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Abstract

In this paper, the feedback loop mechanisms among the operational indices and exogenous variables of
a sewerage system that are inherent in the operation and maintenance of a sewerage system were
identified using the System Dynamics (SD) modeling methodology. The identified feedback loops were
used to develop a SD computer simulation model that can be used to predict future operational conditions
of a sewerage system and identified the efficient ways of operation. The data of Busan metropolitan city
sewerage system was applied to verify the developed SD model and predict future operational conditions
of the system. As a result, it was predicted that sewage treatment efficiency, volume of sewage treatment
and cost recovery rate will be gradually increased, whereas service rate which was already very close to
the target will remain almost the same as the current value. Furthermore, sensitivity analysis concerning
some operational indices was performed in order to discover the policy leverage. As a result, it was found
that the exogenous variables related to the pipe maintenance had a great effect on facility using rate,
volume of sewage treatment as well as sewage treatment efficiency.
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Fig. 1. Causal Diagram of the System Dynamics Model for Entire Sewerage Systems
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Table 1. Stock and Exogenous Variables of the Sewage Treatment Flow Model

Variable Type Variable Name

Initial Value or Function for Time Unit

Stock Variable Facility Capacity

469,025,000 m?

Sewage Flow per Serviced Person

if time <=2009 then 143.29 x time *'7 else 110 | m?

Rain and Underground Water

; _ 3
per Total Pipe Length 11,774 % In(time) - 15,146 m
Exogenous .

Variable Outflow BOD 8.5709xexp (-0.062 x time) mg/L
Yearly Infiltration and Inflow - 0145 3
per Deteriorated Pipe Length 109,247  time m’/km

Total Population Fig. 2. Person

Table 2. Stock and Exogenous Variables of the Pipe Network Maintenance Model

Variable Type Variable Name Initial Value or Function for Time Unit
Non Deteriorated Pipe Length 3,625 km
StQCk Deteriorated Pipe Length 1,553 km
Variable
Accumulated Disposed Pipe Length 25.86 km
Unit Cost for Pipe Extension 272,583 % time*"™® 1,000 won/km
Unit Cost for Pipe Rehabilitation 25,208 x time”*™! 1,000 won/km
if time <= 1999 then 0.081 else if
Deterioration Rate of Non time <= 2002 then 0.077 se if time T
Exogenous Deteriorated Pipe <= 2006 then 0.050 else if time<= o
Variable 2009 then 0.031 else 0.025
if time <=2002 then 0.014
else if time <=2004 then 0.013
Disposal Rate of Deteriorated Pipe else if time <=2006 then 0.012 1/yr
else if time <=2009 then 0.011
else 0.010
Finance)9] 37} Bgo= 4813t 7k SD 23 4,300,000 |
o TES gIate] AFUYAG0Z AT PN
o] 1998 E] 2008714 SiEAl2E) $A 3] o e P
3t AR (SEESEA|, 199~2010)S 3 3 SD =9 p 3.600:000 |
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9] 7|7HS 2030 7HA] A ste] SrE 8 A 3kl n
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Table 3. Stock and Exogenous Variables of the Sewerage System Business Finance Model

V’?r;?)léle Variable Name Ftllrrlj;dt?invfac} :eT?r;e Unit
Service Rate 0.690 1/yr
Stock Pipe Distribution Rate 0.630 1/yr
Variable Recognition of Profitability 0.40 -
Average Charge for Sewage 0.190 1,000 won/yr
CPI Trend 3.0179 x time + 75.911 yr
Unit Cost for Facility Expansion 1.7051 x time™™*"! 1,000 won/yr
Coefficient of Pipe Distribution Rate 9% 10°° x In(time) + 0.0001 (1/yr) /.
Improvement
Coefficient of Service Rate Improvement 0.0006 x time % (1/yr)/km
Coefficient of Sewage Treatment Efficiency 7% 10°° % In(time) + 4x10°° (1/yr) [km
Improvement
0.288%exp((0.71721 xIn(CPI
x In(Facility Using Rate/71.8)))
Exogenous if time <=2004 then 55 else if
Variable TAGI time <= 2006 then 0.4 else 4.5 v
TAG2 5 yr
TAG3 5 yr
TAG4 25 yr
TAGS 6 yr
Target Sewage Treatment Efficiency 1 1/yr
Target Service Rate 1 1/yr
Target Pipe Distribution Rate 1 1/yr
Planning Facility Capacity 800,518,000 m?
Delay Time 1 yr
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Table 4. Policy Leverage for Main Operational Indices of the Sewerage Systems

Main Exogenous Variable Changed Rate Max. Occurrence
Operational Index e (%) Time (yr)
TAG3 5.0 yr — 1.67yr) 0.87% (98.1% — 98.9%) 2016
Sewage Treatment - - : - p
Efficiency Deterioration Rate of Non Deteriorate o o s o
Pipe (0.025 — 0.008) 0.52% (98.6% 99.1%) 2021
Pipe Distribution TAG2 5.0yr — 1.67yr) 5.24% (92.5% — 97.3%) 2015
Rate TAG5 (6.0 yr — 2.0 yr) 0.38% (96.3% — 96.7%) 2019
TAG5 (6.0 yr — 2.0 yr) 10.92% (86.2% — 95.7%) 2015
Cost Recovery Rate
TAG3 6.0yr — 1.67 yr) 0.68% (84.5% — 85.1%) 2014

Table 5. Changes of Costs for Main Operational Indices of the Sewerage Systems

Main Operational Index Related Cost Time Changes of Costs
(Exogenous Variable) (Changed Time) (yr) (1,000 won/yr)
Sewage Treatment Investment Cost for Pipe Rehabilitation 2010 7,998,010 — 23,395,790
Efficiency (TAG3) B.0yr — 1.67yr) 2016 7567,5630 — 12,409,620
Pipe Distribution Rate Investment Cost for Pipe Extension 2010 53,599,140 — 155,751,060
(TAG2) 50yr = 1.67yr) 2015 | 40,194,620 — 40,229,290
Cost Recovery Rate Average Charge for Sewage 2010 0.416 (Initial Value)
(TAG5) (6.0yr — 2.0yr) 2015 0496 — 0552
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