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Analysis on Load of Non—point Source from Sewage Treatment Districts in
Nakdong River
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Abstract

The inflow of nonpoint pollution sources due to sustainable development and urbanization is gradually
increasing and causes a diversity of water pollution. There are lots of difficulties to find a solution as the
problems related to variation of hydrological and natural phenomenon. A differentiated method to estimate
the nonpoint pollution sources has been proposed using rainfall and characteristics of urbanization and
observed data from sewage treatment districts in the study. The types of nonpoint pollution sources on
an assumption of combined sewer system have been classified as three types which are inflow of rainfall,
bypass of sewage treatments, and combined sewer overflows from a river. Three types for estimation of
nonpoint pollution sources applied more accurately to generate a amount of nonpoint pollution loads. This
study is expecting a wide application for effective water resource management on TMDL (total maximum
delivery load) unit watershed and sewage treatment districts

Keywords : nonpoint pollution source, combined sewer overflows, bypass, sewage treatment district, neural
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3.1 Neural Network Model
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Fig. 2. Structure of Back Propagation Algorithm

of Neural Network

Fig. 1. Location of Wastewater Treatment Plants in Nakdong River
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Table 1. Three Methods of NPS Estimation from Sewage Treatment Districts

Object

Three Methods of NPS Estimation

Nonpoint Pollutant

Source

Bypass Discharge of Sewage Treatment Plants

Drainage Area CSO Discharge of Sewage Treatment Plants

Rainfall Inflow Rate of Sewage Treatment Plants

698

Discharge
River
CS0s Bypass
Effluence
Inkscceston nflow
Fig. 3. Description of Estimation Methods in Three Types of NPS
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Table 2. Definition of Estimation of Bypass Dis-
charge from Wastewater Treatment Plants

Formula of Bypass Discharge
Qpypass = *¥1.86% Q) (m?/day)/86400% 7., ,,, (hr)*
3600
bepaéb =G
Lbypase le/pu‘us bypaas

Qpypass+ Bypass Discharge of Treatment Plant, @, Dry Average Dis-
charge of Treatment Plant, be ypas s+ Concentration of Bypass Discharge, C}:
Inflow Concentration of Treatment Plant, Z,,,,: Bypass Discharge Pol-
lutant loads of Treatment Plant, 7,7, Rainfall Duration, 1.86 Discharge

Variation Rate of Change, «: Bypass Discharge Ration of Interception
Capacity(1 or 2), (86400, 3600): Unit Conversion

6000 4500
0,7355¢ o
=0, * ¥ =0.2176¢
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Fig. 4. Classification of Three Groups according to Ratio of Treatment Area by Watershed Area of
Sewage Treatment Plants

Table 3. Ratio of Impervious Area from Representative Watershed and Area from Sewage Treatment Plant

Representative Watershed Sewage Treatment Plant
Subwatershed Ratio of Impervious Area (%) Group Ratio of Treatment/Watershed Area (%)
A 10 1 6
B 35 2 23
C 92 3 36
F48% 9% 20154 9H 699
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Table 4. Structure of Neural Network Model

Structure of NN Model
Input Variable Rainfall, Rainfall Intensity, Antecedent Dry Day
Layer 3 layers
NN Back Propagation Algorithm
Output CSO
Threshold Function Sigmoid Function

+ Initialization of Neural Connection Intensity
and Bias

* Normalization of Egtimates and Application

+ Estimation of Input Net from Hidden
Neuron

= Utilization of Connection Intensity and Bias
between Input and Hidden Neuron

= Apphcation of Activation Function on Hidden ) Ei;ﬁ;ﬁ;ﬂl Sttt gatit etivation

Neuron ‘

= Utihzation of Connection Intensity and Bias

between Hidden Neuron and Output Neuron * TatmanaratandeNer o Ot

Neuron
* Estimation of Qutput by Activation
Function

Comparizon between
Observed and Predicted Value
(no more than Allowable Error)

= Application of Activation Function on Qutput
Neuron

v

- Completion of Parameter Optimization

Fig. 5. Process of Parameter Optimization with Neural
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* Modification of Connection Intensity and
Bias of between Hidden and Output
Neuron.

* Modificationof Connection Intensity and
Bias of between Input and Hidden Neuron.

NO

Network Model
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Table 5. Property of Typical Subwatershed Connected with SWMM-Oncheon Model

Placement Area (ha) CSO (m*/yr) BOD (kg/yr) TN (kg/yr) TP (kg/yr)
A 139.6 294,239 7,991.4 2,199.8 193.8
B 165.5 609,271 18,134.1 6,056.1 431.6
C 173.3 1,213,679 25,164.0 11,615.8 668.4
HolFm 7]ojgo] w2 A o] AX|Ho] A= wy
I AAE 231 F9 AHES CSO 139 o7t Frdd= skEAEgs B3l WiEEE S gFetEel B
< YeRd Aolth &S RIS F 9lom T]ofgo] v shgA gL o
Aol r wiEss Ldy-stET SAHTFA A,
4. Ay U 2M ERAPA, THAEAA T T A vjEH
= L9FetEol o Brhs s Holth ojHg A
Y575 Ul g SAN RS R R T} o s el Wl Aol A eduiEE
gatar v MY EE sk g - U sk BOD, TN, TP~} Z+2} 264,301 kg, 156,513 kg, 15,146 kg 2.
Ae) o] $-3)r e, shrA el T Y] CSO 7 7= 7 2 AHAES o A E AR g R Y- Ul
Ao v dds A oR AT Y A oA =l n X skA ] 7)o &S A g
g, s W HEARg Wl sk edel A SR A} 152%, 45.7%, 185%= L A& TNo| Atz o
9 2 Ui A5E &gt e Ul HEF 2 BOD % TP Bt} F5stA ¥ il -5 HofFil
oAl 7t v e AU AP Eol et e RS 4 uTk B o) FA AR Mg ol A S AEE 7t
3t tHTable 6). ©] % Y7 EFAGS gz & skl o] E9aks 2 ATt WARE 7]
A8k A3, HE2E X e A e $Ed 2l Whow dAvst e dNstS AR oR st
A e dA e dRsE S5 BOD, TN, TP7F 742t 71 A3 BOD #Hirgke] 2808 kg/ha/yr, TN Hit gkl
41.26%, 39.81%, 39.03%% 74 B& Qo oRaslgo] 414 97.3 kg/ha/yr, TP Hit3ko] 7.1 kg/ha/yrZ A = 3o
HALk ol FHA Aol TR 7} ol e QIS 2 AFATE 7E 2T vEe A HH A
L @elFe R FE5HY o] FHX| o =St Q1% At el Aol GEAdrAl vided dEvbEAbg]
EErAAe] F7F AEE ou]sh o]} gizoz A u] 2% BOD, TN, TP #k Alelol] $1x]3}aL glo] 7|9
FAH ol A= BOD, TN, TP7F 2+ 0.10%, 0.1%, 0.10% A4 W9 el &S ¢ 7 Art vjHdd At
= 7P A2 edFskke] APgESIt Fig. 9% 954 7 71 o2 =3¢ MOE (2000) 3 MOE (2003) K314/
ERAGe A BT @ et T ZF Al e xpA) e o] Aue} AT HE aElst] AEAl =59
= HEE e 43E YERd Foltk ATAHE Table 90l H]aLste] A&+ T
T 7S] AEAES] FEARS Ul A sk
Pt 9K 5SS vl o g B Ao A -3 5.4 B
o Q ARET CSO 3ol 93k e AF-slEe] s e
2o] Wl o)gh JEHEAlS AAIsAT) Table 72 = AN FEATY Wl e YRR
FATALE LS A 20060l AT G FEE @ o} A9ARE E8oto] 7T LHFEE gl
sk A AtR et e AviEES R Zlolth ZF A obd Af = APHEES AAIEkSEE BlA A E = o
i e o eduiEd nlE o es e 2 FA Y] A 3 CSOR# 7=
= Table 8% 2t} W-Falde] viwE 7]o-&2] 4F TAo] eSS gkl o el A A
A= AZA N4 BOD, TN, TP7}F 7H2} 76.9%, S5 B V1R 2% 19 FuAYelA T g
31.3%, 30.3%% 7P =& 7]ol&S eI o] 9 v Q AFetFo] WAE ) o= FHA| el T}
2 7P vk 719482 BOD, TN, TP7F 22} 0.4%, 0.4%, il ATt thE AedEel vlE) ot HerR
0.2%21 spEA gl o]t oleldt A= 7} v Qg e GH-steFe] W] wiZolgtal oS5 vk 19k
o] Yx|&t sl gl WEshs LT &S W= 7P whe @ AFSHES T1E 39 AFA el A
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Table 6. Pollutant Loads Estimated from Each Sewage Treatment District

Area(ha) Pollution Load(kg/day)
Unit Watershed | Ireatment Drainage| LT Group | Rainfall Inflow Rate BYPASS CsO
Plant ment | Type
Area Area BOD TN TP BOD TN TP | BOD | TN TP
NB-C Andong 1433.2 | 8314 1 51277 737 184| 11789 296.8| 29.1| 6009| 351.6| 165
Naeseong—A Yeongju 5565.0 | 2285.0 1 1599.9| 111.3| 38.1 613.1| 2174| 20.8|3070.6| 787.2| 77.7
Naeseong-B Yecheon 4371 | 3480 1 49 05 0.1 28.6 45 09| 156.0| 106.7 4.2
Jeomchon 3866.0 | 876.5 2 353.0| 258 6.7 2542 64.1 46(20419| 4939| 43.1
Yeong—-A Maseong 504.3 | 3334 1 37.9 2.0 0.4 20.2 3.8 0.3 179.8| 123.0 49
Gaeun 1328.9 87.5 3 11.7 0.6 0.1 1.7 0.4 0.0| 1984| 586 49
Byeongseong-A Sangju 3507.0 | 576.0 2 133421 904| 189 263.3| 52.6 801(14354| 316.6| 389
Win Uiseong 629.4 | 301.0 1 6145 427 128 1181 351 34| 329.7| 2225 8.1
Kumsung 1680.1 | 225.8 2 71.0 6.3 1.6 20.8 5.0 05(1221.0| 2565| 285
Gumi
Industrial 1893.0 | 1170.6 1 103.2 8.0 7.0 240.1 | 168.8 56| 602.7] 517.1| 16.1
Complex. 4
NB-E Seonsan | 12799 | 7800 1 %6| 36| 09| 304| 75| 06| 4155] 3260] 101
Dogae 6101.0 | 200.0 3 29 0.2 0.1 2.8 0.8 0.1 7082| 2404| 176
Gumi 4245.8 | 2907.0 1 28025 3709 77.4| 5905.3(1294.5| 120.1{1961.2|1388.2| 50.4
Yakmok 781.6 | 426.0 1 41341| 29.0 45 1478 234 1.3| 361.0| 2555 9.3
NB-F Seongju 49180 | 153.9 3 24.1 1.1 0.9 154| 120 1.7 502.1| 134.7| 12.3
Waegwan 4059 | 4059 1 2489 228 34 120.3| 18.0 1.0 165.1| 933 34
Gam-A Gimcheon 6893.0 | 1367.0 2 3099.1 | 489.7| 102.0 882.6| 189.8 18.312362.1| 530.6| 61.8
Geumho-A Yeongcheon 6675 | 569.0 1 3673 29.3| 10.2 25871 91.8| 11.1| 262.1| 160.0 6.2
Geumho-B Geumho 1319.0 | 264.9 2 150.9 6.2 3.8 15.8 9.4 05| 658.3] 1335| 14.2
Gyeongsan 626.0 | 626.0 1 878.0| 117.8| 232 617.2| 1147 17.3| 2826| 174.0 6.9
Jisan 205.1 | 205.1 1 250.1 38.0 8.3 55551 1239 154| 926| 570 2.3
Dalseocheon | 1964.0 | 1964.0 1 4462.0| 5005| 148.7| 1991.2| 6135| 60.2| 886.8| 5459| 21.7
Geumho-C Bukbu 1281.0 | 1281.0 1 55727 982.6| 239.8| 2996.1| 691.4| 76.1| 5784| 356.1| 14.1
Seobu 4473.0 | 4473.0 1 7532.12095.1 | 376.9| 11498.0 [2071.2 | 247.5|2155.71459.7| 51.7
Sincheon 5130.8 | 5130.8 1 15230.0 [3692.5| 454.9| 13420.4 |1758.8 | 297.9(2316.6|1426.2| 56.6
Ansim 337.0 | 337.0 1 1306 122 3.3 286.2| 79.6 89| 122.1| 864 3.0
Hoe-A Goryeong 6473.0 | 1835 3 75.4 43 19 30.8 13.6 17| 881.6| 2599 226
Hwang-A Geochang 5659.0 | 727.0 2 4839 427 12.0 3075| 86.1 8827315 7477| 876
Hwang-B Hapcheon 493.0 | 140.6 2 239.2 147 4.1 4Q.3 11.0 11| 219.2| 686 5.2
Gajo 5879.0 | 425.0 3 67.2 1.3 0.3 8.3 2.0 0.3]111439| 372.6| 283
NB-H Changnyeong | 1963.0 | 220.8 2 153.3 6.6 25 22.4 9.0 0.8 720.3] 186.0| 17.1
Burim 3988.0 | 167.1 3 29.1 1.0 0.4 4.6 1.8 0.3 834.0| 2582| 228
Nam-A Hamyang 192.2 | 192.2 1 2834 195 6.6 472 16.6 1.0 543| 431 1.8
Nam-B Sancheong 1268.7 95.1 3 94.9 77 1.8 26.1 5.8 05] 1859| 65.0 45
Sabong 315.0 93.7 2 234 3.3 0.5 13.5 2.2 03| 131.4| 347 3.8
Nam-D Munsan 1146.0 | 104.4 3 50.8 6.9 1.2 38.7 79 1.0| 2582| 654 59
Jinju 2136.0 | 1702.2 1 218491 193.1 50.9| 1642.7| 4574 61.8|1107.1| 622.1| 32.3
Nam_E Daesan 1540.0 40.6 3 10.4 05 0.2 1.9 0.8 0.1 275.9| 76.8 6.4
Uiryeong |15683.6 | 1360.0 3 129.1 85 3.8 30.1 13.7 1.3| 5281 | 112.1| 126
NB_I Bugok 745.0 | 225.0 2 306.0 8.1 2.6 17.6 55 06| 604.1] 122.1| 133
Namji 943.0 | 119.0 2 116.3 94 3.7 415 150 13| 1249| 766 29
NB-J Hanam 317.0 | 287.0 1 1339 6.8 2.1 13.0 4.3 05| 29.1 18.4 0.6
Jinyeong 88.0 78.7 1 5322 504| 16.6 69.8 235 23] 236.8| 149.8 5.3
L. Sinwon 717.0 | 3480 1 105 0.8 0.2 4.7 0.8 0.1| 305 7.3 0.6
Miryaing—A — -
Cheongdo 66.0 23.0 2 9%.2| 11.7 1.7 123.6| 189 2.01]1836.7| 687.7| 44.8
Miryaing-B Miryang 13994.3 | 480.3 3 4138 204 7.2 2432 854 8.211933.2| 472.3| 514
NB-K Samnangin | 3997.0 | 591.0 2 84.9 2.9 1.0 9.5 3.0 0.3 100.3 77.0 2.6
NB-L Yangsan 2476 | 1064 1 7741 825 19.2 778.6| 190.5| 187(11286| 7755| 32.7
Jangyu 22284 | 918.0 1 12758 | 1999| 47.1 902.3| 208.0| 26.1|3878.7| 9415| 92.1
NB-N Gangdong 7188.0 | 2059.0 2 2835 36.1 54 771 11.3 1.714226.3|1025.9 | 100.3
Hwamok 7832.0 | 1201.0 2 1978.3 | 243.1| 649 802.3| 215.0| 24.8|2231.3| 541.6| 53.0
H48% 99k 20154 9H 705
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Fig. 9. Ratio of Pollutant Loads from Main Stream in Nakdong River

Table 7. Pollutant loads of Unit Watershed in Nakdong River Basin

Unit Total Pollutant of Drainage Area Pollutant Emissions of Drainage Area
Watershed BOD TN TP BOD TN TP
NB-C 35092 10720 2401 10123 6209 524
Naeseong—-A 51676 13964 3405 14375 8275 762
Naeseong—B 29299 8412 2009 8496 4653 422
Yeong-A 20838 6428 1351 6201 4075 363
Byeongseong-A 22780 6634 1586 7684 4190 430
Wi-B 27643 8104 1983 7953 4560 416
NB-E 203188 27448 4498 15022 8834 694
NB-F 81701 12276 2790 10570 6132 654
Gam-A 52812 11778 2644 12431 7229 685
Geumho-A 36944 10955 2716 9848 6153 581
Geumho-B 373674 26917 16391 12931 7112 704
Geumho-C 254238 46078 7178 26477 16670 1960
Hoe-A 38215 11206 3416 8931 5259 543
Hwang-A 17598 5191 1221 3953 2667 245
Hwang-B 28297 8619 2089 7651 4532 414
NB-H 26314 7362 1854 6087 3762 350
Nam-A 33321 10405 2554 8664 5668 524
Nam-B 19817 6391 1492 7246 4023 392
Nam-D 45967 12287 2269 11431 7727 636
Nam-E 34710 9230 2395 8506 5232 709
NB-I 75994 13046 2056 7944 4485 442
NB-]J 56644 15241 4656 11726 5913 634
Miryaing—-A 24039 7912 1772 7303 4408 401
Miryaing-B 19731 5931 1182 5812 3865 337
NB-K 16683 4726 1467 3582 2011 204
NB-L 53790 20693 2312 8603 5679 460
NB-N 48906 11810 2017 14751 6190 660
AAFQAL TFLY) A Tk e Adella 1 SQrk o9 etd AP ATE ot YR
§3 BEA AN A2lEe odnal AL ANT] HER T ol A
ANE FA 7 159 T REeAGe] Tiel ks AR 09vE AL stk AGA

706 BEKEREEMNE



Table 8. Contribution of NPS of STP to Receiving Stream

. Pollutan.t BSSIons @i Pollutant Emissions of Discharge and Contribution ratio
Unit Drainage Area Treatment
Watershed Plant Contribution Contribution Contribution
gD ™ TP B ratio(%) N ratio(%) v ratio(%)

NB-C 10,123 6,209 524 Andong 1779.8 17.6 648.4 104 456 8.7

Naeseong—-A 14,375 8,275 762 Yeongju 3692.0 257 2127.1 25.7 101.4 13.3

Naeseong-B 8,496 4653 422 Yecheon 184.6 2.2 111.2 2.4 5.1 1.2

Jeomchon 2296.0 37.0 557.9 13.7 477 13.1

Yeong-A 6,201 4075 363 Maseong 200.1 3.2 126.7 3.1 5.1 14

Gaeun 200.1 3.2 59.0 14 5.0 14

Byeongseong-A| 7684 4190 430 Sangju 1698.7 22.1 369.2 8.8 46.9 10.9

. _ _ Uiseong 447.8 5.6 257.6 5.6 115 2.8

wi-B 7953 4560 416 Kumsung 1241.8 15.6 261.5 5.7 29.0 7.0

Gumi
Industrial 842.8 5.6 685.9 78 21.6 3.1
o ) Complex. 4

NB-E 15022 | 8834 | 694 Seonsan A59 | 30 | 335 38 17| 17

Dogae 711.0 47 241.1 2.7 17.7 25

Gumi 7866.5 52.4 2682.6 30.4 170.4 24.6

Yakmok 508.8 4.8 278.9 45 105 16

NB-F 10570 6132 654 Seongju 5175 4.9 146.7 2.4 14.0 2.1

Waegwan 285.4 2.7 111.3 1.8 4.4 0.7

Gam-A 12431 7229 685 Gimcheon 3244.7 26.1 720.4 10.0 80.1 11.7

Geumho-A 9848 6153 581 Yeongcheon 520.8 53 251.7 4.1 17.3 3.0

Geumho-B 12931 7112 704 Geumho 674.0 52 142.9 2.0 14.7 2.1

Gyeongsan 899.9 3.4 288.7 1.7 24.2 1.2

Jisan 648.1 2.4 180.9 1.1 176 0.9

Dalseocheon | 2878.0 10.9 1159.4 7.0 81.8 4.2

Geumho-C 26477 16670 1960 Bukbu 35745 135 1047.5 6.3 90.2 4.6

Seobu 13653.7 51.6 3530.9 21.2 299.2 153

Sincheon 15737.0 59.4 3185.0 19.1 354.6 18.1

Ansim 408.2 1.5 166.0 1.0 119 0.6

Hoe-A 8931 5259 543 Goryeong 912.4 10.2 273.5 5.2 24.2 45

Hwang-A 3953 2667 245 Geochang 3039.1 76.9 833.8 31.3 96.4 39.3

_ - Hapcheon 259.5 34 79.6 1.8 6.3 15

Hwang-B 7601 ) 4582 414 Gajo 11522 | 151 3746 83 286 6.9

Changnyeong 742.7 12.2 195.0 5.2 18.0 5.1

NB-H 6087 3762 30 Burim 838.6 13.8 259.9 6.9 23.1 6.6

Nam-A 8664 5668 524 Hamyang 101.5 1.2 59.7 1.1 2.8 05

Nam-B 7246 4023 392 Sancheong 212.0 2.9 70.8 1.8 5.0 13

Sabong 1449 1.3 36.9 05 4.1 0.6

Nam-D 11431 7727 636 Munsan 296.9 2.6 73.3 0.9 6.9 1.1

Jinju 2749.8 24.1 1079.5 14.0 94.2 14.8

Daesan 2778 3.3 715 15 6.5 0.9

Nam-E 8506 5232 709 Uiryeong 558.2 6.6 125.8 2.4 139 2.0

Bugok 621.7 7.8 127.6 2.8 13.9 3.1

_ . Namji 166.4 2.1 91.6 2.0 4.2 1.0

NB-1 4 4485 a2 Hanam 42.1 0.4 22.7 04 1.1 0.2

_ Jinyeong 306.7 2.6 173.2 2.9 76 12

NBJ 11726 5913 634 Sinwon 35.1 05 8.2 0.2 0.7 0.2

L Cheongdo 1960.3 26.8 706.6 16.0 46.8 11.7

Miryaing=A | 7303 | 4408 401 Miryang | 21764 | 374 557.8 | 144 505 | 177

Miryaing-B 5812 3865 337 Samnangin 109.8 3.1 80.0 4.0 29 14

NB-K 3582 2011 204 Yangsan 1907.2 22.2 966.0 17.0 514 11.2

NB-L 8603 5679 460 Jangyu 4781.1 324 1149.5 186 118.2 179

Gangdong 4303.4 29.2 1037.1 16.8 102.0 154

NB-N 14751 6190 660 Hwamok 3033.6 20.6 756.6 12.2 77.8 11.8
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Table 9. Comparison of the Results between Existing Studies and the Study

Organization BOD (kg/ha/yr) TN (kg/ha/yr) TP (kg/ha/yr)
Report for Optimum Management and General
Planning of Paldang Water Source Nonpoint 370.9 121.1 3.4
Source(2000)
R onepont St 1598 2579 79
Result of the Study 280.8 97.3 7.1
2ol 7 B2 78-S BAH AL s A el A= < Asto Ry 2 AFH Y B AT
7P 2 71 EE YERITE 71oEo] =& AA #E 93 nuxsR &8 7l oz Febdr)
& olF EFhslal Q= Wi uloll Al SAk A A
A, A A, FEATAA 5 T AEA] i EE] ZHAle| 2
= S @Rl MYFRT v B2 QHFs S AEs
i glow. olef wi & shdx el g e dtsEE T o 2 ATE SRSl A FRElE Aol
& AgAdollA Helehe QFstge] o wrke 248 3 olxHo] A7 /NEAY ] AU BT YA fE =
ojth, olgist AHE nlgo R YR U A F g 2 AEskATe] Xdow FPHAUFHT
L HmETES et 7 srAe ] +9ts 2 A
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