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Fishways on dams in Korea

Chong Seo HWANG
(Stream Corridor Restoration Laboratory, Korea)

1. Needs for Fishways

The diadromous fishes, such as sweet fish (Flecoglossus altivels), eel (Anguilla
Japonica), Chinese mitten crab (Eriocheir sinensis), etc., live in both rivers and seas
depending on their life cycles. After installing dams or sea dikes at lower parts of a
river, the diadromous fishes are unable to swim upstream beyond the structures; hence,
they are exterminated in the upper part of the river. Likewise, the dams at the middle
and the upper parts of a river alters the fish fauna because the construction disables the
traveling of not only diadromous fishes but also potadromous fishes that travels back to
the lower part of the river to cope with cold weather. Therefore, the fishways should be
installed in order to minimize the detrimental effect of the dams and sea dikes to the
river ecology.

According to the design guide for fishways published by Korea Agricultural & Rural
Infrastructure Corporation (KARICO), the fishway is a structure that facilitates the
upstream migration at impediments that disable or complicate upstream migration of
fishes and shellfishes [1]. However, the definition has undergone several revisions
since the introduction of fishways in Korea. Long ago, the fishway was defined as a
waterway that enables the upstream migration of the fishes that cannot swim to the
upper part of the river because waterways were usually constructed when weirs and
cascades at the river blocked the upstream migration of fishes. Later, many dams are
constructed at rivers and the conventional channel type fishways are no longer
appropriate for the larger structure; thus, new types of operation type fishways, such as
Elevator type, and Borland fishlock, are introduce. In order to include such operation
type fishways, the definition of the fishway is broaden from the waterway to the
structure. In addition, the early definition of the fishway only considered the migration
of fishes, but current definition incorporates the migration of other river animals, such

as Eriocheir sinensis (crab), Semisucospira bensoni (Mollusca).



2. Laws and ordinances related to fishways

In Korea, the installation of fishways was first legally specified at the Para. 2 of Art.
12 of the aquatic product protection law in July 1971, which reads ‘Those who construct
artificial structures blocking the river flow should consult the Ministry of Maritime
Affair & Fisheries and either open part of the blockage or install a fishway in order to
enable the migration of fishes.” Since the construction of the fishways at dams is very
difficult and often not profitable, the law was amended to exempt the fishway for dams
in July 1976. Although the installation of fishways was obliged again in Dec. 1996 by
removing the clause specifying the exemption of the fishways at dams, no fishways
were constructed in Korea. In 2001, the law was amended to specify that the fishway
should be installed at weirs and reservoirs whose height is shorter than 15m, but the
taller dams are not obliged to install the fishways when the spawning pools are
constructed at upper part of the river.

At article 31 of the law, the fine for not installing fishways is set to be W3,000,000
($2,700). However, the article has not been enforced yet because the regulation for
enforcing the law is not detailed. Currently, the Ministry of Maritime Affairs & Fisheries
ordered Korea Water Resources Cooperation (KOWACO) to research how to detail the
regulation; thus, after specifying the regulation, Ministry of Maritime Affairs &
Fisheries will be able to enforce the law to those who construct structures that blocks
river stream.

The guide of designing the fishways published by Ministry of Construction &
Transportation reads ‘the objective of installing the fishway is to keep the river
condition suitable for the fishes in order to preserve the aquatic resources and natural
ecosystem,” Specifically, it states that main reason for the construction of the fishways
at dams is not to preserver the aquatic resources but to preserve the natural ecology;
thus, it specifies that the fishways at dams should designed to enable the migration of
every possible migratory fish including not-profitable ones. In this clause, it is clearly
expressed that the installation of fishways at dams is based on not only economic
reasons but also ecologic ones.

Dr. Jaekyung Chun at Korea Legislation Research Institute suggested that the

fishway might be regarded as an eco-corridor that is specified at Natural Ecology



Protection Law of Ministry of Environment [9). The Para. 9 of Art. 2 of Natural Ecology
Protection Law reads that °‘Eco-corridor is artificial structures that preserves
inhabitation and migration of wild life after introducing roads, dams, weirs, sea dikes,
and so on.’ In Item 4 of Para. 2 of Art. 6 of Natural Ecology Protection Law, it is stated
that the biological diversity should be preserved by realizing alternative natural spaces,
and eco-corridor; and by improving the ecological health at mountains, rivers, islands,
wet lands, and oceans. As a result, the design of fishways should consider more on the

ecological impacts than the economic interests from now on.

3. Animals utilizing fishways

Among 170 freshwater fishes living in Korea [4], three different kinds of fishes
requires the fishways: The diadromous aninmals such as Plecoglossus altivels , Anguilla
Jjaponica , Tribolodon hakonensis ; Potadromous fishes such as Zacco platypus ,
Brachymystax lenok ; and those that are swept out to the sea upon opening the gates at
dams or sea dikes such as Carassius auratus , Cyprinus carpio , Erythroculter
erythropterus . The fishes that are collected at fishways are summarized in Table 1. We
also verified that crustaceans such as ZErocheir sinensis (crab) etc, which travels

between the sea and the river also use the fishways.



Table 1. The list of animals collected at fishways [2][3]

. . . Expected
Habitats Collected fishes at fishways .. .
beneficiary fishes
. . Oncorhynchus keta, O.
Anadromous Coilia ectenes, Hypomesus olidus, Fugu ocellatus,
. . . masou, Lampetra
fishes Tribolodon hakonensis, Gasterosteus aculeatus . .
Jjaponica, etc.
Anguilla japonica, Trachdermus fasciatus, Chaenogobius
Catadromous .
fish urotania,
ishes Lo .
Eriocheir sinensis(crab)
Plecoglossus altivels, Mugil cephalus, M. haematocheila,
Amphidromous | Konosirus pungtatus, Hemiramphus kurumeus,
fishes Acanthogobius ommaturus, A. flavimanus, A. hasta, Fugu

niphobles, Triaenopogon barbatus

The fishes that
are swept out
to the sea upon

Carassius  auratus, Cyprinus carpio, Eryvthroculter

ervthropterus,  Acanthorhodeus  gracilrs,  Hemiculter

eigenmanni, H, leucisculus, Aphycypris chinensis, Zacco
platypus, Oryzias latipus, Hemibarbus labeo, Opsariichthys

bidens, Squaliobarbus curriculus, Squalidus chankaensis,

Most of the fishes at
the lake

opening the . . . . . . .
¢ Gobiobotia naktongensis, Microphysogobio tungtingensis,
gates. . . ..
Pseudobagrus fulvidraco, Leocassis nitidus, Macropodus
chinensis
zacco platypus, Z. temmincki, Carassius auratus, Cyprinus .
. . . . |Most of the fishes
carpio, Pseudorabora parva, Microphysogobio yaluensis,|.. .
. ) . . L living near dams such
Hemiculter leucrsculus, Rhinogobius giurinus, .
. . . . . |as Coreoleuciscus
Potadromous Acherlognathus  koreensis,  Hemibarbus  Jongirostris, Jendid
. .. . . . .| splendidus,
fishes Sarcocheilichthys variegates wkivae, Pungtungia herzi

Squalidus gracilis majimae, Pseudobagrus sp. Coreoperca

kawamebari, Semisucospira bensonfMollusca), Aquatic

insect

Oncorhynchus masou,
Brachymystax lenok
and so on.

4. The types of fishways

Nakamura classifies fishways into three categories: pool type, channel type, and

operation type [5]. Brief summary on each type of fishways are provided as follows:

4.1 Pool Type Fishway

Pool type fishway consists of a number of pools connected similarly as the ladders.

Three different types of fishways belong to this category. Firstly, fishes swim through

stream between partitions in ladder types. Secondly, there are notches at each side of




the partition in iceharbor type. Finally, in vertical slot type, fishes migrate through a
vertical gap in the partition. In Korea, most of the fishways at weirs belong to pool type;
however, there has not been a pooll type fishway at dams, and a vertical slot type

fishway is planned to be installed at Paldang dam.

ice Harbor Vertical Sfot

Fig. 1. Pool type fishways

4.2 Channel Type Fishway

In order to facilitate the upstream migration, the water speed through a channel is
reduced in channel type fishways. Depending on the mechanism of reducing the water
speed, there are three types in channel type fishway. In Denil type, several current
planks are installed through the channel, which has not been built in Korea. When the
channel is very steep, a number of baffles are employed to reduce the inclination, which
is called a baffle type fishway. Many of baffle type were used in rivers at eastern part
of Korea, such as Oshibchun in Samchuk, and Namchun in Kansung, but they are all
replaced with ladder type fishways after a severe flood in the rivers in 2002. An
artificial river having much lower water speed can be employed as a fishway, which is
called a artificial stream type fishway. In Korea, such a fishway is planned to be
constructed at Chamshil weir, and a 10km long artificial river, which connects lower

part of the river to the upper river directly, is also planned at Pirica dam in Japan.



Denil Baffled Stream

Fig. 2. Channel type fishways

4.3 Operation type fishway

When a structure, for example a dam, ts so tall that the channel type fishway is
unable to provide enough upstream migration, the operation type fishway should be
employed. In lift type fishways, a container having fishes are lifted using a rail installed
along the side of the dam, and the fishes are poured into the reservoir; similarly, an
elevator can be used instead of lift in elevator type fishway. Like navigation lock for
ships, a lock chamber with gates, called fish-lock, are built for fishes where the gates
at each end of the lock chamber are open and closed alternately to adjust the water
level for fished to migrate upstream successfully. As the height of a structure increases,
the size of the gate cannot be increased indefinitely; thus, a lower pool and a upper pool
are connected with a shaft in Borland type fishway where two gates at each end of the
shaft controls the water level at the shaft similarly to the fishlock. All of these
operation type fishways are sometimes called the elevator type one.

The operation type fishway provides four key advantages: it provides the migration
path for every fish regardless of swimming and jumping abilities; it can be used even
when the water flow from the dam is very small; it can be operated at both tides at the
sea dikes; and it can be built at a very tall structures, such as dams. However, its

operation requires high cost because of the artificial movement of the gates.
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Fig. 3. Operation type fishways

For dams with approximately 20m height, Boland type fishways and ladder type
fishways are used in England, respectively. In France, elevator type fishways are built
instead of ladder type when the ladder type fails to provide migration path there. In
western coast of USA, most of the fishways at dams are ladder type because the target
fishes, Chinook salmon and Steel head, have strong ability of swimming. However,
elevator type fishways are widely built at eastern coast because those fishes migrating

through the fishways are usually small ones such as Shad [16].

5. The present condition of fishways at dams and sea dikes in Korea

In Korea, fishways have not been installed at dams. In Yangyang dam, a Borland
type fishway is under construction, which is scheduled to be finished in Apr. 2004. A
elevator type fishway is designed to be constructed at Tamjin dam operated by
KOWACO, and a vertical slot type fishway is planned to be located at Paldang dam
designed by KHNP. In addition, KOWACO is researching on the installation of the
fishways at Daechong dam, and Hantangang dam.

Besides dams, many fishways have been installed at the following sea dikes: ladder

type fishways at Nakdonggang and Shihwa by KOWACO; ladder type fishways at



Kumgang and Haenam by KARICO; navigation lock type fishways at Yungam, Kumho,

Yungsangang, Seokmum, Wujung, Boryung, and Hongseong by KARICO. In addtion, two

navigation lock type fishways are under construction at Karyuk lock, and Shinshi lock in

Saemankum.

Table 2. The present condition of fishways at dams in Korea

Dam Fishway
Water | Manageme .
] \ \ . . t
T; P Name Operator | Height Le}? gt level nt Water Tyoe Dimension | Water level Cc;r;ztgr:gséon
m m difference | Level EL. P L.XW.m | change m
m m
N To be completed
YanYang KEPCO 53.0 250 47.1 121.5 Borland 105.2%X2.0 6.5/d in Mar. 2004
Dam | Tamjin KOWACO| 530 403 410 820 | Elevator - 27.0ly Design
Paldang KNP | 200| 75| 190 255 V‘;’Efal 3200%3.0 1y | Flanning
Nakdong KOWACO 120 2,400 1.27 0.50 Ladder 20.5%1.8 2014 completed
Shihwa KOWACO 27.11 12,676 295 -1.00 Ladder 38.0X35.0 4.0/7.9 completed
Haenam KARICO | 197} 1870 134 05 | Ladder 16.0X6.0 3532 | completed
Kumgang KARICO 166] 1127 463 2.00 Ladder 78.0%9.0 5.0/5.5 completed
completed
Yungam KARICO 3231 2219 0.46 -145 Lock 30.0%6.6 4.9/3.6
Sea |Kumho KARICO | 281 2,120 0.36 -1.55 Lock 30.0X6.6 483.6 | completed
dike }yungsan | KARICO | 200| 8,630 279 1.00 Lock 30.0%6.6 8032 | completed
Wujung KARICO 20.6| 13,810 2.38 -1.50 Lock 24.0%6.0 2.5/8.0 completed
Hongsung KARICO 16.1| 1,856 4.48 1.30 Lock 150%x4.6 5.8/6.3 completed
Boryung KARICO 20,71 1,082 481 1.50 Lock 15.0X4.6 6.5/6.3 completed
IS(:gnuak,k m 30040 Under
ACTANKUT KARICO | 36.0| 33,000 16 -1.50 Lock 5.006.2 .
sins1 construction
’ 65.0%X16.0
Saemankum

Water level differences in the tide embankment is the difference between the management water level and the LW.0.S.T.
Water level change in the tide embankment is the ratio of (management water level-dead water level) to (HW.0S.T-
LW.0S.T)

In table 2, we listed the major fishways at dams and sea dikes in Korea. According

to Art. 22 of River law, the height of a dam should be above 15m; thus we excluded

ladder fishway at Busa sea dike, and navigation lock type fishway at Seokmoon because

their height is only 13m. However, the fishway at Nakdong barrage is included in the

list even if the height is less than 15m because the Nakdong valley covers about 25% of

South Korea.




Accoridng to Fig. 3, the number of fishways at dams and sea dikes are 16 including
the two at Nakdongang. Half of the fishways are navigation lock type fishways and the
remaining fishways consist of five ladder-types, an elevator type, a Borland type, and a
vertical slot type [6]. Classifying according to the management method, 63% of the
fishways are operation type such as elevator type, Boland type and navigation lock type,
and the remaining 37% are pool type. The reason that the majority of the fishways are
operation type is that most of the fishways are built at high dams and sea dikes saving
huge difference and change in water levels. In other countries, the fishways at dams are
also mostly operation types, and many of the old fishways are replaced with operation

types.

Fig. 4. Borland fish lock at Yangyang dam under construction

6. The use of fishways

The research on the use of fishways is limited to those at sea dikes because there
has been no fishways at dams in Korea. The use of fishways at Kumgang and Yungam
dikes is researched by KARICO in 1999 and the following is the summary of the

research [2].



6.1. Ladder type fishway at Kumgang

From Apr. 1998 to Nov. 1999, 6,857 fishes are caught at the top of the ladder type
fishway at Kumgang, which are classified into 16 species of primary fresh-water fishes
such as Squaliobarbus curriculus , Erythroculter eryvthropterus , Carassius auratus ; 11
species of peripheral fishes such as Coilia ectenes , Hypomesus olidus , Anguilla
japonica ; and 4 species of sea-water fishes such as Harengula zunasi, Lerognathus
nuchalis, Fugu niphobles. Among 30 species, there are 8 diadromous fishes such as
Anguilla japonica , Coilia ectenes , Hypomesus olidus , Hemiramphus kurumeus , Mugil
cephalus , Trachdermus fasciatus , Acanthogobius hasta, unidentified ice—fish, which
requires fishways to migrate to upstream.

The most frequently caught fishes were Mugil cephalus (30.2%), Konosirus
pungtatus (17.7%), Squaliobarbus curriculus (15.8%) which account about two thirds of the
samples. Among 31 species, 16 fresh-water species that account for 32% of the
samples are caught at the fishway because they were returning to the fresh-water after
going out to the sea through the lock gate by mistake. About 61.9% of the samples were
diadromous fishes and most of them were Mugil cephalus , Konosirus pungtatus , and
Coilia ectenes. The remaining ones are sea-water fishes such as Lelognathus nuchalis
that travels to the fresh-water by mistake. The number of samples varies with
experiments, which is incurred by the increase of a particular species at the sampling

instance,

6.2. Navigation lock type fishway at Yungam

From Apr. 1999 to Nov. 1999, we sampled 116,014 fishes with 25 species. The
majority of the fishes were Hemiramphus kurumeus , which accounts 62.8% of the
samples. Also, Hypomesus olidus , Coilia ectenes , Mugil cephalus were the other
three of most frequently sampled species, which account for 14.7%, 17.1%, and 4.7% of
the samples, respectively. Sorting the species in the order of weight, Coilia ectenes ,
Hemiramphus kurumeus , Hypomesus olidus , and Mugil cephalus were responsible for
51%, 35%, 7% and 4% of the total weight of the samples. Most of the fishes were
caught from Apr. to July.

In Fig. 5, the numbers of migrating fishes were illustrated. Most of the

Hemiramphus kurumeus migrates from May to June, which is peaked at May 6 (25,469



fishes, 35%), and most of the Coilia ectenes travels in May with the peak at May 10
(8,279, 54%). Similarly, most of the Hypomesus olidus and Mugil cephalus migrates
in July with different peak at July 20 (10,743 fishes, 66%), and July 15 (2,324 fishes,
47%), respectively. The number in the parenthesis means the number of migrating
fishes per hour, and % means the number of fishes at a particular experiment divided by

the total number of samples.

32000 —&— Hemiramphus kurumaeus
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—— Mugil cphalus
~—{1—Hypomucenus olidus

28000

24000

20000 p

16000

12000

Number of Fishes

8000 P

4000 P

Fig. 5. Number of fishes caught at Youngam fishlock

The maximum numbers of daily migrating samples were 611,232 (1.9 ton), and
198,696 (12.4 ton) for Hemiramphus kurumeus and Coilia ectenes , respectively, where
the weights are measured at the sampling data, which are 3.15g and 62.25g for

Hemiramphus kurumeus and Coilia ectenes , respectively.
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Fig. 6. Collected fish species and fishes at Youngam fish lock.

From Apr. to Nov., 3,742 fishes were sampled per one-hour experiment in the
average, thus, 44,900 fishes are predicted to use the fishway daily. However, the
number of migrating fishes differs in the tides, and the hour, which is not considered in
the experiments.

In 1995, Masahiro Sumiya, et al, researched on the use of fishways at Nagara river,
Japan, which samples about 20 species of 828 fishes, and most of them were primary
fresh-water fishes that return to the fresh—-water after going out to the sea through the
lock gate by mistake because the fishway at Nagara river is a ladder type in which only
fishes having good ability to swim can migrate.

However, most of the fishes caught at Yungam fishway were diadromy, which

clearly indicates that the fishway at Yungam can be used regardless of the ability to

swim.

7. The challenges and the solutions

In Korea, fishways have not been constructed at dams. In Yangyang dam, a Borland

type fishway is under construction by Korean Electric Power Corporation (KEPC),



which is scheduled to be finished in Apr. 2004. An elevator type fishway is designed to
be constructed at Tamjin dam operated by KOWACO, and a vertical slot type fishway is
planned to be located at Paldang dam designed by KHNP. In addition, KOWACO is
researching on the installation of the fishways at Daechong dam, and Hatangang dam.

The reason that the fishways have not been installed at dams is the lack of law that
obligates the construction. From 1997 to 2000, the law was revised to oblige the
fishways at dams, not many dams were constructed during that period because there
are not any standard procedure for design and construction of fishways. Only fishway at
Yangyang dam were being built at that period not because of the law but because of the
complaints from the government and fishers at Yangyang.

After the amendment of aquatic product protection law, there has been ways not to
install the fishways. However, the construction of fishways are being positively
considered nowadays due to the following causes: the ministry of environment
recommended the consultation of fishways during evaluating the effect to the ecology;
the Board of Audit and Inspection of Korea (BAIK) inspected the construction of
fishways in 1999; and many environmental NGO are complaining on the lack of fishways
in major constructions.

During the inspection from BAIK, the reasons for not installing the fishways were
as follows: the lack of knowledge on the law which obligates the construction of
fishways; low profitability of the construction due to the excessive cost of building the
fishways; the presence of another dam at the lower river which prevents the migration
of the fishes; the huge difference in the water level inside dam; the lack of water for
operating the fishway; the difficulty of adding fishway because the construction started
before the law obliges the installation of fishways; and the absence of foreign examples
of building the fishways at dams. However, most of the excuses are not plausible
because the solutions are available after careful analysis of the problems.

One of the main reasons for the absence of fishways at dams is the misconception
that the fishway should be built in ladder type that requires long waterway, penetrates
the dam, and is vulnerable to the difference in the water level inside the dam. Although
these constraint may requires huge amount of construction cost, it was predicted that
the Korean fishes could not use it due to the lack of swimming ability; as a result, the

installation of fishways is regarded as unnecessary in both economical and ecological



senses. However, the use of operation types, such as elevator type and Borland type,
reduces the cost significantly to around 0.5 billion Won ($0.4 million) and 3 billion won
($2.5 million), respectively, and the fishes with least swimming ability can use such a
fishways; thus, most of the fishways being built currently are operation types.

Fishways are built at the most of the major barrages, but the early ladder type ones
at Kumgang, Haenam, Busa, and Shihwa are not operating properly because the design
does not consider the tides and the ecology of the fishes. If the problem in operation is
too severe after careful analysis, it is recommended that the ladder type one should be
replaced vwith navigation lock type fishway. Upon the replacement, the existing
navigation locks at Kumgang and Shihwa can be used as a navigation lock type fishway
by installing a few equipments, which requires extremely small budget. For example,
the cost of installing guide water pipe to the navigation lock in Yungsan sea dike was
0.2 billion won ($160K). Some one complains that the noise of ships using navigation
lock disturbs the migration of fishes through the fishway, which in fact does not
significantly affects the migration because annual use of the navigation lock by ships
was only ten time in 1999. Assuming that a ship travels the lock for 30 minutes per
each use, annually, only 5 hours are used and the lock is not utilized at all for the most
of the times; thus, the use of the navigation lock for fishways should be positively

considered.

HAWOST Guide flow

Fig. 7. A fishway containing guide flows at both the up stream and down stream

—101—



For the fishways at sea dikes in Korea, the navigation lock type is the most realistic
one because of the following reasons: the migrating fishes such as Coilia ectenes , Fugu
ocellatus , and Hemiramphus kurumeus cannot use the ladder type fishways due to the
lack of the ability to swim and jump; the difference of the water level both inside and
outside the dies; the water level inside the dike is lower than that outside dike, so the
lock cannot be opened for the most time when the waterway type is installed; and the
lock of waterway type fishway should be closed to prevent inflow of sea water during
high tide when most of the fishes migrates. In addition, the fishway containing guide
flows at both the up stream and down stream in Fig. 7, which has ladders upto the
highest water level and emits fresh—-water at the top, is also considered, but it was not
installed because the downward waterways toward the lake prevents the migration of
the fishes which have instinct to swim upward. In fact, due to the failure of the ladder
type fishways at Kumgang, Heanam, Busa, and Shihwa, the fishway at Yungam was built
with navigation lock type, which had been originally designed with ladder type one.

Besides large sea dikes, smaller ones such as Asan, Sapkyo and Namyang should
have fishways in the future. For example, there was complaint from Pyungtak to build a
fishway at Asan, but the local government is delaying the decision. These smaller sea
dikes does not have large incoming rivers but they completely separate the freshwater
from the sea water, thus block any migration from sea to the lake. If the fishways are
built at these smaller barrages, Coilia ectenes , Hemiramphus kurumeus , Anguilla
japonica would be able to migrate toward the lake, and changes the ecology at the
neighboring sea. For example, Coilia ectenes became the major species at Yungam,
and Kumho lake after building navigation lock type fishways, and we can observe many
hair tail( 7richiurus lepturus) which eats Coilia ectenes that come back to the sea after
rainy season. As a result, the hair tail fishing becomes very popular at Yungam barrage
and about 20 fishing shops opens after the introduction of he fishway, which indicates
that the fishway also affects the human lives,

However, the poor managements of the expensive fishways are very common
mistakes in Korea. For example, not many fishways are operational at barrages under
construction in order to save money or due to the lack of interest in fishways. In
addition, the fishing around the fishways should not be allowed because the effect of

fishways is diminished significantly even if the fishway is operating correctly.
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