FA FA 28 F3HE R

Vol. 48,

A

GISS} ASI UTRISS 0|85 Ho|H

No. 5(2011) pp. 549-559

;
[

= 2M ATEQ0] T

3)

1>

M
to
1>
¥
=
o9l
o,
rH
re
fol

Software for Hydrological Analysis of Tailings Dam Using
GIS and ASI Algorithm

Yosoon Choi*, Hyeong-Dong Park and Hyun-Ho Kwon

Abstract : This paper presents new software for analyzing the hydrological characteristics of drainage systems
around tailings dams. The Adaptive Stormwater Infrastructure(ASI) algorithm, which incorporates a priori
information on man-made water-handling structures with a Digital Elevation Model(DEM), was modified to
consider effective rainfall for grid-based hydrological analysis. The ArcObjects programing using Visual Basic.NET
was carried out to implement the software as an extension toolbar in ArcMap(part of ArcGIS software package).
Application of the software to the Sangdong tailings dam revealed that the software can analyze surface runoff
patterns during rainfall by considering both surface and underground hydraulic structures. The software is superior
to a conventional hydrological analysis tool used in previous studies in terms of providing more reasonable
hydrological information on a watershed of tailings dam. It is expected that the software can be effectively utilized

to support the design of hydraulic structures in tailings dams.
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A=o] o8l 7Nt ¢tk Fairfield and Leymarie, 1991;
Freeman, 1991; Quinn et al., 1991; Costa-Cabral and Burges,
1994; Holmgren, 1994; Desmet and Govers, 1996; Garbrecht
and Martz, 1997; Tarboton, 1997; Orlandini et al., 2003;
Qin et al., 2007). £3], =2 AF 2 (Digital Elevation
Model, DEM)2 58] B2 583, F458% 4
Sl 2 712AY $E JRES AFOR 25T
T = 8HlsF Tl 55 Aa1EkE(deterministic eight-direction
(D8) single-flow algorithm)©| O’Callaghan and Mark(1984)
of o8] Aot Eglon], ArcGIS, IDRISI, GRASS,
PCRaster 52| |2]AEA|AHl(Geographic Information
Systems, GIS) &ZEJojo] FFalE o] de| 2-gEiL
QIck. et DEMYES ARg3H 7120 S8 24 o
1252 AA APl s apEor AHgE 4
ROt 1FARI iAol AAEO] Q= A Yol &
£3}7] o]8& A7} 9t Choi et al., 2011).
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4= Q1= Adaptive Stormwater Infrastructure(ASI) &1l
255 7dskich ASI galgls2 7€y dalglss
I vwg wf 2, A} viA o] A A o] Q=
A oA B}y Fe Al 47 B4 d3E AT 4= 9
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< AR Ao HA 283171 o AT ok
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Az} 7luke] g RSt 3 7o) Hol2E GIS ol
EfulolAmiE Qe yhet,

* DEM: =& £4& =38517| ¢Jsl DEM A&
SHoz gadt A fFdd pEE AFe
AtjA o g A7 ujFEol(O’Callaghan and Mark, 1984;
Tribe, 1992), DEM Abo] §H2E] Ax}So] Zzjaict
H AA Y g Sl AAs Folof vk o, T
25 AxBo| ARAE A4, =AW 5 A T
28 A UehlE A9 ArelA ehechEe
% 5, 2006; Choi et al., 2008; Z 2<% 5, 2009; Z
253 9y, 2011).
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Step 1: Load Data DEM
Flow Direction along
Step 2: D8 Single Flow Surface Stormwater

Infrastructure
Inlet/Outfall ID

Set Inlet & Outfall

Check Loops
Step 6: Set Seed Cells

Step 3:
Connectivity Table
Step 4:

Step 5:

Flow Direction

Step 7: Recursive Calls
Flow Accumulation
step & Watershed

Fig. 1. Procedures of the Adaptive Stormwater Infrastructure
(ASI) algorithm.
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1: Procedure ASI FUNCTION (X, v, id)

2: For each DSNEIGHBOR(1, j) draining into the cell

3: Recursive call of AST FUNCTION(4, j, id)

4: DEACCUM(X, v) = DSACCUM (x. yy + DSACCUM (1, j) + 1

5: It the cell represents an outfall in the underground stormwater conveyance system
6: For each INLET (p. q) connecting to the cell

7: // (option 1) 1d2 =

8: // (option 2) 1d2 = unique ID of the outfall

9: /I (option 3) 1d2 = unique ID of the inlet

10: Recursive call of AST FUNCTION (p, q. id2)

11: DSACCUM (x,y) = D8ACCUM (%, y) + DSACCUM (p, q) +1
12: DSWATERSHED(x.y) =id

13: End of Procedure

Fig. 2. Simplified pseudo-code of the recursive function used in the ASI algorithm. Arrays are shown in italics (Choi

et al., 2011).
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Step 1: Load Data — DEM

- = Flow Direction along
oF = P =N Ps| ojo] O O gko.
ASI garg]Eo] o7 ZAA 299 fa 9= wt Step 2 D8 Single Flow | |— Surface Stormwater
AslA] Fol= TS FRe] Yato] B ATo|H L Infrastructure
ASI a12]59] 7iA et Fig. 33} o] AjFst3iet. Step 3: — Inlet ID
Aol fa 9F 4H AnE daeEY oY ARE —  Outfall ID
Frretelon, x5t vl=Al A f9Fe} FETE EHE Step 4. | Setlnlet & Outfall| |~ Connectivity Table
o] wle] H3lo] Eolst A o =10} 90
9 tl]'ai -—?—,‘:r_«o]-():] &Ugt AxF Yol ] o -9+ | | Effective Rainfall
WA QAT Aol ANAES BT 4 =S Steps: [ Check Loops (mmroun)
Steh darelEe] A WA AR AN =&
HE QAF s Ax 2 Jd9E 8 97 7S Step 6: Set Seed Cells >  Flow Direction
NEOE NES) RAEEFS ALY 5 UL Fig 4 [, Flow Accumation
o} 7o) Z=Astar). Step7: | Recursive Calls (mm/hour)
Fig. S& A8t viseldo] AAE Aoln 7]ze] L Runof (o0
ASI uE|S3) AHE AST ATEES 8T A = Step8: = Watershed
gy HEo] =520k A AuE v|wdt Aot Fig. 3. Procedures of the ASI algorithm modified in this
7129] ASI dTEEL AlA &7 SekS ukelal] oF study. Modifications are shown in italics.

1: Procedure AST FUNCTION (x, v, id)

2: For each DSNEIGHBOR (1, j) draining into the cell

3: Recursive call of AST FUNCTION (4. j, id)

4 DS8ACCUM (x, v) = D8ACCUM (x, ¥) + DSACCUM (i, j) + Effective Rainfall(mm)
S: If the cell represents an outfall in the underground stormwater conveyance system

6: For each INLET (p. q) connecting to the cell

7 (option 1)1d2 =id

8: (option 2) 1d2 =unique ID of the outfall

9: (option 3) 1d2 =unique ID of the inlet

10: Recursive call of AST FUNCTION (p, q, id2)

11: DEACCUM (x, y) = DSACCUM (x, y) + DS8ACCUM (p, q) + Effective Rainfall(mm)
12: DSWATERSHED (x,y) =1d

13: End of Procedure

Fig. 4. Simplified pseudo-code of the recursive function used in the ASI algorithm modified in this study. Modifications
are shown in bold.

Effective Rainfall (mm/hour)

3322222233 11112222
= 1=
(T
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\ \
Waterway Tunnel §

AN
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=

%
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«

NG
(a) Flow Accumulation (cells) 012394321001 23451617

(b) Flow Accumulation (mm/hour) 0 3 6 822108 6 3 0 02 3 4 573335

Fig. 5. Comparison of (a) flow accumulation generated by the original ASI algorithm and (b) the one generated by the
ASI algorithm modified in this study.
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Fig. 6. Graphical user interface of the software developed in this study. (a) ArcMap extension toolbar. (b) Hydrological

analysis tool. (¢) Hydraulic design tool.
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Fig. 7. Study area. (a) Satellite image of the Sangdong tailings dam. The white line indicates the boundary of the watershed
containing the tailings impoundment. The unit of reference grid is meters. (b) DEM. (c) Shaded relief map. (d) Enlargement
of the area containing ditches and underground waterway tunnels.
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Fig. 8. (a) Runoff curve number(CN) and (b) effective rainfall of the study area. The white line indicates the boundary

of the watershed containing the tailings impoundment.
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Fig. 9. Scenario 1: (a) surface runoff of the study area, (b) enlargement of the area containing ditches 1, 2 and underground
waterway tunnel 3, and (c) surface runoff of the enlarged area. Scenario 2: (d) surface runoff of the study area, (e)
enlargement of the area containing ditches 1, 2 and underground waterway tunnels 2, 3, and (f) surface runoff of the
enlarged area. Scenario 3: (g) surface runoff of the study area, (h) enlargement of the area containing ditches 1, 2 and
underground waterway tunnels 1, 2, 3, and (i) surface runoff of the enlarged area.
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225 w7} {557 gqize] Hoh & @ e vigs
7F dash, Aue|e 39] A9o= YlEoe] wiEd 1,
£ B0l HAtEo] WA shiE SeuE 7H] wfZel
A = 29] T zlo] Zopxitk. Table 19] A=
1009 VI 1AZ 2928031 mm) Zolq Afele. .
T st e
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oo R uiEAlES AAslof & ASoR wehEch ground waterway tunnels are not seen in the dotted ellipse.
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Table 1. Section areas of hydraulic structures at different scenarios
Agee WA Je 24 e U S
WlEE 3 9T 1.94 0.45 0.01 0.495 0.619
| HlEE 3 & 1.94 0.01 0.497 0.621
A A 0.09 0.30 0.30 0.006 0.007
Ay w2 2 1.99 0.60 0.01 0.420 0.525
wiEd 2 8o+ 0.36 0.02 0.061 0.076
wi$Ed 2 &+ 0.36 0.02 0.061 0.076
wi$Ed 3 8+ 1.58 043 0.01 0.403 0.504
2 wi$Ed 3 &+ 1.58 0.01 0.405 0.506
A w2 1 0.09 0.30 0.30 0.006 0.007
A AF wjlR 2 1.63 0.60 0.01 0.334 0.430
WiaEY 1 FYF-1* 0.76 0.03 0.108 0.135
WiaEY 1 F-2%* 0.50 0.12 0.037 0.046
WigEY 1 F+-3* 0.08 0.18 0.005 0.006
WiaEY 1 F7-4* 0.01 0.18 0.001 0.001
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WiEE 1 5+ 1.36 0.09 0.119 0.149
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HlEE 3 &1 0.23 0.01 0.058 0.073
A4 v 2 1 0.09 0.30 0.30 0.006 0.007
AA; vl 2 2 0.28 0.60 0.01 0.058 0.073
* IDs of the inlets are presented in Fig. 7(d).
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