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1. Environment Induced Water Challenges in Taiwan

Geographic locatien of Talwan

Non / Taipei \
65, S .
Taichung
Area: 36,188 km? i

Population : 23 million

Density: 639 peop/km?

B

Kaohsiung

5 /




1. Environment Induced Water Challenges in Taiwan

Environment and Water Challenges

High
Mountain
w/steep River
Slope

Water
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Uneven Frequent
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Distribution Rainfall
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1. Environment Induced Wat
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Comparison of River Slope
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il Enx’//ironment Induced Water Challenges in Taiwan

Challenge 3 — Intense Rainfall
o

§3 > 4 Typhoons per Year
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&' ~ Typhoon\Cimaro
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- 3~4 typhoons per year.
- High intensity, Long duration.



1. Environment Induced Water Challenges in Taiwan

Taiwan Typhoon Rainfall Records

Rainfall _

Ranking mm SOCAtoN

1 3060 2009 MORAKOT Chiayi County

2 2139 2001 NARI New Taipei City

3 2162 | 1969 Tm‘;'LC;'S;tEO m Taipei City

4 1987 1996 HERB Chiayi County

5 1834 1987 LYNN Taipei City

6 1774 2012 SAOLA Yilan County

7 1672 1967 CARLA Yilan County

8 1611 2008 SINLAKU Taichung City

9 1561 2005 HAITANG Pingtung County

10 1546 2004 AERE Miaoli County
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Challenge 4- W<+E NS
Uneven Rainfall Distribution s

Iema

HEEREREN

m Average Annual
Precipitation in Taiwan

(1949~2006): 2,515 mm : ﬁ
-1"69%
Region Percent of Rainfall in 304
- Dry Season b
North 37%
Central 31% J—
South 18% -
-_l :|sz/o
East 28% e

B 1,000 ¥
UNIT : 1,000 mm
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2. Role of Reservoir and Condition of Siltation

Water Use in Taiwan

Annual Rainfall Volume: 90x10°m?3

Total Reservoir Volume : 1.90x10°m3
Unit; 10°m3

Surface Runoff Ground Water @ Reservoir Water
7.7 5.7 4.6

Environmental
Protection

Agriculture
12.4 : 0.5
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2. Role of Reservoir and Condition of Siltation

Volume of Main Reservoirs in Taiwan

Unit: 108m3
. Reservoir Name Initial Volume Current Volume

1 Shinshan (GFF W) 10.00 9.97

2 Feitzai (35 22 406.00 380.04
3 Shihmen (& M) 309.12 204.71
4 Baoshan (8 W) 5.47 5.50

5 Yuheshan (zx&LL) 29.58 30.23
6 Minder (R 1E) 17.70 12.36
7 Dergi (= H) 262.21 191.40
8 Wusher Z 1) 150.00 44.86
9 Sunmoon Lake (HBRE) 171.62 142.56
10 Liyitan (B2 EE) 126.07 118.46
11 Zenyutan (C&E) 29.11 26.34
12 Lantan (B =) 9.80 9.80

13 Tsengwen (B8 N 712.71 462.68
14 Nanhua (@ 1E) 15441 95.00
15 Wushantou (5LEE) 168.83 78.28
16 Mutan 4t M) 31.18 26.41
17 Chengkung (% Ih) 1.08 1.21

SUM - 2,594.89 1,839.81

Taiwan water challenge, ADB Presentation, June 2017- Renovation of Shihmen Reservoir for Sustainability
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Location of Shihmen Reservoir




2. Role of Reservoir and Condition of Siltation

A View of Shihmen Reservoir

m Drainage Area: 763 km? m Completed: 1963
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2. Role of Reservoir and Condition of Siltation

Plan View of Original Outlet
Structures of Shihmen Reservoir
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2. Role of Reservoir and Condition of Siltation

Current Water Budget of Shihmen Reservoir

m Current Reservoir Volume: 200x106m3

63
Average Annual Inflow Average Annual Outflow (10°m3)

(10°m3)

Irrigation Potable Water  Flood Discharge

456 400
1,560 710
850
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2. Role of Reservoir and Condition of Siltation

Shihmen Reservoir Discharge Structures

m Designed Based on Traditional Approach
» Small bottom outlet

> Large spillway
Structure Intake Elevation Design Capacity
(m) (cms)
Diversion Tunnel EL. 135.0 4,700 (plugged)
i * Store Turbid
Permanent River EL 169.5 34.0 SEEE
Outlet Water :
: Reservoir
Power Intake EL. 169.5 2@68.6=137.2 * Discharge N
Clear W Siltation
Irrigation Canal EL. 193.5 18.4 ear Water
Tunnel Spillway EL. 220.0 2@1,200=2,400
Spillway EL. 235.0 11,400
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3. Problems Caused by Typhoon Aere in 2004

Facts About Typhoon Aere

m Date of Occurrence: August 24 and 25, 2004
m Average Basin Rainfall: 973 mm

m Total Inflow Volume: 742 X 10°m3

m Peak Inflow Discharge: 8,600 cms

m Peak Outflow Discharge: 6,270 cms

Taiwan water challenge, ADB Presentation, June 2017- Renovation of Shihmen Reservoir for Sustainability 2017/06



View of Turbid Reservoir After the Storm




3. Problems Caused by Typhoon Aere in 2004

View of Log Accumulation in
stream Reach

Taiwan water challenge, ADB Presentation, June 2017- Renovation of Shihmen Reservoir for Sustainability 2017/06




3. Problems Caused by Typhoon Aere in 2004

View of Floating Debris in
the Reservoir
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3. Problems Caused by Typhoon Aere in 2004

View of Log Accumulation
Near the Dam
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3. Problems Caused by Typhoon Aere in 2004

Spillway Discharge During Aere
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3. Problems Caused by Typhoon Aere in 2004

Mudflow in Penstock
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3. Problems Caused by Typhoon Aere in 2004

No Tap Water After Typhoon Aere

b]w
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3. Problems Caused by Typhoon Aere in 2004
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Excavated Logs in Front of Power Intake

#1 Intake
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3. Problems Caused by Typhoon
Aere in 2004
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3. Problems Caused by Typhoon Aere in 2004

PRO Trashrack Damages

1st Level 2nd | eyel 3rd | evel




3. Problems Caused by Typhoon Aere in 2004

Density Current in a Reservoir

Turbid Flow Plunge Point
-
Q. | , , Water
~Z- | L Floating Debris Level
h ‘OQ?< — — ——
Deposits of bed T 0 \X >
load & coarse  pelta, -y /1
material —
Bottom Density Current —  — ——  — 2 &

(Qs+Q2)=0Q1

2017/06
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3. Problems Caused by Typhoon Aere in 2004

Turbidity Variation at Shihmen Canal Intake
Following Typhoon Aere
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Taiwan water challenge, ADB Presentation, June 2017- Renovation of Shihmen Reservoir for Sustainability



3. Problems Caused by Typhoon Aere in 2004

Turbidity at Different Location in
Shihmen Reservoir Following Typhoon Aere
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3. Problems Caused by Typhoon Aere in 2004

Problems Caused by Typhoon Aere

m Turbidity of water at intake too high to be
purified

m Reservoir siltation of 27.88 X10°m3, caused
permanent reduction in water supply
capability

m Submerged debris clogged intake structures

affecting normal operations of intake and
hydro units

m Discharge capacity can not handle PMF,
causing safety concern

Taiwan water challenge, ADB Presentation, June 2017- Renovation of Shihmen Reservoir for Sustainability 2017/06



3. Problems Caused by Typhoon Aere in 2004

Siltation Caused by Major Typhoon Events

Typhoon Deposition
e JE = 18 RIEE(m?3)
1963.05~1964.03 Gloria S48 1,947
1969.05~1970.06 Elsie XA 503
1971.06~1972.12 Bess B #% 523
1984.11~1985.11 Nelson [EMW#& 369.5
1995.11~1996.11 Herb H 18 867
2004.03~2004.12 Aere A 2,788.4
2006.12~2007.12 Krosa A 28 5 962.4
Sum 7,960.3
Total Siltation 9,386.4
Sum/Total siltation (%) 84.8%
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4. Measures to Secure Water Supply During Typhoon

Temporary Measure

m Constructed a floating pumping facility in the
reservoir

m Constructed a large storage tank on the right
abutment of the dam to receive flow from the
pumping facility

m Constructed an above ground pipe with a head

tank to link flow from the storage tank to
existing water main

m The design discharge was 980,000 CMD

Taiwan water challenge, ADB Presentation, June 2017- Renovation of Shihmen Reservoir for Sustainability 2017/06



4. Measures to Secure Water Supply During Typhoon

Floating Pumping Facility (1/2)

Taiwan water challenge, ADB Presentation, June 2017- Renovation of Shihmen Reservoir for Sustainability



4. Measures to Secure Water Supply During Typhoon

Floating Pumping Facility (2/2)

Taiwan water challenge, ADB Presentation, June 2017- Renovation of Shihmen Reservoir for Sustainability 2017/06




4. Measures to Secure Water Supply During Typhoon

Above Ground Pipe w/Decoration

2004/10/01
Taiwan water challenge, ADB Presentation, June 2017- Renovation of Shihmen Reservoir for Sustainability 2017/06



re Water Supply During Typhoon

New Permanent Intake Project
""" Des'gnGUldehnes

m Discharge Capacity: 140,000 CMD
m Intake Level: EL. 220, EL. 228, EL. 236
m Discharge Connections

»Water Company's Pipeline

» Existing Irrigation Canal
> Afterbay

Taiwan water challenge, ADB Presentation, June 2017- Renovation of Shihmen Reservoir for Sustainability



4. Measures to Secure Water Supply During Typhoon

Overall Layout of New Intake Project
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4. Measures to Secure Water Supply During Typhoon

Original Landscape of The New Intake

Taiwan water challenge, ADB Presentation, June 2017- Renovation of Shihmen Reservoir for Sustainability 2017/06




4. Measures to Secure Water Supply During Typhoon

Plan View of the New Intake
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4. Measures to Secure Water Supply During Typhoon

Section View of Intake Tunnels
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4. Measures to Secure Water Supply During Typhoon

Section View of Intake Shaft
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4. Measures to Secure Water Supply During Typhoon

Photos of New Intake
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5. Measures to Secure Reservoir
Velume fer Sustainability

® Existing Outlet Modification to Enhance
Silt Sluicing

® New Silt-Sluicing Tunnel at Dawanping

® Dredged Sediment Sorting and
Flushing Facilities at Amuping



5. Measures to Secure Reservoir Volume

Reservoir Siltation Profile and
Separation of Material at about Section 20
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5. Measures to Secure Reservoir Volume

Shihmen Reservoir Existing Outlet
Modifications to Enhance Silt Sluicing

Design pe -
Q (cms) Type of Modification
Shihmen Irrigation Canal 18 —
Permanent River Outlet 33 Howell-Bunger Valve
(PRO) changed to Jet Flow Gate
Unit 1: Bifurcation to both
units
Penstocks 2@68 - - -
Unit 2: Convert to silt Sluice
way Q=300 cms

Taiwan water challenge, ADB Presentation, June 2017- Renovation of Shihmen Reservoir for Sustainability 2017/06



5. Measures to Secure Reservoir Volume
for Sustainability

Plan & Elevation Views of Penstocks
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5. Measures to Secure Reservoir Volume
for Sustainability

Penstock Modification as A Silt Sluice Way
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5. Measures to Secure Reservoir Volume
for Sustainability

Silt Sluice Way Profile
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5. Measures to Secure Reservoir Volume
for Sustainability

3D View of Penstock Converted Silt Sluice Way

/Gate House
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5. Measures to Secure Reservoir Volume

ConStru Ction PhOtOS Of for Sustainability

Penstock Silt-Sluice Way

PEREERRIITI
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5. Measures to Secure Reservoir Volume
for Sustainability

Operation of Spillway & Penstock Silt Sluice Way
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5. Measures to Secure Reservoir Volume
for Sustainability

3 Typhoon Soulik in Shihmen Reservoir
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5. Measures to Secure Reservoir Volume

Location of Amuping & Dawanping "=
Silt Sluice Tunnels




5. Measures to Secure Reservoir Volume

Plan View of Dawanping Tunnel "
(Q=1,600cms)
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5. Measures to Secure Reservoir Volume
for Sustainability

Profile of Dawanping Silt-Sluice Tunnel
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5. Measures to Secure Reservoir Volume
for Sustainability

Dawanping Tunnel Intake
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Dawanping Tunnel Outlet
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5. Measures to Secure Reservoir Volume
for Sustainability
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5. Measures to Secure Reservoir Volume

Plan View of Amuping Tunnel
‘5"”7 AW gl o . )

TR

After Bay

%t

£320.000 ~ s D =5 A & g Lt & = R e DN

Taiwan water challenge, ADB Presentation, June 2017- Renov 2017/06



5. Measures to Secure Reservoir Volume
for Sustainability

Amuping Facility Design Concept
Dredge material upstream from section 20
Sediments deposited in this region is coarser

Designed to remove 640,000 m3 of deposits of per year

Estimated that roughly half of the deposits can be used
as concrete aggregates. Sorting facility will be used to
segregate them from fines

m Fine materials shall be temporarily stored in a 200,000
m3 detention basin. The material shall be flushed to the
river by excess reservoir water prior to and during
typhoon

Taiwan water challenge, ADB Presentation, June 2017- Renovation of Shihmen Reservoir for Sustainability 2017/06



5. Measures to Secure Reservoir Volume

lnta ke & Cross-seCtion Of for Sustainability
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5. Measures to Secure Reservoir Volume

for Sustainability

Profile of Amuping Tunnel
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5. Measures to Secure Reservoir Volume
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5. Measures to Secure Reservoir Volume

SChematic Of Amu ping for Sustainability




5. Measures to Secure Reservoir Volume
for Sustainability

Maintaining Reservoir Volume

Unit; 103m3

Average Annual Sediment Outflow

Average
Annual Power Plant
. : . Dredged Silt :
Sediment . Sluice way Dawanping . Dredging u/s
Inflow PR(?Nzlwce after Power Silt Sluice ;’rf;r;)uignh De%g;:qg at ige]ny
y Plant Tunnel Ping Reservoir
- Tunnel
modification
150 1,020 710 640 500 400 3420
(4%) (30%) (21%) (19%) (15%) (12%) ’
3,420
55% 19% 26% 100%

Taiwan water challenge, ADB Presentation, June 2017- Renovation of Shihmen Reservoir for Sustainability 2017/06



5. Measures to Secure Reservoir Volume

Sufficient Outflow Capacity
for PMF

Outflow Capacity (cms)

VI (cms) . Penstock Silt  Tunnel Dawanping Silt  Amuping
Spillwa : : )
Sluice way Spillway Sluice way Tunnel

Total

1959
(original [10,900| 11,400 — — — — 11,400
Planning)

1963
(After
Typhoon
Gloria)

2014
(39 Dam
Safety
Analysis)

11,750| 11,400 — 2@1,200 — — 13,800

14,500| 11,400 300 2@1,200 1,600* 600* 16,300

*Construction under planning

Taiwan water challenge, ADB Presentation, June 2017- Renovation of Shihmen Reservoir for Sustainability 2017/06
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6. Concluding Remarks

Concept of Sustainability
The World Commission on |
Environment and Development

, WCED - Our Common

development that meets the MURE
needs of the present without |

compromising the ability of THE WORLD COMMISSION
future generations to meet
their needs. ” ON ENVIRONMENT

" Sustainable development is

AND DEVELOPMENT

Taiwan water challenge, ADB Presentation, June 2017- Renovation of Shihme 0t 72
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What We Have Learned and

m Reservoir sedimentation is a key issue on water resources
management in Taiwan

m Traditional design of small bottom outlet with large overflow
spillway will cause large sediment accumulation and make a
reservoir unsustainable. The design approach should be
modified

® In addition to Shihmen Reservoir, Taiwan is also doing
renovation of other reservoirs in southern region

m Renovation experiences learned from these reservoirs can
also be implemented to existing reservoirs in other countries

m ADB s invited to visit Taiwan to gain a deeper understanding
of the renovation works

Taiwan water challenge, ADB Presentation, June 2017- Renovation of Shihmen Reservoir for Sustainability 2017/06



