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Abstract

The deposition of sewer solids during dry weather in combined sewer systems results in a loss of
flow capacity that may restrict flow and cause a local flooding and enhanced solids deposition. Sewer
solid accumulations in drainage systems also create the ’'first-flush’ phenomena during wet weather
runoff periods. In order to solve these problems, measurement of these loadings for a given sewer
system for extended period is needed but this task is very difficult and extremely expensive. In this
study, generalized procedures for estimating sewer sediment solid during dry weather in combined
sewer systems developed by the U. S. Environmental Protection Agency were applied in a drainage
system in Korea. As result, the appropriate equation can be selected and applied according to the
available data. However, the estimated solid sediment shows considerable difference between methods
which classified by model and estimation methods of variable. The estimated values using equations
(1)~(4) are greater than that of equations (5)~(9) and intermediate models show greater values than
elaborate or simplest models. The comparison between simulated and measured solid deposition is
difficult due to the absent of measurement data, but this estimation method can be used usefully for
the management of sewer solid with reduction of cost and effort if the measurement is carried out
and the equation is adjusted according to the actual drainage systems in Korea.

keywords : combined sewer systems, solid sediment, management of sewer solid
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Table 1. Summary data on derived pipe characteristics

OI&0l 3@

Fig. 3. Drainage system on Gunja drainage basin
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N Number of | Total pipe length | Mean pipe slope | Mean pipe Basin area Mean basin
o . Ny
pipes (m) dia. (mm) (ha) slope
1 5 191.38 0.00125 748 05173 0.02355
2 62 1778.55 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 4128.01 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 4.2107 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 0.02639 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
Sum 1454 43317 194.542
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Table 2. Distribution of pipe slope to estimate Spp and Sppu

S:;;l Interval gg:g Freq. PDF CDF Histogram of slope distribution
1 0002 | 36751 | 02301 | 0.2301
2 0004 | 42625 | 0.2668 | 0.4969 950
3 0006 | 13759 | 00861 | 05830 | 040
4 0008 | 18453 | 0.1155 | 06985 | £ 030
5 0010 | 16456 | 0.1030 | 08015 | & 02°
6 6 0020 | 17074 | 01069 | 09084 | * 015
7 0040 | 10956 | 0.0686 | 0.9770 008
8 0060 | 433 | 00027 | 09797 OO e 20 ee
9 0080 | 000 | 0.0000 | 0.9797 Pipe Slope(X10%)
10 0100 | 3233 | 0.0203 | 1.0000
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Table 3. Estimated Spp and Sepis

Method| Basin 6 | 7 9 , 11 13 14 6 |
Sep | 000361 | 0.01255 | 000837 | 0.02089 | 0.0185 | 0.01424 | 0.01407 | 0.00801 | 0.0119
! Seps | 0.00096 | 0.00314 | 0.00165 | 0.00346 | 0.00660 | 0.00216 | 0.00337 | 0.00200 | 0.00296
, Sep | 000499 [ 0.01045 | 0.00969 | 00154 | 0.01515 | 0.01062 | 0.0094 | 0.00982 | 0.00859
Seoa | 0000997 | 0002196 | 0001936 | 0.003388 | 0.003332 [ 0.002232 | 0.002067 | 0.002064 | 0.001804
Seo | 000116 | 00085 | 0.00679 | 0.00468 | 0.00984 | 0.00545 | 0.00464 | 0.0059 | 0.00785
| Swu | 0000232 | 0.001786 | 0.001357 | 0.001029 | 0.002164 | 0.001146 | 0.001021 | 0.00125 | 0.00165
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Table 4. Comparison of estimated daily solids

deposited

N Solid deposition (kg/day)

“I 21 3] 4 6 7 | 9
1 1538 | 854 6.51 18.04 | 1.22 1.09
2 1515113619 | 3023 | 6252 | 6.10 5.57
3 | 5374 13394 | 3242 | 6556 | 6.63 6.09
4 | 2795|1785 | 1470 | 33.70 | 2.93 2.70
5 | 71.32 | 5056 | 44.38 | 87.65 | 9.22 8.51
6 | 50253252 | 26838 | 6092 | 541 4.93
7 13144 1160511265 | 3793 | 251 231
8 14122 12199 | 1813 | 49.86 | 3.62 332
9 1109.07| 7322 1 61.08 | 13459 | 12.75 | 11.71

10 11093 | 760 { 617 | 13.03 | 1.20 | 1.12
11 1 993 | 726 | 564 | 11.81 | 1.10 | 1.02
12 | 51.07 | 36.31 | 29.34 | 6222 | 597 | 549
13 | 33.20 [ 2299 | 1727 | 40.18 | 346 | 3.19
14 | 3554 | 2445 | 2040 | 4312 | 412 | 3.80
15 | 42.08 | 27.89 | 21.65 | 51.02 | 435 | 4.00
16 [ 54.77 | 2952 | 2812 | 66.82 | 573 | 5.28
17 | 5566 | 40.13 | 33.24 | 6796 | 6.80 | 6.26
18 {1838 |1 1048 | 853 | 2198 [ 1.67 | 1.53
19 {2048 | 13.30 | 11.71 | 2459 | 232 | 2.14
20 | 2635|1978 | 1736 | 31.77 | 347 | 319
21 11443 11039 | 897 | 1726 | 1.77 | 163
22 |1 398 | 263 | 208 | 466 | 039 | 0.36
23 | 2175 | 1456 | 1400 | 26.16 | 279 | 257
24 13182 (2024 | 2511 | 3854 | 5.09 | 468
25 | 41.44 12940 | 2441 | 5040 | 496 | 457

Sum | 923.67 [612.78 1 520.96 | 1122.32] 10557 | 97.04

Eq.(1)3} 7o) Fox AEEEHL L, Seo, Seo, QFk
< Eo® 3l Q=300lpedell W3] M 7} A2 t&
wHos g Sey, SpouE o83t RS W
191 ApAgE TAZRAL A5 W BXE o] &ste] AAs
o} TSE 18091kg/day® UEREOH,
&, W #A AAe AFFIHEEE o835t
AT Spp, SppuE ©] 83 TSE 182.07kg/day 2 YE
W3z, W 3 &, Hd ARE FALE o] 83t Abgdt

Sep, SposE
why 2
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Table 5. Estimated daily solids deposition by Eas. {1)~(4)

Method Eq. (1) Eg. (2) Eq. (3) Eq. (4)
6 41.86 31.98 123.59 50.25 92.44 32.52 61.28 26.88 50.88
7 10.42 12.58 15.24 31.44 34.27 16.05 17.55 12.65 13.84
9 46.46 40.51 56.32 109.07 126.54 73.22 85.43 61.08 71.36
10 4.87 6.27 18.91 10.93 18.00 7.60 12.76 6.17 10.39
11 4.65 592 8.82 9.93 11.89 7.26 8.76 564 6.82
13 12.51 15.84 29.39 33.20 43.94 22.99 30.77 17.27 23.15
14 14.31 20.99 40.37 35.54 47.73 24.45 33.21 20.40 21.77
16 28.54 24.08 38.30 54.77 67.55 29.52 36.70 28.12 35.02
24 17.27 23.89 25.97 31.82 33.04 20.24 21.05 25.11 26.11
(kg/day) | 180.91 182.07 356.91 366.95 475.39 233.85 307.51 203.32 265.35
> (ms/day) 0.090 0.091 0.178 0.183 0.238 0.117 0.154 0.102 0.133
(rn3/yr) 32.203 32.408 63.529 65.317 84.620 41.626 54.736 36.190 47.232

Spp, SepeE ©]-&3F TS 35691kg/day 2 YERFIL Q)

o AA #ABARIEE A8 Y 19 2=
d3E BoAFAT A7

28 upd 38

Aol g molm
Egs. (~@)% 2ol Foizl 3w
@e "oz dt o)F g= T A

| B

olq_

Azt B 2= A ERERE BAZ]
I, H3hH 38 HAZLE AY AR
W WEAALE ol gdtel HE A

Y A9 E Aol
1 BARAE AE
o]t} olsh o] %
Ao Ea@ B9
2 Jenim

FAbe
o1g3tel WARNE

7HA el o8 AHE F
TS 27} 366.95, 475.3%g/day

en, Eq.(3)2 7% 23389 307.51kg
/day = ERET)
Eq.(4)¢} o] Fola vdaerge [ S Qe daw

o
Hog2HE %ESJ 374 Egs. 5)~(N3 Cleve-

7

land Aeo2RE $5 H74 Egs. ©~@)F o|
gate] B HA 252e A4S 2HE Table 6
4 24

*li%iMVH NIL:E Ta}%* Ee HAgs
Fedre] FHAE S vl YRS LAk
o EA R AR By 189S THEARE £

B3

7b EAEA ot Q?il?ﬁé@‘ﬂl o 2
A AYET M2 AFHog vwss)rt AR

ok W 22 Hed A 203 2kg/dayi et B9 H
I, 9 38 o83t 9§ 26535kg/dayE HHEFSITH g 2ttt
Table 6. Estimated daily solids deposition by Eas. (5)~(9)

Method Eq. (5) Eq. (6) Eq. (7 Eq. (8 Eq. (9)

Basin 1 2 3 2 3 2 3 1|2 | 3| 2 3
6 793 6.05 2351 | 6092 | 11241 | 541 1027 | 659 | 554 | 1472 | 493 9.23
7 197 | 238 | 288 | 3793 | 4137 | 251 | 275 | 158 | 1.83 | 211 | 231 | 253
9 874 | 762 | 1060 | 13459 | 15626 | 1275 | 1490 | 857 | 7.75 | 9.84 | 11.71 | 1364
10 0.92 1.19 3.59 13.03 21.50 1.20 2.03 066 | 077 | 1.72 1.12 1.86
11 083 | 112 | 167 | 1181 | 1415 | 110 | 133 | 059 | 072 ] 096 | 1.02 | 1.23
13 236 | 299 | 556 | 4018 | 5325 | 346 | 465 | 207 | 240 | 375 | 3.19 | 4.26
14 270 | 396 | 763 | 4312 | 5300 | 412 | 562 | 228 | 3.03 | 4.8 | 380 | 515
16 5.38 454 7.23 66.82 82.49 573 715 | 434 | 389 | 544 | 528 6.55
24 325 | 451 | 490 | 3854 | 4001 | 509 | 529 | 298 | 381 | 404 | 468 | 486
(kg/day) | 34.13 | 34.35 | 6759 | 446.94 | 579.44 | 41.37 | 54.00 | 29.66 | 29.75 | 47.44 | 38.03 | 49.31

> | m¥*/day) | 0.0171 | 00172 | 0.034 | 0223 | 0290 | 0.021 | 0.027 |0.0148}0.0149| 0.024 | 0.019 | 0.025

(mS/yr) 6.075 | 6.115 | 12.031 | 79.556 1103.140| 7.363 | 9.611 |5.279 | 5.295 | 8445 | 6.770 | 8777
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Table 7. Comparison

of estimated solid deposition

Equation Eq. () Eq. (2) Eq. (3) Eq. (4)
Method 1 2 3 2 3 2 3 2 3
TS(m?/yr) 32.203 32.408 | 63.529 65.317 84.620 | 41.626 54.736 36.190 47.232
Equation Eq. (5) Eq. 6) Ea. (7)
Method 1 2 3 2 3 2 3
TS(m%yr) 6.075 6.115 | 12031 | 79556 | 103.140 7.363 9611
Equation Eaq. (8) Eq. (9)
Method 1 2 3 2 3
TS(m*/yr) 5.279 5.295 8.445 6.770 8777
Measured data 28 m’/yr
Table 8. Comparison of estimated solid deposited for specific basin using different equations
Method Solid deposited i Percentage error relative
(m*/day) (m®/yr) to deposition model
Deposition model 0.0384 13.999
Elaborate model Eq. (1)
Exact data 0.0353 12.892 =71.9%

Exponential data 0.0269 9.828 -30.0%

Sc and exponential Approx. 0.0252 9.198 -34.0%

Intermediate model Eq. (3)

Exact data 0.0424 15471 +10.5%

Estimated slope S 0.0395 14.406 +3.0%

Estimated L and S 0.0432 15.774 +12.7%

Simplest model Eq. (4)

Exact data 0.0406 14.803 +17.6%

Estimated slope S 0.0420 15317 +0.4%

Estimated L and S 0.0454 16578 +18.4%
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