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Maintenance of Paddy Irrigation Facilities and On-Farm
Water Management in Korea
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I . Introduction

Paddy irrigation in Korea has a long history.
However, the construction of modern irrigation
and drainage works was substantially initiated and
accelerated by the Rural Modernization Promotion
Act in 1970. Despite the tremendous investment
towards land improvement projects over the last
20 years, the derived results have sometimes been
less than expected. One important reason for this
is the lack of integration of engineering and agri-
cultural practices in which proper water manage-
ment at the farm level would play an important
role. Rather the engineering undertakings and re-
lated agricultural activities are separated from
each other, this has resulted in slow returns from
investments in land improvement projects.

Emphasis placed on the solution of major engi-
neering problems during the planning and const-
ruction phase, coupled with the lack of recognition
of the important on-farm water management are
the major constraint for irrigated paddy in Korea.
Consequently. there exists a gap between the irri-
gation potential created and the full exploration
of that potential. Although significant progress has
been made in engineering undertakings, the majo-
rity of farmers can not fully visualize the importa-
nce of water management at the farm level.

In order to solve some of present problems in
irrigated agriculure and to create a situation con-
ducive to modern irrigation development, a change
in approach based on the integration of enginee-
ring undertakings and various agricultural activi-
ties is needed. Such a change calls for more atten-
tion to the water use concept in connection with
a set of planning and design criteria which may
place emphasis on the farm level water manage-
ment.

II. Present Status of Irrigation De-
velopment

The total land area of the Republic of Korea,

hilly and mountainous country, is about 99, 170k
Of the total area, 21.6% or 2. 14 mha is now being
cultivated, 67% for forestry, grazing or other exte-
nsive land uses, and 11% for urban and industrial
use. The paddy land, about 13.5% of total area,
is located mainly along the river and in small
plains along the western and southern coasts. Up-
land areas, about 8.1% of total area are located
on sloped and hilly land. Due to the rapid urbani-
zation and industrialization, a considerable portion
of farmland has to be converted to non-agricultural

~ uses such as industrial complex, road and housing

site and other purposes. The farmland area has
accordingly decreased by 0.16 mha from 2.3 mha
in 1970 to 2. 14 mha in 1987 in spite of the newly
established land by both the tide and hilly land
reclamation.

The population in 1987 was about 42 million
with a recent annual growth rate of 1. 3%. Howe-
ver the farm house population was decreased from
14.4 million in the year of 1970 to 7.3 million
at the present time. Agriculture contributes 11. 3%
of the total GNP and the rural population occupies
17.2% of the total population.

The average annual precipitation ranges from
900mm in Kyung-Buk Province in the east central
part .of the country to 1,400mm in the southern
and western coastal areas. During the year, howe-
ver it is poorly distributed, with two third falling
during the rainy season for 3 months. Therefore
the amount of rainfall in the growing season of
poddy rice is not enough. It is especially so during
the critical period of rice transplanting and the
early stage of rice growing. In addition, shortage
of water due to droughts occurs sometimes even
in the rainy season.

Irrigation was essentially developed for rice cul-
tivation in Korea. It began in the first century
B. C. The early development was on a small scale,
diverting directly stream water to paddy fields
through small headworks and conveyance structu-
res. During the period from 1910 to 1945, the exis-
ting systems were remodeled, consolidated, and
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expanded. A number of new irrigation systems
were constructed using relatively modern techno-
logy.

Since 1945, the irrigation development in Korea
has been carried out in three stages.

In the first stage(1945~1962), efforts were
made to modify the irrigation and drainage sys-
tems, and flood control works that have been da-
maged during the World War II and subsequently
during the Korean War. Through these efforts,
most of the irrigated area was improved.

In the second stage (1963~1970), single pur-
pose new irrigation projects were implemented.
Land consolidation projects were also initially imp-
lemented to efficiently utilize the existing land
and water resources. Investigations and planning
of multipurpose integrated large scale water deve-
lopment were also initiated during this period.

In the third stage(1971~present time). new
development and economical utilization of water
resources were carried out in connection with the
comprehensive rural development project. The
new development covered large scale irrigation,
multipurpose reservoirs, groundwater develop-
ment and construction of large estuary dams ingc-
luding the intensive development of land consoli-
dation, drainage, and tidal land reclamation proje-
cts. ‘

Until the 1960's most of the land improvement
projects were in a category of small scale irrigation
water development project, farmland consolidation,
and farmland development at the individual pro-
ject basis. After 1970, however, because one of
the major objectives of the government economic
development plan, based on the extensive develop-
ment of rural sector, the government expenditure
for the rural sector became a substantial part out
of the total government investment. In accordance
with its policy change, the government has planned
to formulate and implement the comprehensive
agricultural development of land and water resou-
rces on a large scale. Integrated large scale projects
have provided a key momentum achieving agricul-

tural modernization and estblishing a sound foun-
dation for the rice crop production in this country.

Figl shows the location of total 16 comprehen-
sive agricultural development projects. By the end
of 1988, nine projects covering 88,000ha of irriga-
ted paddy have been completed and the rest of
seven projects covering 89,000ha are now under
construction. Total cost of the project amounts to
U. S. $ 3.3 billion.

At present, there are 18,463 reservoirs, 5,201
pumping stations and 19,962 headworks utilizing
surface water as important agricultural water re-
sources in Korea.

The net irrigation area during the last four de-
cades, after the base year 1945, has increased from
188,200 hectare to 975,750 hectare. Out of letter,
517,175 hectare(53%) have been irrigated through
reservoirs, 171,363 hectare(18%) through pum-
ping stations, 118,514 hectare(12%) through head-
works and 38,263 hectare(4%) through infiltration
galleries and tube wells (Table-1)

The total expenditure for the development of
irrigation potential through different water sources
is U.S. $ 6.1 hillion given in Table-2. It is obser-
ved that the annual total expenditure has increa-
sed considerably with the comprehensive agricul-
tural development after 1970. From these figures,
it is noted that the cost of creating irrigation pote-
ntial, especially of major and medium irrigation
projects was increasing at a meteoric pace. The
cost of irrigation potential will escalate further in
the years to come bacause of the unavailability
of good sites for the construction of reservoirs
and headworks for major and medium irrigation
projects along with other factors. According to the
present estimates of the Ministry of Agriculture,
Forestry and Fisheries (MAFF), the cost of deve-
loping trrigation potential through large scale irri-
gation projects varies from U. S. $ 17,140 to $.
28,750 per hectare. If the cost of consolidating the
land for reciving irrigationg water is also added,
the total cost would be about U. S. $. 25710 to
$ 40,180 per hectare. If the irrigation efficiency
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Fig. 1. Location of Comprehensive Agricultural Development projects with the benefited areas

developed.

factor is considered, then the cost of effective irri-
gation potential per hectare rises, which is prohibi-
tive and the farmers cannot afford to receive the
cost without ensuring the efficient and economic
use of irrigation water with high productivity of
rice. For this consideration, higher emphasis has
been laid on the on-farm water management since

1980.

The yield capacity is sometimes greatly influen-
ced by the supply of inputs such as trrigation,
seed and fertilizer. The development of irrigation
systems in Korea has resulted in large increases
in rice production from 1.83 million metric tons
in 1945 to 6.05 million metric tons in 1988 with
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Table-1. Present status of irrigation area under different facilities of water source.

Name of FITA non-F 1 A Total
facilities No. of Area covered No. of Area covered No. of Areacovered %
place (ha) place (ha) place (ha)
Reservoirs 2,578 357,323 15, 885 159, 851 18,463 517,174 53
Pumpimg stations 2, 039 117,732 3,162 53, 631 5201 171,363 18
Headworks 3, 308 11, 615 16, 654 106, 899 19,962 118,514 12
Infiltration galler-
ies&tube wells 1,391 2,967 12,971 35, 296 14,362 38,263 4
Others - - - 130, 437 - 130, 437 13
Total 9, 316 489, 637 48,672 486, 114 57,988 975, 751 100

Remark : FIA(Farmland Improvement Association)

Table-2. Input to agricultural water and land development project during last 40 years.

.

Period of Total investment Converted to present Annual
value of 1985 expenditure Index

Years (million Won) (million US §) (million US $)

1940’s 9 36.2 9.1

1950’s 9,691 449.9 45.0

1960’s 62, 270 818.4 81.8 100
1970’s 768, 805 2,486.6 248.8 304
1980's? 1,953,938 2,284.4 380.7 465
Total 2,794,713 6,075.5 765.3

Remark 1) 1946~1949 2) 1980~1985

the highest production record. Needless to say,
such progress can be attributed to technology ad-
vancement including farmland improvement and
high yield rice varieties.

[I. Planning and Financing of Water
Resources Development.

There are altogether four main agencies which
are involved in the development of water resour-
ces for agircultural purpose and operation of irri-
gation systems under the Korean government.
These are Ministry of Agirculture, Forestry and
Fisheries (MAFF), Agricultural Development Co-
rporation (ADC), local autonomous body, and Far-
mland Improvement Association(FIA).

Rural Development Bureau (RDB) of MAFF
is a major governmental body for policy-making
on various land improvement and water resources
development for the agricultural use. Other major
functions of this agency are supervision and guida-
nce for planning and financing to local autonomous
bodies, ADC and FIA.

The ADC, a semi-autonomous agency operating
under the MAFF is a prime organization for me-
dium and large scale irrigation projects implemen-
tation. The ADC was established in 1970 by com-
bining the Union of Land Improvement Association
(ULIA) and the Ground Water Development Cor-
poration (GWDC) by the Rural Modemnization
Promotion Act. The primary goal of ADC is to
realize amelioration of the rural area and to create
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all weather farming lands. In order to secure these
goals, ADC involves with various agricultural land
improvement projects, comprehensive farm me-
chanization and rural housing development. Ho-
wever, the main acivities of ADC are the promo-
tion of rural areas through the development of
land and water resources and the provision of
technical assistance to FIA which is basically res-
ponsible for the operation and maintenance of land
improvement projects established by ADC.
Local autonomous body would usually be city
or county (Gun) office under the provincial gover-
nment. Small scale water development and farm-
land improvement including the groundwater de-
velopment and the land expansion are sometimes
implemented by these agencies. After completion
of projects, they will be responsible for the opera-
tion and maintenance job with assistance from irri-
gation group organized by farmers. We often refer
to this area as non-FIA or communal systems aside
from FIA based on large scale irrigation system.

Even though its primary purpose is to operate,
manage and maintain farmland improvemnet faci-
lities, limited extension of medium scale water
development can be implemented by FIA.

The financial sources for the development of
water resources and irrigation systems may be
classified into subsidies by the government, long
term loan, ADC Fund, and FIA fund. In addition,
foreign loans sometimes can be used for the pro-
ject implementation especially for the large scale
comprehensive agricultural development projects.

The proportion of subsidies and loan for the
total project cost and the rates of subsidies are
different according to the type and purpose of a
project as shown in Table 3. Generally the highest
rate of subsidies is applied to the small scale irri-
gation improvement project and it reaches up to
90%.

The project cost borne by farmers through long
term loan would be repaid by the benefited farmer
over a period of 30 years with a low rate of interest

Table-3. The financial source of the land improvement project.

Unit=%
Type of Subsides rate Rate of borne by farmers
Type of proiect facilities National | Provincial Total Longterm | One yer Total
government | government loan borne
[rrigation Large Reservoirs 70 - 70 30 30
development | scale { Pumping stations 85 - 85 15 - 15
Medium [ Reservoirs 70 - 70 30 30
scale { Pumping Stations 85 - 85 15 - 15
Small Reservoirs 70 - 70 - 10 10
scale Pumping Stations 70 -~ 70 10 10
Head works 70 — 70 - 10 10
Infiltration 70 — 70 — 10 10
galleries
Tidal land development 80 - 80 20 — 20
Drainage development 85 - 85 15 - 15
Large 50 30 80 - 20 20
Farmland scale
development Medium 60 20 80 13.3 6.7 20
scale
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(55%). However, in case of the irrigation develop-
ment, the benefited farmers are allowed to repay
at a maximum rate of 30% of the direct project
cost.

As stated earlier, the project facilities impleme-
nted by ADC are usually transferred to FIA for
the operation, management and maintenance. For
the projects implemented by the local autonomous
body, the city or county office itself would be dire-
ctly responsible for O & M and is called non-FIA
which usually comprises of small irrigation system

on village basis. (see Fig. 2)

MAFF

Province

ADC FFIA
N - k4
.
, ( Federation
, of FIA)
City and
county
Field
office L
[Farmland Heungmonggeye
improvement (Farmer’s
group irrigation
p—— group)

Guidance, Supervision
-------- Coordination, Support.
Fig. 2. Organizational relationship among in-
volved agencies in the operation and
management of irrigation systems.

IV. Organization, Operation, Mana-
gement and Maintenance of
Farm Level Irrigation Systems.

Farmland Improvement Associations (FIA) in
Korea are corporate bodies organized by farmers
to improve irrigation systems and farm land and
to supply irrigation water to farm fields in their
individual designated service areas. They also as-
sist the governemt in the planning and develop-

ment of new Irrigation projects altogether with
ADC. The FIAs are organized and operated in
accordance with the Rural Modernization Promo-
tion Act.

The development of FIA is essentially for paddy
irrigation. Through several decades, the original
432 FIAs were recombined and' gradually reduced
in number. At present, there are 103 FIAs, the
largest one being the Tongjin FIA, covering an
area of about 42,000 ha southwestern part-of the
country and the smallest one is the Cheju FIA,
covering an area of only 120 ha in the Cheju island.
The total service area of the 103 FIAs is about
489,637 hectares.

The organizational set-up of a typical illustration
shown in Fig. 3 is for a large association. with
an irrigated area of more than 16,000 ha, For a
smaller association with an irrgated area less then
16,000 ha, the number of assistant managers, the
number of divisions or sections may be decreased
depending on the size of irrigated areas.

Each FIA has a management division to handle
irrigation management policy, planning of water
distribution and management of water sources.
In a typical FIA, there are several branch offices
for field workers. The field worker's offices are
responsible for the management of water resour-
ces and the operation of mian and lateral canals
for water ‘control and supply. Field water distribu-
tion planning and execution are also the main res-
ponsihility of a branch office, which has a number
of irrigation supervisors or attendants to take care
of 300 ha to 500 ha of paddy fields. At the farm
level, five to ten irrigation groups(called Heungno-
nggye) for an irrigation supervisor may- carry out
the water distribution and maintenance work of
irrigation systems.

The irrigation groups called Heungnonggye in
Korea are organized by association members on
village basis for the on-farm water management.
One Heungnonggye covers an area of 30 to 100 ha.
It includes several teams each with ten to fifteen
members to maintain irrigation and drainage dit-
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Fig. 3. Typical organization of FIA.

ches, to distribute irrigation water evenly, to estab-
lish common seed-beds for members, and to help
the field worker's office to collect 'membership
fees. Each Heungnonggye has a chief through ele-
ction. He receives no salary from FIA. Within a
Heungnonggye, one or two common irrigators may
be hired for the water distirbution and maintena-
nce of farm ditches. Group meeting are held to
discuss irrigation plans at least twice a year with
the paticipation of FIA officer and rural extension
serviceman. -

Prior to the irrigation season every year, an
irrigation guidline is issued by the management
division at the head office according to the govern-
ment policy and the existing status of association.
This irrigation guidline should be distributed th-
rough branch field worker’s office for further study
and discussions with members of ‘Heungnonggye
so as to work out detailed irrigation plans. Then
the detailed plans prepared by the branch office
should be submitted to the head office for review
and approval.



BRETEGH H31% F 25 19895 6/

The operators of each branch office are in cha-
rge of regulation and controlling water flows along
main canal, laterals and sublaterals. The irrigation
supervisors are in charge of water control and
inspections of farm level water distribution which
are undertaken by Heungnonggye members.

In order to ensure adequate service to farmers,
the irrigation and drainage systems must be main-
tained in good operating condition. The farmland
improvement association pays more attention to
maintenance than construction, and prevention
than repair.

Maintenance and repair works may be classified
as routine maintenance, annual maintenance, and
emergency repairs. The routine maintenance co-
vers minor repair discovered by irrgation supervi-
sors or Heungnonggye members during their daily
routine work. This kind of maintenance work may
be undertaken by Heugnonggye members on vo-
luntary basis, or with help of material supply by
the farmland improvement association. Annual
maintenance check up is usually carried out during
the non-irrigation season. This work is either done
by Heungnonggye through contractors or directly

by branch offices, depending on the scale and the
type of works.

The collection of membership fees, the financing
of projects, the set-up of the Operational Fund
and Cooperative Fund and other revenues are
important financing features of the FIA. The an-
nual budget of FIA is drawn up to meet the need
of irfigation administrative expenses, engineering
construction, maintenance, and damage repairs.
The revenue comes from membership fees and
government subsidies as the :uain financial source.

The annual revenue of the FIA mainly comes
from membership fees which are collected from
the direct beneficiaries to take care of the opera-
tion and maintenance cost. The fees are all to
be collected in cash. The government has set up
a maximum limit of monetary value equivalent
to 250~ 300kg of rough rice per hectare per year.

Project cost fees are collected according to the
capital cost and interest of each particular loan
project as well as the benefits obtained and the
repayment ability of the farmers. However, collec-
tion of loan repayment starts from the fifth year
after the land is benefited. The average member-

Table-4. The membership fees plus loan repayment in the year of 1987 basis.

Level Area Average per 10 a Total amount
benefited paddy money equi- | paddy grains | money equi-
(kg (ha) grains(kg) valent(US $) (1000 kg valent(US $)
less than
15 kg 1,681.1 10.5 8.7 177 145, 800
15~20 6,443.8 19.8 16.3 1,278 1, 050, 850
20~25 68,777.7 23.4 19.3 16, 091 13, 278, 540
25~30 132,449.0 26.9 22.2 35,261 29, 395, 290
30~35 124, 016. 6 30.6 25.3 37, 896 31, 339, 340
35~40 67,121.0 37.2 30.7 24,968 20, 625, 400
40~45 22,973.3 40.1 33.1 9,213 7, 609, 150
45~5K0 12,397.7 45.7 37.8 5, 670 4, 682, 930
more than
50 3,980.4 56.0 46.3 2,230 1, 842, 120
Total or 439, 840.7 133,144 |109, 969, 420
average 30.7 25.4
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ship fee and loan repayment for all the 103 FlAs
in 1987 are shown in Table 4. It is observed that
the average membership fees including loan repa-
yment per hectare in a year would be 307kg of
rough rice which may be equivalent to the mone-
tary value of U. S. $ .250.

V. Major Issiues

Adequate and assured irrigation at the farm
level is the key to increasing agricultural produc-
tion which needs special attention in Korea. Since
only a limited additional area can be brought un-
der irrigation by new systems considering the total
irrigable area available and the limited capital re-
sources, major focus should be given to develop
more effective management and utilization of avai-
lable water at the farm.

Following issues are major problems which may
be constraints for improving the water manage-
ment at the farm level.

1. Low efficiency of water use is one of the
major constraint. It was observed that in many
gravity irrigation systems, less than 50% of irriga-
tion water can reach to its field due to excessive
losses such as canal and management losses. Ta-
king into account the low application efficiency
on the farm due to water logging on the paddy
field and plot-to-plot irrigation in the absence of
field distribution systems, overall project efficiency
has been estimated less than 50% in some part
of the country.

2. Even though there has been progress, Korea
is lacking the experience in drawing up agricultu-
ral development programs with adequate provi-
sions for the water management and control at
the farm level. Few farmers are able to handle
water efficiently. Moreover the fragmantation of
farmlands with very small size make it difficult
to use water resources efficiently. As far as water
management at the farm level is concerned, coo-
perative farming needs to be tried and tested. In
this regard, both the rural extension service and

the organization of farmer's irrigation group as
well as FIA should be strengthened.

3. The rapid expansion of cities and urban area
throughtout the country and the economic growth
has resulted in the decreasing farm land without
any readjustment of irrigation systems. This
means that exsting facilities are used to apply irri-
gation water into the remaining paddies. Because
of their reduced areas, management costs per hec-
tare are higher than ever before. Besides, in con-
nection with polluted water into irrigation canals,
increase of the management cost due to the inc-
reasing labor cost and the rehabilitation cost due
to the increase of older systems have resulted in
the increasing of O & M cost. This situation would
essentially be in the deterioration of the manage-
ment in various levels of irrigation associations
throughout the country unless more subsidies
from the government are provided.

4. Many of the existing irrigation systems were
designed and built before 1970's. These systems
have now become outdated since agricultural tech-
nology has advanced rapidly in recent years. Many
of the existing systems do not have sufficient flexi-
blity to respond to such changes. It is now estima-
ted that over half of the existing irrigated areas
of the country are in need of modernization or
rehabilitation,

5. The large scale irrigation systems which have
been developed in recent years would require ex-
tensive knowledge of the up-to-date technique to
operate this facilities efficiently. Trained manpo-
wer, therefore, is one of the major constraints.
There is a strong tendency that a part of such
large scale works should directly be managed by
the national government or provincial government.

6. In Korea, a remarkable effort has been made
and is still being carried out in the field of water
resources development for agricultural use. The
engineering undertakings are carried out mainly
with major irrigation facilities in connection with
water resources development program. With the
completion of irrigation projects, improved water
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management at the farm level will probably be
guaranteed. However, there still remains some
inadequate situations at terminal levels and also
it has been proved unsatisfactory on some occa-
sions. A coordinated effort is essential to establish
a modern high productivity system of irrigated
agriculture. This kind of effort has been extremely
difficult to achieve under the present governmen-
tal organizational structures. Several individual
agencies have had the responsibility for supply
of inputs essential to irrigated agriculture. For
example, ADC is responsible to establish' major
engineering undertakings while FIA is responsible
to the opration and management of the irrgation
facilities and systems developed by ADC. The coo-
rdination of these two elements and integration
of different disciplines in an irrigation system is
necessary in assuring irrigation schemes more su-
ccessful.

VI. Summary

Over the past four decades in Korea, a great
emphasis has been placed on irrigation develop-
ment in its efforts to accelerate agricultural produ-
ction, particularly rice. Investment in irrigation and
land improvement has increased remarkablely. It
increased about 5 times during the period of 1960’s
to 1980’s and the total investment since 1940’s
amounted to U. S $ 6.1 billion. As a result, irriga-
tion potential and irrigated area has greatly expan-
ded and the net irrigation area has increased from
188,200ha in 1945 to 975,750ha in 1988 which is
equivalent to 73% of the total paddy area.

Korea has the national bodies entrusted with
the task of planning and implementing agiculturl
water resources development and management.
However, there is more than one national-level
body involved in water development and manage-
ment. This has created a problem of coordination
among the agencies concerned. Although the prob-
lem has been recognized for some time, it remains
rather serious.

Farmland Irrigation Associations(FIAs) are or-
ganized and operated in accordance with the Rural
Modernization Promotion Act. Each FIA has a ma-
nagement division to handle irrigation manage-
ment policy, planning of water distribution, and
management of water resources. Ifi 2ddition, wi-
thin a FIA several farmer's irrigation groups called
Heungnonggye are also organized to take care of
water management including water charge collec-
tion from the farmers

Sevéral major issues and ranagement, especia-
lly at the farm level could be identified as follows:

1. Low efficiency of irrigation system or water
use.

2. Unequable distribution of water to all farmers
in the command area.

3. Rationalization and collection of water ra-
tes/charges.

4. Qut-dated existing irrigation systems.

5. Need for trained manpower including far-

. mers, to operate, maintain irrigation facilities effi-

cienty.

6. Weak coordination among agencies concer-
ned.

At present stage of economic growth in Korea,
water demand and water pollution has been inc-
reasing and the provisions of additional new water
sources has become difficult and costly. For fur-
ther advencement, it is important to emphasis the
efficient and economic utilization of the limited
land and water resources, as well as the improve-
ment of existing irrigation systems and intensive
management.
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