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ABSTRACT 
 

Supplementary domestic water supply potential of agricultural reservoirs managed by 
Korean rural community corporation (KRC) were investigated. Water quality of 136 
reservoirs met the criteria of domestic water source with less than 3 ppm COD. Water 
balance analysis was conducted for ten year frequency of drought on the reservoir 
water. Results showed that 116 reservoirs were eligible for domestic water supply 
while satisfying irrigation water supply even in drought period.  Economic analysis 
was also conducted using NPV method, B/C method, Internal Rate of Return, 
Profitability Index method. Results showed that several reservoirs would satisfy 
economic feasibility if water was provided from reservoir outlet instead of delivering 
water to treatment plant under current conditions. Saving irrigationa while increasing 
irrigation efficiency is recommended to acquire domestic water in rural area. 

Keywords: Agricultural reservoirs, rural community, domestic water, economic 
analysis, feasibility. 
 

1. INTRODUCTION 
 
Currently, water accessibility is high up to 98.5% nationallyin Korea, but in rural areas 
it is less than 88.2% (MOE, 2013). Many researchers have predicted that droughts 
might occur more frequently in the future due to climate change. Seo et al. (2013) 
predicted that the total number of days of agricultural drought in Korea will be 
prolonged using climate change scenario (RCP 8.5) and soil moisture prediction 
models. Kim et al. (2015) have evaluated the hydrological risk of the Korean 
peninsula considering extreme drought conditions. Park et al. (2015) have predicted 
increase or decrease rate of drought severity and average drought duration using 
AR5 RCP climate change scenarios and drought index. Various measures are being 
taken into consideration as future water shortage measures such as development of 
new dams, enhancement of existing dams, rainwater harvesting and reuse of sewage 
(Kim et al., 2015). Particularly in rural areas where insufficient water supply is 
expected, supply of water from agricultural reservoir is considered as one of the main 
measures. 
 
Gyeongnam Development Institute (2004) and Lee and Jeong (2011) have 
investigated the utilization of local agricultural reservoirs as source of domestic water 
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in rural area using water balance analysis. Theyhave reported that the available water 
quantity calculated to be able to solve the problem of water scarcity and the 
corresponding habitual drought in the region by leveraging agricultural reservoirs as 
drinking water sources. However, those studies are limited to specific 
regions.Feasibility study of utilizing agricultural reservoirs to supply domestic water to 
rural areas of Korea at national level has never been attempted yet. 
 
The Ministry of Food, Agriculture, Forestry and Fisheries (2012) promotes the 
transition of agricultural water development projects to multi-purpose development 
including living and environmental water in rural areas. It has announced 
implementation plans to expand its water development and water quality conservation 
measures to ensure reliable water supply in the rural areas to ward off water shortage 
and water pollution due to future climate change. This should go through cooperation 
with relevant institutions such as the Ministry of Environment and local governments.  
However, domestic water supply using water from agricultural reservoirs could have 
several problems due to different permissibility norms of water quality for domestic 
and agricultural use. Besides, there is no legal support for participation of water 
conservation project by managing agency when water pollution occurs. Also, 
additional costs are involved in domestic water pipeline installation or high 
embankment of reservoir securing storage for domestic water. Therefore, the 
objective of this study was to determine feasibility of utilizing agricultural reservoirs to 
supply domestic water to rural areas of Korea. 
 

2. METHODS 
 
2.1  Status of agricultural  reservoirs in Korea 
 
Water-related social environmental change require agricultural reservoirs to expand 
the functionality such as domestic and industrial water supply. Out of 14,841 
agricultural reservoirs scattered throughout the country, 13,412 (about 90%) small 
reservoirs have irrigated areas of less than 50 ha. A total of 3,377 relatively large 
reservoirs are managed by Korean Rural Community Corporation (KRC). The others 
are managed by local governments. For this study, only reservoirs managed by KRC 
are included. Reservoirs with capacity of at least 5 million m3 (Mm3) were considered 
able to meet the requirement without interfering irrigation supply. However, only 61 
reservoirs out of 3,377 fulfilled this criterion and these were considered to be too few 
to be evaluated. Therefore, feasibility study of domestic water supply from agricultural 
reservoirs in rural area was conducted over 476 reservoirs having storage capacity of 
above one Mm3. KRC has specified agricultural water quality monitoring network. The 
present study examined whether  raw water quality conditions could meet target 
water quality (i.e., chemical oxygen demand (COD) level below 3 ppm as a source of 
domestic water supply. 
 
2.2  Reservoir water balance analysis 
 
Korean agricultural reservoirs were designed and managed to cope with 10 years 
frequency drought.Therefore, reservoir water balance analysis was conducted to 
estimate the amount of free volume that could be used as potential domestic water 
supply in rural area even in 10 years frequency drought period while satisfying 
agricultural water supply.  
 
Hydrological Operation Model for Water Resources System (HOMWRS) was used for 
possible water balance analysis of agricultural reservoirs in consideration of inflow 
from watershed and the required amount of irrigation for paddy field and other 
downstream crop fields. 
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The modified TANK model of Sugawara (1979) was mounted as inflow model of 
HOMWRS. The parameters of the model were estimated using locally established 
regression equation based on the ratio of the area of upstream watershed and land 
use pattern (forests, rice paddies, crop fields). The required amount of irrigation was 
estimated by considering the amount of effective rainfall, crop consumptive use 
(evapotranspiration and infiltration) and operation loss during growing season.  
Evapotranspiration amount was determined with Pemman-Monteith equation. 
 
2.3  Classification of  reservoirs accordingto the quantity and quality of water 
 
Agricultural reservoirs were divided into five types according to water quality and 
water quantity availability as a source of domestic water. If the quantity and quality of 
agricultural reservoir were satisfactory, the reservoir was classified as type I; If a 
reservoir satisfied only quantity but not quality,it was classified as type II.If a reservoir 
satisfied only quality but notquantity,it was classified as type III.When both quality and 
quantity were unsatisfactory, the reservoir was classified as Type IV. Reservoirs of 
the islands was classified as type V considering the regional water supply capacity of 
the islands.  
 
2.4  Economic Analysis Method 
 
Economic analysis was carried out by measuring the cost-benefit of participating 
project. Economic analysis was conducted with the net present value method (NPV 
Method), benefit-cost ratio method (B/C), internal rate of return method (IRR),  and 
profitability index method (PI).The results of four methods were compared since it is 
general procedures recommended for water resources development project by the 
guideline of KDI (2008). Construction cost of domestic water supply project was 
estimated based on the report of Dohwa Engineering (2014). Water quality 
improvement cost was estimated based on the report of Gwangju city (2012). 
Maintenance cost of reservoir was estimated based on the report of KIIR(2010). 
 
2.4.1  The net present value (NPV) method 
 
The net present value (NPV) is a measure of the profitability of a project. It is 
calculated by subtracting the present values (PV) of cash outflows (including initial 
cost) from the present values of cash inflows over a period of time. NPV is 
determined by calculating the costs (negative cash flows) and benefits (positive cash 
flows) for each period of an investment. After the cash flow for each period is 
calculated, the present value (PV) of each one is achieved by discounting its future 
value at a periodic rate of return (the rate of return is dictated by the market). NPV is 
the sum of all  discounted future cash flows. Because of its simplicity, NPV is a useful 
tool to determine whether a project or investment will result in a net profit or loss. A 
positive NPV results in profit, while a negative NPV results in  loss. 
 
2.4.2  Benefit-cost ratio (B/C) method 
 
A benefit-cost ratio (B/C) is an indicator, used in the formal discipline of cost-benefit 
analysis. It summarizes the overall monetary value of a project or proposal. A B/C is 
the ratio of benefits of a project or proposal, relative to its costs, both expressed in 
monetary terms. All benefits and costs should be expressed in discounted present 
values. Benefit cost ratio (B/C) takes into account the amount of monetary gain 
realized by performing a project versus the amount it costs to execute the project. 
The higher the B/C the better the investment. General rule of thumb is that if the 
benefit is higher than the cost, the project is a good investment (viable). 
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2.4.3  Internal rate of return (IRR) method 
 
Internal rate of return (IRR) is used in capital budgeting to measure the profitability of 
potential investments. IRR is a discount rate that makes the net present value (NPV) 
of all cash flows of a particular project equal to zero 
 
2.4.4  Profitability Index (PI) Method 
 
Profitability index method measures the present value of benefits for every monetary 
unit of investment. In other words, it involves the ratio that is created by comparing 
the ratio of the present value of future cash flows from a project to the initial 
investment of the project. The Profitability Index Method is often compared to the Net 
Present Value Method due to their close resemblance. The profitability index rule is a 
regulation to determine whether to proceed with a project or investment. The 
profitability index rule states that if the profitability index or ratio is greater than 1, the 
project is profitable.  It may receive the green signal to proceed. Conversely, if the 
profitability ratio or index is below 1, the optimum course of action may be rejecting or 
abandoning the project. 
 

3.  RESULTS AND DISCUSSION 
 
3.1  Selected agricultural reservoirs for household water supply in rural area 
 
Out of the 3,377 agricultural reservoirs managed by the KRC,  476 had capacity more 
than 1 Mm3. Among them, 136 reservoirs met COD of less than 3 mg/L water quality 
criteria as raw water for domestic water supply. Some additional reservoirs were  
included for feasibility study regardless of their storage capacity, including 35 
agricultural reservoirs that supply non-agricultural purposes water,  31 reservoirs 
surveyed by Ministry of Environment previously, and 1 reservoir requested by a local 
government. Finally, a total of 203 reservoirs were selected as candidate for domestic 
water supply in rural area. Among them 116 were type I (water quanty and quality 
satisfactory), 25 reservoirs were  type II (water quality qualified, quantity is not 
enough), 40 reservoirs were type III (water quality unqualified, quantity is enough), 21 
reservoirs were type VI (both quality and quantity unsatisfactory) , and 1 reservoir 
was type V (islands) (Table 1). Available water supply determined by the water 
balance model simulation ranged from 0.0 to 407 m3 / day with an average of101 m3 / 
day  (Figure 1). 
 

 

Figure 1.  Relationship between effective storage and estimated available water in 
agricultural reservoirs for domestic use  
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3.2  Economic analysis of agricultural reservoirs for domestic water supply 
 
Supply potential ofthe 203 reservoirs and unserved rate of the receiving area were 
checked simultaneously to prioritize economic analysis of these reservoirs. When  
restricted to area with unserved rate of100%, only 16 reservoir were eligible.They 
were not evenly distributed across the country. Thus, eligible reservoirs were 
searched by changing the unserved rate to 90%, 80%, etc., sequentially until the 
number of reservoirs was enough for the analysis. When 80% unserved rate was 
applied, 32 reservoirs were selected. They were distributed evenly throughout the 
country. Therfore, they were used for economic analysis. 
 
Of the 32 reservoirs, 21, 3, 3, 3, and 1 reservoirs were  type I,type II, type III, typeIV, 
andtypeV, respectively. Economic analys wasconducted for two scenarios:raw water 
supply at the reservoir outlet and water delivery to water treatment plant that needs 
construction of delivery facilities. 
 
For type I, 19 reservoirs out of 21 showed economic feasibility when water was 
supplied at reservoir outlet with the delivery of water being handed to local 
government (Table 2). Only 9 reservoirs showed economic feasibility of water delivery  
to water treatment plant (Table 3).  
 
Some reservoirs could not achieve economic feasibility even with water supply at the 
reservoir outlet due to limited beneficiaries and high maintenance costs. Some 
reservoirs did not achieve economic feasibility with water delivery to water treatment 
plant due to small population and high cost of constructing delivery facilities. 
 
Economics analysis revealed that type II to V reservoirs had no economic feasibility 
due to excessive cost of water quality improvement for type II, supply water shortage 
for type III, water quality improvement costs and insufficient water supply for type IV, 
and excessive water qualityimprovement cost with small population for type V. 
 
Economic analysis is an important variable in determining the appropriate 
involvement of domestic water supply business according to reservoir type. Economic 
analysis showed that benefit was increased when there was an increase in water 
supply population of the region, domestic water demand, or  water supply per 
capita.On the other hand, the cost is decreased when existing facilities (intake tower, 
pipelines, water treatment plant) are used, delivery facility is not too far away; the cost 
of constructing delivery facilities is shared with local government.  
 
To achieve economic feasibility of supplying domestic water to rural area utilizing 
agricultural reservoirs, the population should be more than 2,000 and the distance of 
delivery facilities should be less than 4.5km when steel pipe of diameter 350mm is 
used, which is commonly used for conveyance. 
 
Economic analysis of raw water price could not be achieved by using general 
evaluation methods when raw water is supplied from agricultural reservoir considering 
the depreciation of asset. Therefore, replacement expenses of a possible reservoir at 
30% of its original cost, or 15 billion won was determined as asset prices according to 
KDI guideline (2008).  
 
After that, depreciation of asset for endurance limit and operation and maintenance 
cost were calculated to determine reasonable price for raw water supply. As a result, 
the raw water price was calculated to be 360 won /m3 (2,000 watering population). 
 
However, the economic analysis to examine the validity of the business relying on 
cost-benefit analysis tend to judge acceptable feasibility only for high-efficiency 
cases. Evaluating the feasibility of business solely based on economic efficiency for 
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domestic water supply of relatively underdeveloped local area should be excluded. 
Therefore, cost-benefit analysis would rather include the public interest functions such 
as community maintenance functions, balanced community development, 
improvement of the life quality of residents in the rural areas when determining the 
validity of domestic water supply works. Additional studies on the economic impact 
analysis are needed with new perspective. 

 
Table 1. Distribution of reservoirs of different type within administrative district 

 

District Type-I Type-II Type-III Type-IV Type-V sum 

Gyeonggi-do 5 9 1 2 0 17 

Gangwon-do 17 0 1 0 0 18 

Chungcheongbuk-do 8 0 1 1 0 10 

Chungcheongnam-do 3 4 2 1 0 10 

Jeollabuk-do 20 2 3 4 0 29 

Jeollanam-do 28 2 10 7 1 48 

Gyeongssangbuk-do 10 5 6 6 0 27 

Gyeongssangnam-do 25 3 16 0 0 44 

Total 116 25 40 21 1 203 

 
 
Table 2.  Economic feasibility analysis of reservoirs located 80% unserved area whe

n water provided up to reservoir outlet only (Type-I) 

 

District reservoir 
supply 

population(
person) 

annual 
mainte-

nance cost 
(1,000won) 

NPV  

(million 
won) 

B/C 
Ratio 

Econo-mic 
feasibility 

Remark 

Gangwon-do Shinmae 4,044 5,706 585 6.7 ○ 
 

Gyeong-
ssangbuk-do 

Bochung 1,920 11,015 210 2.06 ○ 
 

Baekma 3,293 5,706 464 5.52 ○ 
 

Jangyeon 2,519 5,706 401 4.9 ○ 
 

Jeollabuk-do 

Nochon 2,051 7,355 281 3.13 ○ 
 

Daea 1,181 17,032 -55 0.82 × 

Population 

low; high 
maintenance 

cost 

Dongsang 1,181 17,032 -56 0.82 × 〃 

Jeollanam-do 

Yangchon 3,423 7,355 508 4.84 ○ 
 

Anshim 1,031 5,706 114 2.11 ○ 
 

Gyeong-
ssangbuk-do 

Inchon 3,475 5,706 496 5.82 ○ 
 

Otae 2,459 11,015 324 2.64 ○ 
 

Gyeong-
ssangnam-do 

Samhwa 2,217 5,706 369 4.59 ○ 
 

Jeongnyang 2,217 5,706 369 4.59 ○ 
 

Seosang 1,879 7,355 267 3.02 ○ 
 

Mukgye 1,761 7,355 242 2.83 ○ 
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District reservoir 
supply 

population(
person) 

annual 

mainte-

nance cost 
(1,000won) 

NPV  

(million 
won) 

B/C 
Ratio 

Econo-mic 
feasibility 

Remark 

Okgye 1,396 7,355 164 2.24 ○ 
 

Kalchun 1,687 5,706 255 3.49 ○ 
 

Gain 3,894 5,706 725 8.06 ○ 
 

Gahoe 2,036 5,706 330 4.21 ○ 
 

Gungrye 1,342 7,355 152 2.15 ○ 
 

Dori 1,305 4,143 203 3.72 ○ 
 

 
 
Table 3.  Economic feasibility analysis of reservoirs located 80% unserved area whe

n water provided by conveyance canal to water treatment plant (Type –I) 
 

District Reservoir 

supply 

popu-
lation 

(person) 

conveyance 

canal 
length  
(km) 

NPV 

(million 
won)  

B/C 
Ratio 

IRR 

Rate 
(%) 

PI 
index 

Eco-

nomic 
feasibility 

Remark 

Gangwon-do Shinmae 4,044 5.5 3,676 1.87 11.36 2.05 ◯ 
 

Gyeong-
ssangbuk-do 

Bochung 1,920 4.3 1,146 1.44 8.33 1.53 ◯ 
 

Baekma 3,293 8.9 288 1.05 5.45 4.06 ◯ 
 

Jangyeon 2,519 3.7 2,360 1.93 11.66 2.11 ◯ 
 

Jeollabuk-do 

Nochon 2,051 4.9 1,039 1.35 7.69 1.42 ◯ 
 

Daea 1,181 12.7 -5,362 0.30 -2.75 0.16 X 

Conveyance 

canal cost 
high 

Population 

small 

Dongsang 1,181 11.6 -4,698 0.33 -2.14 0.20 X 〃 

Jeollanam-do 

Yangchon 3,423 5.4 2,542 1.62 9.58 1.74 ◯ 
 

Anshim 1,031 6.2 -1,732 0.54 0.88 0.45 X 

Conveyance 
canal cost 

high 

Population 
small 

Gyeong-
ssangbuk-do 

Inchon 3,475 1.7 5,600 5.78 37.31 6.72 ◯ 
 

Otae 2,459 10.8 -2,645 0.64 2.01 0.57 X 
Conveyance 
canal cost 

high 

Gyeong-
ssangnam-do 

Samhwa 2,217 5.9 257 1.06 5.58 1.08 ◯ 
 

Jeongnyang 2,217 2.8 2,391 2.24 13.77 2.48 ◯ 
 

Seosang 1,879 12.0 -3,580 0.51 0.51 0.41 X 
Conveyance 
canal cost 

high 

Mukgye 1,761 9.8 -2,482 0.58 1.36 0.50 X 〃 

Okgye 1,396 5.2 -417 0.87 4.02 0.84 X 

Conveyance 

canal cost 
high 

Population 

small 

Kalchun 1,687 23.7 -11,014 0.23 -4.85 0.08 X 〃 

Gain 3,894 16.1 -4,716 0.62 1.70 0.54 X 
Conveyance 
canal cost 

high 
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District Reservoir 

supply 

popu-
lation 

(person) 

conveyance 

canal 
length  
(km) 

NPV 
(million 

won)  

B/C 
Ratio 

IRR 
Rate 
(%) 

PI 
index 

Eco-
nomic 

feasibility 
Remark 

Gahoe 2,036 12.1 -4,364 0.48 0.15 0.37 X 〃 

Gungrye 1,342 8.1 -2,273 0.53 0.85 0.44 X 

Conveyance 

canal cost 
high 

Population 

small 

Dori 1,305 7.6 -2,043 0.55 1.07 0.47 X 〃 

 
 

Table 4. Economic feasibility of Type Ⅱ to Ⅴ reservoirs 

 
3.3  Review of Legal and Policy aspects 
 
According to the Waterworks Laws in Korea, currently agricultural water has been 
excluded from the source of raw water of waterworks and agricultural infrastructures 
have been excluded from waterworks facilities.KRC is not included as waterworks 
provider in the Waterworks Law. Therefore, participation of KRC in the waterworks 
service in rural area is difficultin reality. Amendment of the Waterworks Law will need 
the consent from the Ministry of Land and Transportation and Ministry of Environment 
to set foot the bill.  Such amendment of the law would be considered as  a long-term 
challenging goal. In the short term, leveraging “Rearrangement of Agricultural and 
Fishing Villages Act” would be an appropriate approach. The definition of ‘agricultural 

Type District Reservoir 

supply 

population 
(person) 

conveyance 
canal 

length  
(km) 

NPV 

(million 
won)  

B/C 

Ratio 

IRR 

Rate 
(%) 

PI 

index 

Eco-

nomic 
feasibility 

Remark 

Ⅱ 

Gyeonggi-

do 
Kumkang 2,411 5.7 -58,904 0.07 - - × 

High cost of 

water quality 
improvement 

Gyeong-
ssangnam-

do 

sotae 1,887 7.0 -7,421 0.33 - - × 〃 

Myeonggok 826 5.7 -499.4 0.24 - - × 〃 

Ⅲ 

Gyeong-
ssangbuk-

do 
Jiseul 1,790 17.4 -7,735 0.31 

-
3.70 

0.12 × 
Not enough 

water 

Gyeong-

ssangnam-
do 

Hadong 1,761 7.1 -1,228 0.74 2.67 0.66 × 〃 

Jeollabuk-
do 

Gyeongcheon 2,639 5.3 1,747 1.51 9.25 1.68 ○ 
 

Ⅳ 

Chung-
cheongnam-

do 

Dongbu 1,320 19.2 -61,996 0.04 - -5.4 × 

Not enough 
water 

High cost of 

water quality 
improvement 

Chung-
cheongbuk-

do 

Nongam 1,486 5.5 -3,926 0.42 - -0.41 × 〃 

Gyeong-
ssangbuk-

do 
Gisa 1,150 9.6 -10,224 0.18 - -1.13 × 〃 

Ⅴ 
Jeollanam-

do 
Goseo 78 2.0 -8,852 0.02 - -7.77 × 

Population 

small 
High cost of 
water quality 

improvement 
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and fishing village water’ include domestic, industrial, agricultural, fishery, and 
environmental protection water.  
 
Currently, ‘the agricultural and fishing village water’ is narrowly interpreted as 
irrigation water. It should be expanded as regional integrated multi-purpose 
water.Flexible interpretation and application of the concept and extent of provisions in 
non-agricultural water transfer of ‘agricultural and fishing village water’ outlined in the 
‘Rearrangement of Agricultural and Fishing Villages Act’ provide viable driving force 
for participation by KRC of their own domestic water supply business in rural area 
without assistance of Waterworks Law. 
 
However, participation in the entire waterworks process ( water intake,  conveyance, 
purification, water distribution) needs professionalism, experience, and organizational 
structures.  In addition, conflicts with the existing water supply system, uncertainty in 
the business outlook, and constraints such as institutional challenges of water fee 
collection practically make successful business difficult before reaching social 
agreement.  
 
In addition, K-Water (official waterworks provider in Korea) is willing to supply 
domestic water in rural area if local governments requests and the demanding region 
is close to the existing distribution line (within 2 km) for the improvement of rural water 
welfare.  
 
Therefore, limited participation of KRC in blind spot of existing waterworks network 
while keeping complementaryrelationship with K-Water is desirable. Most experts 
who have participated in the consultation have recommended participation in the 
waterworks projects only if there are active requests from the local government. 
 
KRC also need to persuade the government to participate in waterworks projects in 
rural area to reduce maintenance costsforagricultural water resouces management by 
selling raw water, thus improving rural people's welfare, and promoting rural area 
amenities. 
 
The preferred way of securing maximum domestic water supply with current low 
capacity of reservoirs is by inducing water use selection of farmers between domestic 
and irrigation water or providing obtained extra water on the basis of agricultural 
water saving policies through incentives prior to increasing reservoir capacity. In 
addition, agricultural water saving efforts such as changing cropping systems that 
requires relatively small irrigation amount or increasing irrigation efficiency would be 
alternative solution to gain more storage for domestic water supply. 

 

4. CONCLUSIONS 
 

A feasibility study was conducted to assess the likelihood of supplying domestic water 
from agricultural reservoirs in rural areas of Korea. A total of 203 reservoirs were 
selected and evaluated as potential  domestic water supply. Economic feasibility of 
some selected reservoirs and legal constraint were also examined. The implications 
derived from the results of this analysis are shown below: 
 
More reservoirs satisfied economic feasibility when water was provided from reservoir 
outlet instead of delivering water to water treatment plant under current conditions. 
Adequate conditions for economic feasibility of supplying domestic water in rural area 
utilizing agricultural reservoirs were: population more than 2,000 and distance to 
delivery facilities was less than 4.5km. It is reasonable to have participation of KRC in 
the waterworks projects only if there are active requests from local governments 
under the current legal systems. 
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Since more than one hundred reservoirs have enough water and the required water 
quality as potential domestic water supply, including public interest functions such as 
community maintenance functions, balanced community development, improvement 
of the life quality of residents in the rural areas inthe cost-benefit analysis is 
recommended to improve the economic feasibility. 
 
Some measures to acquire domestic water by agricultural water saving policies 
through incentives, changing cropping systems that requires relatively small irrigation 
amount, and increasing irrigation efficiency could be sought for water welfare in rural 
area of Korea. 
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