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Source: Manual of Hydrological
Analysis, Nippon Koei Co., Ltd.
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10

Source: Manual of Hydrological
Analysis, Nippon Koei Co., Ltd.

Staff Gauge

Type 1-871

Source: Manual of Hydrological Analysis, Nippon Koei Co., Ltd
413
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/ Hut housing automatic recorder
Automatic recorder

Portion receiving water pressure

Conduit of water

pressure transmission

Source: Manual of Hydrological Analysis, Nippon Koei Co., Ltd
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4.2

Intake Weir  De-Silting Basin Head Tank
Penstock Line

Power Station

Sand Flu

(1) Longitudinal Section

Intake De-Silting Basin Head Tank
Penstock Line ailrace
Tailrace Exit
Intake Wéi
Send Flughi 3/' illway Channel
iver Flow

Source: Exercise of Hydro Power

421
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Safe & Efficient Operation

of Hydrod ectric Power Facility ‘\

N A

(‘I'e'iodical Patrol of “ Earthquakes, floods and/or
Observation incl. Repor )

(l Countermeasur es —
incl. Report

heavy rainfalls, if occur”

Yes’

“ Abnormal conditions, if any”

“Abnormal conditions, if any”

\

Cyde of Inspection

Source: JICA Study Team
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4.3

4.3.1
. 43.1

4.3.2

® (1) (2)

®
o) NG
® 6 7 8
43.1(1/5) (5/5)
69.5%
6
6-1 1-14

(
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® TO RESTORE A FOOTPATH
ALONG HEADRACE CANAL

@ TO IDENTIFY ADVERSE
PHENOMENA

(1) Items related to decrease of :
available discharge for power
generation

(i) Items related to decrease of
regulation capacity in head pond

—

®

4.3.1 (1/5)




®

¢ (iii) Items related to decrease of :
+ safety factor of civil structures

i TR
Sediment Upstream of Intake & Weir

! Different Water Level Caused by L eaves Damaged Screen

)

42.1(2/5)

Slope Easy to Slide



&)
h

® TO INVESTIGATE AND
EXAMINE ADVERSE
PHENOMENA
BY OBSERVATION,
MEAUREMENT,
TOPOGRAPHIC SURVEY,

CALCULATIONS, ETC.

¢ (iii) Ttems related to decrease of

43.1(3/5)

e

¢ (i) Items related to decrease of :
: available discharge for power

generation

safety factor of civil structures

EL (m)

— Bed El (m) ||
|__Canal wall W.SEl (m) 1
ater surface —— Wall El. (m)[7
1 Floor of ¢anal
-20 -15 -10 -5 0 5 10 15 20
BP+ (m)
Intake and Water Way Hydraulic Calculations (BP-20m ~ +20m)

Hydraulic Calculations

.....................................................................................................



(1) Items related to decrease of
available discharge for power
generation

Causes for Leakage of Water:

@ Sediments upstream of weir and intake, @ Inappropriate flow conditions of
Intake, ® Damaged screen, @ Sediment transport in headrace canal, and ®
Erosion of foot of wall in headrace canal.

v

@ TO GRASP CAUSES OF
ADVERSE PHENOMENA

: (i) Items related to decrease of :
—» regulation capacity in head pond

Causes for Sediment in Head Pond:
@ Sediment in de-silting basin (refer to (5) Damaged Screen and Operation Deck).

(ii1)) Items related to decrease of
safety factor of civil structures

Causes for Damaged Side-Spillway: Possibility-a:® Damaged screen, and @ Erosion of foot of
side-spillway. Possibility-b: @Lack of stability in side-spillway due to less thickness of wall.

i

Causes for Erosion of Downstream Slope of Weir:
@ Sediment upstream of weir and intake.

@ > Causes for Debris Once Entered and Removed:
@ Slope beside headrace canal, being easy to slide,

and @ no concrete covers at the location.

4.3.1 (4/5)
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o) : (i) Items related to decrease of
TO RAISE COUNTERM EASURES »: available discharge for power

FOR ADVERSE PHENOMENA generation

@ Provision of “Gabion Training Walls” for achievement of appropriate flow
conditions of intake, to reduce sediment inflow into headrace canal, @
Removal of sediment in headrace canal, and ® Repair of eroded portion in
headrace canal.

¢ (ii) Items related to decrease of
> ¢ regulation capacity in head pond

@ Periodical removal of sediment in head pond, and @ Removal of sediment in de-silting
basin through operation of sand flushing gates.

¢ (iii) Items related to decrease of
> . safety factor of civil structures

—pl @ Repairing of screen, @ Provision of operation deck at suitable location for removal of
drift leaves and driftwoods trapped at screen, and @ Provision of “Skimmer Walls” in front of
intake for avoiding inflow of driftwoods and excessive water into intake.

@ Repair and protection of damaged portion
" in crest and downstream slope of weir.

® Placement of concrete covers over headrace canal in such section where the mountainside
slope is found apt to collapse.

Source: JICA Study Team
4.3.1 (5/5)
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431

Items to Be Inspected

Civil Works structures Locations Wat . Erosion/ . . .
Damage | Crack lealia:e Displacement Src(Z)Srli(;I; Clogging | Sediment | Land slide
1. |Intake weir (a) iBody of intake weir O O O
(b) Surrounding areas of intake weir O O O O
(c) Related structures O O
(d) iOther facilities such as water level gauges, staff )
gauges, safety fences and lighting facilities
2. |Waterway
(1) :Intake (a) :Intake body O O O O
(b) [Screen O O
(2) iDe-silting basin | (a) iInside of de-silting basins O
(3)iHeadrace (a) Surrounding areas of headrace channel o o
channel
(b) iInside of headrace channel O O O
(4)iHead tank and | (a) :Body of head tanks/ spillway channels,
spillway water level gauges and staff gauges O O O O
channel
(b) :Surrounding areas O
(5)Foundations of | (a) :Body of penstock foundations O O
penstock (b) :Surrounding areas O
(6)  Power station (a) :Foundations of powerhouses and related structures O O
(7) Tailrace (a) iBody of tailraces, water level gauges and O O O O
staff gauges
3. |Inspection and (a) iRoad surfaces, side ditches, retaining walls, S

insitu roads

bridges, etc.

0
0

Note: The mark denoted as “ (O means a item to be inspected.

-82-

Source: JICA Study Team

Part1



(1)

36 km ( 65 55 ,
1.981m 1.676m )
4
8
( 6
6-1 1-14
432
. Discharge Leakage Percentage
I\& M (m3/s) (m3/s) %
(1) Downstream face of 2nd concrete cover about 100 m 1.74 -
downstream of intake
(2) Upstream face of the concrete cover about 200 m 1.74 -
downstream of intake
(3) Upstream of de-silting basin 1.35 -
(4) Just upstream of inlet of head pond 1.21 - 9.5
(Available discharge of power generation)
(5) Water leakage to upstream of de-silting basin - 0.39 22.4
(6) Total of water leakage: - 0.53 30.5
(Water leakage to just upstream of inlet of head pond)
Source: Measured bv JICA Studv Team
121 m's 1.74m’s  69.5
0.53m’/s 30.5%
[ ]
1)
2)
2)
8 2003 5 25
35cm
O -83 - N
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432

4.3.3

434
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3)

(i)

(ii)

3,400 m

e -

anal -
||C el [TOPO-SURVEY

= i Head Pond
(=

“GUIDE MAF 7

.....

| *Jr ik éhc[i pond
"." “h 4‘_1 :.: ]

e o R T L
i - SLd . .
-‘E-‘:-__;. 7, e : . i, R ey - "
et e e A (VA P et | e il

Source: JICA Study Team
435
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(

270

268

—@ Canal Bed EL.(surveyed) (m) |
— Wall top EL. (surveyed) (m)
—@ Canal Bed EL.(designed) (m)
— Wall top EL. (designed) (m)

266

©)
2

262

260

|
|
|
|
& L L
|
|
I

|
l

Surveyed bed dope: 1/624.4 |
Il 1

¥

-

h\

258

-20 0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600

BP+(m)

Note: n=0.014

Comparison of Headrace Cana between The Surveyed and The Designed

Source: Measured by JICA Study Team

4.3.6
200 m
433
ltem Location (Distance from Sta 0)
Om 25m 50m 75m 100 m 150 m 200 m
(i) Designed floor level (EL.. (m)) 264.757| 264.721| 264.685 264.650| 264.614| 264.542| 264.471
(i) Surveyed floor level (EL.. (m)) 264.948| 265.017| 264.926] 264.833| 264.764 264.544| 264.557
(iii) Balance: (ii)-(i)/
(Corresponding to:
Thickness of sediment (m)) 0.191 0.296 0.241 0.183 0.150 0.002 0.086
n=0.014
Source: Measured by JICA Study Team
40m’s
434 30cm
3
(4.0 m*/s)
434
Location (BP+) | Floor Level | Water Surface | Top of Wall Free Board Velocity Fr
(m) (EL. - m) (EL. - m) (EL.-m) (EL. - m) (m/s)
-19.4 265.66 266.69 268.80 211 0.5 0.16
-13.2 265.66 266.69 268.80 21 0.5 0.16
-4.5 264.80 266.03 268.80 2.77 131 0.38
0.0 264.80 265.98 267.00 1.02 1.58 0.46
3.0 264.80 265.97 266.27 0.30 177 0.52
25.0 264.76 265.91 266.27 0.36 1.77 0.53
50.0 264.72 265.88 266.40 0.52 1.77 0.52
100.0 264.65 265.81 266.33 0.52 177 0.52
200.0 264.51 265.66 266.18 0.52 1.77 0.53
Source: Calculated by JICA Study Team
()
- 86 - 4
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20 | — BedEl (m) ||
269 Tl W.SEI(m) [

268 \ = —— wall B. (m)[—
— :
]

267
266 :
265 A
264

EL. (m)

-20 0 20 40 60 80 100 120 140 160 180 200

. o P+ :
Hydraulic Calculationsin The (%ase(rc])? Headrace Canal Having No
Sediment As Same As Design (BP-20 - BP+200)

Source: Calculation by JICA Study Team

437
40m’s 96 38 m’s
267.5 m’:ll g SUI Cy
(AEC.014 Tor wall, 1j=0. for
/;Iab due tOﬁ).)bl/ea iments)
267
3.83m’/s

Spillway wall top (Surveyed) (266.45m) 55 m/s ’

2066.5 fussssssssssnssapansssssnsnssnnnpnnnnyanpUynnsnnunnnnpans 7‘74
uf / I
A (Designed) (266.27 m)
266

/‘/1?/
/-/./././ 4/ /
265.5

I —e— Designwater Lv (m)
—=— ConditioninMay 03

Water H.(m)

Based on Design

265 (p=0.014 Tor sab and wal[s) [ I I I I I
0 05 1 15 2 25 3 35 4 45 5 55 6 65 7
Discharge (m3/s)

Source: Calculation by JICA Study Team
4.3.8 -

0.014, 0.020

0.014
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(

0.020 0.014
5.5 m’/s
40m’s 135%
3.8 m’/s
n=0.019 4.0 m¥/s
0.75
22.8 cm
0.019
80
0.019 0014
0.019
1997
MEPE 0.018 DHP
(Department of Hydroelectric Power) 0.013
4)
4.3.10
439
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|
Fy |
\ i f.‘iurﬁmr Flona :
f=—— o R Gy Ve
] | Ly Convex Sside |
Rocam Flow I I I N |
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5 oitam Flisw I Iecrease of Sediment | |
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4.3.9

) - 88 -

Part 1




(

4.3.12

1.5 ha

265.633 m —
266.200 m

4.3.10

43.11
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5974 m
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|
‘ Figare Cenernl Plan of Gabion Training Wall

ce: JICA Study Team
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Source: JICA Study Team
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Source: JICA Study Team
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