m + 4@3.5m)
EL.153.0m

Stilling basin (B66.0m x L71.8m)

[ Intake and releasefacility ]

Type

Intake method
Range
Dimension

Outlet pipe

Outlet gate

sidewall circular multistage type

Depthselective and surface

intake

N.H.W.L(EL.163.0m)” L.W.L(EL.135.0m)

2.17 3.6 x 36.65m x 6 step
Normal (2.2m x L110.7m)

Emergency (1.35 1.70m xL32.0m)

Jet Flow gate(1.35m)

[ Washout valve ]

Location
Dimension
Longitudinal slope
Dimension

Main dam No. 12 block
B5.0m x H5.0m x 1EA
1/25(inlet elevation: EL.125

.0m)

Main gate (B5.0mxH5.0mx1EA)
Auxiliary(B5.0mxH8.0mx1EA)
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Continued fronTable33:

[ Sediment detention reservoir |
¢ Location Kyeongbuk Yeongjtsi Pyeongumimyeon Cheonbati (Left bank)
Kyeongbuk Yeongjtsi Isarmyeon Sincheot (Right bank)
(13km upstream frormain dam confluence of Toil Stream)

e Type Concrete fixed type
« Elevation of overflow section EL.156.7m
¢ Elevation of noroverflow section EL.165.0m
¢ HeightxLength 18.3m x 246.0m
[ Hydropower plant ]
¢ Capacity 5,000kW(500kW, 1,500kW, 3,000kW)
e Type Francis, Horizontal shaft
e Efficiency Over 82.72%
¢ Annual power amount 15.78GWh
e Utility factor of facility 47.31%
[In Plan, 2009] [On construction, 2014]

Figurel12 Photos of Yeongju mulfpurpose dam facilities: main daup) andspillway (down)
(photo by K-water, May 2014)
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[In Plan, 2009] [On construction, 2014]

-F--"-'-"- i 3

Figure113 Photos of Yeongju multi-purpose ddatilities: intake tower(up), sediment
detention reservoir constructed 13 km upstream from the mairjrdatdle),and
sediment through installed on main dam (down)
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2. Operation rule

The main purpose of Yeongju mufiurpose dam is supplying environmental fldawnstream.
Considering flow reduction and water quality deterioration period at Namji statabted on
downstream in Nakdong River, the water supply plan was designed primaslyppdy the

environmental flow in the March to Jurf@dqure114andTable34).

Table34: Monthly water supply plan of Yeongju multi-purpose dam

L3
(Unit: m’/s)
Div. Jan.| Feb.| Mar. | Apr. | May | Jun. | Jul. | Aug. | Sep.| Oct. | Nov. | Dec.| Avg.
Total 513 | 513 | 915 | 1513 | 1361 | 11.7 | 202 | 205 | 1.84 | 1.48 | 5.14 | 513 (56@53)
Municipal 1o 30| 034 | 034 | 034 | 034 | 034 | 034 | 034 | 034 | 034 | 034 | 034 | 034
and industrial (10.7)
Irrigation - - - 012 | 022 | 042 | 055| 058 | 037 | 001 | 001 | - ?élo%
Base flowfor| .o | 479 | gs1 | 1467 | 1305 | 1004 | 1.13 | 113 | 143 | 113 | 479 | 479 | 52
stream (186.6)

Note: () MCM/year

16

14

=
=]

=
=]

N Total

m Base flow for stream

® Municipal and industrial

M Irrigation

Discharge (cubic meter persecond)
=]

1 2 3 4 5 3 7 8 9 10 11 12
Month

Figure114 Monthly water supply plan on Yeongju multi-purpose dam
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SANGJU WEIR

Sangju Weir is located in Sangju city, Kyeongbuk province. The catchmensafg)v square
kilometers and total storage is 28.7 million cubic meter when water stage oféheies 47
El.m (management water stage). The length of the weir is 355 meter, of whiohe2& is fixed
weir andthe rest (105 m) is movable gates with 2 gates of 45 meter-long and 1thigktekiso

it has hydropower plant with 3,000 kilo watts of facility capacity.

Figure11l5 Picture of Sangju Weir.

1. Facilities

The two shell type roller gates were installed on Sangju Weir. Thaey4tam of width and 10 m
of height. These two gates put on the concrete of which elevation from meanedaa €\

37.18 m.
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The one auxiliary gate, flap gate, was instaligiht next to the main gate$his gate adjusts
upstream water stage to management status with change the amalisthafgewith small
range because using main gate can cause sudden drop or rise of upstreamgeater sta

The natural type of fish path was constructed at the right bank side. The 2.5 cténg pee

second of water flow through this path, which is the first priority at normal opersgason.

[ Plan, 2009] [ Completion, 2012]

Shell tvpe roller gates
CWASm % HlO0m = 2Ea

Figurell6 Photos of Sangju Weiacilities: shell type roller gates and flap gate (up) and
hydropower plant (down)
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Table35: Basic information of Sangju Weir

Div. Unit Sangju Weir
Catchment Area kmt 7,407
Managemenivater stage EL.m 47
Storage MCM 27.4
Low limit water stage EL.m 43.6
Storage MCM 12.4
Upper limit water stage EL.m 47.5
Design flood discharge m'/s 11,100 (100yr)
Design flood water level EL.m 49.6
Height of levee EL.m 52.61
Type - Shell type roller gate /Flap gate
45%x10x2 (Roller
Weir Scale(BxHxEa.) m, Ea ( )
S 45x1.8x1 (Flap)
tructure _ .
Elevation of overflow section ELm 37.18 (Movable gate bottom
(movableffixed) ' 47.00 (Fixed weir crest)
Horizontal shaft, Kaplan turbine
Type
synchronous generator
Hydropower Facility capacity KW 3,000
water discharge m'/s 54
Type - Natural type (Right bank
Fishpassage yp ural type (Rig )
Water discharge m'/s 2.5
. Type - Spread foundation
Foundat
oundation Length m 335

2. Operation ruls

Since Sangju Weir has several functions, there are order in releasing streafi)Ibish path,

(2) hydropower generation, (3) fixed weir, and (4) movable weir. The operation ruksbm
followed this order.

The main gate(s) control water flow lopeningor closing according to inflow discharge from
upstream. However, there are some ambiguous standard for operation rule in flood season. The
gate opening range is too big to decide time for operalenle 36 shows Sangju Weir operation

rules.
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Table36: Sangju Weir operation ru(&-water, 2012).

_ Stage discharge i
Div. (EL. m) (m/sec) Operation
- Releasing through fish passage and hydropower plant
Drought lower 47.0 below 25 |- Changing generating power according to inflow to the
weir
Normal 47.0 ~ 475 254491 | Keeping management water stage (El. 47 m),
- Open the gate if it ineeded to keep management stage.
47.0~475 25 ~4,491 |- Fully open the gate if it is needed
Ascending| 47.5~49.6 | 4,491 ~ 8,808 |- Fully open the gate if it is needed
Flood
above 49.6 above 8,808 |- Fully open the gate
. N - Gradually close the gates
Descending  47.5~47.0 | below 4,491 |, lower limit (Pungyang intake EL.44.20m)

The current operation rules of Sangju Weir do not provide any specific direstiohsas when

the gates are opened fully. The instruction is ambiguous and has big fange$erence

discharge.
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APPENDIX E: SANGJU WEIR CONSTRAINTS SURVEY
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CRITICAL WATER SUPPLY CONTRAINT

-YEAR BASE

“Pungyand drinking water intaking station, Sangju Weir water stage has to be above El.44tRentiane
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CRITICALWATER SUPPLY CONTRAINT - IRRIGATION SEASON

“Maeha’ pumping station for irrigation, Sangju Weir water stage has to be above El.d&rirg irrigation season (Apr.-Sep.)
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CRITICAL DRAINAGE CONTRAINT

o a--027 [HlFAIE, vl S4u]E] ()

-FLOOD SEASON
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APPENDIX F: PROGRAM SOURCE CODE

The program source cosascomposed of three partd) surface runoff modeling, (2) sediment
transport modeling, and (3) MCDA modelingigure 117 shows the basic structure of the
program codes for this study. Part 1 and 2 were written with Matlab2013a and Part 3tteas wr
with Excel Visual Basic,which was originally written by Dr. Fonta and modified by

Hwa Young Kim for thisresearch. Thenain codes have several sidutines.

precipitation & evaporation data Estimation of missing data [Part l]
(1985-2014) (IDW method)
U Surface runoff modeling
Calculation of average area rainfall Checking data consistency
by watershed (Mass curve)
Surface runoff modeling Verification
(TANK) (AD, SI Weir, 2013-2014)
T
|
|
W
Daily disch
Sediment Transport Modeling ] P g - [Part 2]
| (1984-2034)
(FD/SCR, SEMEPF, TE, IRSEF)
J N T Sediment Transport Modeling
Thresholds Analysis from measurement
(BCA)
\L N Channel geometry
Alternatives Development (A-V curve)
for MCDA
L Suspended sediment
distribution
—

Sediment Modeling Results / MCDA inputs
Sediment yield, Trap efficiency, Reservoir sedimentation
Hydropower production, B/C ratio, and others

Main and sub-criteria [Part 3]
Function of criteria
Relative importance factor H
(RIF) MCDA Modeling

MCDA Rating methods
(WANM)

Alternative’s
Score and Ranking

\—sb

‘ Rank Order Alternatives

Figurell7: Program source code structure
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PART 1: SURFACE RUNOFF MODELING

Loading daily precipitation data from excel and text files

Oct01st2015_Getdata_kma_only.m

clear all , close all ,clc

% Hwa Y. Kim (Oct. 8th, 2015, ERC315)

% need functions of Func_arrange_rf from_kmadata / Func_vlookup

% This code load rainfall data from kma pervious and kma reatime (wamis)

% data, which code must be supported by Func_arrange_rf from_kmadata and

fnamedprev = ‘raw_Taebaek(kma) previous.xIsx' ;

in i_yr=1986;

fns_yr = 2009;

fnamed4realtime = ‘raw_Taebaek(kma)_realtime.xIsx' ;
fname4write = ‘arranged_rawdata_with_missingdata.xIsx’ ;
sheetnm = 'Taebaek(kma)'" ;

[ new_mat ] = Func_arrange_rf_from_kmadata( fname4preyv, ini_yr, fns_yr,
fnamedrealtime, fname4write, sheetnm )

fnamedprev = ‘raw_Bonghwa(kma)_previous.xIsx' ;

ini_yr =1988;

fns_yr = 2009;

fname4realtime = ‘raw_Bonghwa(kma)_realtime.xlIsx' ;
fname4write = ‘arranged_rawdata_with_missingdata.xIsx’ ;
sheetnm = 'Bonghwa(kma)' ;

[ new_mat ] = Func_arrange_rf_from_kmadata( fname4preyv, ini_yr, fns_yr,
fnamedrealtime, fname4write, sheetnm )

fnamedprev = ‘raw_Andong(kma)_previous.xIsx' ;
ini_yr =1985;

fns_yr = 2009;

fname4realtime = ‘raw_Andong(kma)_realtime.xIsx' ;
%fnamedwrite = ‘arranged_rawdata_with_missingdata.xIsx’;
sheetnm = 'Andong(kma)’ ;

[ new_mat ] = Func_arrange_rf_from_kmadata( fname4preyv, ini_yr, fns_yr,
fname4realtime, fname4write, sheetnm )

fnamedprev = ‘raw_Munkyeong(kma)_previous.xlsx' ;
ini_yr =1985;

fns_yr=200 9;

fnamed4realtime = ‘raw_Munkyeong(kma)_realtime.xIsx' ;
%fnamedwrite = 'arranged_rawdata_with_missingdata.xIsx’;

sheetnm = 'Munkyeong(kma)' ;

[ new_mat ] = Func_arrange_rf_from_kmadata( fname4prev, ini_yr, fns_yr,
fname4realtime, fname4write, sheetnm )

fn amedprev = ‘raw_Uiseong(kma)_previous.xIsx' ;
ini_yr =1985;

fns_yr = 2009;

fnamed4realtime = ‘raw_Uiseong(kma)_realtime.xIsx' ;
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%fnamedwrite = 'arranged_rawdata_with_missingdata.xIsx’;

sheetnm = 'Uiseong(kma)' ;

[ new_mat ] = Func_arrange_rf_from_kmadata( fname4prev, ini_yr, fns_yr,
fnamed4realtime, fname4write, sheetnm )

fnamedprev = ‘raw_Yeongju(kma)_previous.xIsx' ;
ini_yr = 1985;

fns_yr = 2009;

fnamed4realtime = ‘raw_Yeongju(kma)_realtime.xlIsx' ;
%fnamedwrite = 'arranged_rawdata_with_missingdata.xIsx’;
sheetnm = "Yeongju(kma)' ;

[ new_mat ] = Func_arrange_rf_from_kmadata( fname4prev, ini_yr, fns_yr,
fnamedrealtime, fname4write, sheetnm )

Oct01st2015_Getdatawater only.m

clear all , close all ,clc

% Hwa Y. Kim (Oct. 8th, 2015, ERC315)

% need functions of Func_arrange_rf _from_text / Func_vlookup
% load raw data from Kwater DB (txtfile)

% save arranged excel file by date with missing data ( - 9999)
station_name ={ "llweol(kwater)' 'Subi2(kwater)' '"Yeongyang(kwater)'
'Seokbo(kwater)' .

‘Jinbo2(kwater)' 'Cheongsong(kwater)' 'Budong(kwater)'
'‘Bunam(kwater)' '‘Gasa(kwater) new' 'Hyeonnae(kwater) new' ... % for bsn2002

‘Taebaek(kwater)' '‘Baekcheon(kwater)' '‘Chunyang(kwater)'
'‘Goseon2(kwater)’

'‘Seomyeon(kwater)' 'Galsan(kwater)' 'Myeongho(kwater)'
'"Yuicheon(kwater)' "Yean(kwater)' ... % for bsn2001

‘Boeun2(kwater)'

‘Andong(mltm)' 'Seoksan(mltm)_new' } % for special case
fnamed4write = ‘arranged_rawdata_with_missingdata.xIsx' ;

for k=1:length(station_name)

station_name{k}

[ new_mat ] = Func_arrange_rf_from_text( station_name{k}, fname4write )
end

Oct01st2015_ Getdatmltm_only.m

clear all , close all ,clc
% Hwa Y. Kim (Oct. 8th, 2015, ERC315)
% need functions of Func_arrange_rf from_excel / Func_vlookup

fnamedread =  ‘raw_kwater_mltm.xIsx’ ;
fnamedwrite = ‘arranged_rawdata_with_missingdata.xIsx’
sheetnm ={ 'Hwangji(mltm)' ‘"Taebaeksan(mltm)' 'Seokpo(mltm)’
'Seokhyeon(mltm)' 'Namhoeryong(mltm)' ‘Docheon(mltm)’
‘Jaesan(mitm)’ 'Yean2(mltm)' 'Mijil(mltm)' 'Seokdong(mltm)’ . %
bsn 2001
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'Subi(mltm)’ 'Imdong(mltm)’ ‘Giran(mltm)' 'Hyeonseo(mltm)'

'‘Dopyeong(mltm)' 'Hwabuk2(mltm)' ... % bsn2002

‘Uiseong(mlitm)’ '‘Andong(mltm)' "lljik2(mltm)’ "Iljik2(mltm)'
'Angye(mltm)’ 'Pungsan(mlitm)’ ‘Jibo(mltm)' ... % bsn2003

‘Wolpo(mitm)' ‘Dongno2(mltm)’ ‘Dongnol(mltm)’ 'Sihang(mitm)’
'"Yeongju(mltm)' '‘Bonghwa(mltm)' 'Punggi(mltm)’

'‘Buseok(mltm)' 'Huibang(mltm)' 'Olsan(mltm)’ ... %bsn 2004

‘Jeomchon(mlitm)’ ‘lan(mltm)’ '‘Sabeol(mltm)' 'Hwaseo(mltm)'
'Hwabuk1(mltm)' 'Nongam2(mltm)' 'Nongam1(mltm)' 'Donghwawon(mltm)'

'‘Deokjusa(mitm)' "Yeonpung(mitm)' 'Songmyeon(mltm)’ 'Ipseok(mltm)’
'‘Bokcheonam(mltm)’ 'Samga(mltm)’ 'Pyeongon(mlitm)’ 'Eoeseo(mitm)’  } % for bsn
2005 & 2007

%% using function

for k=1:length(sheetnm)

[ new_mat ] = Func_arrange_rf_from_excel( fname4read, sheetnm{k},
fname4write );

end

Estimating missing records with Inverse Distance Weighting (IDW) method

%oclear all; close all; clc;

% Hwa Y. Kim (Oct. 1st, 2015, ERC315)

% Filling missing data record using IDW method

% Inverse Distance Weight method (Func_idw_3~6pnts.m)
% Distance calculaton (Func_distcalc.m)

% Arranged rainfall rawdata which are collected from WAMIS.
%filename = 'bsn2001_before_interpolation.xIsx';
filename = ‘arranged_rawdata_with_missingdata.xIsx' ;

%%

%%% %% %% %% %% % %% %% %% %% % %% %% %% %% % %% %% %% %% % %% %% %% %% % %% %% %% %% % % % Y %
% for basin 2001 %%%%%%%%%% %% %% %% %% % %% %% %% TSI PH/0 %0 %0 %0 % %0 %0 %0 % %0 %% % % % %
%%% %% %% %% %% %% % %% %% %% % %% %% %% %% % %% %% %% %% % %% %% %% %% % %% %% % %0 %% % % % Yo%
%% Group-1

[Taebaek_kma_, ~, ~] = xIsread(filename, ‘Taebaek(kma)' );

[Hwangji_mltm_, ~, ~] = xlIsread(filename, "Hwangji(mltm)’' );

[Taebaeksan_mitm_, ~, ~] = xlIsread(filename, "Taebaeksan(mltm)' );

[Taebaek kwater , ~, ~] = xIsread(filename, '"Taebaek(kwater)' );
[Baekcheon_kwater_, ~, ~] = xIsread(filename, '‘Baekcheon(Kwater)' );
[Seokpo_mltm_, ~, ~] = xIsread(filename, 'Seokpo(mltm)" );

dnum = Taebaek _kma_(:, 1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, "XTick' ,[K]);

subplot(6,1,1), bar(dnum, Taebaek kma_(:,2)), title( "TBkma' ), datetick( X,
'mm/dd/yyyy" , ‘'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,2), bar(dnum, Hwangji_mlitm_(:,2)), titte(  'HImltm' ), datetick( X,
'mm/dd/yyyy" , ‘'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,3), bar(dnum, Taebaeksan_mltm_(:,2)), title( "TBSmitm' ),

datetick( X' , 'mm/ddlyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
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subplot(6,1,4), bar(dnum, Taebaek_kwater_(:,2)), title( "TBkwater' ),

datetick( X' , 'mm/ddlyyyy’ , ‘'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,5), bar(dnum, Baekcheon_kwater_(:,2)), title( '‘BCkwater' ),
datetick(  'x' , 'mm/ddlyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplo t(6,1,6), bar(dnum, Seokpo_mitm_(:,2)), title( 'SPmltm' ), datetick(
'mm/dd/yyyy" , ‘keepticks' ) %, xlim([725008 725008+365])

% 1st run

% rainfall

r2=Taebaek kma_(;,2);
rl=Hwangji_mltm_{(:,2);
r3=Taebaeksan_mitm_(:,2);
r4d=Taebaek kwater (:,2);
r5=Baekcheon_kwater_(:,2);
r6=Seokpo_mltm_(;,2);

stnm2 = 'Taebaek(kma)' ;
sthnml = 'Hwangji(mltm)’

sthnm3 = 'Taebaeksan(mltm)'
stnm4 = 'Taebaek(kwater)'
stnm5 = 'Baekcheon(kwater)' ;
stnm6 = 'Seokpo(mltm)"  ;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, sthm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15] = Func_distcalc( sthm1, stnm5);

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m
[r1]=Func_idw_6pnts(rl,r2,r3,r4,r5, r6,d12, d13, d14, d15, d16);
cor_Hwangji_mltm_=r1;

size(cor_Hwangji_mltm )

size(dnum)

figure()

k=725008:365:735964;, set(gca, ‘XTick' ,[K]);

subplot(6,1,1), bar(dnum, Taebaek kma_(:,2)), titte(  'TBkma' ), datetick(
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,2), bar(dnum, cor_Hwangji_mltm_), title( 'HImltm' ), datetick(
'mm/dd/yyyy" , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,3), bar(dnum, Taebaeksan_mltm_(:,2)), title( "TBSmitm' ),
datetick(  'x' , 'mm/ddlyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,4), bar(dnum, Taebaek kwater (:,2)), title( "TBkwater' ),
datetick( X' , 'mm/ddlyyyy’ , ‘'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,5), bar(dnum, Baekcheon_kwater_(:,2)), title( '‘BCkwater' ),
datetick(  'x' , 'mm/ddlyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,6), bar(dnum, Seokpo_mitm_(:,2)), title( 'SPmltm' ), datetick(
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

% 2nd run
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ri=Seokpo_mltm_{(:,2);
r2=cor_Hwangji_mltm_;
r3=Taebaeksan_mitm_(:,2);
rAd=Taebaek_ kwater_(:,2);
r5=Baekcheon_kwater_(:,2);
r6=Taebaek kma_(;,2);

stnm6 = 'Taebaek(kma)' ;
stnm2 = 'Hwangji(mltm)' ;
stnm3 = 'Taebaeksan(mltm)' ;
sthnm4 = 'Taebaek(kwater)'
stnm5 = 'Baekcheon(kwater)'
stnml = 'Seokpo(mltm)" ;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, sthm2)

[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );
[ d15] = Func_distcalc( sthm1, stnm5 );

[ d16 ] = Func_distcalc( stnhm1, stnm6 );

% call function Func_idw.m
[r1]=Func_idw_6pnts(rl,r2,r3,r4,r5, r6,d12, d13, d14, d15, d16);
cor_Seokpo_mitm_=rl;

figure()

k=725008:365:735964;, set(gca, 'XTick' ,[K])

subplot(6,1,1), bar(dnum, Taebaek _kma_(:,2)), title( ‘TBkma' ), datetick(
'mm/dd/yyyy" , ‘'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,2), bar(dnum, cor_Hwangji_mltm_), title( 'HImltm' ), datetick(
'mm/dd/yyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,3), bar(dnum, Taebaeksan_mltm_(:,2)), title( "TBSmitm' ),
datetick(  'x' , 'mm/ddlyyyy’ , ‘'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,4), bar(dnum, Taebaek_kwater (:,2)), title( ‘TBkwater' ),
datetick( X' , 'mm/ddlyyyy’ , ‘'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,5), bar(dnum, Baekcheon_kwater_(:,2)), title( 'BCkwater' ),
datetick( X' , 'mm/ddlyyyy’ , ‘'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,6), bar(dnum, cor_Seokpo_mltm_), title( 'SPmltm' ), datetick(
'mm/dd/yyyy" , ‘'keepticks' ) %, xlim([725008 725008+365])

% 3rd run

r5=Taebaek _kma_(:,2);
r2=cor_Hwangji_mltm_;
r3=Taebaeksan_mitm_(:,2);
r4d=Taebaek kwater (:,2);
rl=Baekcheon_kwater_(:,2);
ré=cor_Seokpo_mltm_;

stnm5 = 'Taebaek(kma)'

sthnm2 = 'Hwangji(mltm)’

stnm3 = 'Taebaeksan(mltm)' ;
stnm4 = 'Taebaek(kwater)' ;
stnml = 'Baekcheon(kwater)'
stnm6 = 'Seokpo(mltm)’
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% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, sthm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15] = Func_distcalc( sthm1, stnm5);

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m
[r1]=Func_idw_6pnts(rl,r2,r3,r4,r5, r6,d12, d13, d14, d15, d16);
cor_Baekcheon_kwater_=rl;

figure()

k=725008:365:735964;, set(gca, 'XTick' ,[K])

subplot(6,1,1), bar(dnum, Taebaek kma_(:,2)), title( ‘TBkma' ), datetick(
'mm/dd/lyyyy' , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,2), bar(dnum, cor_Hwangji_mltm_), title( 'HImltm" ), datetick(
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,3), bar(dnum, Taebaeksan_mltm_(:,2)), title( "TBSmitm' ),
datetick(  'x' , 'mm/ddlyyyy’ , ‘'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,4 ), bar(dnum, Taebaek_kwater_(:,2)), title( ‘TBkwater' ),
datetick(  'x' , 'mm/ddlyyyy’ , ‘'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,5), bar(dnum, cor_Baekcheon_kwater ), title( 'BCkwater' ),
datetick( X' , 'mm/ddlyyyy'’ , ‘'keepticks' ) %, xlim([725008 725008+ 365])
subplot(6,1,6), bar(dnum, cor_Seokpo_mltm_), title( 'SPmltm' ), datetick(
'mm/dd/lyyyy' , ‘keepticks' ) %, xlim([725008 725008+365])

% 4th run

rl=Taebaek kma_(:,2);
r2=cor_Hwangji_mltm_;
r3=Taebaeksan_mitm_(:,2);
r4d=Taebaek kwater (:,2);
r5=cor_Baekcheon_kwater_;
ré=cor_Seokpo_mltm_;

stnml = 'Taebaek(kma)' ;
stnm2 = 'Hwangji(mltm)' ;
stnm3 = 'Taebaeksan(mltm)’ ;
stnm4 = 'Taebaek(kwater)' ;
stnm5 = 'Baekcheon(kwater)' ;
stnm6 = 'Seokpo(mltm)’ ;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, stnm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( stnhm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15] = Func_distcalc( sthm1, stnm5);

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m
[r1]=Func_idw_6pnts(rl,r2, r3, r4,r5, r6, d12, d13, d14, d15, d16);
cor_Taebaek kma =r1;
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figure()

k=725008:365:735964;, set(gca, 'XTick' ,[K])

subplot(6,1,1), bar(dnum, cor_Taebaek kma ), title( ‘TBkma' ), datetick(
'mm/dd/yyyy" , ‘'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,2), bar(dnum, cor_Hwangji_mltm_), title( 'HImltm' ), datetick(
'mm/dd/yyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,3), bar(dnum, Taebaeksan_mltm_(:,2)), title( "TBSmitm' ),
datetick(  'x' , ''mm/dd/yyyy' , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,4), bar(dnum, Taebaek_kwater (:,2)), title( ‘TBkwater' ),
datetick( X' , 'mm/ddlyyyy’ , ‘'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,5), bar(dnum, cor_Baekcheon_kwater ), title( 'BCkwater '),
datetick( X' , 'mm/ddlyyyy’ , ‘'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,6), bar(dnum, cor_Seokpo_mltm_), title( 'SPmltm' ), datetick(
'mm/dd/yyyy" , ‘'keepticks' ) %, xlim([725008 725008+365])

% 5th run

r3=cor_Taebaek kma_;
r2=cor_Hwangji_mltm_;
rl=Taebaeksan_mitm_(:,2);
rAd=Taebaek_ kwater (:,2);
r5=cor_Baekcheon_kwater_;
ré=cor_Seokpo_mltm_;

stnm3 = 'Taebaek(kma)'
sthm2 = 'Hwangji(mltm)’
stnml = 'Taebaeksan(mltm)' ;
stnm4 = 'Taebaek(kwater)' ;
stnm5 = 'Baekcheon(kwater)'
stnm6 ='Seokpo(mltm)’

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( sthm1, sthm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( stnhm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15] = Func_distcalc( sthm1, stnm5);

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m
[r1]=Func_idw_6pnts(rl,r2, r3, r4,r5, r6, d12, d13, d14, d15, d16);
cor_Taebaeksan_mltm_=r1;

figure();

k=725008:365:735964;, set(gca, 'XTick' ,[K])

subplot(6,1,1), bar(dnum, cor_Taebaek kma_ ), title( ‘TBkma' ), datetick(
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,2), bar(dnum, cor_Hwangji_mltm_), title( 'HImltm" ), datetick(
'mm/dd/yyyy" , ‘'keepticks' ) %, xlim([725008 725008+365])

subplot(6, 1,3), bar(dnum, cor_Taebaeksan_mitm_), title( "TBSmitm' ),
datetick( X' , 'mm/ddlyyyy’ , ‘'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,4), bar(dnum, Taebaek kwater (:,2)), title( "TBkwater' ),
datetick(  'x' , 'mm/ddlyyyy’ , ‘'keepticks' ) %, xlim([725008 725008 +365])
subplot(6,1,5), bar(dnum, cor_Baekcheon_kwater ), title( '‘BCkwater' ),
datetick( X' , 'mm/ddlyyyy’ , ‘'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,6), bar(dnum, cor_Seokpo_mltm ), title( 'SPmltm' ), datetick(
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
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% 6th run
rd=cor_Taebaek_kma_;
r2=cor_Hwangji_mltm_;
r3=cor_Taebaeksan_mitm_;
rl=Taebaek kwater (:,2);
r5=cor_Baekcheon_kwater_;
ré=cor_Seokpo_mltm_;

stnm4 = 'Taebaek(kma)' ;
stnm2 = 'Hwangji(mltm)' ;
sthm3 = 'Taebaeksan(mltm)' ;
stnml = 'Taebaek(kwater)' ;
stnm5 = 'Baekcheon(kwater)' ;
stnm6 = 'Seokpo(mltm)"  ;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, sthm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15] = Func_distcalc( stnhm1, stnm5);

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m
[r1]=Func_idw_6pnts(rl,r2,r3,r4,r5, r6,d12, d13, d14, d15, d16);
cor_Taebaek kwater =rl;

figure()

k=725008:365:735964;, set(gca, ‘XTick' ,[K]);

subplot(6,1,1), bar(dnum, cor_Taebaek _kma ), title( ‘TBkma' ), datetick(
'mm/dd/yyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,2), bar(dnum, cor_Hwangji_mltm_), title( 'HImltm' ), datetick(
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,3), bar(dnum, cor_Taebaeksan_mitm_), title( ‘TBSmitm' ),
datetick(  'x' , 'mm/ddlyyyy’ , ‘'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,4), bar(dnum, cor_Taebaek kwater ), title( "TBkwater' ),
datetick( X' , 'mm/ddlyyyy’ , ‘'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,5), bar(dnum, cor_Baekcheon_kwater ), title( 'BCkwater' ),
datetick(  'x' , 'mm/ddlyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,6), bar(dnum, cor_Seokpo_mltm_), ti tle( 'SPmltm' ), datetick(
'mm/dd/yyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

%% Group-2

stnml = 'Seokhyeon(mltm)' ;

stnm2 = 'Chunyang(kwater)' ;

stnm3 = 'Bonghwa(kma)' ;

sthnm4 = 'Goseon2(kwater)' ;

stnm5 = 'Baekcheon(kwater)' ;% already corrected
stnm6 = 'Seokpo(mltm)’ ;% already corrected

[Seokhyeon_mltm_, ~, ~] = xIsread(filename,stnm1 );
[Yean2_mltm_, ~, ~] = xIsread(filename,stnm2 );
[Bonghwa_kma_, ~, ~] = xIsread(filename,stnm3);
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[Goseon2_kwater_, ~, ~] = xIsread(filename,stnm4 );

orl=Seokhyeon_mitm_(:,2);
or2=Yean2_mltm_(:,2);
or3=Bonghwa_kma_(;,2);
or4=Goseon2_kwater_(:,2);
or5=cor_Baekcheon_kwater_;
or6=cor_Seokpo_mltm_;

dnum = Seokhyeon_mlitm_(:,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, "XTick' ,[K]);
subplot(6,1,1), bar(dnum, orl), title(stnm1), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,2), bar(dnum, or2), title(stnm2), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,3), bar(dnum, or3), title(stnm3), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,4), bar(dnum, or4), title(stnm4), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,5), bar(dnum, or5), title(stnm5), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,6), bar(dnum, or6), title(stnm6), datetick(
'keepticks' ) %, xlim([725008 725008+365])

% 1st run
r1=Seokhyeon_miltm_(:,2);
r2=Yean2_mitm_(:,2);
r3=Bonghwa_kma_(;,2);
rd=Goseon2_kwater_(;,2);
r5=cor_Baekcheon_kwater_;
ré=cor_Seokpo_mltm_;

stnml = 'Seokhyeon(mltm)’ ;
stnm2 = 'Chunyang(kwater)' ;
stnm3 = 'Bonghwa(kma)' ;
stnm4 = 'Goseon2(kwater)' ;

stnm5 = 'Baekcheon(kwater) ;
stnm6 = 'Seokpo(mltm)' ;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, sthm2)

[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13 ] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( stnhm1, stnm4 );

[ d15] = Func_distcalc( sthm1, stnm5 );

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m

[ cor_Seokhyeon_mitm_ ] = Func_idw_6pnts(r1, r2, r3, r4, r5, r6, d12, d13,

d14, d15, d16 );

dnum = Seokhyeon_mlitm_(:,1);
figure() % 2001 upstream
k=725008:365:735964;, set(gca, "XTick' ,[K]);
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subplot(6,1,1), bar(dnum, cor_Seokhyeon_mltm ), title(stnm1), datetick(

‘'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,2), bar(dnum, or2), title(stnm2), datetick( X', 'mm/ddlyyyy’
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,3), bar(dnum, or3), title(stnm3), datetick( X', 'mm/ddlyyyy’
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,4), bar(dnum, or4), title(stnm4), datetick( X', 'mm/ddlyyyy’
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,5), bar(dnum, or5), title(stnm5), datetick( X', 'mm/ddlyyyy’
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,6), bar(dnum, or6), title(stnm6), datetick( X', 'mm/ddlyyyy’

'keepticks' ) %, xlim([725008 725008+365])

% 2nd run
r3=Seokhyeon_mitm_(;,2);
r2=Yean2_mitm_(:,2);
rl=Bonghwa_kma_(:,2);
r4d=Goseon2_kwater_(:,2);
r5=cor_Baekcheon_kwater_;
ré=cor_Seokpo_mltm_;

stnm3 = 'Seokhyeon(mltm)' ;
stnm2 = 'Chunyang(kwater)'
stnml = 'Bonghwa(kma)'

sthnm4 = 'Goseon2(kwater)'

stnm5 = 'Baekcheon(kwater)' ;
stnm6 = 'Seokpo(mltm)"  ;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( sthm1, stnm2)

[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15] = Func_distcalc( stnhm1, stnm5);

[ d16 ] = Func_distcalc( stnm1, stnm6 );

% call function Func_idw.m
[ cor_Bonghwa_kma_ ] = Func_idw_6pnts(r1, r2, r3, r4, r5, r6, d12, d13, d14,
d15, d16);

dnum = Seokhyeon_mitm_(;,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, ‘XTick' ,[K]);

subplot(6,1,1), bar(dnum, cor_Seokhyeon_mltm ), title(stnm1), datetick(

'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,2), bar(dnum, or2), title(stnm2), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,3), bar(dnum, cor_Bonghwa_kma_), title(sthm3), datetick( X'
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,4), bar(dnum, or4), title(stnm4), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,5), bar(dnum, or5), title(stnm5), datetick( X', 'mm/ddlyyyy’
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,6), bar(dnum, or6), title(stnm6), datetick( X', 'mm/ddlyyyy’
'keepticks' ) %, xlim([725008 725008+365])
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% 3rd run
r3=Seokhyeon_mitm_(;,2);
ri=Yean2_mitm_(:,2);
r2=Bonghwa_kma_(:,2);
rd=Goseon2_kwater_(:,2);
r5=cor_Baekcheon_kwater_;
ré=cor_Seokpo_mltm_;

stnm3 = 'Seokhyeon(mltm)’ ;
stnml = 'Chunyang(kwater)' ;
stnm2 = 'Bonghwa(kma)' ;
stnm4 = 'Goseon2(kwater)' ;
stnm5 = 'Baekcheon(kwater)' ;
stnm6 = 'Seokpo(mltm)’ ;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, sthm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15] = Func_distcalc( stnhm1, stnm5);

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m
[ cor_Chunyang_kwater ] = Func_idw_6pnts(rl, r2, r3, r4, r5, r6, d12, d13,
d14, d15, d16);

dnum = Seokhyeon_mitm_(;,1);
figure() % 2001 upstream

k=725008:365:735964;, set(gca, ‘XTick' ,[K]);

subplot(6,1,1), bar(dnum, cor_Seokhyeon_mltm ), title(stnm1), datetick( X'
'mm/dd/yyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,2), bar(dnum, cor_Chunyang_kwater ), title(stnm2), datetick( '
'mm/dd/yyyy' , ‘'keepticks' ) %, xlim([725008 725008 +365])

subplot(6,1,3), bar(dnum, cor_Bonghwa_kma_), title(sthm3), datetick( X,
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,4), bar(dnum, or4), title(stnm4), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplo t(6,1,5), bar(dnum, or5), title(stnm5), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,6), bar(dnum, or6), title(stnm6), datetick( X', 'mm/ddlyyyy'

'keepticks' ) %, xlim([725008 725008+365])

% 4th run
r3=Seokhyeon_mitm_(;,2);
rd=Yean2_mitm_(;,2);
r2=Bonghwa_kma_(:,2);
rl=Goseon2_kwater_(:,2);
r5=cor_Baekcheon_kwater_;
ré=cor_Seokpo_mltm_;

stnm3 = 'Seokhyeon(mltm)’ ;
stnm4 = 'Chunyang(kwater)' ;
stnm2 = 'Bonghwa(kma)' ;
stnml = 'Goseon2(kwater)' ;
stnm5 = 'Baekcheon(kwater)' ;
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stnm6 = 'Seokpo(mltm)’ ;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, sthm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15]=Func_distcalc( stnm1, stnm5 );

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m
[ cor_Goseon2_kwater_]= Func_idw_6pnts(rl, r2, r3, r4, r5, r6, d12, d13,
d14, d15, d16);

dnum = Seokhyeon_mitm_(;,1);

figure() % 2001 upstrea  m

k=725008:365:735964;, set(gca, ‘XTick' ,[K]);

subplot(6,1,1), bar(dnum, cor_Seokhyeon_mltm_), title(stnm1), datetick( X'
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,2), bar(dnum, cor_Chunyang_kwater ), title(stnm2), datetick( 'X
'mm/dd/yyyy' , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,3), bar(dnum, cor_Bonghwa_kma_), title(sthm3), datetick( X,
'mm/dd/yyyy' , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,4), bar(dnum, cor_Goseon2_kwater ), title(stnm4), datetick( 'X
'mm/dd/yyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,5), bar(dnum, or5), title(stnm5), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,6), bar(dnum, or6), title(stnm6), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

%% Group-3

stnml = 'Seomyeon(kwater)' ;
stnm2 = 'Namhoeryong(mltm)' ;
stnm3 = 'Seokhyeon(mltm)’ ;
stnm4 = 'Chunyang(kwater)' ;
stnm5 = 'Bonghwa(kma)' ;
stnm6 = 'Goseon2(kwater)' ;

% for figure

ostnml=stnmi,;
ostnm2=stnm2;
ostnm3=stnm3;
ostnm4=stnm4;
ostnm5=stnmb5;
ostnm6=stnmé6;

[Seomyeon_kwater_, ~, ~] = xIsread(filename,stnm1 );
[Namhoeryong_mltm_, ~, ~] = xIsread(filename,stnm2 );

orl=Seomyeon_kwater_(:,2);
or2=Namhoeryong_mltm_(:,2);
or3=cor_Seokhyeon_mltm_;
ord=cor_Chunyang_kwater_;
or5=cor_Bonghwa_kma_;
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or6=cor_Goseon2_kwater_;

dnum = Seomyeon_kwater_(:,1);
figure() % 2001 upstream

k=725008:365:735964;, set(gca, "XTick' ,[K]);

subplot(6,1,1), bar(dnum, orl), title(ostnm1), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,2), bar(dnum, or2), title(ostnm2), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,3), bar(dnum, or3), title(ostnm3), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,4), bar(dnum, or4), title(ostnm4), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,5), bar(dnum, or5), title(ostnm5), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1  ,6), bar(dnum, or6), title(ostnm6), datetick( X,

'keepticks' ) %, xlim([725008 725008+365])

% 1st run

stnml = 'Seomyeon(kwater)' ;
stnm2 = 'Namhoeryong(mltm)' ;
stnm3 = 'Seokhyeon(mltm)’ ;
stnm4 = 'Chunyang(kwater)' ;
stnm5 = 'Bonghwa(kma)' ;
stnm6 = 'Goseon2(kwater)' ;

rl=Seomyeon_kwater_(:,2);
r2=Namhoeryong_mltm_(:,2);
r3=cor_Seokhyeon_mltm_;
rd=cor_Chunyang_kwater_;
r5=cor_Bonghwa_kma_;
ré=cor_Goseon2_kwater_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, sthm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15] = Func_distcalc( stnhm1, stnm5 );

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m
[ cor_Seomyeon_kwater_ ] = Func_idw_6pnts(r1, r2, r3, r4, r5, r6, d12, d13,
d14, di5, d16);

dnum = Seomyeon_kwater_(:,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, ‘XTick' ,[K]);

subplot(6,1,1), bar(dnum, cor_Seomyeon_kwater ), title(ostnm1), datetick(
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,2), bar(dnum, or2), title(ostnm2), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,3), bar(dnum, or3), title(ostnm3), datetick( X,
'keepticks ') %, xlim([725008 725008+365])
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subplot(6,1,4), bar(dnum, or4), title(ostnm4), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,5), bar(dnum, or5), title(ostnm5), datetick( X,
'keepticks' ) %, xlim([725008 725008 +365])
subplot(6,1,6), bar(dnum, or6), title(ostnm6), datetick( X,

'keepticks' ) %, xlim([725008 725008+365])

% 2nd run

stnm2 = 'Seomyeon(kwater)' ;
stnml = 'Namhoeryong(mitm)' ;
stnm3 = 'Seokhyeon(mltm)’ ;
stnm4 = 'Chunyang(kwater)' ;
stnm5 = 'Bonghwa(kma)' ;
stnm6 = 'Goseon2(kwater)' ;

r2=cor_Seomyeon_kwater_;
rl=Namhoeryong_mltm_(:,2);
r3=cor_Seokhyeon_mltm_;
rd=cor_Chunyang_kwater_;
r5=cor_Bonghwa_kma_;
ré=cor_Goseon2_kwater_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, stnm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13 ] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15] = Func_distcalc( sthm1, stnm5);

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Fun c_idw.m
[ cor_Namhoeryong_mitm_ ] = Func_idw_6pnts( rl, r2, r3, r4, r5, r6, d12, d13,
d14, di5, d16);

dnum = Seomyeon_kwater_(:,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, "XTick' ,[K]);

subplot(6,1,1), bar(dnum, cor_Seomyeon_kwater ), title(ostnm1), datetick(
'mm/dd/yyyy" , ‘'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,2), bar(dnum, cor_Namhoeryong_mltm_), title(ostnm?2), datetick(
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,3), bar(dnum, or3), title(ostnm3), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,4), bar(dnum, or4), title(ostnm4), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,5), bar(dnum, or5), title(ostnm5), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,6), bar(dnum, or6), title(ostnm6), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

%% Group-4

stnml = 'Docheon(mltm)"  ;
stnm2 = 'Myeongho(kwater)' ;
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stnm3 = 'Jaesan(mltm)’ ;
stnm4 = 'Galsan(kwater)' ;
stnm5 = 'Bonghwa(kma)' ;

% for figure

ostnml=stnmi,;
ostnm2=stnmz2;
ostnm3=stnm3;
ostnm4=stnm4;
ostnm5=stnmb5;

[Docheon_mltm_, ~, ~] = xIsread(filename,stnm1 );
[Myeongho_kwater_, ~, ~] = xlsread(filename,stnm2 );
[Jaesan_mitm_, ~, ~] = xIsread(filename,stnm3);
[Galsan_kwater_, ~, ~] = xIsread(filename,stnm4 );

orl=Docheon_mltm_(:,2);
or2=Myeongho_kwater_(:,2);
or3=Jaesan_mitm_(:,2);
ord=Galsan_kwater_(:,2);
or5=cor_Bonghwa_kma_;

dnum = Docheon_mltm_(:,1);

figure() % 2001 upstream
k=725008:365:735964;, set(gca, "XTick' ,[K]);
subplot(5,1,1), bar(dnum, orl), title(ostnm1), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(5,1,2), bar(dnum, or2), title(ostnm2), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(5,1,3), bar(dnum, or3), title(ostnm3), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(5,1,4), bar(dnum, or4), title(ostnm4), datetick(
'keepticks ') %, xlim([725008 725008+365])
subplot(5,1,5), bar(dnum, or5), title(ostnm5), datetick(
'keepticks' ) %, xlim([725008 725008+365])

% 1st run

stnml = 'Docheon(mltm)’ ;
stnm2 = 'Myeongho(kwater)' ;
stnm3 = 'Jaesan(mltm)’ ;
stnm4 = 'Galsan(kwater)' ;
stnm5 = 'Bonghwa(kma)' ;

rl=Docheon_mitm_(:;,2);
r2=Myeongho_kwater (:,2);
r3=Jaesan_mitm_(:,2);
rd=Galsan_kwater_(:,2);
r5=cor_Bonghwa_kma_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, stnm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13 ] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );
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[ d15] = Func_distcalc( sthm1, stnm5);
%[ d16 ] = Func_distcalc( stnm1, sthnm6 );

% call function Func_idw.m
[ cor_Docheon_mitm_ ] = Func_idw_5pnts(r1, r2, r3, r4, r5, d12, d13, d14,
d15);

dnum = Docheon_mltm_(:,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, ‘XTick' ,[K]);

subplot(5,1,1), bar(dnum, cor_Docheon_mitm_), title(ostnm1), datetick(
'mm/dd/yyyy’ , ‘'keepticks' ) %, xlim([725008 725008+365])
subplot(5,1,2), bar(dnum, or2), title(ostnm2), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(5,1,3), bar(dnum, or3), title(ostnm3), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(5,1  ,4), bar(dnum, or4), title(ostnm4), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(5,1,5), bar(dnum, or5), title(ostnm4), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

% 2nd run

stnm3 = 'Docheon(mltm) ' ;
stnm2 = 'Myeongho(kwater)' ;
stnml = 'Jaesan(mltm)’ ;
stnm4 = 'Galsan(kwater)' ;
stnm5 = 'Bonghwa(kma)' ;

r3=Docheon_mitm_(;,2);
r2=Myeongho_kwater (:,2);
ri=Jaesan_mitm_(:,2);
rd=Galsan_kwater_(:,2);
r5=cor_Bonghwa_kma_;

% distance calculation using Function
% [ stdiskm ] = Func_distcalc( stnm1, sthm2)

[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15] = Func_distcalc( sthm1, stnm5);

%[ d16 ] = Func_distcalc( stnm1, sthnm6 );

% call function Func_idw.m
[ cor_Jaesan_mitm_ ] = Func_idw_5pnts(r1, r2, r3, r4, r5, d12, d13, d14,
d15);

dnum = Docheon_mltm_(:,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, ‘XTick' ,[K]);

subplot(5,1,1), bar(dnum, cor_Docheon_mitm_), title(ostnm1), datetick(
'mm/dd/yyyy" , ‘'keepticks' ) %, xlim([725008 725008+365])
subplot(5,1,2), bar(dnum, or2), title(ostnm2), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

205

X
'mm/dd/yyyy'
'mm/dd/yyyy'
'mm/dd/yyyy'

'mm/dd/yyyy'

D%

'mm/dd/yyyy'



subplot(5,1,3), bar(dnum, cor_Jaesan_mitm_), title(ostnm3), datetick( X,

‘'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(5,1,4), bar(dnum, or4), title(ostnm4), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(5,1,5), bar(dnum, or5), title(ostnmb), datetick( X' , ‘mm/ddlyyyy'

'keepticks' ) %, xlim([725008 725008+365])

% 3rd run

stnm3 = 'Docheon(mltm)’  ;
stnm2 = 'Myeongho(kwater)' ;
stnm4 = 'Jaesan(mltm)’ ;
sthnml = 'Galsan(kwater)' ;
stnm5 = 'Bonghwa(kma)' ;

r3=Docheon_mitm_(:,2);
r2=Myeongho_kwater (:,2);
rd=Jaesan_mitm_(;,2);
rl=Galsan_kwater_(:,2);
r5=cor_Bonghwa_kma_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( sthm1, sthm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13 ] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15] = Func_distcalc( sthm1, stnm5);

%[ d16 ] = Func_distcalc( stnm1, stnm6 );

% call function Func_idw.m
[ cor_Galsan_kwater ] = Func_idw_5pnts(rl, r2, r3, r4, r5, d12, d13, d14,
d15);

dnum = Docheon_mltm_(:,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, "XTick' ,[K]);

subplot(5,1,1), bar(dnum, cor_Docheon_mitm_), title(ostnm1), datetick( X,
'mm/dd/yyyy" , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(5,1,2), bar(dnum, or2), title(ostnm2), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(5,1,3), bar(dnum, cor_Jaesan_mitm_), title(ostnm3), datetick( X,
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(5,1,4), bar(dnum, cor_Galsan_kwater ), title(ostnm4), datetick( "X
'mm/dd/yyyy" , ‘'keepticks' ) %, xlim([725008 725008+365])

subplot(5,1,5), bar(dnum, or5), title(ostnm5), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

% 4th run

stnm3 = 'Docheon(mltm)’  ;
stnml = 'Myeongho(kwater)' ;
stnm4 = 'Jaesan(mltm)’ ;
sthm2 = 'Galsan(kwater)' ;
stnm5 = 'Bonghwa(kma)' ;

r3=Docheon_mitm_(:,2);
rl=Myeongho_kwater (:,2);
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rd=Jaesan_mitm_(;,2);
r2=Galsan_kwater_(:,2);
r5=cor_Bonghwa_kma_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, stnm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15] = Func_distcalc( sthm1, stnm5 );

%[ d16 ] = Func_distcalc( stnm1, sthm6 );

% call function Func_idw.m
[ cor_Myeongho_kwater_ ] = Func_idw_5pnts(rl, r2, r3, r4, r5, d12, d13, d14,
d15);

%figure(), plot(dnum, cor_ MHkwater)

dnum = Docheon_mltm_(:,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, "XTick' ,[K]);

subplot(5,1,1), bar(dnum, cor_Docheon_mitm_), title(ostnm1), datetick(
'mm/dd/yyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(5,1,2), bar(dnum, cor_Myeongho_kwater ), title(ostnm2), datetick( X'
'mm/dd/lyyyy' , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(5,1,3), bar(dnum, cor_Jaesan_mitm_), title(ostnm3), datetick(
‘'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(5,1,4), bar(dnum, cor_Galsan_kwater ), title(ostnm4), datetick(
'mm/dd/yyyy' , ‘'keepticks' ) %, xlim([725008 725008+365])
subplot(5,1,5), bar(dnum, or5), title(ostnm5), datetick( X', 'mm/ddlyyyyt
'keepticks' ) %, xlim([725008 725008+365])

%% Group-5

stnml = 'Yuicheon(kwater)' ;

stnm2 = 'Yean2(mltm)' ;

stnm3 = 'Mijil(mltm)’ ;

stnm4 = 'Yean(kwater)' ;

stnm5 = 'Seokdong(mltm)' ;

stnm6 = 'Docheon(mltm)’ ;% for compensation

% for figure

ostnml=stnmi,;
ostnm2=stnmz2;
ostnm3=stnm3;
ostnm4=stnm4;
ostnm5=stnmb5;
ostnm6=stnm6;

[Yuicheon_kwater_, ~, ~] = xIsread(filename,stnm1 );
[Yean2_mltm_, ~, ~] = xIsread(filename,stnm2 );
[Mijil_mltm_, ~, ~] = xIsread(filename,stnm3);
[Yean_kwater_, ~, ~] = xIsread(filename,stnm4 );
[Seokdong_mlitm_, ~, ~] = xlIsread(filename,stnm5 );
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orl=Yuicheon_kwater (:,2);
or2=Yean2_mltm_(:,2);
or3=Mijil_mltm_(:,2);
ord=Yean_kwater_(:,2);
or5=Seokdong_mltm_(:,2);
or6=cor_Docheon_mitm_;

dnum = Yuicheon_kwater_(:,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, "XTick' ,[K]);
subplot(6,1,1), bar(dnum, orl), title(ostnm1), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,2), bar(dnum, or2), title(ostnm2), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,3), bar(dnum, or3), title(ostnm3), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,4), bar(dnum, or4), title(ostnm4), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,5), bar(dnum, or5), title(ostnm5), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,6), bar(dnum, or6), title(ostnm5), datetick(
'keepticks' ) %, xlim([725008 725008+365])

% 1st run

stnml1 = 'Yuicheon(kwater)' ;
stnm2 = 'Yean2(mltm)' ;
stnm3 = 'Mijil(mltm)’ ;
stnm4 = 'Yean(kwater)' ;
stnm5 = 'Seokdong(mltm)’ ;
stnm6 = 'Docheon(mltm)’ ;

rl=Yuicheon_kwater_(:,2);
r2=Yean2_mitm_(:,2);
r3=Mijil_mltm_(:,2);
rd=Yean_kwater_(:,2);
r5=Seokdong_mltm_(:,2);
ré=cor_Docheon_mitm_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, sthm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( stnhm1, stnm4 );

[ d15] = Func_distcalc( sthm1, stnm5 );

[ d16 ] = Func_distcalc( stnm1, stnm6 );

% call function Func_idw.m

[ cor_Yuicheon_kwater_] = Func_idw_6pnts(rl, r2, r3, r4, r5, r6, d12, d13,

d14, d15, d16);

dnum = Yuicheon_kwater_(:,1);
figure() % 2001 upstream
k=725008:365:735964;, set(gca, ‘XTick' ,[K]);
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subplot(6,1,1), bar(dnum, cor_Yuicheon_kwater ), title(ostnm1), datetick( X'

‘'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1 ,2), bar(dnum, or2), title(ostnm2), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,3), bar(dnum, or3), title(ostnm3), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,4), bar(dnum, or4), title(ostnm4), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,5), bar(dnum, or5), title(ostnm5), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,6), bar(dnum, or6), title(ostnm6), datetick( X', 'mm/ddlyyyy'

'keepticks' ) %, xlim([725008 725008+365])

% 2nd run

stnm3 = "Yuicheon(kwater)' ;
sthm2 = 'Yean2(mltm)'

stnm1 = 'Mijil(mltm)’

stnm4 = 'Yean(kwater)' ;
stnm5 = 'Seokdong(mltm)' ;
sthnm6 = 'Docheon(mltm)’

r3=Yuicheon_kwater_(:,2);
r2=Yean2_mitm_(:,2);
r1=Mijil_mitm_(:,2);
rd=Yean_kwater_(:,2);
r5=Seokdong_mltm_(:,2);
ré=cor_Docheon_mitm_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( sthm1, stnm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15] = Func_distcalc( stnhm1, stnm5);

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m
[ cor_Mijil_mltm_ ] = Func_idw_6pnts(r1, r2, r3, r4, r5, r6, d12, d13, di4,
d15, di16);

dnum = Yuicheon_kwater_(:,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, ‘XTick' ,[K]);

subplot(6,1,1), bar(dnum, cor_Yuicheon_kwater ), title(ostnm1), datetick( X'
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplo t(6,1,2), bar(dnum, or2), title(ostnm2), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,3), bar(dnum, cor_Mijil_mltm_), title(ostnm3), datetick( X,
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,4), bar(dnum, or4), title(ostnm4), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,5), bar(dnum, or5), title(ostnm5), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,6), bar(dnum, or6), title(ostnm6), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])
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% 3rd run

stnm3 = "Yuicheon(kwater)' ;
stnml = 'Yean2(mltm)' ;
stnm2 = 'Mijil(mltm)’ ;
stnm4 = 'Yean(kwater)' ;
stnm5 = 'Seokdong(mltm)’ ;
stnm6 = 'Docheon(mltm)’ ;

r3=Yuicheon_kwater_(:,2);
ri=Yean2_mitm_(;,2);
r2=Mijil_miltm_(:,2);
rd=Yean_kwater_(:,2);
r5=Seokdong_mltm_(:,2);
ré=cor_Docheon_mitm_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, sthm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15] = Func_distcalc( stnhm1, stnm5);

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m
[ cor_Yean2_mitm_]= Func_idw_6pnts(rl, r2, r3, r4, r5, r6, d12, d13, d14,
d15, d16);

dnum = Yuicheon_kwater_(:,1);
figure() % 2001 upstream

k=725008:365:735964;, set(gca, ‘XTick' ,[K]);

subplot(6,1,1), bar(dnum, cor_Yuicheon_kwater ), title(ostnm1), datetick( 'X
'mm/dd/yyyy’ , ‘'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,2), bar(dnum, cor_Yean2_mltm_), title(ostnm2), datetick( X,
'mm/dd/yyyy' , ‘'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,3), bar(dnum, cor_Mijil_mltm_), title(ostnm3), datetick( X,
'mm/dd/yyyy" , ‘'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,4), bar(dnum, or4), title(ostnm4), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,5), bar(dnum, or5), title(ostnm5), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1 ,6), bar(dnum, or6), title(ostnm6), datetick( X', 'mm/ddlyyyy'

'keepticks' ) %, xlim([725008 725008+365])

% 4th run

stnm3 = "Yuicheon(kwater)' ;
stnm4 = 'Yean2(mltm)' ;
stnm2 = 'Mijil(mltm)’ ;
stnml = 'Yean(kwater)' ;
stnm5 = 'Seokdong(mltm)’ ;
stnm6 = 'Docheon(mltm)’ ;

r3=Yuicheon_kwater_(:,2);
rd=Yean2_mitm_(;,2);
r2=Mijil_mltm_(:,2);
ri=Yean_kwater_(:,2);
r5=Seokdong_mltm_(:,2);
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ré=cor_Docheon_mitm_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, sthm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15] = Func_distcalc( stnhm1, stnm5 );

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m
[ cor_Yean_kwater_ ] = Func_idw_6pnts(rl, r2, r3, r4, r5, r6, d12, d13, d14,
d15, d16);

dnum = Yuicheon_kwater_(:,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, ‘XTick' ,[K]);
subplot(6,1,1), bar(dnum, cor_Yuicheon_kwater ), title(ostnm1), datetick( X'
'mm/dd/lyyyy ', ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,2), bar(dnum, cor_Yean2_mltm_), title(ostnm2), datetick( X,
'mm/dd/yyyy' , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,3), bar(dnum, cor_Mijil_mltm_), title(ostnm3), datetick( X,
'mm/dd/lyyyy ', ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,4), bar(dnum, cor_Yean_kwater ), title(ostnm4), datetick(
'mm/dd/yyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,5), bar(dnum, or5), title(ostnm5), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,6), bar(dnum, or6), title(ostnm6), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

% 5th run

stnm3 = 'Yuicheon(kwater)' ;
stnm4 = 'Yean2(mltm)' ;
stnm2 = 'Mijil(mltm)’ ;
stnm5 = 'Yean(kwater)' ;
stnml = 'Seokdong(mltm)' ;
stnm6 = 'Docheon(mltm)’ ;

r3=Yuicheon_kwater_(:,2);
rd=Yean2_mitm_(:,2);
r2=Mijil_mltm_(:,2);
r5=Yean_kwater_(:,2);
r1=Seokdong_mltm_(:,2);
ré=cor_Docheon_miltm_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, stnm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( stnm1, stnm4 );

[ d15] = Func_distcalc( sthm1, stnm5);

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m
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[ cor_Seokdong_mltm_ ] = Func_idw_6pnts(rl, r2, r3, r4, r5, r6, d12, d13,
d14, di5, d16);

dnum = Yuicheon_kwater_(:,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, ‘XTick' ,[K]);
subplot(6,1,1), bar(dnum, cor_Yuicheon_kwater ), title(ostnm1), datetick( X'
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,2), bar(dnum, cor_Yean2_mltm_), title(ostnm2), datetick( X,
‘'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,3), bar(dnum, cor_Mijil_mltm_), title(ostnm3), datetick( X,
'mm/dd/yyyy' , ‘'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,4), bar(dnum, cor_Yean_kwater ), title(ostnm4), datetick( X,
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,5), bar(dnum, cor_Seokdong_mltm_), title(ostnm5), datetick( X'
'mm/dd/yyyy' , ‘'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,6), bar(dnum, or6), title(ostnm6), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

%% Group-6

stnml = 'Andong(kma)’ ;
stnm2 = 'Andong(mltm)’
stnm3 = 'Seokdong(mltm)'
stnm4 = 'Imdong(mltm)’ ;

% for figure

ostnml=stnmi,;
ostnm2=stnm2;
ostnm3=stnm3;
ostnm4=stnm4;

[Andong_kma_, ~, ~] = xIsread(filename,stnm1 );
[Andong_mltm_, ~, ~] = xIsread(filename,stnm2 );
[Imdong_mitm_, ~, ~] = xlsread(filename,stnm4 );

orl=Andong_kma_(:,2);
or2=Andong_mltm_(:,2);
or3=cor_Seokdong_mltm_;
ord=Imdong_mlitm_(:,2);

dnum = Andong_mltm_(:,1);
figure() % 2001 upstream

k=725008:365:735964;, set(gca, "XTick' ,[K]);

subplot(4,1,1), bar(dnum, orl), title(ostnm1), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,2), bar(dnum, or2), title(ostnm2), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,3), bar(dnum, or3), title(ostnm3), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,4), bar(dnum, or4), title(ostnm4), datetick( X', 'mm/ddlyyyy'

'keepticks' ) %, xlim([725008 725008+365])
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% 1st run

stnml = 'Andong(kma)’ ;
sthm2 = 'Andong(mltm)" ;
stnm3 = 'Seokdong(mltm)’ ;
stnm4 = 'Imdong(mltm)’ ;

rl=Andong_kma_(:,2);
r2=Andong_mltm_(:,2);
r3=cor_Seokdong_mitm_;
rd=Imdong_mitm_(:,2);

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( sthm1, stnm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

% call function Func_idw.m
[ cor_Andong_kma_]= Func_idw_4pnts(rl, r2, r3, r4, d12, d13, d14);

dnum = Andong_kma_(;,1);
figure() % 2001 upstream

k=725008:365:735964;, set(gca, " XTick' | [KD);

subplot(4,1,1), bar(dnum, cor_Andong_kma_), title(ostnm1), datetick( X,
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,2), bar(dnum, or2), title(ostnm2), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,3), bar(dnum, or3), title(ostnm3), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,4), bar(dnum, or4), title(ostnm4), datetick( X', 'mm/ddlyyyy'

'keepticks' ) %, xlim([725008 725008+365])

% 2nd run

stnm2 = 'Andong(kma)’ ;
sthml = 'Andong(mltm)" ;
stnm3 = 'Seokdong(mltm)’ ;
stnm4 = 'Imdong(mltm)’ ;

r2=cor_Andong_kma_;
ri1=Andong_mltm_(:,2);
r3=cor_Seokdong_mitm_;
rd=Imdong_mitm_(:,2);

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( sthm1, sthm2 )
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

% call function Func_idw.m
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[ cor_Andong_mitm_ ] = Func_idw_4pnts(rl, r2, r3, r4, d12, d13, d14);

dnum = Andong_kma_(;,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, "XTick' ,[K]);
subplot(4,1,1), bar(dnum, cor_Andong_kma_), title(ostnm1), datetick(
'mm/dd/yyyy" , ‘'keepticks' ) %, xlim([725008 725008+365])
subplot(4,1,2), bar(dnum, cor_Andong_mlitm ), title(ostnm?2),
'mm/dd/yyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(4,1,3), bar(dnum, or3), title(ostnm3), datetick(

'keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,4), bar(dnum, or4), title(ostnm4), datetick(

'keepticks' ) %, xlim([725008 725008+365])

% 3rd run

stnm2 = 'Andong(kma)’ ;
stnm4 = 'Andong(mltm)" ;
stnm3 = 'Seokdong(mltm)’
stnml = ‘Imdong(mltm)’

r2=cor_Andong_kma_;
rd=cor_Andong_mltm_;
r3=cor_Seokdong_mitm_;
rl=Imdong_mitm_(:,2);

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, stnm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

% call function Func_idw.m
[ cor_Imdong_mitm_ ] = Func_idw_4pnts(rl, r2, r3, r4, d12, d13, d14);

dnum = Andong_kma_(:,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, "XTick' ,[K]);

subplot(4,1,1), bar(dnum, cor_Andong_kma_), title(ostnm1), datetick(
'mm/dd/yyyy" , ‘'keepticks' ) %, xlim([725008 725 008+365])
subplot(4,1,2), bar(dnum, cor_Andong_mltm_), title(ostnm?2), datetick(
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(4,1,3), bar(dnum, cor_Seokdong_mltm ), title(ostnm3), datetick(
'mm/dd/yyyy" , ‘'keepticks' ) %, xlim([725008 725008+365])
subplot(4,1,4), bar(dnum, cor_Imdong_mlitm_), title(ostnm4), datetick(
'mm/dd/yyyy" , ‘'keepticks' ) %, xlim([725008 725008+365])

%% Group-7

stnml = 'Jinbo2(kwater)'
stnm2 = 'Seokbo(kwater)' ;
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stnm3 = 'Yeongyang(kwater)' ;
stnm4 = 'Imdong(mltm)’ ;

% for figure

ostnml=stnmi,;
ostnm2=stnmz2;
ostnm3=stnm3;
ostnm4=stnm4;

[Jinbo2_kwater_, ~, ~] = xIsread(filename,stnm1 );
[Seokbo_kwater , ~, ~] = xIsread(filename,stnm2 );
[Yeongyang_ kwater_, ~, ~] = xlIsread(filename,stnm3 );
%[IDmltm, ~, ~] = xIsread(filename,sthm4 );

orl=Jinbo2_kwater (;,2);
or2=Seokbo_kwater_(:,2);
or3=Yeongyang_kwater_(:,2);
ord=cor_Imdong_mitm_;

dnum = Jinbo2_kwater_(:,1);
figure() % 2001 upstream

k=725008:365:735964;, set(gca, "XTick' ,[K]);

subplot(4,1,1), bar(dnum, orl), title(ostnm1), datetick( X', 'mm/ddlyyyyt
'keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,2), bar(dnum, or2), title(ostnm2), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,3), bar(dnum, or3), title(ostnm3), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,4), bar(dnum, or4), title(ostnm4), datetick( X', 'mm/ddlyyyy'

'keepticks' ) %, xlim([725008 725008+365])

% 1st run

stnml = 'Jinbo2(kwater)' ;
stnm2 = 'Seokbo(kwater)' ;

st nm3 ="Yeongyang(kwater)' ;
stnm4 = 'Imdong(mltm)’ ;

ri=Jinbo2_kwater (:,2);
r2=Seokbo_kwater_(:,2);
r3=Yeongyang_kwater_ (:,2);
rd=cor_Imdong_mltm_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, stnm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( stnm1, stnm4 );

% call function Func_idw.m
[ cor_Jinbo2_kwater_]= Func_idw_4pnts(rl, r2,r3, r4, d12, d13, d14);

dnum = Jinbo2_kwater_(:,1);
figure() % 2001 upstream
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k=725008:365:735964;, set(gca, "XTick' ,[K]);

subplot(4,1,1), bar(dnum, cor_Jinbo2_kwater ), title(ostnm1), datetick(
'mm/dd/yyyy" , ‘'keepticks' ) %, xlim([725008 725008+365])
subplot(4,1,2), bar(dnum, or2), title(ostnm2), datetick(

'keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,3), bar(dnum, or3), title(ostnm3), datetick(

'keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,4), bar(dnum, or4), title(ostnm4), datetick(

'keepticks' ) %, xlim([725008 725008+365])

% 2nd run

stnm2 = 'Jinbo2(kwater)'

stnml = 'Seokbo(kwater)' ;
stnm3 = 'Yeongyang(kwater)' ;
stnm4 = 'Imdong(mltm)’ ;

r2=cor_Jinbo2_kwater_;
ri=Seokbo_kwater_(:,2);
r3=Yeongyang_kwater_ (:,2);
rd=cor_Imdong_mltm_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, stnm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

% call function Func_idw.m

[ cor_Seokbo_kwater_ ] = Func_idw_4pnts(r1, r2, r3, r4, d12, d13, d14);

dnum = Jinbo2_kwater_(:,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, "XTick' ,[K]);

subplot(4,1,1), bar(dnum, cor_Jinbo2_kwater ), title(ostnm1), datetick(
'mm/dd/yyyy" , ‘'keepticks' ) %, xlim([725008 725008+365])
subplot(4,1,2), bar(dnum, cor_Seokbo_kwater ), title(ostnm?2), datetick(
'mm/dd/yyyy" , ‘'keepticks' ) %, xlim([725008 725008+365])
subplot(4,1,3), bar(dnum, or3), title(ostnm3), datetick(

'keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,4), bar(dnum, or4), title(ostnm4), datetick(

'keepticks' ) %, xlim([725008 725008+365])

% 3rd run

stnm2 = 'Jinbo2(kwater)'

stnm3 = 'Seokbo(kwater)'

stnml = 'Yeongyang(kwater)' ;
stnm4 = 'Imdong(mltm)’ ;

r2=cor_Jinbo2_kwater_;
r3=cor_Seokbo_kwater_;
rl=Yeongyang_kwater_ (:,2);
rd=cor_Imdong_mltm_;
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% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, stnm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14]=Func_distcalc( stnml, stnm4 );

% call function Func_idw.m
[ cor_Yeongyang_kwater_] = Func_idw_4pnts(r1, r2, r3, r4, d12, d13, d14);

dnum = Jinbo2_kwater_(:,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, ‘XTick' ,[K]);

subplot(4,1  ,1), bar(dnum, cor_Jinbo2_kwater ), title(ostnm1), datetick( X'
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,2), bar(dnum, cor_Seokbo_kwater_), title(ostnm?2), datetick( X'
'mm/dd/lyyyy' , ‘keepticks' ) %, xlim([725008 725008+365])

subpl ot(4,1,3), bar(dnum, cor_Yeongyang_kwater ), title(ostnm3), datetick(

'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,4), bar(dnum, or4), title(ostnm4), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

%% Group-8

stnml = 'Subi2(kwater)' ;
stnm2 = 'llweol(kwater)' ;
stnm3 = 'Subi(mltm)’ ;

stnm4 = 'Yeongyang(kwater)' ;

% for figure

ostnml=stnmi,;
ostnm2=stnmz2;
ostnm3=stnm3;
ostnm4=stnm4;

[Subi2_kwater , ~, ~] = xIsread(filename,stnm1 );
[llweol_kwater , ~, ~] = xIsread(filename,stnm2 );
[Subi_mltm_, ~, ~] = xIsread(filename,stnm3);
%[IDmltm, ~, ~] = xIsread(filename,sthm4 );

orl=Subi2_kwater_(:,2);
or2=llweol_kwater_(:,2);
or3=Subi_mltm_(:,2);
ord=cor_Yeongyang_kwater_;

dnum = Subi2_kwater_(:,1);
figure() % 2001 upstream

k=725008:365:735964;, set(gca, "XTick' ,[K]);

subplot(4,1,1), bar(dnum, orl), title(ostnm1), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,2), bar(dnum, or2), title(ostnm2), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,3), bar(dnum, or3), title(ostnm3), datetick( X', 'mm/ddlyyyy'

'keepticks' ) %, xlim([725008 725008+365])
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subplot(4,1,4), bar(dnum, or4), title(ostnm4), datetick(
'keepticks' ) %, xlim([725008 725 008+365])

% 1st run
stnml = 'Subi2(kwater)' ;
stnm2 = 'llweol(kwater)' ;

stnm3 = 'Subi(mltm)’ ;
stnm4 = 'Yeongyang(kwater)' ;

r1=Subi2_kwater_(:,2);
r2=llweol_kwater_(:,2);
r3=Subi_mitm_(;,2);
rd=cor_Yeongyang_kwater_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( sthm1, stnm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

% call function Func_idw.m
[ cor_Subi2_kwater_]= Func_idw_4pnts(rl, r2, r3, r4,

dnum = Subi2_kwater_(;,1);
figure() % 2001 upstream
k=725008:365:735964;, set(gca, ‘XTick' ,[K]);

subplot(4,1,1), bar(dnum, cor_Subi2_kwater_), title(ostnm1), datetick(
'mm/dd/yyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(4,1  ,2), bar(dnum, or2), title(ostnm2), datetick(

'keepticks' ) %, xlim([725008 725008+365])
subplot(4,1,3), bar(dnum, or3), title(ostnm3), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(4,1,4), bar(dnum, or4), title(ostnm4), datetick(
'keepticks' ) %, xlim([725008 725008+365])

% 2nd run

stnm2 = 'Subi2(kwater)' ;
stnml = 'llweol(kwater)' ;
stnm3 = 'Subi(mltm)’ ;

stnm4 = 'Yeongyang(kwater)' ;

r2=cor_Subi2_kwater_;
rl=llweol_kwater_(:,2);
r3=Subi_mltm_(:,2);
rd=cor_Yeongyang_kwater_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( sthm1, sthm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);
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[ d14 ] = Func_distcalc( sthm1, stnm4 );

% call function Func_idw.m
[ cor_llweol_kwater_ ] = Func_idw_4pnts(rl, r2, r3, r4, d12, d13, d14);

dnum = Subi2_kwater_(:,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, "XTick' ,[K]);

subplot(4,1,1), bar(dnum, cor_Subi2_kwater ), title(ostnm1), datetick(
'mm/dd/yyyy" , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(4,1,2), bar(dnum, cor_llweol_kwater_), title(ostnm?2), datetick(
'mm/dd/yyyy" , ‘'keepticks' ) %, xlim([725008 725008+365])
subplot(4,1,3), bar(dnum, or3), title(ostnm3), datetick(
'keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,4), bar(dnum, or4), title(ostnm4), datetick(

'keepticks' ) %, xlim([725008 725008+365])

% 3rd run

sthm2 = 'Subi2(kwater)' ;
stnm3 = 'llweol(kwater)' ;
stnml = 'Subi(mltm)’ ;

stnm4 = 'Yeongyang(kwater)' ;

r2=cor_Subi2_kwater_;
r3=cor_llweol_kwater_;
r1=Subi_miltm_(:,2);
rd=cor_Yeongyang_kwater_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, stnm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

% call function Func_idw.m
[ cor_Subi_mltm_ ] = Func_idw_4pnts(r1, r2, r3, r4, d12, d13, d14);

dnum = Subi2_kwater_(:,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, "XTick' ,[K]);

subplot(4,1,1), bar(dnum, cor_Subi2_kwater ), title(ostnm1), datetick(
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(4,1,2), bar(dnum, cor_llweol_kwater ), title(ostnm?2), datetick(
'mm/dd/yyyy" , ‘'keepticks' ) %, xlim([725008 725008+365])
subplot(4,1,3), bar(dnum, cor_Subi_mltm_), title(ostnm3), datetick(
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(4,1,4), bar(dnum, or4), title(ostnm4), datetick(

'keepticks' ) %, xlim([725008 725008+365])

% finished missing data filling
% close all;
%%
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%0%%%%%0%0% %% %% %0%0% %% % %% %% % %% %% %0 %% %% % %% %% % %% %% %0 %0 % % %% %0 %0 %0 % %% % %6 %0 %0 %0 % %
% for basin 2002 %%%%%%%%% %% %% %%%%0%% % %% %%0%0% % %% %% %0% % %% %% %% % %% % %% %% %% %%
%0%% %% %% %% %% %% %% %% % %% %0 %0 %% % %% %0 %% %% % %% %0 % % % % %% %0 %% % % % %% %0 % %% % %% %0 %0 % %
close all

% Group -9

stnml = 'Giran(mitm)’ ;

stnm2 = 'Imdong(mltm)’ ;

stnm3 = 'Jinbo2(kwater)' ;
stnm4 = 'Cheongsong(kwater)' ;

% for figure

ostnml=stnmi,;
ostnm2=stnmz2;
ostnm3=stnm3;
ostnm4=stnm4;

[Giran_mitm_, ~, ~] = xIsread(filename,stnm1 );
%][llweol_kwater, ~, ~] = xIsread(filename,stnm2 );
[Jinbo2_kwater_, ~, ~] = xIsread(filename,stnm3 );
[Cheongsong_kwater_, ~, ~] = xIsread(filename,stnm4 );

orl=Giran_mitm_(:,2);
or2=cor_Ilmdong_mitm_;
or3=Jinbo2_kwater_{(:,2);
or4=Cheongsong_kwater_(:,2);

dnum = Giran_mltm_(:,1);
figure() % 2001 upstream

k=725008:365:735964;, set(gca, "XTick' ,[K]);

subplot(4,1,1), bar(dnum, orl), title(ostnm1), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,2), bar(dnum, or2), title(ostnmz2), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,3), bar(dnum, or3), title(ostnm3), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(4,1  ,4), bar(dnum, or4), title(ostnm4), datetick( X', 'mm/ddlyyyy'

'keepticks' ) %, xlim([725008 725008+365])

% 1st run

stnml = 'Giran(mitm)’ ;

stnm2 = 'Imdong(mltm)’ ;

stnm3 = 'Jinbo2(kwater)' ;
stnm4 = 'Cheongsong(kwater)' ;

ri=Giran_mltm_(:,2);
r2=cor_Imdong_mltm_;
r3=Jinbo2_kwater_(:,2);
r4=Cheongsong_kwater_(:,2);

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( sthm1, sthm2)
[ d12 ] = Func_distcalc( sthm1, stnm2 );

[ d13 ] = Func_distcalc( sthm1, stnm3);
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[ d14 ] = Func_distcalc( sthm1, stnm4 );

% call function Func_idw.m
[ cor_Giran_mltm_ ] = Func_idw_4pnts(rl, r2, r3, r4, d12, d13, d14);

dnum = Giran_mltm_(:,1);
figure() % 2001 upstream

k=725008:365:735964;, set(gca, "XTick' ,[K]);

subplot(4,1,1), bar(dnum, cor_Giran_mltm_), title(ostnm1), datetick( X,
'mm/dd/yyyy" , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,2), bar(dnum, or2), title(ostnm2), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,3), bar(dnum, or3), title(ostnm3), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,4), bar(dnum, or4), title(ostnm4), datetick( X', 'mm/ddlyyyy'

'keepticks' ) %, xlim([725008 725008+365])

% 2nd run

sthm3 = 'Giran(mltm)’ ;

stnm2 = 'Imdong(mltm)’ ;

stnml = 'Jinbo2(kwater)' ;
stnm4 = 'Cheongsong(kwater)' ;

r3=cor_Giran_mltm_;
r2=cor_Imdong_mltm_;
ri=Jinbo2_kwater_(:,2);
r4=Cheongsong_kwater_(:,2);

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, stnm2)

[ d12 ] = Func_distcalc( stnml, stnm2);
[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

% call function Func_idw.m
[ cor_Jinbo2_kwater_]= Func_idw_4pnts(rl, r2,r3, r4, d12, d13, d14);

dnum = Giran_mltm_(:,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, "XTick' ,[K]);

subplot(4,1,1), bar(dnum, cor_Giran_mltm_), title(ostnm1), datetick( X,
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,2), bar(dnum, or2), title(ostnm2), datetick( X', 'mm/ddlyyyy’
'keepticks ") %, xlim([725008 725008+365])

subplot(4,1,3), bar(dnum, cor_Jinbo2_kwater ), title(ostnm3), datetick( X'
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,4), bar(dnum, or4), title(ostnm4), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

% 3rd run
sthm3 = 'Giran(mltm)’ ;
stnm2 = ‘Imdong(mltm)’ ;
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stnm4 = 'Jinbo2(kwater)' ;
stnml = 'Cheongsong(kwater)' ;

r3=cor_Giran_mltm_;
r2=cor_Imdong_mltm_;
r4=cor_Jinbo2_kwater_;
r1=Cheongsong_kwater_(:,2);

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, stnm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

% call function Func_idw.m
[ cor_Cheongsong_kwater_ ] = Func_idw_4pnts(rl, r2, r3, r4, d12, d13, d14);

dnum = Giran_mltm_(:,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, "XTick' ,[K]);

subplot(4,1,1), bar(dnum, cor_Giran_mltm_), title(ostnm1), datetick( X,
'mm/dd/yyyy' , ‘keepticks' ) %, xlim([725008 725008+36 5])

subplot(4,1,2), bar(dnum, or2), title(ostnm2), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,3), bar(dnum, cor_Jinbo2_kwater ), title(ostnm3), datetick( X'
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,4), bar(dnum, cor_Cheongsong_kwater ), title(ostnm4),

datetick(  'x' , 'mm/ddlyyyy’ , ‘'keepticks' ) %, xlim([725008 725008+365])

% Group - 10

stnml = 'Budong(kwater)' ;
stnm2 = 'Bunam(kwater)' ;
stnm3 = 'Dopyeong(mltm)’ ;
stnm4 = 'Cheongsong(kwater)' X

% for figure

ostnml=stnmi,;
ostnm2=stnm2;
ostnm3=stnm3;
ostnm4=stnm4;

[Budong_kwater_, ~, ~] = xlsread(filename,stnm1);
[Bunam_kwater_, ~, ~] = xIsread(filename,stnm2 );
[Dopyeong_mltm_, ~, ~] = xIsread(filename,stnm3 );
%[Cheongsong_kwater_, ~, ~] = xIsread(filename,stnm4 );

orl=Budong_kwater (:,2);
or2=Bunam_kwater_(:,2);
or3=Dopyeong_mitm_(:,2);
ord=cor_Cheongsong_kwater_;
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dnum = Giran_mltm_(;,1);
figure() % 2001 upstream

k=725008:365:735964;, set(gca, ‘XTick' ,[K]);

subplot(4,1,1), bar(dnum, orl), title(ostnm1), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,2), bar(dnum, or2), title(ostnm2), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,3), bar(dnum, or3), title(ostnm3), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,4), bar(dnum, or4), title(ostnm4), datetick( X,

'keepticks' ) %, xlim([725008 725008+365])

% 1st run

stnml = 'Budong(kwater)' ;
stnm2 = 'Bunam(kwater)' ;
stnm3 = 'Dopyeong(mltm)’
stnm4 = 'Cheongsong(kwater)'

r1=Budong_kwater (:,2);
r2=Bunam_kwater_(:,2);
r3=Dopyeong_mitm_(:,2);
rd=cor_Cheongsong_kwater_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( sthm1, stnm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

% call function Func_idw.m
[ cor_Budong_kwater ] = Func_idw_4pnts(rl, r2, r3, r4, d12, d13, d14);

dnum = Giran_mltm_(;,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, ‘XTick' ,[K]);

subplot(4,1,1), bar(dnum, cor_Budong_kwater ), title(ostnm1), datetick(
'mm/dd/yyyy" , ‘'keepticks' ) %, xlim([725008 725008+365])
subplot(4,1,2), bar(dnum, or2), title(ostnm2), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,3), bar(dnum, or3), title(ostnm3), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,4), bar(dnum, or4), title(ostnm4), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

% 2nd run

stnm2 = 'Budong(kwater)' ;
stnml = 'Bunam(kwater)' ;
stnm3 = 'Dopyeong(mltm)’
stnm4 = 'Cheongsong(kwater)'

r2=cor_Budong_kwater_;
r1=Bunam_kwater_(:,2);
r3=Dopyeong_mitm_(:,2);
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rd=cor_Cheongsong_kwater_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, stnm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

% call function Func_idw.m
[ cor_Bunam_kwater ] = Func_idw_4pnts(rl, r2, r3, r4, d12, d13, d14);

dnum = Giran_mltm_(;,1);
figure() % 2001 upstream

k=725008:365:735964;, set(gca, "XTick' ,[K]);

subplot(4,1,1), bar(dnum, cor_Budong_kwater ), title(ostnm1), datetick( X'
'mm/dd/lyyyy' , ‘'keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,2), bar(dnum, cor_Bunam_kwater ), title(ostnm2), datetick( X,
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,3), bar(dnum, or3), title(ostnm3), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365 )

subplot(4,1,4), bar(dnum, or4), title(ostnm4), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

% 3rd run

stnm2 = 'Budong(kwater)' ;

stnm3 = 'Bunam(kwater)' ;

stnml1 = 'Dopyeong(mltm)’ ;

stnm4 = 'Cheongsong(kwater)' X

r2=cor_Budong_kwater_;

r3=cor_Bunam_kwater_;

r1=Dopyeong_mitm_(:,2);

rd=cor_Cheongsong_kwater_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, stnm2)

[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

% call function Func_idw.m

[ cor_Dopyeong_mitm_ ] = Func_idw_4pnts(r1, r2, r3, r4, d12, d13, d14);

dnum = Giran_mltm_(:,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, "XTick' ,[K]);

subplot(4,1,1), bar(dnum, cor_Budong_kwater ), title(ostnm1), datetick( X'
'mm/dd/yyyy' , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,2), bar(dnum, cor_Bunam_kwater ), title(ostnm2), datetick( X,
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
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subplot(4,1,3), bar(dnum, cor_Dopyeong_mltm_), title(ostnm3), datetick(
‘'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(4,1,4), bar(dnum, or4), title(ostnm4), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

% Group - 11

stnml = 'Gasa(kwater)' ;
stnm2 = 'Hyeonnae(kwater)' ;
stnm3 = 'Hwabuk2(mltm)" ;
stnm4 = 'Dopyeong(mitm)’ ;
stnm5 = 'Bunam(kwater)' ;

% for figure

ostnml=stnmi,;
ostnm2=stnmz2;
ostnm3=stnm3;
ostnm4=stnm4;
ostnm5=stnmb5;

[Gasa_kwater_, ~, ~] = xIsread(filename,stnm1 );
[Hyeonnae_kwater_, ~, ~] = xIsread(filename,stnm2 );
[Hwabuk2_mitm_, ~, ~] = xIsread(filename,stnm3);
%[Cheongsong_kwater_, ~, ~] = xlIsread(filename,stnm4 );

orl=Gasa_kwater (:,2);
or2=Hyeonnae_kwater_(:,2);
or3=Hwabuk2_mltm_(:,2);
ord=cor_Dopyeong_mitm_;
or5=cor_Bunam_kwater_;

dnum = Giran_mltm_(;,1);
figure() % 2001 upstream

k=725008:365:735964;, set(gca, ‘XTick' ,[K]);

subplot(5,1,1), bar(dnum, orl), title(ostnm1), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(5,1,2), bar(dnum, or2), title(ostnm2), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(5,1,3), bar(dnum, or3), title(ostnm3), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(5,1  ,4), bar(dnum, or4), title(ostnm4), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(5,1,5), bar(dnum, or5), title(ostnm5), datetick( X,

'keepticks' ) %, xlim([725008 725008+365])

% 1st run

stnml = 'Gasa(kwater)' ;
stnm2 = 'Hyeonnae(kwater)' ;
stnm3 = 'Hwabuk2(mltm)" ;
stnm4 = 'Dopyeong(mltm)’ ;
stnm5 = 'Bunam(kwater)' ;

rl=Gasa_kwater_(:,2);
r2=Hyeonnae_kwater_(;,2);
r3=Hwabuk2_mitm_(:,2);
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rd=cor_Dopyeong_mltm_;
r5=cor_Bunam_kwater_;

% distance calculation using Function
% [ stdiskm ] = Func_distcalc( stnm1, sthm2)

[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15] = Func_distcalc( sthm1, stnm5 );

% call function Func_idw.m
[ cor_Gasa_kwater_ ] = Func_idw_5pnts(rl, r2, r3, r4, r5, d12, d13, d14,
d15);

dnum = Giran_mltm_(;,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, "XTick' ,[K]);

subplot(5,1,1), bar(dnum, cor_Gasa_kwater ), title(ostnm1), datetick( X,
'mm/dd/yyyy' , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(5,1,2), bar(dnum, or2), title(ostnm2), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(5,1,3), bar(dnum, or3), title(ostnm3), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(5,1,4), bar(dnum, or4), title(ostnm4), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(5,1,5), bar(dnum, or5), title(ostnm5), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365] )

% 2nd run

stnm3 = 'Gasa(kwater)' ;
stnm2 = 'Hyeonnae(kwater)' ;
stnml = 'Hwabuk2(mltm)" ;
stnm4 = 'Dopyeong(mltm)’ ;

r3=cor_Gasa_kwater_;
r2=Hyeonnae_kwater_(;,2);
ri=Hwabuk2_mitm_(:,2);
rd=cor_Dopyeong_mltm_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, sthm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

% call function Func_idw.m
[ cor_Hwabuk2_mitm_ ] = Func_idw_4pnts(r1, r2, r3, r4, d12, d13, d14);

dnum = Giran_mltm_(;,1);
figure() % 2001 upstream
k=725008:365:735964;, set(gca, ‘XTick' ,[K]);
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subplot(4,1,1), bar(dnum, cor_Gasa_kwater ), title(ostnm1), datetick( X,
‘'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,2), bar(dnum, or2), title(ostnm2), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,3), bar(dnum, cor_Hwabuk2_mitm_), title(ostnm3), datetick( X,
'mm/dd/yyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,4), bar(dnum, or4), title(ostnm4), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

% 3rd run

stnm3 = 'Gasa(kwater)' ;
stnml = 'Hyeonnae(kwater)' ;
stnm2 = 'Hwabuk2(mltm)" ;
stnm4 = 'Dopyeong(mltm)’ ;

r3=cor_Gasa_kwater_;
rl=Hyeonnae_kwater_(;,2);
r2=cor_Hwabuk2_mltm_;
rd=cor_Dopyeong_mltm_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( sthm1, stnm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

% call function Func_idw.m
[ cor_Hyeonnae_kwater ] = Func_idw_4pnts(rl, r2, r3, r4, d12, d13, d14);

dnum = Giran_mltm_(:,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, ‘XTick' ,[K]);

subplot(4,1,1), bar(dnum, cor_Gasa_kwater ), title(ostnm1), datetick( X,
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,2), bar(dnum, cor_Hyeonnae_kwater ), title(ostnm2), datetick( X'
'mm/dd/yyyy" , ‘'keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,3), bar(dnum, cor_Hwabuk2_mitm_), title(ostnm3), datetick( X,
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,4), bar(dnum, or4), title(ostnm4), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

% Group - 12

stnml = 'Hyeonseo(mltm)' ;
stnm2 = 'Seoksan(mltm)’ ;
stnm3 = 'Hwabuk2(mltm)" ;
stnm4 = 'Dopyeong(mltm)’ ;

% for figure

ostnml=stnmi,;
ostnm2=stnm2;
ostnm3=stnm3;
ostnm4=stnm4;
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[Hyeonseo_mltm_, ~, ~] = xIsread(filename,sthm1 );

[Seoksan_mitm_, ~, ~] = xIsread(filename,sthm2 );
%[Hwabuk2_mltm_, ~, ~] = xIsread(filename,stnm3);
%[Cheongsong_kwater_, ~, ~] = xlIsread(filename,stnm4 );

orl=Hyeonseo_mitm_(:,2);
or2=Seoksan_mitm_(:,2);
or3=cor_Hwabuk2_mltm_;
ord=cor_Dopyeong_mitm_;

dnum = Giran_mltm_(;,1);

figure() % 2001 upstream
k=725008:365:735964;, set(gca, ‘XTick' ,[K]);
subplot(4,1,1), bar(dnum, orl), title(ostnm1), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(4,1,2), bar(dnum, or2), title(ostnm2), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(4,1,3), bar(dnum, or3), title(ostnm3), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(4,1,4), bar(dnum, or4), title(ostnm4), datetick(
'keepticks' ) %, xlim([725008 725008+365] )

% 1st run

stnml = 'Hyeonseo(mltm)' ;
stnm2 = 'Seoksan(mltm)’ ;
stnm3 = 'Hwabuk2(mltm)" ;
stnm4 = 'Dopyeong(mltm)’ ;

rl=Hyeonseo_mltm_(:,2);
r2=Seoksan_mitm_(:,2);
r3=cor_Hwabuk2_mltm_;
rd=cor_Dopyeong_mltm_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, stnm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

% call function Func_idw.m
[ cor_Hyeonseo _miltm_ ] = Func_idw_4pnts(rl, r2, r3, r4, d12, d13, d14);

dnum = Giran_mltm_(;,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, "XTick' ,[K]);
subplot(4,1,1), bar(dnum, cor_Hyeonseo_mltm_), title(ostnm1), datetick(
'mm/dd/yyyy" , ‘'keepticks' ) %, xlim([725008 725008+365])
subplot(4,1,2), bar(dnum, or2), title(ostnm2), datetick(
'keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,3), bar(dnum, or3), title(ostnm3), datetick(

'keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,4), bar(dnum, or4), title(ostnm4), datetick(

'keepticks' ) %, xlim([725008 725008+365])
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% 2nd run

stnm2 = 'Hyeonseo(mltm)' ;
stnml = 'Seoksan(mltm)’ ;
stnm3 = 'Hwabuk2(mltm)" ;

stnm4 = 'Dopyeong(mltm) ;

r2=cor_Hyeonseo_mitm_;
rl=Seoksan_mitm_(:,2);
r3=cor_Hwabuk2_mltm_;
rd=cor_Dopyeong_mltm_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, sthm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

% call function Func_idw.m
[ cor_Seoksan_mitm_ ] = Func_idw_4pnts(rl, r2, r3, r4, d12, d13, d14);

dnum = Giran_mltm_(;,1);
figure() % 2001 upstream

k=725008:365:735964;, set(gca, ‘XTick' ,[K]);

subplot(4,1,1), bar(dnum, cor_Hyeonseo_mltm_), title(ostnm1), datetick( X'
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,2), bar(dnum, cor_Seoksan_mltm_), title(ostnm?2), datetick( X,
'mm/dd/yyyy' , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,3), bar(dnum, or3), title(ostnm3), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(4,1,4), bar(dnum, or4), title(ostnm4), datetick( X', 'mm/ddlyyyy'

'keepticks' ) %, xlim([725008 725008+365])

%% Group- 13

stnml = 'Andong(kma)’ ;
stnm2 = 'Andong(mltm)’ ;
stnm3 = 'Pungsan(mltm)’ ;
stnm4 = "lljik1(mltm)' ;
stnm5 = 'lljik2(mltm)’ ;
stnm6 = 'Seokdong(mltm)' ;

[Andong_kma_, ~, ~] = xIsread(filename,stnm1 );
[Andong_mltm_, ~, ~] = xIsread(filename,stnm2 );
[Pungsan_miltm_, ~, ~] = xIsread(filename,stnm3 );
[ljikl_mitm_, ~, ~] = xIsread(filename,stnm4 );
[jik2_mltm_, ~, ~] = xIsread(filename,stnm5 );

orl=Andong_kma_(:,2);
or2=Andong_mltm_(:,2);
or3=Pungsan_mltm_(:,2);
ord=lljik1_mitm_(:,2);
or5=lljik2_mitm_(:,2);
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or6=cor_Seokdong_mltm_;

dnum = Seokhyeon_mitm_(;,1);
figure() % 2001 upstream

k=725008:365:735964;, set(gca, "XTick' ,[K]);

subplot(6,1,1), bar(dnum, orl), title(stnm1), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,2), bar(dnum, or2), title(stnm2), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,3), bar(dnum, or3), title(stnm3), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,4), bar(dnum, or4), title(stnm4), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,5), bar(dnum, or5), title(stnm5), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,6), bar(dnum, or6), title(stnm6), datetick( X,

'keepticks' ) %, xlim([725008 725008+365])

% 1st run

stnml = 'Andong(kma)’
stnm2 = 'Andong(mltm)" ;
stnm3 = 'Pungsan(mltm)’ ;
stnm4 = 'lljik1(mltm)'

stnm5 = 'lljik2(mltm)’

stnm6 = 'Seokdong(mltm)’

rl=Andong_kma_(:,2);
r2=Andong_mltm_(:,2);
r3=Pungsan_mltm_{(;,2);
rd=lljikl_mitm_(;,2);
r5=lljik2_mitm_(:,2);
ré=cor_Seokdong_mitm_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, stnm2)

[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13 ] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( stnm1, stnm4 );

[ d15] = Func_distcalc( stnml, stnm5);
[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m
[ cor_Andong_kma_ ] = Func_idw_6pnts(rl, r2, r3, r4, r5, r6, d12, d13, d14,
di5, d16);

dnum = Seokhyeon_mltm_(:,1);

figure() % 2001 upstream

k=725008:365:735964;, se t(gca, 'XTick' ,[K]);
subplot(6,1,1), bar(dnum, cor_Andong_kma_), title(stnm1), datetick(

'mm/dd/yyyy" , ‘'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,2), bar(dnum, or2), title(stnm2), datetick( X,
'keepticks' ) %, xlim([725008 725008+ 365])

subplot(6,1,3), bar(dnum, or3), title(stnm3), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,4), bar(dnum, or4), title(stnm4), datetick( X,

'keepticks' ) %, xlim([725008 725008+365])
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subplot(6,1,5), bar(dnum, or5), title(stnm5), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,6), bar(dnum, or6), title(stnm6), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

% 2nd run

stnm2 = 'Andong(kma)’
stnml = 'Andong(mltm)" ;
stnm3 = 'Pungsan(mltm)’ ;
stnm4 = "lljik1(mltm)' ;
stnm5 = 'lljik2(mltm)’

stnm6 = 'Seokdong(mltm)’

r2=cor_Andong_kma_;
ri1=Andong_mltm_(:,2);
r3=Pungsan_mltm_{(:,2);
rd=lljikl_mitm_(:;,2);
r5=lljik2_mitm_(:,2);
ré=cor_Seokdong_mitm_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, stnm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13 ] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15] = Func_distcalc( sthm1, stnm5);

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m
[ cor_Andong_mitm_ ] = Func_idw_6pnts(rl, r2, r3, r4, r5, r6, d12, d13, d14,
di5, d16);

dnum = Seokhyeon_mlitm_(:,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, "XTick' ,[K]);

subplot(6,1,1), bar(dnum, cor_Andong_kma ), title(stnm1), datetick(
'mm/dd/yyyy" , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,2), bar(dnum, cor_Andong_mltm_), title(stnm2), datetick(
'mm/dd/yyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,3), bar(dnum, or3), title(stnm3), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,4), bar(dnum, or4), title(stnm4), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,5), bar(dnum, or5), title(stnm5), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,6), bar(dnum, or6), title(stnm6), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

% 3rd run

stnm2 = 'Andong(kma)’
stnm3 = 'Andong(mltm)’
stnml = 'Pungsan(mltm)’ ;
stnm4 = "lljik1(mltm)' ;
stnm5 = 'lljik2(mltm)’

sthnm6 = 'Seokdong(mltm)’
r2=cor_Andong_kma_;
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r3=cor_Andong_mitm_;
rl=Pungsan_mltm_{(:,2);
rd=lljikl_mitm_(:,2);
r5=lljik2_mitm_(:,2);
ré=cor_Seokdong_mitm_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, sthm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15] = Func_distcalc( sthm1, stnm5);

[ d16 ] = Func_distcalc( stnm1, stnm6 );

% call function Func_idw.m

[ cor_Pungsan_mitm_ ] = Func_idw_6pnts( r1, r2, r3, r4, r5, r6, d12, d13, d14,

d15,d16 );

dnum = Seokhyeon_mitm_(;,1);
figure() % 2001 upstream
k=725008:365:735964;, set(gca, ‘XTick'

subplot(6,1,1), bar(dnum, cor_Andong_kma_), title(stnm1), datetick(
'mm/dd/yyyy' , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,2), bar(dnum, cor_Andong_mltm_), title(stnm2), datetick(
'mm/dd/yyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,3), bar(dnum, cor_Pungsan_mltm_), title(stnm3), datetick(
'mm/dd/lyyyy' , ‘keepticks' ) %, xlim([725008 725008+365])

J[KD;

subplot(6,1,4), bar(dnum, or4), title(stnm4), datetick(

'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,5), bar(dnum, or5), title(stnm5), datetick(

'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,6), bar(dnum, or6), title(stnm6), datetick(

'keepticks' ) %, xlim([725008 725008+365])

% 4th run

stnm2 = 'Andong(kma)’ ;
stnm3 = 'Andong(mltm)" ;
stnm4 = 'Pungsan(mltm)’ ;
stnml = 'lljik1l(mltm)' ;
stnm5 = 'lljik2(mltm)’ ;
stnm6 = 'Seokdong(mltm)’ ;

r2=cor_Andong_kma_;
r3=cor_Andong_mitm_;
rd=cor_Pungsan_mitm_;
ri=lljikl_mitm_(:;,2);
r5=lljik2_mitm_(:,2);
ré=cor_Seokdong_mitm_;

% distance calculation using Function
% [ stdiskm ] = Func_distcalc( stnm1, stnm2)

[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15] = Func_distcalc( sthm1, stnm5);

[ d16 ] = Func_distcalc( sthm1, stnm6
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% call function Func_idw.m
[ cor_lljikl_miltm_ ] = Func_idw_6pnts(r1, r2, r3, r4, r5, r6, d12, d13, d14,
d15, d16);

dnum = Seokhyeon_mitm_(;,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, ‘XTick' ,[K]);

subplot(6,1,1), bar(dnum, cor_Andong_kma ), title(stnm1), datetick( X,
'mm/dd/yyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,2), bar(dnum, cor_Andong_mltm_), title(stnm2), datetick( X,
'mm/dd/yyyy' , ‘'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,3), bar(dnum, cor_Pungsan_mltm_), title(stnm3), datetick( X,
'mm/dd/yyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,4), bar(dnum, cor_lIljik1l_mitm_), title(stnm4), datetick( X,
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,5), bar(dnum, or5), title(stnm5), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,6), bar(dnum, or6), title(stnm6), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

% 5th run

stnm2 = 'Andong(kma)’ ;

stnm3 = 'Andong(mltm)’ ;

stnm4 = 'Pungsan(mltm)’ ;

stnm5 = 'lljik1(mltm)' ;

stnml = 'lljik2(mltm)' ;

stnm6 = 'Seokdong(mltm)’ ;

r2=cor_Andong_kma_;

r3=cor_Andong_mitm_;

rd=cor_Pungsan_mitm_;

r5=cor_lljik1_mltm_;

r1=lljik2_mitm_(:,2);

ré=cor_Seokdong_mitm_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, sthm2)

[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15] = Func_distcalc( stnhm1, stnm5);

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m

[ cor_lljik2_mltm_ ] = Func_idw_6pnts(r1, r2, r3, r4, r5, r6, d12, d13, d14,

d15, d16);

dnum = Seokhyeon_mitm_(;,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, ‘XTick' ,[K]);

subplot(6,1,1), bar(dnum, cor_Andong_kma_), title(stnm1), datetick( X,
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,2), bar(dnum, cor_Andong_mltm_), title(stnm2), datetick( X,
'mm/dd/yyyy' , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,3), bar(dnum, cor_Pungsan_mltm_), title(stnm3), datetick( X,
'mm/dd/lyyyy' , ‘'keepticks' ) %, xlim([725008 725008+365])
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subplot(6,1,4), bar(dnum, cor_lIljik1l_mitm_), title(stnm4), datetick(

‘'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,5), bar(dnum, cor_lljik2_mltm_), title(stnm5), datetick(
'mm/dd/yyyy" , ‘'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,6), bar(dnum, or6), title(stnm6), datetick( X,

'keepticks' ) %, xlim([725008 725008+365])
%% Group- 14

stnml = 'Uiseong(kma)'
stnm2 = 'Uiseong(mltm)' ;
stnm3 = 'Angye(mitm)" ;
stnm4 = 'lljik1(mltm)'
stnm5 = 'lljik2(mltm)’
stnm6 = 'Andong(mltm)’

[VUiseong_kma_, ~, ~] = xlIsread(filename,stnm1 );
[VUiseong_mitm_, ~, ~] = xIsread(flename,stnm2 );
[Angye_mltm_, ~, ~] = xIsread(filename,stnm3);
%I[lljikl_mitm_, ~, ~] = xIsread(filename,stnm4 );
%[lljik2_mltm_, ~, ~] = xIsread(filename,stnm5 );

orl=Uiseong_kma_(;,2);
or2=Uiseong_mltm_(:,2);
or3=Angye_mltm_(:,2);
ord=cor_lljikl_mltm_;
or5=cor_lljik2_mltm_;
or6=cor_Andong_mitm_;

dnum = Seokhyeon_mitm_(:;,1);
figure() % 2001 upstream

k=725008:365:735964;, set(gca, ‘XTick' ,[K]);

subplot(6,1,1), bar(dnum, orl), title(stnm1), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,2), bar(dnum, or2), title(stnm2), date tick(  'x' ,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,3), bar(dnum, or3), title(stnm3), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,4), bar(dnum, or4), title(stnm4), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,5), bar(dnum, or5), title(stnm5), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,6), bar(dnum, or6), title(stnm6), datetick( X,

'keepticks' ) %, xlim([725008 725008+365])

% 1st run

stnml = 'Uiseong(kma)' ;
stnm2 = 'Uiseong(mltm)' ;
stnm3 = 'Angye(mltm)’
stnm4 = 'lljik1(mltm)'

stnm5 = 'lljik2(mltm)’ ;
stnm6 = 'Andong(mltm)"  ;

rl=Uiseong_kma_(:,2);
r2=Uiseong_mltm_(:,2);
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r3=Angye_mitm_(:,2);
rd=cor_lljikl_mltm_;
r5=cor_lljik2_mltm_;
ré=cor_Andong_mltm_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, stnm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( stnm1, stnm4 );
[d15] = Func_distcalc( sthml, sthm5);
[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m
[ cor_Uiseong_kma_ ] = Func_idw_6pnts(rl, r2, r3, r4, r5, r6, d12, d13, d14,
di5, d16);

dnum = Seokhyeon_mltm_(:,1);
figure() % 2001 upstream

k=725008:365:735964;, set(gca, "XTick' ,[K]);

subplot(6,1,1), bar(dnum, cor_Uiseong_kma_), title(stnm1), datetick( X,
'mm/dd/yyyy' , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,2), bar(dnum, or2), title(stnm2), datetick( X', 'mm/ddlyyyy'
'keepticks ') %, xlim([725008 725008+365])

subplot(6,1,3), bar(dnum, or3), title(stnm3), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,4), bar(dnum, or4), title(stnm4), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+3 65])

subplot(6,1,5), bar(dnum, or5), title(stnm5), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,6), bar(dnum, or6), title(stnm6), datetick( X', 'mm/ddlyyyy'

'keepticks' ) %, xlim([725008 725008+365])

% 2nd run

stnm2 = 'Uiseong(kma)' ;
stnml = 'Uiseong(mltm)’ ;
stnm3 = 'Angye(mltm)" ;
stnm4 = "lljik1(mltm)' ;
stnm5 = 'lljik2(mltm)’ ;
stnm6 = 'Andong(mltm)’ ;

r2=cor_Uiseong_kma_;
ri=Uiseong_mltm_(:,2);
r3=Angye_mitm_(:,2);
rd=cor_lljikl_mltm_;
r5=cor_lljik2_mltm_;
ré=cor_Andong_mltm_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, stnm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13 ] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( stnm1, stnm4 );

[ d15] = Func_distcalc( sthm1, stnm5);

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m
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[ cor_Uiseong_mitm_ ] = Func_idw_6pnts( rl, r2, r3, r4, r5, r6, d12, d13, d14,
d15, d16);

dnum = Seokhyeon_mitm_(;,1);

figure() % 2001 upstream

k=725008:365:735964;, set( gca, 'XTick' [K]);

subplot(6,1,1), bar(dnum, cor_Uiseong_kma_), title(stnm1), datetick( X,
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,2), bar(dnum, cor_Uiseong_mltm_), title(stnm2), datetick(
‘'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,3), bar(dnum, or3), title(stnm3), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,4), bar(dnum, or4), title(stnm4), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,5), bar(dnum, or5), title(stnm5), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,6), bar(dnum, or6), title(stnm6), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

% 3rd run

stnm2 = 'Uiseong(kma)' ;
stnm3 = 'Uiseong(mltm)’ ;
stnml = 'Angye(mltm)’ ;
stnm4 = "lljik1l(mltm)' ;
stnm5 = 'lljik2(mltm)’ ;
stnm6 = 'Andong(mltm)" ;

r2=cor_Uiseong_kma_;
r3=cor_Uiseong_mltm_;
ri=Angye_mitm_(:,2);
rd=cor_lljik1l_mltm_;
r5=cor_lljik2_mltm_;
ré=cor_Andong_mltm_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, sthm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15] = Func_distcalc( sthm1, stnm5);

[ d16 ] = Func_distcalc( stnhm1, stnm6 );

% call function Func_idw.m
[ cor_Angye_mltm_] = Func_idw_6pnts(rl, r2, r3, r4, r5, r6, d12, d13, d14,
d15, d16);

dnum = Seokhyeon_mitm_(;,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, 'XTick' ,[K]);

subplot(6,1,1), bar(dnum, cor_Uiseong_kma_), title(stnm1), datetick( X,
'mm/dd/yyyy' , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,2), bar(dnum, cor_Uiseong_mltm_), title(stnm2), datetick(
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,3), bar(dnum, cor_Angye_mltm_), title(stnm3), datetick( X,
'mm/dd/lyyyy' , ‘keepticks' ) %, xlim([725008 725008+365])

236



subplot(6,1,4), bar(dnum, or4), title(stnm4), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,5), bar(dnum, or5), title(stnm5), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,6), bar(dnum, or6), title(stnm6), datetick(
'keepticks' ) %, xlim([725008 725008+365])

%% Group- 15

stnml = 'Jibo(mltm)’
stnm2 = 'Sabeol(mltm)' ;
stnm3 = 'Wolpo(mltm)"
stnm4 = 'Angye(mltm)’
stnm5 = 'Pungsan(mltm)’
stnm6 = 'Andong(kma)’

[Jibo_mltm_, ~, ~] = xIsread(filename,stnm1 );
[Sabeol_mitm_, ~, ~] = xIsread(filename,stnm2 );
[Wolpo_mitm_, ~, ~] = xIsread(filename,stnm3);
%[Wolpo_mltm_, ~, ~] = xIsread(filename,stnm4 );
%[lljik2_mltm_, ~, ~] = xIsread(filename,stnm5 );

orl=Jibo_mltm_(:,2);
or2=Sabeol_mltm_{(:,2);
or3=Wolpo_miltm_(:,2);
ord=cor_Angye_mltm_;
or5=cor_Pungsan_mltm_;
or6=cor_Andong_kma_;

dnum = Seokhyeon_mitm_(;,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, ‘XTick' ,[K]);
subplot(6,1,1), bar(dnum, orl), title(stnm1), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,2), bar(dnum, or2), title(stnm?2), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,3), bar(dnum, or3), title(stnm3), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,4), bar(dnum, or4), title(stnm4), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,5), bar(dnum, or5), title(stnm5), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,6), bar(dnum, or6), title(stnm6), datetick(
'keepticks' ) %, xlim([725008 725008+365])

% 1st run

stnml = 'Jibo(mltm)' ;
stnm2 = 'Sabeol(mltm)' ;
stnm3 = "Wolpo(mltm)'
stnm4 = 'Angye(mltm)’
stnm5 = 'Pungsan(mltm)’
stnm6 = 'Andong(kma)’ ;

ri=Jibo_mitm_(:,2);
r2=Sabeol_mltm_(:,2);
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r3=Wolpo_mitm_(;,2);
rd=cor_Angye_mltm_;
r5=cor_Pungsan_mitm_;
ré=cor_Andong_kma_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, stnm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[d14 ]=Func_distcalc( stnml, stnm4 );

[ d15] = Func_distcalc( sthm1, stnm5);

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m

[ cor_Jibo_mitm_ ] = Func_idw_6pnts(rl, r2, r3, r4, r5, r6, d12, d13, d14,

d15, d16 );

dnum = Seokhyeon_mitm_(:,1);
figure() % 2001 upstream

k=725008:365:735964;, set(gca, "XTick' ,[K]);
subplot(6,1,1), bar(dnum, cor_Jibo_mlitm_), title(stnm1), datetick(
'mm/dd/yyyy' , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,2), bar(dnum, or2), title(stnm2), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,3), bar(dnum, or3), title(stnm3), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,4), bar(dnum, or4), title(stnm4), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,5), bar(dnum, or5), title(stnm5), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,6), bar(dnum, or6), title(stnm6), datetick(
'keepticks' ) %, xlim([725008 725008+365])

% 2nd run

stnm2 = 'Jibo(mltm)' ;
stnml = 'Sabeol(mltm)’ ;
stnm3 = 'Wolpo(mltm)" ;
stnm4 = 'Angye(mltm)’ ;
stnm5 = 'Pungsan(mltm)’ ;
stnm6 = 'Andong(kma)’ ;

r2=cor_Jibo_mltm_;
rl=Sabeol_mitm_(:,2);
r3=Wolpo_mitm_(:,2);
rd=cor_Angye_mltm_;
r5=cor_Pungsan_mitm_;
ré=cor_Andong_kma_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, stnm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13 ] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( stnm1, stnm4 );

[d15 ]=Func_distcalc( stnml, stnm5);

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m
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[ cor_Sabeol mlitm_]=Func_idw_6pnts(rl, r2, r3, r4, r5, r6, d12, d13, d14,

d15, d16 );

dnum = Seokhyeon_mitm_(;,1);
figure() % 2001 upstream

k=7250 08:365:735964;, set(gca, ‘XTick' ,[K]);
subplot(6,1,1), bar(dnum, cor_Jibo_mlitm_), title(stnm1), datetick(
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,2), bar(dnum, cor_Sabeol_mlitm_), title(stnm2), datetick(
‘'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,3), bar(dnum, or3), title(stnm3), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,4), bar(dnum, or4), title(stnm4), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,5), bar(dnum, or5), title(stnm5), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,6), bar(dnum, or6), title(stnm6), datetick(
'keepticks' ) %, xlim([725008 725008+365])

% 3rd run

stnm2 = 'Jibo(mltm)’ ;
stnm3 = 'Sabeol(mltm)’ ;
stnml = 'Wolpo(mltm)' ;
stnm4 = 'Angye(mltm)’ ;
stnm5 = 'Pungsan(mltm)’ ;
stnm6 = 'Andong(kma)’ ;

r2=cor_Jibo_mltm_;
r3=cor_Sabeol_mltm_;
ri=Wolpo_mltm_(:,2);
rd=cor_Angye_mltm_;
r5=cor_Pungsan_mitm_;
ré=cor_Andong_kma_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, sthm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15] = Func_distcalc( sthm1, stnm5);

[ d16 ] = Func_distcalc( stnhm1, stnm6 );

% call function Func_idw.m

[ cor_Wolpo_mltm_ ] = Func_idw_6pnts(rl, r2, r3, r4, r5, 16, d12, d13, d14,

d15, d16 );

dnum = Seokhyeon_mitm_(;,1);
figure() % 2001 upstream

k=725008:365:735964;, set(gca, 'XTick' ,[K]);
subplot(6,1,1), bar(dnum, cor_Jibo_mlitm_), title(stnm1), datetick(
'mm/dd/yyyy' , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,2), bar(dnum, cor_Sabeol_mlitm_), title(stnm2), datetick(
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,3), bar(dnum, cor_Wolpo_mltm_), title(stnm3), datetick(
'mm/dd/lyyyy' , ‘keepticks' ) %, xlim([725008 725008+365])
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subplot(6,1,4), bar(dnum, or4), title(stnm4), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,5), bar(dnum, or5), title(stnm5), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,6), bar(dnum, or6), title(stnm6), datetick(
'keepticks' ) %, xlim([725008 725008+365])

%% Group- 16

stnml = 'Sihang(mltm)’
stnm2 = 'Dongno2(mltm)" ;
stnm3 = 'Dongnol(mltm)" ;
sthnm4 = 'Olsan(mltm)’
stnm5 = 'Pungsan(mltm)’
stnm6 = 'Andong(kma)’

ostnml=stnmi,;
ostnm2=stnmz2;
ostnm3=stnm3;
ostnm4=stnm4;
ostnm5=stnmb5;
ostnm6=stnmé6;

[Sihang_mitm_, ~, ~] = xIsread(filename,stnm1 );
[Dongno2_mitm_, ~, ~] = xIsread(flename,sthm2 );
[Dongnol_mitm_, ~, ~] = xIsread(filename,stnm3);
[Olsan_mltm_, ~, ~] = xIsread(filename,stnm4 );
%[lljik2_mltm_, ~, ~] = xIsread(filename,stnm5 );

orl=Sihang_mitm_(:,2);
or2=Dongno2_mitm_(;,2);
or3=Dongnol_mitm_(:,2);
or4=Olsan_mltm_(:,2);
or5=cor_Pungsan_mltm_;
or6=cor_Andong_kma_;

dnum = Seokhyeon_mitm_(;,1);
figure() % 2001 upstream

k=725008:365:735964;, set(gca, ‘XTick' ,[K]);

subplot(6,1,1), bar(dnum, orl), title(ostnm1),
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,2), bar(dnum, or2), title(ostnm2), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,3), bar(dnum, or3), title(ostnm3), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,4), bar(dnum, or4), title(ostnm4), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,5), bar(dnum, or5), title(ostnm5), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,6), bar(dnum, or6), title(ostnm6), datetick(
'keepticks' ) %, xlim([725008 725008+365])

% 1st run
stnml = 'Sihang(mltm)’
stnm2 = 'Dongno2(mltm)" ;
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stnm3 = 'Dongnol(mitm)’ ;
stnm4 = 'Olsan(mltm)’ ;
stnm5 = 'Pungsan(mitm)’ ;
stnm6 = 'Andong(kma)’ ;

r1=Sihang_mitm_(:,2);
r2=Dongno2_mlitm_(:,2);
r3=Dongnol_mitm_(:;,2);
r4=Olsan_mltm_(:,2);
r5=cor_Pungsan_mitm_;
ré=cor_Andong_kma_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, sthm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15] = Func_distcalc( sthm1, stnm5 );

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m

[ cor_Sihang_mltm_ ] = Func_idw_6pnts(r1, r2, r3, r4, r5, r6, d12, d13, d14,

d15, d16 );

dnum = Seokhyeon_mitm_(;,1);
figure() % 2001 upstream
k=725008:365:735964;, set(gca, ‘XTick' ,[K]);

subplot(6,1,1), bar(dnum, cor_Sihang_mltm ), title(ostnm1), datetick(
'mm/dd/yyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,2), bar(dnum, or2), title(ostnm2), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,3), bar(dnum, or3), title(ostnm3), datetick(
'keepticks ') %, xlim([725008 725008+365])
subplot(6,1,4), bar(dnum, or4), title(ostnm4), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,5), bar(dnum, or5), title(ostnm5), datetick(
'keepticks' ) %, xlim([725008 725008 +365])
subplot(6,1,6), bar(dnum, or6), title(ostnm6), datetick(
'keepticks' ) %, xlim([725008 725008+365])

% 2nd run

stnm2 = 'Sihang(mltm)’ ;
stnml1 = 'Dongno2(mitm)’ ;
stnm3 = 'Dongnol(mitm)’ ;
stnm4 = 'Olsan(mltm)’ ;
stnm5 = 'Pungsan(mltm)’ ;
stnm6 = 'Andong(kma)’ ;

r2=cor_Sihang_mltm_;
rl=Dongno2_mitm_(:,2);
r3=Dongnol_mitm_(:,2);
r4=Olsan_mltm_(:,2);
r5=cor_Pungsan_mitm_;
ré=cor_Andong_kma_;
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% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, stnm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( stnhm1, stnm4 );

[ d15] = Func_distcalc( stnhm1, stnm5 );

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m

[ cor_Dongno2_mitm_ ] = Func_idw_6pnts( rl, r2, r3, r4, r5, r6, d12, d13, d14,

d15, d16);

dnum = Seokhyeon_mlitm_(:,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, ‘XTick' ,[K]);
subplot(6,1,1), bar(dnum, cor_Sihang_mltm ), title(ostnm1), datetick(
'mm/dd/yyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,2), bar(dnum, cor_Dongno2_mltm_), title(ostnm2), datetick(
'mm/dd/yyyy' , ‘'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,3), bar(dnum, or3), title(ostnm3), datetick(

'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,4), bar(dnum, or4), title(ostnm4), datetick(

'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,5), bar(dnum, or5), title(ostnm5), datetick(

'keepticks' ) %, xlim([725008 725008+365])

subplot( 6,1,6), bar(dnum, or6), title(ostnm6), datetick(

'keepticks' ) %, xlim([725008 725008+365])

% 3rd run

stnm2 = 'Sihang(mltm)’ ;
stnm3 = 'Dongno2(mitm)’ ;
stnml1 = 'Dongnol(mitm) ;
stnm4 = 'Olsan(mltm)’ ;
stnm5 = 'Pungsan(mltm)’ ;
stnm6 = 'Andong(kma)’ ;

r2=cor_Sihang_mltm_;
r3=cor_Dongno2_mltm_;
ri=Dongnol_mitm_(:,2);
r4=Olsan_mltm_(:,2);
r5=cor_Pungsan_mitm_;
ré=cor_Andong_kma_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, sthm2)

[ d12 ] = Func_distcalc( stnml, stnm2);
[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15] = Func_distcalc( sthm1, stnm5);

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m

[ cor_Dongnol _mitm_ ] = Func_idw_6pnts( rl, r2, r3, r4, r5, 16, d12, d13, d14,

d15, d16);
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dnum = Seokhyeon_mitm_(;,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, ‘XTick' ,[K]);

subplot(6,1,1), bar(dnum, cor_Sihang_mltm_), title(ostnm1), datetick( X,
'mm/dd/yyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,2), bar(dnum, cor_Dongno2_mltm_), title(ostnm2), datetick(
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,3), bar(dnum, cor_Dongnol_mitm_), title(ostnm3), datetick( X,
'mm/dd/lyyyy' , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,4), bar(dnum, or4), title(ostnm4), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,5), bar(dnum, or5), title(ostnm5), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+ 365])

subplot(6,1,6), bar(dnum, or6), title(ostnm6), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

% 4th run

stnm2 = 'Sihang(mltm)’ ;
stnm3 = 'Dongno2(mitm)" ;
stnm4 = 'Dongnol(mitm)’ ;
stnml = 'Olsan(mltm)’ ;
stnm5 = 'Pungsan(mltm)’ ;
stnm6 ='Andong(kma)’ ;

r2=cor_Sihang_mltm_;
r3=cor_Dongno2_mltm_;
rd=cor_Dongnol mltm_;
r1=Olsan_mltm_(:,2);
r5=cor_Pungsan_mltm_;
ré=cor_Andong_kma_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, stnm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15] = Func_distcalc( sthm1, stnm5);

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m
[ cor_Olsan_mltm_ ] = Func_idw_6pnts(rl, r2, r3, r4, r5, r6, d12, d13, d14,
d15, d16);

dnum = Seokhyeon_mitm_(;,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, "XTick' ,[K]);

subplot(6,1,1), bar(dnum, cor_Sihang_mltm_), title(ostnm1), datetick( X,
'mm/dd/yyyy' , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,2), bar(dnum, cor_Dongno2_mltm_), title(ostnm2), datetick(
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,3), bar(dnum, cor_Dongnol_ mitm ), title(ostnm3), datetick(
'mm/dd/yyyy' , ‘'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,4), bar(dnum, cor_Olsan_mltm_), title(ostnm4), datetick( X,
'mm/dd/yyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,5), bar(dnum, or5), title(ostnm5), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])
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subplot(6,1,6), bar(dnum, or6), title(ostnm6), datetick(
'keepticks' ) %, xlim([725008 725008+365])

%% Group- 17

stnml = 'Buseok(mltm)' ;
sthm2 = 'Bonghwa(mltm)" ;
sthnm3 = 'Docheon(mltm)’ ;
stnm4 = 'Bonghwa(kma)' ;
stnm5 = 'Chunyang(kwater)' ;
stnm6 = 'Seokhyeon(mltm)' ;

ostnml=stnmi,;
ostnm2=stnm2;
ostnm3=stnm3;
ostnm4=stnm4;
ostnm5=stnmb5;
ostnm6=stnm®6;

[Buseok mltm_, ~, ~] = xIsread(filename,stnm1 );
[Bonghwa_mitm_, ~, ~] = xIsread(filename,stnm2 );
%[Dongnol_mltm_, ~, ~] = xlIsread(filename,stnm3 );
%[Olsan_mltm_, ~, ~] = xIsread(filename,stnm4 );
%[lljik2_mltm_, ~, ~] = xIsread(filename,stnm5 );

orl=Buseok_mitm_(:,2);
or2=Bonghwa_mitm_(:,2);
or3=cor_Docheon_mitm_;
ord=cor_Bonghwa_kma_;
or5=cor_Chunyang_kwater_;
or6=cor_Seokhyeon_mltm_;

dnum = Seokhyeon_mltm_(:,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, ‘XTick' ,[K]);
subplot(6,1,1), bar(dnum, orl), title(ostnm1), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,2), bar(dnum, or2), title(ostnm2), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,3), bar(dnum, or3), title(ostnm3), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,4), bar(dnum, or4), title(ostnm4), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,5), bar(dnum, or5), title(ostnm5), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,6), bar(dnum, or6), title(ostnm6), datetick(
'keepticks' ) %, xlim([725008 725008+365])

% 1st run

stnml = 'Buseok(mltm)' ;
sthm2 = 'Bonghwa(mltm)" ;
stnm3 = 'Docheon(mltm)’ ;
stnm4 = 'Bonghwa(kma)' ;
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stnm5 = 'Chunyang(kwater)' ;
stnm6 = 'Seokhyeon(mltm)' ;

ri=Buseok mitm_(:,2);
r2=Bonghwa_mitm_(;,2);
r3=cor_Docheon_mltm_;
rd=cor_Bonghwa_kma_;
r5=cor_Chunyang_kwater_;
ré=cor_Seokhyeon_mltm_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, sthm2 )
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15] = Func_distcalc( sthm1, stnm5 );

[ d16 ] = Func_distcalc( stnm1, stnm6 );

% call function Func_idw.m
[ cor_Buseok _mitm_ ] = Func_idw_6pnts(r1, r2, r3, r4, r5, r6, d12, d13,
d15, d16);

dnum = Seokhyeon_mitm_(;,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, ‘XTick' ,[K]);
subplot(6,1,1), bar(dnum, cor_Buseok mltm_), title(ostnm1), datetick(
‘'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6, 1,2), bar(dnum, or2), title(ostnmz2), datetick(
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,3), bar(dnum, or3), title(ostnm3), datetick(

'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,4), bar(dnum, or4), title(ostnm4), datetick(

'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,5), bar(dnum, or5), title(ostnm5), datetick(

'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,6), bar(dnum, or6), title(ostnm6), datetick(

'keepticks' ) %, xlim([725008 725008+365])

% 2nd run

stnm2 = 'Buseok(mltm)’ ;
stnml = 'Bonghwa(mitm)" ;
stnm3 = 'Docheon(mltm)’ ;
sthm4 = 'Bonghwa(kma)' ;
stnm5 = 'Chunyang(kwater)' ;
stnm6 = 'Seokhyeon(mltm)' ;

r2=cor_Buseok_mltm_;
rl=Bonghwa_mitm_(:,2);
r3=cor_Docheon_mltm_;
rd=cor_Bonghwa_kma_;
r5=cor_Chunyang_kwater_;
ré=cor_Seokhyeon_mltm_;

% distance calculation using Function
% [ stdiskm ] = Func_distcalc( stnm1, sthm2)
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[ d12 ] = Func_distcalc( stnhm1, stnm2);
[ d13] = Func_distcalc( sthm1, stnm3);
[ d14 ] = Func_distcalc( sthm1, stnm4 );
[ d15] = Func_distcalc( sthm1, stnm5 );
[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m
[ cor_Bonghwa_mltm_ ] = Func_idw_6pnts( r1, r2, r3, r4, r5, r6, d12, d13, di4,
d15, d16);

dnum = Seokhyeon_mitm_(;,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, ‘XTick' ,[K]);

subplot(6,1,1), bar(dnum, cor_Buseok_mltm_), title(ostnm1), datetick( X,
'mm/dd/yyyy' , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,2), bar(dnum, cor_Bonghwa_mitm_), title(ostnm2), datetick(
'mm/dd/yyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,3), bar(dnum, or3), title(ostnm3), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(6, 1,4), bar(dnum, or4), title(ostnm4), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,5), bar(dnum, or5), title(ostnm5), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,6), bar(dnum, or6), title(ostnm6), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

%% Group- 18

stnml = 'Yeongju(mltm)' ;
stnm2 = 'Yeongju(kma)' ;
stnm3 = 'Punggi(mltm)’ ;
stnm4 = 'Huibang(mltm)’ ;
stnm5 = 'Buseok(mltm)’ ;
stnm6 = 'Sihang(mltm)' ;

ostnml=stnmi,;
ostnm2=stnmz2;
ostnm3=stnm3;
ostnm4=stnm4;
ostnm5=stnmb5;
ostnm6=stnm®6;

[Yeongju_mitm_, ~, ~] = xIsread(filename,stnm1 );
[Yeongju_kma_, ~, ~] = xIsread(filename,stnm2 );
[Punggi_mlitm_, ~, ~] = xIsread(filename,stnm3 );
[Huibang_mltm_, ~, ~] = xIsread(filename,stnm4 );
%[lljik2_mltm_, ~, ~] = xIsread(filename,stnm5 );

orl=Yeongju_mitm_(:,2);
or2=Yeongju_kma_(;,2);
or3=Punggi_mitm_(:,2);
or4=Huibang_mitm_(:,2);
or5=cor_Buseok _mitm_;
or6=cor_Sihang_mltm_;
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dnum = Seokhyeon_mitm_(;,1);

figure() % 2001 upstream
k=725008:365:735964;, set(gca, ‘XTick' ,[K]);
subplot(6,1,1), bar(dnum, orl), title(ostnm1), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,2), bar(dnum, or2), title(ostnm2), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,3), bar(dnum, or3), title(ostnm3), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,4), bar(dnum, or4), title(ostnm4), datetick(
'keepticks' ) %, xlim([725008 7 25008+365])
subplot(6,1,5), bar(dnum, or5), title(ostnm5), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,6), bar(dnum, or6), title(ostnm6), datetick(
'keepticks' ) %, xlim([725008 725008+365])

% 1st run

stnm2 = 'Yeongju(mltm)' ;
stnml = 'Yeongju(kma)' ;
stnm3 = 'Punggi(mltm)’
stnm4 = 'Huibang(mltm)'
stnm5 = 'Buseok(mltm)'
stnm6 = 'Sihang(mltm)' ;

r2=Yeongju_mltm_(:,2);
ri=Yeongju_kma_(:,2);
r3=Punggi_mltm_(:,2);
rd=Huibang_mitm_(:,2);
r5=cor_Buseok mltm_;
ré=cor_Sihang_mltm_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, stnm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15] = Func_distcalc( sthm1, stnm5);

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m

[ cor_Yeongju_kma_]=Func_idw_6pnts(rl, r2, r3, r4, r5, r6, d12, d13, d14,

d15, d16 );

dnum = Seokhyeon_mitm_(;,1);

figure() % 2001 upstream

k=725008:365:735964;, set (gca, 'XTick' ,[K]);
subplot(6,1,1), bar(dnum, orl), title(ostnm1), datetick(
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,2), bar(dnum, cor_Yeongju_kma_), title(ostnm2), datetick(
725008+365])

'mm/dd/yyyy’ , ‘'keepticks' ) %, xlim([725008
subplot(6,1,3), bar(dnum, or3), title(ostnm3), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,4), bar(dnum, or4), title(ostnm4), datetick(
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1 ,5), bar(dnum, or5), title(ostnm5), datetick(

'keepticks' ) %, xlim([725008 725008+365])
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subplot(6,1,6), bar(dnum, or6), title(ostnm6), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

% 2nd run

stnm4 = 'Yeongju(mltm)' ;
stnm2 = 'Yeongju(kma)'
stnm3 = 'Punggi(mltm)’
stnml = 'Huibang(mltm)' ;
stnm5 = 'Buseok(mltm)’ ;
stnm6 = 'Sihang(mltm)' ;

rd=Yeongju_mltm_(:,2);
r2=cor_Yeongju_kma_;
r3=Punggi_mlitm_(:,2);
rl=Huibang_mitm_(:,2);
r5=cor_Buseok_mltm_;
ré=cor_Sihang_mltm_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, sthm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15] = Func_distcalc( sthm1, stnm5 );

[ d16 ] = Func_distcalc( stnhm1, stnm6 );

% call function Func_idw.m
[ cor_Huibang_mltm_ ] = Func_idw_6pnts( r1, r2, r3, r4, r5, r6, d12, d13, d14,
d15, d16);

dnum = Seokhyeon_mitm_(;,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, ‘XTick' ,[K]);

subpl ot(6,1,1), bar(dnum, orl), title(ostnm1), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,2), bar(dnum, cor_Yeongju_kma_), title(ostnm2), datetick(
'mm/dd/yyyy" , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,3), bar(dnum, or3), title(ostnm3), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,4), bar(dnum, cor_Huibang_mltm_), title(ostnm4), datetick(

'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,5), bar(dnum, or5), title(ostnm5), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,6), bar(dnum, or6), title(ostnm6), datetick( X,

'keepticks' ) %, xlim([725008 725008+365])

% 3rd run

stnml = 'Yeongju(mltm)' ;
stnm2 = 'Yeongju(kma)'
stnm3 = 'Punggi(mltm)’
stnm4 = 'Huibang(mltm)' ;
stnm5 = 'Buseok(mltm)’ ;
stnm6 = 'Sihang(mltm)' ;

ri=Yeongju_mltm_(:,2);
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r2=cor_Yeongju_kma_;
r3=Punggi_mltm_(:,2);
rd=cor_Huibang_mltm_;
r5=cor_Buseok mltm_;
ré=cor_Sihang_mltm_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, sthm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15] = Func_distcalc( sthm1, stnm5);

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m

[ cor_Yeongju_mitm_ ] = Func_idw_6pnts( rl, r2, r3, r4, r5, r6, d12, d13, d14,

d15,d16 );

dnum = Seokhyeon_mitm_(;,1);
figure() % 2001 upstream
k=725008:365:735964;, set(gca, ‘XTick'

subplot(6,1,1) , bar(dnum, cor_Yeongju_mltm_), title(ostnm1), datetick(
'mm/dd/yyyy' , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,2), bar(dnum, cor_Yeongju_kma_), title(ostnm2), datetick(
'mm/dd/yyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1  ,3), bar(dnum, or3), title(ostnm3), datetick(

'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,4), bar(dnum, cor_Huibang_mlitm_), title(ostnm4), datetick(
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
bar(dnum, or5), title(ostnm5), datetick(

subplot(6,1,5),
'keepticks' ) %, xlim([725008 725008+365])

J[KD;

subplot(6,1,6), bar(dnum, or6), title(ostnm6), datetick(

'keepticks' ) %, xlim([725008 725008+365])

% 4th run

stnm3 = 'Yeongju(mltm)'
stnm 2 = "Yeongju(kma)' ;
stnml = 'Punggi(mltm)’ ;
stnm4 = 'Huibang(mltm)’ ;
stnm5 = 'Buseok(mltm)’ ;
stnm6 = 'Sihang(mltm)’ ;

r3=cor_Yeongju_mltm_;
r2=cor_Yeongju_kma_;
ri=Punggi_mltm_(:,2);
rd=cor_Huibang_mltm_;
r5=cor_Buseok mltm_;
ré=cor_Sihang_mltm_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, stnm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15] = Func_distcalc( sthm1, stnm5);

[ d16 ] = Func_distcalc( sthm1, stnm6 );
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% call function Func_idw.m
[ cor_Punggi_mlitm_] = Func_idw_6pnts(rl, r2, r3, r4, r5, r6, d12, d13, d14,
d15, d16);

dnum = Seokhyeon_mitm_(;,1);
figure() % 2001 upstream

k=725008:365:735964;, set(gca, ‘XTick' ,[K]);

subplot(6,1,1), bar(dnum, cor_Yeongju_mltm_), title(ostnm1), datetick( X,
'mm/dd/yyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,2), bar(dnum, cor_Yeongju_kma_), title(ostnm2), datetick( X,
'mm/dd/yyyy' , ‘'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,3), bar(dnum, cor_Punggi_mltm_), title(ostnm3), datetick( X,
'mm/dd/yyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,4), bar(dnum, cor_Huibang_mltm_), title(ostnm4), datetick( X,
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365 )

subplot(6,1,5), bar(dnum, or5), title(ostnm5), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,6), bar(dnum, or6), title(ostnm6), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

%% Group- 19

stnml = 'Jeomchon(mltm)’' ;

stnm2 = 'lan(mltm)’ ;

stnm3 = 'Eoeseo(mltm)’ ;

stnm4 = 'Munkyeong(kma)' ;

stnm5 = 'Jibo(mltm)' ;

stnm6 = 'Sabeol(mltm)' ;

ostnml=stnmi;

ostnm2=stnm2;

ostnm3=stnm3;

ostnm4=stnm4;

ostnm5=stnmb5;

ostnm6=stnm6;

[Jeomchon_mitm_, ~, ~] = xIsread(filename,stnm1 );

[lan_mltm_, ~, ~] = xIsread(filename,stnm2 );

[Eoeseo_mlitm_, ~, ~] = xlIsread(filename,stnm3 );

[Munkyeong_kma_, ~, ~] = xIsread(filename,stnm4 );

%[lljik2_mltm_, ~, ~] = xIsread(filename,stnm5 );

orl=Jeomchon_mitm_(;,2);

or2=lan_mltm_{(:,2);

or3=Eoeseo_miltm_(:,2);

or4=Munkyeong_kma_(:,2);

or5=cor_Jibo_mitm_;

oré=cor_Sabeol_mltm_;

dnum = Seokhyeon_mitm_(;,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, ‘XTick' ,[K]);

subplot(6,1,1), bar(dnum, orl), title(ostnm1), datetick( X' , ‘'mm/ddlyyyy'

'keepticks' ) %, xlim([725008 725008+365])
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subplot(6,1,2), bar(dnum, or2), title(ostnm2), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,3), bar(dnum, or3), title(ostnm3), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,4), bar(dnum, or4), title(ostnm4), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,5), bar(dnum, or5), title(ostnm5), datetick(
'keepticks ') %, xlim([725008 725008+365])
subplot(6,1,6), bar(dnum, or6), title(ostnm6), datetick(
'keepticks' ) %, xlim([725008 725008+365])

% 1st run

stnm4 = 'Jeomchon(mltm)"
stnm2 = 'lan(mitm)’ ;
stnm3 = 'Eoeseo(mltm)’  ;
stnml = 'Munkyeong(kma)'
stnm 5 = 'Jibo(mltm)’ ;
stnm6 = 'Sabeol(mltm)' ;

rd=Jeomchon_mltm_(:,2);
r2=lan_mltm_(:,2);
r3=Eoeseo_mltm_(;,2);
r1=Munkyeong_kma_(:,2);
r5=cor_Jibo_mltm_;
ré=cor_Sabeol mitm_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( sthm1, stnm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15] = Func_distcalc( sthm1, stnm5);

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m

[ cor_Munkyeong_kma_ ] = Func_idw_6pnts(rl, r2, r3, r4, r5, r6, d12, d13,

d14, d15, d16 );

dnum = Seokhyeon_mitm_(;,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, "XTick' ,[K]);
subplot(6,1,1), bar(dnum, orl), title(ostnm1), datetick(
'keepticks ") %, xlim([725008 725008+365])
subplot(6,1,2), bar(dnum, or2), title(ostnm2), datetick(
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,3), bar(dnum, or3), title(ostnm3), datetick(
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,4), bar(dnum, cor_Munkyeong_kma_), title(ostnm4), datetick(
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,5), bar(dnum, or5), title(ostnm5), datetick(
'keepticks' ) %, xlim([725008 725008+36 5])
subplot(6,1,6), bar(dnum, or6), title(ostnm6), datetick(
'keepticks' ) %, xlim([725008 725008+365])

% 2nd run
stnm4 = 'Jeomchon(mltm)’
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stnml = ‘lan(mltm)’ ;
stnm3 = 'Eoeseo(mltm)’ ;
stnm2 = 'Munkyeong(kma)' ;
stnm5 = 'Jibo(mltm)' ;
stnm6 = 'Sabeol(mltm)’ ;

rd=Jeomchon_mltm_{(:,2);
ri=lan_mltm_(:,2);
r3=Eoeseo_mltm_{(;,2);
r2=cor_Munkyeong_kma_;
r5=cor_Jibo_mltm_;
ré=cor_Sabeol mitm_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, stnm2)

[ d12 ] = Func_distcalc( stnml, stnm2);
[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15] = Func_distcalc( sthm1, stnm5);

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m

[ cor_lan_mltm_] = Func_idw_6pnts( rl, r2, r3, r4, r5, r6, d12, d13, d14,

d15, d16 );

dnum = Seokhyeon_mitm_(;,1);
figure() % 2001 upstream
k=725008:365:735964;, set(gca, 'XTick'

J[KD;

subplot(6,1,1), bar(dnum, orl), title(ostnm1), datetick(
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,2), bar(dnum, cor_lan_mltm_), title(ostnm2), datetick(
'mm/dd/yyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,3), bar(dnum, or3), title(ostnm3), datetick(

'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,4), bar(dnum, cor_Munkyeong_kma_), title(ostnm4), datetick(
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,5), bar(dnum, or5), title(ostnm5), datetick(

'keepticks' ) %, xlim([725008 725008+365])

subplot(6, 1,6), bar(dnum, or6), title(ostnm6), datetick(

'keepticks' ) %, xlim([725008 725008+365])

% 3rd run

stnm4 = 'Jeomchon(mltm)’ ;
stnm3 = ‘lan(mltm)’ ;
stnml = 'Eoeseo(mltm)’ ;
stnm2 = 'Munkyeong(kma)' ;
stnm5 = 'Jibo(mltm)' ;
stnm6 = 'Sabeol(mltm)' ;

rd=Jeomchon_mltm_(:,2);
r3=cor_lan_mltm_;
rl=Eoeseo_mltm_{(;,2);
r2=cor_Munkyeong_kma_;
r5=cor_Jibo_mltm_;

ré=cor_Sabeol mitm_;

% distance calculation using Function
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% [ stdiskm ] = Func_distcalc( stnm1, sthm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13]=Func_distcalc( stnm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15] = Func_distcalc( sthm1, stnm5);

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m
[ cor_Eoeseo_mlitm_ ] = Func_idw_6pnts(rl, r2, r3, r4, r5, r6, d12, d13, d14,
d15, d16);

dnum = Seokhyeon_mitm_(;,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, ‘XTick' ,[K]);

subplot(6,1,1), bar(dnum, orl), title(ostnm1), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,2 ), bar(dnum, cor_lan_mltm_), title(ostnm2), datetick( X,
'mm/dd/yyyy' , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,3), bar(dnum, cor_Eoeseo_mltm_), title(ostnm3), datetick( X,
'mm/dd/yyyy' , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,4) , bar(dnum, cor_Munkyeong_kma_), title(ostnm4), datetick( X'
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,5), bar(dnum, or5), title(ostnm5), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,6), bar(dnum, or6), title(ostnm6), datetick( X', 'mm/ddlyyyyt

'keepticks' ) %, xlim([725008 725008+365])

% 4th run

stnml = 'Jeomchon(mltm)’ ;
stnm3 = ‘lan(mltm)’ ;
stnm4 = 'Eoeseo(mltm)’ ;
stnm2 = 'Munkyeong(kma)' ;
stnm5 = 'Jibo(mltm)' ;
stnm6 = 'Sabeol(mltm)’ ;

ri=Jeomchon_mltm_{(;,2);
r3=cor_lan_mitm_;
rd=Eoeseo_mltm_(;,2);
r2=cor_Munkyeong_kma_;
r5=cor_Jibo_mltm_;
ré=cor_Sabeol_mltm_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, sthm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);
[d13] = Func_distcalc( stnm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15] = Func_distcalc( sthm1, stnm5);

[ d16 ] = Func_distcalc( stnhm1, stnm6 );

% call function Func_idw.m
[ cor_Jeomchon_mlitm_ ] = Func_idw_6pnts(rl, r2, r3, r4, r5, 16, d12, dis,
d14, d15, d16);

dnum = Seokhyeon_mitm_(;,1);
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figure() % 2001 upstream

k=725008:365:735964;, set(gca, "XTick' ,[K]);

subplot(6,1,1), bar(dnum, cor_Jeomchon_mltm_), title(ostnm1), datetick( X'
'mm/dd/yyyy" , ‘'keepticks' ) %, xlim([725008 725008+365])

sub plot(6,1,2), bar(dnum, cor_lan_mltm_), title(ostnm2), datetick( X,
'mm/dd/yyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,3), bar(dnum, cor_Eoeseo_mltm_), title(ostnm3), datetick( X,
'mm/dd/yyyy" , ‘'keepticks' ) %, xlim([725008 725008+365])

subp lot(6,1,4), bar(dnum, cor_Munkyeong_kma_), title(ostnm4), datetick( X'
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,5), bar(dnum, or5), title(ostnm5), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,6 ), bar(dnum, or6), title(ostnme6), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

%% Group- 20

stnml = 'Donghwawon(mltm)’
sthnm2 = 'Yeonpung(mltm)'
stnm3 = 'Deokjusa(mltm)’
stnm4 = 'Munkyeong(kma)' ;
stnm5 = 'Dongno2(mltm)"  ;
sthm6 = 'Dongnol(mlitm)’

ostnml=stnmi,;
ostnm2=stnmz2;
ostnm3=stnm3;
ostnm4=stnm4;
ostnm5=stnmb5;
ostnm6=stnm®6;

[Donghwawon_mitm_, ~, ~] = xIsread(filename,stnm1 );
[Yeonpung_mltm_, ~, ~] = xIsread(filename,stnm2 );
[Deokjusa_mitm_, ~, ~] = xIsread(filename,sthm3 );
%[Munkyeong_kma_, ~, ~] = xlIsread(filename,stnm4 );
%[lljik2_mltm_, ~, ~] = xIsread(filename,stnm5 );

orl=Donghwawon_mitm_(:,2);
or2=Yeonpung_mitm_(:,2);
or3=Deokjusa_mitm_(:,2);
ord=cor_Munkyeong_kma_;
or5=cor_Dongno2_mltm_;
or6=cor_Dongnol_mltm_;

dnum = Seokhyeon_mlitm_(:,1);
figure() % 2001 upstream

k=725008:365:735964;, set(gca, "XTick' ,[K]);

subplot(6,1,1), bar(dnum, orl), title(ostnm1), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,2), bar(dnum, or2), title(ostnm2), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,3), bar(dnum, or3), title(ostnm3), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,4), bar(dnum, or4), title(ostnm4), datetick( X', 'mm/ddlyyyy’

'keepticks' ) %, xlim([725008 725008+365])

254



subplot(6,1,5), bar(dnum, or5), title(ostnm5), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,6), bar(dnum, or6), title(ostnm6), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

% 1st run

stnml = 'Donghwawon(mltm)’ ;
stnm2 = 'Yeonpung(mitm)' ;
stnm3 = 'Deokjusa(mltm)' ;
stnm4 = 'Munkyeong(kma)' ;
stnm5 = 'Dongno2(mitm)" ;
sthnm6 = 'Dongnol(mitm)’ ;

rl1=Donghwawon_mitm_(:,2);
r2=Yeonpung_mitm_(:,2);
r3=Deokjusa_mltm_(;,2);
rd=cor_Munkyeong_kma_;
r5=cor_Dongno2_mltm_;
ré=cor_Dongnol_mltm_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( sthm1, stnm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15] = Func_distcalc( sthm1, stnm5);

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m
[ cor_Donghwawon_mitm_ ] = Func_idw_6pnts(r1, r2, r3, r4, r5, r6, d12, d13,
d14, di5, d16);

dnum = Seokhyeon_mltm_(:,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, ‘XTick' ,[K]);

subplot(6,1,1), bar(dnum, cor_Donghwawon_mltm_), title(ostnm1), datetick(
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,2), bar(dnum, or2), title(ostnm2), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,3), bar(dnum, or3), title(ostnm3), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,4), bar(dnum, or4), title(ostnm4), datetick( X" ,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,5), bar(dnum, or5), title(ostnm5), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,6), bar(dnum, or6), title(ostnm6), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

% 2nd run

stnm2 = 'Donghwawon(mltm)" ;
stnml = 'Yeonpung(mltm)' ;
stnm3 = 'Deokjusa(mltm)’ ;
sthnm4 = 'Munkyeong(kma)' ;
stnm5 = 'Dongno2(mltm)" ;
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stnm6 = 'Dongnol(mitm)" ;

r2=cor_Donghwawon_mltm_;
rl=Yeonpung_mitm_(:;,2);
r3=Deokjusa_mitm_(;,2);
rd=cor_Munkyeong_kma_;
r5=cor_Dongno2_mltm_;

ré=cor_Dongnol mltm_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, stnm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( stnm1, stnm4 );

[ d15] = Func_distcalc( sthm1, stnm5);

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m
[ cor_Yeonpung_mitm_ ] = Func_idw_6pnts(r1, r2, r3, r4, r5, r6, d12, d13
d14, di5, d16);

dnum = Seokhyeon_mltm_(:,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, "XTick' ,[K]);

subplot(6,1,1), bar(dnum, cor_Donghwawon_mltm_), title(ostnm1), datetick(

'mm/dd/yyyy' , ‘'keepticks' ) %, xlim([725008 725008+365])

subp lot(6,1,2), bar(dnum, cor_Yeonpung_mltm_), title(ostnm2), datetick(

'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,3), bar(dnum, or3), title(ostnm3), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,4 ), bar(dnum, or4), title(ostnm4), datetick( X', 'mm/ddlyyyy’
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,5), bar(dnum, or5), title(ostnm5), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,6), bar(dnum, or6), title(ostnm6), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

% 3rd run

stnm2 = 'Donghwawon(mltm)" ;
stnm3 = 'Yeonpung(mltm)' ;
stnml = 'Deokjusa(mltm)’ ;
stnm4 = 'Munkyeong(kma)' ;
stnm5 = 'Dongno2(mitm)’ ;
stnm6 = 'Dongnol(mitm)’ ;

r2=cor_Donghwawon_mltm_;
r3=cor_Yeonpung_mltm_;
rl=Deokjusa_mitm_(:,2);
rd=cor_Munkyeong_kma_;
r5=cor_Dongno2_mltm_;
ré=cor_Dongnol_mltm_;

% distance calculation using Function
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% [ stdiskm ] = Func_distcalc( stnm1, sthm2)

[ d12 ] = Func_distcalc( sthm1, stnm2 );
[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15] = Func_distcalc( sthm1, stnm5 );

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m
[ cor_Deokjusa_mitm_ ] = Func_idw_6pnts(r1, r2, r3, r4, r5, r6, d12, d13,
d14, d15, d16);

dnum = Seokhyeon_mitm_(;,1);
figure() % 2001 upstream

k=725008:365:735964;, set(gca, ‘XTick' ,[K]);

subplot(6,1,1), bar(dnum, cor_Donghwawon_mltm_), title(ostnm1), datetick( X'
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 7 25008+365])

subplot(6,1,2), bar(dnum, cor_Yeonpung_mitm_), title(ostnm?2), datetick( X'
'mm/dd/yyyy' , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,3), bar(dnum, cor_Deokjusa_mitm_), title(ostnm3), datetick( X'
'mm/dd/yyyy' , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,4), bar(dnum, or4), title(ostnm4), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,5), bar(dnum, or5), title(ostnm5), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplo t(6,1,6), bar(dnum, or6), title(ostnm6), datetick( X', 'mm/ddlyyyy'

'keepticks' ) %, xlim([725008 725008+365])
%% Group- 21

stnml1l = 'Nongaml(miltm)" ;
stnm2 = 'Nongam2(mltm)’ ;
stnm3 = 'Hwaseo(mltm)" ;
stnm4 = 'Pyeongon(mltm)’ ;
stnm5 = ‘lan(mltm)’ ;
stnm6 = 'Eoeseo(mltm)’ ;

ostnml=stnmi,;
ostnm2=stnmz2;
ostnm3=stnm3;
ostnm4=stnm4;
ostnm5=stnmb5;
ostnm6=stnmé6;

[Nongaml1l_mitm_, ~, ~] = xIsread(filename,stnm1 );
[Nongam2_mitm_, ~, ~] = xIsread(filename,stnm2 );
[Hwaseo_mltm_, ~, ~] = xIsread(filename,sthm3);
[Pyeongon_mitm_, ~, ~] = xlIsread(filename,stnm4 );
%[lljik2_mltm_, ~, ~] = xIsread(filename,stnm5 );

orl=Nongaml_mitm_(:,2);
or2=Nongam2_mltm_(:,2);
or3=Hwaseo_mltm_(:,2);
or4=Pyeongon_mlitm_(:,2);
or5=cor_lan_mitm_;
or6=cor_Eoeseo_mltm_;
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dnum = Seokhyeon _mitm_(;,1);
figure() % 2001 upstream

k=725008:365:735964;, set(gca, ‘XTick' ,[K]);

subplot(6,1,1), bar(dnum, orl), title(ostnm1), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,2), bar(dnum, or2), title(ostnm2), datetick( D
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,3), bar(dnum, or3), title(ostnm3), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,4), bar(dnum, or4), title(ostnm4), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,5), bar(dnum, or5), title(ostnm5), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,6), bar(dnum, or6), title(ostnm6), datetick( X,

'keepticks' ) %, xlim([725008 725008+365])

% 1st run

stnm3 = 'Nongaml(mltm)' ;
stnm2 = 'Nongam2(mltm)" ;
stnml = 'Hwaseo(mltm)'
stnm4 = 'Pyeongon(mltm)’
stnm5 = ‘lan(mltm)’

stnm6 = 'Eoeseo(mltm)’  ;

r3=Nongaml_mlitm_(:,2);
r2=Nongam2_mltm_(:,2);
rl=Hwaseo_mitm_(;,2);
r4d=Pyeongon_mltm_(:,2);
r5=cor_lan_mltm_;
ré=cor_Eoeseo_mitm_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, sthm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( stnm1, stnm4 );

[ d15] = Func_distcalc( sthm1, stnm5);

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m
[ cor_Hwaseo_mitm_ ] = Func_idw_6pnts(r1, r2, r3, r4, r5, r6, d12, d13, d14,
d15, d16);

dnum = Seokhyeon_mlitm_(:,1);
figure() % 2001 upstream

k=725008:365:735964;, set(gca, "XTick' ,[K]);

subplot(6,1,1), bar(dnum, orl), title(ostnm1), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,2), bar(dnum, or2), title(ostnm2), datetick( X,

'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,3), bar(dnum, cor_Hwaseo_mltm_), title(ostnm3), datetick(
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,4), bar(dnum, or4), title(ostnm4), datetick( X'
'keepticks' ) %, xlim([725008 725008+365])
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subplot(6,1,5), bar(dnum, or5), title(ostnm5), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,6), bar(dnum, or6), title(ostnm6), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

% 2nd run

stnm3 = 'Nongam1(mltm)' ;
stnm2 = 'Nongam2(mltm)" ;
stnm4 = 'Hwaseo(mltm)' ;
stnml = 'Pyeongon(mltm)' ;
stnm5 = ‘lan(mltm)’ ;
stnm6 = 'Eoeseo(mltm)’ ;

r3=Nongaml_mlitm_(:,2);
r2=Nongam2_mltm_(:,2);
rd=cor_Hwaseo_miltm_;
rl=Pyeongon_mltm_(:,2);
r5=cor_lan_mltm_;
ré=cor_Eoeseo_mitm_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( sthm1, stnm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15] = Func_distcalc( sthm1, stnm5);

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m
[ cor_Pyeongon_mltm_ ] = Func_idw_6pnts(rl, r2, r3, r4, r5, r6, d12, d13,
d14, di5, d16);

dnum = Seokhyeon_milt m_(:,1);
figure() % 2001 upstream

k=725008:365:735964;, set(gca, ‘XTick' ,[K]);

subplot(6,1,1), bar(dnum, orl), title(ostnm1), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,2), bar(dnum, or2), title(ostnm2), datetick( X,

'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,3), bar(dnum, cor_Hwaseo_mltm_), title(ostnm3), datetick(
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,4), bar(dnum, cor_Pyeongon_mltm_), title(ostnm4), datetick(
'mm/dd/yyyy" , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,5), bar(dnum, or5), title(ostnm5), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,6), bar(dnum, or6), title(ostnm6), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

% 3rd run

stnml = 'Nongaml(mltm)' ;
sthnm2 = 'Nongam2(mltm)' ;
sthm4 = 'Hwaseo(mltm)" ;
stnm3 = 'Pyeongon(mltm)’ ;
stnm5 = 'lan(mitm)’ ;
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stnm6 = 'Eoeseo(mltm)’ ;

ri=Nongaml_mltm_(:,2);
r2=Nongam2_mltm_(:,2);
rd=cor_Hwaseo_miltm_;
r3=cor_Pyeongon_mitm_;
r5=cor_lan_mltm_;
ré=cor_Eoeseo_mltm_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, stnm2)

[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( stnml, stnm4);
[ d15] = Func_distcalc( sthm1, stnm5);

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m
[ cor_Nongaml1_mitm_ ] = Func_idw_6pnts( r1, r2, r3, r4, r5, r6, d12, d13, d14,
di5, d16);

dnum = Seokhyeon_mltm_(:,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, "XTick' ,[K]);

subplot(6,1,1), bar(dnum, cor_Nongaml_mltm_), title(ostnm1), datetick(
'mm/dd/yyyy' , ‘'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,2), bar(dnum, or2), title(ostnm2), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,3), bar(dnum, cor_Hwaseo_mltm_), title(ostnm3), datetick(
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,4), bar(dnum, cor_Pyeongon_mltm_), title(ostnm4), datetick( "X
'mm/dd/lyyyy' , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,5), bar(dnum, or5), title(ostnm5), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,6), bar(dnum, or6), title(ostnm6), datetick( X', 'mm/ddlyyyy'
'keepticks' ) %, xlim([725008 725008+365])

X 1

X 1

% 4th run

stnm2 = 'Nongaml(miltm)" ;
stnml = 'Nongam2(miltm)" ;
stnm4 = 'Hwaseo(mltm)" ;
stnm3 = 'Pyeongon(mltm)’ ;
stnm5 = ‘lan(mltm)’ ;
stnm6 = 'Eoeseo(mltm)’ ;

r2=cor_Nongaml_mltm_;
ri=Nongam2_mltm_(:,2);
r4d=cor_Hwaseo_mltm_;
r3=cor_Pyeongon_mitm_;
r5=cor_lan_mitm_;
ré=cor_Eoeseo_mitm_;

% distance calculation using Function
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% [ stdiskm ] = Func_distcalc( stnm1, sthm2)

[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( stnml, stnm4);
[ d15] = Func_distcalc( sthm1, stnm5);

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m

[ cor_Nongam2_mitm_ ] = Func_idw_6pnts( r1, r2, r3, r4, r5, r6, d12, d13, d14,

d15,d16 ):

dnum = Seokhyeon_mitm_(;,1);
figure() % 2001 upstream
k=725008:365:735964;, set(gca, ‘XTick'

subplot(6,1,1), bar(dnum, cor_Nongaml_mltm_), title(ostnm1), datetick(
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,2), bar(dnum, cor_Nongam2_mltm_), title(ostnm2), datetick(
'mm/dd/yyyy' , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,3), bar(dnum, cor_Hwaseo_mltm_), title(ostnm3), datetick(
'mm/dd/yyyy' , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,4), bar(dnum, cor_Pyeongon_mltm_), title(ostnm4), datetick(
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

J[KD;

subplot(6,1,5), bar(dnum, or5), title(ostnm5), datetick(

'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,6), bar(dnum, or6), title(ostnm6), datetick(

'keepticks' ) %, xlim([725008 725008+365])
%% Group- 22

stnml = 'Songmyeon(mltm)"
stnm2 = 'Ipseok(mltm)’ ;
stnm3 = 'Hwabukl(mltm)" ;
stnm4 = 'Bokcheonam(mltm)’ ;
stnm5 = 'Samga(mltm)’
stnm6 = 'Nongam2(mltm)" ;

ostnml=stnmi,;
ostnm2=stnmz2;
ostnm3=stnm3;
ostnm4=stnm4;
ostnm5=stnmb5;
ostnm6=stnmé6;

[Songmyeon_mltm_, ~, ~] = xIsread(filename,stnm1 );
[Ipseok_mitm_, ~, ~] = xIsread(filename,stnm?2 );
[Hwabukl_mitm_, ~, ~] = xIsread(filename,stnm3);
[Bokcheonam_mitm_, ~, ~] = xlIsread(filename,stnm4 );
[Samga_mltm_, ~, ~] = xIsread(filename,stnm5 );

orl=Songmyeon_mltm_{(:,2);
or2=Ipseok_mitm_(:,2);
or3=Hwabukl_mitm_(:,2);
or4=Bokcheonam_mltm_(:,2);
or5=Samga_mltm_(:,2);
or6=cor_Nongam2_mltm_;
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dnum = Seokhyeon_mitm_(;,1);
figure() % 2001 upstream

k=725008:365:735964;, set(gca, ‘XTick' ,[K]);

subplot(6,1,1), bar(dnum, orl), title(ostnm1), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,2), bar(dnum, or2), title(ostnm2), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,3), bar(dnum, or3), title(ostnm3), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,4), bar(dnum, or4), title(ostnm4), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,5), bar(dnum, or5), title(ostnm5), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,6), bar(dnum, or6), title(ostnm6), datetick( X,

'keepticks' ) %, xlim([725008 725008+365])

% 1st run

stnm3 = 'Songmyeon(mitm)" ;
stnm2 = 'Ipseok(mltm)’ ;
stnml = 'Hwabukl(mltm)'
stnm4 = 'Bokcheonam(mltm)'
stnm5 = 'Samga(mltm)’
stnm6 = 'Nongam2(mltm)" ;

r3=Songmyeon_mitm_(:,2);
r2=Ipseok_mitm_(:,2);
ri=Hwabukl mitm_(:;,2);
r4d=Bokcheonam_mltm_(:,2);
r5=Samga_mitm_(:,2);
ré=cor_Nongam?2_mltm_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, sthm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( stnm1, stnm4 );

[ d15]=Func_distcalc( stnm1, stnm5 );

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m
[ cor_Hwabukl mltm_ ] = Func_idw_6pnts( r1, r2, r3, r4, r5, r6, d12, d13, d14,
d15, d16);

dnum = Seokhyeon_mlitm_(:,1);
figure() % 2001 upstream

k=725008:365:735964;, set(gca, "XTick' ,[K]);

subplot(6,1,1), bar(dnum, orl), title(ostnm1), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,2), bar(dnum, or2), title(ostnm2), datetick( X,

'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,3), bar(dnum, cor_Hwabukl mitm_), title(ostnm3), datetick(
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,4), bar(dnum, or4), title(ostnm4), datetick( X'
'keepticks' ) %, xlim([725008 725008+365])
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subplot(6,1,5), bar(dnum, or5), title(ostnm5), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,6), bar(dnum, or6), title(ostnm6), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

% 1st run

sthm3 = 'Songmyeon(mltm)" ;
stnm2 = 'Ipseok(mltm)’ ;
stnml = 'Hwabukl(mltm)" ;
stnm4 = 'Bokcheonam(mltm)'  ;
sthnm5 = 'Samga(mltm)" ;
sthnm6 = 'Nongam2(mltm)' ;

r3=Songmyeon_mitm_(:,2);
r2=Ipseok_mitm_(:,2);
ri=Hwabukl mitm_(:;,2);
r4=Bokcheonam_mltm_(:,2);
r5=Samga_mitm_(:,2);
ré=cor_Nongam2_mltm_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( sthm1, stnm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15]=Func_distcalc( stnm1, stnm5 );

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m
[ cor_Hwabukl mltm_ ] = Func_idw_6pnts( rl, r2, r3, r4, r5, r6, d12, d13, d14,
di5, d16);

dnum = Seokhyeon_mltm_(:,1);
figure() % 2001 upstream

k=725008:365:735964;, set(gca, ‘XTick' ,[K]);

subplot(6,1,1), bar(dnum, orl), title(ostnm1), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,2), bar(dnum, or2), title(ostnm2), datetick( X,

'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,3), bar(dnum, cor_Hwabuk1l_ mitm_), title(ostnm3), datetick(

'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,4), bar(dnum, or4), title(ostnm4), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,5), bar(dnum, or5), title(ostnm5), datetick( X,
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,6), bar(dnum, or6), title(ostnm6), datetick( X,

'keepticks' ) %, xlim([725008 725008+365])

% 2nd run

stnm3 = 'Songmyeon(mitm)" ;
stnml = 'Ipseok(mltm)’ ;
sthm2 = 'Hwabukl(mltm)" ;
sthm4 = 'Bokcheonam(mltm)' ;
stnm5 = 'Samga(mltm)" ;
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stnm6 = 'Nongam2(mltm)' ;

r3=Songmyeon_mitm_(;,2);
rl=Ipseok_mitm_(:,2);
r2=cor_Hwabukl mltm_;
r4d=Bokcheonam_mltm_(:,2);
r5=Samga_mitm_(:,2);
ré=cor_Nongam2_mltm_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, stnm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( stnm1, stnm4 );

[ d15] = Func_distcalc( sthm1, stnm5);

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m

[ cor_Ipseok_mitm_ ] = Func_idw_6pnts(r1, r2, r3, r4, r5, r6, d12, d13, d14,

d15, d16 ):

dnum = Seokhyeon_mltm_(:,1);
figure() % 2001 upstream
k=725008: 365:735964;, set(gca, 'XTick'

J[KD;

subplot(6,1,1), bar(dnum, orl), title(ostnm1), datetick(

'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,2), bar(dnum, cor_Ipseok_mitm_), title(ostnm?2), datetick(

'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,3), bar(dnum, cor_Hwabukl mitm_), title(ostnm3), datetick(
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,4), bar(dnum, or4), title(ostnm4), datetick(

'keepticks' ) %, xlim([725008

725008+365])

subplot(6,1,5), bar(dnum, or5), title(ostnm5), datetick(

'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,6), bar(dnum, or6), title(ostnm6), datetick(

'keepticks' ) %, xlim([725008 725008+365])

% 3rd run

stnm3 = 'Songmyeon(mltm)"
stnm5 = ‘Ipseok(mltm)’ ;
stnm2 = 'Hwabukl(mltm)" ;
stnm4 = 'Bokcheonam(mltm)’ ;
stnml = 'Samga(mltm)’ ;
stnm6 = 'Nongam2(mltm)" ;

r3=Songmyeon_mitm_(:,2);
r5=cor_lpseok_mltm_;
r2=cor_Hwabukl mltm_;
r4=Bokcheonam_mltm_(:,2);
rl=Samga_mitm_(:;,2);
ré=cor_Nongam2_mltm_;

% distance calculation using Function
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% [ stdiskm ] = Func_distcalc( stnm1, sthm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15]=Func_distcalc( stnm1, stnm5 );

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m

[ cor_Samga mitm_]= Func_idw_6pnts(rl, r2, r3, r4, r5, r6, d12, d13, d14,

d15, d16 );

dnum = Seokhyeon_mitm_(;,1);
figure() % 2001 upstream
k=725008:365:735964;, set(gca, ‘XTick'

J[KD;

subplot(6,1,1), bar(dnum, orl), title(ostnm1), datetick(

'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,2), bar(dnum, cor_Ipseok_mitm_), title(ostnm?2), datetick(

) %, xlim([725008 725008+365])
subplot(6,1,3), bar(dnum, cor_Hwabuk1l mitm_), title(ostnm3), datetick(
) %, xlim([725008 725008+365])

'mm/dd/yyyy' , ‘keepticks'

'mm/dd/yyyy' , ‘keepticks'

subplot(6,1,4), bar(dnum, or4), title(ostnm4), datetick(

'keepticks ') %, xlim([725008 725008+365])

subplot(6,1,5), bar(dnum, cor_Samga_mltm_), title(ostnm5), datetick(
) %, xlim([725008 725008+365])

'mm/dd/yyyy' , ‘keepticks'

subplot(6,1,6), bar(dnum, or6), title(ostnm6), datetick(

'keepticks' ) %, xlim([725008 725008+365])
% 4th run

stnm3 = 'Songmyeon(mltm)" ;

stnm5 = 'Ipseok(mltm)’ ;

stnm2 = 'Hwabukl(mltm)' ;

stnml = 'Bokcheonam(mltm)' ;

stnm4 = 'Samga(mltm)’

stnm6 = 'Nongam2(mltm)' ;

r3=Songmyeon_mitm_(;,2);
r5=cor_lpseok_mltm_;
r2=cor_Hwabukl mltm_;
r1=Bokcheonam_mltm_(:,2);
rd=cor_Samga_mitm_;
ré=cor_Nongam2_mltm_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, stnm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( stnhm1, stnm3);

[ d14 ] = Func_distcalc( sthm1, stnm4 );

[ d15] = Func_distcalc( sthm1, stnm5);

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m

[ cor_Bokcheonam_mltm_ ] = Func_idw_6pnts(r1, r2, r3, r4, r5, r6, d12, d13,

d14, d15, d16 );
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dnum = Seokhyeon_m Itm_(;,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, ‘XTick' ,[K]);

subplot(6,1,1), bar(dnum, orl), title(ostnm1), datetick( X'
'keepticks' ) %, xlim([725008 725008+365])

subplot(6,1,2), bar(dnum, cor_Ipseok_mitm_), title(ostnm2),

'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,3), bar(dnum, cor_Hwabuk1l mitm_), title(ostnm3), datetick(
'mm/dd/lyyyy' , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,4), bar(dnum, cor_Bokcheonam_mltm ), title(ostnm4), datetick(
‘'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,5), bar(dnum, cor_Samga_mltm_), title(ostnm5), datetick(
'mm/dd/yyyy' , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,6), bar(dnum, or6), title(ostnm6), datet ick( 'x'
'keepticks' ) %, xlim([725008 725008+365])

% 5th run

stnml = 'Songmyeon(mltm)" ;
stnm5 = 'Ipseok(mltm)’ ;
stnm2 = 'Hwabukl(mltm)" ;
stnm3 = 'Bokcheonam(mltm)’ ;
stnm4 = 'Samga(mltm)’
stnm6 = 'Nongam2(mltm)’ ;

ri=Songmyeon_mitm_(:,2);
r5=cor_lpseok_mltm_;
r2=cor_Hwabukl mltm_;
r3=cor_Bokcheonam_mitm_;
rd=cor_Samga_mitm_;
ré=cor_Nongam?2_mltm_;

% distance calculation using Function

% [ stdiskm ] = Func_distcalc( stnm1, sthm2)
[ d12 ] = Func_distcalc( sthm1, stnm2);

[ d13] = Func_distcalc( sthm1, stnm3);

[ d14 ] = Func_distcalc( stnm1, stnm4 );

[ d15] = Func_distcalc( sthm1, stnm5);

[ d16 ] = Func_distcalc( sthm1, stnm6 );

% call function Func_idw.m
[ cor_Songmyeon_mitm_ ] = Func_idw_6pnts(rl, r2, r3, r4, r5, r6, d12, d1
d14, di5, d16);

dnum = Seokhyeon_mlitm_(:,1);

figure() % 2001 upstream

k=725008:365:735964;, set(gca, "XTick' ,[K]);

subplot(6,1,1), bar(dnum, cor_Songmyeon_mltm_), title(ostnm1), datetick(
'mm/dd/yyyy' , ‘'keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,2), bar(dnum, cor_Ipseok_mitm_), title(ostnm?2), datetick(
'mm/dd/yyyy' , ‘keepticks' ) %, xlim([725008 725008+365])
subplot(6,1,3), bar(dnum, cor_Hwabukl mitm_), title(ostnm3), datetick(
'mm/dd/lyyyy’ , ‘keepticks' ) %, xlim([725008 725008+365 )
subplot(6,1,4), bar(dnum, cor_Bokcheonam_mltm_), title(ostnm4), datetick(
'mm/dd/lyyyy' , ‘keepticks' ) %, xlim([725008 725008+365])
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subplot(6,1,5), bar(dnum, cor_Samga_mltm_), title(ostnm5), datetick(

'mm/dd/yyyy' 'keepticks'
subplot(6,1,6), bar(dnum, or6), title(ostnm6), datetick(
'keepticks' ) %, xlim([725008 725008+365])

close all ;

%% Display all data in bsn 2001

) %, xlim([725008 72500

8+365])
"

rf_G1 = [cor_Taebaek_kma_ cor_Hwangji_mltm_ cor_Taebaek kwater

cor_Taebaeksan_mlitm_

cor_Baekcheon_kwater_cor_Seokpo_mitm_J;

rf_G2 =[cor_Seokhyeon_mltm_ cor_Bonghwa kma_cor_Chunyang_kwater
cor_Goseon2_kwater _cor_Seomyeon_kwater_ cor_Namhoeryong_mitm_J;
rf_G3 = [cor_Docheon_mltm_ cor_Myeongho_kwater_cor_Galsan_kwater_

cor_Jaesan_mltm_

cor_Subi_mitm_, cor_Illweol_kwater_]J;

rf_G4 =[cor_Yean2_mltm_ cor_Yuicheon_kwater cor_Yean_kwater_
cor_Mijil_mltm_ cor_Seokdong_mltm_ cor_Imdong_mltm_ cor_Andong_mitm_

cor_Andong_kma_];
leg_G1={ 'Taebaek(kma)' , ‘'Hwangji(mltm)' ,
‘Taebaeksan(mltm)' , 'Baekcheon(kwater)' ,
leg_G2 ={ 'Seokhyeon(mltm)' , 'Bonghwa(kma)'
'‘Goseon2(kwater)' , 'Seomyeon(kwater)' ,
leg_ G3={ 'Docheon(mltm)' , 'Myeongho(kwater)'
‘Jaesan(mitm)’ 'Subi(mltm)' 'llweol(kwater)'

leg_G4={ ‘'Yean2(mltm)' , 'Yuicheon(kwater)'

'Seokdong(mltm)’ 'Imdong(mltm)'

% Getting cumulative rainfall
cumrf_G1 = cumsum(rf_G1)
cumrf_G2 = cumsum(rf _G2)
cumrf_G3 = cumsum(rf_G3)
cumrf_G4 = cumsum(rf_G4)

figure()
subplot(2,2,1), plot(dnum, cumrf_G1), title(
ylabel( 'Cumulative rainfall(mm)'
'location'’ , 'northwest' )
subplot(2,2,2), plot(dnum,

), datetick(

cumrf_G2), title(

ylabel( 'Cumulative rainfall(mm)' ), datetick(
'location’ , 'northwest' )

subplot(2,2,3), plot(dnum, cumrf_G3), title(

ylabel( 'Cumulative rainfall(mm)' ), datetick(
'location'’ , 'northwest' )

subplot(2,2,4), plot(dnum, cumrf_G4), title(

'Andong(mltm)'

'Taebaek(kwater)' ,
'Seokpo(mitm)'  };

'‘Chunyang(kwater)'

'Namhoeryong(mltm)' h

, 'Galsan(kwater)'
h
'Yean(kwater)' ,
'‘Andong(kma)’ };

‘North basin' ),

X', 'mm/ddlyyyy' ),
'‘Northeast basin' ),
X', 'mm/ddlyyyy' ),
‘Central basin' ),
X', 'mm/ddlyyyy' ),

'South basin' ),

ylabel( 'Cumulative rainfall(mm)' ), datetick( X', 'mm/ddlyyyy' ),
'location’ , 'northwest' )

ha = axes( 'Position’ ,[0011], Xlim" [0 1], 'Ylim" [0

1], 'Box' ,'off , 'Visible' ,'off ,'Units' |, 'normalized’ , ‘'clipping’
text(0.5, 1, '‘Basin 2001 , 'HorizontalAlignment' , ‘center'

‘top" )

% Save the completed rainfall data
completed_rf=[rf_G1rf G2 rf_G3rf_G4]

data =[dnum completed_rf]

header=[ ‘'dnum' leg _Glleg G2 leg G3leg_G4]
ds = dataset({data, header{:}})
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legend(leg_G1,
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fname4write = 'bsn2001_after_estimation_missing_records.xlIsx' ;
xIRange = 'Al' ;
export(ds, 'XLSfile' [fnamedwrite)

%% Display all data in bsn 2002

rf_G1 =[cor_Subi_mltm_ cor_llweol_kwater_ cor_Jaesan_mltm_ cor_Mijil_mltm_
cor_Yeongyang_kwater_ cor_Subi2_kwater_];

rf_G2 =[cor_Andong_mitm_ cor_lljik2_mltm_ cor_Seokdong_mitm_

cor_Imdong_mltm_ cor_Giran_mitm_ cor_Cheongsong_kwater_ cor_Jinbo2 _kwater_
cor_Seokbo_kwater_];

rf_G3 = [cor_Hyeonseo_mitm_ cor_Dopyeong_mltm_ cor_Bunam_kwater__

cor_Budong_kwater_];

rf_G4 = [cor_Seoksan_mltm_ cor_Hwabuk2_mltm_ cor_Hyeonnae_kwater_

cor_Gasa_kwater J;

leg_G1l={ 'Subi(mltm)' "llweol(kwater)' '‘Jaesan(mltm)’ "‘Mijil(mltm)'
'Yeongyang(kwater)' 'Subi2(kwater)' }

leg_G2={ ‘'Andong(mltm)’ "lljik2(mltm)’ 'Seokdong(mltm)’ 'Imdong(mltm)'
‘Giran(mltm)' '‘Cheongsong(kwater)' ‘Jinbo2(kwater)' 'Seokbo(kwater)' ;

leg G3 ={ 'Hyeonseo(mltm)' 'Dopyeong(mltm)' 'Bunam(kwater)' 'Budong(kwater)'
leg_G4 ={ 'Seoksan(mltm)' 'Hwabuk2(mltm)' 'Hyeonnae(kwater)' '‘Gasa(kwater)'

% Getting cumulative rainfall
cumrf_G1 = cumsum(rf_G1)
cumrf_G2 = cumsum(rf_G2)
cumrf_G3 = cumsum(rf_G3)
cumrf_G4 = cumsum(rf_G4)

figure()

subplot(2,2,1), plot(dnum, cumrf_G1), title( '‘Northern part' ),

ylabel( 'Cumulative rainfall(mm)' ), datetick( X', 'mm/dd/yyyy' ), legend(leg_G1,
'location’ , 'northwest' )

subplot(2,2,2), plot(dnum, cumrf_G2), title( ‘Central part' ),

ylabel( 'Cumulative rainfall(mm)' ), datetick( X', 'mm/dd/yyyy' ), legend(leg_G2,
'location'’ , 'northwest' )

subplot(2,2,3), plot(dnum, cumrf_G3), title( 'Southern part' ),

ylabel( 'Cumulative rainfall(mm)' ), datetick( X', 'mm/ddlyyyy' ), legend(leg_G3,
'location’ , 'northwest' )

subplot(2,2,4), plot(dnum, cumrf_G4), title( ‘Outer southern part' ),

ylabel( 'Cumulative rainfall(mm)' ), datetick( X', 'mm/ddlyyyy' ), legend(leg_G4,
'location'’ , 'northwest' )

ha = axes( 'Position’ ,[001 1], Xlim* ,J01], 'YIim" [0

1], 'Box' , 'off , 'Visible' ,'off 'Units' | 'normalized’ , 'clipping' , 'off );
text(0.5, 1, \" bf Basin

2002' , 'HorizontalAlignment' , 'center’ , "VerticalAlignment' , 'top' , ‘fontsize’

15)

% Save the completed rainfall data

completed_rf=[rf G1rf G2 rf G3rf_G4]

data =[dnum completed_rf]

header=[ ‘'dnum' leg_Glleg G2 leg _G3leg_G4] % rainfall stations
ds = dataset({data, header{:}})

fname4write = 'bsn2002_after_estimation_missing_records.xIsx’ ;
xIRange = 'Al' ;
export(ds, 'XLSfile' ,fnamedwrite)
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%% Display all data in bsn 2003

rf_G1 =[cor_Sabeol_mltm_ cor_Jibo_mltm_ cor_Angye_mitm_ cor_Wolpo_mitm_J;
rf_G2 =[cor_Pungsan_mitm_ cor_Andong_kma_ cor_Andong_mltm_ cor_Yean2_mltm_
cor_lljik1_mitm_;

rf_G3 =[cor_lljik2_mltm_ cor_Uiseong_kma_ cor_Uiseong_mitm_
cor_Hyeonseo_mltm_ cor_Giran_mltm_];

%rf_G4 = [cor_Seoksan_mltm_ cor_Hwabuk2_mltm_ cor_Hyeonnae_kwater_
cor_Gasa_kwater J;

leg_G1 ={ 'Sabeol(mltm)' ‘Jibo(mltm)' '‘Angye(mltm)’ 'Wolpo(mltm)'  };
leg_G2 ={ 'Pungsan(mltm)' '‘Andong(kma)’ 'Andong(mltm)' 'Yean2(mltm)'
"IljikL(mltm)’ h

leg_G3={ 'lljik2(mltm)' 'Uiseong(kma)' '‘Uiseong(mltm)' 'Hyeonseo(mltm)'

'‘Giran(mltm)’' %
%leg_G4 = {'cor_Seoksan_mltm_''cor_Hwabuk2_mltm_''cor_Hyeonnae_kwater_'
‘cor_Gasa_kwater_'};

% Getting cumulative rainfall
cumrf_G1 = cumsum(rf_G1)
cumrf_G2 = cumsum(rf_G2)
cumrf_G3 = cumsum(rf_G3)
%cumrf_G4 = cumsum(rf_G4)

figure()

subplot(2,2,1), plot(dnum, cumrf_G1), title( 'Eastern part' ),

ylabel( 'Cumulative rainfall(mm)' ), datetick( X', 'mm/dd/yyyy" ), legend(leg_G1,
'location'’ , 'northwest' )

subplot(2,2,2), plot(dnum, cumrf_G2), ti tle( 'Central part' ),

ylabel( 'Cumulative rainfall(mm)' ), datetick( X', 'mm/dd/yyyy" ), legend(leg_G2,
'location’ , 'northwest' )

subplot(2,2,3), plot(dnum, cumrf_G3), title( 'Western part' ),

ylabel( 'Cumulative rainfall(mm)' ), datetick( X', 'mm/ddlyyyy' ), legend (leg_G3,
'location'’ , 'northwest' )

%subplot(2,2,4), plot(dnum, cumrf_G4), title('Outer southern part'),

ylabel('Cumulative rainfall(mm)"), datetick('x', 'mm/dd/yyyy"), legend(leg_G4,

'location’, 'northwest")

ha = axes( 'Position’ ,[0011], Xlim" ,[J01], 'Ylim ' ,[0

1], 'Box' ,'off , 'Visible' ,'off ,'Units' |, 'normalized' , ‘'clipping’ , off );
text(0.5, 1, \ bf Basin

2003' , 'HorizontalAlignment' , 'center’ , 'VerticalAlignment' , 'top' , ‘fontsize' ,
15)

% Save the completed rainfall data

completed_rf=[rf_G1rf G2 rf_G3] %rf_G4]

data =[dnum completed_rf]

header=[ ‘'dnum' leg Gl leg G2 leg_G3] % leg_G4]% rainfall stations
ds = dataset({data, header{:}})

fname4write = 'bsn2003_after_estimation_missing_records.xlIsx' ;
xIRange = 'Al' ;
export(ds, 'XLSfile' [fname4write)

%% Display all data in bsn 2004
rf_G1 = [cor_Buseok_mlitm_ cor_Bonghwa_mltm_ cor_Seokhyeon_mitm_
cor_Bonghwa_kma_ cor_Docheon_mltm_ cor_Myeongho_kwater_];
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rf_G2 = [cor_Huibang_mitm_ cor_Yeongju_kma_ cor_Punggi_mltm_
cor_Yeongju_mitm_ cor_Yean2_mitm_ cor_Olsan_mltm_ cor_Sihang_mitm_
cor_Pungsan_mitm_J;

rf_G3 =[cor_Dongnol_mltm_ cor_Donghwawon_mltm_ cor_Dongno2_mitm_
cor_Jeomchon_mitm_ cor_Jibo_mitm_ cor_Wolpo_mltm_];

%rf_G4 = [cor_Seoksan_mltm_ cor_Hwabuk2_mltm_ cor_Hyeonnae_kwater_
cor_Gasa_kwater_];

leg_G1={ 'Buseok(mltm)' '‘Bonghwa(mltm)' 'Seokhyeon(mltm)’ '‘Bonghwa(kma)'
'‘Docheon(mltm)’ 'Myeongho(kwater)' J*

leg_G2 ={ 'Huibang(mltm)' "Yeongju(kma)' 'Punggi(mitm)’ 'Yeongju(mltm)'
'Yean2(mltm)' '‘Olsan(mltm)’ 'Sihang(mltm)’ 'Pungsan(mltm)’ h

leg_G3 ={ 'Dongnol(mitm)' 'Donghwawon(mltm)' ‘Dongno2(mltm)’ '‘Jeomchon(mltm)'
‘Jibo(mltm)' 'Wolpo(mltm)'  };

%leg_G4 = {'cor_Seoksan_mltm_''cor_Hwabuk2_mltm_''cor_Hyeonnae_kwater_'
‘cor_Gasa_kwater_'};

% Getting cumulative rainfall
cumrf_G1 = cumsum(rf_G1)
cumrf_G2 =cumsum(r f G2)
cumrf_G3 = cumsum(rf_G3)
%cumrf_G4 = cumsum(rf_G4)

figure()

subplot(2,2,1), plot(dnum, cumrf_G1), title( ‘Eastern part' ),

ylabel( 'Cumulative rainfall(mm)' ), datetick( X', 'mm/dd/yyyy' ), legend(leg_G1,
'location'’ , 'northwest' )

subplot(2,2,2), plot(dnum, cumrf_G2), title( '‘Central part' ),

ylabel( 'Cumulative rainfall(mm)' ), datetick( X', 'mm/ddlyyyy" ), legend(leg_G2,
'location’ , 'northwest' )

subplot(2,2,3), plot(dnum, cumrf_G3), title( ‘Western part' ),

ylabel( 'Cumulative rainfall(mm)' ), datetick( 'x ', 'mm/ddlyyyy' ), legend(leg_G3,
'location'’ , 'northwest' )

%subplot(2,2,4), plot(dnum, cumrf_G4), title('Outer southern part'),
ylabel('Cumulative rainfall(mm)"), datetick('x', 'mm/dd/yyyy"), legend(leg_G4,
'location’, 'northwest")

ha = axes( 'Position’ Joo 11], Xlim' ,[01], ‘Ylim" [0

1], 'Box' ,'off , 'Visible' ,'off ,'Units’ |, 'normalized’ , ‘'clipping’ , off );
text(0.5, 1, \" bf Basin

2004' , 'HorizontalAlignment' , ‘center' , 'VerticalAlignment' , 'top' , ‘fontsize'
15)

% Save the completed rainfall data

completed_rf=[rf_G1rf G2 rf_G3] %rf_G4]

data =[dnum completed_rf]

header=[ ‘'dnum' leg Gl leg G2 leg_G3] % leg_G4]% rainfall stations
ds = dataset({data, header{:}})

fname4write = 'bsn2004_after_estimation_missing_records.xlIsx' ;
xIRange = 'Al' ;
export(ds, 'XLSfile' [fnamedwrite)

%% Display all data in bsn 2005

rf_G1 = [cor_Deokjusa_mltm_ cor_Yeonpung_mltm_ cor_Donghwawon_mltm_
cor_Dongnol_mitm_ cor_Dongno2_mltm_ cor_Munkyeong_kma J;

rf_G2 =[cor_Songmyeon_mitm_ cor_Ipseok_mitm_ cor_Bokcheonam_mit m_
cor_Samga_mltm_ cor_Hwabukl mltm_ cor_Nongam2_mitm_ cor_Nongaml_ mltm_]J;
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rf_G3 =[cor_Pyeongon_mitm_ cor_Hwaseo_mitm_ cor_Eoeseo_mltm_
cor_Jeomchon_mitm_ cor_lan_mltm_ cor_Sabeol _mitm_J;

%rf_G4 =[cor_Seoksan_mltm_ cor_Hwabuk2_mltm_ cor_Hyeonnae kwater_
cor_Gasa_kwater J;

leg_G1 ={ 'Deokjusa(mltm)' "Yeonpung(mitm)' 'Donghwawon(mltm)'

'Dongnol(mitm)’ 'Dongno2(mitm)’ 'Munkyeong(kma)' };

leg_G2 ={ 'Songmyeon(mltm)' 'Ipseok(mltm)’ '‘Bokcheonam(mltm)' 'Samga(mltm)'
'Hwabuk1(mltm)' 'Nongam2(mltm)' 'Nongam1(mitm)' };

leg_G3 ={ 'Pyeongon(mltm)' 'Hwaseo(mltm)' 'Eoeseo(mltm)’ ‘Jeomchon(mltm)’
'lan(mltm)’ 'Sabeol(mitm)’ >

%leg_G4 = {'cor_Seoksan_mltm_''cor_Hwabuk2_mltm_''cor_Hyeonnae_kwater_
‘cor_Gasa_kwater_'};

% Getting cumulative rainfall
cumrf_G1 =cumsum(rf G1 )
cumrf_G2 = cumsum(rf_G2)
cumrf_G3 = cumsum(rf_G3)
%cumrf_G4 = cumsum(rf_G4)

figure()

subplot(2,2,1), plot(dnum, cumrf_G1), title( 'North - eastern part' ),

ylabel( 'Cumulative rainfall(mm)' ), datetick( X', 'mm/dd/yyyy' ), legend(leg_G1,
'location’ , 'northwest' )

subplot(2,2,2), plot(dnum, cumrf_G2), title( '‘North - western part' ),

ylabel( 'Cumulative rainfall(mm)' ), datetick( X', 'mm/dd/yyyy’ ), legend(leg_G2,
'location'’ , 'northwest' )

subplot(2,2,3), plot(dnum, cumrf_G3), title( 'Southern part' ),

ylabel( 'Cumulative rainfall(mm)’ ), datetick( X', 'mm/dd/yyyy" ), legend(leg_G3,
'location’ , 'northwest' )

%subplot(2,2,4), plot(dnum, cumrf_G4), title('Outer southern part'),
ylabel('Cumulative rainfall(mm)’), datetick('x', 'mm/dd/yyyy"), legend(leg_G4,
'location’, 'northwest’)

ha = axes( 'Position’ ,[0011], Xlim" ,J01], 'YIim' O

1], 'Box' ,'off , 'Visible' ,'off ,'Units' , 'normalized' , 'clipping' , off  );
text(0.5, 1, \ bf Basin

2005' , 'HorizontalAlignment' , ‘center , 'VerticalAlignment' , 'top’ , ‘fontsize' ,
15)

% Save the completed rainfall data

completed_rf=[rf G1rf G2 rf _G3] %rf_G4]

data =[dnum completed_rf]

header=[ ‘'dnum' leg_G1lleg_G2 leg_G3] % leg_G4]% rainfall stations
ds = dataset({data, header{:}})

fnamedwrite = 'bsn2005_after_estimation_missing_records.xIsx "
xIRange = 'Al' ;
export(ds, 'XLSfile' ,fnamedwrite)

%% Display all data in bsn 2007

rf_G1 = [cor_Sabeol_mltm_ cor_Jeomchon_mitm_ cor_Jibo_mitm_J;

%rf_G2 = [cor_Songmyeon_mltm_ cor_lpseok_mltm_ cor_Bokcheonam_mltm_
cor_Samga_mltm_ cor_Hwabukl mltm_ cor_Nongam2_mitm_ cor_Nongaml_ mltm_]J;
%rf_G3 =[cor_Pyeongon_mltm_ cor_Hwaseo_mltm_ cor_Eoeseo_mltm_
cor_Jeomchon_mltm_ cor_lan_mltm_ cor_Sabeol_mitm_];

%rf_G4 = [cor_Seoksan_mltm_ cor_Hwabuk2_mltm_ cor_Hyeonnae_kwater_
cor_Gasa_kwater_]J;
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leg_G1 ={ 'Sabeol(mltm)' ‘Jeomchon(mltm)' ‘Jibo(mltm)' }
%leg_G2 = {'cor_Songmyeon_mitm_""cor_lpseok_mltm_"'cor_Bokcheonam_mitm_
‘cor_Samga_mltm_''cor_Hwabukl mltm_''cor_Nongam?2_mitm_'
‘cor_Nongaml1_mitm_'};

%leg_G3 = {'cor_Pyeongon_mitm_''cor_Hwaseo_mitm_''cor_Eoese o_mitm_
‘cor_Jeomchon_mltm_''cor_lan_mltm_'‘cor_Sabeol_mltm_};

%leg_G4 = {'cor_Seoksan_mltm_''cor_Hwabuk2_mltm_''cor_Hyeonnae_kwater_
‘cor_Gasa_kwater_'};

% Getting cumulative rainfall
cumrf_G1 = cumsum(rf_G1)
%cumrf_G2 = cumsum(rf_G2)
%cumrf_G3 = cumsum(rf_G3)
%cumrf_G4 = cumsum(rf_G4)

figure()

plot(dnum, cumrf_G1), title( '2007 Basin part' , ‘fontsize' , 15),

ylabel( 'Cumulative rainfall(mm)' ), datetick( X', 'mm/ddlyyyy' ), legend(leg_G1,
'location’ , 'northwest' )

%subplot(2,2,2), plot(dnum, cumrf_G2), title('North - western part’),

ylabel('Cumulative rainfall(mm)"), datetick('x', 'mm/dd/yyyy"), legend(leg_GZ2,
'location’, 'northwest'")

%subplot(2,2,3), plot(dnum, cumrf_G3), title('Southern part'),
ylabel('Cumulative rainfall(mm)’), datetick('x’, 'mm/dd/yyyy"), legend(leg_GS3,
'location’, 'northwest'")

%subplot(2,2,4), plot(dnum, cumrf_G4), title('Outer southern part’),
ylabel('Cumulative rainfall(mm)"), datetick('x', 'mm/dd/yyyy"), legend(leg_G4,
'location’, 'northwest')

%bha = axes('Position',[0 0 1 1],'Xlim',[0 1],"Ylim",[O0
1],'Box','off",'Visible','off','Units','normalized’, ‘clipping" , 'off");

%text(0.5, 1, \ bf Basin
2007','HorizontalAlignment','center','VerticalAlignment', 'top’, ‘fontsize’,

15)

% Save the completed rainfall data

completed_rf= [rf_G1l] % rf G2 rf_G3]%rf_G4]

data =[dnum completed_rf]

header=[ ‘'dnum' leg_G1] % leg_G2 leg_G3]% leg_G4]% rainfall stations
ds = dataset({data, header{:}})

fnamedwrite = 'bsn2007_after_estimation_missing_records.xIsx’' ;
xIRange = 'Al' ;

export(ds, 'XLSfile ' ,fnamedwrite)

IDW functions

Func_idw_4pnts.m

function [r1]=Func_idw_4pnts(rl,r2,r3,r4,d12,d13,d14)
%UNTITLED Summary of this function goes here
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% Detailed explanation goes here

% d12=3;
% d13=4;
% d14=5;
% d15=5;
% d16=7;

id=find(rl== - 9999)
size(id)
if isempty(id)
status=1; % it has no missing data
else
status=0; % it has more than 1 missing data
end

switch  status

case 1
rl=rl;
case 0O

for j=l:ilength(id)
i =id(j)

R2=r2(i)

R3=r3(i)

R4=r4(i)

%R5=r5(i)

%R6=r6(i)

if (R2==-9999) && (R3== -9999) && (R4==
cond=0

elseif (R2==-9999) && (R3== -9999)
cond=4

elseif (R2==-9999) && (R4== - 9999)
cond =3

elseif (R3==-9999) && (R4== - 9999)
cond =2

elseif (R4==-9999)
cond =23

elseif (R3==-9999)
cond =24

elseif (R2==-9999)
cond = 34

else
cond = 234
end

% Doing IDW(inverse distant weighting method)
switch  cond
case O
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ri(i)=-9999;
case 2
r1(i)=((1/d12)"2*R2)/((1/d12)"2);
case 3
r1(i)=((1/d13)*2*R3)/((1/d13)"2);
case 4
r1(i)=((1/d14)"2*R4)/((1/d14)"2);

case 23
r1(i)=((1/d12)"2*R2+(1/d13)"2*R3)/((1/d12)"2+(1/d13)"2);

case 24
r1(i)=((1/d12)"2*R2+(1/d14)"2*R4)/((1/d12)"2+(1/d14)"2);

case 34
r1(i)=((1/d13)"2*R3+(1/d14)"2*R4)/((1/d13)"2+(1/d14)"2);

case 234

r1()=((1/d12)"2*R2+(1/d13)"2*R3+(1/d14)"2*R4)/((1/d12)"2+(1/d13) 2+(1/d14)"2

end
end % for i

end % switch status
end

Calculation of average areal rainfall

Oct01st2015_Average_areal_rainfall.m

%clear all, close all, clc;
% Calculation average areal rainfall using Thiessen method

%% Averaged rainfall for ban2001

filename = 'bsn2001_after_estimation_missing_records.xIsx'
sheet= 'sheetl'

% load the station name

xlrange = '‘al:aal’ ;

[~, T, ~] = xIsread(filename, sheet, xlrange)
stnm = T(2:end);

% load rainfall data

xlrange= 'a2:aal0958'

[v, T, vT] = xIsread(filename, sheet, xlrange);
dnum = v(:,1); % water stage

rf = v(:,2:length(stnm)+1);

% Read Thiessen polygon ratio
filename = 'ratio_4thiessen_polygon.xIsx'
sheet= 'bsn2001'
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xlrange=  ‘'a2:n27'

[v, T, vT] = xIsread(filename, sheet, xlrange);

ratio=v(:,13);

%cumsum(ratio)

station=vT(;,14);

st = char(station); % convert cellarray into string array

st rMat = fstrvcat(st); % convert string(Char) into ASCII code array

% Find corresponding thiessen ratio from GIS thiessen network
thiessen_ratio = zeros(length(stnm),1);
for k= 1:length(stnm)

rown = findrow(char(stnm(k)),strMat); % find the rownumber what | want to
look for
thiessen_ratio(k) = ratio(rown)

end

size(strMat)
% making dynamic variables

statement = [ ‘avg_rf=" ]
for i=1:length(stnm)
switch i
case 1
code =[ 'rf(;, num2str(i) ").*thiessen_ratio(' num2str (i) 0]
otherwise
code =[ ‘'+rf(:, num2str(i) ").*thiessen_ratio(' num2str(i) 7]
end
statement = [statement code]
end

eval([statement])

avg_rf
cum_avg_rf = cumsum(avg_rf)

figure()

subplot(2,1,1), plot(dnum, avg_rf), datetick( X', 'mm/ddlyyyy' ),

ylabel(  'Average rainfall (mm)’ )

subplot(2,1,2), plot(dnum, cum_avg_rf), datetick( X', 'mm/ddlyyyy' ),

ylabel( 'Average rainfall (mm)' )

ha = axes( 'Position’ ,[0011], Xlim" ,[J01], 'YIim' ,[O

1], 'Box' ,'off , 'Visible' ,'offt  ,'Units' |, 'normalized’ , ‘'clipping’ , off );
text(0.5, 1, "\ bf Average rainfall of

bsn2001' , 'HorizontalAlignment' , ‘center' , 'VerticalAlignment' , 'top' )

% Write averaged rainfall to excel file

new_mat=[dnum avg_rf]

filename = 'bsn2001_after_estimation_missing_records.xlIsx' ;
sheet=  'bsn2001_avg_rf' ;

xIRange = 'Al' ;

xlswrite(filename,new_mat,sheet,xIRange)

% Write this to text file.

fid = fopen( 'bsn2001_avg_rf.txt' ,wtt);
for ii = 1l:size(new_mat,1)
fprintf(fid, "%g\ t' ,new_mat(ii,:));
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fprintf(fid, \'n);
end
fclose(fid)

% comparison of rainfall data
[v, T, vT] = xIsread(filename, sheet);

dnum = v(:,1); % water stage

rf2001 = v(;,2);

sum(rf2001)/30

[v, T, vT] = xIsread(filename, 'sheetl' );
dnum = v(;,1); % water stage

rfallstations = v(:,2:end);

sum(rfallstations)./30

figu re(), plot(dnum, cumsum(rf2001), 'r -' ,dnum, cumsum(rfallstations),
title(  'Avg. rainfall vs. all stations in bsn 2001' )

%% Averaged rainfall for ban2002

filename = 'bsn2002_after_estimation_missing_records.xIsx'
sheet= 'sheetl'

% load the station na me

xlrange = al:wl'

[~, T, ~] = xIsread(filename, sheet, xlrange)
stnm = T(2:end);

% load rainfall data

xlrange=  'a2:w10958'

[v, T, vT] = xIsread(filename, sheet, xlrange);
dnum = v(:,1); % water stage

rf = v(;,2:length(stnm)+1);

% Read Thiessen polygon ratio

filename = 'ratio_4thiessen_polygon.xIsx'

sheet='bsn2002'

xlrange= ‘'a2:n23'

[v, T, vT] = xIsread(filename, sheet, xlrange);

ratio=v(;,13);

station=vT(;,14);

st = char(station); % convert cellarray into string array

strMat = fstrvcat(st); % convert string(Char) into ASCII code array

% Find corresponding thiessen ratio from GIS thiessen network
thiessen_ratio = zeros(length(stnm),1);

size(thiessen_ratio)

for k= 1:length(stnm)

rown = findrow(char(stnm(k)),strMat); % find the rownumber what | want to
look for
thiessen_ratio(k) = ratio(rown)

end

size(strMat)
% making dynamic variables

statement=[  ‘avg rf=" ]
for i=1:length(stnm)
switch i
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case 1

code =[ 'rf(;, num2str(i) ").*thiessen_ratio(' num2str (i) 0]
otherwise
code =[ ‘'+rf(:, num2str(i) ").*thiessen_ratio(' num2str(i) 7]
end
statement = [statement code]

end
eval([statement])

avg_rf
cum_avg_rf = cumsum(avg_rf)

figure()

subplot(2,1,1), plot(dnum, avg_rf), datetick( X', 'mm/ddlyyyy' ),
ylabel(  'Average rainfall (mm)' )
subplot(2,1,2), plot(dnum, cum_avg_rf), datetick(
ylabel( 'Average rainfall (mm)' )

ha = axes( 'Position’ ,[001 1], Xlim* ,J01], ‘'YIim" [0

1], 'Box' , 'off , 'Visible' ,'off 'Units' | 'normalized' , 'clipping' , off  );
text(0.5, 1, "\ bf Average rainfall of

bsn2002" , 'HorizontalAlignment' , ‘center’ , 'VerticalAlignment' , 'top' )

X', 'mm/ddlyyyy’ ),

% Write averated rainfall
new_mat=[dnum avg_rf]
filename = 'bsn2002_after_estimation_missing_records.xlIsx' ;
sheet = 'bsn2002_avg_rf' ;
xIRa nge = 'Al' ;
xlswrite(filename,new_mat,sheet,xIRange)
% Write this to text file.
fid = fopen( 'bsn2002_avg_rf.txt' ,wtt);
for ii = 1lisize(new_mat,1)
fprintf(fid, ‘%g\t' ,new_mat(ii,:));
fprintf(fid, \' n);
end
fclose(fid)

% comparison of rainfall data

[v, T, vT] = xIsread(filename, sheet);
dnum = v(:,1); % water stage
rf2002 = v(:,2);

sum(rf2002)/30

[v, T, vT] = xIsread(filename, 'sheetl' );

dnum = v(;,1); % water stage

rfallstations = v(;,2:end);

sum(rfallstations)./30

figure(), plot(dnum, cumsum(rf2 002), 'r -' ,dnum, cumsum(rfallstations), k!
titte(  'Avg. rainfall vs. all stations in bsn 2002’ )

%% Averaged rainfall for bsn2003

filename = 'bsn2003_after_estimation_missing_records.xIsx’'
sheet= 'sheetl’

% load the station name

xlrange = ‘al:ol" ;

[~, T, ~] = xIsread(filename, sheet, xlrange)

stnm = T(2:end);
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% load rainfall data

xlrange= 'a2:010958'

[v, T, vT] = xIsread(filename, sheet, xlrange);
dnum = v(:,1); % water stage

rf = v(;,2:length(stnm)+1);

% Read Thiessen polygon ratio

filename = 'ratio_4thiessen_polygon.xIsx'

sheet= 'bsn2003'

xlrange=  'a2:nl6'

[v, T, vT] = xIsread(filename, sheet, xlrange);

ratio=v(:,13);

station=vT(;,14);

st = char(station); % convert cellarray into string array

strMat = fstrvcat(st); % convert string(Char) into ASCII code array

% Find corresponding thiessen ratio from GIS thiessen network
thiessen_ratio = zeros(length(stnm),1);

size(thiessen_ratio)

for k= 1:length(stnm)

rown = findrow(char(stnm(k)),strMat); % find the rownumber what | want to
look for
thiessen_ratio(k) = ratio(rown)

end

size(strMat)
% making dynamic variables

statement = [ ‘avg_rf =" ]
for i=1:length(stnm)
switch i
case 1
code =[ 'rf(;, num2str(i) ").*thiessen_ratio(' num2str (i) '
otherwise
code =[ ‘'+rf(:, num2str(i) ").*thiessen_ratio(' num2str(i)
end
statement = [statement code]
end

eval([statement])

avg_rf
cum_avg_rf = cumsum(avg_rf)

figure()
subplot(2,1,1), plot(dnum, avg_rf), datetick( X', 'mm/ddlyyyy' ),
ylabel( 'Aver age rainfall (mm)' )

subplot(2,1,2), plot(dnum, cum_avg_rf), datetick(
ylabel( 'Average rainfall (mm)' )
ha = axes( 'Position’ ,[001 1], Xlim* ,J01], 'YIim" [0

X', 'mm/ddlyyyy’ ),

1], 'Box' ,'off , 'Visible' ,'off 'Units' | 'normalized’ , 'clipping' , 'off
text(0.5, 1, "\ bf Average rainfall of
bsn2003" , 'HorizontalAlignment' , ‘center’ , 'VerticalAlignment' , 'top' )

% Write averated rainfall
new_mat=[dnum avg_rf]
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filename = 'bsn2003_after_estimation_missing_records.xlIsx' ;
sheet= 'bsn2003_avg_rf’ ;

xIRange = 'Al' ;

xlswrite(filename,new_mat,sheet,xIRange)

% Write this to text file.

fid = fopen( 'bsn2003_avg_rf.txt' ,wtt);

for ii = Lisize(new_mat,1)
fprintf(fid, %g\t' ,new_mat(ii,:));
fprintf(fid, \' n);

end

fclose(fid)

% comparison of rainfall data

[v, T, vT] = xlIsread(filename, sheet);

dnum = v(;,1); % water stage

rf2003 = v(:,2);

sum(rf2003)/30

[v, T, vT] = xIsread(filename, 'sheetl' );

dnum = v(:,1); % water stage

rfallstations = v(;,2:end);

sum(rfallstations)./30

figure(), plot(dnum, cumsum(rf2003), r -' ,d num, cumsum(rfallstations),
title(  'Avg. rainfall vs. all stations in bsn 2003’ )

%% Averaged rainfall for bsn2004

filename = 'bsn2004_after_estimation_missing_records.xIsx’'
sheet= 'sheetl’

% load the station name

xlrange = ‘al:ul'

[~, T, ~] = xIsread(filename, sheet, xlrange)
sthm = T(2:end);

% load rainfall data

xlrange=  'a2:u10958'

[v, T, vT] = xIsread(filename, sheet, xlrange);
dnum = v(:,1); % water stage

rf = v(:,2:length(stnm)+1);

% Read Thiessen polygon ratio

filename = 'ratio_4thiessen_polygon.xIsx'

sheet= 'bsn2004'

xlrange=  'a2:n24'

[v, T, vT] = xIsread(filename, sheet, xlrange);

ratio=v(:,13);

station=vT(:,14);

st = char(station); % convert cellarray into string array

strMat = fstrvcat(st); % convert string(Char) into ASCII code array

% Find corresponding thiessen ratio from GIS thiessen network
thiessen_ratio = zeros(length(stnm),1);
size(thiessen_ratio)
for k= 1:length(stnm)
rown = findrow(char(stnm(k)),strMat); % find the rownumber what | want to
look for
thiessen_ratio(k) = ratio(rown)
end
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size(strMat)
% making dynamic variables

statement = [ ‘avg_rf=" ]
for i=1:length(stnm)
switch i
case 1
code =[ 'rf(;, num2str(i) ").*thiessen_ratio(' num2str (i) 0]
otherwise
code =[ '+rf(;, num2str (i) ").*thiessen_ratio(' num2str (i) 0]
end
statement = [statement code]
end

eval([statement])

avg_rf
cum_avg_rf = cumsum(avg_rf)

figure()

subplot(2,1,1), plot(dnum, avg_rf), datetick( X', 'mm/ddlyyyy' ),

ylabel( 'Aver age rainfall (mm)'

subplot(2,1,2), plot(dnum, cum_avg_rf), datetick( X', 'mm/ddlyyyy' ),

ylabel(  'Average rainfall (mm)' )

ha = axes( 'Position’ ,[0011], Xlim" ,[J01], 'YIim' ,[O

1], 'Box' ,'off , 'Visible' ,'offt ,'Units' |, 'normalized , ‘'clipping’ , off );
text(0.5, 1, "\ bf Average rainfall of

bsn2004' , 'HorizontalAlignment' , ‘center' , 'VerticalAlignment' , 'top' )

% Write averated rainfall

new_mat=[dnum avg_rf]

filename = 'bsn2004_after_estimation_missing_records.xlIsx' ;
sheet=  'bsn2004_avg_rf' ;

xIRange = 'Al' ;

xlswrite(filename,new_mat,sheet,xIRange)

% Write this to text file.

fid = fopen( 'bsn2004_avg_rf.txt' ,wtt);

for ii = Lisize(new_mat,1)
fprintf(fid, "%g\ t' ,new_mat(ii,:));
fprintf(fid, \' n);

end

fclose(fid)

% comparison of rainfall data

[v, T, vT] = xlIsread(filename, sheet);

dnum = v(;,1); % water stage

rf2004 = v(;,2);

sum(rf2004)/30

[v, T, vT] = xIsread(filename, 'sheetl' );

dnum = v(:,1); % water stage

rfallstations = v(:,2:end);

sum(rfallstations)./30

figure(), plot(dnum, cumsum(rf2004), r -' ,d num, cumsum(rfallstations), k'
title(  'Avg. rainfall vs. all stations in bsn 2004' )
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%% Averaged rainfall for bsn2005

filename = 'bsn2005_after_estimation_missing_records.xIsx'
sheet= 'sheetl’

% load the station name

xlrange = al:tl'

[~, T, ~] = xIsread(filename, sheet, xlrange)
stnm = T(2:end);

% load rainfall data

xlrange=  'a2:t10958'

[v, T, vT] = xIsread(filename, sheet, xlrange);
dnum = v(:,1); % water stage

rf = v(;,2:length(stnm)+1);

% Read Thiessen polygon ratio

filename = 'ratio_4thiessen_polygon.xIsx'

sheet='bsn2005'

xlrange=  ‘'a2:n20'

[v, T, vT] = xIsread(filename, sheet, xlrange);

ratio=v(:,13);

station=vT(;,14);

st = char(station); % convert cellarray into string array

strMat = fstrvcat(st); % convert string(Char) into ASCII code array

% Find corresponding thiessen ratio from GIS thiessen network
thiessen_ratio = zeros(length(stnm),1);

size(thiessen_ratio)

for k= 1:length(stnm)

rown = findrow(char(stnm(k)),strMat); % find the rownumber what | want to
look for
thiessen_ratio(k) = ratio(rown)

end

size(strMat)
% making dynamic variables

statement = [ ‘avg_rf =" ]
for i=1:length(stnm)
switch i
case 1
code =[ 'rf(;, num2str(i) ").*thiessen_ratio(' num2str (i) '
otherwise
code =[ ‘'+rf(:, num2str(i) ").*thiessen_ratio(' num2str(i) b))
end
statement = [statement code]
end

eval([statement])

avg_rf
cum_avg_rf = cumsum(avg_rf)

figure()
subplot(2,1,1), plot(dnum, avg_rf), datetick( X', 'mm/ddlyyyy' ),
ylabel(  'Average rainfall (mm)’
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subplot(2,1,2), plot(dnum, cum_avg_rf), datetick( X
ylabel( 'Average rainfall (mm)'

)
ha = axes( 'Position’ ,[001 1], Xlim* ,J01], 'YIim" [0

, 'mm/ddlyyyy' ),

1], 'Box' ,'off , 'Visible' ,'off 'Units' | 'normalized’ , 'clipping' , off );
tex t(0.5, 1, \" bf Average rainfall of
bsn2005' , 'HorizontalAlignment' , ‘center’ , 'VerticalAlignment' , 'top' )

% Write averated rainfall

new_mat=[dnum avg_rf]

filename = 'bsn2005_after_estimation_missing_records.xlIsx' ;
sheet = 'bsn2005 avg_rf' ;

xIRange = 'Al' ;

xIswrite(filename,new_mat,sheet,xIRange)

% Write this to text file.

fid = fopen( 'bsn2005_avg_rf.txt' ,wtt);
for ii = 1l:size(new_mat,1)
fprintf(fid, %g\t' ,new_mat(ii,:));
fprintf(fid, \'n);
end
fclose(fid)

% comparison of rainfall data
[v, T, vT] = xIsread(filename, sheet);

dnum = v(:,1); % water stage

rf2005 = v(:,2);

sum(rf2005)/30

[v, T, vT] = xIsread(filename, 'sheetl' );
dnum = v(;,1); % water stage

rfallstations = v(;,2:end);

sum(rfallstations)./30

figure(), plot(dnum, cumsum(rf2005), 't -' ,dnum, cumsum(rfallstations), k!
titte(  'Avg. rainfall vs. all stations in bsn 2005’

%% Averaged rainfall for bsn2007

filename = 'bsn2007_after_estimation_missing_records.xIsx'
sheet= 'sheetl’

% load the station name

xlrange = '‘al:.d1l'

[~, T, ~] = xIsread(filename, sheet, xlrange)
stnm = T(2:end);

% load rainfall data

xlrange=  'a2:d10958'

[v, T, vT] = xIsread(filename, sheet, xlrange);
dnum = v(:,1); % water stage

rf = v(;,2:length(stnm)+1);

% Read Thiessen polygon ratio

filename = 'ratio_4thiessen_polygon.xIsx'

sheet= 'bsn2007'

xlrange=  ‘'a2:n4'

[v, T, vT] = xIsread(filename, sheet, xlrange);

ratio=v(:,13);

station=vT(;,14);

st = char(station); % convert cellarray into string array

strMat = fstrvcat(st); % convert string(Char) into ASCII code array

282



% Find corresponding thiessen ratio from GIS thiessen network
thiessen_ratio = zeros(length(stnm),1);

size(thiessen_ratio)

for k= 1:length(stnm)

rown = findrow(char(stnm(k)),strMat); % find the rownumber what | want to
look for
thi essen_ratio(k) = ratio(rown)

end

size(strMat)
% making dynamic variables

statement = [ ‘avg_rf =" ]
for i=1:length(stnm)
switch i
case 1
code =[ 'rf(;, num2str (i) ").*thiessen_ratio(' num2str (i) '
otherwise
code =[ ‘'+rf(:, num2str(i) ").*thiessen_ratio(' num2str(i)
end
statement = [statement code]
end

eval([statement])

avg_rf
cum_avg_rf = cumsum(avg_rf)

figure()
subplot(2,1,1), plot(dnum, avg_rf), datetick( X', 'mm/ddlyyyy' ),
ylabel(  'Average rainfall (mm)' )

subplot(2,1,2), plot(dnum, cum_avg_rf), datetick(
ylabel( 'Average rainfall (mm)' )
ha = axes( 'Position’ ,[0011], Xlim" ,[J01], 'YIim' ,[O

X', 'mm/ddlyyyy’ ),

1], 'Box' , 'off , 'Visible' , 'off 'Units' | 'normalized' , 'clipping' , 'off

tex t(0.5, 1, "\ bf Average rainfall of
bsn2007" , 'HorizontalAlignment' , ‘center’ , 'VerticalAlignment' , 'top' )

% Write averated rainfall

new_mat=[dnum avg_rf]

filename = 'bsn2007_after_estimation_missing_records.xlIsx' ;
sheet=  'bsn2007_avg_rf' ;

xIRange = 'Al' ;

xlswrite(filename,new_mat,sheet,xIRange)

% Write this to text file.

fid = fopen( 'bsn2007_avg_rf.txt' ,wtt);
for ii = Lisize(new_mat,1)
fprintf(fid, %g\t' ,new_mat(ii,:));
fprintf(fid, \' n);
end
fclose(fid)

% comparison of rainfall data

[v, T, vT] = xIsread(filename, sheet);
dnum = v(:,1); % water stage
rf2007 = v(:,2);

sum(rf2007)/30
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[v, T, vT] = xIsread(filename, 'sheetl' );

dnum = v(;,1); % water stage

rfallstations = v(:,2:end);

sum(rfallstations)./30

figure(), plot(dnum, cumsum(rf2007), r -' ,dnum, cumsum(rfallstations),
title(  'Avg. rainfall vs. all stations in bsn 2007' )

%% Average areal rainfall for Sangju weir basin

% the ratios are from basicinformation_for_runoff.xlsx, among sub

% area ratio.

rf_SJweir = rf2001.*0.22 + rf2002.*0.27 + rf2003.*0.13 + rf2004.*0.25 +
rf2005.%0.12 + rf2007.*0.01

% Write this to text file.
fid = fopen( 'bsnSJweir_avg_ rf.txt' ,wtt);
for ii = Lisize(new_mat,1)
fprintf(fid, %g\ t' ,new_mat(ii,:));
fprintf(fid, \' n);
end
fclose(fid)

Tank Simulation

TANKSIM.BAT

tank4sim.exe sub2001_input_1.dat sub2001_output.out
tank4sim.exe sub2002_input_1.dat sub2002_output.out
tank4sim.exe sub2003_input_1.dat sub2003_output.out
tank4sim.exe sub2004_input_1.dat sub2004_output.out
tank4sim.exe sub2005_input_1.dat sub2005_output.out
tank4sim.exe sub2007_input_1.dat sub2007_output.out
tank4sim.exe SJweir_input_1.dat SJweir_output.out

SUB2001_INPUT.DAT

RAINFALL EVAPO

0.00 1.5
0.00 1.2
0.00 24
0.00 1.9
0.00 21
0.00 1.7
0.00 2.0
022 1.6
0.78 1.8
032 1.9
032 1.2
031 28
0.16 1.6
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0.44 1.7

110 1.4
040 1.8
0.00 13
049 1.7
409 05
0.88 1.8
0.00 1.6
0.00 1.2
0.00 20
0.00 24
0.08 2.0
0.00 1.7
022 14
0.00 1.9
0.00 1.8
0.00 1.8
0.08 1.8
0.00 2.9
0.00 3.5
0.00 2.8
0.00 11
042 0.3
0.00 1.0
0.00 1.9
392 13
3.38 0.7
1.67 1.7
049 1.6
129 22
0.08 23
0.00 23
051 1.6
050 21
050 23
089 04
074 2.0
0.70 3.1
0.14 3.1
0.00 2.9
0.00 1.8
0.00 24
035 1.8
0.14 15
422 15
159 13
1.76 1.5
226 0.6
1.08 1.9
0.00 3.1
0.00 3.7
074 24
11.06 1.6
493 1.0
084 41
011 2.0
081 15

0.00 3.1

OMITTED AFTER
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SUB2001_OUTPUT.OUT

Name of basin : Sub-basin 2001 (Andong dam)
Simulation period : 1/ 1/1985 - 12/31/2014

Annual Pan Eavoporation Coefficient: .70
Basin area (square km) : 1628.60
»i 2(%) : 86.50 ,3i(%) : 1.80 ,'¢(%): 8.10 ,+4A (%): 3.60

Tank Parameters
Si1l: 4.0000000
S2l: 1.0000000
S3l: 157.0000000
S4l : 105.0000000
All: .5000000
Al12: .1400000
A2 : .1250000
A3 : .2550000
A4 : .0895000
B1 : .0860000
B2 : .0511000
B3 : .0000000
H11 : 56.4200000
H12 : 25.0000000
H2 : .0000000
H3 : .000
ALP : .7000000

<<<<< Simulation Results >>>>>

Date R (mm) ET(mm) Q(mm) Qs(cms) Q1(cms) Q2(cms) Q3(cms) Q4(cms)

1/1/1985 .00 .00 49.56 934.14 .00 2.36 754.64 177.14
1/2/1985 .00 .34 49.61 93520 .00 3.10 754.96 177.14
1/3/1985 .00 .69 38.58 727.15 .00 3.09 562.77 161.28
1/4/1985 .00 .55 30.20 569.35 .00 2.93 419.57 146.85
1/5/1985 .00 .60 23.83 449.20 .00 2.64 312.85 133.71
1/6/1985 .00 .49 1896 357.33 .00 2.28 233.31 121.74
1/7/1985 .00 .58 15.20 286.51 .00 1.67 173.99 110.84
1/8/1985 .22 .85 1222 230.31 .00 .00 129.39 100.92
1/9/1985 .78 90 9.96 187.71 .00 .00 9582 91.89
1/10/1985 .32 .92 8.07 152.16 .00 .00 68.50 83.67
1/11/1985 .32 .76 6.64 12508 .00 .00 4890 76.18
1/12/1985 .31 1.13 540 101.87 .00 .00 32,51 69.36
1/13/1985 .16 .85 4.46 84.04 .00 .00 20.89 63.15
1/14/1985 .44 88 3.76 7097 .00 .00 13.47 57.50
1/15/1985 110 .81 331 6245 .00 .06 10.04 52.35
1/16/1985 .40 90 287 5413 .00 .00 6.46 47.67
1/17/1985 .00 .37 246 46.46 .00 .00 3.05 43.40
1/18/1985 .49 .88 212 3994 .00 .00 .42 39.52
1/19/1985 4.09 .60 197 37.07 .00 .71 .39 3598
1/20/1985 .88 .90 1.82 3440 .00 122 .41 32.76

~ OMITTED BETWEEN

7/23/2014 225 105 .36 6.72 .00 449 223 .00
7/24/2014 29 208 .32 6.08 .00 4.00 208 .00
7/25/2014 7.07 247 35 653 .00 451 202 .00
7/26/2014 36 282 .33 6.28 .00 432 196 .00
7/27/2014 00 213 29 552 .00 3.68 1.84 .00
7/28/2014 .00 69 .23 437 .00 272 165 .00
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7/29/2014
7/30/2014
7/31/2014
8/ 1/2014
8/ 2/2014
8/ 3/2014
8/ 4/2014
8/ 5/2014
8/ 6/2014
8/ 7/2014
8/ 8/2014
8/ 9/2014
8/10/2014
8/11/2014
8/12/2014
8/13/2014
8/14/2014
8/15/2014
8/16/2014
8/17/2014
8/18/2014
8/19/2014
8/20/2014
8/21/2014
8/22/2014
8/23/2014
8/24/2014
8/25/2014
8/26/2014
8/27/2014
8/28/2014
8/29/2014
8/30/2014
8/31/2014
9/ 1/2014
9/ 2/2014
9/ 3/2014
9/ 4/2014
9/ 5/2014
9/ 6/2014
9/ 7/2014
9/ 8/2014
9/ 9/2014
9/10/2014
9/11/2014
9/12/2014
9/13/2014
9/14/2014
9/15/2014
9/16/2014
9/17/2014
9/18/2014
9/19/2014
9/20/2014
9/21/2014
9/22/2014
9/23/2014
9/24/2014
9/25/2014
9/26/2014
9/27/2014
9/28/2014
9/29/2014

A4
.00
9.16

.00
.63
38.84
7.33
1.87
2.87
23.76
5.05
1.59
27.64
1.95
.00
.28
9.03
.82
1.00
3.57
73.87
29.72
44.34
21.76
1.40
.00
.02
35.96

263 00 .00 .00 .00 .00 .00

213 00 00 .00 .00 .00 .00

131 .09 176 .00 159 .17 .00
286 .13 254 00 219 35 .00

209 .15 281 .00 231 .50 .00

215 255 48.04 36.85 980 140 .00
1.75 299 56.29 3756 16.02 271 .00
262 241 4543 2142 1991 4.09 .00
289 204 3854 1086 2230 538 .00
242 498 9395 59.05 2798 692 .00
282 456 86.01 4592 3164 845 .00
242 375 70.70 27.68 33.26 9.77 .00
239 7.03 13250 8239 38.79 11.32 .00
1.89 5.97 11253 5826 4150 12.76 .00
220 474 89.32 33.61 4184 1387 .00
249 3.70 69.74 1452 40.65 1457 .00
255 4.14 78.01 22.66 4030 15.06 .00
3.09 3.18 59.85 588 3872 1525 .00
3.22 274 5159 .00 36.43 1516 .00
3.12 261 4911 .00 34.25 1486 .00
3.29 28.98 546.33 484.03 46.39 1591 .00
3.15 25.16 47431 401.71 5501 1759 .00
3.29 33.87 638.43 553.92 64.66 19.84 .00
1.85 22.89 431.54 340.52 69.04 21.98 .00
259 857 16159 70.81 67.38 2340 .00
.06 7.29 137.47 48.98 64.34 2414 .00
154 598 112.72 28.22 60.24 24.26 .00
2.82 14.05 264.83 177.57 62.66 24.61 .00
252 831 156.73 69.88 62.05 24.80 .00
1.76 6.80 128.11 43.86 59.56 24.69 .00
2.65 543 10242 2236 55.85 2421 .00
.63 452 8527 998 5185 2344 .00
224 371 6990 .00 4749 2242 .00
216 341 6423 .00 43.05 21.19 .00
191 3.10 5848 .00 38.66 19.82 .00
209 283 5343 .00 3502 1841 .00
1.04 5.76 108.58 5292 37.98 17.68 .00
214 453 8548 29.64 3864 17.20 .00
.65 3.74 70.44 1557 38.09 16.78 .00
.09 3.15 5942 6.15 3692 16.35 .00
110 271 5116 .00 3530 1586 .00
1.73 257 48.47 .00 33.19 1528 .00
165 241 4536 .00 30.77 1459 .00
166 223 4198 .00 28.17 13.81 .00
50 205 3865 .00 2569 1296 .00
1.04 1.88 3542 .00 23.33 12.09 .00
132 170 3212 .00 2093 11.19 .00
.68 154 2896 .00 18.67 10.28 .00
139 137 2578 .00 16.41 937 .00
147 120 2262 .00 14.16 8.46 .00
149 106 1996 .00 1237 7.59 .00
203 91 1717 .00 1043 6.74 .00
176 67 1268 .00 6.93 575 .00
132 38 716 .00 261 455 .00
176 00 .00 .00 .00 .00 .00

91 00 00 .00 .00 .00 .00

192 .00 .00 .00 .00 .00 .00

1.44 30.18 568.89 547.64 19.24 201 .00
169 6.04 11391 8234 27.24 433 .00
132 492 9281 5458 31.70 6.53 .00
158 3.95 7446 3241 3367 838 .00
94 323 6082 1692 3411 980 .00
.67 275 5189 7.34 3373 1081 .00
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9/30/2014 .34 149 234 4408 .00 32.62 1146 .00
10/ 1/2014 .00 114 227 4284 .00 31.06 11.77 .00
10/2/2014 .02 .86 2.18 41.07 .00 29.25 11.82 .00
10/3/2014 01 110 2.06 38.86 .00 27.22 11.64 .00
10/ 4/2014 .00 141 192 36.27 .00 2499 1128 .00
10/5/2014 .00 114 178 3347 .00 2270 10.77 .00
10/ 6/2014 .03 .73 1.63 30.66 .00 20.50 10.16 .00
10/7/2014 .00 100 147 2780 .00 18.32 948 .00
10/8/2014 .00 .59 1.33 25.05 .00 16.29 8.76 .00
10/9/2014 .00 .83 119 2236 .00 1434 8.02 .00
10/10/2014 .02 .11 1.06 1993 .00 12.64 7.29 .00
10/11/2014 00 165 .92 1739 .00 10.83 6.56 .00
10/12/2014 .00 1.34 .79 1486 .00 9.03 583 .00
10/13/2014 25.44 145 96 18.04 .00 1240 5.64 .00
10/14/2014 00 .76 1.08 20.32 .00 14.60 5.72 .00
10/15/2014 .00 .83 1.16 21.78 .00 1587 592 .00
10/16/2014 82 119 120 2263 .00 16.50 6.13 .00
10/17/2014 .00 .80 1.21 22.87 .00 16.57 6.29 .00
10/18/2014 .00 100 120 2255 .00 16.17 6.37 .00
10/19/2014 .00 .86 1.16 21.81 .00 1545 6.36 .00

10/20/2014 15.72 1.08 1.28 2421 .00 1764 658 .00
10/21/2014 66.42 1.34 26.26 494.93 45447 3220 8.26 .00
10/22/2014 6.24 1.13 9.75 183.75 134.72 38.84 10.20 .00
10/23/2014 .00 1.00 5.97 11249 5897 4159 1193 .00
10/24/2014 .00 .97 4.93 9291 3742 4221 1329 .00
10/25/2014 .00 .76 4.08 76.97 21.28 41.47 1422 .00
10/26/2014 .00 1.03 3.32 62.67 8.06 39.85 14.75 .00
10/27/2014 .00 .80 2.80 52.71 .00 37.78 14.93 .00
10/28/2014 .00 .66 2.67 50.34 .00 3552 1482 .00
10/29/2014 .00 .73 253 47.63 .00 33.13 1450 .00
10/30/2014 .00 .86 2.37 4465 .00 30.65 14.00 .00
10/31/2014 26.97 1.11 4.76 89.72 42.23 3356 13.93 .00
11/1/2014 12.60 .86 5.80 109.40 57.98 37.17 14.25 .00
11/2/2014 24 55 4.86 91.66 38.38 38.64 14.64 .00
11/3/2014 .00 .20 4.09 77.16 2351 38.70 1494 .00
11/4/2014 .00 .36 3.42 64.48 1156 37.84 15.08 .00
11/5/2014 .00 .34 2.86 53.85 239 36.43 15.03 .00
11/6/2014 .00 .14 2.63 4958 .00 3476 1482 .00
11/7/2014 .01 107 250 4721 .00 32.76 14.46 .00
11/8/2014 31 .86 237 4460 .00 30.64 13.96 .00
11/9/2014 .00 .20 222 4192 .00 2854 13.38 .00
11/10/2014 .00 .96 2.07 39.05 .00 26.34 12.71 .00
11/11/2014 .00 .88 191 36.08 .00 24.10 1198 .00
11/12/2014 56 1.01 1.76 33.17 .00 2196 11.22 .00
11/13/2014 .00 47 161 3035 .00 19.92 1043 .00
11/14/2014 .00 .25 1.47 27.68 .00 18.03 9.65 .00
11/15/2014 00 50 1.33 2511 .00 16.23 8.88 .00
11/16/2014 .00 .36 1.20 22.69 .00 1456 8.13 .00
11/17/2014 00 .66 1.08 2035 .00 1294 7.41 .00
11/18/2014 .00 91 .96 18.05 .00 11.34 6.70 .00
11/19/2014 00 66 .84 1586 .00 9.84 6.02 .00
11/20/2014 .00 61 .73 13.79 .00 843 536 .00
11/21/2014 00 55 .63 1187 .00 7.13 474 .00
11/22/2014 .02 .61 .53 10.07 .00 592 415 .00
11/23/2014 .00 44 42 791 .00 436 354 .00
11/24/2014 11.07 153 .46 8.74 .00 553 322 .00
11/25/2014 221 101 51 964 .00 6.56 3.08 .00
11/26/2014 .00 .44 54 1020 .00 7.16 3.04 .00
11/27/2014 00 .01 56 1054 .00 749 3.05 .00
11/28/2014 2.74 .82 59 11.12 .00 8.02 311 .00
11/29/2014 .02 42 60 1138 .00 821 317 .00
11/30/2014 6.79 .84 .68 1279 .00 9.44 335 .00
12/1/2014 49 53 .73 13.77 .00 10.21 356 .00
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12/ 2/2014
12/ 3/2014
12/ 4/2014
12/ 5/2014
12/ 6/2014
12/ 7/2014
12/ 8/2014
12/ 9/2014
12/10/2014
12/11/2014
12/12/2014
12/13/2014
12/14/2014
12/15/2014
12/16/2014
12/17/2014
12/18/2014
12/19/2014
12/20/2014
12/21/2014
12/22/2014
12/23/2014
12/24/2014
12/25/2014
12/26/2014
12/27/2014
12/28/2014
12/29/2014
12/30/2014
12/31/2014

14.35
14.60
14.53
14.27
13.76
13.13
12.53
11.84
11.11
10.36
9.56
8.74
7.93
7.11
7.34
7.42
7.34
7.10
6.83
6.45
6.02
5.54
5.02
4.49
3.95
3.42
2.81
1.27
.00
.00

00
00

10.60
10.68
10.52
10.21
9.73
9.17
8.67
8.12
7.55
6.98
6.38
5.77
5.18
4.58
4.94
5.10
5.08
4.91
4.70
441
4.08
3.70
3.31
291
2.52
2.13
1.67
.38
.00
.00

3.76
3.91
4.01
4.05
4.03
3.96
3.85
3.72
3.56
3.38
3.18
2.97
2.75
2.53
2.40
2.32
2.26
2.19
2.12
2.04
1.95
1.84
1.71
1.58
1.44
1.29
1.14
.89

.00
.00
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PART 2: SEDIMENT TRA NSPORT MODELING

= MAIN Code
main_for_Feb25th2016_Func_MCDA_v9_SEMEPP_corFactor.m (finalized on May 10th, 2016)

clear all ;close all ; clc;
starting_time =now()

t=(]

analyzing_period = 20 % analyzing period is fixed with 20 years
%i=1
for i=[1:5]
switch i
case 1
CASE_NO =1; % Base: current condition
stagecontrol = 1; % 0 is no stage control, 1 is stagecontrol

manage WS = 47.0;

irrSeason_WS = manage_WS;

fldSeason_WS = manage_WS;

Qcontrol = 0; % 0 is no Q control, 1 is Q control
control_Q =0;

case 2

CASE_NO =2; % Threshold water stage
stagecontrol = 1;

manage WS = 43.61,;

irrSeason_WS = manage_WS;
fldSeason_WS = manage_WS;

Qcontrol = 0;

control_Q =0;

case 3

CASE_NO =3; % lowest water stage

stagecontrol = 1;

manage WS =37.2; % to show the differences changes from 37.18 to
37.2

irrSeason_WS = manage_WS;

fldSeason_WS = manage_WS;

Qcontrol = 0;

control_Q =0;

case 4

CASE_ND =4; % Base + consideration of flood & irrigation season
stagecontrol = 1;

manage_ WS = 47.0;

irrSeason_WS=47.0;

fldSeason_WS=46.0;

Qcontrol = 0;

control_Q =0;

case 5
CASE_NO =5; % Base, Flood season + Q control in flood season
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end

tdmcda]=Aug07th2015_Func_calculation_for_ MCDA_v3_unitchangetoBillion(ws,

stagecontrol = 1;
manage_WS = 47.0;

irrSeason_WS=46.0; % meaningless for this case
fldSeason_WS=44.5; % meaningless for this case

Qcontrol = 0;

control_Q = 620; % Threshold discharge when B/C ratio is equal to 1
case 6

CASE_NO =6; % 6 natural state

stagecontrol = 0; % 0 is no stage control, 1 is stagecontrol

manage WS = 47.0;

irSeason_WS=manage_WS; % meaningless for this case
fldSeason_WS=manage_WS; % meaningless for this case
Qcontrol = 0; % 0 is no Q control, 1 is Q control
control_Q =0;

otherwise

tt=[]
%][ds,

analyzing_period)

%[t4daily_ds,

t4mcda_ds]=Nov01st2015_ Func_MCDA v7b_special_Scontrol_floodseason(CASE_NO,
analyzing_period,stagecontrol, manage_WS, irrSeason_WS, fldSeason_WS,
Qcontrol, control_Q)

[t4daily_ds,

tdmcda_ds]=Feb25th2016 Func_MCDA v9 SEMEPP_corFactor(CASE_NO,
analyzing_period,stagecontrol, manage_ WS, irrSeason_WS, fldSeason_WS,
Qcontrol, control_Q)

t = [t; t4mcda_ds]; % for overall
tt= [tt; t4daily_ds]; % for detail

%% analysis graph

figure()
set(gcf, 'units' , ‘'inches' , ‘position’ ,[0.5 0.5 18 11])

is low - left point of screen, 15 is length, 10 is hight from origin point

Top

set(gca, 'Looselnset’ , [0.05 0.1 0.05 0.03])

hold off

subplot(4,3,1) % water stage plot

plot(tt.d_dnum,tt.s_hwl, tt.d_dnum,tt.s_twl, tt.d_dnum, tt.avg_WS)
title(  'Water stage' )

formatin = 'mm/ddlyyyy'

set(gca, 'XTick' ) %,[ini_date:180:end_date])

datetick( 'x' , 'mm/ddlyyyy" , 'keepticks' )

xlabel( 'Date (mm/dd/yyyy)' )

ylabel( 'Stage (El.m)’' )

ylim([36 48])

legend( 'Upstream water stage ', 'Downstream water stage

upstream water stage' , 'location’ , 'Southeast' )

grid on
%xticklabel _rotate
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‘best’)

subplot(4,3,2) % inflow and outflow plot
plot(tt.d_dnum,tt.Qin, tt.d_dnum,tt.Qout, tt.d_dnum,tt.avg_Q)
titte(  'Inflow and outflow' )

formatin = ‘mm/ddlyyyy'

set(gca, 'XTick' ) %,[ini_date:180:end_date])

datetick( 'x' , 'mm/ddlyyyy" , 'keepticks' )

xlabel( 'Date (mm/dd/yyyy)' )

ylabel( ‘discharge (m"3/s)' )
legend( 'Inflow' , 'Discharge’ , ‘'Average discharge'
grid on

subplot(4,3,3) % inflow and outflow plot
plot(tt.d_dnum ,tt.daily_Turb, tt.d_dnum, tt.avg_Turb)
titte(  "Turbidity' )

formatin = ‘mm/ddlyyyy'

set(gca, 'XTick' ) %,[ini_date:180:end_date])
datetick( 'x' , 'mm/ddlyyyy" , 'keepticks' )
xlabel( 'Date (mm/dd/yyyy)' )

ylabel(  "Turbidity (NTU)' )

legend( 'Daily trubidity’ , 'Average Turbidity'
grid on

subplot(4,3,4)
diff = cumsum(tt.Bene_hp) - cumsum(tt.Cost_dred);
semilogy(tt.d_dnum, cumsum(tt.Bene_hp), tt.d_dnum,

cumsum(tt.Cost_dred)) %, tt.d_dnum, diff)

titte(  'Accumulative revenue and cost' )

formatin = 'mm/dd/yyyy'

set(gca, 'XTick' ) %,[ini_date:180:end_date])

datetick( 'x' , 'mm/ddlyyyy" , 'keepticks' )

xlabel( 'Date (mm/dd/yyyy)' )

ylabel( 'Revenue or cost (USD)' )

legend( 'Acc. hydropower revenue' , 'Acc. dredging

'Southeast' )

xticklabel_rotate

subplot(4,3,5)
%figure() % Qposs vs Benefit and Cost, Qposs = Qin

) %, 'location’,

) %, 'location’, 'best’)

cost'

loglog(tt.Qposs, tt.Bene_hp, 'bo' , tt.Qposs, tt.Cost_dred,

titte  ( 'HP revenue vs. Dred costs' )

xlabel( 'Qposs (m”3/s)' )

ylabel( 'HP benefit and Dredging cost (USD)' )
legend( 'Hydropower revenue' , 'Dredging Cost' ,
%ylim([0 8*1074])

subplot(4,3,6)

%figure() % water stage vs daily BCratio
plot(tt.s_hwl, tt.daily_BCratio, 'bo' )
titte(  'Water stage vs. Daily B/C ratio' )
xlabel( 'Water Stage (El.m)' )

ylabel(  'Daily B/C ratio'

'location’

legend( 'Daily B/C ratio’ , 'location’ , 'Southwest’ )

%ylim([0 60])
xlim([36 48])
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subplot(4,3,7)
%figure() % dH vs daily BC ratio
plot(tt.dH, tt.daily_BCratio, 'bo" )
titte(  'dH vs. Daily B/C ratio’ )
xlabel(  'dH (m)" )
ylabel(  'Daily B/C ratio' )
legend( 'Daily B/C ratio’ , 'location’ , 'Northeast' )
xlim([0 10])
%ylim([0 60])

subplot(4,3,8)
%figure() % Qin vs daily BC ratio

semilogx(tt.Qin, tt.daily_BCratio, 'bo" , tt.Qout, tt.daily BCratio,

'ko" )
title(  'Q vs. Daily B/C ratio' )
xlabel( 'Q (m"3/s)’ )
ylabel(  'Daily B/C ratio’ )
legend( 'Qin" , 'Qout' , 'location' , 'Northeast' )
%ylim([0 60])

subplot(4,3,9)

%figure() % TE vs BCratio

plot(tt.daily_BCratio, tt.avgTE_ns, 'ro' , tt.daily_BCratio,
tt.avgTE_yg, '‘bo" , tt.daily_BCratio, tt.avgTE_nd, ko' )

titte(  'T_E vs Daily B/C ratio' )

ylabel( 'Average T E' )

xlabel(  'Daily B/C ratio' )

legend( 'Naesung stre am', 'Yeong stream' , 'Nakdong river'
'Southeast' )

%xIlim([0 60])

ylim([0.5 1])

subplot(4,3,10)

%figure() % Qin vs TE

semilogx(tt.Qin, tt.avgTE_ns, o' , tt.Qin, tt.avgTE_yg,
tt.avgTE_nd, 'ko" )

titte( 'QinvsT_E )

xlabel(  'Qin (m"3/s)' )

ylabel( 'Average Trap efficiency’ )

legend( 'Naesung stream' , 'Yeong stream' , 'Nakdong river'
'Southwest' )

ylim([0.5 1])

subplot(4,3,11)

%fig ure() % manage WS vs total BC ratio
total_profit = sum(double(tt.Bene_hp))
total_loss = sum(double(tt.Cost_dred))
total_profit/total_loss

bar([total_profit total_loss], 0.5)

titte(  'Total profit and loss' )
xlabel( 'Average water stage (El.m)' )
ylabel( 'Revenue or cost (USD)' )

set(gca, 'XTick' )
New_XTickLable = [{ '‘Revenue’ 'Cost' }]
set(gca, 'XTickLabel' , New_XTickLable);
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subplot(4,3,12)

%figure() % manage_WS vs total BC ratio
BCRatio = total_profit / total_loss
avg_WSs =1t(1,2)

plot(avg_ WS, BCRatio, ko' , 'markerfacecolor' )
titte(  'Mean water stage vs BC ratio' )

xlabel( 'Average water stage (El.m)' )

ylabel( 'Total BC/ratio' )

legend( 'BC ratio' , 'location’ , 'Northeast' )

xlim([36 48])
%ylim([0 10])
grid on
%text(double(avg_WS), BCRatio*1.1, strcat('WS=',
num2str(double(avg_WS))))
text(double(avg_WS), BCRatio*1.05, strcat( 'B/C=" , num2str(BCRatio)))

% Main Title for the whole subplots
%maintitle = strcat('Analyzing period=',

num2str(analyzing_period),'years, Case: Stage EI.', num2str(double(avg_WS)),
lml)
maintitle = [ '‘Case’ num2str(CASE_NO) ‘(Nor.: EI.' num2str(manage_WS)
'm, FId.: EL' num2str(fldSeason_WS) 'm, Irr.: EL' num2str(irrSeason_WS)
'm)" ]
ha = axes( 'Position’ ,[001 1], Xlim" ,J01], 'YIim'" O
1], 'Box' ,'off , 'Visible' ,'off ,'Units’ , 'normalized' , ‘'clipping’ , off );
text(0.5,
1,maintitle, 'Horizontal Alignment’ , 'center’ , 'VerticalAlignment' , 'top' )

% result figure save
fig_fname = '‘Result_CASE_’ num2str(CASE_NO) ' daily_figure' ]
print(fig_fname, - dmeta' )

%% new figure for summary

figure()

set(gcf, 'units' , ‘inches' , ‘'position’ ,[0.50.5 18 11]) % 0.5, 0.5
is low - left point of screen, 15 is length, 10 is hight from origin point

set(gca, 'Looselnset’ , [0.05 0.1 0.05 0.03]) % Left/ Bottom / Right /
Top

hold off

subplot(2,3,1) % water stage plot

plot(tt.d_dnum,tt.s_hwl, tt.d_dnum,tt.s_twl, tt.d_dnum, tt.avg_WS)

title( ' Water stage' )

formatin = ‘mm/ddlyyyy'

set(gca, 'XTick' ) %,[ini_date:180:end_date])

datetick( 'x' , 'mm/ddlyyyy" , 'keepticks' )

xlabel( 'Date (mm/dd/yyyy)' )

ylabel( 'Stage (El.m)’' )

ylim([36 48])

legend( 'Upstream water stage' , 'Downstream water stage' , 'Average
upstream water stage' , 'location’ , 'Southeast' )

grid on
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xticklabel_rotate

subplot(2,3,2) % inflow and outflow plot
plot(tt.d_dnum,tt.Qin, tt.d_dnum,tt.Qout, tt.d_dnum,tt.avg_Q)
title(  'Inflow and outflow' )

formatin = ‘mm/dd/yyyy'

set(gca, 'XTick' ) %,[ini_date:180:end_date])

datetick( 'x' , 'mm/dd/yyyy" , 'keepticks' )

xlabel( 'Dat e (mm/dd/yyyy)' )

ylabel( 'Discharge (m”"3/s)' )

legend( ‘Inflow' , 'Discharge’ , ‘'Average discharge' ) %, 'location’,
'best’)

grid on

xticklabel_rotate

subplot(2,3,3)

diff = cumsum(tt.Bene_hp) - cumsum(tt.Cost_dred);

semilogy(tt.d_dnum, cumsum(tt.Bene_hp), tt.d_dnum,
cumsum(tt.Cost_dred)) %, tt.d_dnum, diff)

titte(  'Accumulative revenue and cost' )

formatin = 'mm/ddlyyyy'

set(gca, 'XTick' ) %,[ini_date:180:end_date])

datetick(  'x' , 'mm/dd/yyyy" , 'keepticks' )

xlabel( 'Date (mm/dd/yyyy)' )

ylabel( 'Revenue or cost (USD)' )

ylim([1072 1018])

legend( 'Acc. hydropower revenue' , 'Acc. dredging cost' , 'location’
'Southeast' )

xticklabel_rotate

hold on

diground = @(x,d) round(x*107d)/10"d; % round function

BCRatio = diground(BCRatio,2);

text(datenum(  '20140101" , 'yyyymmdd' ),10"4, strcat( '‘B/C ratio="' ,
num2str(BCRatio)), ‘fontsize' , 14)

subplot(2,3,4)

%figure() % Qposs vs Benefit and Cost, Qposs = Qin - 2.0 (fish path)
loglog(tt.Qposs, tt.Bene_hp, 'bo" , tt.Qposs, tt.Cost_dred, k* )
title ( 'HP revenue vs. Dred costs' )

xlabel( 'Qposs (m”3/s)' )

ylabel( 'HP benefit and Dredging cost (USD)' )

legend( 'Hydropower revenue' , 'Dredging Cost' , 'location’ , 'Northwest'

ylim([10~ -1 1077])

subplot(2,3,5)

%figure() % Qin vs daily BC ratio

semilogx(tt.Qin, tt.daily_BCratio, 'bo" , tt.Qout, tt.daily_BCratio,
ko' )

title(  'Q vs. Daily B/C ratio' )

xlabel(  'Q (m"3/s)' )

ylabel(  'Daily B/C ratio’ )

legend( 'Qin" , 'Qout' , ‘location' , 'Northeast' )

ylim([0 80])

subplot(2,3,6)
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%figure() % dH vs daily BC ratio

plot(tt.dH, tt.daily_BCratio, 'bo" )

titte(  'dH vs. Daily B/C ratio' )

xlabel(  'dH (m)" )

ylabel( 'Daily B/C ratio’ )

legend( 'Daily  B/C ratio’ , 'location’ , 'Northwest' )
xlim([0 10])

ylim([0 80])

% Main Title for the whole subplots
average_waterstage=diground(tt.avg_WS(end),2);

maintitle = [ '‘Case'’ num2str(CASE_NO) '(Nor.: EI.' num2str(manage_WS)
'm, Fld.: EL' num2str(fldSeason_WS) 'm, Irr.: EL' num2str(irrSeason_WS)
'm)" ]
ha = axes( 'Position’ ,[00 1 1], Xlim" ,[01], 'YIim' O
1], 'Box' ,'off , 'Visible' ,'off |, 'Units' , 'normalized' , 'clipping' , off  );
text(0.5,
1,maintitle, 'HorizontalAlignment' , ‘center’ , 'VerticalAlignment' , 'top' ,
'fontsize' , 15)
% for pictitle
fig_fname = 'Result CASE ' num2str(CASE_NO) ' daily figure_summary’
print(fig_fname, - dmeta' )
ending_time = now()
end % fori

%% Table and Graph for MCDA input
t

t_col_name = get(t, 'VarNames' );
t col name={ 'Case No.' 'Average water stage (El.m)’' 'Average discharge
(m~3/s)' "Turbidity (NTU)'

‘Total sediment yield (ton s)' 'Average Trap efficiency' "Total
reservoir sedimentation (tons)' "Total reservoir sedimentation (m"3)'
'Reservoir fill ratio (%)’ '‘Dredging cost (USD)'

‘Average hydropower(kW)' 'Hydopower production (kWh)'
'Hydropower revenues (USD)'

'‘BC ratio’ 'Volume for water supply (m"3)' ‘Volume for flood
prevention (m”3)' 'XS area for flood conveyance (m”2)'

'‘Good view station ratio (%)’
% export table

tafinal_fname = [ '‘Result_Total_ MCDA_input_summary_table.xIsx' 1;
export(t, 'XLSfile' , t4final_fname)

figure()

set(gcf, 'units' , ‘'inches' , ‘position’ ,[0.5 0.5 18 11]) % 0.5, 0.5 is low -
left point of screen, 15 is length, 10 is hight from origin point

set(gca, 'Looselnset’ , [0.05 0.1 0.05 0.03]) % Left/ Bottom / Right / Top
hold off

for i=2:17

subplot(4,4,i - 1), plot(t(:,1),t(:,i+1), ‘o - ),
%title(char(t_col_name(i+1))),

xlabel( 'Case No." ), ylabel(t_col_name(i+1)), grid on
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end

% Making main title

maintitle = [ '‘Main variables for MCDA input' ]

%maintitle = strcat('Case: Analyzing period="',
num2str(analyzing_period),'years, The simulation result for MCDA input’)

ha = axes( 'Position’ ,[0011], Xlim" ,[01], 'YIim' ,[O

1], 'Box' ,'off , 'Visible' ,'off  ,'Units’ |, 'normalized’ , " clipping’ , off );
text(0.5, 1,maintitle, '‘Horizontal Alignment' , ‘center’ , 'VerticalAlignment' ,
'top' , ‘'fontsize' , 15)

fig_fname = 'Result_Total_ MCDA _input_summary_figure' ]

print(fig_fname, - dmeta’' )

% figure()

% plot(t.avg_Q, t.BCRatio, 'bo -

% xlabel("Water stage (El.m)")
% ylabel('B/C ratio’)

%% summary of results
% added

exp_T=]]
for i=1:5

filename = [ 'Result CASE ' , num2str(i), ' _daily_table.xIsx' 1;
%filename = 'Result_ CASE_1_daily_table.xlIsx’;

sheet=  'Sheetl' ;
[v, T, vT] = xlsread(filename, sheet, '‘A1:A08036"' );

totTE = sum(v(:,35)) / sum(v(:,28))*100
avg_WS = mean(v(;,11)); % change median after Fontane meeting

Dep_vol = sum(v(;,37))

Cost_dred = sum(v(:,38))
avg_dH=mean(v(:,13))
avg_Qa=mean(v(:,18))+mean(v(:,19))
Pkwh = sum(v(;,23))

Bene_hp = sum(v(:,24))

% storage calculation for water supply

[stored_vol, surf_area, XSarea]=Sep11th2015 Func_catch_vol_surf_area(avg_WS);
avgWSA = surf_area

Current_vol_of_floodprevention = stored_vol,

[stored_vol, ~, ~ ]=Sep11th2015_ Func_catch_vol_surf_area(44.155); % Pungyang
Intake level is 44.155, Saboelmaehoe 41.5

Critical_vol_of watersupply = stored_vol;

vol_for_watersupply = Current_vol_of floodprevention -

Critical_vol_of watersupply
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% Flood prevention

[stored_vol, ~, XSarea |=Sep11th2015 Func_catch_vol_surf_area(52); % Bank

Elevation
max_vol_of floodprevention = stored_vol;
max_XSarea = XSarea,;

switch i
case 1
fldseason_ WS = avg_WS
case 2
fldseason_WS = avg_WS
case 3
fldseason W S =avg_WS
case 4
fldseason_WS = 46.0
case 5
fldseason_ WS = 44.5
otherwise
fldseason_ WS = avg_WS
end

[stored_vol, ~, XSarea |=Sepl11th2015_ Func_catch_vol_surf_area(fldseason_WS);
Bank Elevation

Current_vol_of_floodprevention = stored_vol,

Current_XSarea = XSarea;

vol_for_floodprevention = max_vol_of floodprevention -
Current_vol_of_floodprevention
XSarea_for_floodconveyance = max_XSarea - Current_XSarea

% Turbidity

avg_Turb = median(v(:,41) )

% Tourism
[good_view_station_ratio]=Sep11th2015_Func_flow_width_ratio_calculation(avg_W
S); %

good_view_station_ratio

exp_table = [i; totTE; avg_WS; avgWSA; Dep_vol; Cost_dred; avg_dH; avg_Qa;
Pkwh; Bene_hp; vol_for_watersupply; vol_fo r_floodprevention;
XSarea_for_floodconveyance; avg_Turb; good_view_station_ratio]

exp_T = [exp_T exp_table]

end % fori

header={ ‘'case' ; 'totfTE' ; 'avg WS' ; 'avgWSA' ; 'Dep_vol' ; 'Cost dred'
‘avg_dH' ; ‘'avg_Qa' ;...

'Pkwh' ; 'Bene_hp' ; ‘'vol_for_watersupply' ;
'vol_for_floodprevention' -

'XSarea_for_floodconveyance' ; ‘'avg_Turb'
'‘good_view_station_ratio’ }
header = header'
exp_T=exp_T
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ds = dataset({exp_T, header{:}})

exp_fname = 'MCDAInput_from_Simulations.xlIsx' ;
export(ds, 'XLSfile' , exp_fname)

%% Q threshold analysis

[v, T, vT] = xIsread( '‘4700noHcontrol_Result CASE_6_daily_table.xIsx’
Qin =v(:,15)

Bene_hp=v(;,24)

Cost_dred=v(;,38)

figure()
%figure() % Qposs vs Benefit and Cost, Qposs = Qin - 2.0 (fish path)
loglog(Qin, Bene_hp, 'bo" , Qin, Cost_dred, 'k* , 'Markersize'
hold on
title ( 'HP revenues vs. Dred costs' )
xlabel(  'Q (m"3/s)' )
ylabel( 'HP benefit and Dredging cost (USD)' )
legend( 'Hydropower revenue' , 'Dredging Cost' , 'location’ , 'Northwest'
ylim([10n -1 1077))
xlim([10" -1 107M))
loglog([620 620], [10,10"5], )
text(570, 7, "\ uparrow Q threshold' )
print( 'Fig_Q threshold' , - dmeta' )

%% H threshold analysis (added on Nov.29th, 2015)

% from the simulation results (folder name Nov18th2015 draft vilb)

ws =[37.241.5 42 42.5 43.0 43.2 43.4 43.5 43.55 43.60 43.65 43.7 43.8 44.0
44,5 45.0 45.5 46.0 46.5 47.0];
bc=[00000.010.030.520.830.941.011.091.141.181.26 1.45 1.64
1.84 2.04 2.24 2.34];

size(ws)
size(bc)
figure()
plot(ws, bc, '‘bo -, 'Markersize' , 5), hold on
xlabel( ‘WS (El.m)" )
ylabel( 'B/C ratio' )
plot([37 43.6], [1.01,1.01], )
plot([43.6 43.6], [0,1.01], )
plot(43.6, 1.01, ro' , 'markerfacecolor' )
text(43.6+0.1, 1.01, "\ leftarrow WS threshold' )
xlim([41 47])
print( 'Fig_WS_threshold' , '- dmeta' )
simulation_duration =datevec(ending_time - starting_time)
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= SUB-FUNCTIONS

Feb25th2016_Func_MCDA v9 SEMEPP_corFactor.m (finalized on May 1) 2016)

function [t4daily_ds, tdmcda_ds] =
Feb25th2016_Func_MCDA v9 SEMEPP_corFactor(CASE_NO, analyzing_period,
stagecontrol, manage_WS, irrSeason_WS, fldSeason_WS, Qcontrol, control_Q)

clc;close all ; %clear all;
format shortG ;

%% A. Hydropower benefit

% Read operation data from the K - water database

filename= '20120716 20150301 operation.txt' ;% dimliter must be tab.

fid = fopen(filename, ™)

data =

textscan(fid, '%s %f32 %f32 %f32 %32 %f %f Y%f %f %f %f %f %f %f %f %of %of %of
'headerLines' , 1, 'delimiter' AN A

fclose(fid);

% getting datevector from text type date&time
dates = data{1};

datev = datevec(dates, 'yyyymmddHHMM");
daten = datenum(datev);

% filtering with certain period

%ini_date = input('Enter starting date, ex)20120718:");

ini_date = datenum(datevec( '201301010000' , 'yyyymmddHHMM"));
end_date = datenum(datevec( '201412312350' , 'yyyymmddHHMM"));
% giving conditions

ind = find(daten >= ini_date & daten <= end_date);

ind_date = datev(ind,1:6);

s_date=datenum(ind_date) % filtered date and time vector

d_date=reshape(s_date, 144, []); % reshape the table into one column with 144
records length

d_dnum=d_date(1,:)' % choose the first row and transpose

d_dvec= datevec(d_dnum) % convert datenum into date vector

hwl = double(data{2}); % get head water level and converte cell into double
s_hwli=hwl(ind); % filter hwl with certain datecondition

twl = double(data{3}); % get head water level and converte cell into double
s_twl=twl(ind);

inf = double(data{6}); % inflow

s_inf=inf(ind);

outf = double(data{7} ); % outflow

s_outf=outf(ind);
dat = [s_hwl s_twl s_inf s_outf];
[row col] = size(dat); % dat_daily is quearyied matrix with condition
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for i=1:col
d(:,i) = mean(reshape(dat(:,i), 144, [1)); % average all data
end

% fill nan value with previous data
for k= find(isnan(d))

d(k)=d(k -1);
end

s_t=[d_dvecd]; % selected table; filtered table

nday = datenum(d_dvec);
datevec(nday(1:10))

datevec(nday)

t final = [nday dJ; % dnum wsup wsdn inflow outflow
size(t_final)

%% extending analysis period

% call function for additional table
% must change the simulation year in the branket, i.g. 10, 20, or 30 yrs
% over 32yrs is impossible

%%
%analyzing_period=20; %%%%%

switch  analyzing_period>0

case 1

%|period, lastdate, no_of day,
t_final_to_add]=Aug07th2015_Func_making_additional_Inflow_table
(analyzing_period);

[period, lastdate, no_of day, t final to_add, dnum_1985 2014,
dnum_2015 2034, dnum_1985_2034,dnum_2013_2014, dnum_2013 2034,

Qns_historical, Qns_prediction, Qns_wholeperiod, Qyg_historical,
Qyg_prediction, Qyg_wholeperiod,

Qnd_historical, Qnd_ pred|ct|on Qnd _wholeperiod, Qsj_historical,
Qsj_prediction, Qsj_wholeperiod, .

Qsj_observation,
Qsj_obs_n_prediction]=Nov01st2015_ Func_making_additional_Inflow_table_v2;

period

lastdate

no_of day

t final_to_add; % SJ weir whole period data (2015 - 2034)
a=t final_to_add(:,2);

a(a==0)=0.001;

t_final_to_add = [dnum_2015_ 2034 a]
size(t_final_to_add)

% imported date and inflow data using Function making additional
% inflow
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dnum_1985 2014;
dnum_2015 2034;
dnum_1985 2034;
dnum_2013 2014;
dnum_2013_2034;

Qns_historical;
Qns_prediction;
Qns_prediction(Qns_prediction==0)=0.001;

Qns_wholeperiod;
size(Qns_wholeperiod)
Qns_wholeperiod(Qns_wholeperiod==0)=0.001;

Qyg_ historical;
Qyg_prediction;
Qyg_prediction(Qyg_prediction==0)=0.001;

Qyg_wholeperiod;
Qyg_wholeperiod(Qyg_wholeperiod==0)=0.001;

Qnd_historical;
Qnd_prediction;
Qnd_prediction(Qnd_prediction==0)=0.001;

Qnd_wholeperiod;
Qnd_wholeperiod(Qnd_wholeperiod==0)=0.001;

Qsj_historical, % Simulated data (1985 - 2014, 30yrs)
Qsj_prediction;
Qsj_prediction(Qsj_prediction==0)=0.001;

Qsj_wholeperiod,;
Qsj_wholeperiod(Qsj_wholeperiod==0)=0.001;

Qsj_observation; % Actually observed data (2013 - 2014)
Qsj_obs_n_prediction;

size(Qsj_obs_n_prediction)
Qsj_obs_n_prediction(Qsj_obs_n_prediction==0)=0.001;

% t_final_to_add data is the same as Qsj_prediction

figure()

subplot(3,1,1), plot(dnum_2015 2034, t_final_to_add(:,2))

subplot(3,1,2), plot(dnum_2015 2034, Qsj_prediction)

subplot(3,1,3), plot(dnum_2015 2034, Qsj_prediction -
t final_to_add(:,2))

t_of ws =[t_final(:,2) t_final(:,3)]; % water stages of upstream and
downstream
%data for 34yrs with same pattern of 2013 - 2014
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t of ws=
[t_of ws;t of ws;t of ws;t of ws;t of ws;t of ws;t of ws;t of ws;t of ws;t of
_ws;t_of ws;t of ws;t of ws;t of ws;t of ws;t of ws;t of ws];

size(t_of_ws);

%selectiong same length of data with the number of inflow for
addition days

index = (1:no_of_day)’;

t of ws to _add =t_of ws(index,:);

size(t_of ws_to_add);

% making final table to add
%t _final_to_add = [t_final_to_add(:,1) t_of ws_to_add(:,1:2)
t final_to_add(:,2) t_final_to_add(:,2)];
t_final_to_add = [dnum_2015_ 2034t of ws_to_add Qsj_prediction
Qsj_prediction]; % discharge from SJ weir assumed as same as SJ inflow
size(t_final_to_add);

% The combined table (2013 - 2034)
t final = [t_final; t_final_to_add]
size(t_final);

case 0
t_final = t_final;

end
[nrow_of final_table, ncol] = size(t_final)

%% discharge plot for whole period
figure()
plot(t_ final(:,1), t_final(:,4)), datetick( X', 'mm/ddlyyyy’ , ‘'keepticks'

%% for simulation time saving
%t_final = t_final(1:20,:)
%[nrow_of final_table, ncol] = size(t_final)

%% Controal water stage

wsup= t_final(:,2);

%size(wsup)

%When fixed water stage : 40.95 is break - even point

%%
%stagecontrol = 1
%manage_WS = 47

switch  stagecontrol

case 0
new_wsup =wsup;
case 1
manage_WSsb=input('Management water stage? If you want to run previous
condition, do not input anything?");
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%manage_WS = [|%44.149; % Water Stage Threshold for break

new_wsup = zeros(length(wsup),1);
for n=1:length(wsup)
new_wsup(n)=manage_WS;

end
% figure(), plot(hew_wsup)
% size(n ew_wsup)

end % for switch
%% add seasonal stage changes (add Aug. 6th, 2015)
CASE_NO

switch CASE_NO
case 4
irrSeason_WS=manage_WS;
fldSeason_WS=fldSeason_WS;

daten=t_final(:,1);
%size(daten)
datev=datevec(daten);
yearvec=unique(datev(:,1));

% revising management water stage for irrigation season (May 1
for i=l:length(yearvec)

irr_strt_date= datenum([yearvec(i) 51 0 0 0]);

irr_f nsh_date= datenum([yearvec(i) 9 30 0 0 0]);

irr_ind = find(daten >=irr_strt_date & daten <= irr_fnsh_date);

irr_ws = new_wsup(irr_ind);

new_wsup(irr_ind,1) = ones(length(irr_ws),1).*irrSeason_WS;

%new_wsup(i rr_ind,1) = ones(length(irr_ws),1).*45
end

% figure()

% plot(daten, new_wsup, 'b -
% datetick('x','mm/dd/yyyy")

% ylim([40 55])

% revising management water stage for flood season (June 21st
20th)
for i=l:length(yearvec)
fld_strt date= datenum([yearvec(i) 6 21 0 0 0]);
fld_fnsh_date= datenum([yearvec(i) 9 20 0 0 0]);

fld_ind = find(daten >= fld_strt_date & daten <= fld_fnsh_date);

fld_ws = new_wsup(fld_ind);

new_wsup(fld_ind,1) = ones(length(fld_ws),1).*fldSeason_WS;

%new_wsup(fld_ind,1) = ones(length(fld_ws),1).*46
end

case 5
irSeason_WS; % meaningless
fldSeason_WS; % meaningless

% definition of stages corresponding discharge range
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WS_smallQthan25 = 47;
WS_btwQ25and620 = 46;
WS_bigQthan620 = 44.5;

Qin =t _final(;,4);

% water stage changes according to inflow
id4smallQ25and620= find(Qin<50)
new_wsup(id4smallQ25and620)=WS_smallQthan25
id4btwQ25and620= find(Qin>50 & Qin<620)
new_wsup(id4btwQ25and620)=WS_btwQ25and620
id4bigQthan620 = find(Qin>620)
new_wsup(id4bigQthan620)=WS_bigQthan620

case 6
% noting to do but no stage control

otherwise % case no 1,2 etc with steady water stage
irrSeason_WS=manage_WS;
fldSeason_WS=manage_WS;

daten=t_final(:,1);
%size(daten)
datev=datevec(daten);
yearvec=unique(datev(:,1));

% revising management water stage for irrigation season (May 1 - Sep.30)
for i=l:length(yearvec)
irr_strt_date= datenum([yearvec(i) 51 0 0 0]);
irr_fnsh_date= datenum([yearvec(i) 9 30 0 0 Q]);
irr_ind = find(daten >=irr_strt_date & daten <= irr_fnsh_date);
irr_ws = new_wsup(irr_ind);
new_wsup(irr_ind,1) = ones(length( irr_ws),1).*irrSeason_WS;
%new_wsup(irr_ind,1) = ones(length(irr_ws),1).*45
end

% figure()

% plot(daten, new_wsup, ‘b -, title(['case No:' num2str(CASE_NO)])
% datetick('x','mm/dd/yyyy")
% ylim([40 55])
% revising management water stage for flood season (June 21st - Sep.
20th)

for i=l:length(yearvec)
fld_strt_date= datenum(Jyearvec(i) 6 21 0 0 0]);
fld_fnsh_date= datenum([yearvec(i) 9 20 0 0 0]);
fld_ind = find(daten >= fld_strt_date & daten <= fld_fnsh_date);
fld_ws = new_wsup(fld_ind);
new_wsup(fld_ind,1) = ones(length(fld_ws),1).*fldSeason_WS;
%new_wsup(fld_ind,1) = ones(length(fld_ws),1).*46

end

end % for CASE_NO

figure()
plot(t_final(;,1), new_wsup, b - ), title([ ‘case No:' num2str(CASE_NO)])
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datetick( X'
ylim([40 55])

, 'mm/dd/yyyy' )

wsdn= t_final(:,3);
%size(wsdn)

%% Control discharge

Qout =t_final(:,5);
%size(Qout)

%Qin =t_final(:,4);

%Qcontrol = 1;
%control_Q= 500;

% 9=inflow, 10=total discharge

switch  Qcontrol
case 0
Qin =t _final(;,4);
%size(Qin)
case 1
control_Q %=input('Controlled discharge?");
% %control_Q = 461; % Dscharge threshold for break
%fld_Q = Qout(fld_ind); %getting discharge corresponding flood
season
Qout(Qout>control_Q)=control_Q;
% figure()
% plot(daten, Qin)
% ylim([0 10000])
otherwise
end

%% Calculating Hydropower generation

dH=new_wsup - wsdn; % effective fall
diground = @(x,d) round(x*10°d)/10"d;

dH = diground(dH,2);

find(dH<O0);

dH(dH<0)=0;

% str = num2str(dH)
% dH=str2num(str)

Ha=dH - 0.25; % Head loss
Ha(Ha<0)=0;
Qposs=Qin - 2.0; % Fish path discharge

diground = @(x,d) round(x*10°d)/10"d;
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Qposs = diground(Qposs,2);
Qposs(Qposs<0)=0;
size(Qposs);

% For getting corresponding Qrated from Sangju Weir Table

H = [6.25; 6.45; 6.50; 6.75; 7.00; 7.50; 8.00; 8.50; 9.00; 9.50; 10.00;
10.50];

Q =[27.00; 26.00; 25.72; 24.61; 23.60; 21.83; 20.40; 19.64; 18.09; 17.11;
16.30; 15.55];

% plot(H, Q, 'bo -
% xlabel('Ha, Effective head (m)")
% ylabel('Qa, Rated discharge (m"3/s)")

% turbine efficiency curve when dH=6.75
% Qratio =[100; 90; 80; 70; 60; 50; 40]

% Qt =[26; 23.4; 20.8; 18.2; 15.6; 13.0; 10.4];
% eta_t =[0.9197; 0.9266; 0.9317;0.9340;0.9323;0.9229;0.9021];

% Gear efficiency table

% Pratio =[100; 75; 50; 25]

Pini =[1500; 1125; 750; 375];
eta_g =[0.985; 0.984; 0.98;0.97];

% Getting Qrated
Qrated = zeros(length(Ha),1);
for i=1:length(Ha)
if Ha(i) <=6.25
Qrated(i) = 27.0;
elseif Ha(i) >= 10.50
Qrated(i) = 15.55;
else
Qrated(i)=interp1(H,Q,Ha(i));
end
end

diground = @(x,d) round(x*10"d)/10"d;
Qrated = diground(Qrated,?2);

size(Qrated);

% Operational distortion and mismatch with Optimal operational condition,

% 1500/1580

adjusting_factor = 1.0; % because H and Q are operated for 1500 kW production
line

% Correction factor: Observation(July2012 - Dec.2014)/Modeling results = 79%

due to maintenance issues
C_factor = 1.0; %0.79;

for i=1:length(Qrated)
[
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% Judgement of Qposs conditions
if  Qposs(i) >= 2 * Qrated(i)
cond(i) = 1;

elseif Qposs(i) <= Qrated(i)
cond(i) = 2;

else

cond(i) =3;

end

% Case

switch  cond(i)

case 1

Qal(i)=Qrated(i);

Qa2(i)=Qrated(i);

% call function eta calculation using H and Q variables

[ eta_for_dHdQ ] = Aug07th2015_Func_eta_interpolation( Ha(i), Qal(i));
eta_t1(i) = eta_for_dHdQ / 100;

[ eta_for_dHdQ ] = Aug07th2015_ Func_eta_interpolation( Ha(i), Qa2(i));
eta_t2(i) = eta_for_dHdQ / 100;

Pini1(i)=9.81*Qal(i)*Ha(i)*eta_t1(i);
Pini2(i)=9.81*Qa2(i)*Ha(i)*eta_t2(i);

if  Pinil(i) > 1500

eta_g1(i)=0.985;

elseif Pinil(i) < 375

eta_g1(i)=0.97;

else

eta_gl(i) = interp1(Pini, eta_g, Pinil(i));
end

if  Pin i2(i) > 1500

eta_g2(i)=0.985;

elseif Pini2(i) < 375

eta_g2(i)=0.97;

else

eta_g2(i) = interp1(Pini, eta_g, Pini2(i));
end

Pkw1(i) = Pinil(i)*eta_g1(i)*adjusting_factor*C_factor;
Pkw2(i) = Pini2(i)*eta_g2(i)*adjusting_fac tor*C_factor;

case 2

Qal(i)=Qposs(i);

Qa2(i)=0;

% call function eta calculation using H and Q variables

[ eta_for_dHdAQ ] = Aug07th2015_ Func_eta_interpolation( Ha(i), Qal(i));
eta_tl1(i) = eta_for_dHdQ / 100;

[ eta_for_dHdQ ] = Aug07th2015_Func_eta_interpolation( Ha(i), Qa2(i));
eta_t2(i) = eta_for_dHdQ / 100;

Pinil1(i)=9.81*Qal(i)*Ha(i)*eta_t1(i);
Pini2(i)=0;

if  Pini1(i) > 1500
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eta_g1(i)=0.985;

elseif Pinil(i) < 375

eta_g1(i)=0.97;

else

eta_gl(i) = interp1(Pini, eta_g, Pinil(i));
end

%eta_gl(i)=interpl(Pini,eta_g,Pinil(i));
eta_g2(i)=0;

Pkw1(i) = Pinil(i)*eta_g1(i)*adjusting_factor*C_factor;
Pkw2(i) = 0;

case 3

Qal(i)=Qrated(i);

Qa2(i)=Qposs(i) - Qrated(i);

% call function eta calculation using H and Q variables

[ eta_for_dHdQ ] = Aug07th2015_Func_eta_interpolation( Ha(i), Qal(i));
eta_tl1(i) = eta_for_dHdQ / 100;

[ eta_for_dHdQ ] = Aug07th2015_ Func_eta_interpolation( Ha(i), Qa2(i));
eta_t2(i) = eta_for_dHdQ / 100;

Pini1(i)=9.81*Qal(i)*Ha(i)*eta_t1(i);
Pini2(i)=9.81*Qa2(i)*Ha(i)*eta_t2(i);

if  Pinil(i) > 1500

eta_g1(i)=0.985;

elseif Pinil(i) < 375

eta_g1(i)=0.97;

else

eta_gl(i) = interp1(Pini, eta_g, Pinil(i));
end

if  Pini2(i) > 1500

eta_g2(i)=0.985;

elseif Pini2(i) < 375

eta_g2(i)=0.97;

else

eta_g2(i) = interp1(Pini, eta_g, Pini2(i));
end

Pkw1(i) = Pinil(i)*eta_g1(i)*adjusting_factor*C_factor;
Pkw2(i) = Pini2(i)*eta_g2(i)*adjusting_factor*C_factor;
otherwise

end

end

Pkw=Pkw1'+Pkw2";

%Pkw=Pkw*10"(3)*10"( - 9); % change into Giga Watt
Pkwh=Pkw * 24; % Giga Watt hour

%[Ha Qposs Qal' eta_t1'eta_gl' Pkwl' Qa2' eta_t2' eta_g2' Pkw2']

sum_Pkwh = sum(Pkwh) % Total Hydropower
Bene_hp = Pkwh .* 0.13; % USD/kWh
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sum_Bene_hp = sum(Bene_hp) % sum of revenue of hydropower generation

%% Calculating Dredging cost

% Developing Flow duration curve (Nov.12th, 2015)
daten = dnum_1985 2014; % from Tank simulation
datev = datevec(daten);

yearvec =unique(datev(:,1))

prevYear = datenum(datev(;,1) - 1,12,31)
dayofYear = daten - prevYear

TT=linspace(0.0001,1,10™4);
% (@) interpolation for every year and plot (Naeseong)

FD =1I;

cor_Q=[J;
Pe_tot=[];
FL_tot=[];

figure()
for i=1:length(yearvec)

inds = find(datev(:,1) == yearvec(i)); % finding rank corresponding the
every year (366 - 730) in case 1978

max_dayofYear = dayofYear(inds(end))

Pe = dayofYear(inds)./(max_dayofYear+1)

FL = sort(Qns_historical(inds), 'descend’ )

%intp_val=interp1(Pe,FL,TT,'spline’);
%intp_val=interpl(Pe,FL,TT,linear’);

intp_val=interp1(Pe,FL,TT, ‘cubic' );

int_data(;,i)=intp_val’; %save interpolated value for average
semilogx(Pe, FL, ko' , TT, intp_val)

hold on

Pe_tot=[Pe_tot; Pe];
FL_tot = [FL_tot; FL];
end

size(Pe_tot)
size(FL_tot)

% obtaining average of interpolated curve
FL_Avg = zeros(length(TT),1);
for i=21:length(TT)

FL_Avg(i) = mean(int_data(i,:));

end
semilogx(TT, FL_Avg, ro -, 'Markersize' , 7, 'Markerfacecolor' , )
xlabel( 'Exceedance probability’ )
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ylabel( 'Q (cms)'" )
titte(  'Naesung Stream FD (1985 -2014)" )
ylim([0 4500])

print( 'Fig NSstr_FDcurve' , - dmeta’ , - r600" )

FD(;,1) = FL_Avg; % for Naeseong Stream

% (b) interpolation for every year and plot (Yeong Stream)

Pe_tot=[];
FL_tot=[];

figure()
for i=1:length(yearvec)

inds = find(datev(:,1) == yearvec(i)); % finding rank corresponding the
every year (366 - 730) in case 1978

max_dayofYear = dayofYear(inds(end))

Pe = dayofYear(inds)./(max_dayofYear+1)

FL = sort(Qyg_historical(inds), ‘descend’ )

%intp_val=interpl(Pe,FL,TT,'spline’);
%intp_val=interpl(Pe,FL,TT,linear";

intp_val=interp1(Pe,FL,TT, '‘cubic' );

int_data(:,i)=intp_val’; %save interpolated value for average
semilogx(Pe, FL, ko' , TT, intp_val)

hold on

Pe_tot=[Pe_tot; Pe];
FL_tot = [FL_tot; FL];
end

size(Pe_tot)
size(FL_tot)

% obtaining average of interpolated curve
FL_Avg = zeros(length(TT),1);
for i=21:length(TT)

FL_Avg(i) = mean(int_data(i,:));

end

semilogx(TT, FL_Avg, ro -, 'Markersize' , 7, 'Markerfacecolor' , )
xlabel( 'Exceedance probability’ )

ylabel( 'Q (cms)'" )

title(  "Yeong Stream FD (1985 -2014)" )

ylim([0 4500])

print( 'Fig_YGstr_FDcurve' , - dmeta’ , - r300" )

FD(:,2) = FL_Avg; % for Naeseong Stream
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% (c) interpolation for every year and plot (Nakdong River)

Pe_tot=[];
FL_tot=[];
figure()
for i=1:length(yearvec)
inds = find(datev(:,1) == yearvec(i)); % finding rank corresponding the

every year (366 - 730) in case 1978
max_dayofYear = dayofYear(inds(end))
Pe = dayofYear(inds)./(max_dayofYear+1)
FL = sort(Qnd_historical(inds), 'descend’ )

%intp_val=interp1(Pe,FL,TT,'spline");
%intp_val=interp1(Pe,FL,TT,'linear");
intp_val=interp1(Pe,FL,TT, ‘cubic' );

int_data(;,i)=intp_val’; %save interpolated value for average

semilogx(Pe,FL, ko' ,TT,intp_val);
hold on

Pe_tot=[Pe_tot; Pe];
FL_tot = [FL_tot; FL];
end

size(Pe_tot)
size(FL_tot)

% obtaining average of interpolated curve
FL_Avg = zeros(length(TT),1);
for i=21:length(TT)

FL_Avg(i) = mean(int_data(i,:));

end

semilogx(TT, FL_Avg, ro -, 'Markersize' , 7, 'Markerfacecolor' )
xlabel( 'Exceedance probability’ )

ylabel( 'Q (cms)' )

titte(  'Nakdong River FD (1985 -2014)" )

ylim([0 4500])

print(  'Fig_NDrvr_FDcurve' , '- dmeta' , - r300" )

FD(:,3) = FL_Auvg; % for Nakdong River

size(FD)

% plotting Exceedance Probability vs Q line graph (interpolated data)
figure()

semilogx(TT, FD)

hold on

%title('Flow duration conversion')

xlabel( 'Exceedance probability’ )

ylabel( 'Q(cms)’ )

312



hold on
% picking up discharges corresponding midpoints of exceedance probability

Pe_indx=[0.0001 0.0006 0.003 0.01 0.0325 0.1 0.2 0.30.4 0.50.6 0.7 0.8 0.9
0.975];

for i=1:3 % Naeseong, Yeong, Nakdong River gasin
Intp(:,i)= interpl(TT, FD(:,i), TT);
for j=1l:length(Pe_indx)

cor_Q(j,i)=interpl(TT,FD(:,i),Pe_indx(j)); % interpolated discharge
corresponding every point of time exceedance

end

semilogx(Pe_indx, cor_Q(:,i), 'o' , 'Markerfacecolor' ,'g )
end
hold on
legend( 'Naesung Stream' , 'Yeong Stream' , 'Nakdong River' , 'Discharges
corresponding PE' -

'location'’ , 'NorthEast'" )
print( 'Fig_Flow Duration_Curves' , - dmeta' , - r300" )

% exporting corresponding Q

cor_Q;

PE_INDX = Pe_indx’

% adding header to sediment yield and deposition table and Export to Excel
cor_Q _table = [PE_INDX cor_Q];

header ={ 'Probability’ , 'Naeseong_Stream' , 'Yeong_Stream' , 'Nakdong_River'
ds = dataset({cor_Q_table,header{:}});
filename_export = 'Nov01st2015 Cor_Q_table.xlsx' ; % file name

corresponding discharge
export(ds, 'XLSfile' Jfilename_export);

%% (d) interpolation for every year and plot (Sangju Weir, whole period)

figure()

plot(dnum_1985 2014, Qsj_historical)

datetick( X' , 'mm/ddlyyyy’ )

xlabel( 'Date (mm/dd/yyyy)' )

ylabel( 'Discharge (m”3/s)' )

title(  'SJ Weir simulated dischage (1985 -2014)" )

grid on

print( 'Fig_SJ Weir discharge (1985 -2014)" , '- dmeta' , '- r300' )

Pe_tot=[];
FL_tot=[];
Pe =[];
FL=1I;

% for SJ weir FD curve generation
n_daten = dnum_1985 2014,
n_datev = datevec(n_daten);
n_yearvec =unique(n_datev(:,1))
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length(n_yearvec)

n_prevYear = datenum(n_datev(;,1) - 1,12,31)

n_dayofYear = daten - prevYear

rval=1

gval=1

bvals = linspace(0,1,length(n_yearvec))

figure()

for i=2:length(n_yearvec) % recored of 1985 was omitted because Tank generate

unusually high values at the first year
inds = find(n_datev(;,1) == n_yearvec(i));
%plot(n_dayofYear(inds), Qsj_historical(inds), 'Color’, [rval,
gval,bvals(i)])

plot(n_dayofYear(inds), Qsj_historical(in ds), 'Color ,[0,0,1])
hold on

end

legend( '1985 -2014')

hold on

dailyAvgQ = zeros(max(n_dayofYear),1);
for i=1l:max(n_dayofYear)
dailyAvgQ(i) = mean(Qsj_historical(dayofYear == i));

end
plot([1:max(n_dayofYear)],dailyAvgQ, T, 'LineWidth' 4)
xlabel( 'Day ofyear' )
ylabel( 'Discharge (m”3/s)' )
print( 'Fig_SJweir_daily_Q_1985 2014 All_year' , '- dmeta' , - r300" )
figure()
for i=1:length(n_yearvec)
inds = find(n_datev(:,1) == n_yearvec(i)); % finding rank corresponding
the every year (366 - 730) in case 1978

n_max_dayofYear = n_dayofYear(inds(end))
Pe = n_dayofYear(inds)./(n_max_dayofYear+1)
FL = sort(Qsj_historical(inds), 'descend’ )

%intp_val=interpl(Pe,FL,TT,'spline’);
%intp_val=interpl(Pe,FL,TT,linear’);
intp_val=interp1(Pe,FL,TT, ‘cubic' );

int_data(;,i)=intp_val’; %save interpolated value for average

semilogx(Pe,FL, ko' ,TT,intp_val);
hold on

Pe_tot=[Pe_tot; Pe];
FL_tot = [FL_tot; FL];
end

size(Pe_tot)
size(FL_tot)
% obtaining average of interpolated curve

314



FL_Avg = zeros(length(TT),1);
for i=L:length(TT)
FL_Avg(i) = mean(int_data(i,:));

end

hold on

semilogx(TT, FL_Avg, ro -, 'Markersize' , 7, 'Markerfacecolor' ,
xlabel( 'Exceedance probability' )

ylabel( 'Q (cms)" )

titte(  'Sangju Weir FD Curve' )

ylim([0 6000])
hold on
% picking up discharges corresponding midpoints of exceedance probability

Pe_indx=[0.0001 0.0006 0.003 0.01 0.0325 0.1 0.2 0.30.4 0.50.6 0.7 0.8 0.9
0.975];

FD=[FD FL_Avg] % add Sangju Weir Flow duration Jan28th2016
for i=4:4 % Just Sangju Weir

Intp(:,i)= interpl(TT, FD(:,i), TT);
for j=l:length(Pe_indx)

cor_Q(j,i)=interpl(TT,FD(:,i),Pe_indx(j)); % interpolated discharge
corresponding every point of time exceedance
end
semilogx(Pe_indx, cor_Q(:,i), 'o' , 'Markerfacecolor' ,'g )
end
hold on
print( 'Fig_SJweir_inflow_1984 2014 All_FDcurve' , '- dmeta' , - r300" )

FD_SJweir = FL_Avg; % for Sangju Weir inflow

%% plotting Exceedance Probability vs Q line graph (interpolated data)

% modified on March 9th, 2016 for Paper 1 (Hydraulic Thresholds to Mitigate
% Sedimentation Problem at Sangju Weir, South Korea

%

figure()

ftsz = 14; % for figure
loglog(TT, FD_SJweir)
hold on

% picking up discharges corresponding midpoints of exceedance probability
Pe_indx=[0.0001 0.0006 0.003 0.01 0.0325 0.1 0.20.30.40.50.6 0.7 0.8 0.9
0.975];

for i=4:4 % Just Sangju Weir
Intp(:,i)= interpl(TT, FD(:,i), TT);

for j=l:length(Pe_indx)

cor_Q(j,i)=interp1(TT,FD(:,i),Pe_indx(j)); % interpolated discharge
corresponding every point of time exceedance
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end

%semilogx(Pe_indx, cor_Q(;,i), ‘o', 'Markerfacecolor','r")

loglog(Pe_indx, cor_Q(:,i), ‘0" , 'Markerfacecolor' , )
end

%title('Flow duration conversion’)

xlabel( 'Probability of exceedance (P_E)' , ‘'fontsize' , ftsz)

ylabel( 'Sangju Weir discharge(m”3/s)' , 'fontsize' , ftsz)

grid on

legend( 'Flow duration curve ' , 'Discharges (m"3/s)' , 'location’ , 'southwest'
% title('SJ Weir FD curve')

set(gca, ‘fontsize' , ftsz)

print( 'Fig_Paper01_SJ FDcurve_inflow 1984 2014 Aprl6th2016' - dmeta’' ,
r300' )

%% FD/SDR method ==> Long - term sediment yield calculation and making table

for excel (Nov. 12th, 2015)

beg Tl =10; 0.02e -2;0.1e -2;05 e-2;1.5e -2;5e -2;15e -2;25e -2;35e - 2;45e - 2;55e -

2;65e - 2;75e -2;85e -2;95e - 2];

end_TI =[0.02e -2;,0.1e -2;,0.5e -2;15e -2;5e -2;15e -2;25e -2;35e - 2;45e - 2;55e -

2;65e - 2;75e -2;85e - 2;95e - 2;100e - 2];
mid_TI = (end_TI + beg_TI)./2;
del P =end_TI - beg TI;

for i=1:3 % 1=NS, 2=YG, 3=ND, 4=SJ Weir
diground = @(x,d) round(x*10°d)/10"d;

switch i
case 1
Q_NS =cor_Q(,i);
Q_NS =round(Q_NS); % added Feb. 25th, 2016
C_NS =10.478*Q_NS.~0.4748; % Hyangseok
C_NS =round(C_N 9S);
QdP_NS = Q_NS.*del_P; % product of Q and delta P
QdP_NS = diground(QdP_NS,1);
Qp_NS = round(31.56*C_NS.*QdP_NS); %partial sediment load (ENS p.
299- 300)

sum_Qp_NS = sum(Qp_NS)
per_Qp_NS = diground(Qp_NS/sum_Qp_NS*100,1)
sum(per_Qp_NS)

Q_NS(Q_NS == 0)=0.1;

gpgt_NS = 0.0482*log(Q_NS)+0.619; % correction factor is function

of Q (2/25/16)
gpgt_ NS = diground(gpqt_NS,3);

Qt_NS = round(Qp_NS./gpqt_NS); % Total Sediment load
sum_Qt NS = sum(Qt_NS)

per_Qt NS = diground(Qt_NS/sum_Qt NS*100,1)
sum(per_Qt_NS)

%FDSDRNS =[beg_Tlend_TImid_Tldel P Q NS C_NS QdP_NS QsdP_NS];
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FDSDR_NS =[beg Tlend_TImid Tldel P Q NS C_NS QdP_NS Qp_NS
per_Qp_NS gpgt_NS Qt_NS per_Qt_NSJ;
%Qs_NS = sum(QsdP_NS);% sum of sediment yield for NS stream

case 2
Q_YG =round(cor_Q(:,i));
C_YG =round(0.3493*Q_YG."0.9661); % Joemchon
QdP_YG = diground(Q_YG.*del_P,1);

Qp_YG =round(31.56*C_YG.*QdP_YG); % Qs = 31.56 C Q (in cms)
sum_Qp_YG =sum(Qp_YG);

per_Qp_YG =diground(Qp_YG/sum_Qp_YG*100,1);

sum(per_Qp_YG)

Q_YG(Q_YG == 0)=0.1;
gpgt_YG = diground(0.0885*log(Q_YG)+0.3638,3); % correction factor
is function of Q (2/25/16)

Qt_YG =round(Qp_YG./gpqt_YG);

sum_Qt_YG =sum(Qt_YG)

per_Qt_YG = diground(Qt_YG/sum_Qt_YG*100,1)
sum(per_Qt_YG)

%FDSDR_® = [beg_Tlend_TImid_Tldel PQ YG C_YG QdP_YG QsdP_YG];
FDSDR_YG =[beg_Tlend TImid Tldel PQ_YG C_YG QdP_YG Qp_YG

per Qp_YG gpqt_YG Qt_YG per_Qt_YG];
%Qs_YG = sum(QsdP_YG);% sum of sediment yield for YG stream

case 3
Q_ND = round(cor_Q(:,i));
C_ND =round(0.0374*Q_ND."1.1072); % Waegwan
QdP_ND = diground(Q_ND.*del_P,1);

Qp_ND = round(31.56*C_ND.*QdP_ND); % Qs = 31.56 C Q (in cms)
sum_Qp_ND = sum(Qp_ND);

per_Qp_ND = diground(Qp_ND/sum_Qp_ND*100,1);

sum(per_Qp_ND)

Q_ND(Q_ND == 0)=0.1;
gpgt_ND = diground(0.0216*log(Q_ND)+0.7956,3);

Qt_ND = round(Qp_ND./gpgt_ND);

sum_Qt_ND = sum(Qt_ND)

per_Qt_ND = diground(Qt_ND/sum_Qt_ND*100,1)
sum(per_Qt_ND)

FDSDR_ND =[beg_Tl end_TI mid_TIl del_P Q_ND C_ND QdP_ND Qp_ND
per_Qp_ND gpqgt_ND Qt_ND per_Qt_NDJ;
%Qs_ND = sum(QsdP_ND);% sum of sediment yield for ND River
otherwise
end

end % fori
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FDSDR_NS
FDSDR_YG
FDSDR_ND
Qs_NS = sum_Qt NS
Qs_YG =sum_Qt_YG
Qs_ND =sum_Qt_ND

tot SY=0Qs NS+Qs YG+Qs ND % total sediment yield in study area

%% Calculation of trap efficiency

% (1) Water surface Area

% Relationship of water stage (wl) vs. water surface area (WSA)
% Surface area was changed in July 22nd, 2015

% modified on March 9th, 2016 for Paper 1

%

filename = '‘Aug07th2015_WS_SurfArea_Volume_v2.xlIsx' ;
%sheet = 'summary_revised';
sheet= ‘'summary' ;

[v, T, vT] = xIsread(filename, sheet);

wl = v(:,3); % water stage

wl= wi(1:17);

mea_WSA =v(;,4); % surface area
mea_WSA = mea_WSA(1:17);

wldvol = v(:,1);

vol = v(:,2); % volume

% Drawing Surface Area and Volume Curve of Sangju Weir
%

figure()

ftsz=12; % for figure

set(gca, ‘fontsize' , ftsz) % for ax(1)

xlabels{1} = ‘Volume (m"3)' ;

xlabels{2} = ‘Surface Area (m"2)' ;

ylabels{1} = ‘Water Stage (EL.m)’ ;

ylabels{2} = ‘Water Stage (EL.m)’ ;

[ax,hIT,hIS] = plotxx(vol,wl4vol,mea_WSA,wl,xlabels,ylabels);

set(gca, ‘fontsize' , ftsz) % for ax(2)

set(ax(1), 'Xlim" , [0 27000000])

set(ax(2), 'Xlim" , [0 5500000])

set(ax(2), 'Xdir' , ‘'reverse' )% Water surface area

set(ax(2), 'Xcolor'  ,[001])

set(get(ax(1), ‘xlabel' ), 'string' Xlabels{1}, ‘fontsize' , ftsz)
set(get(ax(2), ‘xlabel' ), 'string' Xlabels{2}, ‘fontsize' , ftsz)
set(get(ax(1), 'vlabel' ), 'string' ,ylabels{1}, 'fontsize' , ftsz)
set(get(ax(2), 'vlabel' ), 'string' ,ylabels{2}, 'fontsize' , ftsz)

set(ax(1), 'Position’ ,[0.12 0.15 0.75 0.70])
set(ax(2), 'Position’ ,[0.12 0.15 0.75 0.70])
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grid on

picname = 'Fig_paper01_SJ AVcurve'
print(picname, - dmeta' , '- r300' )

% interpolation of WSA

XX = linspace(36,52,1600 ); % by 1cm 37.18 elevation of overflow section,
49.60 Flood Water Level, 52.61 elevation of the bank
WSA = interpl(wl,mea_WSA,XX); %linear interpolation

%figure(), plot(XX, WSA, 'b:")

% (2) Fall velocity (w)

st_ds =[64; 32; 16; 8; 4; 2; 1; 0.5; 0.25; 0.125; 0.0625; 0.031; 0.016;

0.008; 0.004; 0.002; 0.001; 0.0005; 0.00024]; % in milimeter

ds = st_ds.*10" -3; % in meter

nu = 1*10" - 6; % kinematic viscosity at 20 Celcius degree (m"2/s)

G = 2.65; % Specific weight

g =9.81; % Graviatational accelleration (m/s"2)

dstar = ds.*((G - 1)*g./nu”2)(1/3); % dimensionless grain size
omega = 8*nu*((1+0.0139*dstar.”3).70.5 - 1)./ds; % fall velocity ( m/s)

% getting Average trap efficiency
FDSDR_NS_ori =FDSDR_NS
FDSDR_YG_ori =FDSDR_YG
FDSDR_ND_ori =FDSDR_ND

% Calculation of average trap efficiency and completion of Longterm
% sediment Yield tables (Nov. 12th, 2015)
for WS=[37.18 47.0]; % Elvation of reservoir level

int. WSA = interpl(wl,mea WSAWS, ‘cubic' );

% calculation for three watersheds

for [=1:3 % 1= NS, 2=YG, 3=ND

% discharge Q

watershed = |;

%watershed = input('Enter watershed code, 2=NS, 3=YG, 4=ND:");
discharge = cor_Q(:,watershed);

DDS = linspace(0.00024,0.002,10"4); % for trap efficiency
DDS3 = linspace(0.0020001,0.004,10"4);

DDS7 = linspace(0.0040001,0.016,10"4);

DDS8 = linspace(0.0160001,0.0625,10™4);

DDS9 = linspace(0.06250001,64,1074);

DDS=[DDS DDS3 DDS7 DDS8 DDS9]

DD4 = linspace(0.0625,32,10"3); % for bed material

DDS?2 = linspace(0.00024,0.002,10"3); % for suspended load
DDS4 = linspace(0.002001,0.016,10"3); % for suspended load
DDS5 = linspace(0.016001,0.5,10"3); % for suspended load
DDS6 = linspace(0.500001,0.8,10"3); % for suspended load
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DDS2=[DDS2 DDS4 DDS5 DDS6]

% Trap efficiency calculation

int_TE =1

for i=1:length(discharge)

TE(,) =1 - exp( - omega.*int_ WSA./discharge(i));

int_TE(:,i) = interp1(st_ds,TE(,i),DDS, ‘cubic' ); % interpolation of cubic
spline for plot

%yO05(:,i) = interp1(int_TE(:,i),DDS,0.05,'cubic’) % find x - axisvalue aty =
0.05

end

figure ()

%semilogx(st_ds, TE, '0"); hold on

semilogx(DDS, int_TE, '‘b" ); hold on % plot for interpolated trap efficiency
curves

Ysemilogx(st_ds, TE, '0', DDS, int_TE,'g',y05,0.05,'s", 'linewidth’, .5)

hold on

% classification of particle size material

clssfy = { 'SC' ; 'VCG'; 'CG'; 'MG'; 'FG'; 'VFG'; 'VCS'; 'CS'; 'MS'; 'FS' ;
'VES' ; 'CM'; 'MM'; 'FEM'; 'VFM'; 'CC'; 'MC'; 'FC' ; 'VFC' }; % mustuse { }for
string matrix

% ploty - grid
yGrid = 0.1:0.1:0.9;
for i=21:length(yGrid)

switch i
case 1
plot([0.00024,4], [yGrid(i),yGrid(i)], 'k, linewidth’ ,0.5);
case 2
plot([0.00024,4], [yGrid(i),yGrid(i)], 'k, 'linewidth’ ,0.5);
case 3
plot([0.00024,4], [yGrid(i),yGrid(i)], 'k, linewidth’ ,0.5);
case 4
plot([0.00024,4], [yGrid(i),yGrid(i)], 'k, 'linewidth’ ,0.5);
case 5
plot([0.00024,4], [yGrid(i),yGrid(i)], 'k, 'linewidth’ ,0.5);
otherwise
plot([0.00024,64], [yGrid(i),yGrid(i)], 'k, linewidth’ ,0.5);
end

end
for i=1l:length(st_ds)

% plot grain size line
switch st _ds(i)

case 8
plot([st_ds(i),st_ds(i)], [0.6,1], 'k, linewidth’ ,0.5); % grain
size indication line
case 16
plot([st_ds(i),st_ds(i)], [0.6,1], 'k:', 'linewidth’ ,0.5); % grain
size indication line
case 32
plot([st_ds(i),st_ds(i)], [0.6,1], k', 'linewidth’ ,0.5); % grain

size indication line
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otherwise

plot([st_ds(i),st_ds(i)], [0,1], 'k:', 'linewidth’ ,0.5); % grain

size indication line

end
ftsize = 12;
text(st_ds(i),1+0.02, num2str(st_ds(i)), ‘fontsize' , ftsize,
'horizontalalignment’ , 'center' , 'Edgecolor’ , 'none' , linewidth' )1,
'margin’ , 0.5, 'backgroundcolor’ , 'none' );
text(st_ds(i),1+0.04, strcat( |\ rightarrow ' , clssfy(i)), ‘fontsize' ,
ftsize,  'horizontalalignment' , 'left ', 'Edgecolor' , 'none' , 'linewidth' ,
1, 'margin’ , 0.5, ‘backgroundcolor’ , 'none' );

switch st _ds(i)

case 64

text(st_ds(i),1+0.060, strcat( ‘| \rightarrow ' , 'Cobble' ), 'fontsize'
ftsize,  'horizontalalignment' , left! , 'Edgecolor’ , 'none' , ‘'linewidth' ,
1, 'margin’' , 0.5, ‘'backgroundcolor' , 'none' );

case 2

text(st_ds(i),1+0.060, strcat( ‘| \rightarrow ' , 'Gravel' ), 'fontsize'
ftsize,  'horizontalalignment' ,left’ , 'Edgecolor’ , 'none' , 'linewidth' ,
1, 'margin’' , 0.5, ‘'backgroundcolor' , 'none' );

case 0.0625

text(st_ds(i),1+0.060, strcat( ‘| \rightarrow ' , 'Sand' ), 'fontsize' ,
ftsize,  'horizontalalignment' , left’ , 'Edgecolor’ , 'none' , 'linewidth' ,
1, 'margin’ , 0.5, ‘'backgroundcolor' , 'none' );

case 0.004

text(st_ds(i),1+0.060, strcat( |\ rightarrow ' , 'Siltt ), 'fontsize' ,
ftsize,  'horizontalalignment' ,left’ , 'Edgecolor’ , 'none' , 'linewidth' ,
1, 'margin’ , 0.5, ‘'backgroundcolor' , 'none' );

case 0.00024

text(st_ds(i),1+0.060, strcat( |\ rightarrow ' , 'Clay' ), 'fontsize' ,
ftsize,  'horizontalalignment' , left! , 'Edgecolor’ , 'none' , ‘'linewidth' ,
1, 'margin’ , 0.5, ‘'backgroundcolor' , 'none' );

otherwise

end

end
set (gca, 'Fontsize' ,12)
set (gca, ‘Gridlinestyle' );
set(gca, 'XGrid* , 'off , 'YGrid" , 'off )
ttitle = "
xtitle = ‘Grain size (ds, mm)' ;
ytitle = Trap efficiency, TE' ;

%ylim([0 1]);
xlim([0.00024 64));

title(ttitle);
xlabel(xtitle, 'Fontsize' , ftsize);
ylabel(ytitle, 'Fontsize' , ftsize);
hold on
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%% bed material d istribution

%k = input('Enter code for bed - material 2=NS, 3=YG, 4=ND:");
k=1; % k=I= Naesung stream
switch  k
case 1
filename_bed = '‘bed_NS_2013.xlsx' ;
filename_sus = 'sus_HS 2012.xlsx' ;
filename_export = [ ‘EL"  num2str(WS) 'm_FDSDR_1INS.xxIsx' 1; % consider

Water Stage
picname_export = [ ‘EL"  num2str(WS) 'm FDSDR_INS' ]; % consider Water

Stage
bname = 'NS Stream' ;
case 2
filename_bed = '‘bed JC_2013.xlsx' ;
filename_sus = 'sus_JC_2013.xlsx’ ;
filename_export = [ '‘EL"  num2str(WS) 'm_FDSDR_2YG.xIsx' 1;
picname_export = [ '‘EL"  num2str(WS) 'm_FDSDR_2YG' ]; % consider Water
Stage
bname = 'YG Stream' ;
case 3
filename_bed = '‘bed_WG_2013.xIsx" ;
filename_sus = 'sus_WG_2013.xlIsx' ;
filename_export = [ '‘EL" num2str(WS) 'm_FDSDR_3ND.xIsx" 1;
picname_export = | 'EL"  num2str(WS) 'm_FDSDR_3ND']; % consider Water
Stage
bname = 'ND River' ;
otherwise
end
sheet= ‘'tot'

[v, T, vT]=xlIsread(filename_bed, sheet)

ds = dataset({v,T{:}})

%semilogx(ds.ds_mm,ds(:,2:length(v) -0k -
hold on;

semilogx(ds.ds_mm,ds.Avg, 'ko" , 'linewidth’ ,0.5)

ibed = interp1(ds.ds_mm,ds.Avg,DDS1, ‘cubic’ ); % interpolation with cubic
spline interpolation

semilogx(DDS1, ibed, k', linewidth’ , 2) % plot for
interpolated data

hold on

%% suspended load distribution

%filename_sus = 'sus_ HS 2012.xIsx’;
sheet = ‘'tot'

[v, T, vT] =xIsread(filename_sus, sheet)
ds = dataset({v,T{:}})

%semilogx(ds.ds_mm,ds(:,2:length(v) -9 -
hold on;

ylim([0 1])

%semilogx(ds.ds_mm,ds.Avg, 'r -, 'linewidth',3)
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hold on

semilogx(ds.ds_mm, ds.Avg, '0' ) % measured data points

hold on

iNS = interp1(ds.ds_mm,ds.Avg,DDS2, ‘cubic' ); % interpolation with cubic
spline interpolation

semilogx(DDS2, iNS, ', Clinewidth' ,2) % plot for interpolated data

hold on

% Calculation of average trap efficiency
frac = 0.05:0.1:0.95; % fractions to calculate average TE

% Obtaining x - value corresponding y= fractions stand for 10% like 0.05,
0.15...0.95

[Al,index] = sort(iNS);

A2 = iNS(index);

uniq = [true, diff(A1) ~= O];

x05 = interp1(iNS(uniq), DDS2(uniq), frac, ‘cubic’ ); % findingx - value using
interpolated suspended load distribution when frac = 0.05, 0 .15...0.95
semilogx(x05,frac, 'k*, Clinewidth’ , 1) % selected data points
hold on

% Obtainingy - value (TE) corresponding X' of suspended load distribution
according to various discharges

y_Q =interp1(DDS, int_TE, x05, ‘cubic' );

semilogx(x05, y_Q(:,1), st )

hold on

% Ploting auxilary lines

for i=1:10

%plot([0.00024, x05(i)], [frac(i),frac(i)], 'k - ', 'linewidth’, 0.5);
plot([x05(i), x05(i)], [frac(i),y_Q(i,1)], 'g -, 'linewidth’ , 0.5);
plot([0.00024, x05(1)], [y_Q(i,1),y_Q(, 1), 'g- , 'linewidth' , 0.5);
end

mean(y_Q)

% Average of trap efficiency

switch |
case 1 % Naesung
avgTE_NS = (mean(y_Q))";
case 2
avgTE_YG = (mean(y_Q));
case 3
avgTE_ND = (mean(y_Q));
otherwise

end

% Adding legend

ypos = 0.60;
%text(9,ypos, 'LEGEND', 'fontsize', ftsize+1)
plot([5 10], [ypos -0.03ypos -0.03], 'k , ‘linewidth' , 2);
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text(1ll,ypos -0.03, 'Bed material distribution’ , 'fontsize' , ftsize)

plot([5 10], [ypos -0.06 ypos -0.06], ' , ‘linewidth' , 2);
text(1l,ypos -0.06, ‘'Suspended load distribution’ , 'fontsize' , ftsize)
plot([5 10], [ypos -0.09ypos -0.09], b -, ‘linewidth' , 2);
text(1ll,ypos -0.09, 'Trap efficiency curves' , 'fontsize' , ftsize)
plot(7.5, ypos -0.12, 'bo' );

text(1l,ypos -0.12, 'Field measurement data’ , 'fontsize' , ftsize)
plot(7.5, ypos -0.15, k¥ );

text(1l,ypos -0.15, '10% increment points' , 'fontsize' , ftsize)
plot(7.5, ypos -0.18, 'rs'" );

text(1l,ypos -0.18, 'TE corresponding increment' , 'fontsize' , ftsize)
plot([5 10], [ypos -0.21ypos -0.21], 'g -, 'linewidth' , 1);
text(1l,ypos -0.21, ‘Auxiliary line' , 'fontsize' , ftsize)

% denoting averaged trap efficiency according to discharges on the plot

pictitle = [ '‘Averaged TE for ' bname ' (EL. num2str(WS) 'm)" ]
text(5,0.35, pictitle, ‘fontsize' , ftsize+1)
txt_pos = 0.32: -0.02:0.01; % y - points to note

% inline function

diground = @(x,d) round(x*10°d)/10"d;

round_dis = diground(discharge,1);

%round_dis = round(discharge); % round of discharge

switch |
case 1
round_avgTE = diground(avgTE_NS.*100,1); % round of trap efficiency
case 2
round_avgTE = diground(avgTE_YG.*100,1); % round of trap efficiency
case 3
round_avgTE = diground(avgTE_ND.*100,1); % round of trap efficiency
otherwise
end
for i= l:length(discharge) % plotting on figure
str=[ 'TE="' ,num2str(round_avgTE(i)), "%, Q=" ,num2str(round_dis(i)), '
m"3/s' ];
text(7.5,txt_pos(i),str, '‘Horizontal Alignment' , left’ , 'fontsize' , ftsize);
end

% Jongseok helped me this part

set(gcf, 'units' , ‘inches' , ‘'position’ ,[0.50.0 18 11]) % 0.5, 0.5 is low -
left point of screen, 15 is length, 10 is hight from origin point

set(gca, 'Looselnset’ , [0.05 0.1 0.05 0.07]) % Left/ Bottom / Right / Top

hold off

print(picname_export, - dmeta' , '- r1200' )

%% Arranging FDSDR table adding Average trap efficiency

switch |
case 1
Deposit_NS = round(FDSDR_NS_ori(:,11).*diground(avgTE_NS,3)); %
estimation of deposit in Sangju Weir
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per_Deposit NS = diground(Deposit_NS./sum(Deposit_NS)*100,1)
sum(per_Deposit_NS)

FDSDR_NS = [FDSDR_NS_ori diground(avgTE_NS,3) Deposit_NS
per_Deposit_NS] % renewal of FDSDR table

header = { 'NS_ini_TI' , 'end TI' , 'midTI' , dP", 'Q', 'Cm', 'QdP',
'‘Qp' , 'per_Qp' , 'gpgt_ratio’ , 'Qt" , 'per_ Qt , ‘'avgTE' , 'Deposit ,
'per_Deposit' }

ds = dataset({FDSDR_NS,header{:}})

filename_export = [filename_export(1:18) "' num2str(20160225)
"Xlsx' ]

export(ds, 'XLSfile' Jfilename_export);

case 2

Deposit_YG = round(FDSDR_YG_ori(;,11).*diground(avgTE_YG,3)); %
estimation of deposit in Sangju Weir

per_Deposit_YG = diground(Deposit_YG. /sum(Deposit_YG)*100,1)

sum(per_Deposit_YG)

FDSDR_YG = [FDSDR_YG_ori diground(avgTE_YG,3) Deposit_YG
per_Deposit_YG] % renewal of FDSDR table

header={ 'YG_ini_TlI' , ‘end_TI' , 'mid_TI' , 'dP', 'Q , 'Cm', 'QdP',
'‘Qp' , 'per_Qp' , 'gpqt_ratio’ , 'Qt , 'per_ Qt , 'avgTE' , 'Deposit’ ,
'per_Deposit' }

ds = dataset({FDSDR_YG,header{:}})

filename_export = [filename_export(1:18) "' num2str(20160225)
"xlsx' ]
export(ds, 'XLSfile' Jfilename_export);
case 3
Deposit_ND = round(FDSDR_ND_ori(:,11).*diground(avgTE_ND,3)); %

estimation of deposit in Sangju Weir
per_Deposit ND = diground(Deposit_ND./sum(Deposit_ND)*100,1)
sum(per_Deposit_ND)

FDSDR_ND = [FDSDR_ND_ori diground(avgTE_ND,3) Deposit_ ND
per_Deposit_ND] % renewal of FDSDR table

header={ 'ND_ini._ TI' , ‘end TI' , 'md.TI' , 'dP", 'Q , 'Cm', 'QdP',
'Qp' , 'per_Qp' , 'gpqgt_ratio’ , 'Qt , 'per Qt' , ‘'avgTE' , 'Deposit’ ,
'per_Deposit' }
ds = dataset({FDSDR_ND,header{:}})
filename_export = [filename_export(1:18) "' num2str(20160225)
"Xlsx' ]
export(ds, 'XLSfile' Jfilename_export);
otherwise
end
end % for |

% Longterm Sediment Yield Result Summary

% Feb. 28th, 2016

WS

sum_Qp_NS

sum_Qt NS

avg_gpgt_NS = diground(sum_Qp_NS/sum_Qt_NS,3)
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sum_Deposit NS = sum(Deposit_NS)

avg_TE_NS = diground(sum_Deposit NS/sum_Qt _NS,3)
sum_Deposit_vol_NS = round(sum_Deposit_NS/1.6)

LT _summary NS =[WS 1 sum_Qp_NS avg_qpqgt_NS sum_Qt NS avg TE_NS
sum_Deposit NS sum_Deposit_vol_NS 0]

sum_Qp_YG

sum_Qt_YG

avg_gpgt_YG = diground(sum_Qp_YG/sum_Qt_YG,3)

sum_Deposit_ YG = sum(Deposit_YG)

avg_TE_YG = diground(sum_Deposit_YG/sum_Qt_YG,3)

sum_Deposit_vol_YG = round(sum_Deposit_YG/1.6)

LT summary YG =[WS 2sum_Qp_YG avg_gpqt_ YG sum_Qt _YG avg_TE_YG
sum_Deposit_ YG sum_Deposit_vol_YG 0]

sum_Qp_ND

sum_Qt_ND

avg_gpgt_ND = diground(sum_Qp_ND/sum_Qt_ND,3)

sum_Deposit_ ND = sum(Deposit_ND)

avg_TE_ND = diground(sum_Deposit_ND/sum_Qt_ND,3)
sum_Deposit_vol_ND = round(sum_Deposit_ND/1.6)

LT summary ND =[WS 3 sum_Qp_ND avg_qgpqgt ND sum_Qt ND avg_TE_ND
sum_Deposit ND sum_Deposit_vol_ND 0]

switch WS
case 37.18
LT _summary 37=[LT_summary NS; LT_summary_YG; LT_summary_ND]

sum_LT_summary_37=sum(LT_summary_37)

tot_ Qp =sum_LT_summary_37(3)

tot Qt=sum_LT summary_37(5)

tot_qgpgt = diground(tot_Qp/tot_Qt,3)

tot  Dep =sum_LT summary 37(7)

tot_Dep_vol =sum_LT_summary_37(8)

tot_TE = diground(tot_Dep/tot_Qt,3)

ResfillRate = diground(tot_Dep_vol/27400000*100,2)

TOT_summary_37 = [0 0 tot_Qp tot_qpqt tot_Qt tot TE tot_Dep
tot_Dep_vol ResfillRate]

F_table = [LT_summary_37;TOT_summary_37]

header={ 'WS', 'Basin' , 'Qp' , 'SEMEPP_factor , 'Qt" , 'TE' ,
'Dep_tons' , 'Dep_vol' , 'ResFilRate’ }
ds = dataset({F_table,header{:}})
filename_export = [ ‘LongTerm_SY_summary_EI' num2str(WS) 'm_’
num2str(20160225) "xlsx' ]
export(ds, 'XLSfile' Jfilename_export);
case 47

LT summary _47=[LT_summary_NS; LT_summary_YG; LT _summary_ND]

sum_LT_summary_47=sum(LT_summary_47)
tot Qp =sum_LT _summary_47(3)

tot Qt=sum_LT summary_47(5)

tot_qgpqt = diground(tot_Qp/tot_Qt,3)
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tot  Dep =sum_LT summary 47(7)

tot Dep_vol =sum_LT_summary_47(8)

tot_TE = diground(tot_Dep/tot_Qt,3)

ResfillRate = diground(tot_Dep_vol/27400000*100,2)

TOT_summary_47 = [0 0 tot_Qp tot_qpqt tot_Qt tot TE tot_Dep
tot Dep_vol Res fillRate]

F_table = [LT_summary_47;TOT_summary_47]

header={ 'WS', 'Basin" , 'Qp' , 'SEMEPP_factor , 'Qt , 'TE' ,
'Dep_tons' , 'Dep_vol' , 'ResFilRate’ }
ds = dataset({F_table,header{:}})
filename_export = [ ‘LongTerm_SY_summary_EI' num2str(WS) 'm_’
num2str(20160225) "Xlsx' ]
export(ds, 'XLSfile' Jfilename_export);
otherwise

end

end % for WS

%% Daily Sediment modeling

datevec(t_final(;,1)); % for 22years modeling (2013 - 2034)
size(t_final);

% select inflows during 2013 - 2034 (22yrs)

id = find(dnum_1985_2034>=datenum( '1/1/2013"  , 'mm/ddlyyyy’  ));
%size(id)

Q_ns=Qns_wholeperiod(id);
size(Qns_wholeperiod)

size(Q_ns)

figure(), plot(dnum_1985_2034, Qns_wholeperiod)
figure(), plot(dnum_2013_ 2034, Q_ns)

Q_yg=Qyg_wholeperiod(id);
Q_nd=Qnd_wholeperiod(id);

figure(), plot(dnum_2013_2034, Q_yg)
figure(), plot(dnum_2013 2034, Q_nd)

size(Q_nd);
% making empty array for writing average TE
avgTE_ns = zeros(length(new_wsup),1);

avgTE_yg = zeros(length(new_wsup),1);
avgTE_nd = zeros(length(new_wsup),1);
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for 1=1:3

switch |
case 1
filename_bed = '‘bed_NS_2013.xlIsx' ;
filename_sus = 'sus_HS 2012.xIsx' ;

filename _export = 'EL" num2str(WS) 'm_FDSDR_INS.xIsx' 1, %
consider Water Stage

picname_export = [ 'EL"  num2str(WS) 'm FDSDR_INS' ]; %
consider Water Stage

bname = 'NS Stream' ;

QA4TEcalc = Q_ns;

case 2
filename_bed = '‘bed_JC_2013.xIsx' ;
filename_sus = 'sus_JC_2013.xlIsx' ;
filename_export = [ '‘EL"  num2str(WS) 'm_FDSDR_2YG.xIsx' 1;

picname_export = [ 'EL"  num2str(WS) 'm_FDSDR_2YG']; %
consider  Water Stage

bname = 'YG Stream' ;

QA4TEcalc = Q_yg;

case 3
filename_bed = '‘bed_WG_2013.xIsx"
filename_sus = 'sus_WG_2013.xIsx' ;
filename_export = [ 'EL"  num2str(WS) 'm_FDSDR_3ND.xIsx" 1;

pichame_export = [ ‘EL"  num2str(WS) 'm_FDSDR_3ND']; % consider
Water Stage
bname = 'ND River' ;
Q4TEcalc = Q_nd;
otherwise
end

%% load bedmaterial data

sheet= ‘'tot' ;

[v, T, vT] =xlIsread(filename_bed, sheet);
ds = dataset({v,T{:}});

% % % % hold on;
% % % % semilogx(ds(:,1),ds(:,length(ds)), 'ko','linewidth’,0.5)

%ibed = interp1(v(:,1),v(:,length(ds)),DDS1,'cubic’); %
interpolation with cubic spline interpolation

ibed = interpl(ds.ds_mm,ds.Avg,DDS1, ‘cubic' ); % interpolation with
cubic spline interpolation
% % % % semilogx(DDS1, ibed, 'k:', 'linewidth’, 2) % plot

for interpolated data
% % % % hold on
%% load suspended load distribution

sheet= ‘'tot" ;
[v, T, vT] =xIsread(filename_sus, sheet);
ds = dataset({v,T{:}});

% % % % hold on;
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% % % % ylim([0 1])

% % % %

% % % % hold on

% % % %

% % % % semilogx(ds.ds_mm, ds.Avg, '0") % measured data points
% % % % hold on

iNS = interp1(ds.ds_mm,ds.Avg,DDS2, ‘cubic' ); % interpolation with
cubic spline interpolation

% % % % figure(), semilogx(DDS2, iNS, 'r:', 'linewidth’, 2) % plot
for interpolated data
% % % % hold on

%% Calculation of average trap efficiency
%

for m=1:length(new_wsup)
m

WS = new_wsup(m); % from operational data ‘wsup'
int_ WSA = interpl(wl,mea_WSA WS, ‘cubic’ );

discharge = Q4TEcalc(m);

DDS;% for trap efficiency
DDS1;% for bed material
DDS2;% for suspended load

% Trap efficiency calculation

TE=1 -exp( - omega.*int. WSA./discharge);

int_ TE = interp1(st_ds,TE,DDS, ‘cubic' ); % interpolation of cubic
spline for plot

frac = 0.05:0.1:0.9 5; % fractions to calculate average TE

% Obtaining x - value corresponding y= fractions stand for 10% like
0.05,0.15...0.95

[Al,index] = sort(iNS); % interpolated suspend load data and
ascending order

%Kkkk = (linspace (20, -10,20))

%[A1, id]=sort(kkk)

%A2 = kkk(id)

A2 = iINS(index); % A2 is sorted matrix
uniq = [true, diff(Al) ~= 0];
%figure(), plot(diff(Al))

x05 = interp1(iNS(uniq), DDS2(uniq), frac, ‘cubic’ ); % finding x

value using interpolated suspended load distribution when frac = 0.05,
0.15...0.95
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% % % % semilogx(x05,frac,'k*, 'linewidth’, 1) %
selected data points
% % % % hold on
%semilogx(DDS, int_TE, 'b -
% Obtainingy - value (TE) corresponding 'x' of suspended load
distribution according to various discharges
y_Q =interp1(DDS, int_TE, x05, ‘cubic' );

% % % % semilogx(x05, y _Q, 'ks")
% % % % hold on

% % % % % Ploting auxilary lines

% % % % fori=1:10

% % % % plot([x05(i), x05(i)], [frac(i),y_Q(i)], 'g:', 'linewidth’,
0.5);

% % % % plot([0.00024, x05(i)], [y_Q(i),y_Q()], 'g:', 'linewidth’,
0.5);

% % % % end

% Average of trap efficiency
switch |
case 1
avgTE_NS = mean(y_Q);
%sum(y_Q)/10
avgTE_ns(m) = avgTE_NS;
case 2
avgTE_YG = mean(y_Q);
avgTE_yg(m) = avgTE_YG;
case 3
avgTE_ND = mean(y_Q);
avgTE_nd(m) = avgTE_ND;
otherwise
end

end % form

end % for |
figure(), subplot(3,1,1), plot(avgTE_ns), subplot(3,1,2), plot(avgTE_yg),
subplot(3,1,3), plot(avgTE_nd)
max(avgTE_ns)
%% drawing sample figure
switch CASE_NO

case 1

9%Q4fig=[1 10 100 1000]'
%WS4fig=[37.18 41 45 47]

Q4fig=[30 300 3000]'
WS4fig=[37.18 47]
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for m = 1:length(Q4fig)

m
for k= 1l:ilength(WS4fig)
WS = WSA4fig(k);
‘cubic’

int_ WSA = interpl(wl,mea_WSA WS,

% % To consider Q control in CASE 5 (Qin
revised

% Q_ns(m);

% Q_yg(m);

% Q_nd(m);

% calculation for three watersheds

for 1=1:3 % 1= NS, 2=YG, 3=ND
switch |
case 1
discharge = Q4fig(m);
case 2
discharge = Q4fig(m);
case 3
discharge = Q4fig(m);
otherwise
end

DDS;% for trap efficiency
DDS1;% for bed material
DDS2;% for suspended load

% Trap efficiency calculation

for i=l:length(discharge)

TE=1 -exp( - omega.*int. WSA./discharge);

int_ TE = interp1(st_ds,TE,DDS, ‘cubic’
spline for plot

% from operational data ‘wsup'

);

-- > Qout), Aug23rd2015

);

% interpolation of cubic

end

% figures will not show because 'Visible' 'off' option

%

figure()

semilogx(st_ds, TE, '0" ); hold on

semilogx(DDS, int_TE, 'b" ); hold on

% classification of particle size material

clss fy={ 'sC'; 'VCG'; 'CG'; 'MG'; 'FG'; 'VFG'; 'VCS';
'CS'; 'MS'; 'FS' ; 'VFS' ; 'CM'; '™MM'; 'FEM'; 'VFM'; 'CC'; 'MC'; 'FC' ; 'VFC' }, %
must use { } for string matrix

% ploty - grid

yGrid = 0.1:0.1:0.9;
for i=1:length(yGrid)
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switch i

case 1
plot([0.00024,4], [yGrid(i),yGrid(i)],
'k, 'linewidth’ ,0.5);
case 2
plot([0.00024,4], [yGrid(i),yGrid(i)],
'k, 'linewidth’ ,0.5);
case 3
plot([0.00024,4], [yGrid(i),yGrid(i)],
'k, 'linewidth’ ,0.5);
case 4
plot([0.00024,4], [yGrid(i),yGrid(i)],
'k, 'linewidth’ ,0.5);
case 5
plot([0.00024,4], [yGrid(i),yGrid(i)],
'k, 'linewidth’ ,0.5);
otherwis e
plot([0.00024,64], [yGrid(i),yGrid(i)],
'k, 'linewidth’ ,0.5);
end
end

for i=l:length(st_ds)

% plot grain size line
switch st _ds(i)

case 8
plot([st_ds(i),st_ds(i)], [0.6,1],
'k, 'linewidth’ ,0.5); % grain size indication line
case 16
plot([st_ds(i),st_ds(i)], [0.6,1],
'k, 'linewidth’ ,0.5); % grain size indication line
case 32
plot([st_ds(i),st_ds(i)], [0.6,1],
'k, 'linewidth’ ,0.5); % grain size indication line
otherwise
plot([st_ds(i),st_ds(i)], [0,1],
'k, 'linewidth’ ,0.5); % grain size indication line
end
ftsize = 11,
text(st_ds(i), - 0.06, num2str(st_ds(i)), 'fontsize’
'horizontalalignment’ , 'center' , 'Edgecolor’ , 'none' , ‘linewidth’ , 1,
'margin’ , 0.5, 'backgroundcolor’ , 'none' );
text(st_ds(i), - 0.08, strcat( ‘| \rightarrow ' ,
clssfy(i)), ‘fontsize' , ftsize, ‘horizontalalignment’ , left’ , 'Edgecolor’
‘none’ , ’linewidth’ , 1, 'margin" ,0.5, ‘backgroundcolor’ , 'none' );

switch  st_ds(i)

case 64

text(st_ds(i), - 0.10, strcat( ‘| \rightarrow '
'‘Cobble’ ), 'fontsize' , ftsize, ‘horizontalalignment’ , left’ , 'Edgecolor’
‘none' , 'linewidth' ,1, 'margin’ , 0.5, ‘'backgroundcolor' , 'none' );

case 0.0625
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text(st_ds(i), - 0.10, strcat( ‘| \rightarrow '

'Sand' ), 'fontsize' , ftsize, 'horizontalalignment’ , left’ , 'Edgecolor’
'linewidth’ ,1, 'margin’ , 0.5, ‘backgroundcolor' , 'none' );
case 0.004
text(st_ds(i), - 0.10, strcat( ‘| \rightarrow '
'Silt' ), 'fontsize' , ftsize, 'horizontalalignment’ , left’ , 'Edgecolor’
'linewidth’ , 1, 'margin" ,0.5, ‘backgroundcolor' , 'none' );
case 0.00024
text(st_ds(i), - 0.10, strcat( ‘| \rightarrow '
'Clay' ), 'fontsize' , ftsize, 'horizontalalignment’ , left’ , 'Edgecolor’
'linewidth’ , 1, 'margin" ,0.5, ‘backgroundcolor’ , 'none' );
otherwise
end
end
set (gca, 'Gridlinestyle' );
set(gca, 'XGrid* , 'off , 'YGrid" , 'off )
ttitle = "
xtitle = ‘Ds (mm)" ;
ytitle = ‘Trap efficiency (T_E)' ;
xlim([0.00024 64]);
title(ttitle);
ylabel(ytitle, 'Fontsize' , 15);
xlabel(  'Grain size (mm)' , 'Fontsize' , 15)
hold on

%% bed material distribution

k=1; % k=I= Naesung stream
switch k
case 1
filename_bed = '‘bed_NS_2013.xlsx’ ;
filename_sus = 'sus_HS_2012.xlIsx' ;
filename_export = [ 'EL"  num2str(WS)

'm_FDSDR_1INS.xIsx' ]; % consider Water Stage

picname_export = [ 'EL"  num2str(WS)
'm_FDSDR_INS' ]; % consider Water Stage

bname = ‘NS Stream' ;

case 2
filename_bed = 'bed_JC_2013.xlsx' ;
filename_sus = 'sus_JC_2013.xlsx' ;
filename_export = [ 'EL"  num2str(WS)

'm_FDSDR_2YG.xlsx' ;

pichname_export = [ 'EL"  num2str(WS)
'm_FDSDR_2YG' ]; % consider Water Stage

bname = 'YG Stream'

case 3
filename_bed = '‘bed_WG_2013.xIsx" ;
filename_sus = 'sus_ WG_2013.xIsx' ;
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'm_FDSDR_3ND.XIsx' 1;

filename_export = [ 'EL"  num2str(WS)

picna me_export=[ 'EL" num2str(WS)

'm_FDSDR_3ND']; % consider Water Stage

bname = 'ND River'
otherwise
end

sheet= ‘'tot' ;
[v, T, vT] =xIsread(filename_bed, sheet);
ds = dataset({v,T{:}});

interpolation with cubic spline interpolation

plot for interpolated data

hold on;

%semilogx(ds(:,1),ds(:,length(ds)), 'ko','linewidth',0.5)
semilogx(ds.ds_mm,ds.Avg, 'ko' , 'linewidth’ ,0.5)

ibed = interp1(ds.ds_mm,ds.Avg,DDS1, ‘cubic’ ); %
semilogx(DDS1, ibed, k', linewidth' , 2) %
hold on

%% suspended load distribution

sheet= ‘'tot" ;
[v, T, vT] =xIsread(filename_sus, sheet);
ds = dataset({v, T{:}});

interpolation with cubic spline interpolation

interpolated data

10% like 0.05, 0.15 ... 0.95

hold on;

ylim([0 1])

semilogx(ds.ds_mm, ds.Avg, ro' ) % measured data points
hold on

iNS = interp1(ds.ds_mm,ds.Avg,DDS2, ‘cubic' ); %
semilogx(DDS2, iNS, ', 'linewidth’ ,2) % plot for
hold on

%%

% Calculation of average trap efficiency
%
frac = 0.05:0.1:0.95; % fractions to calculate average TE

% Obtaining x - value corresponding y= fractions stand for
[Al,index] = sort(iNS);

A2 = iINS(index);
uniq = [true, diff(Al1) ~= 0];
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finding x

0.05, 0.15...0.95

selected data points

X05 = interp1(iNS(uniq), DDS2(uniq), frac, '‘cubic' ); %

- value using interpolated suspended load distribution when frac =

semilogx(x05,frac, 'k, linewidth’ , 1) %
hold on

% Obtainingy - value (TE) corresponding 'x' of suspended

load distribution according to various discharges

'linewidth'

'linewidth'

‘fontsize'

‘fontsize'

ftsize)

ftsize)

ftsize)

, 0.5);

, 0.5);

, ftsize)

, ftsize)

y_Q =interp1(DDS, int_TE, x05, 'cubic' );
semilogx(x05, y_Q, ks' )
hold on

% Ploting auxilary lines

for i=1:10

plot([x05(i), x05(i)], [frac(i),y_Q(i)], ‘g,
plot([0.00024, x05(i)], [y_Q(i),y_Q(I, 9,
end

% Average of trap efficiency

switch |
case 1 % Naesung
avgTE_NS = mean(y_Q);
avgTE_ns_4fig(m) = avgTE_NS;
case 2
avgTE_YG = mean(y_Q);
avgTE_yg_4fig(m) = avgTE_YG;
case 3
avgTE_ND = mean(y_Q);
avgTE_nd_4fig(m) = avgTE_ND;
otherwise

end

% Adding legend

ypos = 0.60;

%text(9,ypos, 'LEGEND', ‘fontsize’, ftsize+1)

plot([5 10], [ypos - 0.03 ypos - 0.03], k', linewidth' , 2);
text(1l,ypos -0.03, 'Bed material distribution’ ,

plot([5 10], [ypos - 0.06 ypos - 0.06], r', linewidth’ , 2);
text(1l,ypos -0.06, ‘'Suspended load distribution’ ,

plot([5 10], [ypos - 0.09 ypos - 0.09], b -, linewidth' , 2);
text(1l,ypos -0.09, 'Trap efficiency curves' , 'fontsize' ,
plot(7.5, ypos -0.12, 'bo' );

text(1l,ypos -0.12, 'Field measurement data' , 'fontsize' ,
plot(7.5, ypos -0.15, 'k* );

text(1l,ypos -0.15, '10% increment points' , 'fontsize'

plot(7.5, ypos -0.18, 'ks' );
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text(1l,ypos -0.18, 'TE corresponding increment' ,

'fontsize’ , ftsize)
plot([5 10], [ypos -0.21 ypos - 0.21], ‘g -, 'linewidth' , 1);
text(1l,ypos -0.21, ‘Auxiliary line' , 'fontsize' , ftsize)

% denoting averaged trap efficiency according to
discharges on the plot

pictitle = [bname "(EL. num2str(WS) 'mand Q="
num2str(Q4fig(m)) 'm”~3/s)' ]
text(5,0.35, pictitle, ‘fontsize' , ftsize+1)
txt_pos = 0.32: - 0.02:0.01; % y - points to n ote
round_dis = diground(discharge,1); % round of
discharge
switch |
case 1
round_avgTE = diground(avgTE_NS.*100,1); % round
of trap efficiency
case 2
round_avgTE = diground(avgTE_YG.*100,1); % round
of trap efficiency
case 3
round_avgTE = diground(avgTE_ND.*100,1); % round
of trap efficiency
otherwise
end
for i=1l:ilength(y_Q) % plotting on figure
str=[ ‘'cor. TE =
' ,num2str(diground(y_Q(i)*100,1)), "%, Int.
Mid.=" ,num2str(diground((frac(i))*100,1)), "% T
text(7.5,txt_pos(i),str, 'HorizontalAlignment' , left’ ,
'fontsize' , ftsize);
end
str=[ ‘'Average TE ="' ,num2str(round_avgTE), ‘%' 1;
text(7.5,txt_pos(12),str, 'HorizontalAlignment' , left’ ,
'fontsize' , ftsize);
str=[ ‘'when Q=" ,num2str(round_dis), 'm”3/s'];
text(7.5,txt_pos(13),str, 'HorizontalAlignment' , left’ ,
'fontsize’ , ftsize);
% Jongseok helped me in this part
set(gcf, 'units' , ‘'inches' , 'position’ , [0.5 0.5 18 11)) %
0.5,0.5is low - left point of screen, 15 is length, 10 is hight from origin
point
set(gca, '‘Looselnset’ , [0.05 0.1 0.05 0.03]) % Left/
Bottom / Right / Top
hold off

% save picture
picturename = [ '‘Drawing_of getting_ AvgTE ' bname '’
num2str(round(WS)) 'm_"  num2str(Q4fig(m)) ‘cms' ]
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print(picturename,

end % for |
end % for k

end % for m: water stage (new_wsup)
otherwise
end % for Case No

%% Sediment concentration (C)
% Converting to Naesung/Yeong/Nakdong stream

% catchment Area (km”2)
A_NS_Str = 1816;
A_YG_Str =914;
A_ND_Rvr = 4676;
A_YJ_Dam = 500;

A_SJ Weir = 7406;
A_AD_Dam = 1584;

% factor

fac_ NS = A_NS_Str/A_SJ Weirr,;
fac_ YG =A _YG_Str/A_SJ Weir;
fac ND=A ND_ Rvr/A_SJ Weir;
%fac_NS+fac_YG+fac_ND

Q_ns = Qsj_obs_n_prediction.*fac_NS
Q_yg = Qsj_obs_n_prediction.*fac_YG
Q_nd = Qsj_obs_n_prediction.*fac_ND

size(Q_ns)

C_ns=10.478 .* Q_ns.”0.4748;
C_yg =0.3493 .* Q_yg.~0.9661;
C_nd =0.0374 .* Q_nd.~1.1072;

% Sediment load (Qs)

- dmeta’ , '- r300' )

% Qs_ns =0.00006 .* C_ns; % hourly cf. p296 daily Qs (metric tons/day) =

0.0864 Cmg/l * Qcms
% Qs_yg = 0.00006 .* C_yg;
% Qs_nd = 0.00006 .* C_nd,;

sf_ns =0.0482.*log(Q_ns)+0.619; % SEMEPP factor for Naesung (added on Feb.

25th 2016)
sf_yg = 0.0885.*log(Q_yg)+0.3638;
sf_nd = 0.0216.*log(Q_nd)+0.7956;

Qs _ns=0.0864 .*C_ns .*Q_ns ./ sf_ns;
=0.0864 Cmg/l * Qcms
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Qs_yg =0.0864 .* C_yg .* Q_yg ./ sf_yg; %0.82; % 0.8 is coefficient
of h_measured / htotal p.289

Qs _nd=0.0864 .*C _nd .*Q_nd ./ sf nd; % 0.94; % these coefficient
was changed in August 1st, 2015, h_hm_ratio.xIsx

Qs_tot=Qs_ns + Qs_yg + Qs_nd;

figure(), loglog(Q_ns, Qs_ns, 'k* ), xlabel( '‘Qns (cms)' ), ylabel( '‘Qs(ns)’'
figure(), loglog(Q_yg, Qs_yg, k=), xlabel( 'Qyg (cms)" ), ylabel(  'Qs(yg)’
figure(), loglog(Q_nd, Qs_nd, 'k* ), xlabel( '‘Qnd (cms)' ), ylabel( '‘Qs(nd)’
figure(), loglog(Qin, Qs_tot, 'k* ), xlabel( '‘Qsj (cms)' ), ylabel( 'Qs(tot)’
figure(), loglog(Q_ns, Qs_ns, k*, Q_yg, Qs_vyag, 'bo’ , Q_nd, Qs_nd, rs'

xlabel(  'Q (cms)" ), ylabel( '‘Qs' ),legend( 'ns' , 'yvg' , 'nd )

figure(), loglog(Qsj_obs_n_prediction, Qs_tot, ™), xlabel( '‘Qsum (cms)'

ylabel( 'Qs(sum)’ ), legend( 'sj' )
sum_Qs tot=  sum(Qs_tot);

% Reservoir deposition

Dep_ns = Qs_ns.* avgTE_ns;

Dep_yg = Qs_yg.* avgTE_yg;

Dep_nd = Qs_nd.* avgTE_nd;

Dep_tot = Dep_ns + Dep_yg + Dep_nd;
sum_Dep_ton = sum(Dep_tot);

% convert into volume (M3)
Dep_vol = Dep_tot/ 1.6; % sand = 1.6 tons/m3
sum_Dep_vol = sum(Dep_vol);

% Estimation of dredging cost

Cost_dred = Dep_vol * 6.31; % dredging cost = tons/specific weight, dredging
cost=6.31 USD/m3

sum_Cost_dred = sum(Cost_dred);

%% Summary

% BC ratio
daily_profit_loss = Bene_hp - Cost_dred; % daily profit and loss
daily_BCratio = Bene_hp./Cost_dred; % daily b/c ratio

avg_Pkw = mean(Pkw)
sum_Pkwh
sum_Bene_hp % USD

sum_Qs_tot

sum_Dep_ton % tons/day

size(Dep_tot)

size(Qs_tot)

daily_avgTE = Dep_tot./Qs_tot % to calculate daily average TE (revised
Aug28th 2015)

avgTE = sum_Dep_ton/sum_Qs_tot

sum_Dep_vol
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Dep_ratio = sum_Dep_vol / 27400000 * 100 % deposition ratio Volume of the
Sangju Weir is 28million m3

sum_Cost_dred
BCRatio=sum_Bene_hp / sum_Cost_dred

% making nrow is the length of t_final

duration = ones(nrow_of final_table,1).*analyzing_period;
size(duration)

avg_WS = mean(new_wsup)

%figure(), plot(new_wsup)

mean_WS = ones(nrow_of final_table,1).*avg_WS;
avg_Q = mean(Qout)

mean_Q = ones(nrow_of final_table,1).*avg_Q;
size(mean_Q)

daily_Turb = 0.05.*Qout + 3.3; % the result of regression using Haepyeong
data

avg_Turb = mean(daily_Turb);

mean_Turb = ones(nrow_of final_table,1).*avg_Turb;

% export daily operation result table
%Summary_Table = [duration mean_WS mean_Q t_final(:,1) datevec(t_final(:,1))
new_wsup wsdn dH Ha Qin Qout Qposs Qal' Qa2'...
% Pkwl' Pkw2' Pkw Pkwh Bene_hp Qs_ns' Qs_yg' Qs _nd' Qs_tot
avgTE_ns'avgTE_yg' avgTE_nd' Dep_ns' Dep_yg' Dep_nd' Dep_tot Dep_vol
Cost_dred daily_profit_loss daily_BCratio daily_Turb mean_Turb];
Summary_Table = [duration mean_WS mean_Q't_final(;,1) datevec(t final(;,1))
new_wsup wsdn dH Ha Qin Qout Qposs Qal' Qa2

Pkwl' Pkw2' Pkw Pkwh Bene_hp Qs ns Qs_vyg Qs nd Qs_tot
avgTE_ns avgTE_yg avgTE_nd Dep_ns Dep_yg Dep_nd Dep_tot

daily_avgTE Dep_vol Cost_dred daily_profit_loss
daily_BCratio daily_Turb mean_Turb];
size(mean_Turb)

header ={ ‘analyzing_period' ‘avg_ WS' ‘'avg_ Q' 'd_dnum' , ‘yyyy' , 'mm', ‘dd" ,
'HH' , 'MM', 'SS', 's_hwl'" , 's_twl' , 'dH' , 'Ha' , 'Qin" , 'Qout , 'Qposs' , 'Qal
'‘Qa2' , ...

'Pkwl' , 'Pkw2' , 'Pkw' , 'Pkwh' , 'Bene_hp' , 'Qs_ns' , 'Qs_yg' , 'Qs_nd'
'‘Qs_tot" , ‘'avgTE_ns' , ‘'avgTE_ yg' , 'avgTE_nd'" , 'Dep_ns' , 'Dep_yg" , 'Dep_nd ,
'Dep_tot' , ‘'daily_avgTE' , 'Dep_vol' , 'Cost_dred" , ‘'daily_profit_loss' ,
‘daily_BCratio’ y e

'daily_ Turb , ‘'avg_Turb' };
tddaily ds = dataset({Summary_Table, header{:}});
ds _fname =[ ‘'Result CASE ' num2str(CASE_NO) ' daily table.xIsx' IK
export(t4daily_ds, 'XLSfile' , ds_fname)

%% For MCDA
%21. Turbidity downstream

avg_WS

avg_Q
Turbidity = 0.05*avg_Q + 3.3 % the result of regression using Haepyeong data

%?2. Reservoir Sedimentation
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sum_Qs_tot
avgTE
sum_Dep_ton
sum_Dep_vol
Dep_ratio
sum_Cost_dred

%3. Hydropower production
avg_Pkw

sum_Pkwh

sum_Bene_hp

BCRatio

%4. Water supply stability

%[stored_vol, ~, ~ ]=Func_catch_vol_surf_area(manage WS);

[stored_vol, ~, ~ ]=Sep11th2015_ Func_catch_vol_surf_area(avg_WS);

Current_vol = stored_vol;

[stored_vol, ~, ~ ]=Sep11th2015_Func_catch_vol_surf_area(44.155); % Pungyang

Intake level is 44.155, Saboelmaehoe 41.5
Critical_vol = stored_vol;
vol_for_watersupply = Current_vol - Critical_vol

%5. Flood conveyancy

%[stored_vol, ~, ~ ]=Func_catch_vol_surf_area(manage_WS);%

[stored_vol, ~, ~ ]=Sep11th2015_ Func_catch_vol_surf_area(avg_WS); %
Current_vol = stored_vaol;

[stored_vol, ~, ~ ]=Sep11th2015_Func_catch_vol_surf_area(52); % Bank Elevation
Full_vol = stored_val,

vol_for_floodpre vention = Full_vol - Current_vol

%[~, ~, XSarea |=Func_catch_vol_surf_area(manage_WS);% Bank Elevation

[~, ~, XSarea |=Sep11th2015 Func_catch_vol_surf_area(avg_WS); % Bank Elevation
Current_XSarea = XSarea,;

[~, ~, XSarea ]=Sep11th2015_ Func_catch_vol_surf_area(52); % Bank Elevation
max_XSarea = XSarea,;

XSarea_for_floodconveyance = max_XSarea - Current_XSarea

%6. Flow width ratio

[good_view_station_ratio]=Sep11th2015 Func_flow_width_ratio_calculation(avg_W
S); %

good_view_station_ratio

% Export summary table for MCDA
%t4mcda = [analyzing_period avg_WS avg_Q Turbidity sum_Qs_tot avgTE
sum_Dep_ton sum_Dep_vol Dep_ratio...
tdmcda = [CASE_NO avg_WS avg_Q Turbidity sum_Qs_tot avgTE sum_Dep_ton
sum_Dep_vol Dep_ratio
sum_Cost_dred avg_Pkw sum_Pkwh sum_Bene_hp BCRatio
vol_for_watersupply vol_for_floodprevention
XSarea_for_floodconveyance good_view_station_ratio];

header={ 'Case_NO' 'manage WS' 'avg_Q' 'Turbidity' 'sum_Qs_tot' ‘avgTE'
'sum_Dep_ton' 'sum_Dep_vol' 'Dep_ratio’
'sum_Cost_dred’ ‘avg_Pkw'  'sum_Pkwh' ‘'sum_Bene_hp' 'BCRatio’
'vol_for_watersupply' 'vol_for_floodprevention'
'XSarea_for_floodconveyance' '‘good_view_station_ratio' h
tdmcda_ds = dataset({t4mcda, header{:} b;
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tdmcda_fname =[ 'Result CASE ' num2str(CASE_NO) ' MCDA input_table.xIsx' 1;

export(t4mcda_ds, 'XLSfile' , tdmcda_fname)

end

Nov01st2015_Func_making_additional_Inflow_

function [ period, lastdate, no_of day, t final to_add,
dnum_2015 2034, dnum_1985 2034,dnum_2013 2014,

Qns_historical, Qns_prediction, Qns_whol
Qyg_prediction, Qyg_wholeperiod,

table_v2.m

dnum_1985 2014,
dnum_2013_2034,
eperiod, Qyg_historical,

Qnd_historical, Qnd_ predlctlon Qnd_wholeperiod, Qsj_historical,

Qsj_prediction, Qsj_wholeperiod,

Qsj_observation, Qsj_obs _n pred|ct|0n]
NovOlst2015_Func_maklng_addltlonal_lnflow_table_v2
% Nov. 1st, 2015 (Hwa Y. Kim)

% This function generate inflows for (1) Naseong Str. Subbasin, (2) Yeong
% Str. Subbasin, (3) Nakdong Rvr. Subbasin, and (4) Sangju Weir Basin,
% using (1) Tank runoff simulation and (2) Proportional method simulation.

%

% Also this includes comparison between two methods a
% process of appropriate runoff method.

%

nd the determination

% Finally, Tank runoff method was chosen for the research.

%close all; clc;

% 2001 basin, generated by Tank simulation
filename= 'sub2001_output.out' ;

fid = fopen(filename, r

formatSpec = '%1Os%8f%9f%9f°/09f%9f%9f%9f0/09f'
data = textscan(fid,formatSpec, 'headerLines'
fclose(fid);

date=data{1} % 1985 - 2014

%date(1)

dnum_1985 2014=datenum(date, ‘mm/dd/yyyy' )
Q2001_1985 2014=data{5}

simulated_ AD_Q30yrs=Q2001_1985 2014.*0.97

of subbasin 2001.

simulated_ AD_dnum30yrs=dnum_1985 2014
datevec(simulated_AD_dnuma30yrs)
size(simulated_AD_dnum30yrs)

% -

, 31, ‘'delimiter' )

% Andong dam watershed occupies 97%

% date setting
dnum_2015 2034 =
(datenum( '01/01/2015' , 'mm/dd/yyyy" ):datenum(
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[ndays, ~] = size(dnum_2015 2034); % 20yrs length (2015 - 2034)
[tndays, ~] = size(dnum_1985 2014); % 30yrs length (1985 - 2014)
strt_idx = tndays - (ndays -1);

% - -

% for verification and comparison with observed data...
dnum1995 2014 for_verification = simulated_ AD_dnum30yrs(strt_idx:tndays)
size(dnum1995 2014 _for_verification)

datevec(dnum1995 2014 for_verification)

%----
Q2001 = Q2001_1985_2014(strt_idx:tndays)
T2001 = [dnum_2015_2034 Q2001]

figure(), plot(T2001(:,1), T2001(:,2)), datetick( X', 'mm/ddlyyyy'

tight , grid on, ylabel( '‘Q (M"3/s)' ), title(filename(1:7))

% 2002 basin
filename= 'sub2002_output.out’

fid = fopen(filename, ro);

formatSpec = '%10s%8f%9f%9f%91%91%9f%9f%9f  ;

data = textscan(fid,formatSpec, 'headerLines' , 31, 'delimiter' ,
fclose(fid);

date=data{1}
dnum_1985 2014=datenum(date, ‘mm/dd/lyyyy' )
Q2002_1985 20l14=data{5}

Q2002 = Q2002_1985_2014(strt_idx:tndays)
T2002 = [dnum_2015_2034 Q2002]

figure(), plot(T2002(:,1), T2002(:,2)), datetick( X', 'mm/ddlyyyy'

tight , grid on, ylabel( '‘Q (M"3/s)' ), title(filename(1:7))

% 2003 basin
filename= 'sub2003 output.out’

fid = fopen(filename, ro);

formatSpec = '%10s%8{%9f%9f% 9% 9% 9% 9% If'

data = textscan(fid,formatSpec, 'headerLines' , 31, 'delimiter' ,
fclose(fid);

date=data{1}
dnum_1985 2014=datenum(date, ‘mm/dd/yyyy' )
Q2003_1985_2014=data{5}

Q2003 = Q2003_1985_2014(strt_idx:tndays)
T2003 = [dnum_2015_2034 Q2003]

figure(), plot(T2003(:,1), T2003(:,2)), datetick( X', 'mm/ddlyyyy'

tight , grid on, ylabel( '‘Q (M"3/s)' ), title(filename(1:7))

% 2004 basin
filename= 'sub2004 output.out’
fid = fopen(filename, ™)
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formatSpec = '%10s%81%9f%9{%9f%9f%9f%9f%f' ;
data = textscan(fid,formatSpec, 'headerLines' ,31, ‘delimiter’ )
fclose(fid);

date=data{1}
dnum_1985 2014=datenum(date, ‘mm/ddlyyyy' )
Q2004 _1985 20l14=data{5}

Q2004 = Q2004 _1985_2014(strt_idx:tndays)
T2004 = [dnum_2015_2034 Q2004]

figure(), plot(T2004(:,1), T2004(:,2)), datetick( X', 'mm/ddlyyyy' ), axis
tight , grid on, ylabel( '‘Q (M"3/s)' ), title(filename(1:7))

% 2005 basin
filename= 'sub2005 output.out’ ;

fid = fopen(filename, ™)
formatSpec = '%10s%8{%9f%9{%9f%9f%9f%9f%9f'
data = textscan(fid,f ormatSpec, ‘headerLines' , 31, ‘delimiter’ D

fclose(fid);

date=data{1}
dnum_1985 2014=datenum(date, ‘mm/ddlyyyy' )
Q2005 _1985 20l14=data{5}

Q2005 = Q2005_1985_2014(strt_idx:tndays)
T2005 = [dnum_2015_2034 Q2005]

figure(), plot(T2005(:,1), T2005(:,2)), datetick( X', 'mm/ddlyyyy' ), axis
tight , grid on, ylabel( '‘Q (M"3/s)' ), title(filename(1:7))

% 2007 basin
filename= 'sub2007_ output.out’ ;

fid = fopen(filename, ™)
formatSpec = '%10s%81%9f%9{%91%9f%9f%9f%9f'  ;
data = textscan(fid,formatSpec, " headerLines' , 31, ‘delimiter’ D

fclose(fid);

date=data{1}
dnum_1985 2014=datenum(date, ‘mm/dd/lyyyy' )
Q2007_1985 2014=data{5}

Q2007 = Q2007_1985_2014(strt_idx:tndays)
T2007 = [dnum_2015_2034 Q2007]

figure(), plot(T2007(:,1), T2007(:,2)), datetick( X', 'mm/ddlyyyy' ), axis
tight , grid on, ylabel( '‘Q (M"3/s)' ), title(filename(1:7))

% Sangju weir basin (summation)

filename= 'SJweir_output.out’ ;

fid = fopen(filename, ™)

formatSpec = '%10s%8f%9f%91%9f%9f%9f%9f%Of  ;
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data = textscan(fid,formatSpec, 'headerLines' , 31, ‘'delimiter' )
fclose(fid);

date=data{1}

dnum_1985 2014=datenum(date, ‘mm/dd/yyyy' )
datevec(dnum_1985 2014)

Qsjweir_30yrs=data{5}

Qsjweir = Qsjweir_30yrs(strt_idx:tndays)
Tsjweir = [dnum_2015 2034 Qsjweir]

figure(), plot(Tsjweir(:,1), Tsjweir(:,2)), datetick( X', 'mm/ddlyyyy' ), axis
tight , grid on, ylabel( '‘Q (M"3/s)' ), title(filename(1:7))

%% Flow network

AD_in = Q2001

IH_in = Q2002.*0.69
GR_out = Q2002 -1IH_in
YJ_in = Q2004.*0.28
NS_out=Q2004 -YJ in
YG_out = Q2005
ND1_out = Q2003
ND2_out = Q2007

% making histogram

nbins = 1000;

figure()

hist(AD_in, nbins)

xlabel( 'Q (cms)" ), ylabel( ‘number of data points'

title([ 'Mean daily discharge, nbins ="' num2str(nbins)]);

find(AD_in<0)
logQ =log10(AD_in)

infinds = find(isinf(logQ)==1);
logQ(infinds) =[]

nbinsvec = [10 30 50 100 200];
for i=1:length(nbinsvec)
nbins = nbinsvec(i);

figure

hist(logQ,nbins);

xlabel( 'log Q (cfs)' )

ylabel( 'number of data points' )

title([ 'Log of mean daily discharge, n ="' num2str(nbins)]);
end

% plot each year of data

datev = datevec(dnum_2015 2034)

dnum = dnum_2015 2034

yearvec =unique(datev(:,1))

prevYear = datenum(datev(;,1) - 1,12,31)
dayofYear = dnum - prevYear
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%% Creating average Flow - Duration Curve

%Sub basin 2001================—==—====—==========

Q=Q2001;
subbasin_name =  'mbs2001'
%:::::::::::::::::::::::::::::::::::::::::::::::::
figure()

statement = [ 'sortQ =[' ]
for i=1:length(yearvec)

inds = find(datev(:,1)==yearvec(i))
%plot(dayofYear(inds),Q2001(inds))

eval[ 'q num2str(yearvec(i)) '= Q(inds)' 1) % select yearvec(1)=2015 data
(365ea)

eval([ '[sortQ' num2str(yearvec(i)) ', ~]=sort(q’ num2str(yearvec(i))
"descend")' 1) % Descending sort for calculation of

eval([ 'dayofYear num2str(yearvec(i)) '= dayofYear(inds)' ) % select

yearvec(1)=2015 data (365ea)
%eval(['semilogy(dayofYear' num2str(yearvec(i)) ‘,sortQ'
num2str(yearvec(i)) V')

eval([ 'plot(dayofYear num2str(yearvec(i)) v q num2str(yearvec(i))
dayofYear' num2str(yearvec(i)) ', sortQ' num2str(yearvec(i)) D))
switch i
case length(yearvec)
code =[ ‘'sortQ' num2str(yearvec(i)) T 1
otherwise
code =[ ‘'sortQ' num2str(yearvec(i)) o]
end

statement = [statement code]

hold on
end
%axis tight
xlabel( 'Day of Year' )
ylabel ( 'Q (cms)' )
title([ 'Sub - basin' subbasin_name ‘' num2str(yearvec(1))
num2str(yearvec(end))])

% re - arrangement with descending order
eval([statement])

sortQ

size(sortQ)

figure()

semilogy(dayofYear, sortQ, b -' ), axis tight , xlabel( '‘Day of year' ),
ylabel( 'Q (cms)' ), title([ 'FD curve for' subbasin_name])

hold on

% calculation of mean value corresponding day of Year (1 to 365)

avg_sortQ =  zeros(max(dayofYear),1);

for i=1:max(dayofYear)

avg_sortQ(i) = mean(sortQ(dayofYear == i)); % computes the average value for
all of the data in sortQ variable that correspond to that dayofYear.

end

semilogy([1:max(dayofYear)], avg_sortQ, '™ , 'LineWidth' , 2)

Qdrought=avg_sortQ(355)
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Qlow=avg_sortQ(275)
Qmedian=avg_sortQ(185)
Qabundant=avg_sortQ(95)

semilogy(355, Qdrought, ko' , 275, Qlow, 'ko" , 185, Qmedian, 'ko" , 95,
Qabundant, 'ko' , ‘markerfacecolor' , 'k, 'markersize' , 10)

eval( 'Q355 ' subbasin_name ‘= Qdrought' 1)
eval([ 'Q275 ' subbasin_name '=Qlow' ])

eval([ 'Q185 ' subbasin_name ‘= Qmedian' ])
eval([ 'Q095 ' subbasin_name '=Qabundant' ])

%Sub basin 2002================—==—====—==========

Q=Q2002;
subbasin_name =  'mbs2002'
%:::::::::::::::::::::::::::::::::::::::::::::::::
figure()

statement = [ 'sortQ = ]
for i=1:length(yearvec)

inds = find(datev(:,1)==yearvec(i))
%plot(dayofYear(inds),Q2001(inds))

eval[ 'q num2str(yearvec(i)) '= Q(inds)' ) % select yearvec(1)=2015 data
(365ea)

eval([ '[sortQ' num2str(yearvec(i)) ', ~]=sort(q' num2str(yearvec(i)) ;
"descend")' 1) % Descending sort for calculation of

eval([ 'dayofyYear num2str(yearvec(i)) '= dayofYear(inds)' ) % select

yearvec(1)=2015 data (365ea)
%eval(['semilogy(dayofYear' num2str(yearvec(i)) ',sortQ'
numa2str(yearvec(i)) "))

eval([ 'plot(dayofYear num2str(yearvec(i)) v num2str(yearvec(i)) '
dayofYear' num2str(yearvec(i)) ', sortQ' num2str(yearvec(i)) D))
switch i
case length(yearvec)
code =[ ‘'sortQ' num2str(yearvec(i)) T 1
otherwise
code =[ ‘'sortQ' num2str(yearvec(i)) ]
end

statement = [statement code]

hold on
end
%axis tight
xlabel( 'Day of Year' )
ylabel ( 'Q (cms)" )
title([ 'Sub - basin' subbasin_name ‘' num2str(yearvec(1))
num2str(yearvec(end))])

% re - arrangement with descending order
eval([statement])

sortQ

size(sortQ)
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figure()

semilogy(dayofYear, sortQ, b -' ), axis tight , xlabel( '‘Day of year' ),
ylabel( 'Q (cms)" ), title([ 'FD curve for' subbasin_name])
hold on

% calculation of mean value corresponding day of Year (1 to 365)
avg_sortQ = zeros(max(dayofYear),1);
for i=1:max(dayofYear)

avg_sortQ(i) = mean(sortQ(dayofYear ==i)); % computes the average value for
all of the data in sortQ variable that correspond to that dayofYear.

end

semilogy([1:max(dayofYear)], avg_sortQ, T, 'LineWidth' ,2)

Qdrought=avg_sortQ(355)
Qlow=avg_sortQ(275)
Qmedian=avg_sortQ(185)
Qabundant=avg_sortQ(95)

semilogy(355, Qdrought, ko' , 275, Qlow, ko' , 185, Qmedian, 'ko" , 95,
Qabundant, 'ko' , ‘markerfacecolor' , 'k, 'markersize' , 10)

eval( 'Q355 ' subbasin_name ‘= Qdrought 1)

eval([ 'Q275 ' subbasin_name '=Qlow' ])

eval([ 'Q185 ' subbasin_name ‘= Qmedian' ])

eval([ 'Q095 ' subbasin_name '= Qabundant' ])

%Sub basin 2003================—======—==========

Q=Q2003;
subbasin_name =  'mbs2003'
%:::::::::::::::::::::::::::::::::::::::::::::::::
figure()

statement = [ 'sortQ = ]
for i=1:length(yearvec)

inds = find(datev(:,1)==yearvec(i))
%plot(dayofYear(inds),Q2001(inds))

eval[ 'q num2str(yearvec(i)) '= Q(inds)' 1) % select yearvec(1)=2015 data
(365ea)

eval([ '[sortQ' num2str(yearvec(i)) ', ~]=sort(q’ num2str(yearvec(i))
"descend")' 1) % Descending sort for calculation of

eval([ 'dayofYear num2str(yearvec(i)) '= dayofYear(inds)' ) % select

yearvec(1)=2015 data (365ea)
%eval(['semilogy(dayofYear' num2str(yearvec(i)) ‘,sortQ'
num2str(yearvec(i)) V')

eval([ 'plot(dayofYear num2str(yearvec(i)) v num2str(yearvec(i))
dayofYear' num2str(yearvec(i)) ', sortQ' num2str(yearvec(i)) "D
switch i
case length(yearvec)
code =[ ‘'sortQ' num2str(yearvec(i)) T 1
otherwise
code =[ ‘'sortQ' num2str(yearvec(i)) o]
end

statement = [statement code]
hold on
end
%axis tight

347



xlabel( 'Day of Year' )

ylabel ( 'Q (cms)" )

title([ 'Sub - basin' subbasin_name ‘' num2str(yearvec(1))
num2str(yearvec(end))])

% re - arrangement  with descending order
eval([statement])

sortQ

size(sortQ)

figure()

semilogy(dayofYear, sortQ, b -' ), axis tight , xlabel( '‘Day of year" ),
ylabel( 'Q (cms)' ), title([ 'FD curve for' subbasin_name])

hold on

% calculation of mean value corresponding day of Year (1 to 365)
avg_sortQ = zeros(max(dayofYear),1);
for i=1:max(dayofYear)

avg_sortQ(i) = mean(sortQ(dayofYear ==i)); % computes the average value for
all of the data in sortQ variable that correspond to that dayofYear.

end

semilogy([1:max(dayofYear)], avg_sortQ, 't , 'LineWidth' ,2)

Qdrought=avg_sortQ(355)
Qlow=avg_sortQ(275)
Qmedian=avg_sortQ(185)
Qabundant=avg_sortQ(95)

semilogy(355, Qdrought, ko' , 275, Qlow, 'ko" , 185, Qmedian, 'ko" , 95,
Qabundant, 'ko' , ‘markerfacecolor’ , 'k, 'markersize' , 10)

eval([ 'Q355 ' subbasin_name '= Qdrought )
eval([ 'Q275 ' subbasin_name '=Qlow' ])
eval(| 'Q185 ' subbasin_name Qmedian' )
eval([ 'Q095 ' subbasin_name '= Qabundant' ])

%Sub basin 2004=====================—===—===—=====

Q=Q2004;
subbasin_name =  'mhs2004'
%:::::::::::::::::::::::::::::::::::::::::::::::::
figure()

statement = [ 'sortQ = ]
for i=1:length(yearvec)

inds = find(datev(:,1)==yearvec(i))
%plot(dayofYear(inds),Q2001(inds))

eval[ 'q num2str(yearvec(i)) '= Q(inds)' 1) % select yearvec(1)=2015 data
(365ea)

eval([ '[sortQ’ num2str(yearvec(i)) ', ~]=sort(q’ num2str(yearvec(i))
"descend")' 1) % Descending sort for calculation of

eval([ 'dayofYear num2str(yearvec(i)) '= dayofYear(inds)' ) % select

yearvec(1)=2015 data (365ea)

%eval(['semilogy(dayofYear' num2str(yearvec(i)) ',sortQ'
num2str(yearvec(i)) V')

eval([ ‘'plot(dayofYear num2str(yearvec(i)) N q num2str(yearvec(i))
dayofYear' num2str(yearvec(i)) ', sortQ’ numa2str(yearvec(i)) "D
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switch i
case length(yearvec)

code =[ ‘'sortQ' num2str(yearvec(i)) T 1
otherwise
code =[ ‘'sortQ' num2str(yearvec(i)) o]
end
statement = [statement code]
hold on

end

%axis tight

xlabel( 'D ay of Year' )

ylabel ( 'Q (cms)" )

title([ 'Sub - basin' subbasin_name ‘' num2str(yearvec(1))
num2str(yearvec(end))])

% re - arrangement with descending order
eval([statement])

sortQ

size(sortQ)

figure()

semilogy(dayofYear, sortQ, b -' ), axis tight , xlabel( '‘Day of year" ),
ylabel( 'Q (cms)' ), title([ 'FD curve for' subbasin_name])

hold on

% calculation of mean value corresponding day of Year (1 to 365)
avg_sortQ = zeros(max(dayofYear),1);
for i=1:max(dayofYear)

avg_sortQ(i) = mean(sortQ(dayofYear ==i)); % computes the average value for
all of the data in sortQ variable that correspond to that dayofYear.

end

semilogy([1:max(dayofYear)], avg_sortQ, 't , 'LineWidth' ,2)

Qdrought=avg_sortQ(355)
Qlow=avg_sortQ(275)
Qmedian=avg_sortQ(185)
Qabundant=avg_sortQ(95)

semilogy(355, Qdrought, ko' , 275, Qlow, 'ko" , 185, Qmedian, 'ko" , 95,
Qabundant, 'ko' , ‘markerfacecolor' , 'k, 'markersize' , 10)

eval( 'Q355 ' subbasin_name Qdrought' ])
eval([ 'Q275 ' subbasin_name Qlow' )

eval(| 'Q185 ' subbasin_name ‘= Qmedian' ])
eval([ 'Q095 ' subbasin_name '= Qabundant' ])

%Sub basin 2005==================—===—===—===—=====

Q=Q2005;
subbasin_name =  'mbs2005'
%:::::::::::::::::::::::::::::::::::::::::::::::::
figure()

statement = [ 'sortQ =[' ]
for i=1:length(yearvec)

inds = find(datev(:,1)==yearvec(i))
%plot(dayofYear(inds),Q2001(inds))

349



eval[ 'q num2str(yearvec(i)) '= Q(inds)' 1) % select yearvec(1)=2015 data
(365ea)

eval([ '[sortQ' num2str(yearvec(i)) ', ~]=sort(q’ num2str(yearvec(i))
"descend")' 1) % Descending sort for calculation of
eval([ 'dayofYear num2str(yearvec(i)) '= dayofYear(inds)' ) % select

yearvec(1)=2015 data (365ea)
%eval(['semilogy(dayofYear' num2str(yearvec(i)) ',sortQ’
num2str(yearvec  (i)) V')

eval(| ‘'plot(dayofYear num2str(yearvec(i)) N q num2str(yearvec(i))
dayofYear' num2str(yearvec(i)) ', sortQ’ numa2str(yearvec(i)) "D
switch i
case length(yearvec)
code =[ ‘'sortQ' num2str(yearvec(i)) T 1
otherwise
code =[ ‘'sortQ' num2str(yearvec(i)) o]
end

statement = [statement code]

hold on
end
%axis tight
xlabel( 'Day of Year' )
ylabel ( 'Q (cms)' )
title([ 'Sub - basin' subbasin_name ' num2str(yearvec(1))
num2str(yearvec(end))])

% re - arrangement with descending order
eval([statement])

sortQ

size(sortQ)

figure()

semilogy(dayofYear, sortQ, b - ), axis tight , xlabel( ‘Day of year' ),
ylabel( 'Q (cms)' ), title([ 'FD curve for' subbasin_name])

hold on

% calculation of mean value corresponding day of Year (1 to 365)
avg_sortQ = zeros(max(dayofYear),1);
for i=1:max(dayofYear)

avg_sortQ(i) = mean(sortQ(dayofYear == i)); % computes the average value for
all of the data in sortQ variable that correspond to that dayofYear.

end

semilogy([1:max(dayofYear)], avg_sortQ, T, 'LineWidth' , 2)

Qdrought=avg_sortQ(355)
Qlow=avg_sortQ(275)
Qmedian=avg_sortQ(185)
Qabundant=avg_sortQ(95)

semilogy(355, Qdrought, ko' , 275, Qlow, 'ko" , 185, Qmedian, 'ko" , 95,
Qabundant, 'ko' , ‘'markerfacecolor’ , 'k, 'markersize' , 10)

eval( 'Q355 ' subbasin_name Qdrought' ])
eval([ 'Q275 ' subbasin_name Qlow' )

eval([ 'Q185 ' subbasin_name ‘= Qmedian' ])
eval([ 'Q095 ' subbasin_name '= Qabundant’® 1)

350



%Sub basin 2007================—==—==—==—=====—=====

Q=Q2007;
subbasin_name =  'mbs2007"
%:::::::::::::::::::::::::::::::::::::::::::::::::
figure()

statement = [ 'sortQ =[' ]
for i=1:length(yearvec)

inds = find(datev(:,1)==yearvec(i))
%plot(dayofYear(inds),Q2001(inds))

eval[ 'q num2str(yearvec(i)) '= Q(inds)' 1) % select yearvec(1)=2015 data
(365ea)

eval([ '[sortQ' num2str(yearvec(i)) ', ~]=sort(q' num2str(yearvec(i))
"descend")' 1) % Descending sort for calculation of

eval([ 'dayofYear num2str(yearvec(i)) '= dayofYear(inds)' ) % select

yearvec(1)=2015 data (365ea)
%eval(['semilogy(dayofYear' num2str(yearvec(i)) ‘,sortQ'
numa2str(yearvec(i)) "))

eval([ 'plot(dayofYear num2str(yearvec(i)) v num2str(yearvec(i))
dayofYear' num2str(yearvec(i)) ', sortQ' num2str(yearvec(i)) D))
switch i
case length(yearvec)
code =[ ‘'sortQ' num2str(yearvec(i)) T 1
otherwise
code =[ ‘'sortQ' num2str(yearvec(i)) ]
end

statement = [statement code]

hold on
end
%axis tight
xlabel( 'Day of Year' )
ylabel ( 'Q (cms)" )
title([ 'Sub - basin' subbasin_name ‘' num2str(yearvec(1))
num2str(yearvec(end))])

% re - arrangement with descending order
eval([statement])

sortQ

size(sortQ)

figure()

semilogy(dayofYear, sortQ, b -' ), axis tight , xlabel( '‘Day of year" ),
ylabel( 'Q (cms)" ), title([ 'FD curve for' subbasin_name])

hold on

% calculation of mean value corresponding day of Year (1 to 365)
avg_sortQ = zeros(max(dayofYear),1);
for i=1:max(dayofYear)

avg_sortQ(i) = mean(sortQ(dayofYear ==i)); % computes the average value for
all of the data in sortQ variable that correspond to that dayofYear.

end

semilogy([1:max(dayofYear)], avg_sortQ, '™, ' LineWidth' ,2)

Qdrought=avg_sortQ(355)
Qlow=avg_sortQ(275)
Qmedian=avg_sortQ(185)
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Qabundant=avg_sortQ(95)

semilogy(355, Qdrought, ko' , 275, Qlow, 'ko" , 185, Qmedian,
Qabundant, 'ko' , ‘'markerfacecolor’ , 'k, 'markersize' , 10)

eval([ 'Q355 ' subbasin_name '=Qdrought )
eval([ 'Q275 ' subbasin_name '=Qlow' ])

eval([ 'Q185_ ' subbasin_name '= Qmedian' 1])
eval([ 'Q095_ ' subbasin_name '= Qabundant' ])

%% calculatio of lagtime

L1=10.9*10"3; % meter, 2002outlet - 2001loutlet
Al1=731.4*0.3; % m”"2, Imha  Station Q185
Q1=Q185_mbs2002; %

V1 =Q1/A1;

T1=L1/V1/86400 % day

L2=57383; % meter, 2001outlet - 2003&20040utlet
A2=501.5; % m”"2, Andong Station Q185

Q2=Q1+Q185 mbs2001; %

V2 = Q2/A2;

T2=L2/V2/86400 % day

L3=6991; % meter, 2001outlet - 2003&2004o0utlet
A3=1369.4 %8.7; % m”2, Dalji Station Q185
Q3=0Q2+Q185_mbs2003+Q185 mbs2004; %

V3 = Q3/A3;

T3=L3/V3/86400 % day

L4=12958; % meter, 2004outlet - Sangju Weir
A4=1369.4; % m”2, Sabeol station area
Q4=0Q3+Q185 _mbs2005; %

V4 = Q4/A4;

T4=L4/V4/86400 % day

T1=round(T1)
T2=round(T2)
T3=round(T3)
T4=round(T4)

% Lag time adjustment for verification of Tank simulation
%T2=0; % if do, peak value rapidly increase.

T3=1;

T4=0;

%% Hydrograph Synthesis

% AD_in = Q2001

% IH_in = Q2002.*0.69

% GR_out=Q2002- IH_in
% YJ_in = Q2004.%0.28

% NS_out=Q2004 -YJ_ in
% YG_out = Q2005

% ND1_out = Q2003
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% ND2_out = Q2007

% A. For historical period(1985 -2014)
% case 1) For Sangju Weir considered flow lagtime
Q2002_1985 2014(1:10)

lagged_Q1=circshift(Q2002_1985 2014,T1); % T1 days shift down for time lag
lagged_Q1(1:10)
lagged _Q1(1:T1l)=lagged Q1(T1+1); % replacing the T1 (3days) data with the

next row (row 4)'s data
lagged _Q1(1:10)

Q2 =lagged_Q1 + Q2001 1985 2014; % confluenced Q subbasin 2001+2002 at
Banbyeon Str. confluence

lagged_Q2 = circshift(Q2, T2);

lagged_Q2(1:T2)=lagged_Q2(T2+1);

Q3 =lagged_Q2+ Q2003_1985 2014 + Q2004_1985 2014 % confluenced Q subbasin
2003 and 2004 (Naeseong Str) at Naeseong Str. confluence

lagged_Q3 = circshift(Q3, T3);

lagged _Q3(1:T3)=lagged Q3(T3+1);

Q4 =lagged_Q3 + Q2005 1985 2014 % add Yeong Str.
lagged_Q4 = circshift(Q4, T4);

lagged_Q4(1:10)

lagged_Q4(1:T4)=lagged_Q4(T4+1);

lagged _Q4(1:10)

Q5=lagged_Q4 + Q2007_1985 2014 % add Sangju weir subbasin runoff, final
Sangju weir inflow
Qsjweir_1985 2014 = Q5

figure(), plot(dnum_1985 2014, Qsjweir_1985 2014), datetick( X,
'mm/dd/yyyy" ), axis tight
titte(  'Sangju weir discharge with lag time' ), ylabel( '‘Q (cms) )

% case 2) For Nakdong Rver considered flow lagtime
Q2002_1985 2014(1:10)

lagged_Q1=circshift(Q2002_1985 2014,T1); % T1 days shift down for time lag
lagged_Q1(1:10)
lagged _Q1(1:T1l)=lagged Q1(T1+1); % replacing the T1 (3days) data with the

next row (row 4)'s data
lagged_Q1(1:10)

Q2 =lagged_Q1 + Q2001 1985 2014; % confluenced Q subbasin 2001+2002 at
Banbyeon Str. confluence

lagged_Q2 = circshift(Q2, T2);

lagged_Q2(1:T2)=lagged_Q2(T2+1);

Q3 =lagged_Q2+ Q2003 1985 2014 % + Q2004 1985 2014 % confluenced Q subbasin
2003 and 2004 (Naeseong Str) at Naeseong Str. confluence

lagged_Q3 = circshift(Q3, T3);

lagged_Q3(1:T3)=lagged Q3(T3+1);

Q4 =lagged_Q3 % + Q2005_1985_2014 % add Yeong Str.
lagged_Q4 = circshift(Q4, T4);
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lagged _Q4(1:10)
lagged_Q4(1:T4)=lagged_Q4(T4+1);
lagged_Q4(1:10)

Q5=lagged_Q4 + Q2007_1985 2014 % add Sangju weir subbasin runoff, final
Sangju weir inflow
Qndrvr_1985 2014 = Q5

figure(), plot(dnum_1985_ 2014, Qndrvr_1985 2014), datetick( X', 'mm/ddlyyyy'
axis tight

titte(  'Nakdong Rvr. discharge with lag time' ), ylabel( '‘Q (cms) )

% B. For prediction period(2015 - 2034)

% case 1 - a) For Sangju Weir considered flow lagtime
Q2002(1:10)

lagged_Q1=circshift(Q2002,T1); % T1 days shift down for time lag
lagged _Q1(1:10)
lagged_Q1(1:T1l)=lagged Q21(T1+1); % replacing the T1 (3days) data with the

next row (row 4)'s data
lagged _Q1(1:10)

Q2 =lagged_Q1 + Q2001; % confluenced Q subbasin 2001+2002 at Banbyeon Str.
confluence

lagged_Q2 = circshift(Q2, T2);

lagged _Q2(1:T2)=lagged Q2(T2+1);

Q3 =lagged_Q2+Q2003+Q2004 % confluenced Q subbasin 2003 and 2004 (Naeseong
Str) at Naeseong Str. confluence

lagged_Q3 = circshift(Q3, T3);

lagged_Q3(1:T3)=lagged_Q3(T3+1);

Q4 =lagged_Q3+Q2005 % add Yeong Str.
lagged_Q4 = circshift(Q4, T4);

lagged _Q4(1:10)

lagged _Q4(1:T4)=lagged Q4(T4+1);
lagged_Q4(1:10)

Q5=lagged_Q4+Q2007 % add Sangju weir subbasin runoff, final Sangju weir
inflow
Qsjweir_2015 2034 = Q5

figure(), plot(dnum_2015 2034, Qsjweir_2015_2034), datetick( X,
'mm/dd/yyyy" ) ,axis tight
title(  'Sangju weir discharge with lag time' ), ylabel( '‘Q (cms) )

% case 1 - b) For Nakdong Rvr considered flow lagtime
Q2002(1:10)

lagged_Q1=circshift(Q2002,T1); % T1 days shift down for time lag
lagged Q1(1:10)
lagged_Q1(1:T1l)=lagged Q21(T1+1); % replacing the T1 (3days) data with the

next row (row 4)'s data
lagged _Q1(1:10)
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Q2 =lagged_Q1 + Q2001; % confluenced Q subbasin 2001+2002 at Banbyeon Str.
confluence

lagged_Q2 = circshift(Q2, T2);

lagged_Q2(1:T2)=lagged_Q2(T2+1);

Q3 =lagged_Q2+Q2003 %+Q2004 % confluenced Q subbasin 2003 and 2004 (Naeseong
Str) at Naeseong Str. confluence

lagged_Q3 = circshift(Q3, T3);

lagged_Q3(1:T3)=lagged Q3(T3+1);

Q4 =lagged_Q3 %+Q2005 % add Yeong Str.
lagged_Q4 = circshift(Q4, T4);
lagged_Q4(1:10)
lagged_Q4(1:T4)=lagged_Q4(T4+1);
lagged_Q4(1:10)

Q5=lagged_Q4+Q2007 % add Sangju weir subbasin runoff, final Sangju weir
inflow
Qndrvr_2015 2034 = Q5

figure(), plot(dnum_2015 2034, Qndrvr_2015 2034), datetick( X,
'mm/dd/yyyy" ) ,axis tight
title(  'Sangju weir discharge with lag time' ), ylabel( 'Q (cms) )

% case 2) without lagtime
Q_sjweir = Q2001 + Q2002 + Q2003 + Q2004 + Q2005 + Q2007

figure(), plot(dnum_2015 2034, Q_sjweir), datetick( X', 'mm/ddlyyyy' ), axis
tight
titte(  'Sangju weir discharge without lag time' ), ylabel( '‘Q (cms) )
Q_sjweir_2013_2014=Q_sjweir(end -729:end) % choose last 730 days data
corresponding data of 2013 -2014
size(Q_sjweir_2013_2014)
Q5 2013 2014=Q5(end - 729:end) % choose last 730 days data corresponding data
of 2013 -2014
size(Q5_2013_2014)
% comparison of Sangju weir hydrograph
figure()
subplot(2,1,1), plot(dnum, Q_sjweir), datetick( X', 'mm/ddlyyyy' ), axis
tight , title( '‘Sangju Weir hydrograph Synthesis without lag time' )
subplot(2,1,2), plot(dnum, Q5), datetick( X', 'mm/dd/lyyyy’ ), axis tight
title(  'Sangju  Weir hydrograph Synthesis with lag time' )
figure(), plot(dnum, Q_sjweir, ‘b, dnum, Q5, r - ), datetick( X,
‘mm/ddlyyyy' ),

axis tight , title( '‘Sangju Weir hydrograph with vs. without lag
time' ),

legend( 'Synthesized hydrograph without lag time' , 'Synthesized
hydrograph with lag time' )

% conclusion
% Oct. 25th, 2015
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% Simulated inflow data considering lag time are more appropriate than

% without lag time data, because the maximum inflow is similar to observed

% real data of 2013 and 2014 as well as the respond pattern is very similar.

%

% Qb5 is the finally simulated data set for 20yrs (2015 - 2034) which
% correspond to the historical data of 1995 through 2014.

%

% Q5 has to inserted to Sep11th2015 Func_MCDA_v6a_......m to run final

% results for the dissertation.

%

% % comparison of statistics inflow during two years
% a=cumsum(observed_SJ_inflow)

% b=cumsum(Q_sjweir_2013 2014)

% c=cumsum(Q5_2013_2014)

% figure(), plot(date2013 2014, a, 'k - ', date2013_2014, b, 'b:,
date2013 2014, c,'r - "), datetick('x', 'mm/dd/yyyy') , axis tight,
title("Verification of Sangju Weir Inflow (2013 - 2014)", legend('Observed

Sangju Weir Inflow', 'Synthesized hydrograph without lag time', 'Synthesized
hydrograph with lag time")

%

% e=max( observed_SJ_inflow)

% f=max(Q_sjweir_2013 2014)

% g=max(Q5_2013_2014)

%% verification with observed data

%

%(1) Andong Dam inflow, 1977 - 2014
% (a) obserbed data vs. (b) Tank simulation
%

%

% (a) Andong dam observed data (1977 - 2014)

filename = 'ADdam_operational_information_1977 2014 En.txt' ;
delimiter = ot

formatSpec =

'0%05%5%5%5S%S%5%S%5%S%S%S%S%S5%f%S%5%S %S %% s %S %S %S %S %S %S %S %S %S %S %S %S %S %S %S %S %S %S
%5%5%5%5%5%S%S%S%S%S %S %S%S%S %S %S %S%S %S %S %S %S %S %S %S %S %S Ys %S %S % s YoshbsY0s Y s Vo[

I

fileID = fopen(fil ename, 'r' );
dataArray = textscan(filelD, formatSpec, '‘Delimiter’ , delimiter,
'ReturnOnError’ , false, ‘headerlines' , 1);

fclose(fileID);

date=dataArray{3} % 1977 - 2014
ob_dnum=datenum(date, 'Yyyy -mmdd' )

ob_AD_inflow=dataArray{14} % this is the total inflow from watershed / this
column was used for comparision inflow with simulation
ind=find(ob_AD_inflow<0)

%o0b_inflow(ind)=0; % replace all data with
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ob_inflow2=dataArray{19} % this column was generated for water budget
analysis
find(ob_inflow2<0)

figure()
subplot(2,1,1), plot(ob_dnum, ob_AD_inflow), datetick( X', 'mm/ddlyyyy' ),
titte(  'Total Andong dam inflow' ), Xlim([datenum( '1/1/2014" , 'mm/ddlyyyy’ )
datenum( '12/31/2014' . 'mm/ddlyyyy'  )])
subplot(2,1,2), plot(ob_dnum, ob_inflow2), datetick( X', 'mm/ddlyyyy' ),
titte(  'Andong dam Inflow generated for water budget' ),
xlim([datenum(  '1/1/2014' , 'mm/dd/yyyy’ )datenum( '12/31/2014' . 'mm/ddiyyyy'  )])
figure()
9=[l
g(1)=datenum( '1/1/1985" , ‘'mm/ddlyyyy" )
g(2)=datenum( '1/1/1990" , ‘mm/dd/yyyy' )
g(3)=datenum( '1/1/1995" , ‘mm/dd/yyyy' )
g(4)=datenum( '1/1/2000" , ‘'mm/ddlyyyy" )
g(5)=datenum( '1/1/2005" , ‘'mm/ddlyyyy" )
g(6)=datenum( '1/1/2010" , ‘'mm/ddlyyyy" )
g(7)=datenum( '12/31/2014' . 'mm/ddlyyyy' )
plot(ob_dnum, ob_AD_inflow, ro -, ob_dnum, ob_inflow2, '‘bo - ), ..
set(gca,  'XTick' , Q)
datetick( X' , ‘'mm/dd/lyyyy'’ , ‘keepticks' ), title( ‘Andong dam Total inflow vs.
inflow generated for water budget (K - water DB)' ), ...
%xlim([datenum('12/1/2012', 'mm/dd/yyyy') datenum('12/31/2012',
'mm/dd/yyyy"]),...
grid on, legend( 'Total inflow (column 14)' , 'Inflow for water budget (column
19) )
xticklabel_rotate
% (b) Tank simulation (1985 -2014)
simulated_AD_Q30yrs
simulated_ AD_dnum30yrs
% Graph comparison Tank vs. Observation
figure()
subplot(2,1,1), plot(simulated_ AD_dnum30yrs, simulated_AD_Q30yrs), set(gca,
'XTick' , g), datetick( X', 'mm/ddlyyyy’ , ‘'keepticks' ), -
xlim([datenum(  '1/1/1985" , 'mm/dd/yyyy’ ) datenum( '12/31/2014' ,
'mm/ddlyyyy' D, ...
ylim([0 4000]), title( 'AD inflow Tank simulation’ )
subplot(2,1,2), plot(ob_dnum, ob_AD _inflow), set(gca, 'XTick' , g),
datetick( X' , ‘'mm/dd/lyyyy'’ , ‘'keepticks' ), -
xlim([datenum(  '1/1/1985" , 'mm/dd/yyyy’ ) datenum( '12/31/2014' ,
'mm/ddlyyyy' D, ...
ylim([0 4000]), title( 'AD inflow Observation’ )
figure()
plot(simulated_AD_dnum30yrs, simulated_AD_Q30yrs, '‘bo -' ,0b_dnum, ob_AD_inflow,
ko' )
set(gca, 'XTick' , [datenum(  '1/1/2013" , ‘'mm/dd/yyyy" ) datenum( '12/31/2014' ,
‘mm/dd/yyyy" )])
datetick(  'x' , 'mm/ddlyyyy’ , ‘'keepticks' ), xtickl abel_rotate
xlim([datenum(  '1/1/2013" , 'mm/dd/yyyy' ) datenum( '12/31/2014' . 'mm/ddlyyyy'  )])
title(  'Tank simulation vs. Observation (Andong Dam Inflow)' )
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legend( 'Simulation result' , 'Observed data’ )

%

%(2) Sangju weir inflow, 2013 - 2014

% (a) observed data vs. (b) Tank simulation vs. (c) proportional method
%

O/U

% (a - 1) observed data (2013 - 2014) from hourly data

%

filename= '20120716 20150301 operation.txt' ;% dimliter must be tab.

fid = fopen(filename, ™)

data =

textscan(fid, '%s %f32 %32 %32 %f32 %f %f %f %f %f Y%f %f %f %f %f %f %f %f'
'headerLines' , 1, ‘delimiter' A D

fclose(fid);

% getting datevector from text type date&time
dates = data{1};

datev = datevec(dates, 'yyyymmddHHMM'");
daten = datenum(datev);

% filtering with certain period

%ini_date = input('Enter starting date, ex)20120718:");

ini_date = datenum(datevec( '201301010000" , 'yyyymmddHHMM"));
end_date = datenum(datevec( '201412312350" , 'yyyymmddHHMM"));
% giving conditions

ind = find(daten >= ini_date & daten <= end_date);

ind_date = datev(ind,1:6);

s_date=datenum(ind_date) % filtered date and time vector
d_date=reshape(s_date, 144, []); % reshape the table into one column with 144
records length

d_dnum=d_date(1,:)' % choose the first row and transpose

d_dvec= datevec(d_dnum) % convert datenum into date vector

hwl = double(data{2}); % get head water level and converte cell into double
s_hwl=hwil(ind); % filter hwl with certain datecondition

twl = double(data{3}); % get head water level and converte cell into double
s_twl=twl(ind);

inf = double(data{6}); % inflow

s_inf=inf(ind);

outf = double(data{7}); % outflow

s_outf=outf(ind);

dat = [s_hwl s_twl s_inf s_outf];

[row col] = size(dat); % dat_daily is quearyied matrix with condition

for i=1:col

d(:,i) = mean(reshape(dat(:,i), 144, [])); % average all data
end

% fill nan value with previous data
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for k=find(isnan(d))
d(k)=d(k -1);
end
s_t=[d_dvec d]; % selected table; filtered table

nday = datenum(d_dvec);

t final = [nday dJ;
size(t_final)

date2013 2014 = nday
observed_SJ_inflow = d(:,3);

figure(), plot(date2013 2014, observed_SJ_inflow), datetick( X,
'mm/ddlyyyy' ),
title(  'Observed Sangju Weir inflow' ), ylabel( 'Inflow (cms)' )
% (a - 2) Sangju Weir observed data (2013 - 2014), from daily data
% (hdims.kwater.or,kr)
filename = 'SJweir_operational_information_2013 2014 En.txt' ;
delimiter = \ ot
formatSpec =

'%5%5%5%5%5%5%S %S %S %S %S %S %S % %S %S %S %S % %S %S %S %S %S %S %S %S %S %S %S %S %S %S %Ss %S %S %S %S
%5%5%5%S%S%S%S5%S%S%S%S5%S%Ss %S %S%S %S %S %S %S %S %S %S %S %S %S %S %S %S %s%sY0skhs %S %s Y[

I

fileID = fopen(filename, ™)
dataArray = textscan(filelD, formatSpec, '‘Delimiter’ , delimiter,
'ReturnOnError’ , false, ‘headerlines' , 1);

fclose(fileID);

date=dataArray{3} % 2013 - 2014
ob_SJweir_dnum2013_2014=datenum(date, 'Yyyy -mmdd' )

ob_SJweir_inflow_Hdims=dataArray{14} % this is the total inflow from
watershed / this column was used for comparision inflow with simulation
ind=find(ob_SJweir_inflow_Hdims<0)

%ob_inflow(ind)=0; % replace all data with

figure()
9=
g(1)=datenum( '1/1/2013' , ‘mm/ddlyyyy' )
g(2)=datenum( '7/1/2013' , ‘mm/ddlyyyy' )
g(3)=datenum( '1/1/2014' , 'mm/ddlyyyy' )
g(4)=datenum( '7/1/2014' , ‘'mm/ddlyyyy’ )
g(5)=datenum( '12/31/2014' , ‘mm/ddlyyyy' )
subplot(3,1,1), plot(date2013_2014, observed_SJ_inflow),set(gca, 'XTick'
g).datetick(  'x' , ‘mm/ddlyyyy’ , ‘keepticks' ), ...
titte(  'SJ inflow from hourly data’ )
subplot(3,1,2), plot(ob_SJweir_dnum2013_2014, ob_SJweir_inflow_Hdims),set(gca,
XTick' , g),datetick( X', 'mm/ddlyyyy' , ‘keepticks' ), ...
title(  'SJ inflow from daily data (HDIMS)' )
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subplot(3,1,3), plot(date2013 2014, observed_SJ i nflow, 'b -,

ob_SJweir_dnum2013_2014, ob_SJweir_inflow_Hdims, r -' ),set(gca, "XTick'
0),datetick( X', 'mm/ddlyyyy’ , ‘keepticks' ), ..
titte(  ‘hourly vs. daily' ), legend(  'hourly based' , 'daily

based (HDIMS)" )

% Thus, Sangju weir's inflow is correct because inflows from HDIMS based on
% daily data is the same as the inflows calculated 10 minutes data from
% Seonghun Kim (Oct. 28th, 2015, Hwa Y. Kim)

%

%

% (b) Tank simulation and simple channel routing

%

dnum1995 2014 for_verificatio n
size(dnum1995 2014 _for_verification)
simulated_SJ_inflow=Qsjweir_2015 2034

size(simulated_SJ_inflow)

figure(), plot(dnum1995 2014 for_verification, simulated_SJ_inflow),
datetick(  'x' , ‘'mm/ddlyyyy" ),

titte(  'Simulated Sangju Weir inflow' ), ylabel( 'Inflow (cms)'

%

%

% (c) proportional method
%

A 2001 = 1628.7;
A_2002 = 1975.7;
A_2003 = 980.4;
A_2004 = 1816.0;

A 2005 = 914.4;

A 2007 = 90.8;

A_ND_Rvr=A 2003 + A_2007

A_YJ_Dam =500

A_SJ Weir=A_2001 + A_2002 + A_2003 + A_2004 + A_2005 + A_2007
A_AD_Dam = 1584.0; % catchment Area (km”2)

A IH Dam = 1361.0; % catchment Area (km”2)

% Converting to Naesung/Yeong/Nakdong stream

fac_2001 = A_2001/A_AD_Dam

fac_2002 = A_2002/A_AD_Dam

fac_2003 = A_2003/A_AD_Dam

fac_2004 = A_2004/A_AD_Dam % converting factor

fac_2005 = A_2005/A_AD_Dam

fac_2007 = A_2007/A_AD_Dam

fac_SJ Weir=A_SJ Weir/A_AD_ Dam

fac_ADvsSub2001=A_ AD_Dam/A_ 2001
fac_IHvsSub2002=A_IH_Dam/A_2002

% convertted inflow

prop_Q2001=ob_AD_inflow.*fac_2001; % 1977 - 2014, proportional method
prop_Q2002=0b_AD_inflow.*fac_2002;

prop_Q2003=0b_AD_inflow.*fac_2003;

prop_Q2004=0b_AD_inflow.*fac_2004;

prop_Q2005=o0b_AD_inflow.*fac_2005;

prop_Q2007=o0b_AD_inflow.*fac_2007;

prop_unlagged_Q_SJ Weir=ob_AD_inflow.*fac_SJ_Weir;
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size(prop_unlagged_Q_SJ Weir)

% considering time lag

lagged_Q1=circshift(prop_Q2002,T1); % T1 days shift down for time lag
lagged _Q1(1:10)
lagged_Q1(1:T1l)=lagged Q21(T1+1); % replacing the T1 (3days) data with the

next row (row 4)'s data
lagged _Q1(1:10)

Q2 =lagged_Q1 + prop_Q2001; % confluenced Q subbasin 2001+2002 at Banbyeon
Str. confluence

lagged Q2 = circshift(Q2, T2);

lagged_Q2(1:T2)=lagged_Q2(T2+1);

Q3 =lagged_Q2+prop_Q2003+prop_Q2004 % confluenced Q subbasin 2003 and 2004
(Naeseong Str) at Naeseong Str. confluence

lagged_Q3 = circshift(Q3, T3);

lagged_Q3(1:T3)=lagged_Q3(T3+1);

Q4 =lagged _Q3+prop_Q2005 % add Yeong Str.
lagged_Q4 = circshift(Q4, T4);

lagged Q4(1:10)

lagged _Q4(1:T4)=lagged Q4(T4+1);
lagged_Q4(1:10)

Q5=lagged_Q4+prop_Q2007 % add Sangju weir subbasin runoff, final Sangju weir

inflow

figure(), plot(ob_dnum, Q5), datetick( X', 'mm/dd/lyyyyt ) ,axis tight
title(  'Sangju weir discharge using proportional method with lag time' ),
ylabel( 'Q (cms)'" )

prop_lagged_SJ inflow = Q5

prop_lagged_SJ dnum = ob_dnum
datevec(ob_dnum)

% graph comparison

figure()
subplot(5,1,1), plot(date2013 2014, observed_SJ_inflow),set(gca,
'XTick' ,[datenum( '1/1/2013" , 'mm/dd/yyyy" )datenum( '12/31/2014'
‘mm/dd/yyyy" ),

datetick(  'x' , ‘mm/dd/yyyy’ , ‘keepticks' ), ...

xlim([datenum(  '1/1/2013" , 'mm/dd/yyyy' ) datenum( '12/31/2014' ,
'mm/ddlyyyy' D, ...

ylim([0 4000]), title( 'SJ inflow Observed data’ )
subplot(5,1,2), plot(dnum1995 2014 for_verification,
simulated_SJ_inflow),set(gca, 'XTick' ,[datenum( '1/1/2013" , '‘'mm/dd/yyyy" )
datenum( '12/31/2014' . 'mm/ddlyyyy' ),

datetick( X' , 'mm/dd/yyyy' , ‘'keepticks' ), ...

xlim([datenum(  '1/1/2013" , 'mm/dd/yyyy’ ) datenum( '12/31/2014' ,
‘'mm/ddlyyyy' )], ...

ylim([0 4000]), title( 'SJ inflow Simulated data by Tank with

timelag' )
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subplot(5,1,3), plot(prop_lagged_SJ_dnum, prop_lagged_SJ_inflow),set(gca,
'XTick' ,[datenum( '1/1/2013" , 'mm/dd/yyyy’ )datenum( '12/31/2014' ,

'mm/dd/yyyy" )],

datetick(  'x' , ‘mm/dd/yyyy’ , ‘keepticks' ), ...

xlim([datenum(  '1/1/2013" , 'mm/dd/yyyy' ) datenum( '12/31/2014' ,
'mm/ddlyyyy' D, ...

ylim([0 4000]), title( 'SJ inflow Simulated data by

Proportional method with time lag' )

subplot(5,1,4), plot(prop_lagged_SJ_dnum, prop_unlagged_Q_SJ_ Weir),set(gca,
'XTick' ,[datenum( '1/1/2013" , 'mm/dd/yyyy’ )datenum( '12/31/2014' ,
‘mm/dd/yyyy )],

datetick( X' , 'mm/dd/yyyy' , ‘'keepticks' ), ...

xlim([datenum(  '1/1/2013' , 'mm/dd/yyyy’ ) datenum( '12/31/2014' ,
‘'mm/ddlyyyy' )], ...

ylim([0 4000]), title( 'SJ inflow Simulated data by
Proportional method without time lag' )

subplot(5,1,5), plot(dnum1995 2014 for_verification, Qsjweir),set(gca,
'XTick' ,[datenum( '1/1/2013" , 'mm/dd/yyyy" )datenum( '12/31/2014'

'mm/dd/yyyy" )],

datetick( X' , 'mm/dd/yyyy' , ‘'keepticks' ), ...

xlim([datenum(  '1/1/2013" , 'mm/dd/yyyy' ) datenum( '12/31/2014' ,
'mm/ddlyyyy' D, ...

ylim([0 4000]), titte(  'SJ inflow Simulated data by Tank using
SJ watershed' )
figure()
plot(date2013_2014, observed_SJ_inflow, ko -' ,dnum1995 2014 for verlflcat|on
simulated_SJ_inflow, r - ,dnum1995 2014 for_verification, QSJwelr 'g -

prop_lagged _SJ dnum, prop_lagged_SJ_inflow, 'b -' , prop_lagged_SJ dnum

prop_unlagged Q SJ Weir, b’
set(gca, 'XTick' , [datenum(  '1/1/2013" , 'mm/dd/yyyy’ )datenum( '1/1/2014'
'mm/dd/yyyy" ) datenum( '12/31/2014' . 'mm/ddiyyyy'  )])
datetick(  'x' , 'mm/ddlyyyy’ , ‘keepticks' ), xticklabel_rotate
xlim([datenum(  '1/1/2013" , 'mm/dd/yyyy' ) datenum( '12/31/2014' . 'mm/ddiyyyy'  )])

ylabel( 'Q (cms)'" )
title(  'SJ inflow comparison, Observation vs. Tank simulation vs. Proportional

method' )
legend( 'Observation' , 'Tank simulation with time lag ', 'Tank simulation using
SJ watershed' , 'Proportional method simulation with time lag' , 'Proportional
to SJ Weir without time lag' )
figure()
plot(date2013_ 2014, observed_SJ_inflow, 'ko -' ,dnum1995 2014 for_verification,
simulated_SJ_inflow, o

prop_ Iagged SJ_dnum, prop unlagged Q_SJ Weir, b )
set(gca, 'XTick' , [datenum(  '1/1/2013" , ‘'mm/dd/yyyy’ )datenum( '1/1/2014'
'mm/dd/yyyy' )datenum( '12/31/2014' . 'mm/ddiyyyy'  )])
datetick( X' , 'mm/ddlyyyy’ , ‘'keepticks' ), xticklabel_rotate
xlim([datenum(  '1/1/2013" , 'mm/dd/yyyy' ) datenum( '12/31/2014' . 'mm/ddlyyyy'  )])

ylabel( 'Q (cms)'" )
titte(  'SJ inflow comparison, Observation vs. Tank simulation vs. Proportional

method' )
legend( 'Observation' , 'Tank simulation with time lag' , 'Proportional to SJ
Weir without timelag' )

362



figure()

plot(date2013_ 2014, observed_SJ_inflow, 'ko -' ,dnum1995 2014 for_verification,
simulated_SJ_inflow, =)

set(gca, 'XTick' , [datenum(  '1/1/2013" , ‘'mm/dd/yyyy' ) datenum( '1/1/2014'
'mm/dd/yyyy" ) datenum( '12/31/2014"' . 'mm/ddiyyyy'  )])

datetick( X' , 'mm/ddlyyyy’ , ‘'keepticks' ), xticklabel_rotate

xlim([datenum(  '1/1/2013" , 'mm/dd/yyyy' ) datenum( '12/31/2014' . 'mm/ddlyyyy'  )])
ylabel( 'Q (cms)'" )

title(  'SJ inflow comparison, Observation vs. Tank simulation’ )

legend( 'Observation' , 'Tank simulation’ )

%% comparison of specific discharge

% (1) Observed data
% loading Imha observed data (HDIMS)

filename = 'IHdam_operational_information_1992 2014 En.txt' ;
delimiter = \ ot
formatSpec =

'065%05%5%5%S5%5%5%S5%S%S%S5%S%S%%S %S %S %S %%S5%S %S %S %S5 %S %S %S %S %S %S %S %S %S %S %S %S %S %S
%5%5%5%5%S%S%5%5%S%S%5%S%S %S %5%S %S %S %S %S %S %S %S %05 %S %S %S %S %S Y%s%sYoskhs YosYos Yo

I

filelD = fopen(filename, )
dataArray = textscan(filelD, formatSpec, '‘Delimiter’ , delimiter,
'ReturnOnError' , false, 'headerlines' , 1);

fclose(fileID);

date= dataArray{3} % 1992 - 2014
ob_IHdam_dnum1992_2014=datenum(date, 'Yyyy -mmdd' )
ob_IHdam_inflow_Hdims=dataArray{14} % this is the total inflow from watershed

/ this column was used for comparision inflow with simulation
ind=find(ob_IHdam_inflow_Hdims<0)
%ob_inflow(ind)=0; % replace all data with

s_Q_IH_Dam = ob_IHdam_inflow_Hdims./A_IH_Dam

s_Q_AD_Dam =ob_AD_inflow./A_AD_Dam
s_Q_SJ Weir = observed_SJ _inflow./A_SJ Weir

figure()
subplot(4,1,1), plot(ob_dnum, s_Q_AD_Dam), ylim([0 1]), title( 'Specific Q in
Andong Dam' ), grid on,
set(gca, 'XTick' , [datenum(  '1/1/2013" , ‘'mm/ddlyyyy' )
datenum( '1/1/2014' , 'mm/dd/yyyy’ ) datenum( '12/31/2014' . 'mm/ddiyyyy'  )])
datetick( 'x' , ‘'mm/dd/yyyy' , ‘keepticks' )
subplot(4,1,2), plot(ob_IHdam_dnum1992_ 2014, s Q_IH_Dam), ylim([0 1]),
title(  'Specific Q in Imha Dam' ), grid on,
set(gca, 'XTick' , [datenum(  '1/1/2013" , ‘'mm/ddlyyyy' )
datenum( '1/1/2014' , 'mm/dd/yyyy’ ) datenum( '12/31/2014' . 'mm/ddiyyyy'  )])
datetick( 'x' , ‘'mm/dd/yyyy' , ‘keepticks' )
subplot(4,1,3), plot(date2013_2014, s Q_SJ_Weir), ylim([0 1]),
title(  'Specific Q in Sangju Weir' ), grid on,
set(gca, 'XTick' , [datenum(  '1/1/2013" , ‘mm/ddlyyyy" )
datenum( '1/1/2014' , 'mm/dd/yyyy’ ) datenum( '12/31/2014' . 'mm/ddiyyyy'  )])
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datetick( 'x' , 'mm/dd/yyyy' , ‘keepticks' )

ha = axes( 'Position’ ,[0011], Xlim" ,[J01], 'YIim' ,[O

1], 'Box' ,'off , 'Visible' ,'off 'Units' | 'normalized' , 'clipping' , off  );
text(0.5, 1, \ bf Specific discharge (Observed

data)’ , 'HorizontalAlignment' , ‘center’ , 'VerticalAlignment' , 'top' )

% (2) Tank Simulation

s_Q2001 = Q2001./A_2001

s_Q2002 = Q2002./A_2002

s_Q2003 = Q2003./A_2003

s_Q2004 = Q2004./A_2004

s_Q2005 = Q2005./A_2005

s_Q2007 = Q2007./A_2007

s_Q_simulated_SJ_inflow =simulated_SJ_inflow/A_SJ Weir
s_Qsjweir_wSJwatershed = Qsjweir/A_SJ_ Weir
dnum_2015 2034

Q_AD_Tank = Q2001.*fac_ ADvsSub2001 % getting Andong Dam watershed inflow
generated by Tank
Q_IH_Tank = Q2002.*fac_IHvsSub2002 % Imha

s Q _AD Tank=Q_AD_Tank./A_AD_Dam % getting specific discharge of Andong Dam
inflow
s Q IH Tank =Q_IH_Tank./A_IH_Dam

figure()

subplot(4,2,1), plot(dnum_2015 2034, s_Q2001), ylim([0 3]), title( 'Specific Q
in bsn2001" ), grid on, datetick( X', 'mm/ddlyyyy' )

subplot(4,2,2), plot(dnum_2015 2034, s_Q2002), ylim([0 3]), title( 'Specific Q
in bsn2002" ), grid on, datetick( X', 'mm/ddlyyyy' )

subplot(4,2,3), plot(dnum_2015 2034, s_Q2003), ylim([0 3]), title( 'Specific Q
in bsn2003" ), grid on, datetick( X', 'mm/ddlyyyyt )

subplot(4,2,4), plot(dnum_2015 2034, s_Q2004), ylim([0 3]), title( 'Specific Q
in bsn2004" ), grid on, datetick( X', 'mm/ddlyyyy' )

subplot(4,2,5), plot(dnum_2015 2034, s_Q2005), ylim([0 3]), title( 'Specific Q
in bsn2005" ), grid on, datetick( X', 'mm/ddlyyyyt )

subplot(4,2,6), plot(dnum_2015 2034, s_Q2007), ylim([0 3]), title( 'Specific Q

in bsn2007" ), grid on, datetick( X', 'mm/ddlyyyy' )
subplot(4,2,7), plot(dnum_2015 2034, s_Q_simulated_SJ_inflow), ylim([0 3]),

title(  'Specific Q in Sangju Weir' ), g rid on, datetick( X', 'mm/ddlyyyy' )
subplot(4,2,8), plot(dnum_2015 2034, s_Qsjweir_wSJwatershed), ylim([0 3]),
titte(  'Specific Q in Sangju Weir using SJ watershed' ), grid on, datetick( X'

'mm/ddlyyyy' )

% subplot(5,2,9), plot(dnum_2015 2034, s Q_AD_Tank), ylim([0 3]),
title('Specific Q of Andong Dam (Tank)'), grid on, datetick('x’, 'mm/dd/yyyy’)
% subplot(5,2,10), plot(dnum_2015 2034, s_Q_IH_Tank), ylim([0 3]),
title('Specific Q of Imha Dam (Tank)"), grid on, datetick('x', 'mm/dd/yyyy")

ha = axes( 'Position’ ,[001 1], Xlim* ,J01], ‘'YIim" [0

1], 'Box' ,'off , 'Visible' ,'off 'Units' | 'normalized’ , 'clipping' , off );
text(0.5, 1, \" bf Specific discharge (Tank

simulation)’ , 'HorizontalAlignment' , ‘center’ , 'VerticalAlignment' , 'top' )
figure()
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subplot(4,1,1), plot(dnum_2015 2034, s_Q_AD_Tank), ylim([0 1]),

title(  'Specific Q of Andong Dam (Tank)' ), grid on, ...
set(gca, 'XTick' , [datenum(  '1/1/2033" , ‘'mm/ddlyyyy’ )
datenum( '1/1/2034' . 'mm/dd/yyyy' ) datenum( '12/31/2034' . 'mm/ddiyyyy'  )])
datetick( 'x' , 'mm/dd/yyyy' , ‘keepticks' )
subplot(4,1,2), plot(dnum_2015 2034, s_Q_IH_Tank), ylim([0 1]),
title(  'Specific Q of Imha Dam (Tank)' ), grid on, ...
set(gca, 'XTick' , [datenum(  '1/1/2033" , ‘'mm/ddlyyyy’ )
datenum( '1/1/2034' . 'mm/dd/yyyy' ) datenum( '12/31/2034' . 'mm/ddiyyyy'  )])
datetick( 'x' , ‘'mm/dd/yyyy’ , ‘keepticks' )
subplot(4,1,3), plot(dnum_2015 2034, s_Q_simulated_SJ_inflow), ylim([0 1]),
title(  'Specific Q of Sangju Weir (Tank, lagged)’ ), grid on, ...
set(gca, 'XTick' , [datenum(  '1/1/2033" , ‘'mm/ddlyyyy’ )
datenum( '1/1/2034' . 'mm/dd/yyyy' ) datenum( '12/31/2034' . 'mm/ddiyyyy'  )])
datetick( 'x' , 'mm/dd/yyyy' , ‘keepticks' )
subplot(4,1,4), plot(dnum_2015 2034, s_Qsjweir_wSJwatershed), ylim([0 1]),
title(  'Specific Q of Sangju Weir (Tank, one - basin simulation)' ), grid on, ...
set(gca, 'XTick' , [datenum(  '1/1/2033" , ‘'mm/ddlyyyy’ )
datenum( '1/1/2034' . 'mm/dd/yyyy' ) datenum( '12/31/2034' . 'mm/ddiyyyy'  )])
datetick( 'x' , ‘'mm/dd/yyyy' , ‘keepticks' )
ha = axes( 'Position’ ,[001 1], Xlim* ,J01], 'YIim" [0
1], 'Box' ,'off , 'Visible' ,'off ,'Units' |, 'normalized’ , 'clipping’ , off );
text(0.5, 1, \" bf Specific discharge (Tank
simulation)' , 'HorizontalAlignment' , '‘center’ , 'VerticalAlignment' , 'top' )

% (3) Proportional method

s_prop_Q2001 = prop_Q2001./A_2001

s_prop_Q2002 = prop_Q2002./A_2002

s_prop_Q2003 = prop_Q2003./A_2003

s_prop_Q2004 = prop_Q2004./A_2004

s_prop_Q2005 = prop_Q2005./A_2005

s_prop_Q2007 = prop_Q2007./A_2007

s_prop_lagged _Q_SJ Weir = prop_lagged_SJ_inflow./A_SJ Weir
s_prop_unlagged Q_SJ Weir = prop_unlagged_Q_SJ Weir./A_SJ_Weir

prop_Q_AD =ob_AD_inflow.*(A_AD_Dam/A_AD_Dam)
prop_Q IH =o0b_AD_inflow.*(A_IH_Dam/A_AD_Dam)

s_prop_Q AD =prop_Q AD./A_AD_Dam % getting specific discharge of Andong Dam
inflow
s_prop_Q IH =prop_Q IH./A_IH_Dam

figure()

subplot(4,2,1), plot(prop_lagged_SJ_dnum, s_prop_Q2001), ylim([0 3]),

title(  'Specific Q in bsn2001' ), grid on, datetick( X', 'mm/ddlyyyy' )
subplot(4,2,2), plot(prop_lagged_SJ_dnum, s_prop_Q2002), ylim([0 3]),

titte(  'Specific Q in bsn2002' ), grid on, datetick( X', 'mm/ddlyyyy' )
subplot(4,2,3), plot(prop_lagged_SJ_dnum, s_prop_Q2003), ylim([0 3]),

title(  'Specific Q in bsn2003' ), grid on, datetick( X' 'mm/dd/lyyyy" )
subplot(4,2,4), plot(prop_lagged_SJ_dnum, s_prop_Q2004), ylim([0 3])

titte(  'Specific Q in bsn2004' ), grid on, datetick( X', 'mm/ddlyyyy' )
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subplot(4,2,5), plot(prop_lagged_SJ_dnum, s_prop_Q2005), ylim([0 3]),

title(  'Specific Q in bsn2005' ), grid on, datet ick( 'x' , 'mm/ddlyyyy" )
subplot(4,2,6), plot(prop_lagged_SJ_dnum, s_prop_Q2007), ylim([0 3]),

titte(  'Specific Q in bsn2007' ), grid on, datetick( X', 'mm/ddlyyyy" )
subplot(4,2,7), plot(prop_lagged_SJ_dnum, s_prop_lagged_Q_SJ Weir), ylim([0O

3)), title( 'Specific Q in Sangju Weir with time lag' ), grid on, datetick( X'

'mm/ddlyyyy' )

subplot(4,2,8), plot(prop_lagged_SJ_dnum, s_prop_unlagged_Q_SJ_Weir), ylim([O

3)), title( 'Specific Q in Sangju Weir without time lag' ), grid on,
datetick( X' , 'mm/ddlyyyy" )

ha = axes( 'Position’ ,[001 1], Xlim* ,J01], ‘'YIim" [0

1], 'Box' ,'off , 'Visible' ,'off ,'Units' |, 'normalized’ , ‘'clipping’ , 'off );

text(0.5, 1, "\ bf Specific discharge (Proportional method

simulation)’ , 'HorizontalAlignment' , ‘center’ , 'VerticalAlignment' , 'top' )

figure()

subplot(4,1,1), plot(prop_lagged_SJ_dnum, s_prop_Q_AD), ylim([0 1]),

titte(  'Specific Q of Andong Dam (Prop.)' ), grid on, ...
set(gca, 'XTick' , [datenum(  '1/1/2013" , ‘mm/ddlyyyy’ )

datenum( '1/1/2014' , ‘mm/dd/yyyy' ) datenum( '12/31/2014' . 'mm/ddlyyyy'  )])
datetick( 'x' , 'mm/dd/yyyy' , ‘keepticks' )

subplot(4,1,2), plot(prop_lagged_SJ_dnum, s_prop_Q_IH), ylim([0 1]),

titte(  'Specific Q of Imha Dam (Prop.)' ), grid on, ...
set(gca, 'XTick' , [datenum(  '1/1/2013" , ‘mm/ddlyyyy’ )

datenum( '1/1/2014' , '‘mm/dd/yyyy' ) datenum( '12/31/2014' . 'mm/ddiyyyy'  )])
datetick( 'x' , ‘'mm/dd/yyyy' , ‘keepticks' )

subplot(4,1,3), plot(prop_lagged_SJ_dnum, s_prop_lagged_Q_SJ_Weir), ylim([O

1)), title( 'Specific Q of Sangju Weir (Prop., lagged)' ), grid on, ...
set(gca, 'XTick' , [datenum(  '1/1/2013" , ‘mm/ddlyyyy’ )

datenum( '1/1/2014' , '‘mm/dd/yyyy' ) datenum( '12/31/2014' . 'mm/ddlyyyy'  )])
datetick( 'x' , 'mm/dd/yyyy' , ‘keepticks' )

subplot(4,1,4), plot(prop_lagged_SJ_dnum, s_prop_unlagged_Q_SJ_Weir), ylim([O

1)), title( 'Specific Q of Sangju Weir (Prop., one - basin simulation)' ), grid

on, ...
set(gca, 'XTick' , [datenum(  '1/1/2013" , ‘mm/ddlyyyy" )

datenum( '1/1/2014* , ‘'mm/dd/yyyy’ ) datenum( '12/31/2014' ,'mm/ddiyyyy' )])
datetick( 'x' , ‘'mm/dd/yyyy' , ‘keepticks' )

ha = axes( 'Position’ ,[0011], Xlim" ,[01], 'YIim' ,[O

1], 'Box' ,'off , 'Visible' ,'off 'Units' | 'normalized' , 'clipping' , off  );

text(0.5, 1, \ bf Specific discharge (Proportional

method)" , 'HorizontalAlignment' , ‘center' , 'VerticalAlignment' , 'top' )

%%

9=

g(1)=datenum( '1/1/1985" , ‘mm/dd/yyyy' )

g(2)=datenum( '1/1/1990" , ‘'mm/dd/yyyy' )

g(3)=datenum( '1/1/1995" , ‘mm/dd/yyyy' )

g(4)=datenum( '1/1/2000" , ‘mm/dd/yyyy' )

g(b)=datenum( '1/1/2005" , ‘mm/dd/yyyy' )

g(6)=datenum( '1/1/2010" , ‘mm/dd/yyyy' )

g(7)=datenum( '1/1/2015" , ‘mm/dd/yyyy' )

g(8)=datenum( '1/1/2020" , ‘mm/dd/yyyy' )

g(9)=datenum( '1/1/2025" , ‘mm/dd/yyyy' )
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g(10)=datenum( '1/1/2030" , 'mm/ddlyyyy' )
g(11)=datenum( '1/1/2035' , 'mm/ddlyyyy' )

%(1) Naeseong Stream Watershed

dnum_1985 2034= [dnum_1985 2014; dnum_2015 2034]
datevec(dnum_1985 2034)

size(dnum_1985 2034)

Q2004 _1985 2014=circshift(Q2004_1985 2014,T3) % 1day lag

Q2004 _1985 2014(1)=Q2004_1985 2014(2) % lagged data fill with next
data

Q2004=circshift(Q2004,T3) % l1day lag

Q2004(1)=Q2004(2) % lagged data fill with next data

Q2004_1985_2034=[Q2004_1985_2014; Q2004]

size(Q2004_1985_2034)
size(dnum_1985_2034)

figure()

plot(dnum_1985 2034,Q2004 1985 2034), ylabel( 'Inflow (cms)' )
set(gca, 'XTick' , g), datetick( X', 'mm/ddlyyyy’ , ‘keepticks' )
titte(  'Naeseong Stream Inflow (1985 -2034)" )

%(2) Yeong Stream Watershed
Q2005_1985_2034=[Q2005_1985_2014; Q20  05]

figure()

plot(dnum_1985_2034,Q2005 1985 _2034), ylabel( ‘Inflow (cms)' )
set(gca, 'XTick' , g), datetick( X', 'mm/ddlyyyy’ , ‘keepticks' )
title(  "Yeong Stream Inflow (1985 -2034)" )

%(3) Nakdong River Watershed
Qndrvr_1985 2034=[Qndrvr_1985 2014; Qndrvr_2015 2034]

figure()

plot(dnum_1985_2034,Qndrvr_1985 2034), ylabel( ‘Inflow (cms)' )
set(gca, 'XTick' , g), datetick( X', 'mm/ddlyyyy’ , ‘keepticks' )
title(  'Nakdong River Inflow (1985 -2034)" )

%(4) Sangju Watershed

Qsjweir_1985_2014_sum = Qndrvr_1985_2014 + Q2004_1985_2014 + Q2005_1985_2014
Qsjweir_2015 2034 _sum = Qndrvr_2015 2034 + Q2004 + Q2005

Qsjweir_1985 2034_sum = [Qsjweir_1985 2014 sum; Qsjweir_2015 2034 _sum] %
summation of three watershed inflow

Qsjweir_1985 2034=[Qsjweir_1985 2014; Qsjweir_20 15 2034] % Synthesized inflow
hydrograph using all subbasins and travel time (T1~T4)

size(Qsjweir_1985_2034)

figure()

subplot(3,1,1), plot(dnum_1985 2034,Qsjweir_1985 2034), ylabel( 'Inflow (cms)'
set(gca, 'XTick' , g), datetick( X', 'mm/ddlyyyy’ , ‘keepticks' )

titte(  'Sangju Weir Watershed Inflow (1985 -2034)" )

subplot(3,1,2), plot(dnum_1985 2034,Qsjweir_1985 2034 sum), ylabel( 'Inflow
(cms)" )
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set(gca, 'XTick' , g), datetick( X', 'mm/ddlyyyy’ , ‘keepticks' )

title(  'Sangju Weir Watershed Inflow (1985 -2034), Summation of three

watershed' )

subplot(3,1,3), plot(dnum_1985 2034,Qsjweir_1985 2034 - Qsjweir_1985_ 2034 sum),
ylabel( 'Inflow (cms)' )

set(gca, 'XTick' , g), datetick( X', 'mm/ddlyyyy’ , ‘keepticks' )

title(  'Sangju Weir Watershed Inflow (1985 - 2034), Summation of three

watershed' )

round(max(Qsjweir_1985 2034 - Qsjweir_1985 2034 sum))
% two data is almost same, thus there is no problem to use inflows by
watershed respectively, NS, YG, ND or as an one watershed, SJ.

figure(), plot(dnum_1985 2034, cumsum(Qsjweir_1985 2034), b -,
dnum_1985 2034, cumsum(Qsjweir_1985_ 2034 sum), =)

%%

t final_to_add = [dnum_2015 2034 Qsjweir_2015 2034 _sum]
period = 20

lastdate = '2034 -12-31'

no_of day = length(t_final _to_add)

dnum_1985 2014

dnum_2015 2034

dnum_1985 2034

dnum_2013 2014 = nday

dnum_2013 2034 = [dnum_2013 2014; dnum_2015_ 2034]

Qns_historical = Q2004 1985 2014
Qns_prediction = Q2004
Qns_wholeperiod = Q2004_1985 2034

Qyg_historical = Q2005 1985 2014
Qyg_prediction = Q2005
Qyg_wholeperiod = Q2005 _1985 2034

Qnd_historical = Qndrvr_1985 2014
Qnd_prediction = Qndrvr_2015 2034
Qnd_wholeperiod = Qndrvr_1985_ 2034

Qsj_historical = Qsjweir_1985 2014 sum
Qsj_prediction = Qsjweir_2015 2034_sum
Qsj_wholeperiod = Qsjweir_1985 2034 _sum

Qsj_observation = observed_SJ_inflow
Qsj_obs_n_prediction = [Qs]_observation; Qsj_prediction]

end
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Sepl1th2015 Func_catch_vol_surf_area.m

function [stored_vol, surf_area, XSarea] =
Sepl1th2015 Func_catch_vol_surf_area(WS)

% This function returns reservoir volume corresponding certain water stage
% (WS)

filename = '‘Aug07th2015_WS_SurfArea_Volume_v2.xlIsx' ;

sheet= ‘'summary' ;

[v, T, vT] = xIsread(filename, sheet);

wsdvol=v(:,1);
vol=v(:,2);

wsdarea=v(1:17,3);
surfarea=v(1:17,4);

% WS=45
stored_vol = interp1(ws4vol,vol, WS);
surf_area = interpl(ws4area,surfarea,WS);

filename = '‘Aug07th2015 WS SurfArea_Volume v2.xIsx' ;
sheet = 'Xsection_SJweir' ;
[v, T, vT] = xIsread(filename, sheet);

ws4XS=v(;,1);
accXSarea=v(:,5);

% WS=45.5
XSarea = interpl(ws4XS,accXSarea,WS);

end

Sepl1th2015 Func_flow_width_ratio_calculation.m

function [ good_view_station_ratio | =
Sepl11th2015 Func_flow_width_ratio_calculation( manage_WS)
% This is for calculation of flow width ratio

%clear all;

%close all; clc;

filename = 'Aug07th2015 WS SurfArea_Volume v2.xIsx' ;
sheet =  ‘flow_width' :

[v, T, vT] = xIsread(filename, sheet);

ws=v(;,2);
width=v(:,3);

%filename = 'Aug07th2015_WS_SurfArea_Volume_v2.xlIsx’;
sheet= ‘flow_width_index' ;
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[v, T, vT] = xIsread(filename, sheet);

id=v(:,1);

sta_no =v(;,2);
strt_rn = v(;,3);
end_rn =v(;,4);

[rn, cn]=size(id);

max_width = v(:,5); % Maximum width corresponding to Station No.

for i=21in;

eval([ 'ws ' num2str(i) =" 'ws("  numa2str(strt_rn(i) -1)
num2str(end_rn(i) E0 ) I | 5

eval([ ‘width_' num2str(i) ‘="' ‘'width(’ num2str(strt_rn(i) -1)
num2str(end_rn(i) -1 0D

end

ratio_t=[]; % for summary of the result

% for manage_WS=37:52
manage_WS;

d=[];

flow_width_ratio=zeros(rn,1);

for i=1irn

eval([ ‘cur_flow width(' num2str(i) N="
num2str (i) " num2str(manage WS) ;' )
eval([ ‘flow_width_ratio(’ num2str(i) ="
")./max_width(' num2str (i) N,

end

%flow_width_ratio=flow_width_ratio
%idx=~isnan(flow_width_ratio)
flow_width_ratio(isnan(flow_width_ratio))=0;

final_flow_width_ratio = flow_width_ratio;
avg_width_ratio=mean(final_flow_width_ratio);
cur_flow_width=cur_flow_width’;

cur_flow_width(isnan(cur_flow_width))=0;
max_width;

'interpl(ws_ num2str (i) ', width_'

‘cur_flow_width(' num2str(i)

% Replace NaN values with zero

idxx=find(final_flow_width_ratio<0.5 | final_flow_width_ratio>0.7);

[non_amenity_rn,~] = size(idxx);
[total_rn,~] = size(final_flow_width_ratio);
amenity _rn = total_rn - non_amenity_rn;
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% for drawing graphs
pos_max_width=max_width./2;

neg_max_width=pos_max_width.*( -1);
pos_cur_width=cur_flow_width./2;
neg_cur_width=pos_cur_width.*( -1);

%% When the figure is needed, realease the comment sign, %.
% July 23rd, 2015 revised by Hwa Y. Kim

%

% figure()

% subplot(4,1,1)

% tname = strcat('When the manage stage is El.", num2str(manage_WS), 'm’)
% plot(id, max_width, 'k -',id, cur_flow_width, 'b -
% title(thame)

% xlabel('Station No.")

% ylabel('River width and flow width (m)")

% set(gca, XTick',[1:2:63])

% New_XTickLable = sta_no(1:2:63)

% set(gca, 'XTickLabel', New_XTickLable);

% legend(‘Maximum river width', 'Flow width")

% hold on

% text(1,100, ' \ downarrow Sangju Weir")

% %xticklabel_rotate

%

% subplot(4,1,2)

% plot(id, pos_max_width, 'k -',id, pos_cur_width, 'b -- ', id, neg_max_width,
'k -, id, neg_cur_width, 'b -

% xlabel('Station No.")

% ylabel('River width and flow width (m)")

% set(gca, XTick',[1:2:63])

% New_XTickLable = sta_no(1:2:63)

% set(gca, 'XTickLabel', New XTickLable);

% %xticklabel_rotate

% legend('Maximum river width', 'Flow width")

%

% subplot(4,1,3)

% plot(id, flow_width_ratio, 'bo -

% hold on

ratio_limitl = ones(63,1).*0.5;

ratio_limit2 = ones(63,1).*0.7;

% plot(id, ratio_limit1, 'r -',id, ratio_limit2, 'r -
% xlabel('Station No.")

% ylabel(‘flow width ratio")

% ylim([0 1])

% set(gca, XTick',[1:2:63])

% New_XTickLable = sta_no(1:2:63)

% set(gca, 'XTickLabel', New_XTickLable);

% legend('"Flow width ratio','Preference levels')

% %xticklabel_rotate

%

% subplot(4,1,4)

x=[{ 'Total cross section' }{ 'Between preference levels' }{ 'Ratio (%)’ 1
good_view_station_ratio=amenity_rn/total_rn*100;

y= [total_rn amenity_rn good_view_station_ratio];

% bar(y, 0.1);

% New_XTickLable = x

% set(gca, 'XTickLabel', New_XTic kLable);
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% ylabel ('No. of cross sections / Ratio (%)")

% hold on

% text(1,total_rn+5,num2str(total_rn))

% text(2,amenity_rn+5,num2str(amenity_rn))

% diground = @(x,d) round(x*107d)/10"d; % built - in function

%
text(3,amenity_rn/total_rn*100+5,num2str(diground(good_view_station_ratio,2)))
%

d=[manage_WS avg_width_ratio total_rn amenity_rn good_view_station_ratio];
ratio_t = [ratio_t; d];

end

Aug07th2015_ Func_eta_interpolation.m

function [ eta_for_dHdQ ] = Aug07th2015 Func_eta_interpolation( netH, possQ );
%UNTITLED2 Summary of this function goes here
% Detailed explanation goes here

% clear all; close all; clc
netH; % =6.6
possQ; % = 25

if (possQ<=0) || (netH<3.0)
eta for dHdQ =0 ;
elseif netH>10.5
eta_for_ dHdQ = 0;
else
%disp(‘ok’);

% % filename = 'Aug07th2015_eta.xlsx’;
% % sheet = 'eta’;

% % [v, T, vT] = xIsread(filename, sheet, 'A2:S9");
% %

% % Qper = v(:,1);

% % Qaa = Vv(:,2);

% % eta300 = v(:,3);

% % eta350 = v(;,4);

% % eta400 = v(:;,5);

% % eta450 = v(;,6);

% % eta500 = v(:,7);

% % eta550 = v(:,8);

% % eta600 = v(:;,9);

% % eta650 = v(;,10);

% % eta675 = v(;,11);

% % eta700 = v(:,12);

% % eta750 = v(;,13);

% % eta800 = v(;,14);

% % eta850 = v(;,15);

% % eta900 = v(;,16);
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% % eta950 = v(;,17);
% % etal000 = v(;,18);
% % etal050 = v(:,19);
% %

% % % making eta table combined all together according to H.. from Hill chart
% % eta = [eta300 eta350 eta400 eta450 eta500 eta550 eta600 eta650 eta675...
% % eta700 eta750 eta800 eta850 eta900 eta950 etal000 etal050];

% %

% % % 1cm H slice

% % H =[3:0.5:6.5 6.75 7:0.5:10.5];

ddH = linspace(3.0,10.5,751);

%ddH = num2str(ddH);

%ddH = str2num(ddH);

%diground = @(x,d) round(x*10°d)/10"d;
%ddH = diground(ddH, 2);

% interpolation using dH

% for i = 1:length(Qaa)

% intrp_eta(i,;) = interpl(H, eta(i,:), ddH);
% end

%

% % transpose for interpolation using dQ
% intrp_eta_t = intrp_eta’;

%

% 0.01 cms Q slice

%Q=Qaa’;

%dQ =[10.4:0.01:11 11.01:0.01:27];

dQ = linspace(10.4 ,27,1661);

%dQ =[0.01:0.01:11 11.01:0.01:27];

% interpolation using dQ

% for i = 1:length(intrp_eta_t)

% intrp_eta_final(i,:) = interp1(Q, intrp_eta_t(i, :), dQ);
% end

% size(intrp_eta_final);

% write as txt file.
%dIimwrite('intrp_eta_final.txt',intrp_eta_final,'delimiter’,’
4)

% read the file already saved.....
intrp_eta_final=dimread( 'intrp_eta_final.txt'

switch  netH<3.0

case 1
eta_for_dHdQ = 0;

case 0

%id = find(ddH'==netH); % find the col/row number corresponding

'net Head'

%eta_orderby_dQ=intrp_eta_final(90,:)"; % transpose eta

corresponding...
%x=dQ";

ind_H = find(ddH>netH - 0.009 & ddH<netH+0.009);
ind_Q = find(dQ>possQ -0.009 & dQ< possQ+0.009);

switch  possQ<10.4
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case 1
eta for_dHdQ = 0;
case 0
%eta_for_dHdQ = interp1(x, eta_orderby dQ, possQ);
%eta_for_dH dQ = eta_orderby_dQ(id)
eta_for_dHdQ = intrp_eta_final(ind_H, ind_Q);
end % for switch possQ<3.0

end % for switch netH<3.0

end % for if i statement

% p_ini_kW = 9.81*netH*possQ*eta_for_dHdQ/100 ;
%

% Pini =[1500; 1125; 750; 375];

% eta_g =[0.985; 0.984; 0.98;0.97];

%

% if p_ini_kwW > 1500

% eta_gear=0.985;

% elseif p_ini_kW < 375

% eta_gear=0.97;

% else

% eta_gear = interp1(Pini, eta_g, p_ini_kW);
% end

%

% pkW = p_ini_kW * eta_gear;

end % for function
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PART 3: MCDA MODELIN G

Apr29th2016_MCDA_v5.xlsm

Interface page

SANGJU WEIR operations to mitigate sedimentation problems (MCDA spreadsheet)

Darrell G. Fontane, Colorado State University, Spring 2013
Modified by Hwa Young Kim, Sept. 2015

1. Select a Decision Influence Group

Decision makers | ® ® 8 @ O [ @) (@] *
Main Criteria G1 G2 G3 G4 G5 G6 GI1 G8 G9 G10
Reservoir sedimentation 1 4 4 1 1 1 1 2 3 4
Hydropower production 1 3 1 4 3 4 3 1 3 2
Water supply stability 1 3 1 1 4 1 1 3 4 1
Flood control and conveyance 1 2 1 1 il 4 il 3 1 2
Environment and riverside amenity 1 1 1 1 B 1 4 2 Z 2

G1: Reservoir operator group

G2: Reservoir operator group with sedimentation emphasis
G3: Reservoir sedimentation management group

G4: Hydropower production group

G5: Water supply responsibility group

G6: Flood control agency

G7: Riverside environment & stream ecology group

G8: Variability 1

G9: Variability 2

G10: Variability 3 Altemative
2. Select Sub-Criteria Weights 3. Select analysing Options 4. Results
Case 1 - WWAM (1-5 Scale} Alternative 1 2 3 4 5
Case 2 P CP (0-15cale)
PROMETHEE_WAM
ROMETEE Score 3.00 2.36 315 3.16 337
Ranking 4 5 3 2 1
5. Run
Run All Options Overall Alternative Ranking
Alternative
1 2 3 4 5
' |
. I
X~
cl'iﬂ 3 | T T Comprehensive Results
4 | Alternative 1 2 3 4 5
5 * Average ranking| 2.80 4,53 2.75 3.00 1.90
Ranking 3 5 2 4 1
Group Used | | | | |
L¥ M| Tntroduction | Interface MyCales  MCDA_WAM ,~ MCDA CP ,* MCDA PROM_WAM . MCDA PROM . Exomplel  Example2 * Bxampled . Bxampled * ExompleS ©
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Module 1

Function Interpolate(x, x1, x2, y1, y2)

"This custom function performs linear interpolation
'‘Developed by D.G. Fontane, January 2001

If x = x1 Then

Interpolate = y1

Elself x = x2 Then

Interpolate = y2

Else

Interpolate = y1 + ((y2 - y1) / (x2 - x1)) * (x - x1)
End If

End Function

Sub Splash()

UserForm1.Show

End Sub

Sub Store()

"It is need to change because | moved some cells and graphs by H.Y. Kim, September,

2015

' This custom macro saves results to another worksheet
' Developed by D.G. Fontane, March 2001
Dim row As Integer
Application.ScreenUpdating = False
Sheets("Interface").Select

x1 = Range("M24").Value

x2 = Range("N24").Value

x3 = Range("024").Value

x4 = Range("P24").Value

x5 = Range("Q24").Value

x6 = Range("M25").Value

X7 = Range("N25").Value
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x8 = Range("025").Value

x9 = Range("P25").Value

x10 = Range("Q25").Value
x11 = Range("D40").Value
x12 = Range("D41").Value
x13 = Range("'D42").Value
x14 = Range("'D43").Value
x15 = Range("'D44").Value
x16 = Range("A57").Value

x17 = Range("A53").Value

lang = Sheets("Language”).Range("B3").Value

If lang = 1 Then
Sheets("Results").Select
Elself lang = 2 Then
Sheets("Resultados").Select
End If

row = 15

Do Until (Cells(row, 1).Value ="")
row =row + 1

Loop

Cells(row, 1).Value = x1
Cells(row, 2).Value = x2
Cells(row, 3).Value = x3
Cells(row, 4).Value = x4
Cells(row, 5).Value = x5
Cells(row, 6).Value = x6
Cells(row, 7).Value = x7
Cells(row, 8).Value = x8
Cells(row, 9).Value = x9
Cells(row, 10).Value = x10
Cells(row, 11).Value = x11

Cells(row, 12).Value = x12
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Cells(row, 13).Value = x13
Cells(row, 14).Value = x14
Cells(row, 15).Value = x15
Cells(row, 16).Value = x16
Cells(row, 17).Value = x17
Sheets("Interface").Select
Application.ScreenUpdating = True
End Sub

Sub Cleartable()

Dim row As Integer
Application.ScreenUpdating = False
lang = Sheets("Language").Range("B3").Value
If lang =1 Then
Sheets("Results").Select

Elself lang = 2 Then
Sheets("Resultados").Select

End If

' Erase the Results
Range("A15:Q15").Select
Range(Selection, Selection.End(xIDown)).Select
Selection.ClearContents
Range("Al").Select

End Sub

Module 2

Dim langold As Integer

Dim langnew As Integer

Sub Change_Lang1()

' Macro Developed 5/02/2002 by Darrell G. Fontane

' This macro changes the language of the spreadsheet to English

Application.ScreenUpdating = False
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Sheets("Interface").Select
langold = Range("Z2").Value
If langold = 1 Then GoTo LastLine
langnew = 1
Range("Z2").Value = langnew
' Change the page names

Rename_Pages

Sheets("Interface").Select
Range("Al1").Select
LastLine:
Application.ScreenUpdating = True
End Sub
Sub Change_Lang?2()
' Macro Developed 5/02/2002 by Darrell G. Fontane
' This macro changes the language of the spreadsheet to Portuguese

Application.ScreenUpdating = False

Sheets("Interface").Select
langold = Range("Z2").Value
If langold = 2 Then GoTo LastLine
langnew = 2
Range("Z2").Value = langnew
' Change the page names

Rename_Pages

Sheets("Interface”).Select
Range("Al").Select
LastLine:
Application.ScreenUpdating = True
End Sub

Sub Change_Lang3()
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' Macro Developed 5/02/2002 by Darrell G. Fontane

' This macro changes the language of the spreadsheet to French

Application.ScreenUpdating = False

Sheets("Interface").Select
langold = Range("Z2").Value
If langold = 3 Then GoTo LastLine
langnew = 3
Range("Z2").Value = langnhew
' Change the page names

Rename_Pages

Sheets("Interface").Select
Range("Al1").Select
LastLine:
Application.ScreenUpdating = True
End Sub
Sub Rename_Pages()
Select Case langold
Case 1
Select Case langnew
Case 2
Sheets("Results").Select
Sheets("Results").Name = "Resultados"
Sheets("Basic_Data").Select
Sheets("Basic_Data").Name = "Dados_Basicos"
Case 3
Sheets("Results").Select
Sheets("Results").Name = "Résultats"
End Select

Case 2
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Select Case langnew
Case 1
Sheets("Resultados").Select
Sheets("Resultados").Name = "Results"
Sheets("Dados_Basicos").Select

Sheets("Dados_Basicos").Name = "Basic_Data"

Case 3
Sheets("Resultados").Select
Sheets("Resultados").Name = "Résultats"
Sheets("Dados_Basicos").Select

Sheets("Dados_Basicos").Name = "Basic_Data"

End Select
Case 3
Select Case langnew
Case 1
Sheets("Résultats").Select
Sheets("Résultats").Name = "Results"
Case 2
Sheets("Résultats").Select
Sheets("Résultats").Name = "Resultados"
Sheets("Basic_Data").Select

Sheets("Basic_Data").Name = "Dados_Baésicos"

End Select
End Select

End Sub

Module 3

Sub LoadExample()
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Sheets("Basic_Data").Select
ctr = Range("AG1").Value
Select Case ctr

Case 1

Call Examplel_Load
Case 2

Call Example2_Load
Case 3

Call Example3_Load
Case 4

Call Example4_Load
Case 5

Call Example5_Load
Case 6

Call Example6_Load
Case 7

Call Example7_Load
End Select

End Sub

Sub Examplel_Load()

' Examplel_Load Macro
' Load Example 1

Application.ScreenUpdating = False
Sheets("Examplel”).Select
Range("Al").Select
Selection.Copy
Sheets("Basic_Data").Select
Range("Al").Select

ActiveSheet.Paste
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Sheets("Examplel").Select
Range("A6:H35").Select
Application.CutCopyMode = False
Selection.Copy
Sheets("Basic_Data").Select
Range("A6").Select
Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks _
:=False, Transpose:=False
Range("17:332").Value ="
Sheets("Examplel").Select
Range("17:J19").Select
Application.CutCopyMode = False
Selection.Copy
Sheets("Basic_Data").Select
Range("I7").Select
Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks _
:=False, Transpose:=False
Sheets("Examplel").Select
Range("M6:X35").Select
Application.CutCopyMode = False
Selection.Copy
Sheets("Basic_Data").Select
Range("M6").Select
Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks _
:=False, Transpose:=False
Range("Al").Select
Sheets("Examplel”).Select
Range("Al").Select
Application.CutCopyMode = False
Sheets("Basic_Data").Select
Range("Al").Select

End Sub
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Sub Example2_Load()
' Example2_Load Macro
' Load Example 2

Application.ScreenUpdating = False
Sheets("Example2").Select
Range("Al").Select
Selection.Copy
Sheets("Basic_Data").Select
Range("Al1").Select
ActiveSheet.Paste
Sheets("Example2").Select
Range("A6:H35").Select
Application.CutCopyMode = False
Selection.Copy
Sheets("Basic_Data").Select
Range("A6").Select
Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks _

:=False, Transpose:=False
Range("17:J32").Value = "
Sheets("Example2").Select
Range("17:J19").Select
Application.CutCopyMode = False
Selection.Copy
Sheets("Basic_Data").Select
Range("17").Select
Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks _

:=False, Transpose:=False
Sheets("Example2").Select

Range("M6:X35").Select
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Application.CutCopyMode = False
Selection.Copy
Sheets("Basic_Data").Select
Range("M6").Select
Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks _
:=False, Transpose:=False

Range("Al").Select
Sheets("Example2").Select
Range("Al").Select
Application.CutCopyMode = False
Sheets("Basic_Data").Select
Range("Al1").Select

End Sub

Sub Example3_Load()

' Example3_Load Macro

' Load Example 3

Application.ScreenUpdating = False
Sheets("Example3").Select
Range("Al").Select
Selection.Copy
Sheets("Basic_Data").Select
Range("Al").Select
ActiveSheet.Paste
Sheets("Example3").Select
Range("A6:H35").Select
Application.CutCopyMode = False
Selection.Copy
Sheets("Basic_Data").Select

Range("A6").Select
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Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks _
:=False, Transpose:=False
Range("17:J32").Value ="
Sheets("Example3").Select
Range("17:J19").Select
Application.CutCopyMode = False
Selection.Copy
Sheets("Basic_Data").Select
Range("I7").Select
Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks _
:=False, Transpose:=False
Sheets("Example3").Select
Range("M6:X35").Select
Application.CutCopyMode = False
Selection.Copy
Sheets("Basic_Data").Select
Range("M6").Select
Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks _
:=False, Transpose:=False
Range("Al").Select
Sheets("Example3").Select
Range("Al").Select
Application.CutCopyMode = False
Sheets("Basic_Data").Select
Range("Al").Select
End Sub
Sub Example4_Load()
' Example4_Load Macro
' Load Example 4

Application.ScreenUpdating = False
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Sheets("Example4").Select

Range("Al").Select

Selection.Copy

Sheets("Basic_Data").Select

Range("Al").Select

ActiveSheet.Paste

Sheets("Example4").Select

Range("A6:H35").Select

Application.CutCopyMode = False

Selection.Copy

Sheets("Basic_Data").Select

Range("A6").Select

Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks _
:=False, Transpose:=False

Range("17:332").Value ="

Sheets("Example4™).Select

Range("17:J19").Select

Application.CutCopyMode = False

Selection.Copy

Sheets("Basic_Data").Select

Range("17").Select

Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks _
:=False, Transpose:=False

Sheets("Example4").Select

Range("M6:X35").Select

Application.CutCopyMode = False

Selection.Copy

Sheets("Basic_Data").Select

Range("M6").Select

Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks _

:=False, Transpose:=False

387



Range("Al").Select
Sheets("Example4").Select
Range("Al").Select
Application.CutCopyMode = False
Sheets("Basic_Data").Select
Range("Al").Select

End Sub

Sub Example5_Load()

' Example5_Load Macro

' Load Example 5

Application.ScreenUpdating = False
Sheets("Example5").Select
Range("Al").Select
Selection.Copy
Sheets("Basic_Data").Select
Range("Al").Select
ActiveSheet.Paste
Sheets("Example5").Select
Range("A6:H35").Select
Application.CutCopyMode = False
Selection.Copy
Sheets("Basic_Data").Select
Range("A6").Select
Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks _

:=False, Transpose:=False
Range("17:332").vValue ="
Sheets("Example5").Select
Range("17:332").Select

Application.CutCopyMode = False
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Selection.Copy
Sheets("Basic_Data").Select
Range("17").Select
Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks _
:=False, Transpose:=False
Sheets("Example5").Select
Range("M6:X35").Select
Application.CutCopyMode = False
Selection.Copy
Sheets("Basic_Data").Select
Range("M6").Select
Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks _
:=False, Transpose:=False

Range("Al1").Select
Sheets("Example5").Select
Range("Al").Select
Application.CutCopyMode = False
Sheets("Basic_Data").Select
Range("Al").Select

End Sub

Sub Example6_Load()

' Example6_Load Macro

' Load Example 6

Application.ScreenUpdating = False
Sheets("Example6”).Select
Range("Al").Select
Selection.Copy
Sheets("Basic_Data").Select

Range("Al").Select
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ActiveSheet.Paste
Sheets("Example6").Select
Range("A6:H35").Select
Application.CutCopyMode = False
Selection.Copy
Sheets("Basic_Data").Select
Range("A6").Select
Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks _
:=False, Transpose:=False
Range("17:J32").Value ="
Sheets("Example6").Select
Range("17:332").Select
Application.CutCopyMode = False
Selection.Copy
Sheets("Basic_Data").Select
Range("17").Select
Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks _
:=False, Transpose:=False
Sheets("Example6").Select
Range("M6:X35").Select
Application.CutCopyMode = False
Selection.Copy
Sheets("Basic_Data").Select
Range("M6").Select
Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks _
:=False, Transpose:=False
Range("Al").Select
Sheets("Example6”).Select
Range("Al").Select
Application.CutCopyMode = False
Sheets("Basic_Data").Select

Range("Al").Select
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End Sub

Sub Example7_Load()

' Example7_Load Macro
' Load Example 7

Application.ScreenUpdating = False
Sheets("Example7").Select
Range("Al1").Select
Selection.Copy
Sheets("Basic_Data").Select
Range("Al").Select
ActiveSheet.Paste
Sheets("Example7").Select
Range("A6:H35").Select
Application.CutCopyMode = False
Selection.Copy
Sheets("Basic_Data").Select
Range("A6").Select
Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks _
:=False, Transpose:=False

Range("17:J32").Value = ™

Sheets("Example7").Select

Range("17:332").Select

Application.CutCopyMode = False

Selection.Copy

Sheets("Basic_Data").Select

Range("17").Select

Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks _
:=False, Transpose:=False

Sheets("Example7").Select
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Range("M6:235").Select
Application.CutCopyMode = False
Selection.Copy
Sheets("Basic_Data").Select
Range("M6").Select
Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks _
:=False, Transpose:=False
Range("Al1").Select
Sheets("Example7").Select
Range("Al1").Select
Application.CutCopyMode = False
Sheets("Basic_Data").Select
Range("Al").Select

End Sub

Module 4

Sub RunAll()
Call Cleartable
Sheets("Interface").Select
ctype =1
Range("A52").Value = ctype
Forctrl=1To 2
Range("A56").Value = ctrl
Forctr2=1To7
Range("B40").Value = ctr2
Call Store
Next
Next
ctype =2
Range("A52").Value = ctype

Forpwr=1To 3
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Sheets("MCDA_CP").Range("Z2").Value = pwr

Forctrl=1To 2
Range("A56").Value = ctrl
Forctr2=1To 7

Range("B40").Value = ctr2
Call Store
Next
Next
Next
For ctype =3 To 4
Range("A52").Value = ctype

Forctrl=1To 2
Range("A56").Value = ctrl
Forctr2=1To 7

Range("B40").Value = ctr2
Call Store
Next
Next
Next

End Sub
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