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Background

@ In order to improve accuracy of field measurement, it is necessary to
improve relevant techniques and use of adequate instrument and
analysis method for specific flow conditions.

@ Both of Application of advanced techniques and improvement of
existing method(measurement, data analysis and QC, assessment) are
Important

@ The main objective of the activities is to provide a technical report or
guideline about three parts of hydrological observation technique

- Real-time discharge measurement

(IRDIMS, Integrated Real-time Discharge Measurement System)
- Sediment measurement
- development of rating curve

@ Each action was based on case study for various conditions and
practical experience of HSC



Overview of Hydrological measurements in HSC

@ Since 2007, HSC has been conducting hydrological measurement in Korea
- Discharge measurement and rating curve development in over 150 sites
every year
- Construction and operation of IRDIMS(55 sites have been operating)
- Sediment measurement in 15~20 sites every year

Number of sites

Development \ohiMs  Sediment | S0il  Evapotran- Survey

of H-Q rating molsture spiration river-bed
2004 69 = = - - -
2005 73 1 - - -
2006 99 4 6 - - -
2007 107 8 6 1 1 -
2008 109 11 6 2 2 -
2009 114 13 7 2 2 -
2010 126 16 20 2 2 -
2011 121 26 20 2 2 - HSC
2012 123 46 15 2 2 690km
2013 146 49 15 2 2 530km
2014 152 52 15 2 2 690km
2015 153 K 17
2016 154 58 16
Plan* 380 104 138 25 25

* National hydrological observation network in Korea




ACTIVITIES and OUTCOME

+ Hydrometric measurements with quality and accuracy

@ Provide guidance on the use of appropriate instruments and
methods of observation in diverse conditions

- In terms of use of appropriate instruments and methods of observation in diverse
conditions, IRDIMS(Integrated Real-time discharge Measurement System) would
be a great model and example for real-time discharge measurement in diverse
conditions such as backwater and tidally effected area

- The main purpose of this action is providing technical information and guidance
on application of real-time discharge measurement

- There are two sub actions have been conducted in this action plan,
(1) Collection of the technical information of IRDIMS
(2) Case study on measurement of IRDIMS



ACTIVITIES and OUTCOME

(1) Collection of the technical information of IRDIMS

- Technical information related to real-time measurement, which include (a)
measuring instruments, (b) discharge calculation and (c) construction and
operation of IRDIMS

(a) Analysis on measurement conditions of various types of ADVM by its specifications and
flow condition have been carried out based on results from IRDIMS stations.

(b) The information related to discharge calculation using IVM(Index Velocity Method) and
its development procedure considering flow condition, characteristics of measuring
Instrument

(c) The technical information of a proper installation considering development of IVM
- Selection of measuring instrument and type of installation
- Analysis on flow condition to proper installation
- Available range of ADVM measurement to be more accurate measurement



ACTIVITIES and OUTCOME

(2) Case study on measurement of IRDIMS

- Analysis on result of measurement by IRDIMS have been conducted and it
contained the procedure on development of index rating. The details are

(a) Measurement in tidally effected area
(b) Measurement in backwater area caused by weir, sluice gate, junction

(c) Evaluation of the result of measurement
o Comparative analysis using individual measurements
» Assessment of runoff between up and down stream

(d) Development of index rating
 Analysis on available measurement range of ADVM to calculate index
velocity properly
* Procedure of index rating development and its software tool
 Analysis of index ratings developed for various conditions



Construction and operation of IRDIMS in Korea

4+ Integrated River Discharge Measurement System, IRDIMS is widely used to measure
real-time flow discharge in Korea

+ |IRDIMS mainly have been installed in difficult stations to measure discharge due to
backwater or tidal effect and key stations to flood forecast

+ 55 sts. have been constructed and operating now and it will be extended to more than 100
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Measurement of ADVM

CM-1200kHz

ADP-250, 500kHz ArgonautSL-500, 1500kHz




Specification of ADVM

Channel Master

Manufacturer RD Instruments

Frequency(kHz) 300 600 1,200
Max. range(m) 300 90 20

Range of velocity(m/s

default 5, max. £20

Accuracy(%, cm/s) +0.5%(=20.2cm/s)

Resolution(cm/s) 0.1

Number of Cell 128

Cell size(m) 1~16 0.5~8 0.25~4
Beam Angle(®) 2.2 1.5 1.5
Min. Blanking 1 05 0.2

distance(m)
Aspect Ratio(R:H) 35:1

Specification
ADP-SL

e Pire
SonTek
250 500 500 1,500 3,000
180 100 1.5~120 0.2~20 0.2~5
- _

+1%(d
(
2D Velocity Profile In Horizontal Layer
1 User Programmable Cell Size
1~20 R
1
1.5
201 20:1




Measurement of ADVM

+ Types of measurement
- 3 types of installation of ADVM depending on measur
- It’s important to select the proper position of ADVM t¢
cross-section (central core of flow, away from the infl

Examp

Types Concept installz

Up-looking

Side-looking

Moving type

up and down e ALELEE |

rotation <75 Wl - Cxpensive mplex to install because

- additional equipment are required to
move ADVM




Calculation of Discharge

«+ For real-time discharge measurement by ADVM, it is necessary to calculate mean velocity
from ADVM measurement in order to calculate discharge

+ IVM(Index Velocity Method)
- Mean velocity is calculated by relationship between index- and mean velocity
- Anumber of individual discharge measurements are needed to develop relationship between index-

and mean velocity throughout the expected range in stage or mean velocity.

+ VPM(Velocity Profile Method)
- Velocity distribution of cross section is estimated by applying theoretical velocity profile
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Calculation of Discharge

4+ Comparison between IVM and VPM
- Results of discharge by IVM and VPM during low and high flow were compared

measurements
- Both method showed a similar result and accuracy

- Comparative error with manual meas. :

IVM(average 4.4%, 0.2~21.6%), VPM(average 5.9%, 0.7~17.7%)

—IVM

—VPM

® Manual measurements

11-04 00:00

11-04 06:00

11-04 12:00 |

11-04 18:00 |

11-05 00:00

11-05 06:00
11-05 12:00

with manual

—IVM

—VPM

¢ Manual measurements

07-13 00:00

07-13 06:00
07-1312:00
07-13 18:00
07-14 00:00 |

07-14 06:00 ¢

07-14 12:00

07-14 18:00 ¢

07-1500:00

07-15 06:00

07-1512:.00

07-15 18:00

07-16 00:00

07-16 06:00

07-16 12:00

07-16 18:00
07-17 00:00



Standard procedures of IVM

* Field investigation to select the site including survey of cross-
Selection of site section, discharge measurement and check velocity profile

» Temporary operation of ADVM to check measurement

. . " * [dentify optimum location and position at the chosen site
S13 B FABAAV R B RS EI B o Selection of optimum alignment of the ADVM

 Check the available measurement range(setting of cell)
Configuring the ADVM « Setting of Measurement Interval(MI) & Averaging Period(AP)
» Setting of raw data configuration

Discharge measurement to get Vm « Discharge measurements considering variant VVm range

: « Examination of ADVM data : Velocity , Temperature, Cell end,
Check of contintious data from ADVM Signal amplitudes & instruments noise, etc.

* Identify and survey of standard cross-section used for calculation
of discharge

Calculation of cross-section area « Development of stage-area rating
 Checking of change of cross-section

« Extracting of Viand checking of relation between Vm
 Development of index rating

i  Checking on correlation of index rating between Vi and Vm
Develo_pment Urllisios r_atlng & and evalgate possible shift : '
discharge calculation « Separation of the rating for applicable period depend on cross-

section change
» Discharge calculation




Development of software tool for IVM

@ EDPad(Extracting Data Pad)

- Data extracting from ADVM

- Data checking (available range of meas., signal amplitude etc.)
- Calculation of Vi

- Data processing of missing or abnormal data

@ MCDPad(Multi-Computing Discharge Pad)

- Calculation of cross-section area(H-A rating or coordination of cross-section)
- Development of relationship between V; and Vm

- Checking of correlation of index rating and evaluate possible shift

- Separation of the rating for applicable period depend on cross-section change

- Calculation of discharge



Development of software tool for IVM

e s e
— .

A A
€l W o

Input of site information

CODE 1007EE0
ST. Name PO
Watershed Han rivw,

Stream Name Han riv,
Location
Year of Data 2016

Setting of the data configuration

Input of ADVM cell information i

Period({Month)
Calibration of Salinity
Direction of Meas.
Interpolation of
missing period

Data extraction

Check beam intensity

Feedback

limit of max water height &
Start Cell No. 1
End Cell No. b

Processing for missing and abnormal data

Final data of index velocity used for
discharge calculation with [IVM

UL L e Uy e




Development of software tool for IVM

@ Data extracting from ADVM

- Time series of water height, 2-D velocity vector and signal amplitude(or intensity) along the transvers
line of ADVM

Range-averaged /
Measurement Volume /

Data BXtraCt ng VUBYIIYHLUY KLU 9., MOV

)
1
I
:
Extracting o 1.Load data ‘ 2 Extracting 3.Data processing i
] .,,
: W
H [ CellNo. | aEW | aNS | aE1 | aF2 | A

201607010000 2189 1 -5 @8 154 142 2 31 23 134 132 1

201607010010 2125 1 -55 26 153 143 2 -79 7 135 133 !

201607010020 2126 1 -83 19 154 141 2 -0 1 139 134 '

201607010030 2124 1 -70 46 154 142 2 -30 -23 157 135 H

201607010040 2122 1 -8 26 154 143 2 64 -32 138 133 !

201607010050 2121 1 -5 -29 154 144 2 -30 -43 137 132 1

201607010100 212 1 32 -6 154 145 2 83 -2 140 133 !

201607010110 2118 1 -21 -10 157 145 2 54 -1 140 134 !

201607010120 2115 1 5 -21 157 145 2 67 —22 140 135 NAtgka Mossi e Vokarias oy

201607010130 2113 1 29 -6 158 146 2 108 53 141 134 Mult-cells)

201607010140 2111 1 7 -19 154 146 2 -31 13 137 137

201607010150 2108 1 @1 -11 166 146 2 17 -32 139 136

201607010200 2,104 1 37 -13 157 146 2 -22 1 138 138

201607010210 2098 1 a4 -26 159 143 2 -14 -29 141 135

201607010220 2008 1 104 -39 157 144 2 -14 23 142 136

201607010230 2094 1 22 1 156 147 2 -7 5 139 138

201607010240 2091 1 17 -38 157 145 2 87 -10 137 135

201607010250 2087 1 g -29 157 146 2 20 -14 136 135

201607010300 2093 1 2 -32 160 149 2 -14 1 140 135

201607010310 2089 1 28 -29 159 150 2 37 -21 138 134

201607010520 2088 1 28 -28 158 148 2 23 -25 140 134

201607010330 2088 1 51 -18 158 146 2 61 -31 138 134

201607010340 209 1 104 -31 158 146 2 47 -32 137 132

201607010350 2088 1 &7 -z 166 145 2 a5 -4 137 133

201607010400 2091 1 1 -15 156 146 2 24 -18 138 134

201607010410 2091 1 az -8 155 146 2 25 -25 136 133

201607010420 2094 1 az -9 156 144 2 1 -29 135 131

201607010430 2095 1 7 -4 157 141 2 a7 -2 135 131

201607010440 2096 1 a5 0 166 144 2 15 38 132 132

201607010450 2097 1 35 -15 159 143 2 74 2 136 130

201607010500 2099 1 -6 29 159 144 2 54 -20 134 133

201607010510 2.1 1 -25 49 158 144 2 -21 E5 139 133

201607010520 2,101 1 -14 14 156 148 2 34 15 142 134

201607010530 2102 1 -24 36 157 145 2 101 -76 136 134

201607010540 2105 1 -14 9 160 146 2 -15 -3 142 136

201607010550 2112 1 -0 22 156 149 2 50 -27 140 134

201607010600 2117 1 52 -6 157 147 2 25 -20 138 135

201607010610 2118 1 5 1 157 145 2 44 -32 138 138

201607010620 2118 1 -1 -3 158 146 2 40 -34 137 137

201607010630 2118 1 31 -1z 157 145 2 19 -17 138 136




Development of software tool for IVM

@ Checking of signal intensity
- Determination of available range of measurement used as Vi

- Examination of decreasing pattern of signal intensity

= Avallable range : section that SI gradually decrease

= If it shows difference with initial setup, it should be changed in S

Signal Intensity

hean Sl

Cell Mo, 1st Beam | 2nd Beam
1 181.9 1828
2 1877 189.3
] 158.8 159.4
4 152.3 152.4
B 146.9 1487
5] 144 6 1419
7 139.8 141.1
g 1356 1419
g 1322 1497
10 1322 1488
11
12
13
14
15
16
17
12
BIEE]
20
21

t.

Range-averaged
Measurement Volume

L)
T
i
1
1
1
'
1
ADVM ]
1
]
COPYILIYNL DY KI D, 9., RO [I] 4 1 V.
[ 1
7 !
/ 1
Blanking '
Distance :
SEMMEZE | stots 0 2] arErE 03[ =z '
AlZH 1st Beam | 2nd Beam | 1st Beam | 2nd Beam | 1st Beam [ 2nd Beam '
201607010000 101.6 95.3 1651 156.5 127.0 120.4 X
201607010010 1021 96.6 165.9 167.0 127.6 120.8 '
201507010020 103.2 96.3 167.7 156.5 129.0 120.4 ‘ » [
201607010030 102.4 a7.1 166.4 167.8 128.0 121.4 W“F'E’-_‘f“tf'??ﬁﬁ“-"m“
201607010040 102.4 97.3 166.4 1581 128.0 1216 il
201607010050 1040 97.0 169.0 157.6 130,0 1212 &
201607010100 105.0 98.2 170.6 159.6 131.2 122.8
201607010110 1051 987 170.8 160.4 131.4 123.4
201607010120 105.6 989 1716 160.7 132.0 1236 200
201607010130 106.4 98.1 172.8 159.4 133.0 1226
201607010140 1045 99.8 169.8 162.2 130.8 124.8
201607010150 103.8 99.0 168.7 160,9 129.8 123.8 0
201507010200 104.8 99.4 170.3 161.5 131.0 124.2
201807010210 105.8 97.9 171.8 1591 132.2 122.4
201607010220 105.6 98.2 1716 159.6 132.0 122.8
201507010230 105.4 98.7 171.3 160.4 131.8 1234 10
201607010240 1045 98,1 169.8 159.4 130,86 1226| 2
201607010250 104.2 98.6 169.3 160.2 130.2 123.2] 3
201607010300 105.9 99.0 172.1 160,92 132.4 238 €
201607010310 104.8 93.1 170.3 159.4 131.0 i22E| Z W
201607010320 1051 984 170.8 159.9 131.4 izz0| @
,,,,,,,,,, —— — 2. — = &
=
120
100
—e—1st
Beam
——2nd
Beam
80

10

11



Development of software tool for IVM

@ Final data of Vi
- Vi is calculated by averaging velocities within available range of cell
- Interpolation of Missing or abnormal data within 30min
= Final time series data of Vi used for development of index rating and calculation of discharge

Extracted Vi VUPYIIYHLUY ATl Y.o., AL

[Available Mo | Total Mo, |
[ 4464]
Faw Data Final data Status of ADWM
Time H il Time H i Salinity Water Temp, Pitch Roll
201607010000 2,13 -0.0317 201807010000 2.1 -0.031 0 26.99 0.1 0
2016070710010 2,13 -0.057 201807010010 2.1 -0.051 0 26.98 0.1 0
201607010020 2,13 -0.058 201807010020 2.1 —-0.058 0 26.97 0.1 0
201607010030 212 -0.01 201807010030 2,13 -0.01 0 26.96 0.1 0
201607010040 212 -0.011 201807010040 2,13 -0.011 0 26.96 0.1 0
201607010050 212 0.019 201807010050 2,13 0.019 0 26.96 0.1 0
2016070710100 212 0.032 201807010100 2,13 0.032 0 26.95 0.1 0
2016070710110 212 -0.002 201807010110 2,13 -0.002 0 26.95 0.1 0
201607010120 212 0.017 201807010120 2,13 0.011 0 26.94 0.1 0
201607010130 211 0.029 201807010130 2.1 0.029 0 26.94 0.1 0
201607010140 211 0.007 201807010140 2.1 0.007 0 26.93 0.1 0
201607010150 211 0.027 201807010150 2.1 0.021 0 26.92 0.1 0
2016070710200 2.1 -0.017 201807010200 2. -0.017 0 26.92 0.1 0
201607010210 2.1 -0.014] 201807010210 2. -0.014 0 26.97 0.1 0
201607010220 2.1 -0.011 201807010220 2. -0.011 0 269 0.1 0
201607010230 2.09 0.012 201807010230 2.0 0.012 0 26.89 0.1 0
201607010240 2.09 0.017 201807010240 2.0 0.017 0 26.89 0.1 0
201607010260 2.09 0.008 201807010250 2.0 0.002 0 26.88 0.1 0
201607010300 2.09 0.034 201807010300 2.0 0.034 0 26.87 0.1 0
201607010310 2.09 0.022 201807010310 2.0 0.022 0 26.86 0.1 0
201607010320 2.09 0 201807010320 2.0 9] 0 26.84 0.1 0
201607010330 2.09 0.027 201807010330 2.0 0.021 0 26.83 0 0
201607010340 2.09 0.007 201807010340 2.0 0.007 0 26.82 0.1 0
201607010350 2.09 0.012 201807010350 2.0 0.012 0 26.81 0.1 0
201607010400 2.09 0.004 201807010400 2.0 0.004 0 268 0.1 0
201607010410 2.09 0.025 201807010410 2.0 0.026 0 268 0.1 0
201607010420 2.09 -0.002 201807010420 2.0 -0.002 0 26.79 0.1 0
201607010430 2.1 0.007 201807010430 2. 0.007 0 26.79 0.1 0
201607010440 2.1 0.015 201807010440 2. 0.015 0 26.78 0.1 0
201607010450 2.1 0.007 201807010450 2. 0.007 0 26.77 0.1 0
201607010500 2.1 0.007 201807010500 2. 0.007 0 26.77 0.1 0
201607010510 2.1 -0.0217 201807010510 2. -0.021 0 26.76 0.1 0
201607010520 2.1 0.004 201807010520 2. 0.004 0 26.75 0.1 0
201607010530 2.1 —0.007 201807010530 2. —-0.001 0 26.75 0.1 0
201607010540 211 -0.011 201807010540 2.1 -0.011 0 26.74 0.1 0
201607010550 211 0.017 201807010550 2.1 0.017 0 26.74 0.1 0




Development of software tool for IVM

Y. el lepVlPeY=_
HWE WV RBIIE CH QA vrlds

Information of ST.

CODE 1007560
ST. Name IPO
Watershed Han riv.

Stream Name Han riv.
Location

Year of Data

Selection of Calculation

Area Calc. Coordination
Discharge Calc. 1 Index velocity Method

Discharge Calc. 2

VUMSITEITE DY Ny Uy TTON

Input of site information

Selection of calculation type

Input of manual measurement DB

Input of cross—section area

(H-A rating or coordinate of cross
section

Load time series data of Vi from EDPAD

Development of index rating

Checking on possible shift and
separation of applicable period

Discharge calculation

Feedback



Development of software tool for IVM

@ Manual measurements to obtain Vm
- Manual Measurements should be conducted in variant Vm range
- Measurement data are managed by DBPAD

0B of Individual Meas.

SR AN 29 H 2METW OOXA HaLavm 20 AZ-Z2 A2t AR29 ZE29 Available past data

(yﬁr_'?:n";fd {m) {m) (m?) {(mfsec) (m¥/sec) Start-End time Hatart Hand

10078E0_12_001  2012-10-12 09:58 23 165,04 12-10-12 09:58 ~ 11:11 23 23 100,00
1007660_12_002 2012-10-30 14:22 2.4z 190,26 A0V 12-10-30 14:22 ~15:29 2.4z 2,42 100,00
1007660_12_003  2012-11-15 10:00 237 212,50 A0V 12-11-15 10000 ~ 11:06 237 237 100,00
1007660-13_001  2013-03-11 16:39 2,26 B2z 72 157335 010 156,93 A0V 13-03-11 16:39 ~ 17:60 224 2.27 100,00
10078E0_13_002  2013-03-15 15:10 240 B48.32 177196 014 245,57 ADYM 13-03-18 1510 ~ 16:20 240 240 100,00
1007660_13_003  2013-04-01 14:01 2.4z 544,78 178113 0.2z 380,87 A0V 13-04-01 14:01 ~ 14:30 2.4z 2,42 100,00
1007660-13_005 2013-04-1013:59 1.92 523,31 142750 0.26 369,42 A0V 13-04-10 13:59 ~ 14:17 1.95 1.88 100,00
1007660-13_009 2013-04-1015:00 207 504,71 1493,40 0.07 105,40 A0V 13-04-10 15:00 ~ 15:20 2,08 209 100,00
1007660_13_011  2013-04-1015:30 208 E08.10 150360 0.26 397,03 ADYM 13-04-10 15:30 ~ 15:37 208 2,08 100,00
1007860_13_013  2013-04-10016:00 2m BG5S 14BZ07 023 326.% ADYIM 13-04-10 16:00 ~ 16:50 2m 200 100,00
1007660-13_M5  2013-05-05 15:30 2,38 51377 1634.43 011 17715 A0V 13-05-08 15:30 ~ 16:40 2,38 237 100,00
1007660_13_016  2013-05-25 14:00 2,53 524,89 1731.08 0.7 463,02 A0V 13-05-28 14:00 ~ 15:10 2,54 2,52 100,00
1007660_13_017  2013-06-27 07:45 224 EZ7.95 156464 022 332 ADYM 13-06-27 07:45 ~ 0855 220 227 100,00
1007860_13_018  2013-07-03 10:583 2 BZ8.67 161670 0.z 300,96 ADYIM 13-07-03 10063 ~ 12:15 221 222 100,00
1007660-13_019  2013-07-14 08:14 2,54 51502 172513 0.54 936,56 A0V 13-07-14 08:14 ~ 05:45 2,52 2,56 100,00
1007660_13_020° 2013-07-14 13:54 239 521,41 162025 0.54 76,30 A0V 13-07-14 13:54 ~ 14125 239 239 100,00
1007660_13_021  2013-07-15 11:34 275 E23.44 182943 0.81 147280 ADYM 13-07-15 11:34 ~ 12:05 275 275 100,00
10078E0_13_023  2013-07-16 10:586 1% BE063 213623 1,03 23T ADYIM 13-07-16 10086 ~ 11:25 222 218 100,00
1007660_13_024 2013-07-16 12:34 322 51736 207595 1.08 2236,81 A0V 13-07-16 12:34 ~ 13:05 21z 207 100,00
1007660_13_025 2013-07-16 14:26 EAL 507,81 1959.85 1.06 2116,95 A0V 13-07-16 16:37 ~ 17:05 2,95 2,90 100,00
1007660_13_026  2013-07-16 16:37 293 508,41 190733 1.03 1971.40 ADYM 13-07-16 18:25 ~ 18:55 2,80 276 100,00
10078E0_13_027  2013-07-16 15:25 27 BZ1.65 185793 0,93 1834.91 A0 13-07-16 18:25 ~ 15:55 280 276 100,00
1007660_13_028 2013-07-1911:35 214 51019 153025 0,88 1350,32 A0V 13-07-19 11:35 ~ 12:05 214 214 100,00
1007660-13_037 2013-07-24 10:24 297 513,07 189953 1.04 197942 A0V 13-07-24 10:24 ~ 10:55 2,98 2,96 100,00
1007660_13_038  2013-03-06 16:24 23 EI026 162813 0,35 566,06 ADYM 13-08-06 16:24 ~ 16:E5 238 236 100,00
1007860_13_039  2013-05-21 10:d5 231 51623 163283 0.03 143,44 A0 13-08-21 10:45 ~ 12:05 240 235 100,00
1007660-13_040 2013-05-25 10:05 240 511,47 165302 013 21231 A0V 13-08-28 10:05 ~ 10:45 240 239 100,00
1007660-13_041 2013-05-25 10:55 2,36 511,80 1614,95 010 156,02 A0V 13-08-28 10:55 ~ 11:25 239 232 100,00
1007660_13_042  2013-09-11 16:57 232 E09.87 161174 015 245,36 ADYM 13-09-11 16:57 ~ 18:05 232 23 100,00
1007860_13_043  2013-09-25 16:25 22 520,40 156035 01z 189,43 ADYM 13-03-25 16:25 ~ 17:45 221 221 100,00
1007660_13_044  2013-10-23 17:05 233 513,40 160775 010 153,43 A0V 13-10-23 1705 ~ 18:15 2,34 2.3 100,00
1007660_13_045 2013-11-25 1255 221 521,14 1537.88 0.09 130,23 A0V 13-11-28 12:55 ~ 13:25 2.2l 2.21 100,00
1007660_13_046  2013-12-05 14:34 220 B2 a2 154290 0.03 120,86 ADYM 13-12-05 14:34 ~ 15:45 220 220 100,00




Development of software tool for IVM

@ Calculation of cross-section area
Area Galctiatiol

“ATCLAUONSIID ~ .  cosuon o s, 6

H=A 1
Start ime
2012-01-01 00:00
End time
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Development of software tool for IVM

@ Input time series data of Vi from EDpad
- Final data of Vi from EDpad are input into the MCDpad to develop relationship with Vm

input of H,

LUNMITEIE Y Rl U Mob

| Selection of H [ Hitmainy ]
Input

No. Time H1 Hisse. z Hz-ae il Yoa
1 2016-01-01 00:00 1.99 1.99 2.14 2.14 0.043 0.043
2 2016-01-01 00:10 1,99 1,99 215 215 0.030 0.030
3 2016-01-01 00:20 2,00 2,00 215 215 0,033 0,033
4 2016-01-01 00:30 2,00 2,00 215 215 0,029 0,029
5| 2016-01-01 00:40 2,00 2,00 215 215 0,033 0,033
E 2016-01-01 00:50 2.00 2.00 215 215 0.033 0.033
7 2016-01-01 01:00 2.0 2,01 216 218 0.040 0.040
g 2016-01-01 01:10 2,01 2,01 216 216 0,044 0,044
g 2016-01-01 01:20 2.01 2,01 216 216 0,035 0,035
10 2016-01-01 01:30 2.01 2.01 2.16 216 0.036 0.036
11 2016-01-01 01:40 2m 2,01 216 218 0.028 0.028
12 2016-01-01 01:50 2.0 2,01 216 218 0.043 0.043
13 2016-01-01 02:00 2.01 2,01 216 216 0,045 0,045
14 2016-01-01 02:10 2.01 2,01 216 216 0,036 0,036
15 2016-01-01 02:20 2.00 2.00 216 218 0.044 0.044
16 2016-01-01 02:30 2,00 2,00 216 218 0.039 0.039
17 2016-01-01 02:40 1,99 1,99 216 216 0,037 0,037
18 2016-01-01 02:50 2,00 2,00 216 216 0,043 0,043
19 2016-01-01 03:00 2.00 2.00 2.16 216 0.044 0.044
20 2016-01-01 03:10 2.00 2.00 216 218 0.044 0.044
21 2016-01-01 03:20 2.0 2,01 216 218 0.041 0.041
22 2016-01-01 03:30 2.01 2,01 216 216 0,039 0,033
23 2016-01-01 03:40 2.01 2,01 216 216 0,039 0,033
24 2016-01-01 0360 20 201 216 218 0.037 0.037
25 2016-01-01 04:00 2,00 2,00 215 215 0.035 0,038
26 2016-01-01 04:10 2,00 2,00 215 215 0,041 0,041
27 2016-01-01 04:20 2,00 2,00 215 215 0,033 0,033
28 2016-01-01 04:30 2.00 2.00 2.15 2.15 0.045 0.045
29 2016-01-01 04:40 2.00 2.00 215 215 0.047 0.047
30 2016-01-01 04:50 1,99 1,99 215 215 0.041 0.041
31 2016-01-01 05:00 1,99 1,99 215 215 0,033 0,033
32 2016-01-01 05:10 1,99 1,99 215 215 0,036 0,036
EE 2016-01-01 05:20 1.99 1.99 2.15 2.15 0.036 0.036
3 2016-01-01 05:30 2,00 2,00 215 215 0.043 0.043
35 2016-01-01 05:40 2,00 2,00 215 215 0,035 0,035
36 2016-01-01 05:50 2,00 2,00 215 215 0,039 0,033




Development of software tool for IVM

@ Matching of Viand Vm
- In order to match Viand Vnm, it is necessary to interpolate Vi at the 1Imin intervals
- Averaging of the interpolated Vi during the manual measurement
- Using of Vi at the meantime between start and end of manual measurement

Develeopment of Vi and Vnrelation g

LUNYTTYIG Dy Kb, Uo., ol

Load data(all) Load data(selection) ‘ Calc. ‘ SFHYY T EHEAE
Ly, MEEE statiioYoffindizghieass 5 r B2 abe <=2lol| "100" BN, X TS A oH drol| OF & 2] = <=5|0i] "200" &/ !
" =SEE o = ZHitom | mase _

Mo, Start time End time Mean time =5 I\(}{Vﬁ—; SHREA) C(J\:;.)é. gr&ggvig-ﬁ— =(§§E'F {f@*'):f %%’F_‘%Il' (QT-E)(KQ)T \l\;d:tgﬂi:; &pplied Eq, MTeyelisé
1 2014-12-1011:49 2014-12-10 12:39 2014-12-1012:14 2,20 0.043)  1649.37 0.057 0.052 93.49 85,77 7.72 5.3% 320 | ADWM
2 2015-02-04 14:55 2015-02-04 15:39 2015-02-04 15:17 215 0.043)  1623.48 0,068 0.058 110,99 5416 16.63 15.2% 320 | ADWM
3 2015-03-20 10:43 2015-03-20 11:08 2015-03-20 10:55 217 0.073) 163384 0,089 0.082 144,76 | 133.97 10.79 7.5% 320 | ADWM
4 2015-04-08 15:57 2015-04-08 16:43 2015-04-08 16:23 2.29 0.4g| 169589 0,050 0.057 10113 9567 4,45 4.4% 220 | ADWM
5 2015-05-14 15:20 2015-05-14 16:09 2015-05-14 15:44 2,23 0.0z 1664.89 0,038 0.039 £3.51 64,93 (1.42) -2,2% 320 | ADWM
£ 2015-06-08 13:46 2015-06-08 14:23 2015-06-08 14:04 215 0.0 162348 0.027 0.028 43,06 45,45 (2.40) 5.6% 310 | ADWM
7 2015-07-03 10:38 2015-07-03 11:47 2015-07-03 11:12 213 [NEIGER 0.027 0.027 44,35 43.55 0,60 1.8% 310 | ADWM
] 2016-07-12 15:52 2015-07-12 17:03 2015-07-12 16:27 215 0.024)  1623.48 0,033 0,034 53,39 55,20 RE -3.4% 310 | ADM
g 2015-07-26 10:23 2015-07-26 1054 2015-07-26 10:38 | 100.00 ADYI
10 2015-08-12 12:16 2015-03-12 12:49 2015-08-12 12232 | 100.00 ADYI
11 2015-09-17 10:29 2015-09-17 11:03 2015-09-17 10:46 | 100.00 ADYI
2 2015-11-11 14:31 2015-11-11 15:08 2015-11-11 14:49 212 0.008)  1607.93 0.023 0.024 3165 38.59 (0.50) -2,5% 310 | ADWM
13 2015-12-16 16:17 2015-12-16 17:31 2015-12-1F 16:54 212 n.olz)  1607.93 0.027 0.027 43.40 43.41 (0.0} 0.0% 310 | ADWM
14 2016-03-17 14:43 2016-03-17 15:26 2016-03-17 15:07 214 0.077) I618.29 0,080 0.086 12672 | 13917 (10.45) -81% 320 | ADWM
15 2016-04-27 16:21 2016-04-27 17:33 2016-04-27 16:57 2,38 n1ga] 174232 0186 0198 32471 | M98 | (202m -6.2% 320 | ADWM
16 2016-05-11 15:09 2016-05-11 15:47 2016-05-11 15:28 2,57 0.121] 166556 0.131 0130 22037 | 21912 1.25 0.6% 320 | ADWM
7 2016-07-13 17:59 2016-07-13 18:44 2016-07-13 18:21 2,38 0479 174232 0,492 0.4g2 65605 | 639.80 16.28 21% 320 | ADWM
18 2016-07-14 16:43 2016-07-14 17:21 2016-07-14 17:.02 217 0.224) 163384 0.245 0.233 399,56 | a80.68 16.68 4.7% 320 | ADWM
19
20
21
2
3




Development of software tool for IVM

Model Name

Equation

@ Development of relationship between Vi—c

V=b,+bV, V, <V,

V=b,+bJ, V, >V,

- Regression of determined Viand Vm and calculation e

- Checking on possible shift
= Development of compound curve considering shift at tl
- Separation of index rating by applicable period

@
= It is necessary to develop index ratings for each period £
>
Develeopment of Vi and V~relation
Fitting N = | [Z==51 ] intersoctionpoint cale. |  Graph |
== CErz e gl ; o
= os ‘
e e e A s _oz  -q
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Development of software tool for IVM

@ Discharge calculation
- Final discharge data is calculated by applying Vi to index rating determined from MCpad

DISCharge CaICU|at|0n LOPYEIgNt DY Kim, Us., HyC
Calculation | Stat [20i6-01-01 o0:00 f =77 o1 |__SelectionofH | H1{main |
| End [2o7-0i-01 oo -

No, Time H Heae Q Clrav & o HID B
1 2016-01-01 00:00 214 214 8415 88,15 1676.29 0.052
2 2016-01-01 00:10 2.15 2.15 63.32 63,32 1623.48 0.033
3 2016-01-01 00:20 2.15 2.15 58,13 58,19 1623.48 0.042
3 2016-01-01 00:30 2.15 215 61,69 61,69 1623.48 0.038
5 2016-01-01 00:40 2.15 2.15 58,13 58,19 1623.48 0.042
5 2016-01-01 0050 2.15 2.15 £2.13 62,13 1623.48 0.042
7 2016-01-01 01:00 2.16 2.18 79.80 78,80 152868 0.043
E 2016-01-01 01:10 216 216 B6.32 BE.32 162866 0.053 .
3 2016-01-01 0120 216 XH .68 7166 162866 B0 H It f D h 1]
10 2016-01-01 01:30 2.16 216 73.23 73.29 162066 0.045 esu 0 ISC ar e Gopyrignt oy kim, B3., 3G
1 2016-01-01 01:40 2.16 218 60,25 60,26 162866 0.037
12 2016-01-01 0150 2.16 2.18 84.69 84,69 162868 0.052
13 2016-01-01 02:00 2.16 218 7,95 87.95 162866 0.05¢ WW‘ & e o
11 2016-01-01 02:10 2.16 2.18 73.23 73.29 152868 0.045 uration
15 2016-01-01 0220 216 216 B6.32 BE.32 162866 0.053 T EER A
15 2016-01-01 02:30 2.16 2.18 78.18 78,18 152868 0.048
17 2016-01-01 02:40 216 216 74,92 78,92 162866 0.045 1300 .
18 2016-01-01 02:50 2.16 218 84,69 84.69 162866 0.052
13 2016-01-01 03:00 2.16 2.18 86,32 85,32 162868 0.053 9
20 2016-01-01 03:10 2.16 218 86,32 86,32 162866 0.053 1100 ¢
21 2016-01-01 03:20 2.16 2.18 81.43 81.43 162868 0.050 R RS PR ot 8
22 2016-01-01 03:30 215 216 818 7818 1628.66 0.048 ggo | e A e e gl .
2 2016-01-01 03:40 2.16 2.18 78.18 78,18 152868 0.048 ' :
21 2016-01-01 0350 216 216 74,92 78,92 162866 0.045 (. s
25 2016-01-01 04:00 2.15 2.15 7143 71,43 1623.48 0.044 £ 700 g
% 2016-01-01 04:10 2.15 2.15 81,17 81,17 1623.48 0.050 £ { 5 =
2 2016-01-01 04:20 2.15 215 58,19 68,19 1623.48 0.042 ‘z. 500 3 it z
28 2016-01-01 04:30 2.15 2.15 87.67 87.67 1623.48 0.054 2 WA
2 2016-01-01 04:40 2.15 215 a0.31 an.al 1623.48 0.056 £ L I
0 2016-01-01 04550 2,15 215 .17 BRE 1623.48 0.050 - 3
3 2016-01-01 05:00 2.15 2.15 68,19 66,19 1623.48 0.042 2 ¥
32 2016-01-01 05:10 2.15 2.15 73.06 73.06 1623.48 0.045 100
R 2016-01-01 05:20 2.15 2.15 73.06 73,06 1623.48 0.045 1
34 2016-01-01 05:30 2.15 215 84,42 84,42 1623.48 0.052 100 0
35 2016-01-01 05:40 2.15 2.15 7143 71.43 1623.48 0.044 s - o = = @
36 2016-01-01 05:50 2.15 215 T1.93 T7.93 1623.48 0.048 5 S 5 5 5 5
37 2016-01-01 06:00 2.15 2.15 71.93 77.93 1623.48 0.048 £ g g g g £
E 2016-01-01 06:10 2.15 2.15 8117 81.17 1623.48 0.050 o o o o o




Example Results of IRDIMS

+ Discharge measurement in tidally affected area

- Beginning high tide flow, discharge at the station decreased rapidly and flow direction
changed to reverse, while water height was rising. After negative peak, reverse flow returned
to natural direction and discharge increased and gradually decreased until next tidal period

3,000 . . . 7
—Discharge (IRDIMS) ! @ Manual measurements(Moving ADCP) +——Water height
2,000 | E 4 < 16
high ti:de low tide E
reverse flow falling water |
1,000 | | i 15
@ .\—_—\’—1\1; E [ E
E o : 5 4 =
© : E\/ O
o ' @
© ' Ny
£-1000 | ! S 3
a E 2
-2,000 | ; 12
3,000 L 1
_4,000 1 L P 1 1 1 N 1 0

2014-04-03 03:00
2014-04-03 06:00
2014-04-04 00:00
2014-04-04 03:00

2014-04-03 09:00
2014-04-03 12:00
2014-04-03 15:00
2014-04-03 18:00
2014-04-03 21:00



Example Results of IRDIMS

+ Discharge measurement of flood flow

- Maximum value : discharge 23,000m?3/s, water level 10.7m, EL., velocity 2.5m/s
¢ maximum record since IRDIMS began to operate

30,000 20.0

—Discharge(IRDIMS) © Manual measurement ——Water height
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2011-07-31

Water height (m)



Example Results of IRDIMS

+ Discharge measurement in backwater condition by sluice in river estuary

- Gate operation of the sluice result in flow change of this station.
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Example Results of IRDIMS

+ Discharge measurement under backwater condition caused by section-crossed structure
- Discharge was directly affected by outflow of the weir controlled by gate operation

1,000 3.0
——Discharge (IRDIMYS) @ Manual measurements(Moving ADCP) ——Water height
800 | ; ; 1 25
; gate operating(opening and closing) + closing
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- 600 F°¢ ¢ | ~— — {20 —~
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Example Results of IRDIMS

+ Discharge variation between two weir
- Goryong st. located between 2 weirs at 15km upstream and 4km downstream

500 4.0
Discharge(IRDIMS) ® Manual measurements

Outflow of weir(16km upstream)  ------- Outflow of weir(3.7km downstream)
400 | —— Water height

300 |

200 |

100 |

Dischrarge (m?/s)

-100 - - - - - - - 3.0

2015-06-16 00:00
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2015-06-16 09:00
2015-06-16 12:00
2015-06-16 15:00
2015-06-16 18:00
2015-06-16 21:00
2015-06-17 00:00

Water height (m)



Comparison between IRDIMS and H-Q

+ Backwater at the junction caused by main stream

- Hapgang st. is located in 1km upstream of junction with Geum river and affected by
backwater only when discharge of main stream increase significantly

5, B
X v

~ o Hapgé-ng st _

Miho Stream”}' ‘

B 2




Comparison between IRDIMS and H-Q

+ Backwater at the junction caused by main stream

- It is affected by backwater only when discharge or water height of main stream increase

- Results of discharge by IRDIMS and H-Q had a similar trend when there was no backwater

- However, as it started to be affected by backwater from mainstream, discharge by H-Q was
showing difference and bigger than IRDIMS and manual measurements.
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Comparison between IRDIMS and H-Q

+ Measurement in Loop condition
- 2 rainfall events : 300~900m3/s, 1,000~4,000m3/s

H-Q for H = 1.6~2.0m had been developed using data measured during rising flow condition

H= 2.5~4.5m had been developed using data measured during rising and falling flow conditions

- Difference of discharge under same H were 15~20% similarly in both events

+ IRDIMS ——H-Q rating curve
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Example Results of IRDIMS

+ Comparative analysis on runoff of IRDIMS stations
- Runoff at each IRDIMS station from upstream to downstream for specific period in Nakdong
river
- Runoff of each station(blue bar) gradually increased from upstream to downstream, and its
trend was similar with increasing of drainage area(yellow line).
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ACTIVITIES

+ Hydrometric measurements with quality and accuracy

o Improve sediment measuring technigques
- This Activity is to provide a technical information about sediment measurement and
each methodology, and case study on sediment in various conditions

- There are two sub actions have been conducted in this action plan, these are

(1) Collection of technical information related to sediment measurement and analysis
(2) Case study on sediment measurement in various conditions



ACTIVITIES

+ Hydrometric measurements with quality and accuracy

(1) Collection of the technical information related to sediment measurement
and its analysis
(a) The status of existing sediment measurement technique
» Measurement equipment, methodology and procedure
(b) The status of new technology and its application
(c) Techniques of analysis on sediment

5(2) Case study on sediment measurement in different conditions :
(a) Analysis on characteristics of sediment load during rising & falling water IeveI(Loop)E

(b) Analysis on river construction effect on characteristic of sediment load, focused on
:Amajor river project in Korea :
: (c) A comparative analysis on sediment load by sequence of rainfall event.



Sediment measurement in different conditions

+ Loop characteristic of suspended sediment in the Gaejin2 station
+ Analysis on characteristic of C-Q rating in the rising and falling flow

Suspended Sediment
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Sediment measurement in different conditions

+ Loop characteristics of suspended sediment in the Gaejin2 station
+ Gaejin2 station showed characteristics of clockwise loop

—e 2013yr(7/4~7/6) —e— 2015yr(7/8~7/11) —& 2015yr(7/13, 7/14)
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Sediment measurement in different conditions

+ Loop characteristics of suspended sediment in the Jindong station

+ Jindong station showed clockwise and counterclockwise loop together during successive
2 rainfall events

—+— 2014yr(8/18~8/20) —»— 2014yr(8/20~8/22)
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Sediment measurement in different conditions

4+ Effect of large weir construction on Sediment load
4+ Comparison of C-Q rating before and after construction of large weir

© Suspended Sediment (2012~2015) 4 Suspended Sediment (2007~2011)
Discharge —Suspended Sediment (2012~2015) —Discharge —Suspended Sediment (2007~2011)
10,000,000 = : 1 : e
Waegwahn Sediment Station (2011650)
1,000,000
i
4
- 100,000 ij
2
=
C 10,000 (TR el
= 7
m d I o
£ ﬁ |“|?JJED
e 1, ——
3 000 . ",éa:}_ -
- v 0
e
3 )/Dg:** &
: 100 Qﬁ?{“
o} ‘;P i |
] -~ | ¥ i
2 |
10
1
0.1
1 10 100 1,000 10,000

Discharge Q(m?/s)



Sediment measurement in different conditions

+ Effect of large weir construction on Sediment load
+ Comparison of C-Q rating before and after construction of large weir

2 Suspended Sediment (2012~2015) ¢ Suspended Sediment (2009~2011)
Discharge-Suspended Sediment (2012~2015) —Discharge-Suspended Sediment (2009~2011)
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Sediment measurement in different conditions

+ Suspended sediment characteristics of successive rainfall events
+ A comparative analysis on suspended sediment by sequence of rainfall event

suspended Sediment Qss{t/d)
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ACTIVITIES

+ Hydrometric measurements with quality and accuracy
e Focus on the development of rating curve

- This Activity is to provide a report outlining procedures for developing the
optimal rating curve under various conditions in Korea
- The main purpose of this action is providing technical information about

improved development procedure and introducing development tool of rating
curve also providing development of rating curve cases in various conditions.
- There are two sub actions being conducted in this action plan, these are
(1) Collection of the existing technical information
(2) Case analysis with various field conditions



ACTIVITIES

(1) Collection of the existing technical information

- This action is collection of existing technical information, which include
(a) Procedure of rating curve development, (b) Development tool of rating curve

(a) Procedure of rating curve development
* Pre-investigation
e Discharge measurement and calculation
 Evaluation of measurement
 Quality Control (QC)
e Confirmation of data
 Evaluation of rating curve

(b) Software tools to develop and manage of rating curve and its application

« Data management and QC

- HDQMS (Hydrological Data Quality Management System)

- HDIMS (Hydrological Data Information Management System)
 Data analysis and rating curve development (DBPAD, CalPAD)



ACTIVITIES

(2) Case analysis with various field conditions
- This activity is to introduce many cases of rating curve development and its
practical experionce in various specific conditions and suggest adequate
methodology and evaluation of results by runoff anlysis etc.

(a) Development of rating curve in backwater effect
 Weir, stream junction

(b) Guideline for development of rating curve considering vegetation
e Method and procedure of vegetation monitoring

(c) Analysis on effect of stream environment change on rating curve
» Bed change, river construction



Stage—-discharge rating curve (Rating)

+ This continuous record of stage is translated to river discharge by applying the stage-
discharge relation (also called rating)

+ Stage-discharge relations are developed for streamgages by physically measuring the
flow of the river with a mechanical current meter or ADCP at a wide range of stages; for
each measurement of discharge there is a corresponding measurement of stage
(http://water.usgs.gov/edu)

+ Q =aX(h-b)¢
(h : stage (water level) , b : Gauge Height os zero flow : GZF , c: slope)
The stage-discharge relation depends on the shape, slope, and roughness of the
channel at the streamgage and is different for every streamgage

+ HSC(MLIT) is conduction the flow measurement more than 130 stations per year.

Also rating curves was developed from measuring stations per year except a few stations
due to tidal or back water effect etc.


http://water.usgs.gov/edu

National Hydrological Survey Network in Korea

4+ Status of NHSN in Korea

Division Water level Streamflow RS Sl Soil Moisture Evapot_ranspl
streamflow load ration

* Final NHSN is planned to finish by 2020(Currently 80% completed and managed(2012))
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: Realtime streamflow, sediment load, soil
National water level network moisture, evapotranspiraion network



The status of discharge measurement (2007-2015)

4 Status of flow measurement the past 2007-2015 years

by the Report of Hydrological Survey

Flood Control Office 2007 2008 2009 2010 2011 2012 2013 2014
Han River 28 30 33 36 38 38 42 47 45
Nakdong River 28 31 30 37 35 37 40 40 43
Geum River 23 23 25 26 25 24 33 33 34
Yeongsan River 28 25 26 27 23 24 33 35 35
Total 107 109 114 126 121 123 148 155 157
160 H Yeongsan River = Geum River ®Nakdong River ®Han River
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The status of discharge measurement (2011-2014)

+ Status of discharge measurement the past 2011-2014 years
Hydrological Annual Report in Korea (by Ministry of Land, Infrastructure and Transport)

e [
Han River 47 38 9 44
Nakdong River 44 35 9 40
2011 Geum River 29 25 4 29
Yeongsan River 27 23 4 26
Total 147 121 26 139
Han River 49 39 10 38
Nakdong River 58 41 17 35
2012 Geum River 31 27 4 27
Yeongsan River 35 28 7 25
Total 173 135 38 125
Han River 52 40 12 42
Nakdong River 60 38 22 39
2013 Geum River 37 30 7 33
Yeongsan River 40 33 7 33
Total 189 141 48 147
Han River 57 47 12 47
Nakdong River 61 40 22 40
2014 Geum River 38 33 7 33
Yeongsan River 43 35 8 35
Total 199 155 49(6) 155




Location of discharge measurement stations
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The status of development of rating curve (2011-2013)

+ Status of Sites (Rating curves effected by controls in various field conditions)
Hydrological survey Report ( by HSC_Ministry of Land, Infrastructure and Transport)

Weir

Backwater of Discharge of
main river

Dam

River
Construction

Vegetation

Development of
Rating curve

2011 34 17 39 25 8 139
2012 34 21 13 12 17 125
2013 19 13 30 22 9 147
2014 29 17 35 23 16 155




streamflow measurement

+ Streamflow measurement

Stepl) Water level measurement

(measuring stream stage)

Stream flow station

The main stream in Korea

Acoustic Doppler
Current Profiler (ADCF)

V]
Step3) Development of H-Q rating curve &= | . |
and Discharge hydrograph i | "'T:#‘E'"

Current-meter discharge
measurement

#, Cvm i

Step2) Discharge measurement (Over 130 sites per year)

=
Measurement by floats
and bridge board
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Procedure of rating curve development

+ Procedure of rating curve development is
Pre-investigation — flow measurement — QC of measured data — Development of rating - Evaluation

( |\~ )

. + Collecting of past material, Pre-investigation for field measurement
Pre-Investigation . . . o ] o
L * Planning for hydrological observation considering the field conditions y
Discharge ) ( + Standards compliance and decision of measuring method, measurement )
Measurement location considering the field conditions
. and Calculation ) \_+ Calculation using standard-calculation sheet )
( ) . : : .
Evaluation of data + Compliance with standards about measured data, Uncertainty evaluation
g + Error review of survey method and calculation )
N ™\
. + Error analysis and supplementation according to results of valuation of data
CQuality Cortrol( QC) g + Reflected on future measurement )
rl 1 +1, ( \
SOt + Confirmation of data through the data revaluation
Or data
o J
—valuation of (" + Development of rating curve A
Sl + Accuracy evaluation of rating curve
ating curve

\_#+ Runoff analysis etc. )




Software tool to development and manage of rating curve

+ HDQMS (Hydrological Data Quality Management System)

D) EVdluation 0f diSCharge 2) VerifiCation 0f data

* Enforced Input/calculation/save Assess data Verification of discharge
standard
* Improve Calculation Field conditions (v D distribution A /h A, h-V
the method CalPAD Restore Observance of Q- distribution h-«/’Q i
output standard \ J a;:cumulated
Trouble value
Feedback /Section discharge ) h-Q
Fluctuation of h
. )
[ Improve the accuracy by daily verification ] Encel:[aln:cy ocit Fix the value
umber of velocity

@easurlng line -

3) DEVEL0P the I'ating Curve

Evaluation of h-Q relation Analysis of h-Q relation

Selection of data
Classify data
(duration/water level
Interpolation(GZF )
extrapolation
Develop h-Q relation

— Feedback <

h-Q & cross section

h-Q & cross section
Compare up & downstream
Compare peak Q and time
Runoff analysis

[Fix h-Q rating relation ]




Software tool to development and manage of rating curve

+ HDIMS (Hydrological Data Information Management System)
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Software tool to development and manage of rating curve

+ Data analysis and rating curve development (DBPAD, CalPAD)
+ Computation sheet of discharge by measuring instrument
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Software tool to development and manage of rating curve

+ Data analysis and rating curve development (DBPAD)

5 e - oo HSC2N11 K. S ]l ee
SEEH Ml

rE =3}
zm N  2YH Am= o STHI%)  oRSe
Gpmmdd  m m (w/sec) (S4AEES S

310164014000 2074-01-23 1420 | 020 SEO0 5, . o Flow=Tiacker 38 087 2 00 050 050 I, ; .
J10e40_14_002  2014-02-13 13:26 0.2 BE.B0 B BT 0.1 1,21 Flaw-Tracker M 681 07 294 220 080 050 1,00 4,32 1,22
310e40_14_003  2014-02-26 16:20 0,19 BB, 00 B 31 018 0,97 Flow-Tracker 3 B08 026 294 220 080D 060 1,00 4,33 1,22
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F01640_14_012  2014-07-10 14:00 022 BE.B0 E, 46 0.1 1,36 Flawtracker o811 111 333 220 080 050 1,00 4,34 1,22
3Me40_14_013  2004-07-17 12260 0,13 BE,00 231 0,09 021 Flawtracker 43 593 000 256 200 050 060 1,00 4,23 1,22
310140 14,004 2014-07-23 1442 | 054 SEOD 2106 078 1643 Z2N0IA A4 w47 067 303 200 050 050 100 36 122
3]0]540_14_015_ 2014-07-23 15:34 0,51 56,00 20,17 0,75 15,05 ECH0 A A 37 481 065 303 200 050 050 1,00 3,61 1,22
J101640_14_016 2014-07-23 16:30 0,49 56,00 19,66 0,69 13,64 ZCH A AA 37 h00 061 303 200 050 050 1,00 3,62 1,22
Me40_14_01F 2004-07-24 13:31 03 RE, 00 10,67 0,36 3,76 Flowtracker 36 664 08B0 313 200 080 060 1,00 3.97 1,22
0164014018 2014-07-25 11:40 0,40 BB, 00 15,04 0,50 749 Flawtracker F B3 0B 323 200 050 050 100 3.87 1,22
SIMEFE_14.019  2014-05-03 14:34 027 BE,B0 8,99 0,3 218 Q0| & AA k  BEZ 082 313 200 050 050 1,00 37 1,22
NOIBA014.020 2014-08-13 15:20| 025 500 B4 0,29 253 Flowtracker 3 G5 057 333 220 050 050 100 413 122
J1e40_14_021  2014-08-18 12:06 0,33 5B, 00 11,57 0,39 4,50 ZCH0 A A4 ¥ 592 099 323 200 050 050 1,00 3.83 1.2¢
3164014022 2014-08-19 13:26 0,30 56,00 10,85 0,39 4,28 ZCH A AA ¥/ BHEE 06T 323 200 050 050 100 3.84 1,22
SIMBA0_13.023  2014-05-21 13:20 1,08 39,06 64, 26 1,05 6720 23 14 11,23 493 833

31e40_13024  2014-08-21 17:58 1,11 38,21 638,12 1,05 .82 27 14 983 K14 833

31064013025 2014-09-03 14:05 0,80 38,51 B0, 37 0,84 42 26 27 13 1380 422 909

310164013024 2014-09-03 14:36 0,73 38,46 49,32 0,84 41,34 27 13 1263 383 9,09

301013007 2014-03-03 15:21 | 075 A1 47 060 3008 27 13 1475 554 909

310164013028 2014-09-03 16:00 072 38,33 46,75 0,70 32,89 23 14 1464 4487 833

310640132029 2014-09-03 16:40 0,70 38,28 45,69 0,70 3214 23 14 1465 486 833

31064014030 2014-09-17 11:52 0,28 BR.BO 992 0,33 3,32 Flowtracker 3F OBIT 073 323 200 080 060 1,00 3,94 1,22
3101640_14_031  2014-10-16 12:00 0,23 55,90 .04 0,23 1,60 Flawtracker 3}/ 543 005 294 200 050 050 1,00 3.9 1,22
J1Me40_13032  2014-10-21 13:51 1,13 38,25 68,90 0,92 63,19 27 14 1508 &§13 833

3014013033 2014-10-21 15:08| 123 348 7440 0% TR 27 14 1542 531 8.3

31064013054 2014-10-21 15:58 1,25 398,52 5,50 1.01 76,29 23 14 1546 446 833

3]0]5-‘10_13_035 201d4-10-21 16:40 1,30 398,63 8,26 1.03 an. 71 23 14 1518 500 833

31640132036 2014-10-21 18:30 1,28 39,51 e, 22 1.08 a1.16 = 14 15E0 496 833

Me40_14_037F 2004-11-04 14:21 0,28 BB, 00 941 0,30 283 Flawtracker 3k B9 047 313 200 050 050 1,00 3 93 1,22

AUAIEAn 14
L

DT E O a0 e i s P |« [



Software tool to development and manage of rating curve

+ Rating curve standard form in HSC

&
= meacsured dota by current meter in 2014
+ meacsured dota by ADVMr in 2014
4 maeacsured dota by floot in 2012 c
= = low watar leval extrapclation Mu"lu SitZHIDn (3003680)
= = = high water levle sxtrapolation
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+ Example of rating curve
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Case analysis with various field conditions

+ Example of rating curve development(SanGyeGyo St.)

Water level h(m)

Distance L(m)
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Case analysis with various field conditions

+ Example of rating curve development(SanGyeGyo St.)

Water level h(m)
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0 50 100 150 200 250
O 2011 (by currentmete‘r)
A 2011 (by float)
® 2012 (by curant meter) 1 SanGyeGyo Starion(3007660) J
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Case analysis with various field conditions

+ Example of rating curve development(SanGyeGyo St.)

10 T
1 o measured data by current meterin 2014
¢ measured data by ADCPin 2014
o measured data by current meterin 2013 .
0 measured data by current meter in 2012 SanGyeGyo Starion(3007660) L’
A measured data by floatin 2012 . 4
(o] measured data by current meterin 2011 .
. *
A measured data by floatin 2011 high water I¢vel curve
= = =|ow water level extrapolation
= = =high water level extrapolation \
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+ Development of rating curve in backwater effect (Weir, Stream juction)

4+ Example of Weir operation

- Field monitoring case of weir operation
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Case analysis with various field conditions

4+ Development of rating curve in backwater effect (Weir, Stream juction)
4+ Example of Weir operation
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Case analysis with various field conditions

4+ Development of rating curve Considering VVegetation

4+ Example according to the monitoring of vegetation growth and development of
rating curve by vegetation.

- Separation of period by growth(Circulation) of vegetation

(D Little effect of Vegetation
@~® The growth period of vegetation
®~@ The extinction period of vegetation

Maximiz

Growth 7, ©
= Grow

Aquatic
\ vegetation

extinction

Periodicity of vegetation



Case analysis with various field conditions

4+ Development of rating curve Considering VVegetation

4+ Example according to the monitoring of vegetation growth and development of
rating curve by vegetation.
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Case analysis with various field conditions

4+ Analysis on effect of stream environment change on rating curve
4+ Example of sand channel stream (Separation by before and after the flood bed change)

4 (D13/01/01 00:00-13/07/20 18:40 (2)13/07/20 18:50-13/12/31 23:50 (Scour of session)

Water level h(m]

10

=  measured dota by current meter in 2013

= low water lavel extrapclation

= high water level extrapelation

measured dota by ADVM in 2013

maasured dota by float in 2013

Ganhyeon Station (100s680)

Tt igh wigter love

UM

P

high water level cuve

ow water leyel gurve 1 ——

/

| N

N
3

igdle waler lgvel curve

ow waher fevel gurve 2

14
| |moeen yommac agon
as " ko
== { -
=07 - el
2
Ros
En,:
ad Didrew 3 ST w040
R ———r l .
a 5 13 15 2
Cizohare Gilmis]
I I

100
Discharge Q(m3/s)

10,000



Work Plan, output and future plan

+ Work plan_1. IRDIMS

backwater conditions
caused by weirs, sluice
gates, and river
junctions
* Bvaluation of
measurament results
» Development of index
velocity ratings
Writing Technical report
about construction and
management by field
characteristics

Technical report

Writing technical
report about
iconstruction and
management by
field characteristics|
- Mov 2016
—= Dec 2016

Activities Actions Outputs Resources Milestones |Linkages Progress
Provide guidance on the use =  Provide « Republicof |» Provide Writing technical report
1. Hydrometric of appropriate instruments Technical repor] Korea(ROK) Technical » CHy [ Technical mfbrmeation of
measurements with and methods of observation and guideling to report and « ROK IRDING
quality and accuracy in diverse conditions (Priarity design, install guideline with - Tnsialintion and operation
(2.2.2) A and operate case studies - - Discharge calculation
Collection of existing facilities far Mov 2016 including development of
technical information in Integrated Real « Collection of e rafing
IRDMIS time Discharge the existing - Soffware tool for
*  Measurement measurement technical development of index rafing
instrumentation system (IRDIMS] information of - Case siudy on various
(ADWN) IRDIMS - Dec conditions
#* Methods of discharge 2015
calculation «  Software « Collection of
#* Construction and System for construction,
operation of IRDIMS developing measurement
Case study on measurement index rating cases and
by IRDMIS (52 sites) management
»  Measurement of tidal of IRDIMS (52
influenced discharge sites more) -
¥  Measurement under Dec 2015




Work Plan

+Work plan_2. Sediment

Activities Actions Outputs Resources Milestones |Linkages Progress
- Improve sediment - Technical reportf Republic of |Provide technical Writing technical report
measuring techniques on sediment Korea(ROK) report and o CHy [ Technical sybrmation of
(Priarity B) measurament jguideline with casef ROK rediment meas urement
- Collection of existing methods studies - Case study on sediment
technical information Mov 2016 PRGOS Urerent Various
# The status of existing —= Dec 2016 corditions
sediment measurement
techniques

# The status of new
technologies and their
applications

#* The status of analysis
methods

- Case studies on sedimant
measuraments under
various conditions (15 - 20
sites)

> Analysis of river
construction effect on
characteristics of
sediment load, focused
on 4 major river projects
in Karea

*> A comparative analysis
on sadiment load by
sequence of rainfall
event

- Writing Technical report
about sediment
measurament method and
analysis of field
characteristics




Work Plan

+ Work plan_3. Rating curve

® On tools for rating curve
development
Case analysis with various
field conditions
# On development of
rating curves when
backwater conditions
exist (weir, junctions)
Writing technical report on
rating curve development

Activities Actions QOutputs Resources Milestones |Linkages Progress
+« Focus on the development WWriting Technical Report
2. Hydrometric of rating curve Report on »  Republic of Provide e« CHy |- Status of flow
measurements with | - Collection of existing methods to Korea Technical « ROK measurement the past 3
quality and accuracy technical information develop rating (ROK) report and years
(2.2.2) (Priority B) curves guideline with - Procedure of H-() rating
» On major procedures for case studies development
rating curve Nov 2016 - Software tools to
development — Dec 2016 develop & manage of

H-Q rating curve
- Case study on
development of H-Q
rating curve in various
conditions and its
guideline
(backwater by weir, bed
change, vegetation)




§ HYDROLOGICAL
SURVEY CENTER

Thank you for your attention!
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