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Abstract

Discharged pollution load is varied as rainfall changes in the area with combined sewer system. Changes in discharged
pollution load are directly related with those of sewer transfer flow. Therefore, it is important to identify the pattern of sewer
transfer flow for the analysis of changes in discharged pollution load. This study reviewed the type of distribution of sewer
transfer flow for 17 sewage treatment plants and developed simple formular to estimate sewer transfer flow as rainfall changes.
11 facilities showed to have some relation with rainfall in the change of sewer transfer flow but 6 facilities to have no relation.
Relationships between rainfall amount and sewer transfer flow showed that 6 facilities out of 11 had relatively strong
relationships above R2=0.5, which were considered to be affected directly by rainfall changes. The formular which explain the
relationship between rainfall and sewer transfer flow can be applied in the analysis of rainfall effects on discharged pollution
load, therefore, the more appropriate evaluation will be done.

keywords : Combined sewer system, Discharged pollution load, Pattern of sewer transfer flow, Rainfall-Sewer transfer flow
relationship, Sewer transfer flow
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Table 1. Characteristics of drainage area for combined sewer system

No. of STP Capacitg/ of STP Population per unit Drainage arez; pgr 1_11nit capacity
(m”-d"”) capacity (m“/m’-d")
Metropolis 1 900,000 1.5 100.0
City 7 20,000 ~ 403,000 1.8 198.1
County 9 2,000 ~ 20,000 2.1 361.8
Average 17 - 1.8 279.0
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Table 2. Rainfall status of the year of 2007 at each Weather Station

. Rainfall (mm) No. of rain days (day)
No. Weather station - - : -
Total Effective Ratio(%) Total Effective Ratio(%)
1 Booyeo 1,651.3 1,387.5 84.0 103 39 379
2 Boryeong 1,295.8 1,025.9 79.2 107 38 355
3 Guemsan 1,586.1 1,341.0 84.5 118 43 36.4
4 Daejeon 1,750.9 1,560.5 89.1 131 49 374
5 Cheonan 1,562.4 1,298.9 83.1 138 44 31.9
6 Cheongju 1,534.5 1,318.0 85.9 130 42 323
7 Kunsan 1,655.5 1,442.0 87.1 128 44 344
8 Jeonju 1,471.7 1,228.5 83.5 127 39 30.7
9 jeongeup 1,637.2 1,440.5 88.0 105 44 419
10 Buan 2,074.1 1,900.0 91.6 103 45 43.7
11 Jangsu 1,563.3 1,328.5 85.0 119 45 37.8
Average 1,616.6 1,388.3 85.5 119 43 36.4
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Fig. 2. Frequency by daily precipitation height for the year of 2007.
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Fig. 3. Frequency by consecutive dry days (a) and rain days (b) for the year of 2007.
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Fig. 4. Daily rainfall distribution and variation of sewer transfer flow at Gochang STP during the year.
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Table 4. The ratio of monthly sewer transfer flow between dry and rain days (%)
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Avg.
Metropolis - 1.13 1.13 1.11 1.11 1.29 1.23 1.19 1.16 1.18 - - 1.17
City - 1.09 1.09 1.04 1.03 1.10 1.11 1.08 1.08 1.08 - 1.08 1.08
County - 1.33 1.18 1.16 1.09 1.18 1.12 1.12 1.11 1.20 1.05 1.13 1.15
Average - 1.22 1.14 1.10 1.07 1.16 1.12 1.11 1.10 1.15 1.05 1.11 1.12
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Fig. 6. Distribution pattern between rainfall and sewer transfer flow; Significant difference in the pattern (a), No-significant

difference in the pattern (b).
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Table 5. Regression Equation for the expression of patterns in sewer transfer flow

Equation (3) Equation (5)
No. Name of STP Y=Y, + a(l—e'bx) R Y=Y, + a(l_et-bxl) .
xl=x x k
1 Dacjeon y = 574,981+730,190(1-¢ **") 0.5218 y = 567,441+404,631(1-¢ """ 0.5097
2 Gongju y =29,422+13,226(1-¢ "7 0.3079 y=129,235+12,516(1-¢"""" 0.3365
3 Nonsan y =8,131+3,948(1-¢"%) 0.1126 y =7,694+4,393(1-¢" 7" 0.1547
4 BooYeo y = 10,098+5,654(1-¢ '™ 0.4710 y = 10,846+5,526(1-¢ 1" 0.5480
5 Jochiwon y =26,781+10,302(1-¢ ™) 0.2414 y =27,046+22,557(1-¢ " 0.2822
6 Cheongyang y =2,428+5,039(1-¢"'%) 0.4533 ¥ =2,624+5,176(1-¢ """ 0.5041
7 Jeongeup y = 44,594+1,284,069,899(1-¢ *7"") 0.5549 y = 45,280+83,937,733(1-¢ 1) 0.5891
8 Tksan y =102,992+37,455(1-¢ ") 0.5739 y =102,686+35,912(1-¢ "™ 0.6197
9 Gochang y = 8,989+15,785(1-¢""7%) 0.6934 y =9,281+14,682(1-¢"""") 0.6466
10 Jangsu y = 1,012+2,156(1-¢""%) 0.3995 y =987+1,312(1-¢"*""" 0.4629
11 Jangae y = 1,146+4,837,539(1-¢ """ 0.1108 y = 1,148+2,723,290(1-¢ """y 0.1346
T A& Aotk otk 2 (3)9 bgke] W HE FRde sto] 2+ FeARE R AMC-I 2719 CNI °lY AMC-IIT &

(Table 59 No.7 =& 11) A9 AFHd 7722 A
@Age] AFHA el BAEFFo] It A5
Atk o AgelE DAY FAAYEFL AER

# g ahodof @,

155% Aold A7 wag fola
Uehd 23 seE A ZAA4E8%3: 16,000 m/Y, sk
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Table 6. Estimation of CN for the basin of Gochang (AMC-II condition)
Soil type
A B C D Total area| Weighted
Land use 2
Area Area Area Area (km®) | mean of CN
(km?) CN (km?) CN (km?) CN (k) CN
Public facilities 46.627 89 42.949 92 30.469 94 178.173 95 298.2 93.5
Commercial 97.654 89 8.848 92 - - 207.430 95 313.9 93.0
Residential 352.753 77 88.917 85 61.939 90 549.657 92 1,053.3 86.3
Amusement facilities 3.864 49 0.149 69 - - 4.780 84 8.8 68.4
Streets & roads 66.494 98 11.447 98 28.308 98 263.324 98 369.6 98.0
Open land 9.600 74 109.997 83 3.997 88 294.713 90 418.3 87.8
Paddy 213.438 65 59.781 76 107.547 84 2,301.705 88 2,682.5 85.7
Field 153.473 72 146.688 81 316.450 88 338.545 91 955.2 85.4
Orchard 0.369 57 - - 13.733 82 1.936 86 16.0 81.9
Other cultivation 1.829 72 1.924 81 0.151 88 1.200 91 5.1 80.3
Natural glassland 7.011 30 15.691 58 - - 21.296 78 44.0 63.2
Other glassland 2.820 30 3.389 58 - - 3.388 78 9.6 56.8
Inland water 32.563 100 0.746 100 8.779 100 222.342 100 264.4 100.0
Woods(soft) 196.282 45 947.824 66 73.839 77 1,392.003 83 2,609.9 73.8
Woods(mixed) 1.569 45 35.165 66 - - 1,379.425 83 1,416.2 82.5
Woods(hard) 49.759 45 94.184 66 - - 270.329 83 4143 74.6
Total or Avg. 1,236.106 1,567.700 645.212 7,430.247 10,879.3 83.2
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Fig. 7. Relationship between rainfall and sewer transfer flow by this study (a) and existing method (b).
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