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Detecting Water Pollution Source based on 2D fluid Analysis in Virtual Channel

Insung Yeon * Yongjin Cho'

Council of Regional Environmental Centers
(Received 24 August 2010, Revised 26 October 2010, Accepted 27 October 2010)

Abstract

2D pollutant transport model was applied to the simulation of contaminant transport in the channel. At first, two kinds of
virtual channels having different slopes were designed. The distribution of contaminant, which flows from one of the three
drainages to the main channel, was simulated by each 2D model. Concentrations of 745 nodes were converted to input data of
neural network model (Multi-perceptron) for training and verification using matrix. The first three cases (Case A-1, A-2, A-3)
were used for training Multi-perceptron, the other three cases (Case B-1, B-2, B-3) were used for verification. As a result,
Multi-perceptron reasonably divided the cases into the three characteristics which have different contaminant distributions due
to the different input point of water pollution source. It can be a useful methodology for the water quality monitoring and

backtracking.

keywords : Backtracking, 2D model, Multi-perceptron, Water pollution source
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Fig. 1. An example of Conversion example from 4x4 matrix to 1x16 matrix.

(c) Neural network model

Journal of Korean Society on Water Quality, Vol. 27, No. 1, 2011



32 oioly - =3
9 37k B 29 ARE BT Case B-l, B-2, B32 T T 22 EEC BE 2d=dY v= E27F HA5
Bale] AZol o] &31UTh UEHPEER BHo] 38 . EA¥E Aoz wuHTh oW Rt JAFEES Ao
2 3% BEE NS 7S Bud 2 5 ded 2 sgon, 23 2@ Wd AR FPe FPeA
gelstar arsreh.
. Znt U nF 3.2. RI2o| st
Mesh& 53l THE 249 2@elA A4 48 F:

31. 2At2l 2o M8 7747801, 98 E ARE nEsA @1 BFe 2F

SHEATE Sl B(Case A)F FAE e B -H(Case 74570 %Hs nEEATh &, LAEZC] AFAA Y5t
B)Z TE3l9] MeshS Ed) 271% HeH9 7HgsiEs ¢ BF WellA itss FHE Saota, AR s=E 27
A, ELS 1313 ft(4m), FE=PolE 23 ft(7m)i UES W, e EE 2] edEdd #U AdS
=354 ALea 7] 2A0ZE AFANA & 30cfs g5 9 F e BEHFAT.
B, FUFAA A2 Seis O 14m9A Y HEHAEE 22 Iput ARZ 7457} LA A
A9 Wt mosigth e FH P w2 T sEE AHgEien, R 1Y dag 9

Al 27& Table 19 Yehion, 234
S5 e 2AEZY AsS EASA
RMA29] 29| ZIHFig. 2), Case A2 ASolE 0~1.39 fi/s

(0~042m/5)9 <% WS HYI, Case BY BPole
0.07~2.34 ft/s (0.02~0.71 m/s)e] ¥ WY E Ho] Case BY
Aol &0 Btk & o2 Ugyth oF EUE &
¥ RMA4Y e AAE A2 Fig 3)E EH, FAH
Pe =(Case A-1)oAE TOA AT AFAA 24
Edo] g F9d dRdd 4TS A RAAE,
AAE Qe 8HE(Case B-1)ol A= 72 A8 &
Zul AZSE oo XA Aoz EMEHYT Case
BollA A&H SPEZY 49 FEE 20 Ib/f’ (320 kg/m’)
o7 5ly/ft (80kg/m’)o] HLH Case Aol Hlst] wj$L
EdgE g?Loﬁ w2 589 JFo] A FEd A
F AATQ), A HATO) AFAAN 24

Agole Case A9} Case B A2 7Thol
B4t RMA4 23| 9 mo Z

S}
o
o
=
=
[s]

K
O A
8&

0.

StEE AT Case 1914 [1 1 -1], Case 29014 [1 -1 1],
Case 3914 [-1 1 1]°] E3E3k(Target vector)Z AHE- AT
AZAZE(Weight, W) FZ2 7453 P2 FAGH, Fx
AZAZEE -0.5~0.5 Ato]o|A Random EFE o] &sle] A
gatgch EHAEESY F4& Table 2¢] Uehf At
Case 19 W= FHE Fig. 49 YRGS 2319 &

oA At 74570 A AN vEE FIEFHA (11 -1]
o WEr 2EEEE SgEY, dAZEE ko] w3 3
Fg duitt x5 FESGES FAETh

33. IS EERE Z&o Mg U Hu

FEE 018 AHEsIR e, shFdles 505914 500,000

7R A} S7HAATE BAE §l= Case A-1, Case A-2,
Case A-39 ZASE &5ty EHPAER BFo| ojg
HheEt=x A e AUl B9 Case B-1, Case
B-2, Case B-3& &3 F&sem, 239 AGs=S
AS AT

Table 1. The channel characteristics and boundary conditions for simulation

Main channel characteristics RMA?2 boundary condition RMA4 boundary condition
River bed Tributary . .
. . . contaminant concentration
elevation Width | Length | Nodes | Q _up discharge W.L.
EL up |EL down T® T® T® T® T® T®
Unit ft ft ft ft . ft'/s ft'ls ft'/s ft'ls ft | Case | It/ b/t b/t
(m) (m | (m) | (m m’s) | (ms) | (m’s) | (m’s) | (m) (Kgm') | (Kg/m') | (Kg/m’)
5
A-1 0 0
Case (80)
A-1 1313 | 23 30 5 5 5 3 5
A2 0 0 4 %) 745 (0.85) | (0.14) | (0.14) | (0.14) | (0.91) A2 0 (80) 0
A3 A-3 0 0 >
) (80)
20
B-1 0 0
Case (320)
B-1 2.0 0.2 1313 | 23 745 30 5 5 5 3 B 0 20 0
B2 | (0.61) | (0.06) o) (7 (0.85) | (0.14) | (0.14) | (0.14) | (0.91) (320)
B-3 20
B-3 0 0 (320)

* EL_up : Up-stream elevation, EL_down :
T : First tributary, T@ : Second tributary,

S
Sh=

A& X| X273 A1, 2011

Down-stream elevation, Q_up : Up-stream discharge, W.L. :
T® : Third tributary

Down-stream water level,
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Fig. 2. The river bed elevation and velocity vectors from RMA?2 simulation.

(c) Bed E.L. (Case B)

Vector Legend
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(d) Vectors (Case B)
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Fig. 3. Scenarios simulated by RMA4 in each case for ANN training and verification.
Table 2. Construction of multi-perceptron Input nodes
(Pollutant concentration)
Cases | Total input nodes | Total output nodes | Target vector I Weight
nd
Case A-1 2
- 1
Case B-1 745 3 [r1-1] grd
1
A-2
(é:z: e 745 3 [1-11] g 4
Case A-3 745" Output nodes Target vector
Case BA 745 3 [[111]
ae > Fig. 4. Multi-perceptron process for Case 1.
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Table 3. Training and verification results using Multi-perceptron (Epoch 50,000)
Process Cases Calculation Output Message
Case A-1 0.1562 1.4170 -1.3966 1 1 -1 Case 1(T D)
Training Case A-2 0.0741 -0.1375 0.1249 1 -1 1 Case 2 (T @)
Case A-3 -0.0478 0.0728 0.1041 -1 1 1 Case 3 (T Q)
Case B-1 1.0521 0.4674 -0.6658 1 1 -1 Case 1 (T D)
Verification Case B-2 402.1629 -883.3011 400.1839 1 -1 1 Case 2 (T @)
Case B-3 -360.3363 75.6989 394.5854 -1 1 1 Case 3 (T @)
*Case 1 Target : 1 1 -1, Case 2 Target : 1 -1 1, Case 3 Target : -1 1 1)
FYHE 99EF EBEJl Case AdAE 51/ (80 Table 4. Error number in each epoch
kg/m’), Case BolAlE= 20 Ib/ft’ (320 kg/m’) & 2= 7] o Epoch Error number among Maximum error case
B Case ASt B $AEA ©9 X7} Z Aoz (number) the tests of 10 times among 3 cases
YAJT Feiete FAl) mE sEuE B olle o 20 6 2
IEE REE BF e goloh T . :
d%8 AZPEES g 74 e F BUHEA Lo ; 1
HES 23, 50,0008 StsE FFol= Table 39149 2 5,000 1 n
o] AAF B SAL Btk A WA AFTD)EIA & 10,000 ) 1
FEZol FHUste BH(Case DO [1 1 -1]°] EHHES 50,000 1 |
ssldon, Algt Al 0.1562 (Output 1), 1.4170 100,000 2 1
(Output 2), -1.3966 (Output 3)& EHEo] 0t} & e 500,000 2 1
I, 0Bth Z2 k2 -12 HFE EYHAA, Case 19 24
3x7F S8 ShEFAT F HA, Al HA AFlA L AEES HAO 2N Table 49 AFoA Hie upe} Zo
GEdol YL F9IE 2 G58 Ao Yewrh G585E Z/7E AcERe vye Aa=t I
StEEA B Case B-19] LA#E JHE YH5o A7 dew, g 74 bEE FAo asfor & A
SHEAY FUAANE BLINE A}, SHFe] 1.0521 oz AIHT o= %7] A2 ZEE Randomoz AA
(Output 1), 0.4674 (Output 2), -0.6658 (Output 3)Z & g o =2 ey, d3(F2) gF5IdFE Aed 9 o]
o] HFHOo=Z [1 1 -1]%] Case (TD, A WA AFelA g & MAL gle Aoz EAHT
0gEPol RYY FPoz wudgon, Fud B3
A#%E EHth Case B-2, Case B-39IAE Zt7 2949 4. &8 2
F9 9AE Z Fohd Aoz BAH
9SHAERE EF2 SF3g 50,0008 Mg HE 239 288 58 NMFEEE s, 29520 A
3 AAE Hou, Sedad met 28 FREAE Fois FHL e USANEER 2P0 29499 #9¢
Hol7|& siglth 47] e Sgdss a3 §, 244 Ade EE F QA Jrig & e 2o 22e
dAaZ=e 3l 37k F-E FHHZ 1084 AP 5o A9t
Hgov, gl ME OF HFE Table 49 UEHE 1) AA B2 AFEE BelH ELF 43 55 A,
st 7 AR FH AN GFR £ st meHY
AZZEE 0.5~05 AtelolA FH942 Bt 33 t edERe 58 U w AFoH, §50)
om, WA FFIFE 5082 AP, 108 x3 caseF: 2o Al §AAAANN FREAA FAHE IS
wE Sk gAsl wE A5E 1095 43, @ L
D2F7F 1 case o] BT e 63HoH, 63T F 2) 2999 9XE BE] YA GEHPER Y S
Hoft B4 F9E 209 case® QWA BE FS 483 2% 249 23S BN 2E 9Bl
oA 1 case °]g= Z&3] AT EE BIAYE Fgetn JAF UESAMERE RYLS
508178 50,0009 744 Sgel Tt SbReS el Strabd e Case B-1, B2, B39 % BEE diA|
oFE Weks AR/t AR g2 o, 100,0008)9] e 2 2 PRIT, 2999 £ AWE AHe wod
J52 W/HA BY oF7t ta Zhsc Sas Ao Uehget.
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a4 50000814 307HA(108] x 3 case)®] A de gad AZARY FEEII IF Aoz I
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sHEEEE st A| M7 M1s, 2011



taste LHOlA 2Rt

o
ok
o
AL
1>
o
o
rok
to
ils]
0
lo
40

ol xI& By 35

o] =E82 200610 WEAAALRS APgez F=d)
5T APgds o} FPH AU (KRF-2006-353-
D00036).

T8, oFYE, 19 E, B H(2006). oL W3
ZANALE o8& A TOC A7 o3 #BI AT,
TP HF d=EIEF 5] ], 22(5), pp. 952-957.

FHHFH5K92009). FAAESEY FEFMRASF AHF

A (D).

e, AAE, 2H 8, AAF, FE, 2FL2008) AT
ABGANN) g AR ZY F9 T 2 #4Y
B FR9 dF F£FEF dFEFFIIX, 24(1),
pp. 91-98.

AN, R (2005). FFH} SRS i

T AEAZE AW FRASE FEH FFEAd

s]=8%], 38(7), pp. 575-584.

21(2000). =2 # 7 E, W 35t=E HAL

© =1

il

<@, 2D, WA, o] F7(2006). F5AFA 2] &
A 5854 WY AL Y 8. FEFAISUE

o] A, o] 2 (1997). 71
SHEA WMEY FHo VY AT, FFFIHIGY

o

2} . oo T 6—]'54 'cj’j'

T EHE T3], pp. 670-675.

7, 44, olAFH2004). AT FA dEFg AF A
A% 2de AL FARd FFEDFIIHA, 2004),
pp. 321-326.

HE7, 48732001 EFNEG 2d S
Be $AARY 24, +FuF @FEHF 337, 17(1),
pp- 87-98.

Almasril, M. N. and Kaluarachchi, J. J. (2005). Modular neural
networks to predict the nitrate distribution in ground water
using the on-ground nitrogen loading and recharge data.
Environmental Modelling & Software, 20, pp. 851-871.

Kovordanyi, R. and Roy, C. (2009). Cyclone track forecasting
based on satellite images using artificial neural networks.
ISPRS Journal of Photogrammetry and Remote Sensing, 64,
pp. 513-521.

Kwak, 1. S., Chon, T. S., Kang, H. M., Chung, N. 1., Kim, J. S.,
Koh, S. C,, Lee, S. K., and Kim, Y. S. (2002). Pattern
recognition of the movement tracks of medaka (Oryzias
latipes) in response to sub-lethal treatments of an insecticide
by using artificial neural networks. Environmental Pollution,
120, pp. 671-681.

Maier, H. R. and Dandy, G. C. (1996). The use of artificial
neural networks for the prediction of waterquality para-
meters. Water Resources Research, 32(4), pp. 1013-1022.

US Army, Engineer research and development center water-
ways experiment station coastal and hydraulics laboratory
(2001). Users guide to RMA4 WES Version 4.5.

Journal of Korean Society on Water Quality, Vol. 27, No. 1, 2011




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


