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Development of a Pump Operation Rule in a Drainage Pump Station
using a Real Time Control Model for Urban Drainage System
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Abstract

An urban drainage system consists of two major systems : flood drainage facilities and operating
practices. The facilities are composed of sewer networks, gates, and pumping stations and the operating
practice consists of pump or gate operation. Then, a real time simulation system which is able to
simulate urban runoff and the pump operation and to consider the backwater effect is required to
operate efficiently the pump. With this system, the efficient pump operating rule can be developed to
diminish the possible flood damage on urban areas. In this study, a real time simulation system was
developed using the SWMM 5.0 DLL and Visual Basic 6.0 equipped with EXCEL. Also, for developing
efficient pump operating Rules, two new Rules were suggested. The first Rule is designed to operate
pumps considering the condition of sewer networks such as depths of each junction. The second is to
discharge all the amount of inflow at each time step. Results obtained by those Rules were compared
with one by the current pump operating Rule which is able to consider only the depth of the retard
basin. The developed model was applied to Joonggok retard basin and verified their applicability.

keywords  real time control, pump operation Rule, urban drainage system, backwater effect

2 =

oubael TA| YulgAlAE e AHNET Souio s FRAT AMES B4, $F, iFEEY So8 A
n Sguie BE W SE9gow AL o UniFA N f99 §F R HE 98 AR
wolgm MRS 12 & g €9 RIS WuE gyAor £98ly] st Basty, o AT &
g 23S 2ol TAGHe A He AT A% ALAQ BE £ 71He Aol Jhssitt & del
A= SWMM 50 DLL# Excel& ¥3H3 Visual Basic 60 SAate] A7 294 Z8-g HL3SiTh T3 8%
o) W £AL 9F = g WE oo /AL Aotttk AAE 2 WEe] FHUS Tk A AFE 1D
Hxo] odoln Sxls Ao R $EE ZF Az §9F AFE uAse 7otk AkE F e 7

+ welUshE ERe A% AARA T BALEA
Doctoral Student, Dept. of Civil, Environmental and Architectural Eng., Korea Univ., Seoul, Korea
(e-mail: jungho_lee@korea.ac.kr)
wk AEAANLATY QAEEAF A7
Researcher, Dept. of Digital City, Seoul Development Institute
er TAAR - PO EEFY} W
Professor, Dept. of Civil Engineering, Hanbat National University, Deajeon, Korea
wors DR BohO)E DE A1 BT T5
Professor, Dept. of Civil, Environmental and Architectural Eng., Korea Univ., Seoul, Korea

H|A0R 115K 2007F 11R 877



Be BAel BEF £ 71N F5A S99l BE
HjFETe A 85Tk

EA) WHj<eA] A8 (Urban drainage system)2 Yxb

Moz wA, WEE, 454, WEEEY Som A

=, wigeE 2 wleEEge JeE PR A%
AT EFER webx FgET 53], freHlet @
A $RE e MFEEEL diHor f5A9 Feut
oz AxZ gghed, ol 2IELe AT 7
9] Agtel] geFow It LFHA ReH A
7Fsrgel dit w2 EREE WEse wHs 7
ATk

A2 o)y wiegEEd $999 TARE st
37 S A7 ol olFejA I ot AR &
AL HAsH=H AF5 o $971H o 9
TE BEE ARtk 9 7Y Wi I7E 98

=2
Ne 4862 e oz 5574 2wy

=
B i B Y

LS WY - = gas
Se= A9l B YA §E £40] o] olHop
gt mEbA B Al e BARERYS ol8s

Soick w4, 1EE B olgste] f5H R W
g YA A FA-FE WA AN B
59 0 A WFAFE A 94T + g B

M & Mg pZ ofl
o,

& e At SWMM(Storm  Water
Management Model) 502 o]-&3F3len SWMM 50
9] DLL(Dynamic Link Library)& @718t A7k
2 Wgshs 290l st f& #24e] 7tsdteE
Ak =g, F9A YT wieES
(Backwater effect)S L&83le] Fo|7 75 ZAd)ol
HZ 2HE Y] 7FestEE FAEJA 19, N
H BEg olgste] el g oA A 9
of g 2, ulrAlAE S 323 9 4
Al KU #2945 A A 2o &

=

Ol

=

NXO Xﬂ _{)‘
L)

%

2

o
=

878

T e BT A Hudgen AdE X¥e T

4

Algrezs sl 7P a9 HE 29 719
< AlgkstaAch

52 9 wjeEzds £35 Uuleade 29
o g ATE AHHeR oFoAAP o9 F

(1992)& BFAF PAE AT viFEZ 7HE £99
==
=]

T8 FH e} o]FH(19%5)E SWMM EH & o83t
o] petri net diagram¥ EEAEE o} &3te) Y &
xRS Jpgsigey AR FQ0)S
ArcViewst Hec-HMS B8E& A3t S5FETE
ZHe AEE B3 ZARFY wFEzge] $3E&
MAst e webs AAEh Yagi and Shiba(1999)%
Fuzzy 5237 GA(Genetic Algorithm) 23§ 233t
o] 792k fpAle] FHARE 1Y A wjsd
ol HE EEHL FdAe d7E FHHUH
Yuri et al.(2002)& 71&9 gl F2 H&Hd
Azl ek ARE WulpAl o] Agate] Pz
A W g nHF AHEE A,
Martine et al.2007)& £ Wul$Al~He] #e] 2
oS A AEFth Dubrovin et al.(2002)& Fuzzy =&
& o] g3le] A9 ANz Lol et ATE I
stgdem Zacharof et al.(2003)2 CSOs(Combined
Sewer Overflows) ®i&3 ##H3 iAol HARE
£95 39 SYNOPSIS Ve
Duchesne et al.(2001)& WHlFAI 28] AAZE &9
A EEF o= Aols AT RIS AU
Schittze et al.(2004)& @AJ2] WulA| 28 F5A
2 9@ FFES7R aE AAzE £ B I
233519 0n Schroeder and Pawlovsky(2005)
o] sy Al2Eg Z|we g WuleA e A
sl Aoz Alge] diste] AT
ATE F A= V) 59 FHARE
ARE ahgo 2 A zge] &9 71
AR dehfa o, HjAls
At Ze-HE9 AAN 2

| 4BHA AFHL Ak

=] O
23E

r
ol

N> =
o
o
o

r

N:‘Ojg‘[ilo
-0,
oME oo

>

P

O
i
2

15t

fo o ot oY g al

wd % o o
of fob

o

)

ro

Mo

o,

o

Ho
2!
ot

o
i
ko
o

[

BEKERSERXE



)
™
>
rie
2

oA Ak Wuga) 28 /\1;\]{} s

2. Ljtlis-A|AR MAIZE 2ADY

B o AAgte R Bii}é}% 7ol ke
o

A % RO R U A0

gatglen, SWMM 509 DLLE 03_7%10}04 gz
2] FE Aot AAzte R Thed $4REE Y
3t

2.1 SWMM 50

19714 Metcalf and EddyAtel A 7HEdsd SWMM 5
¥-& kinematic wave equation™ Dynamic equation %
9 gt eElely ZES Edela 49 7-& sy
2 SFAANY BEo) I} FFFH Fol s

L2, "i‘?z?’ﬂ «15& 4+, Bﬂﬁ“’, ‘Qf%‘%

7]H]'°i 3k SWMM 50*} A o3 dlelzta &
< 90+ DLL ¥ GUKGraphical User Interface) 3d-&
A AT e 220 AT AA) 7t
S8ty 58], SWMM &2 St. Venant Equations

B9 g2 SFEAE Sl WS 2 4
JouE §47 F9lo] WE FUPe] wHE Bl
+ e
WE(node)# AR(ink)E 738 WA 299 55

Hol i 712 RS Bt .

X

2 4 4
—? R e a2 — 0 @

ax

0A  8Q _

- + = 0 (2
8Q 8(@*/4) aH _ :
T T T oAt gAS =0 Q)
B Ao mgad ey uisFg ol

Zl(visual basic)E AH&stEE, ¢S Zﬂ%ﬁ}c’%
SWMM 5.0 DLL—C* 53} ‘B 19 ARl f=
= gz A

22 MAZ} 2HRHe| M

B Aty A7 SYREL vHY
Ag Zate] NA(excel)Z SWMM 50 DLLE dAS
9510111 2} FRRAE 79 BAE Fig 1% 2t
B oM AzhdE ZAeAEst dgEHe feA]
A 4 F5H FHE R weadE st
T 2o AR WEG
FoXE el 17¥<t:n>94 FUE 7IE

F 2 {4 97 2R 5— q37] 'fvj:c’ﬂ k=
A8 o|gdte] RBugle Ryt o|Folth YA
Hi=n)ol o] 54 FdHe Alt=n) FAY &
Aok A (=0~n)7HA] W™ 7]1E9) 7ol weh
71 gko] WA HH W97t 228 A4 t=n+lolA
o FYdHFE t=nolAY FFA T we} HatA °
. &, dAzKt=nAIAY AL A3e HAZDW
(t=n-D)ollM Zejg AxE B3] fE=EY IR
t=n+1D2} 2o A% 12ARE ATk

- Data of rainfall and storage depth in each time
- Creation of SWMMS input file
- Obtainment of a resuit in each time

-~ Rainfall data
- Storage depth

< Outflow
- Flow velotity in pipe
- Water depth in pipe

- Water depth in node

- Qutflow analysis in a basin
< Hydraulic analysis in a pipe

- Volume of inflow
- Storage depth
Pumping volume

- Hydrograph in outle

- Data of basins and pipes
- Conservation of results

Fig. 1. Structure of a developed model
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Table 1. Factors of input, output, computation in a developed model (t=n)

‘  Input Output of SWM

Rainfall (Rn) (t=0~n)
Storage depth (Dn)

Hydrograph
Output of each link
Output of each node

Cumulative inflow (t=1~n+1)
Storage (t=n+1)
Pumpage (t=n+1)

Amount of freefall (t=n+1)
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Fig. 2. Hydrograph at t=n
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High Water Level

nth Pump Operating Level

3rd Pump Operating Level

2nd Pump Operating Level

Initial Pump Operating Level

Low Water Level

Fig. 3. Pump operation Rule controlled according
to storage depth
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High Water Level

nth Pump Operating Level

-------------------------------------- 3rd Pump Operating Level
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(&) Normal pump operation

2nd Pump Operating Level

Initial Pump Operating Level
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Ground Level

Stage of Surcharge
/(Water!ﬁvel = Ground Crown)
» 7 7 R S

L2l IS

Beginning of Surcharge
{Waterievel > Ground Crown
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Fig. 4. Surcharge in drainage system
(Schmitt et al., 2004)
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Fig. 5. Pump operation Rule considering conditions of drainage system
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13m High Water Level

Joonggok Joonggok

drainage 1 drainage 2 Gunja drainage
NI I B . SN .}, Initiai Pump
11.8m lﬁyunmok A . RV SRR O vy 4 - Operating Rule

drainage ,§

Il l g £ <
£|
N

v
1om 12m Zm “om T Low Water Level

Fig. 8. Structure of inflow pipes in Joonggok drainage pump station
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Table 2. Probability rainfalls estimated in durations of each frequency

60 min. 63.17 mm 75.28 mm

86.87 mm
120 min. 95.04 mm 114.42 mm 133.16 mm
180 min. 108.00 mm 127.14 mm 14553 mm

Table 3. Overview about facilities of Joonggok pump staion

HW.L = 13.00m
Control depth LWL = 1000m
Reservoir
Area 2,037m’
Storage 7175w
Total capacity 2,330m’/min(total)
Pump
Capacity of D1200x202m/minx400HP x5
each pump D1650x440m/minx850HP %3
Infl , 1.2mx1.2mx1, 2.0mx2.0mx2
Pipe ntow bibe 1.3m*3.0mx2, 3.0mx2.5mx1
4Outﬂow pipe 1.3mx3.0mx2

Fig. 10. Sewer system
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Fig. 11. Reservoir depth

Table 4. Simulation results about inundation (10years)
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No. of Operated Pump

°

Time (min)

Fig. 12. Pump operation report

60 min. Huff 4 5 5 5 7.16 5.02 4.74 24 20 20
. Huff 3 1 0 0 10.38 0 0 5 0 0
120 min.
Huff 4 5 3 3 154.89 4738 43.84 50 32 31
180 min. Huff 4 5 5 5 218.21 71.36 68.22 50 43 42
884 BEKEREZHNE



Table 5. Simulation results about insufficient carrying capacity of pipe

| distribution
Huff 1
60 min. Huff 2 9 9 9 216 207 201
Huff 3 17 13 13 243 229 229
Huff 4 28 20 20 287 254 254
Huff 1 7 7 7 273 260 250
190 min. Huff 2 15 9 9 419 376 371
Huff 3 22 13 13 620 475 471
Huff 4 49 34 34 900 660 656
Huff 1 13 9 9 392 361 356
180 min. Huff 2 19 10 10 602 521 510
Huff 3 27 15 15 826 640 633
Huff 4 51 T 37 37 1302 979 974

Table 6. Number of pump operating

Huff 1 12 15 22 20 29 3R 44 35 37
Huff 2 23 13 21 36 22 29 53 37 40
Huff 3 16 11 16 28 19 23 31 30 32
Huff 4 15 13 15 22 20 20 27 27 24
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