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Scope of Case Histories

» Type of Projects

.. Renewal and upgrading of existing facilities

i.  Expansion and redevelopment of existing facilities

ii.  Operational improvement of existing hydropower plant
» Requirements for HUHOs

A)  Development of untapped potential

8)  Technical innovation/ advancement

C)  Response to the market/ social needs

Good Practices of “B)” are mainly abstracted for Task-4.
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Status of case history study

» Based on the project type and the requirements for HUHOs
» Source: Annex X, Annex XV and other literature

» 105 case histories for HUHOs have been collected as of April 2021.

Asia
70 ¥ Europe
m North America Typel
B Oceania u Typell
u Others u Typelll

By region By project type By requirement
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Type | ® Turbine Optimization for given Q and H * CFD
Re.nswalfan_tli_tl.Jpgradmg of ® Basement Concrete Excavation for new turbine * Low vibration excavation method
exIsting taciities generator installation (Slot Drilling Method, Water Jet Method)

® Diversion from Other Catchment Area

® Discharge Capacity improvement

® Renewal or Refurbishment of Dam (Weir) * SR Weir
Type Il ® Project Optimization (New Layout, Additional » Effective use of existing structures (Non-destructive
Expansion and Water Way, Inflow increase for more energy) inspection)
red.e.v.elopment s sl v New Intake at existing dam e Existing Dam excavation such as Tunnel Boring Machine
facilities . . .
with low vibration
* Temporary Shut Off Structure
v’ Diversion from Other Catchment Area
@ Effective use of unutilized water * Choice of Suitable type of turbine (P, Q, H)
* (New Type Turbine Development)
Type lll ® Turbine operation range expansion * Sensor for turbine by GE Web app (Sensor, 10T, DX)

Operational improvement of

o ® Keep intake discharge within permitted value * Automatic Intake gate Operation system (Sensor)
existing hydropower plant

® Reservoir Operation Optimization * Remote Sensing, Al, Dynamic Programming
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» CFD is the key R&I for upgrading of existing turbine generator for Type-I

» Low vibration excavation method for basement concrete is required for renewal of existing turbin
for Type-1 (in Japan)

» SR weir can be applied for Renewal or Refurbishment of Dam (Weir) for Type-l and Il.

» Existing dam excavation method with Temporary Shut Off Structure can be applied for intake installatio
existing dam foe new water way for Type-IlI.

» Choice of Suitable type of turbine or development of new type turbine is required under topogra
for type-ll.

» Many new element technologies can be applied for effective operation and maintenance for type-lil.
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Appendix: Applied R&ls




Real Turbine e
Scale Restriction TN Example of Pelton turbine

Requirement on Performance

a

| Newly Developed Turbine |
I Scale: known |
| I
: Performance: unknown :

Performance Comparison Base Line Model
By systematic CFD Scale: known
Performance: known

[

Design Loop
Performance Evaluation
Strength Evaluation
Newly Developed Turbine Improvement Grasp
Scale: known

Performance: unknown TR JKEED S REcE T, &R
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Concrete Breaking Concrete Breaking

Vibration Spread Vibration Spread can be decreased by slot

Concrete Excavation by Water Jet Slot Drilling Method

. Concrete Pillar Breaking Concrete Breaking at Narrow area Slot Drilling at Basement Concrete Slots at Basement Concrete
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SR Weir (Steel and Rubber Hybrid Weir)

~

Steel gate panel

Restraining strap

Rubber hinge flap

Leaf height

Clamp bar Rubber bladder

Support at
opened position

i

DOWHStream V|eW Upstream VleW Andhice bolt Anchor bolt for strap

Connecting pipe for rubber bladder

B EREFREES ANETSE §F2EH/)0T—JUw Y http://www.iida-tekko.co.jp/products_sr.html (a) Fully closed position
AR $933mxBRE 3.00mx 3F9
Rubber hinge flap Steel gate panel

Clamp
Spoiler

Renewal Work of Nishiura dam by TEPCO Power Grid
(Span 33m, Effective Height 3m, 3 Ggates)

Restraining strap

(b) Fully opend position
JFE £:3k No. 3 ®m - £AlTET
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Existing Concrete Dam excavation process

Drill Jumbo

2. Concrete Breaking

Concrete Breaker
-e —0'—‘5 \\

3 Concrete Wastes Carrying out

b siche 3 Wheel Loader

PN

After Excavation

https://www.toyo-const.co.jp/wp/w
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Temporary Shut Off Structure

Work Process
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1. Temporary Shut Off Structure Setting
2. Building Intake Structure, Intake Gate and Penstock installation
3. Temporary Shut Off Removal

https://www.toyo-const.co.jp/wp/wp-content/uploads/2014/03/20020220.pdf

Temporary Shut Off Structure Inside
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Choice of Suitable TurbineJPractice

Intake Pt
Surface
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2 b L Kaminojiri PS o
i N 7 T Schematic diagram of vertical bulb turbine
£
[\ AR, Tk e . . e .

*LOARNE ¥ Specification of Kaminojiri No.2 PS
Kaminojiri .~ M| e h _
No.2 PS Q ] ~ ¢ ’ Ttem+ Constructed Station+
/\ G Al i | MName of power plant# Kaminejiri No.2 Power Station<
A_# . “‘3- T | L Name of rivers Agano Rivers
i AN 7 2 1 ) ’ I = = Type of power plante Dam type<
- I’ / » ‘. ¢ \ :
- : m: Switchyard @ gz T : Year of commissions 2003¢
exmanmar SHBE Maximum output (MW) ¢ 13.5¢
Pl Vi FK inoiiri No.2 PS Maximum discharge (m3/s)e 100+
el WSS CIF belnlineyfia) INek: Effective head (m)« 15.54¢
Annual power production (GWh)« 44 4¢
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New Type Hydro Turbine Development

> o
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Hydro Turbine Selection Chart

New type turbine development in Region out of Diagrams is requested.

Kaminojiri No.2
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Sensor by GE web app (10T, DX

[ N I O O B |

Figure 3: Valeira dam and powerhouse section

Figure 4 shows a typical operation regime of the Valeira power plant where the regular and fast load changes are

thu re 1: Domroriver Cascade clearly visible, as well as the various starts and stops.

SPP Hillchart Time Spent Hillchart - e

- 1600 um s g h
00- 100 5 £
1400 um 2"
o 1200 um = ah
.—E . T E e ) e =1 poiee
& : EN— - Figure 4: Typical operation scheme of Valeira over 3 days
T i The main characteristics of the turbine (meta data) for Valeira, are shown on the table below.
. :. s 400 um ih
’ "' i i Rated Net Head (mWC)
0 20 4 100 0 20 %0 & 80 00 Rated Speed (r.p.m.)
Rated Power (MW)
H/Hmax(% Runner Outlet Di (m)
) ) ) ) ) Blades number
Figure 2: severity chart (left) and history chart (right) as available on GE web app for Alqueva 11 Stay vanes number
Wicket gates number

Actual pressure is smaller than designed value. ‘ - , .
. . X . Range elxten5|orT: Methodologies to increase op.eratlonal flexibility of hydro
Operation discharge range can be extended to increase generation. 7 -Ande V. Bouilet, Y. Lowy, H. Mollet, P. Boissonneau, M. Roque, T
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Automatic Intake Gate Operation

Normal ~ Operation Panel

Hoist

River

Water Way

q Gate /u

Water Level

Water Level Meter

Difficulty of Intake gate control in case of increased river discharge

1. Intake water level (IWL) is determined by normal river water level back watered by weir under “River Law”.
2. Incase of increased river discharge, it is difficult to keep water way water level under IWL while river discharge

flows over weir, especially by man power.

3. Therefore, automatic intake gate operation system is applied to keep law, increase energy, and save labor.

in case of increased river discharge

Operation Panel

- n”
7V Gate /v

Water Level Meter




Remote sensing, Al, and Dynamic
Programming

Al (WinmuSeB) ZEM EEANAER < LTRRICS Ak
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Remote Sensing FLADRARFHRT L REBHERNDA A —D

Objective function
‘ Al Technology Dynamic Programming

"N

Precipitation
Measurement

Inflow discharge
Forecast

» Reservoir Operation » Maximize generated energy




Thank you for your attentio



