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Preamble
I. Project Necessity

The hydropower potential of the Dajia River Basin is the highest among
all rivers in Taiwan. The development of hydropower resources has been
carried out since the Japanese colonial period. Currently, there are five
hydropower plants including Deji, Qingshan, Guguan, Tianlun and Sheliao, the
total installation capacity reaches 864,900 kW, which is the main peak power
source of Taiwan's power system.

However, the capacity of adjustment pond and headwater tunnel of
Tianlun power plant, which built downstream the earliest, was insufficient to
regulate the peak power generation tailwaters of the upstream power plants,
which greatly affected the power generation efficiency. There is an urgent need
to carry out secondary development projects downstream for Dajia water
resources to be optimally utilized.

The New Tianlun Hydropower Project and the Ma'an Hydropower Project
are the secondary development projects that should be actively promoted. The
construction of the New Tianlun hydropower project started in March 1988
and 1s expected to be completed and commercialized in June 1992.

The Ma'an Hydropower Project is a hydropower resource project at the
most downstream of Dajia River developed to coordinate with the operation of
the New Tianlun and Tianlun power plants. It can increase the net peak
capacity by 133,500 kilowatts, with annual power generation reaches 400
million kWh, which is in line with the government's policy of promoting
energy diversification and self-sufficiency, and able to improve the power

quality and quite beneficial to reduce dependence on imported energy. After
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research by Taiwan Power Corporation (Taipower), the Ma'an Hydropower
Project is technically feasible, economically and financially qualified, and

there is a real need for development.

1. Project environmental impact

The impact of the Ma'an Hydropower Project on the environment is
mainly caused by environmental pollution and traffic interference during the
construction period, as well as the impact on the river ecological environment
caused by the sharp decrease in flow in some river sections after completion
and operation.

Environmental pollution and traffic inconvenience during construction
are inevitable short-term adverse effects on any construction plan. Fortunately,
the area has a sparse population and a small traffic volume. With various
pollution (dust, water quality, noise, litter) control and debris adjustment
measures on the construction site, should be able to reduce the pollution and
inconvenience caused by construction to the minimum level and avoid causing
environmental pollution and traffic congestion problems.

The river section between Ma’an project weir and Tianlun rear pond has
no water diversion and is not an important habitat for river fish; The sharp
decrease in flow has no significant impact on downstream water use, however,
will inevitably have a negative impact on the river ecological environment,
which the impact is not sensitive and significant.

During the construction and operation stages of this project, monitoring
plans for hydrology, water quality, air quality, noise, and river fish biology will

be implemented. Based on the monitoring results, construction and operation
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plans can be adjusted at any time to comply with government regulations on
pollution prevention and environmental protection, ensure downstream water
rights and maintain the ecological environment, and implement government

environmental policies.

I11. Project Social Acceptance

According to the result of 93 social questionnaires conducted in the
project area, most residents hold a positive attitude towards hydropower
development in the Dajia River Basin, 87% of the respondents are in favor of
the Ma'an Hydropower Project, while only 2% of the respondents are opposed
to it.

This also means that local residents acknowledge decades of efforts and
achievements in developing Dajia River's hydropower resources Taipower; the
hydropower development project does not consume water resources and
pollute water quality, and has a very low impact on the environment, which has
been proven by facts. Therefore, the implementation of this plan, as long as the
compensation fee is reasonable, will not cause local residents to reject and

resist.

V. Conflicts with Other Projects

In 1985, the Water Resources Agency (WRA, MOEA) began planning a
water source expansion and development project in the lower reaches of Dajia
River. The Ma'an Hydropower Project will separately build a Ma'an Reservoir
(full water level 500 meters, capacity 95.876 million cubic meters) near the

Long'an Suspension Bridge on Dajia River upstream, and a Longbao Reservoir
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(full water level 265 meters, capacity 45.101 million cubic meters; project
revoked later) on the Biankeng River at the head of the Wuxi tributary. With
cross-regional water diversion from Ma'an Reservoir to Longbao Reservoir to
provide future water supply needs for the greater Taichung and Changbin areas.

Based on the "1986 Dajia River Downstream Water Source Expansion
Planning Report" proposed by the WRA, Taipower Corporation has devised
the dispatch plan of the Ma'an Power Plant's tailwater and the Ma'an and
Longbao Reservoirs. The dispatch plan should be able to co-exist with the

WRA’s planning.
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Summary
. Project Overview

The Ma'an Hydropower Project is to build a barrage about 900 meters
downstream of the tailwater outlet of the Tianlun Power Plant to receive the
tailwaters of the upstream power plants and regulate the flow of the
uncontrolled watershed between Tianlun Dam and Ma'an Dam. The water inlet
is built on the right side of the upstream of the dam body, and water is diverted
through a penstock about 7.5 kilometers long in the hillside on the right bank
of Dajia River to the newly built semi-underground power plant near Tianlun
rear pond (Ma’an Retention Basin) to generate electricity. The maximum water
diversion volume is 144.5 m?/s, and the effective water head is 106.85 meters.
After power generation, the tail water is discharged into the adjustment pond
of Tianlun.

The main engineering facilities include a concrete gravity barrage, 303

meters long and 18.5 ~ 41.0 meters high;

A graphic cross-section pressure headwater tunnel with an inner diameter
of 6.4 meters and a total length of 7.485 meters; A circular cross-section
pressure headwater tunnel with an inner diameter of 6.4 meters and a total
length of 7.485 meters; A surge tank with an inner diameter of 15 meters and a
height of 69.14 meters; An underground penstock with an inner diameter of
3.0~6.0 meters and a total length of 385.14 meters;

There is a semi-underground power plant with a length of 50.3 meters, a
width of 20.2 meters, and a height of 35.5 meters, with 2 vertical axis Francis

turbine generator units installed in the factory, the designed water consumption
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of each unit is 72.25 m3/s, the effective water head is 106.85 meters, the single
unit output is 66,750 kilowatts, and the total installed capacity is 133,500
kilowatts; One outdoor switchyard; two circular cross-section pressure
tailwater tunnels, with an inner diameter of 3.0 meters and a length of 49.6
meters; two additional sand discharge gates were added to the Tianlun rear
pond (Figure 1).

The total project cost is approximately NT$12.06 billion, equivalent to a
construction cost of approximately NT$90,000 per kW; the annual net benefit
is approximately NT$137 million, with a benefit-cost ratio of 1.113; the return

on investment is 10.57%, and the investment payback period is 17.52 years.
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I1. Status Investigation, Forecast Assessment and Corresponding Countermeasures for Various Environmental Items

i. Natural Environment

Item

Current Status (1987)

Ma’an Project
Construction

(1991-1995)

Countermeasures
for environmental
impact during

construction period

Target Year 2001

Without Ma’an

Project Operation

Ma’an Project

Operation

Countermeasures
for environmental
impact during

Operation period

Geography

The project area includes
the Dajia River channel,
slopes on both sides and
of the

valleys. Parts

valleys and  gentler

slopes have been
reclaimed as orchards,
but the original terrain
slope is  generally
maintained.

The strata are Tertiary
marine sediments with
many faults and fold

structures. There are not

Major construction
projects such as
tunnels, drifts and
power plants are
mostly
underground
projects and have
little impact on the
terrain and surface
features. The
planned  barrage
construction  will

not have much

impact on the Dajia

Earth retaining

facilities will be
installed at the
waste dump, and
slope  protection
and temporary
drainage facilities
will be provided
for roads and
above-ground

buildings to adapt
to changes in

terrain.

Sloping land

development will
be developed and
utilized under the
regulation of the
"Slope Land
Conservation and
Utilization
Ordinance", with
limited changes to
the existing

topography.

Once the
vegetation
coverage of the
waste dump is
completed, the
potential amount of
topsoil loss will be

greatly reduced.
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Item

Current Status (1987)

Ma’an Project
Construction

(1991-1995)

Countermeasures
for environmental
impact during

construction period

Target Year 2001

Without Ma’an

Project Operation

Ma’an Project

Operation

Countermeasures
for environmental
impact during

Operation period

many earthquakes and
the energy released is not
high, so it is a non-
significant  earthquake

arca.

River channel and
slope. Only the
existing terrain and
surface features of
construction roads,

switchyards  and

planned spoil
dumps will
gradually change
as the project
progresses,

affecting the

original soil and
water conservation
function of the

slope.
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Item

Current Status (1987)

Ma’an Project
Construction

(1991-1995)

Countermeasures
for environmental
impact during

construction period

Target Year 2001

Without Ma’an

Project Operation

Ma’an Project

Operation

Countermeasures
for environmental
impact during

Operation period

Air Quality

Except for the exhaust
gases emitted by the
chimneys of the three
sand and gravel quarries
located on the right bank
of Dajia River and the
limited traffic volume of
Zhongheng  Highway,

there are no other
pollution sources. The
air quality is very good
and can meet the general
air

regional quality

standards in Taiwan.

Tunnel blasting

and ballast
removal, as well as
ballast disposal site
operations,

significantly
increase the
amount of dust and
suspended particles
in the air. However,
the affected areas

are concentrated in

sparsely populated

operating
locations,  which
will  not cause
pollution

Before the vehicle
leaves the
construction area,
water spray to

clean the tires.
Tunnels and drifts
ballast exits, earth
transport paths and
ballast dumps are
frequently
sprinkled with
water to suppress

flying dust.

The project area
has steep terrain
and no
development

hinterland. It is
speculated that it is
impossible to
introduce a large
number of
polluting factories
to emit waste gas:
the air quality
should be similar to
the current

situation.

The operation of
hydropower plants
does not emit air
pollutants and does
not affect the air
quality of the

surrounding areas.
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Ma’an Project

Countermeasures

for environmental

Target Year 2001

Countermeasures

for environmental

Item Current Status (1987) Construction Without Ma’an Ma’an Project
impact during impact during
(1991-1995) Project Operation Operation
construction period Operation period
problems. The dust
raised by vehicles
moving path is
quite sensitive to
the impact of
adjacent residences
and shops.
Dajia River is one of the | The barrage and The WRA plan to | In  the section | Regularly monitor
major rivers in Taiwan, | water inlet are expand the water | between Ma'an | the flow, water
with a total length of | constructed using source in the lower | Barrage and | quality and river
approximately 124 | the river diversion reaches of Dajia | Tianlun rear pond, | fish life in the
Hydrology | kilometers, a catchment | construction — River (to build | the flow rate | downstream
area of approximately | method. The Ma'an Dam on the | decreases by | section of the
1,236 square kilometers, | stream water can main stream of | approximately barrage. Based on
and an average annual | flow down the river Dajia River and | 87% during dry | the monitoring
runoff volume of 2,600 | from the outside of Longbao Dam on | periods and by | results, the
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Ma’an Project

Countermeasures

for environmental
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(1991-1995) ) _ Project Operation Operation ) ]
construction period Operation period
million cubic meters, | the barrage without the tributary of Wu | approximately discharge flow of
ranking 9th among the | affecting the River) involves | 83% during wet | the barrage will be
19 major rivers in | upstream and cross-territorial periods. flexibly adjusted to
Taiwan. The  water | downstream flows. water  diversion, maintain the
volume is abundant, the | On peak days, the and the flow of minimum flow
height difference is | construction water water downstream required for
large, and the water | consumption from of Dajia River will ecology.

power reserve is the
highest among all rivers

in the country.

Dajia  River is
approximately 0.06
cubic
meters/second,

accounting for only
0.3% of the low
water flow in this

section of the river.

be sharply reduced;
however, since this
project  interacts
with the Ma’an
Hydropower
Project and has a
wide range of
impacts, it is
currently

unpredictable
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impact during impact during
(1991-1995) ) _ Project Operation Operation ) ]
construction period Operation period
whether it will be
implemented.
There are a total of 5| The New Tianlun The WRA  is | There is no water .
During the
hydropower plants in the | Hydropower Plant planning to expand | diversion inlet ‘
o ) ) ] construction of
Dajia River basin, with a | came into the water resource | between the Ma'an
) ) S Ma'an Power Plant,
total installed capacity of | operation in 1992, development plan | barrage and the .
. . ' _ ' the Tianlun rear
about 860,000 kW. | increasing the in the lower | tailwater discharge
‘ . pond was dredged
There are only 12 |system  installed reaches of Dajia | port of the power
S ‘ . _ . 30 cm deep to
Water body | irrigation canals that | capacity by River. It is planned | plant to the Tianlun |
o ) B — ) increase the
utilization | divert water from Dajia | 105,000 kW. The to build Ma'an | rear pond.
capacity of the

River. The actual water
intake per month ranges
from 12 to 40 cubic
meters per second.

The
about 20,000 hectares.

irrigated area is

Ma'an barrage and

water inlet adopt

the river
construction
method, which

does not retain the

Dam on the main
stream of Dajia
River and Longbao
Dam on the
tributary of Wu

River in 2004 and

Therefore, the
operation of the
power plant only
affects the use of
river water

downstream of the

pond to fully meet
the demand for
reverse regulation
of downstream

water.
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The downstream | stream water, so it 2011, respectively, | Tianlun rear pond.

Shigang Dam  can | does not interfere to divert water | According to

provide the Taichung | with the flow of the from Dajia River to | hydrological

area with a daily public | downstream river Greater Taichung. | calculations, the

water supply of | and has no impact As well as the need | combined

approximately 420,000 | on the current for water in the | operation of

metric tons. water use. Changbin area, it is | Tianlun rear pond

still uncertain
whether this
project will be

implemented due
to its interaction
with the Ma'an
Hydropower

Project and the vast
submerged  area.

The number of

and Shigang dam
will  produce a
maximum counter-
regulatory capacity
of less than 30,000
cubic meters for
downstream water
demand, and its
occurrence rate 1is

only 0.7%.
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Ma’an Project

Countermeasures
for environmental

impact during

(1991-1995) Project Operation Operation
construction period Operation period
hydroelectric Therefore, the
power plants | operation of the
remains at 6 (a | power plant has an

New Tianlun plant
has been added
compared to the
current situation)

, the irrigation
water consumption
decreases due to
the shrinkage of the
irrigation area. The
amount of water
demand may divert
to Fengyuan
Second Water

Purification Plant

insignificant

impact on the

utilization of
downstream river
water.
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The project area is a non- The population In order to enable
The water,
urban planning area with o growth in  the the water source
electricity and ) ) )
scattered settlements and o project area is expansion
. communication o
relatively backward on limited, the development plan
‘ o facilities  required ‘
general public facilities. ‘ demand for public for the lower
for construction are
There are only junior| ' facilities is not reaches of Dajia
. limited in quantity i
high schools, elementary great, and the River planned by
o and can be | Same as  the '
Related schools, electricity, current scale is WRA to coexist
obtained nearby. scenario of Without
facilities or | telecommunications and — generally with the Ma'an
_ There is no need to o Ma’an Project ‘ ‘ ‘
projects health center, etc., as for maintained. project, 1t 1S
expand  existing Operation
the water supply system, The Fengyuan planned to expand
facilities.
sewage and drainage Second Water the third tank with
o Fengyuan No. 2 ) ) )
facilities, garbage Purification Plant a capacity of about

collection and treatment,
and medical facilities are
still very lacking.

There are currently no

water purification

plant may be
completed and
operational.

may have been
completed and put
into operation; the

water source

500,000 cubic

meters in  the
Tianlun rear pond,

and use an inverted
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construction period Operation period
specific regional expansion plan for siphon to guide the

development plans. In
terms of water resources
planning, there is a plan
to build a second water
purification plant of
Fengyuan, which is
being prepared by the
water company; and a
water source expansion
development plan in the
lower reaches of Dajia
River, which is being

planned by the WRA.

the lower reaches
of Dajia River has
not yet reached its
development

schedule.

power generation
tail water to the
Longbao Reservoir
for storage; in
order to cooperate
with the Ma'an
Reservoir, it is
planned to build a
third tank on the

left side of the

reservoir. An
underground
pumping  station

was built at the
heart of the

mountain to pump
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water from the
expanded pond
during  off-peak

hours.
Ii. biological environment
Countermeasures Target Year 2001 Countermeasures

Ma’an Project

for environmental

for environmental

Item Current Status (1987) Construction ] ] Without Ma’an Ma’an Project ) )
impact during ' _ ‘ impact during
(1991-1995) ] i Project Operation Operation ) )
construction period Operation period
The construction | Some orchards Fruit trees are still | Part of the riverbed
facilities are mainly | must be eradicated the main focus, and | sweetroot
Terrestrial | located in orchards. The | at ground the planting area | grassland upstream
plants remaining secondary | engineering and types will | of the barrage was

forests occupy a very

small area and there are

facilities and waste

dump sites, with

change depending

on the price of the

submerged, but

nearby  orchards
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not many artificial | the main loss being fruit. were not affected.

forests. Most of the fruit
are peaches and pears.
Secondary forests are
distributed on both sides
of creeks and steep
slopes, and are mostly
composed of intolerant
and pioneer tree species.
There are many artificial

forests

Chinese fir (A& " 1%),

including

deciduous tree (% 1)
and acacia trees (4p L
#1). The waste dump is

also converted from

citrus.
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orchards, mainly citrus.
The project area has
been cultivated for a
long time, and the
resources  of  large Only the terrain of
mammals and snakes are each waste dump
scarce, but there are | Rare birds have a has changed from a
_ many birds and | oreater impact and river valley to a
Terrestrial butterfli Bird _ Close to the current ‘
‘ uttertiies.  Birds —are | are likely to move — o gently sloping —
animals i H situation. i

MOStly Sparrows, House | elsewhere due to platform, partially
swift (-} & &), and | construction noise. changing the
Light-vented bulbul (& animal habitat
f 53), and 4 rare species environment.

have been found. The
section from Bailu to
and

Tianleng near
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Tianlun Power Plant has
the most abundant
butterfly resources and is
of great tourist and
educational value.
The composition of | During the | Septic tanks are set | Under the | The water volume | Conduct  regular
algae is dominated by | construction up in the work area | government's of the Dajia River | water quality
dinoflagellates (* j&). period, the flow | to collect domestic | vigorous section, which is | monitoring at the
Although  there  are rate did not | sewage from | promotion of soil | about 11 | Tianlun Power
. (4 p . |decrease construction and water | kilometers  long | Plant, Bailu
Aquatic mesosaprobic (¥ & -k
) significantly, the | workers; after | conservation and | from the barrage to | Suspension Bridge,
plants }4+) aquatic algae, the
deterioration of | excavating slopes | the open import | the Tianlun rear | Long An
number is very small, ) . ) . i
water quality was | and repairing new | policy of | pond, has dropped | Suspension Bridge
and the water quality 1s | . . )
limited, and the | roads, pavement | agricultural sharply.  Among | and Yong An
still oligosaprobic (& & | . , . .
river ~ vegetation | treatment or | products, the | them, the section | Bridge, and
H :"
Ki2). status should be | planting will be | orchard planting | from Nanshi to | flexibly adjust the
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Similar to the | carried out | area may  still | Tianlun rear pond | discharge volume
current situation. immediately to | maintain the | has more residents | of the barrage to
reduce the degree | current situation. | along the way and | dilute the water
of water pollution. | The total amount of | the water volume | pollution
pesticides and | has dropped | concentration.
materials used | sharply. The
every year does not | pollution level has
change much. The | increased
composition  and | relatively, and
quantity of algae in | pollution-loving
the waters are | algae in the water
similar to  the | may have increased
current situation in | accordingly.
project area.
Aquatic In the Dajia River | During the | Same as Agquatic | The hydrological | In the Dajia River | Conduct  regular
animals section between Dongshi | construction of the | plants conditions and | section between the | river fish biological
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Ma’an Project

Construction

Countermeasures
for environmental

impact during
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Ma’an Project

Countermeasures
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impact during

(1991-1995) Project Operation Operation
construction period Operation period
and Guguan, 34 species | barrage and the current status of the | barrage and the | tracking surveys in
of fish have been found | water inlet, the river, except for the | Tianlun Power | four sections
in surveys in recent | turbidity of the continued decrease | Plant, the water | between Tianlun
years. The dominant | stream increased in the number of | volume and water | Power Plant and
species are | significantly, migratory fish, | depth have | Yongan  Bridge,
Acrossocheilus which  adversely should be similar to | decreased, which | and flexibly adjust
paradoxus (% # % f#), | affected the habitat the current status | may result in the | the flow rate of the
Opsariichthys of fish. composition  and | inability of some | barrage to maintain

pachycephalus (f2 & 5
T f#) and Rhinogobius
brunneus ("' #& 7). No

rare species have been

found. Due to the
obstruction of the
downstream Shigang

Dam, migratory fish are

quantity of water

plants.

fish and aquatic

insects to survive.

the minimum water
depth required for

fish survival.
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Ma’an Project

Operation

Countermeasures
for environmental
impact during

Operation period

difficult to see.

lll. socioeconomic environment

Ma’an Project

Countermeasures

for environmental

Target Year 2001

Countermeasures

for environmental

residents in Dongshi and
Xinshe
Hakka,

Villiage

while Nanshi

are

skilled workers and
ordinary  workers

come from Heping,

people going out to

find jobs and study.

operation of this
power plant adopts

remote control

Item Current Status (1987) Construction ] ] Without Ma’an Ma’an Project ) )
impact during _ ' ' impact during
(1991-1995) ‘ . Project Operation Operation ) ]
construction period Operation period

The project area is a low- | Qingfuli and After the power
population-density Nanshi Village The  community | plant was put into
village with a negative | may bring in 2,500 population is still | operation, most of

' average annual growth | people during the outmigrating, the engineering

Community _ '
rate over the past ten | peak construction — especially the | personnel were —
structure _

years. Most of the | period. Most of the number of young | evacuated. The
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impact during impact during
(1991-1995) Project Operation Operation
construction period Operation period
Village is mainly | Dongshi Town and model. The remote
composed of Atayal | Xinshe Village. control center is
people. They mainly located in the main
commute to work control room of
and have no Tianlun Power
significant impact Plant. The number
on the community of additional staff
structure of nearby required by Ma'an
villages. Power Plant is only
about 28 people,
and there i1s no
impact on the
structure of nearby
villages.
Commercial | The industrial and | Commercial Local  industrial | Same as  the
activities economic activities in | activities in QinFu B and economic | scenario of Without B
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the project area are |and Nan  Shi activities are still | Ma’an Project
mainly agriculture. The | Village will be dominated by the | Operation
area of fruit trees planted | more active, primary industry of
along the hillside and | mainly for fruit planting, and
valley plains is | restaurants and industrial and
extremely vast. The | grocery retail commercial

industry and commerce
are underdeveloped,
with most retail stores

and restaurants.

stores, which will
increase business
opportunities. The
waste dump,
switchyard, power
road

plant and

construction  will
occupy part of the
orchard land, but
the required land

area is limited and

development is
limited, which is
similar to  the

current situation.
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will have little
impact on local
agricultural
productivity.
The two-lane | Traffic on the | The construction
Zhongheng Highway is | approximately 14- | progress will be Only 1 to 2 official
the main external road. It | kilometer section | flexibly adjusted in vehicles and
connects Provincial | of the Zhongheng | line  with  the engineering
Highway No. 3 to the | Highway from | Zhongheng vehicles enter and
west and can reach | Damaopu to | Highway Similar to Current | leave the
Trafhie Taichung via Shigang | Bethlehem is | sightseeing season. | Situation. construction  site, -
and Fengyuan; it | slightly affected by | When necessary, which  will not
connects Provincial | the construction of | use nighttime affect the traffic of
Highway No. 9 to the | roadside ballast removal to Zhongheng
east and can reach | engineering reduce interference Highway

Hualien, Yilan and other

facilities. The entry

to road traffic
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impact during impact during
(1991-1995) Project Operation Operation
construction period Operation period
places. Generally, road | and exit of | during peak hours.
conditions are good. | construction
During typhoons and | vehicles also
rainstorms, rockfalls and | interferes with the
small landslides may | smooth traffic of
occasionally occur on | Zhongheng
some road sections. | Highway.
Traffic flow is not large, | However, the
and the daily average | number of vehicles
traffic volume to | is limited and the
capacity ratio is only | impact is minor.
0.25. Industrial roads are
well developed,
generally paved, and
about 2 meters wide.
Water quality | The Dajia River section | The main pollution | Septic tanks are set | If illegal dumping | There 1s no —
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between Tianlun Power
Plant and Shigang Dam
is a Category B river.
The main sources of
pollution are the
fertilizer application in

the upstream orchards

and the discharge of

household sewage in
Dongshi  Town. At
present, water quality
biochemical oxygen
demand, total
phosphorus, and
ammonia nitrogen

content often fall to

Category C or below

is the increase in
turbidity in water
caused by
earthmoving
operations, which
only occurs
intermittently

during heavy rains.

The sewage
discharge from
construction

workers 1s  very

limited. During the

dry season, the
biochemical
oxygen  demand

concentration  in

up in the work area
to treat the

domestic sewage of

construction
workers; after
excavation of

slopes and repair of

new roads,
pavement
treatment or

planting will be
carried out
immediately to
reduce the degree

of water pollution.

of garbage
continues the Dajia
River riverbed, the
water quality of the
river will
deteriorate day by
day. The extent will
depend on whether
the garbage
treatment plan of
the towns on both
sides of the river

can be effectively

implemented.

wastewater

discharge in the
operation of the
power plant. There
are only about 20
employees.  The
amount of
domestic sewage is
very small. It is
discharged  after
treatment in septic
tanks, and the
increase in the
pollution load of
the Dajia River
water system is

very small.
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standards. The coliform | the river section in
count and heavy metal | front of Shigang
content can meet the | Dam only increases
Class A river standards. | by about

0.046PPM, which

can still maintain

Class B river water

quality standards.
The project area is a | The construction | Carry out
Category Il noise control | area is narrow, and | construction noise
area. In general areas, | the number of | monitoring and

Noise and | the volume at each time | various types of | adjust the | Close to the current | Close to the current
Vibration | period is about 3 dBA | construction construction situation. situation. o

higher than the standard, | machinery ranges | progress and
and the day and night | from 2 to 5. The | machinery
volume can meet the | construction noise | operation time
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standard. The roadside
area is much higher than
the standard, with the
volume being as high as
12dBA in the morning
and evening. When large
trucks pass by, the
vertical vibration level
on the roadside reaches
more than 70 dBA, and
the horizontal vibration
level is mostly below 50

dBA.

generated by it can

comply with
domestic noise
control standards.

The entry and exit
of construction
vehicles during
peak periods only
increases the
average daily
traffic volume of
Zhongheng

Highway by
approximately 8%,
and the increase in
traffic noise s

limited. Changes in

when it exceeds the

standard.
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vibration level are
difficult to detect.
The project area is | The main sources . The operation of
Whether the illegal
located in a remote | are discarded ‘ the  hydropower
dumping of
mountainous area, where | materials and plant does not
_ _ garbage on the .
the amount of domestic | domestic =~ waste . . produce solid
o ) Dajia River )
waste is limited and | from construction . waste. The daily
riverbed can be
there are no garbage | workers. The waste amount of garbage
‘ _ suppressed
) trucks to transport it. | disposal party has generated by the
Solid waste — depends on —

Most of the waste is
dumped in  valley
depressions, buried or
burned by residents
themselves. The Dajia
River Valley has been

dumped by Shiganghe

considered a waste
dump with
sufficient capacity
for centralized
processing;

domestic waste not

exceeding 2 tons

whether the urban
garbage treatment
plan of the towns
on both sides of the
river can  be

implemented.

resident staff is less
than 10 kilograms,
which 1s
coordinated  and
processed by the
remote control

center of  the
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Ma’an Project

Countermeasures
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impact during

together with the
waste, so as not to
cause pollution to
the local

environment.

(1991-1995) Project Operation Operation
construction period Operation period

and Xinshe village. per day will be Tianlun Power

disposed of in a Plant to avoid

landfill designated environmental

by the local pollution

government or problems.

disposed of

Iv. cultural quality
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cultural

assets

The project area has
been  inhabited by
humans since the late
Neolithic Age about
3,000 years ago. Because

it is close to the
mountains area, the Han
people development
comes later. 11

prehistoric  sites have

been discovered, the
more important of which
is the Babao site in
Nanshi Village, which
dates back 3,500 to

2,000 years ago. It is the

The Heping(f=-T)
ruins, Zaokeng('g

$u)  ruins  and

Fushan temple (4&
i ¥) ruins are
located near Drift
A, Drift B and the
construction road
leading to Drift A.
A small part of the
ruins may be
damaged when the
Drift and
construction roads
and

are opened

closed.

Pay special

attention when
excavating Drift A,
Drift B and the
construction road
leading to Drift A.
If any monuments
or antiquities are
unearthed, the
work  will  be
stopped
immediately and
proactively
coordinate with the
competent
authorities to deal

with them.

Most of the sites
are located on river
terraces. Because
they are remote
mountainous areas,
development has
been slow. Most of
the land use still
maintains the
current fruit tree
planting. There is
no deep excavation
and only shallow
surface

Each

plowing.
site is
unlikely to be

severely damaged.

Same as the
scenario of Without
Ma’an Project

Operation.
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only Yingpu (§ )
cultural site discovered
in the middle reaches of
Dajia River.
The main engineering | Although various | Temporary The switch yard
o . o Due to the
facilities are located on | construction buildings on the _ and barrage form a
reclamation or
the north bank of Dajia | activities make the | construction — site, new visual focus. | The switchyard
abandonment  of
River, with Zhongheng | work area | concrete  mixing The concrete | close to the
orchards and the
Highway as the main | environment plant, material surface of the pit | Zhongheng
mining of soil and
landscape | visual corridor. Near the | inconsistent with | storage yard, etc. _ entrance of Drift B | Highway and is
) ] rocks on sloping |
beauty water inlet and barrage, | the  surrounding | shall be covered | 1s in great contrast | shaded by tall trees.
‘ ‘ _ ‘ ‘ roads, the quality | _ _
the terrain contrast is | environment, they | with planting or with the | Drift B will
of the landscape
relatively strong; the | are not the focus of | fences. After surrounding undergo key
has been slowly
landscape at the entrance | the landscape, and | excavation and o orchards. The new | landscaping.
deteriorating year
of Drift B is monotonous | the  surrounding | slope  trimming, b land at each waste
: y year. o
and damaged by human | land has been | slope  protection dump is likely to be
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activity (orchards); the
area around the power
plant, switchyard and
Tianlun rear pond is the
transition zone from
mountainous to flatland;
waste  dumpss  are
discarded in each area

with no special views.

reclaimed, so the
contrast is not high.
It only takes a few
seconds for
vehicles to pass by,
and the visual
sensitivity level is
low. Each waste
dump  site s
located in the small
valley on the south
bank of Dajia
River. It is sparsely
populated and only
causes short-term
visual 1mpact to

people and vehicles

and Dbeautification

projects will be
carried out
immediately.

restored to fruit
tree planting and
use, which is
consistent with the
surrounding  land

use patterns.

46




Ma’an Project

Countermeasures

for environmental

Target Year 2001

Countermeasures

for environmental

Item Current Status (1987) Construction . . Without Ma’an Ma’an Project . .
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construction period Operation period
passing by on
Highway No. 131.
The project area is about | 1he location of the Does not increase
20 kilometers west of | Malll cnginecring local  recreational _
faciliti : " ‘ _ At the barrage site,
Guguan. It does not | 'actiiies 15 NOLI T, ine with the resources. ‘
thi h a small parking lot
belong to the Zhongheng | Within the | Zhongheng Although the small ; .
: an a ew
Recreation System, nor | Fecreation area and | fiohway lake waters _ .
o . . 1k . ] . recreational service
‘ _ is it a scenic recreation | Wit haveNOIMpPact | gjohtseeing season, upstream of the o _
Sightseeing local . facilities will be
base. Therefore, there is | 00 focal recreation | the  construction | Close to the current | barrage can attract
and added as needed to
no development of | [ESOUICES. progress will be | situation. tourists' attention,
recreation ' _ R tional _ ' provide  tourists
sightseeing and | fhecreationa flexibly adjusted to they must be| '
— h with explanations
recreation areas, and | @CUIVIUES such as | reqyce interference equipped with N
Fast G % 2 _ and opportunities
there are no large-scale | East Guguan (X & | o road  traffic parking and
' . _ _ ' to stop and watch
sightseeing and | B ) and Lishan (${ | during peak hours. recreational
. - e .| the scenery.
recreation activities. | ) in the project facilities to provide

Only a small number of

area may  be

recreational
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Item

Current Status (1987)

Ma’an Project
Construction

(1991-1995)

Countermeasures
for environmental
impact during

construction period

Target Year 2001

Without Ma’an

Project Operation

Ma’an Project

Operation

Countermeasures
for environmental
impact during

Operation period

people go to the
suspension bridge and
valley on holidays for
outing, fishing,
swimming and playing

in the water.

affected by the
construction  and
the journey will be
slightly  delayed,
but it will not affect
the willingness to
have fun. The
recreational
experience has a
positive impact on
some tourists
(providing
engineering
construction
explanation

resources), and a

negative impact on

opportunities.
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Item

Current Status (1987)

Ma’an Project
Construction

(1991-1995)

Countermeasures
for environmental
impact during

construction period

Target Year 2001

Without Ma’an

Project Operation

Ma’an Project

Operation

Countermeasures
for environmental
impact during

Operation period

some tourists, but

the  degree
impact is slight.

of
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I11. Summary of main environmental impacts
I. Beneficial impact
1. Full utilization of water resources

Dajia River is the river with the richest hydraulic reserves in Taiwan.
Currently, there are five hydropower plants in the middle and upper reaches
only, and a New Tianlun power plant is under construction, with a total
installation capacity of 969,900 kilowatts; however, there is still a drop of more
than 100 meters between the New Tianlun power plant and Ma'anliao
downstream, which has yet to be fully utilized. The peak power generation
tailwater volume generated by the New Tianlun Power Plant and Tianlun
Power Plant is 138 m?/s, adding a power plant near Ma'anliao can increase the
net peak capacity by 133,500 kilowatts and increase the annual power
generation by more than 400 million kWh. The tailwater from power
generation is still discharged into Dajia River for downstream irrigation and
public water supply. Therefore, the operation of the Ma’an Hydropower Project
does not consume water resources and does not pollute water quality. It is an

economical and effective use of the country's overall water resources.

2. Promote local economic activity during construction period
The existing community settlements in the planned area are very small,
and industry and commerce are underdeveloped. There are only small
restaurants and grocery stores scattered along both sides of the Zhongheng
Highway. During the construction phase, a large number of Taipower
engineering personnel, contractor supervisors, and technical workers were

stationed, which had a positive impact on the promotion prosperity of the
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catering retail and service industries in nearby areas.

3. Creation of sightseeing and recreation resources
The small lake formed upstream of the Ma'an Project Barrage can
improve the landscape quality of the local waters. If a small parking lot and
leisure facilities can be built around it, it can form a new tourist and

recreational base.

Ii. Negative Effects
1. Environmental pollution during construction

During the construction period of any project, it will inevitably cause air
and water pollution near the work area, as well as an increase in noise and
vibration levels. Good construction management is required to minimize the
level of pollution.

The more significant pollution caused by the construction of the Ma'an
Hydropower Project is: (1) The concentration of suspended particles and
falling dust increases in the work area and along the earth moving path; (2)
The excavation of the work area causes an increase in the turbidity of the Dajia
River, especially during the rainy season; and (3) The sudden increase in
volume level caused by the explosion and the construction noise generated by

heavy machinery construction sites, etc.

2. Landscape damage during construction
The surface damage caused by the partial land preparation works at each

construction site, the construction of dormitories, and the accumulation of
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construction machinery and equipment will temporarily damage the existing

visual landscape quality of the project area.

3. Traffic disruption during construction
During the period of ballast removal in the work area, a large number of
earth-moving vehicles will enter and exit, which will inevitably interfere with
the traffic on the Zhongheng Highway. The tourist bases along the Zhongheng
Highway in the east of the planned area may be affected by traffic congestion

during the peak tourist season.

4. Damage to river ecological environment

During the excavation of the Ma'an Project barrage, the water pollution
caused by its downstream to Tianlun rear pond and the flow change caused by
the operation of the power plant after completion were not conducive to the
habitat of river fish. However, the fish biological resources in this section of
the river are not abundant, and the site investigation found no rare species and
migratory fish species (the downstream is already blocked by Shigang Dam),
so changes in the hydrological and water quality environment will not have a

significant impact on the ecological environment of the Dajia River.

5. Loss of land productivity
The waste dump, switchyard, power plant and construction roads occupy
part of the orchard land. In addition to the possibility of continuing to plant
fruit trees in the new land of the waste dump, the land used for power plant

facilities will lose land productivity during the operation period. However, the
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area is not large and it has no impact on the local agriculture. Production

activities will be slightly affected.

V. Environmental Impact Countermeasures
I. Corresponding countermeasures in the design stage
1. technical countermeasures

(1) Environmental protection engineering design

Environmental protection projects under construction include temporary
drainage, gully and surface erosion control, sediment runoff control, waste
sewage disposal and garbage disposal, etc. Environmental protection projects
in operation are mainly employee domestic sewage and garbage treatment
projects, all of which are incorporated. The overall project planning and design
of the hydropower project, and the required project funds are included in the

project cost.

(2) Enhancement of environmental beautification measures

At the very beginning of engineering construction in mountainous areas,
significant damage to the surface landscape was caused by land preparation
and filling. The unavoidable adverse effects of this kind of construction can
only be compensated by shortening the exposure time of the ground surface
and creating new scenery.

For the excavated slopes of power plants, switchyards and construction
roads, it is planned to carry out slope stabilization and vegetation slope
protection projects immediately after the slopes are trimmed, so that when the

factory construction or road paving is completed, the exposed slopes can be
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partially covered to improve visual landscape.

Engineering facilities within sight of Zhongheng Highway will be
beautified or covered from the perspective of landscape design. Permanent
facilities such as power plants, etc., focus on the coordination of architectural
shapes and colors during planning and design; switching yards, temporary

offices, dormitories, etc. have poor views and are covered with planting.

(3) Development of construction plan

To reduce the interference to Zhongheng Highway traffic during the
construction period, the construction plan will be developed based on the
traffic changes on Zhongheng Highway during peak tourist seasons and
holidays. The tunnel's ballast removal progress will be flexibly adjusted to ease
the disruption to traffic on the Zhongheng Highway caused by the entry and
exit of transport trucks.

In order to comply with various pollution prevention and control
regulations by the government, the detailed construction schedule will be
determined based on the operating time of high-noise construction machinery

and the dilution capacity of the water body to withstand pollution.

2. Administrative Cooperation Countermeasures
(1) public communication
The expropriation of project land will involve issues such as
compensation for existing rights and interests of land owners and users, and
adjustments to life when changing careers. Multi-faceted communication and

coordination will be carried out during the design stage to avoid causing social
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problems.

Once the land expropriation scope and compensation standards are
approved, will immediately invite the relevant resident to explain in detail, so
that the people can be fully prepared, respond early, reduce the psychological
impact, and have the opportunity to fully understand the compensation details,

so as to avoid public resentment caused by misunderstandings.

(2) Good Neighbor Measures

Taiwan adopts a system operation and dispatching method in power
system, so it 1s impossible to delineate the benefit area of any power plant. The
areca where the power plant is built is often not a direct beneficiary area.
Especially when the planned area already has electricity supply, it is more
difficult for the local people to understand the need for the power plant building
plan. They are faced with major life changes such as land expropriation, house
demolition, change of career, etc. When enduring all kinds of pollution and
inconvenience during construction, it is inevitable that there will be rejection
and resistance to the plan. This depends on the sincerity of the developer to
resolve the problem.

During the planning and design stage, human resources for construction
projects in nearby villages and people's willingness to participate in the Ma'an
Hydropower Project will be investigated. When compiling the contract award
documents, it will be stipulated that the contractor must employ a minimum
number of local people to ensure that employment priority is given to residents.

For the larger waste dumps acquired through requisition, the new land

generated will be consulted with the representatives of the relevant villages to
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carry out the planning and design of the utilization plan and provide it for the

use of each village.

(3) Coordination with relevant agencies

Regarding the issue of garbage disposal during construction and operation,
we will first coordinate with Heping Township Office and Xinshe Township
Office during the design stage to study the possibility of jointly burying
domestic garbage. If it is necessary to find another burial site, we will also
work with relevant personnel from the township government to jointly survey
and select, and apply for use rights in accordance with regulations.

For drinking water supply issues during construction and operation, the
possibility of taking over the water supply from the nearby simple tap water
system will be discussed with the local township office during the design stage.
If additional surface or underground water sources development is needed, will
also first apply for temporary water rights in accordance with regulations.

Regarding the planning, design and operational research of the Tianlun
rear pond Improvement Project, we will proactively coordinate with the Water
Resources Agency, Taiwan Water Corporation and the Taichung Irrigation
Association to carefully study the schedule for power plant operation and
downstream water demand.

Regarding the influence between Longbao Reservoir and Ma'an
hydropower projects, we will continue to negotiate WRA. Construction will

not begin until the plan is approved.

Ii. Corresponding countermeasures during the construction stage
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1. Prevention of pollution along earth moving paths

Due to the large amount of spoils in this project, most of the transport
vehicles used are dump trucks with small bodies and open rear ends. During
the transportation process, the spoils carried are easily exposed from the rear
ends due to vibration. It overflows from the mouth and both sides of the vehicle
and falls onto the road surface; the soil adhering to the tires when the vehicle
drives out of the work area will also cause pollution along the way. In order to
alleviate this phenomenon, trucks will be strictly controlled not to be
overloaded during construction, and a cement-paved cleaning floor will be set
up near the exit of the work area. Before the truck leaves, the tires will be
spray-washed, and ditches will be set up around the cleaning floor to collect
the waste. The muddy water reaches the mud collection pit, where it settles and

then flows into the nearby drainage.

2. Dust control
The large amount of dust generated during operations at tunnels and drifts,

earth moving paths, and ballast dumps can be reduced by frequent watering.

3. Noise control
During heavy machinery construction, if the noise level in the perimeter
exceeds the noise control standards for construction projects, the contractor
will be required to replace or adjust the construction machinery, or change the
operating hours of each machinery, so that the sound level reaches the

standards stipulated by the government.
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4. River water quality and ecological environment maintenance

Excavation of slopes and new construction roads will be paved or planted
immediately after repair. The dumping operation must be coordinated with
rolling to prevent soil loss. Septic tanks are installed in the construction site
offices and work dormitories to treat the domestic sewage of construction
workers. In order to effectively control the turbidity and pollution
concentration of the stream water, and in conjunction with the monitoring plan
of water quality and river fish life, the construction plan can be adjusted in a
timely manner to reduce the deterioration of water quality and protect the

habitat of fish life.

5. Traffic maintenance
In line with the Zhongheng Highway sightseeing season, the construction
progress will be flexibly adjusted. If necessary, nighttime ballast removal will

be used to reduce the interference to road traffic during peak hours.

6. Landscape maintenance
Temporary buildings on construction sites, concrete mixing plants or
construction material storage locations are not harmonious with the
surrounding environment and will be blocked from view by planting or fencing.
After all excavation slopes have been trimmed, slope protection and

beautification projects will be carried out.

7. Cultural asset maintenance
The Heping(§=- ) ruins, Zaokeng(“$ 3=) ruins and Fushangong(4& .l g )
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ruins are located near Drift A, Drift B and the construction road leading to Drift
A respectively. Special attention will be paid during the construction. If any
ancient ruins or antiquities are unearthed, they will be treated according to the
"Cultural Assets Preservation Act", work shall be stopped immediately and
proactive coordination shall be made with the competent authorities for

disposal.

lii. Corresponding countermeasures during the operation stage
1. Coordination with downstream water needs

The water release operation of the river barrage will be adjusted flexibly
based on the hydrology and water quality monitoring results of the downstream
river section; the operation of Tianlun rear pond, Shigang dam and Ma'an
Power Plant will be coordinated with the water demand schedule of various
downstream irrigation roads and public water. The water demand is adjusted
and recorded at any time, so that sufficient information is available to develop

the best operating rules.

2. Coordination and correction of flood drainage operating system
The flood warning system and joint flood drainage operating rules of the
Dajia River Basin will be redeveloped in conjunction with the Ma'an

Hydropower Project.

3. Water quality and river ecological environment maintenance
Based on the water quality and river fish biological monitoring results of

the downstream reaches of the Ma'an Project barrage, the discharge volume of
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the Ma'an Project barrage will be flexibly adjusted to dilute the concentration

of water pollution and maintain the water source for fish survival.

4. Landscaping
Temporary offices, concrete mixing plants, etc. should be cleaned up after
completion to restore the original appearance. The entrances of drifts, waste
dumps and construction road slopes will be covered with vegetation to reduce

visual impact.

5. Creation of recreational opportunities
At the Ma'an Project barrage site, a small parking lot and a few
recreational service facilities will be added as needed to provide tourists with

opportunities to explain and stop and view the scenery.

V. Environmental Monitoring Plan
I. Monitoring purpose
In order to accurately understand the degree of environmental impact
during the construction stage and completed operation stage, significant and
important environmental impact matters must be monitored. The purpose can
be summarized as follows:

1. Based on the monitoring results, construction operations will be adjusted
in a timely manner to comply with government regulations on pollution
prevention and environmental conservation to ensure the smooth
implementation of the plan.

2. Based on the monitoring results, timely adjust the operation mode to
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ensure the existing rights and interests of downstream water and water
rights holders, maintain the quality of local living environment and
sensitive ecological environment, and avoid causing complaints from
stakeholders or interested parties, to maintain the normal operation of
the power plant.

3. Establish a monitoring information system to improve the accuracy of
environmental impact prediction and assessment of similar projects in

the future.

Ii. Monitoring content

Items that should be monitored in this project include items with
significant impacts such as hydrology. Environmental pollution items include
five items such as water quality, air quality, noise, and river fish species for
which current survey data is lacking. Refer to Table 1 for the monitoring
locations, monitoring time and frequency, monitoring methods, analysis

parameters and supplier recommendations.

61



Table 1 Ma’an Hydropower Project Environmental Impact Monitoring Plan

Item

Location

Time &

Frequency

Method

Parameters

Supplier
Recommendati

on

Hydrology

Bailu
Suspension
Bridge,
Longan
Bridge,
Shigang Dam

During
construction
period:
—River cross
section monitor
once a year.
—Flow
velocity  and
sand  content
once a week
During
operation
period:
—River cross
section once a
year
—Flow
velocity  and
sediment
content are
measured
every half
month in the
dry season and
once a week in
the rainy

s€ason.

A self-recorded
hydrological
station

added at the

was

Long'an Bridge
site (Bailu
Suspension
Bridge and
Shigang Dam
already  had
hydrological

station)

Water  level,
flow rate, flow
velocity, sand

content

Taiwan Power

Company

Water Quality

Tianlun Power
Plant, Bailu
Suspension
Bridge,
Longan

Bridge,
Yong'an Bridge

During
construction
period:
—Starting one
year before
construction,
once a month

on sunny and

rainy days.

Water quality

testing

Water
temperature,
dissolved
oxygen, pH
value,
turbidity,
suspended

solids,

biochemical

Academic

institutions
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oxygen

During demand,

operation coliform count,

period: organic

—Once every nitrogen,

two months on conductivity,

sunny and ammonia

rainy days nitrogen,
nitrate,
orthophosphate
, total
phosphorus

Air Quality Tunnel, drift | During Continuous Suspended Academic
and waste | construction sampling for | particles and | institutions
dump period: 24 hours to get | surface  wind

—During the | daily average | direction and

period  when | value, and the | speed

tunnels and | surface wind

drift are | direction and

removing wind speed are

ballast, taken as a

measurements | representative

will be taken | value for 24

one day every | hours.

two months in

Hang Hau(3n

T) and

Nanshi(z %)

and

Tianleng( = #4)

communities.

Noise 15 meters away | During For  blasting | The average | Academic
from the | construction and volume at each | institutions
perimeter  or | period: construction time  period,
close to a safe | —Testing been | machinery L5, L10, L50,
zone carried out | noise, measure | L90, L95

once when the | the maximum | percentage
pile driver, air | volume. volume  and
compressor, Continuously maximum
crusher, rock | measure  the | volume

drill, piler, road

hourly average

throughout the
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roller and
excavator
during
operation
—When
blasting
tunnels and
Cross pits,
measure  the
maximum
volume at a
safe location
—At the
project
perimeter,
measure  the
background

volume once a

month

volume  and
maximum
volume for 24
hours at the
project

perimeter

day

River fish

species

Between
Tianlun Power
Plant and
Ma'an Barrage,
between Ma'an
Barrage  and
Long'an
Bridge,
between
Long'an Bridge
and  Tianlun
Rear Pond, and
between
Tianlun  Rear
Pond and

Yong'an Bridge

During
construction
period:

—The  water

quality
sampling
carried out one
year before the
construction
period, surveys
will be
conducted once

a month.

During
operation
period:
—During
water  quality
sampling
period, surveys

will be

On-site
investigations
and laboratory

measurements

Type, quantity,
weight, length

Academic

institutions
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conducted
every

months.

two
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A. Project Overview
A-1Project Necessity and Purpose

The Ma'an Hydropower Project is mainly based on the policy of
diversification and self-sufficiency of electric power energy, fully developing
the available hydropower resources of Dajia River, with the goal of reducing
dependence on imported energy and improving the peak operating capacity of
Taiwan's power system. The necessity and purpose of its plan can be

summarized into the following three points:

A-1-1. Meet the demand for diversification and self-sufficiency of electric
power energy

Electric energy is derived energy. The power can be stably supplied
depends on whether the primary energy source can be secured. The primary
energy sources used for power generation in Taiwan mainly include
hydropower, coal, oil, natural gas, uranium, etc. Among them, only
hydropower is Taiwan's most abundant self-owned energy resource, and most
of the rest relies on imports.

In order to ensure the stability of continuous power supply and facilitate
the stable growth of domestic industry and economy, diversification and self-
sufficiency of electric power energy has become an important energy policy of
the government.

Domestic hydropower reserves are abundant. According to the Water
Resources Unified Planning Committee of the Ministry of Economic Affairs
(the current Water Resource Agency) and the Taiwan Power Company (TPC)

in 1959, the theoretical hydraulic reserves of the 61 rivers on Taiwan's main

66



island were estimated to be approximately 12 GW. , about 5.29 GW of water
can be technically exploited; as of 1986, the theoretical hydraulic reserves of
15 rivers were reexamined to be about 10.47 GW, and about 4.81 GW can be
technically exploited. As of 1986, the completed installated capacity was
approximately 1.56 GW (excluding pumped storage); there was still
approximately 3.25 GW of technically feasible reserves that could be
developed and utilized. Therefore, hydropower resources are the most valuable
self-owned energy resources in Taiwan and can best meet the demand for self-
sufficiency in electric energy and should be actively developed. The Ma’an

Hydropower Project is one of the projects that meets this need.

A-1-2. Improve the peak operation capacity of the power system

Due to industrial and commercial development and economic prosperity,
the proportion of industrial electricity consumption has increased. With the
popularization and diversification of household electrical equipment, the daily
load variation of the electric power system has evolved from a simple peak at
night to multiple peaks in daytime. In recent years, due to the surge in air-
conditioner users, the daytime peak load has increased rapidly between 3 and
4 o'clock in the summer afternoon, often exceeding the night peak (see Figure

2).

In terms of load throughout the year, the load is highest in July to
September in summer and lowest in January to February in winter. Based on
electricity consumption statistics in the 1986, the average load in the highest

month was approximately 1.46 times that of the lowest month, and the peak
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load was approximately 1.39 times.
In view of the rapid changes and growth of peak loads, how to improve
the peak operation capacity of the power system is as important as the

development of large-scale base load power plants.

The Ma'an Hydropower Project aims at peak operation and can increase
net peak capacity by 133,500 kW, with annual power generation reaching more
than 400 million kilowatt-hours, accounting for approximately 8.7% of the
current total installation capacity of 35 conventional hydropower plants in
Taiwan, which accounts for 1,535,065 kilowatts. The improvement of peak

operation capacity is quite helpful
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Figure 2 Taiwan’s Electricity Load Changes Throughout The Day In Summer

(Source: Taiwan Power Company)
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A-1-3. Make full use of the water power resource contained in Dajia river

The Dajia River basin covers an area of approximately 1,236 square
kilometers, with an average annual runoff volume of 2,600 million cubic
meters and an average riverbed slope of 1/60. The water volume is abundant
and the height difference is large. The water power reserve is the highest
among all rivers in Taiwan. The development of water power resources began
as early as the Japanese occupation era. The Tianlun Power Plant, completed
in 1953, was a pioneer in the development of hydroelectric power in Dajia
River.

At present, there are Deji Dam, Qingshan Dam, Guguan Dam, Tianlun
Dam and Shigang Dam operating in cascade in the Dajia River Basin. The five
hydropower plants installed include Deji, Qingshan, Guguan, Tianlun and
Sheliao (see Table 2, Figure 3, Figure 4), with a total installed capacity of
864,900 kilowatts, which is the main peak power supply in the existing power
system in Taiwan. In addition to supplying system peak power, it also controls
system frequency. .

The Tianlun Power Plant, which was the earliest to be built downstream,
had insufficient capacity of the adjustment pond and headwater tunnel to
regulate the peak power generation tailwaters of the upstream power plants,
causing the loss of power generation efficiency been huge, and a secondary

development plan was urgently needed.

The New Tianlun Hydropower Project was approved and implemented by

Order No. 04518 of the Executive Yuan Taiwan (76) on June 30, 1987, and

construction started in March 1988. It is scheduled to be completed in 1992:
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The project will be completed for commercial operation in June; upon
completion, the project will solve the bottleneck of the Tianlun Tunnel and
enable the upstream power plants to fully utilize peak power generation. The
implementation of the Ma'an Hydropower Project is to cooperate with the
operation of the new Tianlun Power Plant, fully develop the self-produced
hydropower resources in the lower reaches of Dajia River, increase the peak
power of the system, and reduce the dependence on imported energy. The
feasibility study results have confirmed the technology is feasible, the
economic benefits are obvious, and it is worthy of investment, development

and construction.

Table 2 Status of Hydropower Development in Dajia River Basin

In operation ‘ Developmen5
Item New
Deji Qingshan Guguan Tianlun Sheliao ) Ma’an
Tianlun
Design flow
200.0 150.8 116.1 68.0 - 70.0 144.5
(m3/s)
Effective water
143.1 275.0 182.0 171.0 273 176.0 106.85
head (m)
Run-of-
Type Reservoir | Reservoirl!! | Reservoirl!! | Reservoir!!! ] Reservoirl!l | Reservoirl!l
river
Installed
) 3@78 4 @90 4 @ 45 4 @225 2 @045 1 @ 1055 | 2@ 66.75
Capacity
234 360 180 90 0.9 105.5 133.5
MW)
Completion 1962/1~ 1952/9~
1974/10 1973/7 1922/9 1992/6 1995/12
(year/ month) 1966/12 1978/11

Note [1]: These power plants are controlled by the Deji Reservoir upstream, they are all classified

as reservoir-type hydraulics.
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Figure 3 Hydropower Development Facilities in Dajia River Basin
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Figure 4 Dajia River Basin Water Respurces System
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A-2 Alternative Plans
A-2-1. Alternative plans

Alternative plans for hydropower generation projects can generally be
considered at two levels: one is substitution plans for power generation from
different energy sources, such as thermal power, nuclear energy, geothermal
energy, etc.; another is substitution plans for other hydropower generation

projects in different locations.

The power system in Taiwan has gone through decades of development
and evolution, from the early period of "hydropower dominated and coal-fire
power followed" (1945~1959), " hydropower and coal-fire power with equal
emphasis" (1960~1967) to the present day(1988). " coal-fire power and
hydropower follows"; the system's base load power generation mainly relies
on thermal and nuclear power units, while peak power generation relies mostly
on hyropower. Due to the different functions of hydro and thermal power in
the system, current hydropower plans rarely consider alternative energy

sources such as thermal power or nuclear power.

Hydropower is Taiwan's own non-consumable electrical energy with the
most abundant reserves. However, due to limitations of natural conditions such
as topography and hydrology, the locations suitable for hydropower
development are mostly concentrated in the central and eastern river basins. In
order to cooperate with the government's energy diversification and self-
sufficiency policy and reduce dependence on imported energy, all hydropower

resources with development potential, as long as they are economically
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qualified (those with thermal power as an alternative plan and a cost-benefit
ratio greater than 1.0) should be used in load forecasting. Therefore, most
current hydropower plans only study their development priorities and strict

development timing, and rarely consider other hydropower alternative plans.

During the feasibility study stage of the Ma'an Hydropower Project, the
following three alternatives were drawn up for comparative study, namely: (A)
the pressure tunnel semi-underground plant; (B) the gravity-pressure tunnel
semi-underground plant; (C) the gravity tunnel semi-underground plant. After
analysis and comparison based on engineering technology, economic benefits,
operation and maintenance, etc., Plan A, the pressure tunnel semi-underground
plant, was selected as the "development plan" as the subject of subsequent
design and environmental impact assessment.

The following is a summary of the key points of the analysis and

comparison of the three alternatives:

1. engineering technology aspect
The main differences in the engineering layout of the three alternatives
are that the headwater tunnel is a pressure type or a gravity type, and that a

surge tank or a forebay and a waterway need to be installed.

Plan A is a pressure tunnel with a total length of 7,485 meters and needs
to be equipped with a surge tank; Plan B is a gravity-pressure tunnel with a
total length of 7,540 meters, with an upstream section of 6,675 meters being a

gravity tunnel and a downstream section of 865 meters being a pressure tunnel
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and requiring a surge tank, forebay and open channel waterway; Plan C uses a
gravity tunnel with a total length of 7,480 meters, which requires underground

forebay and culvert residual waterway.

The routes of the tunnels in the three scenarios are roughly the same. They
all pass through 8 faults along the route. The geology is not ideal and must be
strengthened with steel support and grouting. Generally speaking, gravity
tunnels are easier to construct than pressure tunnels, but the excavation section

1s larger.

The geological conditions of the surge tower in Plan A are better, and the
project is relatively simple. It is not only easy to construct, but also has low
engineering costs; Although the location of the forebay in Plan B is still ideal,
the geological structure is sandstone with extremely poor cementation. The
foundation must be dug to 20 meters below the ground. The amount of
excavation is large, and the left side is the foot of the rock foundation slope,
which may cause ground slippage. If possible, the approximately 1.25
kilometers of open channels and residual waterways must be lined. The project
cost 1s huge; The geological structure of the underground forebay in Plan C is
interbedded sand and shale, and the lithology is also fragile. The forebay is
huge and requires underground steel pipe residual waterways and passages.
The construction is extremely complicated and the project cost is higher than

surge tank.
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2. Economic Benefits Aspect

Among the three alternative plans, Plan A (pressure tunnel semi-
underground plant building) selected as the development plan has the highest
earnings ratio of 1.113 and the lowest total investment amount of
approximately NT$12.1 billion; therefore, from the perspective of economic

benefits, Project A is also the best case.

Table 3 Comparison of Economic Benefits of Alternatives to The Ma’an

Hydropower Project
Plan A Plan B Plan C
Item (pressure tunnel semi- (gravity-pressure tunnel (gravity tunnel semi-
underground plant) semi-underground plant) underground plant)
1. Total Investment
12,062,021 13,121,800 13,275,085
(NTD: thousand dollars)
2. Annual Cost
1,216,134 1,316,618 1,331,351
(NTD: thousand dollars)
3. Annual Benefit
1,353,266 1,354,551 1,367,083

(NTD: thousand dollars)
4. Cost-earnings Ratio 1,113 1.029 1.027
5. Annual Net Benefit
(NTD: thousand dollars)

137,092 37,933 35,732

6. Annual Generation

(MWh)

410.5 408.4 412.2

3. Operation and Maintenance Aspect

Operation: Plan A adopts a pressure tunnel, and the unit can go from zero
load to full load in a short time; Plan B and C adopt pressure-gravity and
gravity tunnels respectively, and the unit needs a longer time to go from zero

load to full load. Therefore, Plan A can better meet the system load demand.
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Maintenance: Plan A using pressure tunnel is also equipped with a surge
tank, so there is no problem of residual water discharge when tripping. The
gravity-pressure tunnel in Plan B and the gravity tunnel in Plan C need to be
equipped with a residual water drainage channel so that the residual water input
into the forebay through the tunnel can be discharged into the Dajia River when
the tripping. From the perspective downstream river safety, causing by large

discharge volumn, Plan A is regarded as the superior one.

A-3 Project Content

The Ma'an Hydropower Project is to build a barrage about 900 meters
downstream of the tailwater outlet of the Tianlun Power Plant to receive the
power generation tailwaters of the upstream power plants and regulate the flow
of the uncontrolled watershed between Tianlun Dam and Ma'an Dam. By the
construction of water inlet on the right side of the upstream of the dam body,
water is diverted through a pressure tunnel about 7.5 kilometers long in the
hillside on the right bank of Dajia River to the newly built semi-underground
power plant near Tianlun rear pond to generate electricity. The maximum water
diversion volume is 144.5 cubic meters/second, and the effective water head is
106.85 meters. After power generation, the tail water is discharged into the rear

pond of the Tianlun.

The main project contents are summarized as follows:
A-3-1. Engineering facilities

1. Barrage

77



o Watershed area: 916.4 square kilometres

o Highest water level: 553.4 meters

e Minimum water level: 550.0 meters

o Effective capacity: 575,000 cubic meters

e Dam type: Concrete gravity dam, 303 meters long, 18.5~41.0
meters high

o Spillway:
Type: Ogee spillway (P* £ 395 £ )
Gate type: arc gate, 9 @ 10.0 meters wide x 6.7 meters high
Design flood volume: 5,970 cubic meters/second (T=1,000
years)

e Sand discharge channel:
Gate type: curved gate, 2 @ 4.5 meters wide x 5.0 meters high

Threshold elevation: 545.5 meters

2. Water inlet
e Length: 31.0 meters
o Front width: 45 meters
e Height: 23.5 meters
e Water control gate: straight lift type, 1@ width 7.0 meters X

height 7.0 meters

3. Headwater Tunnel
e Type: Pressure type

e Length: 7,485 meters
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e Inner diameter: 6.40 meters
e Maximum flow rate: 4.50 meters/second

e Section: round, reinforced concrete lining

4. Surge Tank
¢ Type: hole-making type, open top
o Shaft diameter: 15.0 meters
e Water control hole diameter: 3.08 meters
e Height: 69.14 meters
e Maximum swell level: 580.17 meters

e Minimum swell level: 523.23 meters

5. Penstock
e Type: underground inclined type
o Total length: 385.14 meters
e Inclination angle: 45 degree

e Inner diameter: 3.0~6.0 meters

6. Power plant
e Type: semi-underground
e Dimensions: 50.3 meters long, 20.2 meters wide, 35.5 meters

high

7. Tailrace:

e Length: 2 @ 49.6 meters
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e Cross section: circular, inner diameter 4.0 meters
o Tailrace gate: straight-lift type, 2@4.0 meters wide x 4.0 meters

high

8. Construction drifts(#F )
e Length: 5 in total, total length 2,295 meters
e Section: Inverted D-shaped standard section, 5.6~6.5 meters

wide, 5.0~6.5 meters high

9. Switch Yard:
e Type: outdoor
e Dimensions: 56 meters long, 43 meters wide; covers an area of

2,408 square meters

10. Mechanical and electrical equipment
o Type: Vertical shaft Francis turbine generator

o Installed capacity: 2@66.750 kilowatts; total 133,500 kilowatts

A-3-2. Construction plan
1. Haulage road
(1) Access road
The transportation of construction equ