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Estimation of Solid Sediments Load by Sewer and Land Surface for
Maintenance of Combined Sewer Systems

of W &/ 2 B
Lee, Jae Soo / Park, Moo Jong

Abstract

The deposition of solids in combined sewer systems results in a loss of flow capacity that may
restrict flow and cause a local flooding and enhanced solids deposition. In order to solve these
problems and proper pipe management, estimation of solid loads from sewer and surface in a drainage
basin is needed but this task is very difficult and extremely expensive. In this study, generalized
procedures for estimating sewer solid loads during dry weather in combined sewer systems and for
estimating solid loads on surface in a drainage basin developed by the U. S. Environmental Protection
Agency were applied and analyzed in Gunja drainage basin in Korea. As result, the estimated solid
loads from sewer and surface are 205.8,759kg/yr and 1,321,993kg/yr respectively, and total solid loads
is 1,527,752kg/yr. The estimated solid removal from street cleaning, dredging from pipe system and
pumnping house is 1,486,636kg/yr. Therefore, the applied methods show resonable results. More reliable
estimation can be achieved if long-term measurements and adjustment of estimation equations are
carried out, and this estimation methods can be used usefully for the management of combined sewer
system with reduction of cost and effort.

keywords : combined sewer systems, solid loads, management of sewer system
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Fig. 2. Land use distribution

Table 1. Land use areal distribution {(unit:ha)
Land use Roof area Parking/ | Landscaped Toatal area | Ratio(%)
Roadway area

Low density residential area 22.99 2.30 20.69 45.98 23.0
High density residential area 1.27 0.64 0.64 2.55 1.3
School 4.26 2.84 7.10 14.20 7.1
Commercial area 29.25 1.72 3.44 3441 17.2
Light industrial area 0.71 0.25 0.05 1.01 0.5
Parks 5.89 5.89 47.15 58.93 29.5

Street 36.74 0.03 36.77 18.4

The others 5.40 2.7

Total 64.37 50.38 79.10 199.90 100.0
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Fig. 4. Roadway right-of-way distribution

Table 2. Summary data on derived pipe characteristics

. Total pipe length Mean . Mean pipe . Mean basin
No | No. of pipe {m) pipe slope dia.(mm) Basin area (ha) slope
1 5 191.38 0.00125 748 0.5173 0.02355
2 62 177855 0.00841 538 5.6565 0.00441
3 80 2601.07 0.01804 511 7.7532 0.02309
4 46 1324.47 0.02135 605 4.1555 0.03097
5 125 412801 0.02704 535 15.2564 0.03544
6 58 1597.40 0.00847 613 4.8854 0.00179
7 45 1185.87 0.02301 873 2.9995 0.02808
8 46 1343.91 0.01369 826 42107 0.02218
9 164 4543.94 0.01645 599 12.4905 0.01553
10 27 788.54 0.04407 502 2.5180 0.01862
11 27 720.36 0.04334 461 1.8547 0.04622
12 88 2356.19 0.01783 526 6.0760 0.01804
13 54 1602.77 0.02349 537 2.9821 0.01632
14 62 1982.24 0.02689 543 6.2863 0.01845
15 62 1673.11 0.01555 584 3.6627 0.01214
16 59 2451.41 0.02163 819 15.2159 0.01814
17 98 2712.35 0.01887 516 7.8101 0.03093
18 18 789.10 0.02106 711 2.5259 0.02428
19 32 1120.81 0.02392 579 5.1979 0.02411
20 54 1464.00 0.01862 465 6.3424 0.01633
21 38 989.62 0.03251 481 42228 0.03841
22 10 297.13 0.0492 518 0.9791 0.04995
23 47 1313.70 0.0234 552 9.5077 0.02944
24 73 2085.11 0.01891 607 54.5676 0.02548
25 74 2275.45 0.02494 521 6.8681 0.05059
P 1454 43317 194.542
#39% HF65F 20064E 6A 537



Table 3. Roadway right-of-way characteristics

Type of roadway Length RW Curb | Landscaped | Sidewalk | Traffic Lanes Ar%a Ratio
’ (m) (m) (m) strip (m) (m) (m) (m®) (%)
Major artery(1) 1680 511 0.9 - 184 31.8 85,848.0 23.3
Major artery(2) 1072 35.0 0.9 - 6.3 27.8 37,520.0 10.2
Major artery(3) 1746 274 0.9 23 7.7 165 | 47,8404 13.0
Minor artery(1) 406 12.1 0.9 - 4.2 7.0 4912.6 1.3
Minor artery(2) 7810 9.8 0.8 - - 9.0 76,538.0 20.8
Street 17700 6.5 0.8 - - 5.7 115,050.0 31.3
Total 30,414 367,709.0 100.0
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Table 4. Comparison of estimated daily solids deposited load
No Solid deposited load (kg/day)

’ Eq. 2 Eq. 3 Eq. 4 Faq. 6 Eq. 7 Eq. 9

1 15.38 8.54 6.51 18.04 1.22 1.09
2 51.51 36.19 30.23 62.52 6.10 557
3 53.74 3894 3242 65.56 6.63 6.09
4 2795 17.85 14.70 33.70 293 2.70
5 71.32 50.56 44.38 87.65 9.22 8.51
6 50.25 32.52 26.88 60.92 541 493
7 31.44 16.05 12.65 37.93 2.51 2.31
8 41.22 21.99 18.13 49.86 3.62 3.32
9. 109.07 73.22 61.08 134.59 12.75 11.71
10 10.93 7.60 6.17 13.03 1.20 1.12
11 9.93 7.26 5.64 11.81 1.10 1.02
12 51.07 36.31 29.34 62.22 597 5.49
13 33.20 22.99 17.27 40.18 3.46 3.19
14 35.54 24.45 20.40 43.12 4.12 3.80
15 42.08 27.89 21.65 51.02 4.35 4.00
16 54.77 29.52 28.12 66.82 573 5.28
17 55.66 40.13 33.24 67.96 6.80 6.26
18 18.38 10.48 853 21.98 1.67 153
19 20.48 13.30 11.71 24.59 2.32 2.14
20 26.35 19.78 17.36 31.77 347 3.19
21 14.43 10.39 8.97 17.26 1.77 163
22 3.98 2.63 2.08 4.66 0.39 0.36
23 21.75 14.56 14.00 26.16 2.79 2.57
24 31.82 20.24 25.11 38.54 5.09 468
25 41.44 29.40 24.41 50.40 4.96 457
Total 923.67 612.78 520.96 1122.32 105.57 97.04
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Table 5. Max.. min. and mean values

Var. L(m) | A(m® S D(in) |Q(lped)
Max. | 4543.94 | 545676 | 0.04920 | 873 250
Min. 191.38 5173 10.00125| 461 350
Mean | 173266 | 77817 |0.02248 | 590.8 300

Table 6. Estimated solid deposit for different

variables(kg/day)
Var. L A S D Q
Max. |103.275123.407| 23.863 | 41911 | 30.603
Min. 2460 |53.6361110.777 | 28.499 | 36.332
Mean 33.106
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Table 7. Summaw of Iitter/ﬂpatable solids loading

Land use Area , Bi , Vi Fu Vogume Bulk dergsity Litter loading
(ha) |(m“/ha-yr)|{m’/ha-yr) {m™/yr) (kg/m") (kg/yr)
Low density residential area 4598 0.01 0.02 1 1.38 150 207
High density residential area 2.55 0.02 0.02 1 0.10 150 15
School 14.20 0.02 0.03 1 0.71 150 107
Commercial area 34.41 1.20 0.03 1 42.32 150 6,349
Light industrial area 1.01 0.80 0.03 1 0.84 150 126
Parks 58.93 0.50 0.01 1 30.05 150 4,508
Total 157.08 75.41 11,311
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Table 8. Estimation of sand applied

Type of roadway Lenght Lane width | Road surfazce Sar.ld app]icgtion Sand applied
(m) {m) area (m°) ratio (kg/m“/yr) (kg/yT)
Major artery (1) 1,680.0 31.8 53,424 10 534,240
Major artery (2) 1,072.0 278 29,802 - 10 298,016
Major artery (3) 1,746.0 165 28,809 10 288,090
Minor artery (1) 406.0 7.0 2,842 5 14,210
Total 1,134,556
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Table 9. Street dust and dirt accumulation rate and loading

T of roadwa Length Curb Total curb length | Maximum build up Estimated DD

ype v (m) (m) (m?) limit (g/curb-m) accumulation (kg)
Major artery (1) 1,680 09 1,512 250 346
Major artery (2) 1,072 09 965 250 221
Major artery (3) 1,746 09 1,571 250 360
Minor artery (1) 406 09 365 180 60
Minor artery (2) 7,810 0.8 6,248 180 1,031
Street 17,700 0.8 14,160 150 1,948
Total 30,414 24,822 3,966

Table 10. Soil erosion load
Landscaped R K Soil Erosion

Land use area (ha) | (107J/ha -mmmn) | (onha/®) | > | € | P Gayn)

Residential, school, commercial ) 4 o 526 013 |0231] 01 |014| 7089
and industrial areas

Parks 47.15 526 0.13 0231 01 ] 014 10,427

Total 17,486
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Table 11. Road ratio by administrative district in
the Gunja drainage basin

Administrative d?a‘if;ae Road
Ward| Type of load district _g ratio
(km) basin | "/
(km)
Total load
Sung ength 40217 356 |0.885
Dong| Lane width > ) |4 075 |1.054
10m
Total load
Kwan|  length 3217 2758 |8573
Giin | Lane width > 54.96 415 |7551
10m
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Table 12. Solid removal amount through street cleaning

Street cleaning car Street cleaner
Ward Removal | Road | Removal amount (kg) | Removal | Road | Removal amount (kg) Total
ratio ratio ratio ratio (kg/yr)
(kg/day) | (%6) day vear | (kg/day) | (%) day year

SungDong 1,500 1.054 15.82 3,795.87 880 0.885 779 1869.54 5,665.40
KwanGjin 940 7.551 70.98 17,034.93 2,310 8573 198.04 47,529.85 64,564.78
Total 2,440 - 36.80 20,330.80 3,190 - 205.83 49,399.39 70,230.19
394 H63% 20064 67 541



Table 13. Comparison between solid loads and removal amount

Fig. 5. Drainage system on Gunja drainage basin
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Solid loads Solid removal amount
Type of solid Annual (kg) Type of solid Annual (kg)
Sewer solids 205,759 Street cleaning car 20,831
Litter/floatable solids 11,311 Street cleaner 49,399
Street sands 1,134,556 Pipe dredging 1,290,600
Street dust/dirt (DD) 158,640 Pumping house dredging 125,806
Soil erosion 17,486 '
Total 1,527,752 Total 1,486,636
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