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Abstract

The objective of this study is to evaluate the effect of the water quality improvement by water
discharge through dams and to provide a benefit estimation methodology, taking domestic situation into
consideration, by the replacement cost approach analyzed with a sewage treatment plant instead of an
alternative dam. To this end, facility that alternates a dam must have same functions of the discharged
water from the dam and the two facilities must be able to be compared objectively. To estimate the
benefit, estimation methodology of alternative facility’s cost is established and criteria of cost - benefit
analysis that are duration period and ratio of large scale repairing expense was presented. As a case
study, the water quality improvement benefit of Song-Li-Won dam was evaluated, which is planned to
be built on Nae-Sung stream in Nak-Dong River system. The results of applying this methodology to
Song-Li-Won dam are 644,006 million won of the annual average discharge and 1,351,526 million won
of maximum discharge. The usage of the framework in this study is expected for estimation of water

quality improvement benefit in case water quality improvement project is performed.

keywords : Replacement cost approach, Water quality improvement, Alternative facility, Benefits
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(D Estimate the Capacity of Replacement Facility

lAnaIyzing the effect of water quality improvement (BOD) l

Estimate the required throughput of BOD
= Relationship between Capability of Disposal and Capacity

Estimate the Sewage Water Treatment Plants' Capacities (a)
= Representative capacity of SWTP (b)
= Number of SWTP { (a)/(b) }

h 4
(2 Estimate the Total Cost of Replacement Facility

Relationship between Capacity and Total Construction Cost
= Total construction cost of SWTP

Ratio of amounts invested for SWTP and Pipe-Line
= Cost of pipe line

Relationship between Capacity and Annual Maintenance &
Management Cost
= Annual average maintenance cost

4

I 3 Economic Analysis |

Fig. 2. Procedure for Applying Replacement
Cost Approach
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Table 1. Discharge Scenario for Simulation

. DASEIaE e Duration |Discharge
Scenario Volume \
o +| (month) | (m/s)
(million m)
Amnual e o1] 15097 | 1-12 | 479
Average
Period Except| Except
for Wet  |[Case-2| 150.97 for 7.22
Season 7~10
Water
Quality | o3l 113.02 46 10.72
Declining
Period
Maximum e 4| 3510 4 1354
Discharge
BEKBEREEHNE
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Table 2. Results of Average Water Quality
Improvement Effect by the Scenario
from Song-Li-Won Multipurpose Dam

Item of
__ Analysis| BOD T-N T=P
(mg/L) (mg/L) (mg/L)
Scenario
Before Dam 2.257 4.886 0.280
Case-1 2.109(Vv0.148) | 4.658(V0.228) | 0.261(Vv0.019)
Case—2 2.046(V0.211) | 4.557(v0.329) | 0.252(V0.028)
Case-3 1.971(V0.286) | 4.425(V0.461) | 0.241(v0.039)
Case—4 1.916(Vv0.341) | 4.328(V0.558) | 0.233(Vv0.048)
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Fig. 4. Change of BOD by Supplying the Water
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Table 3. Regression Analysis between Capability
of Disposal and Capacity
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Coofficients Estimates | T—Value Table 4. Representative Capacity and Number of
SWTP
InA 7.8333 T8.11 1%
InR 0.7783 26118+ Facility |Needed capacity | Representative | Number
F-Statistics 682.152%#x of a SWTP |facility capacity of
Adj. R? 0.952 Scenario (m/day) (m/day) Facility
Num. of obs. 35 Case-1 130,779 4.36
wxssignificant at 0,01 significance, Case2 176,970 20,000 5.90
Note P ’
. w*significant at 0.05 significance, Case-3 232,643 .75
xsignificant at 0.10 significance Case-4 274,459 9.15
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Table 5. Regression Analysis between Capacity
and Total Construction Cost

Coefficients Estimates T-Value
InA 4.9298 16.0165%::
InR 0.5945 18.884sksk:x
F-Statistics 3551093k
Adj. R? 0.910
Num. of obs. 35
Note | ##*significant at 0.01 significance, **significant at
© 10.05 significance, *significant at 0.10 significance
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Table 6. Ratio of Amounts Invested for SWTP

and Pipe-Line
(Unit: million )
. . . Period
River Pipe line| B/A
Basin SR ) (B) (%) B
Investment
Total 4911,423 3,425,113 | 69.74
Han River| 1,737,613 |1,276,820|73.48 | '98~'05
Nak-Dong| ) g50040 | 1985407 65.65| '99~05
River
Guem 922,660 | 532,442 |57.71| '01~'05
River
Young-Sa , ,
. 293,208 330,444 (112.70{ '01~'05
n River
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Table 7. Regression Analysis between Capacity
and Annual Maintenance & Manage—

ment Cost
Coefficients Estimates T-Value
InA 0.3181 0.924
InR 0.6545 18.607::#:
F-Statistics 346.235% 3
Adj. R? 0.913
Num. of obs. 35
Note | *ssignificant at 0.01 significance, **significant at
© 10.05 significance, *significant at 0.10 significance
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Table 8. Calculation of SWTPs’ Total Cost
(Unit: million )

Cost T Annual
ozl average
SWTP |Pipe line|Construction| . g
t maintenance
Scenari €os cost
Case-1 | 276,767 | 181,700 | 458,467 5,104.0
Case—2 | 374,524 | 245,879 | 620,403 6,906.7
Case-3 | 491,960 | 322,976 | 814,936 9,072.4
Case—4 | 580,830 | 381,320 | 962,150 10,711.3
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Table 9. Ratio of Construction Cost by Division,
Large-scale Repairing Expense and
Duration Period

Ratio  of | Duration | Ratio of Large
Division |Construction| Period |scale Repairing
(%) (vear) | Expense (%)
Machinery 26 14 26
Electric 1
Apparatus
15 15
Instrument 10
Equipment
Civil Eng.
Works 38 10 0.05
Building 17 10 2.3
Landscape 4 B B
Architecture
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Table 10. Total Benefit of Water Quality
Improvement of Song-Li-Won Dam
(Unit: million #¥)

Cost] Total Annual average
. . Total
Construction Maintenance Benefit
Scenario Cost Cost

Case-1 458,467 5,104 644,006
Case-2 620,403 6,907 871,476
Case-3 814,936 9,072 1,144,736
Case—4 962,150 10,711 1,351,526
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Table 11. Total Cost of Song-Li-Won Dam
(Unit: million )

Item Cost
Total Cost 869,597
Construction Cost 253,119
Compensation Cost 540,980
Project Cost for Around the Dam 45,000
gz(r)lzgi;igzn()ost for Ecosystem 1,100
Management Cost 29,398

Table 12. Economic Analysis Resulis
(Unit: million )

Classification
—_— Benefit Cost B/C
Scenario
Case-1 644,006 1.23
Case-2 871,476 1.66
525,186.7
Case-3 1,144,736 2.18
Case—4 1,351,526 257
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