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Abstract : To supply substitution water, 2 m’ of capacity of rainwater harvesting system is designed calculating rainfall, catchment
area and LPCD and has a effects to 34.4% of substitution water supply and 237 days of service day. Rainwater of drinking water
quality was judged to be suitable except for bacteria problem, however, groundwater is exceeded in nitrate nitrogen, the evapora-
tion residue and also bacteria, which means that the rainwater is suitable for use as water supply. In addition, to consider cost-
benefit ratio, economic analysis conducted. The result is that B/C ratio of RWHS (10 years) is 1.70. It means total benefit is
bigger than cost. Except to social factor in this study, there are a variety of benefit such as flood or drought prevention, educational
effects inspiring water conservation awareness.

Key Words : Rainwater Harvesting, Test-bed, Island Area, Economic Analysis
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Table 1. Evaluation factors of rainwater retention/Use of facilities

Efficiency Calculation
factor
o= i?:;\'avgl;ir RUR = Amount of supply rainwater in a given period
&9 0] dFA~0] A A - H H H i
FE9] &0l A4 ratio, RUR Rainwater harvested in a given period
Water Amount of supply rainwater in a given period
e 5 A subsfitution - WSR = Amount of erFr)énd water in a ?ven F(Jeriod
H ratio, WSR g P
Cycle Amount of supply rainwater in a given period
CN= -
number, CN Volume of reservoir
Servgg day, Count of used days per year
t;
s res ,t; = -‘-t (Qin - Qout - qup )dt

Fig. 1. Water cycle flows in rainwater harvesting system.

At Vies ‘

in - Inflow

Supply

out - Outflow

up -

Q
Q
Q
V,

es - Reservoir

Sewer Pipe
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Vies,t = O, Vres, t-1 = O
D : Mean demand per day
C : Catchment efficiency
| : Mean rainfall per day
A : Roof area

> Qin= CXAXI

B!

Vaoe,t = Vres, t-1 + Qin — D

Vies,t = V Vies,t = Vres, t Vies,t = O
Qout, t = Vaoc,t = V Qout,t = 0 Qout.t = 0
Qsup = D Qswp = D Qsup = Vres,t + Qin
| | |
L ]
Vres, t-1 = Vres, t

Vrest: The volume of rainwater stored in reservoir at time t

Vacet: Total volume of rainwater coming into the reservoir at time
t=amount of rainwater before + total amount of rainfall - demand

Qout: Output of rainwater through overflow pipe at time t

C: Runoff coefficient of catchment area
A: Catchment area

Fig. 2. Water supply computing flow chart using rainwater tank volume.
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V: The volume of reservoir

Qn: Input of rainwater in reservoir
Qsup: Supply of rainwater

D: Demand of rainwater

I: Rainfall intensity
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Table 2. Factors of cost-benefit analysis of rainwater harvesting

system'
Kind of )
benefit Cost Benefits
Private * Machinery equipment ¢ Reducing water bills

* Plumbing work
» Electric work

» Reducing water usage charges

benefits .
» Reducing sewer rates

» Dam construction

* Reducing dam area allowance

* Reducing environmental pollu-
tion Maintenance cost-

* Quantity and quality
water monitoring

« Electric charges

» Maintenance cost

Social
benefits
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Fig. 3 Annual rainfall in Ganghwa island (2000~2010),
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Specification
® Catchment Area 300m*
® Catchment gutters PVC (D100mm)
® Filtration Filter (0.3mm mesh)
® Rainwater Tank 2m
® Overflow Valve PVC (D75mm)
® Drain Valve PVC (D25mm)
® Pump. 2,100Lhr(D25mm)
® Sink STS(370X480X850)
® Faucet D15mm
® Faucet D15mm

Fig. 4. Rainwater harvesting system overview in ganghwa elementary school,
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Fig. 5. Effect of rainwater harvesting system (2 m® in evaluation factors of rainwater retention/Use of facilities.
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Table 3. Comparing rainwater and groundwater quality in Ganghwa elementary school

Name of test items Rainwater Groundwater Standard unit
date 2011, 2011, 2012, 2012, 2011, 2011, 2012, 2012,
10,16 12.20 02.17 08.30 1119 1220 0217 08.16
Nitrate (NOs-N) 08 14 14 ND 156 256 40 32 10 mg/L
Residue on evaporation 52 135 42 37 676 952 1254 698 500 mg/L
Bacteria 204x10° 116x10" 480x10° 17x10* 1.04x10* 152x10* 300x10*232x10* 100  CFU/mL
Total coliforms ND D D D ND D D D ND
E.coli ND D ND ND ND ND D ND ND
Turbidity 0.47 064 042 094 0.09 0,10 053 1 NTU
E\Ib’M':g’ ON, Cr. NHy-N, Cd, Fe, 00+00 00+00 00+00 00+00 00+00 00+00 00+00 00=+00 00 mg/L
Fluorine (F) 00+00 00+00 00+00 00+00 00=+00 024 00+00 00400 15 mg/L
Arsenic (As) 00+00 0.005 00+00 00+00 00+00 00+00 00+00 00=+00 0.01 mg/L
Selenium (Se) 00+00  00+00 0,008 00+00 00+00 0.008 0,009 00+00 0.01 mg/L
Zinc (Zn) 0,163 0.032 0.017 0.045 0.051 0.050 0,057 0.050 3 mg/L
Copyper (Cu) 0103 0000 00+00 00+00 0.419 0,019 0,020 0.021 1 mg/L
Boron (B) 00+00 0.01 00+00  0.001 0.01 0.01 00+00 0.01 1 mg/L
Phenols, 1,2-dibromo-3-chloropro-
pane, Diazinon, Parition, Peniteuro-
tion, Kabari, 1,1,1-trichlorosthane, ), g 49109 00400 00400 00400 00£00 00+00 00400 00  mgl
PCE, TCE, Benzene, Toluene, Etyl- - - - - - - - - d
benzene, Xylene, 1,1-dichloroethylene,
Carbon tetrachloride, 1,4-Dioxane
Dichloromethane 0,025 0.003 0.002 0,030 0,008 0.005 0.007 0.005 0.02 mg/L
Hardness 137.0 70.0 370 400 138.0 290.0 3000 260.0 300 mg/L
Color 1 1 1 1 1 1 1 1 5 do
Odorless, Odorless, Odorless, Odorless, Odorless, Odorless, Odorless, Odorless, Odorless,
Odor, Flavor -
tasteless tasteless tasteless tasteless tasteless tasteless tasteless tasteless tasteless
Detergent (Anionic surfactant) 00+00 00+00 00+00 00+00 00=+00 00+00 00+00 00+00 05 mg/L
Consumption of potassium perman- 32 38 16 03 47 292 13 05 10 mg/L
ganate
pH 70 74 71 6.8 76 74 65 6.8 58~85 -
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Table 4. Installation costs of RWHS in Yangdo elementary school

Product Name Material Labor Totals Remarks
1)Machinery and ; 2o 1 0 1,320,000

equipment
2) Plumbing & me- 500 00 840000 1,193,290

chanical works
3) Electrical works 100,000 200,000 300,000

Total 1773290 1,040,000 2813290
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Table 5. Maintenance costs of RWHS in Yangdo elementary

school (unit: won/year)
Cost Remarks
Water quality monitoring 19,693 0.7% of Installation costs
Electronic power cost 8,440 0.3% of Installation costs
Maintenance costs 28,133 1% of Installation costs
Total cost 56,266

Table 6. Water supply cost rates in Ganghwa island (2011)

Classification Usage (m°) Cost (won/m®)
1~20 450
Residential 21~30 640
31~ 810
1~300 820
Standard 301~ 1050
1~1,000 560
Spa 1,001~3,000 760
3,001~ 920
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Table 7. Sewer cost rates in Ganghwa island (2011)

Classification Usage (m°) Cost (won/m?)
1~10 190
11~20 300
) ) 21~30 330
Residential 3140 440
41~50 510
51~ 870
1~20 250
21~50 310
Business 51~100 530
101~300 560
301~ 580
1-30 530
31~50 610
Standard 51~100 860
101~500 1,240
501~ 1,390
1-500 210
on 501~1,000 420
P 1,001~3,000 530
3,001~ 680

Table 8. Maintenance cost in dam construction areas and drin-
king water source protection zone (unit: won/m°)

Maintenance cost Maintenance cost in

Classification in dam construc- drinking water source Total main-
i ; tenance
tion areas protection zone
cost per m® 159.75 195 1617
PI'
=G 3)
P
C : Dam construction present value
PI" : the current price level
Plp : Price level at the time of construction
Cp : Dam construction cost
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Table 9. Other details in RWHS

Persisting ~ Water cost Sewer cost General Discount
period inflation rate inflation rate  inflation rate rate
10 year 7.2% 10% 3.1% 2.35%
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Table 10. Economic analysis for RWHS in Yangdo elementary

school (persisting period: 10 years)
Private Social
caTa:;t (ngiluzzztj benefits benefits ~ Private Social Total
p3 y (Thousnad (Thousnad B/C  B/C B/C
(m”) won)
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Fig. 6. Trend of total costs, total benefits, private and social benefits for RWHS in Yangdo elementary school,
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