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Development of Estimation Equations for Solid Deposition in
Sewer Systems due to Rainfall
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Lee, Jae Soo / Lee, Se Won

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, estimations of solid loads on land surface in a drainage basin
and solid deposition in sewer system due to rainfall are needed but these tasks are very difficult and
very expensive. In this study, procedures for estimating solid loads on surface in a drainage basin
were applied and analyzed in Gunja drainage basin in Korea. Also, this paper presents the
development and application of estimation equation for solid deposition in sewer system due to rainfall
based on the solid deposition estimated using MOUSE model. As results, the comparison between
estimated and measured solid deposition is difficult due to the absent of measured data, but the
estimated values using developed equations show applicability compared with the results of MOUSE
model and the application of the other basin. The developed estimation equations can be used usefully
for the management of combined sewer system.

keywords : estimation of solid deposition, estimation equation, MOUSE model
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Table 1. Comparison between Solid Loads and Removal Amount

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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Fig. 1. Sub-basin and Pipe Network on Gunja Drainage Basin

Table 2. Land Use of the Basin (Unit: km?)

Land use Roof area | Parking/Roadway Landscaped area Total area | Ratio(%)

Low  density 0.2299 0.0230 0.2069 0.4598 0.230
residential area

High density 0.0127 0.0064 0.0064 0.0255 0.013
residential area

School 0.0426 0.0284 0.0710 0.1420 0.071

Commercial area 0.2925 0.0172 0.0344 0.3441 0.172

Light industrial area 0.0071 0.0025 0.0005 0.0101 0.005

Parks 0.0589 0.0589 0.4715 0.5893 0.295

Street 0.3674 0.0003 0.3677 0.184

The others 0.0540 0.027

Total 0.6437 0.5038 0.7910 1.9990 1.000
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Table 3. Estimation of Solid Deposition

o~
3|2 S
o | < SRS
[e)
S| R - X
2 N < |2
o0 . SRS
|| X N RN N
Q| =
71
= o
< ~ | B
cm N ||
g o3 | &0
S &N
| > o\ | o
Q o
g e = = |9
RN . | = | <
ANNELE dEEIRIE
< 5.9.n70(\(\
= Nl (o
o < S| S
oo | < ) — | <
m Ll g 3 S |t
— X @ AN
Nl o
0 |
o~
= | =2 —~
ool 5 S|
577.0 O%
— |l lin]l P
— | = |© %O
TN ERECH BN A
c N il Vo T R I
of S (BT WL — |
x| = 3p)
& | T [ © |
(S A S o< B — N K SN
= = g el
S S
g 0}
o %um
o) | R
g2 = |d|S| e Qg
W N[ o S(.K\
Q £
8 2
ol o
0 —| " Q S
S| T|= 18] 8 X | X
ap) 2 oo
5 EIS| TS
= |glE=| 2|2
CIEE-REE
~1 2 8 |1Aals & |
— M/m w [= — |
= g
T S
Hmmw.mD o=
ElZ|ElE|E| 2 ” —
S|l E|ls|»| ] © o >
S| 2| =|=| 2| D g S
=gl E|2Z|A . S
< 3
<|R|8| o g
n.le =TS
=| o =
=S| 7 [S)
n| 8 D <&
T

Table 5. Solid Deposition according to the Rainfall Duration and Amounts
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Table 6. Solid Deposition according to the Days
of Antecedent No Rainfall

Date 2005. 4. 6
Rainfall(mm) 45
Duration(hr) 4

1 1067.24

2 124856

tDaS;IS <th 3 Soild 1314.14

antecedent N0/ 1 Deposition 1336.57
rainfall

(day) 5 (kg) 1345.45

6 1349.37

7 1350.61

4. E|X2F MXIAlO| JjEl W A=

A U 18 E FHHTS)H #d e HFEREE
FEHEAA), #FADNL), FHAABD), TABAKS),
AP 2 AETVIIHTD) Fol JoH, ol HyEd
o] #AE HH v ¥FEe] A kA Holrt
7V E B g EHE ST Ha, AHe] F
7V s B A go] SUletH AAE 93 E A RS
AasHA Hr oleh ol g9 WFEY uHE H¢-
B2 gFo] Wshrt WesiA YA, olE BlFEo]
A2 AAIH BIHog FAAE A HpE FHAT)
o] WztE o Falr|7t gA7F Frk ARt o]& Q1A
o] WA Wl g = HA ol AfA R s A
= Zo® yepta 9om gk -t A -
o] A &EAZ o] HA 7] F JE vX = AL R LE
v Qo) mEA B AFeA e olE RIAES 2F
sto] 92 1%k AW uFES A U HAHS
A Qe 39S et 39140 dEle
Eq. 5)¢} 22 vdd A s diaks 33l 6)% 2
o] A&s}t g & FAFI| AT S AT

TS=p3,L"A%s"p p 1 (5)

logTS =logB, + 3;logl + BylogA + B;logS 6)

+ 5,1ogD + BlogP + 5;logT

7y A9l HAEA F, &Y B F4o], 99
2, it AL, Hi A7 o]8ste] MOUSE 239

=

=2 Egs. 8)~(14)Z /st

TS =0.6580L ().138A ().9938 70'[)44D - 1.93413 ().()(]9T 0.855 (7)

TS =0.0938L ().356A ().4958 *().[)211) ().[)()9T 0.855 (8)
TS =0.6407L ().164A ().987D - 1.917P ().()(]9T 0.855 (9)
TS =2.1412A 1.1(]75 *().()68D *2.()82}) ().()(]9T 0.855 (10)
TS =0.0933L ().367A ().4941) ().[)()9T 0.855 (11)
TS =1.9305A ().7175 *().()SYP ().[)()9T 0.855 (12)
TS=2.9713A 1.134D *2.1[)2P ().()(]9T 0.855 (13)
TS =2.9280A ().74713 ().[)()9T 0.855 (14)

714, TST 799 5 A Hkg/storm), L& & #AZ
ol(m), Ax WA (km’), S& A% AHm/m), D=
HAAAA(m), PE ZA9H(mm) 18] T A%V

(min)©]t}.

48 AFS) 98 TARERe) 2
W W B ASANE ol te]
of A& ARstsl A

MOUSE 28< o]gdke] 248 =% vl AE
A

T
4

3l 3!

rob
N
i)
N
N
H
&
@
]
A
i
o
)
=
i3
it

= jul

& A9k MOUSE &gl 27k g7} w523t

S BolFa gtk o= JidE 5ol el At
[e]

AnEs Atz gt

0,

oo Y X
S

422 AEE g o ALE AF H
MOUSE =39 93 Z3 v|lu
A NEA] AREEA e AR A4S A=
MOUSE ®&°] Zztel 7itke 2g 2o ogh 4
Hlas] ®Bo)2 gl & 7297 10 mmet 30 mm
of tial A&7z IAZHE 1282744 S7HA1 719
MOUSE R¥o25e 4de =25z /e Ag2
of og AE vlastglon, 1 A3= Table 87 72
Tl A EAIZro] AN 24087 A= ke Abg A o)
MOUSE =& gt 2k ZAuprl & xo]& Holil
AA a3l ek AT 44 7ko] A UpARE R A
o7 RHE A S o3 A3 MOUSE 23ol ¢
Adrr=s A JERal lom) 2| A

Rro] TV E 1 Aol A F7HehAL Atk o)k

ot

IS

BEKEREERHNE



Table 7. Comparison of Solid Deposition between Model and Developed Egs.

Rainfall | Duration Soild Deposition
(mm) (min) | MOUSE | Eq.(7) Eq.(®) Eq.(9) | Eq.(10) | Eq.(11) | Eq.(12) | Eq.(12) | Eq.(14)
45 240 355.30 355.35 351.56 355.65 354.50 351.72 350.32 354.70 350.84
9.5 180 276.89 279.76 276.78 279.99 279.09 267.90 275.80 279.25 276.21
75 60 108.20 109.11 107.95 109.20 108.85 107.99 107.56 108.91 107.72
475 90 157.04 153.68 152.05 153.81 152.31 152.11 151.51 153.40 151.73
180 283.40 277.89 275.03 278.23 277.33 275.16 274.06 277.49 274.47
95 90 157.20 154.66 153.01 154.79 154.29 153.08 152.47 154.37 152.69
180 283.50 279.76 276.78 279.99 279.09 276.90 275.80 279.25 276.21
19.0 90 158.46 155.64 153.98 155.77 155.26 154.05 153.43 155.35 153.66
180 284.87 281.53 278.53 281.77 280.86 278.66 277.54 281.02 277.96
Table 8. Comparison of Solid Deposition between Model and Developed Egs.
Rainfall | Duration Solid Deposition
(mm) (min) | MOUSE | Eq.(7) | Eq.(8) | Eq.(9) | Eq.(10) | Eq.(11) | Eq.(12) | Eq.(12) | Eq.(14)
60 108.30 109.39 108.23 109.49 109.13 108.28 107.85 109.20 108.01
120 202.71 197.88 195.77 198.05 197.41 195.86 195.08 197.52 195.37
240 353.99 357.95 354.13 358.25 357.09 354.29 352.88 357.29 353.41
10 360 475.53 506.28 500.89 506.71 505.07 501.12 499.11 506.36 499.86
480 586.33 647.48 640.59 648.03 645.93 640.88 638.32 646.30 639.27
600 687.01 783.60 775.26 784.26 781.72 775.61 772.51 782.18 773.66
720 785.95 915.81 906.05 916.58 913.61 906.46 902.84 914.14 904.19
30 109.97 110.50 109.32 110.59 110.23 109.37 108.93 110.29 109.09
120 204.68 199.88 197.75 200.04 199.40 197.84 197.04 199.51 197.34
240 357.48 361.55 357.70 361.85 360.68 357.86 356.43 360.89 356.96
30 360 479.04 511.38 505.93 511.81 510.16 506.16 504.14 510.45 504.89
480 581.09 654.00 647.04 654.55 652.44 647.33 644.74 652.81 645.71
600 670.55 791.50 783.06 792.16 789.60 783.42 780.29 790.05 781.45
720 752.81 925.03 915.18 925.80 922.81 915.59 911.93 923.34 913.30
WA el AL B97E Table 39) 71E 2 7h TS = 0.1736L, V#2081 ~104p 0000 (17
B2 A71g0] BE 4X3E oljol7] wie] 1 o]
}8—94 1127] Z_}—oﬂ EH?S‘H }\1 —‘E_ 9_?]—7}— L]—E]-L%——‘E— Zﬂgi _T"J:}_- TS — 22843A 1,0725 70,132D 72A053P *OAOIOT 0.781 (18)
%%q TS — 00313L 0.523A 0.37913 *O,OIOT 0.781 (19)
4.3 F7| X£7|12t2 e Al g
TS — 20626A 0,6885 70,15113 70,010T 0.781 (20)
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o= Hgst &= Qe 2Fdae] sdte] sk o] TS = 0.0004L, 0939p —0-010 0781 (22)
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Table 9. Comparison of Solid Deposition between Model and Developed Egs.

Rainfall | Duration Solid Deposition
(mm) (min) | MOUSE | Eq.(15) | Eq.(16) | Eq.(17) | Eq.(18) | Eq.(19) | Eq.(20) | Eq.(21) | Eq.(22)
60 108.30 114.87 113.60 114.25 114.19 113.76 112.80 114.23 112.99
120 202.71 197.37 195.20 196.32 196.21 195.47 193.83 196.29 194.14
240 353.99 339.15 335.42 337.33 337.15 335.87 333.05 337.28 333.60
10 360 47553 465.49 460.37 463.00 462.76 461.00 457.13 462.93 457.87
480 586.33 582.76 576.35 579.64 579.33 57713 572.28 579.55 573.22
600 687.01 693.70 686.07 689.99 689.62 687.00 681.23 689.88 682.35
720 785.95 799.85 791.06 795.58 795.15 792.13 785.48 795.45 786.76
30 109.97 113.65 112.40 113.04 112.98 112.55 111.60 113.02 111.79
120 204.68 195.28 193.13 194.23 194.13 193.39 191.77 194.20 192.08
240 357.48 335.54 331.86 333.75 333.57 332.31 329.51 333.70 330.05
30 360 479.04 460.55 455.48 458.08 457.84 456.10 452.27 458.01 453.01
480 581.09 576.57 570.23 573.48 573.18 571.00 566.20 573.39 567.13
600 670.55 686.33 678.78 682.66 682.30 679.71 674.00 682.56 675.10
720 752.81 791.36 782.66 787.13 786.71 783.72 777.14 787.00 778.41
Table 10. Comparison of Solid Deposition between Model and Developed Egs.
Rainfall | Duration Soild Deposition
(mm) (min) | MOUSE | Eq.(15) | Eq.(16) | Eq.(17) | Eq.(18) | Eq.(19) | Eq.(20) | Eq.(21) | Eq.(22)
4.5 240 355.30 341.79 338.03 339.96 339.78 338.49 335.65 339.91 336.20
9.5 180 276.89 271.04 268.06 269.59 269.45 268.42 266.17 269.55 266.60
75 60 108.20 115.19 113.92 11457 11451 114.08 113.12 114.55 113.30
AT5 90 157.04 158.80 157.06 157.95 157.87 157.27 155.95 157.93 156.20
180 283.10 272.87 269.87 271.41 271.27 270.24 267.97 271.37 268.40
95 90 157.20 157.74 156.00 156.89 156.81 156.21 154.90 156.87 155.16
180 283.50 271.04 268.06 269.59 269.45 268.42 266.17 269.55 266.60
19.0 90 158.46 156.68 154.95 155.84 155.76 155.16 153.86 155.82 154.11
180 284.87 269.22 266.26 267.78 267.64 266.62 264.38 267.74 264.81
AHdE A 3Fo] MOUSE X3of ofgt ZAyjrrc) okt A8k g2 9ol disl MOUSERES o]&35ho]
ZHA AR E L JAIRE 4X3Te] HE A AP A 1Y = BHES st i Fde ARde dis)
MOUSE 230l ot Axr}t vszabAl YeRta gl MEE BAE A2 og 138 E A S 1Y)
o|Holl= AP Ffdlo] ARE3EA] %= Table 3% o A Z vlaws)] Hol sy A Ae] H8AdS dotr
e 7EST R OPHTE AEske] BARS A 712 gt WA A2 HEH TSRS Ul 2fY
stal, MOUSE =3el ¢fal 285 el nlue] 1] of gk FHHA, F B Hol, H #AA FAH L &
2 3w, 71 A7} Table 100 vept ok 7157 7 74A7F Table 113} 231, A#99] Fig. 29 &9+
9D TP B A&7l 4AITE ool BE, A2 T 2ok
et Aol o ARE Aol fiitol MOUSE ®3& #-&3ato] Agst 13E =4
MOUSE =& gt Azfrr} ofzt A A== Ml A ag Ao ogk ¥ E EF A ol
QELEPHINQ‘WQH A &713E 4AZkE 2} Table 120 YEfH Qlth Table 12914 & 4= Q1= vl
Aol = Egs. (1) ~(14)E Ag3ta, x|&7]|7ko] 44 o} o] A&EAIZre] 4ARtRT} 22 Agolle 2719
& z3shd Eqs_ (15)~(22)5 43l Zlo] net Egs. (7)~14)F A-&skalat, #|HA17ko] 4AghRT 21
3=s 749l Egs. (15)~(22)8 &3kt A2 ot
4.4 2 2S940 M U ZHE S=F AAAAs MOUSE 230 &fs wAwh 4%
ooTE e e = s Z ®5y 447 o]akel 73% 2] (8), (11), (12), (15)
ool = A FRANA LEE HAZE Y a3, 4417 o]l AS-= (16), (19), (20), (22)7}F
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Table 11. Basin

and Pipe Characteristics for Verification

Basin Number of Basin ;clrea Total pipe Mean value
Pipes (km”) length (m) Diameter(m) Slope
1 4 0.5173 153 0.785 0.00124
2 62 5.6565 1644 0.540 0.00853
3 73 7.71532 2440 0.516 0.01798
4 38 4.1455 1102 0.618 0.02186
5 105 15.2564 3587 0.548 0.02770
18 17 2.5259 745 0.716 0.02182
Table 12. Comparison of Solid Deposition between Model and Developed Egs.
Rainfall | Duration Solid Deposition
(mm) (min) | MOUSE | Eq.7) Eq.®8) | Eq.(9) | Eq.(10) | Eq.(11) | Eq.(12) | Eq.(13) | Eq.(14)
60 81.60 87.75 68.55 87.81 89.04 68.42 69.13 89.56 68.19
10 120 154.04 158.72 124.01 158.84 161.07 123.77 125.44 162.01 123.35
240 267.68 287.11 224.31 287.32 291.35 223.88 226.18 293.06 223.13
60 82.12 88.63 69.24 88.69 89.94 69.11 69.82 90.47 68.88
30 120 154.59 160.32 125.25 160.44 162.69 125.01 126.30 163.64 124.59
240 270.39 290.01 226.57 290.21 294.29 226.14 228.46 296.01 225.37
Rainfall | Duration | MOUSE | Eq.(15) | Eq.(16) | Eq.(17) | Eq.(18) | Eq.(19) | Eq.(20) | Eq.(21) | Eq.(22)
360 359.11 363.08 292.37 360.59 374.91 290.79 297.30 378.33 283.45
10 480 439.78 454.54 366.02 451.43 469.36 364.04 372.19 473.63 354.86
600 511.98 541.08 435.71 537.37 558.71 433.35 443.04 563.80 422.41
720 580.90 623.87 502.87 619.61 644.21 499.66 510.84 650.08 487.05
360 362.43 359.22 289.27 256.76 370.93 287.70 294.14 374.31 280.44
20 480 439.76 449.71 362.14 446.64 464.37 360.18 368.23 468.60 351.09
600 503.39 535.33 431.08 531.67 952.78 428.75 438.34 557.81 417.93
720 558.67 617.25 497.05 613.03 637.37 494.35 505.42 643.17 481.88

Fig. 2. Sub-basins of Gunja Drainage
Basin for Verification
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