5.

gravel will be thrown and gabions laid on the upstream con-

crete slab under the water up to EL.285.0.

Spiliway Facilities

Layout of Service Spillway

The service spillway of the Caliraya Dam comprises an

“‘intake tower constructed about 100 m offshore to the

north-east of the Dam with a conmecting horizontal tunnel

approxl 245 m in length,

" The intake tower has a cylinder gate of 4.2 m ir diameter

and 4.0 m in height, located around !0 m below the high
water level, Beneath the cylinder gate 1s a vertical
shaft of approx. 10 m witb':reinforced concrete lining.

The vertical shaft and the horizontal tunnel are connected

by an elbowshaped rivetted steel liner with 12.5 m curva-

ture radius. The cross section of the horizontal tunnel

is round, with 4.2 m internal diameter. (See Fig. V-10)

The spiilwéy was comstructed uwore than 40 years ago.
Signs of exireme old age are evident on the gate, lining

concrete and steel liner. Detailed drawings of the intake

tower, gate and steel liner were not available for this

field investigation, - Since the gate opening was aiready
submefged'at the time of field investigation, detailed
measurement was not possible. It is presumed from visual

inspection  of the intake tower and each part of structure

- that the ‘gate cbmpfises:six'opénings each 1.2 m wide and

3.5 m high'arranged'in a circular formation. With the

‘gate fully opened at high water level ‘of the reservoir,

the-;méximum"possible discharge through the gate would
exceed the discharge capacity of the tumnel and, there-

fore, the  discharge capacity of - the "spillway would be



.2,

governed by the discharge capacity of the tunnel. Our
calculations indicate that the discharge capacity of the
spillway din its present condition is about 250 m3/sec.
with the gate fully opened and the water level at
EL.288.0.

WL 288.0 T _ WL 288.0
—= . = T e
ﬁjﬁ%::
b 21.71m He = 35.9m
l% D= 4.2m 9
. ¥ “r
EL 254.29 8 / I EL 252.1m
| 245m P
i
2

2 4
Ho = 3201 +0.15 +‘—§4—°f§—‘l—m

v = /2gH°/(1.15 + 0.963) = 18.25 m/s

Q = Av = 252.7 mi/s

L=266.7m, D=4642m n=430.014

Water Leakage at the Service Spiliway

On October 28, 1985, a member of the JICA Study Team
entered the vertical shaft to inspect water leakage.

Leakages were found in the following four (4) sections.

Cylinder gate

Conerete lining (vertical shaft)

Curved steel liner

Concrete lining (horizontal tunnel)
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a)

b)

Leakage from the cylinder gate

. No leakage was evident:from the gate leaf. However,

‘leakage was occurring through cie spot in the upper

gate seal and through three spots in the lower gate

-geal. The water spouting through these leaks was

2-3 em in diameter.

" Leakage from concrete lining (vertical shaft)

The reinforced concrete lining Between the lower end
of the: cylinder gate and the steel liner is approx.
9.3 m long and 1.0 m thick, This concrete lining is
seriously damaged ‘at many points and has a number of

cavities.

- The cavities are grouped in 3 cross sectioms, each

group distributed around the circumference of the

. lining. The ‘largest, about 120 cm long, about 70 cm

wide and 60 cm maximum depth, is located in the mid-

- .portion ‘of -the lining with reinforcing bars exposed.

The water -leékage from this -cavity is relatively

‘small " in connection with - the size of the cavity.

Watetr merely seepS'thrbugh-the concrete in droplets.

A more serious leakage occurs about 1.0 m above the

~gteel 1iner. Thig damaged portion is of an irrégular

shape,  about: 70 cm wide and 20 cm high., Water gushes

" from’ the whole damaged area with sufficlent power to

‘strike against ‘the opposite comncrete lining.

‘The surfaces’ of the reinforced - concrete lining
':includihg the cavities themselves, are contaminated

.'with ‘dark “brown clayey:materials.B to 5 mm thick.

b - 11



d)

" In the damaged portions, coarse aggregate is exposed

representing a honeycomb structure. As mentioned

above, the damage is aligned around the circumference

of the lining. . These facts indicate that the damage

is not the result of corrosion due to water leakage
but has developed as a result of:insufficient compac-
tion of the cold joints when the concrete lining was

poured.
Leékage from the steel liner

The curved steel liner connects the vertical shaft
and the horizontal tunnel.. It was fabricated from
riveted steel plates, about 90 cm in width and about

120 cm in length,

At least one quarter of the ‘total number of rivets
had become .detached from the liner plates and water
was -gushing out of. the ‘vacant holes. These empty
rivet holes spread over the -entire surface but par-

ticularly at a point about 3.5 m below the top of the

‘liner. . The water spouts from these holes are of

gimilar diameter and Veiocity, . from which ﬁe can
aésume'thatfthé voids allowing free passage of water
mast- lie between the steel liner and the backfill
concrete,  and the continuous eracks dnd voids in the

backfill concrete and surrounding ground must enable

easy passage of pressurised water from the reservoir,

Leakage from the-horizontal- tunuel

At " the time of ‘the fiéld'investigation, ‘the hori~
zontal tunnel was full of water. - This prevented our
access to the'tunnel'andjdirect inspection of leakage

areas. By analogy with the leakages in the vertical

5 - 12



shaft concrete and  steel lining portions, and in
consideration »f the fact that the horizontal tunnel
was constructed at the same time as the vertical
shaft, it is considered likely that the lining con-
crete in the horizontal tunnel is damaged and af-
fected by leakage, It is recommended that an earlier
inspection of -the :actual conditions be made and

appropriate remedial measures, taken.
According to NAPOCOR's observation report, the over-
all leakage volume at the spillway is estimated to be

approx. 200 lit./sec.

5.3. ‘Emergency Spillway (Saddle Spillway) |

In addition  to the. service spillway, an emérgency spillway
is provided to . avoid dam overflow due to -any unexpected
increase in water level. This emergency spiliway, located
about 1.6 km east-northeast of the main dam, comprises an
open exé'avéted_channel, about 160 m wide and EL,289.2 -
1289.3 crest ‘elevation, constructed by means of excavation
of a topographic gaddle, This- spillway is in the form of
a broad-crested weir with a very gentle slope. The crest
is paved with concrete 7 m in width, and is used as a public
access road befweén Caliraya dam and Lumot Dam. Except this
pavement, the eémetgency spiliway comprises only excavated
areas, without slope protection, covered with natural shrub-
‘bery -and weeds. Downstréam of ~the spillway c¢rest is now
- private land, occupied by the gardens and recreation grounds
of “a hotel. "In the event of overflow via this emergency
Spillway,- 'water. will flow adcross the garden and recreation
...grou_nd to . the Lumot River located about 3 km downstream.
~The overflow. route is ‘badly arranged, and unsuitable for a.
| spillway. =~ Therefore, practical 'steps should be taken to

-avoid ove_rfl_oﬁ via this emergency spiliway, The discharge

5 -13



5.4.

capacity of this emergency spillway can be roughly calcu-
lated by the following formula,

qQ = 273 w2

where,

Q : Overflow disclarge (ms/sec.)
H : Overflow water depth (m)

Restoration of Spillway and Increase of Discharge Capacity

The -service and emergency spillways 1installed at the

Caliraya Dam have the problems as mentioned above.

Only one tunmnel spillway ‘is provided for the Caliraya Dam

as a service spillway, espeﬁially “the concrete lining,

which 1s damaged by 'age. and it has the -possibility of

tunnel collapse if it is left unrepaired.

In case of a tunnel collapse, the functidn of the service

spillway installed at the Caliraya Dam Will be stopped and

it will become impossible to control the increase in water

level at a time of flood because the overflow crest of the
emergency spillway is 1.3 m higher than H.W.L. and it. is

of free overflow type. -

The discharge capacity of thls service. spillway is about
250 m 3 /sec at H.W.L. 288 m and is restrlcted by its tunnel
section. - Therefore, it is 1mpossible ‘to . expect the in-
crease of its discharge capaclty to cope with any unex-

pected increase in water level;

At a flood time (20% increaseﬁof5200'yearg*flood),_the-

water level" h1~the"CaLitaya reservoir “with the present
spillway facilitiES'will-be“over*EL.Z?O;S;iwhichfleavés
only a 1.5 m freeboard ‘against - the non-over -flow dam

5--14



portion elevation 292.0. Since there is a possible danger
of dam collapse due to wave overtopping the non-overflow
"section of the dam at a time of wind velocity more than 25
m/sec., restoration of the existing service spillway and
installation of a new spillway for increase of discharge

capacity are emergency works.
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the East dyke

FIG. V-1 Landslide at
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Ground-Water Level of Caliraya Dam

FIG. V-3
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FIG, V-8 Explanation of Erosion Process

at Downstream Face of Caliraya Dam

1. Normal Slope Turfed area is used as a grazing

kﬁ///g_round for domestic animals.

)Uyégé%}%—Surface ground: Not clear (10 to 20 cm)

- L Dam embankment: Composed of weathered
- J tuff breceia, with good grain distribu-

- tion but easy to crack by drying.

Face of slope is damaged by animal
footmarks. This damage develops through
rainwater erosion. Thus, the surface

becomes exposed.

Cracks occur on the exposed surface of
the embankment of which material is
already easily detachable and broken
into small pieces. These pieces are

washed out by rainwater.

4. ' ' "A" surface is always exposed. (Since the

broken pieces are washed out by rainwater).

Some of the washed piecies are settled on
"B" surface until the next rainfall.
Because of this, the'genefation of

cracking is mitigated on “B" surface.

- - - " As a result, "A" surface is moved

- _ towards upstream.
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- Fig. V=10 Service Spillway (Caliraya Dam)
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. VI.. FLOOD OF THE CALIRAYA RESERVOIR







VI.

Flood of the Caliraya Reservolir

The -catchment areas of the Caliraya and Lumot Dams are relatively
small, only 92 km2 and 37 km2 respectively, but the total reser-

volir -capacity at ‘HWL is large - approximately 115.6 x 106m3

(Caliraya area of 76,8 x 106m3'and Lumot area of 38.8 x 106m3

which corresponds to -about 40% of the total annual run off.

A waterway tuanel, of circular section 2.0 m in diameter and

1,850 m 1in leangth, connects the Caliraya Reservoir with the

' Lumot Reservoir. HWL is EL 288 at the Caliraya Reservoir and

EL 290 .at the Lumot Reservoir., The inflow into the Lumot Reser-
voir is ‘transmitted to the Caliraya Reservoilr. through a connect-
ing waterway, ‘but because of the small. capacity of the connecting
waterway, the most of flood flow would be released through the

LumOt;reservoir'spillway {("morning glory" type).

.The average annual rainfall in this area is 3,380 mm. The rainy

season is October to December, the dry season is January to May,

‘and . Jﬁly . to - September 1s an average rainfall operiod.

(See Figs. VI-1 & VI-2).

Since there is .ﬁo stream-gauging station along the Caliraya
river, the rate of inflow into the reservoir was calculated from
rainfall data recorded by the rainfall gauge installed at the

Caliraya Dam spillway watchman's cottage.

The available rainfall records are:

~  Daily rainfall records from 1950 to October 1985,
- Houtrly rainfall records from October 28, 1984 to April 5, 1985

and from May .12 to October 16,. 1985.

©:The' Caliraya Reservoir  is 'located on - the Caliraya.Plateau, and

. its ‘circumference is surrounded - by hills of gentle slope at an

elevation  of ‘about: 400 .m.. The  reservoir :presents a typical



“dendritic - drainage pattern basin, its water edge entering in a
complicated form into hills of relatively small height. A dis-
tance from the boundary line of the basin to the reservoir is as
short as less -than 7 km even in' the longest span, and an average
slope - of the river bed until . it~ reaches  the reservolr end ‘is
~about 1/60. This topographic feature carries a rainfall in the

basin to the reservoir within.abﬂtt-one:(l) hour. .

‘Since “the - travelling hour of peak discharge:caused by a rainfall
into the reservoir:is. as short .as--about -one (1) hour, hourly
distribution - of . thé rainfall  is required ‘to - establish flood
pattern. Table VI~1: shows maximum ﬁrecipitation,in one -day and
.pmaximwm-precipitation in successive .two:days in - each vear for
_the -period of.BSerarszfrom'I950 to 1985, The probable rainfalls
‘for different return periocds which wére'computed'withlthe:valués_
shown on Table VI-1 are showhzon Table VI~3. -This table shows
three (3) results of probable rainfalls computed by the Gumbel-
. Chow Method, the Moment Method and L.N.D. Further analysis was
made,  for sake of safety, with the probable rainfalls estimated

- by the Gumbel-Chow Method which show the largeet values.

The hourly rainfall 1t can be obtained from the daily rainfall
(R24) by the following formula;

rt = R24 (Ei k veredaaaiees e (VI-1),

where

rt = precipitation in "t" time

R24 = precipitation in 24 hrs.
k .= ‘constant :: |

The constant k can be ‘counted back by?the fofmu1a.(VI+1); if the
daily precipitation and hourly-precipi;ation'are giveh.-'Tab1e'
VI-2 shows the. constant .k which*was,obtainedffromithe iarges£
10 daily;rainfalls and;the-hoﬁrlyrrainfailsJdﬁring:the;pefiod
‘when both of them:are ‘known. . Generdfly;“it:is known that as the

daily rainfall increases, the constant k becomes smaller and it



comes neay to a certain value under a large daily rainfall,
.Dr. Mononobe proposes 1/3 as this value. VFor the following

‘analysis, k=1/3 was used.

The - daily '-rainfa.ll ‘pattern’ which 1is required for estimate of
"flood discharge dinto the Caliraya Reservoir was worked out by
distriﬁﬁting ‘the hourly rainfall which equalizes the gross
precipitation and daily rainfall, on both sides of the peak
hourly rainfall which was obtained from the daily rainfall on
Table VI-3 by the formuia (VI-1). The hourl'y rainfall distribu-
tion chart shown on the upper part of Fig.VI~4 was obtained in

this method.’

A hourly rainfall at a time will carry a discharge Q at a loca-
‘tion in the'feagh- of travelling hour To. ‘This Q cdn be expressed

by the following run-off distribution function:

2 . -0t

Q =~'§—.’?—6-:A.f'.a Jte e (VI-2)
where Q. = dischar'ge (m3/sec)
” r '= hourly. rainfall (mm/hr)
‘A = ‘catchment area '(kmz-) :
£ = coefficient of run off
o = 1/To

time of flow

3
[«
i

. {flood tra\ielling hour) = 1 hr

Cto= Telapsed ‘time - -




‘The inflow peak flood into the Caliraya Reservoir obtained based
on the hourly rainfall distribution chart and the run-off distri-

bution function of the formula (VI-2) is summarized below.

Inflow. Peak Flood into the Caliraya Reservoir

Return Period (Year) Peak ﬁischarge (m3/sec)
1000 o 2632
200 _ S 2173
100 : : 1968
50 1770
10 _ _ 1300

Changes in the reservoir water level in case of the flood inflow
patterns obtained. by the abgve method is as :iﬂdicated. on the
Figures VI-3 and Vi-4, Similar'computétions were carried out for
various cases and the flood water level'inlfhe regervoir obtained

by those computations is as shown on the Table VI-4.

According 'to the standa:ds-in Japan, . the probable flood volume to
be considered for the Caliraya dam vhich is a fiil—type dam- is
120 per cent of a 200. year return flood, and the spillway should
be equipped with a épilling capacity so that the reservoir water

level may be controlled safely enough against this flood inflow.
The height of the non-overflow seqtion”of_& dam should be more
than the values indicated below (according to the ‘design standard
of dams in Japan).

A) In case the dam-is'equippe&:with spillway gatas,

1) Hn + hw +he + 0.5

Hn + 2.0 wheré hw + he < 1.5 m



ii) He + hw + E% + 0.5

Hs + 2.0 where hw + Eg < 1.5

iii) Hd + hw + 0.5
Hd + 1 where hw < 0.5

(3) In case the dam is not equipped with spillway gates,

i) Ho + hw + he

Hn + 2 where hw + he < 2

1) Hs + hw + B2

2 ,
Hs 2 where hw + §§,< 2

+.

iii)_ Hd + hw
' " "Hd + 1 where hw < 1

The above are applicable to a concrete dam and the abovementioned
design standard specifies that the applicable values for a f£ill-
type dam should be more than the values obtained by the above

formula added further by 1.0 m.

In the above formﬁla, Hn,:HS and Hd m iepresent a normal HWL, a
sﬁrcbarge water level and a design flood water level respec-
tively, and hw and. he mean a height (m) of wavés froﬁ the reser-—
volr water surface due to winds and a height of waves from the

"reservoir water surface due to earthquakes respectively.

In case of the Califaya'dam, the normal HWL (Hn) is EL.288.0 and
the’ de51gn flood level is EL 290.0, however, ‘the surcharge water

1flevel is not made clear.

The height of waves'from7the reservoir wétér surface due to winds

o (hw) can be obtalned in combinatzon of the 5.M.B. method wlth the

'_Sav:l.lle method. TIn’ case of _the Laliraya dam, hw becomes 1.8 m



using an average velocity of 30 m/s, a distance to the opposite

bank of 2 km and a grade of dam upstream face of 1:3.0.

The height of waves from the reservoir water surface due to

earthquakes (he) is given by

_ 1 k.t -
he = E'“““¢Eh°_

where k (seismic coefficient) is 0.15, T (pericd of seismic wave)
~is 1.0 second and the reservoir water depth 28 m in front of dam

is used, he becomes 0.4 m,
Therefore, for the normal HWL Hn,

hw + he + 0.5 + 1.0 =3.7 m _ _
288.0 + 3.7 = 291.7 m  292.0 m (height of dam crest)

the standard in Japan is satisfied, but for the design flood

water level
Hd + hw + 0.5 + 1.0 = 293.3m  292.0m
the standard in Japan is not satisfied._

'Therefore, it is strongly desired 1n the Callraya dam to increment
5p111way facilities so that the raise of reservo1r water level
can be restrained below Hd = 290.0 m. The new splllway proposed
in this Report is.considefed to enable the reservoir water level
at the time of flood to become less fhan'ZQO 0 m and the new
spillway equlpped with two gates of 9 0 m in width' and 5 Omin
he1ght ‘each is the minimum requlrement in _thlS respect. :

(See Tables VI-5 and VI-6).

Till the new qplllway 15 realized it is necessary to lower the.

_'reservoir water 1eve1 preliminarily in case. much raxnfalls are

antlcipated by attack of typhoons, etc.
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PERCENTAGE OF AVERAGE ANHUAL RUNOFF

PERCENTAGE OF AVERAGE AHNUAL RAINFALL

FIG. VI-2 SEASONAL DISTRIBUTION
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TABLE VI-1

Maximum Average Annual Rainfall

(Caliraya rainfall records)

Max. Precipitation Month of Max. Precipitation in
Year in one day occurrencea successive two days
1950 S 216.4  mm Dec. 253.5 mm
51 190.5 Nov. 201.2
52 156.90 Aug. 187.0
53 167.9 Nov. 248.2
54 101.4 Dec. 179.4
55 231.7 Now. 270.3
56 113.8 Dec. 144.3
57 186. 4 Oct. 278.9
58 201.9 Oct. - 237.7
59 151.9 Dec. 209.3
1940 295.3 Jun. 335.9
81 242.3 Nov. 484.6
62 150.8 Sep. 265.6
43 136.4 Aug. 149.4
84 457.2 Jun. 473.5
65 130.8 Dec. 197.9
66 342.7 Dec. 377.3
87 185.9 _ Jan. 243.1
48 98.0 Jul. 133.1
69 137.9 Jut., 156.7
1970 213.6 Oct. 161.2
71 152. 4 Dac. 268.0
72 145.6 Jun. 212.7
73 129.0 Nov, 115.8
74 “135.1 Dec, 175.7
75 245.1 Now. 247.6
76 224. 1 May. 448.2
77 215.1 ~ Nov. 244.3
78 452.1 Oct. 528. 6
79 139.2 May. 167.4
1980 | 188.4 Nov. 296.6
81 . 115.3 Nov. 134.4
82 ] 1436 . Sep. 269.8
83 :
84 129.3 Oct. 250. 0
85 - | | |
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TABLE VI-2

Relation between Daily Rainfall and

Peak Hourly Rainfall

{Caliraya rainfall records)

coefficient of Rainfall Intensity

6 - 12

Date Daily Rainfall Peak Hourly log rp-log R24
of occurrence ( R24 ) | Rainfall (rp) | K=log (1)
. o 24
26 ~ 27 Nov. *84 113.0 23.0 0. 50
21 ~ 22 Jun, '85 89.5 13.0 0. 61
22 ~ 23 Jun. 85 85.5 18.5 0.48
27 ~ 28 Jun. '85 188.0 29.5 0.58
4~ 5 Jul. *85 117.5 27.5 0.44
5~ 6 Jul. ’85 104.5 25.0 0. 45
2 ~ '3 Sep. '85 101.0 16.0 0.58
9 ~ 10 Oct. '85 106.5 24.5 0. 44
10 ~ 11 Oct. '85 101.5 43.5 0.27
12 ~ 13 Oct. 85 73.0 11.5 0.58
re = Ry (£ K
24
T+ = Rainfall Within t hours
K =
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TABLE VI-4

SUMMARY OF CALCULATION OF CALIRAYA RESERVOIR ﬁATER-LEVEL

" (Without Use of Fmergency $pillway)

- Ccalculation Conditions

Calculation Results

Initial Quantity used . Hydr010‘ Mégnifi“ Max. Flow of
Water Lewvel by - Powerhouse Spillway Gate gical cation Max. - Inflow Water Level Max. Discharge Connect -
Presumed of ing
Case No. Caliraya | Lumot Cagayan |Caliraya |Existing E§:i£3ﬁz; Year [nflow Caliraya| Lumot Caliraya| Lumot Caliraya | Lumot Waterway
EL m | EL m :ﬁ?’/s m3/s 200 yé_ars ‘times m3/s m3/s! EL w| EL m m3/s m3/s m3/s
100 288.0 290.0 | 120 0 closed none R = 0.45 | 1.2 2027 816 292,081 | 291,737 72 199 b, b
200 : " 0 0 . u " " u & 293.123 | 291.7 111 200 4.t
300 " " 0. 0 opened " " " " " 291,527 1291.736 - 255 199 4ob
400 " L 120 0 " " " " " " 290.616 291,733 250 198 4.5
1] 1 - . h = 4 o " it 11) "
500 0 0 - B = 18 : 260.291 - |291.734 | 524 198 A
: -
actual o 287:95 ] 289.91) 0 12.2 | closed | mome |2 9°E78 1 4, 1505 606 291,765 |291.371 61 140 4.3
101 K = 0.45 _
actual " " " n " 9 Oct.'78 . ;
Too 0 _ § =17 1.0 1931 777 291.769 | 291,453 62 152 4.4
103 288:0 | 290:0 | 120 0 " L AP IR 2608|1049 292.178 | 291.829 76 215
203 2 n 0 0 " " n " g " 293.191 |291.833 114 216 .
103 " " 0 0 opened s " g " " 291,658 |291.828 255 215
313 n " 0 0 " T KIS°173 1.0 1968 792 290.441 |291.409 | 244 135 4.5
403 " " 120 0 " " KZSOi/B 1.2 7608 1049 290,791 |291.826 | 253 215
. . h =4 . ' ' . .
503 " " 0 0 - 2 - 1§ s 1.2 " " 290.505 | 291.826 550 214 4.6
' : . 200 o ' : _
304 " " 0 0 opened note |- 173 1.0 2173 874 290.799 | 291,545 252 167
404 e 1 120 16,2 " " L ‘1.0 L 1 290,056 | 291.544 [ 230 167
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TABLE Vi~5 Combination of Spillways and Maximum Water Level of Reservoir

200 yr return (200 yr return

flood flood) % 1.2

-Peak inflow 2,173 m3/s 2,608 m3/s

Case ! Service Spillway EL 290.799 m EL 291,658 m
Service Spillway +

Case 2 Emergency Spillway 290.182 m 290.547 m

Case 3 oervice Spillway = 289,400 m 289.774

‘New Installed Spilliway

Service Spillway +
Case 4  New Installed Spillway + ' 289.400 m 289.740 m
Emergency Spillway

Note: Existing spillway facility is Case 2.

6 -~ 15






TABLE VI~6 Discharge Capacity of Spillways
(Unit m3/s)

Water L§vel of Service Em?rgency Nev Installed Total

Raeservoir Spillway Spillway Spillway
288.0 252.74 0 295.82 548.56
288.5 254.49 0 359.72 6l4.21
289.0 _ 256.24 0 428.65 684.89
289.5 257.97 24,42 484,77 777.16
290.0 '259.68 159.89 563.75 983.33
290.5 261.39 358.87 635.66 1255.92

Note: New Installed Spillway with 2 gates of width 9.0 m and
height 5.0 m at 284.0 m of overflow crest level.
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 VII. CALIRAYA ‘DAM STABILITY ANALYSIS -







VIL. Caliraya Dam Stability Analysis

Fig.VII-1 shows the largest cross section of the Galiraya Dam.

CDhB~1, CDB-2 '‘and CDB-3 in Fig.VII-1 are the boreholes used at
present for measurement of the underground water level of the
Dam. The phreatic line of the Dam assumed from the underground

water level measured at the boreholes is also shown in Fig.VII-1.

The c¢haracteristic value of the embankment materials on undis-
“turbed test pieces obtained from the: test pit are given at Table
IT1~2.

Figs. VII-2 & 3 show the results of stability analysis on the dam
faces using the characteristic value of the embankment materials
'obtaiﬁed by the soil tests and the section shown in Fig. VII~1.
In case of computing the stability of the slope for fill-type
dam, the safety factor for slip circle shall be generally more
~than ‘1.1 + o, taking into account of seismic force (according to
Japan Dam Design Standard). In ‘this calculation, o means an
allowance of the safety factor to be settled by dam type, import-
ance of dam, ete., " Generally, o is regarded as 0.1. Therefore,

the safety factor shall be more than 1,2 at a time of earthquake.

- The continuous lines in Fig.VII-2 show sliding safety factor of
the downstream slope of i:he' dam at HWL of the reservoir, and the
" dotted lines show sliding safety factor when rapid- drawdown
occurs from HWL to LWL at the reservoir. Fig.VII-3 shows the

safety factor at the time of an earthquake (k=0.15).

Fig. VIT=4 assumes ‘that the ‘ground water level reaches to the
- surface of the ‘downstream slope of the dam at an elevation lower
“than HWL. Even 'in this ‘case, the stability of the downstream
slope of. the dam can be maintained .'at over 1.5, and slightly

‘below 1.0 in the event .of' seismic condition of k=0.15.



These calculations assume that the embankment materials possess
cohesion (C) and internal friction angle (#) as shown in Table

T1I-2,

As the sampling areas of soil test materials were limited, it
cannot be said that these values would apply over the whole dam
body. Fig, VII-5 shows the calculation results in case of the

characteristic values being varied.

 The lines in the Fig.VII-5 show the combination of C and #. values
corresponding to the safety factor of just 1.0 and the character-
"istics over these lines give the sliding safety factor of more

than 1.0.

Line (1) .indicates ‘the downstream slope of the dam, normal con-
dition (without earthquake) and the water'leVel-béing

the observed value. .

‘Line (2) indicates the downstream slope of ‘the dam, seismic
~condition being k=0.15 and the ground® water . level

being the observed value,

Line (3). indicates the upstream sleope of the dam, normélicondiw
. tion and the reservoir water level with a'rapid draw—

down (EL.288~> EL.276)..

Line (4) indicates the  upstream slope of ‘the ' dam, -seismic
‘condition being k=0.15 and the reservoir water level

with a rapid drawdown (EL.288 3EL.276).

‘Line (5) indicates the downstream jslope':oi-.the dam, 'hormal
condition and on the ‘assumption that the ground water
level reacties to the .surface ‘of downstream slope of -

" lower- than EL.288..



Characteristics of embankment obtained from the triaxial compres-
sion test at this time and previous time (soil test on the
samples't&ken from the test pie excavated by NAPOCOR during the
period from 1984 to 1985) are also shown in Fig.VII-5 by 'O’

marks and 'X' marks respectively,

Referring to Fig.VII-5, it is considered that at present no sig-
nificant landslide is likely to occur on either the upstream
slope or the downstream slope of the Caliraya Dam, whether under
normal conditions or even in case of a rapid drawdown of the

reservoir water level from H.W.L. to L.W.L,






Fig. VII-1 Caliraya Dam - Largest cross-sectional view
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VIII REHABILITATION PLAN AND
REHABILITATION COSTS
" I. . Downstteam Face of the Dam.
"2, Upstream Face of the Dam

4. Slididg at Edst Dyke

:'5. . Costs Schedule-and Outlined Time Schedule -~
- of the Caliraya Dam Repair Works -

IzéffEfInv 'tigation Costs, Englneerlng Cost and
"’NAPOCOR Adminlstration Cost for Repalr Works







VIIT. E@éhi%i}_&gion Plan and Rehabilitation Costs

i.

Downstream Face ‘of - the Dam

- As ‘reported above, widespread damage caused by rainfall

erosion  stripping .grass and top soil was found on the

downstream face of the dam. Without remedial measures it

" is probable that _the damage will rapidly deteriorate. It

is therefore recommended that a programme-of remedial work

is established without delay.

The - remedial “work proposed would dinclude installation of
drainage, "and repairing the damaged areas, The damage is
‘spread. over a -wide area. A systematic remedial scheme is

therefore ‘proposed rather than:'a 'continuation of the pre-

- sent piecemeal repair work.

For a permanent rehabilitation plan, it is 'prbposed to
cover the downstream slope of the dam with the rock mater-

ial, having first placed filter materials, as follows.
1) Slightly strip;ﬁing by bulldozer.
2) ~Installation of perforated hume econcrete drainage

p.ipes (#4300 - 4600) at the existing middle berm
(EL.280.00 & EL.277.50).

3) .Placing sand and gravel aggregates (to a depth of 1

Smeter)

~4).. Cover -the -aggregate. materials with rock materials (to

a .depth-of 1.5 m) topped with rock riprap (300 mm -
600 mm)-. . -

For ."these' repairs, -about :38,600 m3- of rock materials will



be required. Although- it s difficult to collect those
rock materials near the Caliraya dam because they are not
found existing on the surface of the earth, they could be

collected from the basaltic zone exlsting along the Laguna

‘lake shore road which 1s located about 3 km nottheast of

the Kalayaan pumped storage power station.

I1f this plan of permanent repairs involves difficulties in
collecting rock materials -and consumes time for its imple-
mentation, emergency repairs .can also be. done, without
leaving the downstream face of the dam as it is, by using
soil materiale which are made -available around the dam.
In this case, however, éimilar damages.to-the present ones

are feared to rveoccur and it would be required to repeat

-econstant monitbring' and = repair-. works to -preﬁent such

" Teoccurrence,

The costs . of such  emergency repairs:Plan A and permanent

repairs Plan B are .approximately estimated “as follows:

Plan A '(Eﬁergency fepairs) US$254,000.-
Plan B (Permanent repairs) .= - - US$1;560,000.—

- The scheme of the permanent repairs’plén'is showﬁ:oﬁ Fig.

VIII-1.

Upstream Face of the Danm

As reported above, the:cracks in the concrete slab of the

upstream'face are considered. to be mainly caused by differ-

_ential settlement of.the:embahkmeﬁt;fill_ﬁmterials. The

embankment having :-been completed: some: 40 years agb;'it:is

not considered likely that further settlement will occur or.

‘that further cracking will develop. :However, the tnderly-

ing materials will continue to .-be: gradually: washed out



through the existing cracks and joints, and voids beneath

the slab will thus increase.

IWithout repair, these voids will eveniually cause insta-
bility of the entire upstream face of the dam, so remedial

work should be undertaken at the earliest opportunity.

"This ‘vemedial “work should be directed towards stilling
water disturbance due to waves in the cracks and voids of

the concrete slab.

“The remedial work should be done at a time when the reser-
voir water level is lowered for instance, at the time of
repair of ‘cjlihder gate for .the service ‘'spillway. The
cracked . areas should be drilled out and the underlying
voided areas 'filled with sand and - the larger openings

should be backfilled with mertar and broken joints and
cracks covered with shotcrete and wire mesh, (the pipes
“through which  the sand was poured shall be remained as a

role of drainage).

As for the rehabilitation of submerged areas of the up~
‘stream slope of the dam, graveis and sands should be dumped
in order to cover the wupstream slope of the dam,

- (See Fig. VIi1-2/1).
‘The estimated rehabilitation costs are US$377,000.-.

‘The Treservoir watef ' level at which the Kalayaan Pumped
* Storage Power Plant can iiitake the water is higher than
EL:286.0. At a lower reservoir water level, its waterway
sucks “air’ at the ‘intake inlet and the plant can not be
operated. In practice, it is very difficult to lower the
resefvoir water 1eVe1'£or:repair of ‘the dam upstream sur-
face under the Present'condition that the Kalayaan Plant

“is operated dlmost everyday.



If the dam wupstream. face concrete slabs are repaired
without lowering of the reservoir' water level, sand and
gravei ghall be thrown on the concrete slab up to EL.285.0
under - the water. where many cracks take place. The sand

and gravel layer under the water near the reserveir water

. surface may be washed out by water disturbance caused by

3.

3.1.

wvaves, therefore it 1is required to be protected with
gabions. The cost of repairs in this method is estimated
at US$527,000. The conception of this repair is shown in
Fig.VIII-2/2.

Service §pillway

Repair of Existing Service Spillway

a) Gate

The sealing parts of the cylinder gate must be re-
placed. Since corrosion of the gate leaf is wide-
"spread, it is necessary to renew the entire gate.

Thé estimated renewal cost is-US$90,000;—.
('] Vertical shaft

Damage to the lining concrete is serious and a con-
siderable amount of leakage is seen. Grouting with
mortar or cement milk in the rock surrounding the
. lining concrete 1is essential. Howe?er,"the"large
cavity in the lining. concrete from which a large
quantity of water 1s escaping, should be temporarily
Blocked, and.then_gréuted. The proposed temporary

leakage sealing works are shown -in Fig.VIII-3.
¢) Steel liner

As Teported above, many rivets haVe become detached



3.2,

from -the curved steel liner connecting to the bottom
“of ‘the vertical shaft. and water is gushing from the
vacant rivet holes., Grouting in the rocks surround-
ing the backfill concrete should be carried out, the
vacant holes having first been plugged with short

tapered steel rods.
d) Horizontal tunnel

As reported ‘above, -the leakage condition of the
horizontal tunnel dis. not clear at present, For
rehabilitation, chiefly, grouting should be carried

out in the surrounding ground.

Grouting shall be carried out from inside of the tummnel
at section ‘of 3 m intervals. In the 'vértical shaft, b
holes of grouting (1o a depth of 4 m) at a section
should be carried out, and in the horizontal tumnel, 3
holes of . grouting (to a depth of 6 m) at a séction should
be carried over a ‘length of 100 m from upstream side to

near the Dam-core area.

The  estimated rehabilitation cost on the grouting in

the spillway is US$187,500.-.

“Construction of New Spillway

The discharge capacity of the existing service spillway

is approximately- 250 m3/sec. with -the -reservoir water
'léVQl,at'H}W;L. - On the other hand, the peak flood inflow

O ) the»Calirayarresérvoir’wiil he about 2,173 m3/sec. in

the event of a 200 years return period flood. The design

spillway discharge of the dam is estimated at 2,608 m3/

sec. which 4s 120% -of ' the 200 years return flood., 1If no

discharge for generétion-'is released to Kalayaan and



Caliraya Power Stations, in other words, the discharge be
released - from the existing spillway only, the maximum
water level 'of the reservoir will reach EL.290.5 m. In
this case, a freeboard to the dam crest will remain only
150 ¢m. Taking account of wave action caused by strong
wind (1.8m high wave under a wind of 30 m/sec.), there
will be a clear possibility of over~topping, which may

result in the collapse of the dam. -

_-The-existing service spillway ds classified as tunnel
spillway, and the discharge capacity of such ‘tunnel
spillway is limited by its diameter. It is, of course,
practically impossible to increase the discharge capacity.
Moreover, its defective condition causes many problems
in  operation. For ,the'se. reasons, - the existing service
~spillway should be repaired, and the construction of a

new. spillway: is inevitable.

Figs.VIT1-4 and VIII-5 show an example of the new spill-
way construction which will be jointly used with the
existing spillway ‘after repaired.  The . estimated cost

of the new spillway construction is US$5,200,000.~-.

Sliding at East Dyke .

Judging from the"fag_t-rthat_ the. do;ér_n_=e_i;d-bf ‘slide. m_ate_rial
is saturated with water, there will ‘be water seepage at the
bottom .of the slide area. After . the -loosen material 1s
removed and. the ground s’ur.face;. is  trimmed, _»the slide area
should be backfilled with pervious materials such as rock

fragment, -gravel and sand. - In ‘this case, impervious soil

‘material is not suitable. as backfill material.

Fig. V-9 shows ‘the -suggested :rehabilitation- plan and ‘the
estimated cost is US$96,400.~, ' -



Costs Schedule and Qutlined Time Schedule of

the Caliraya Dam Repair. Works

Shown on Tables VIII-1 and VIII-2 are the cost schedule of
the Caliraya Dam, Repair Works, and Table VIII-3 shows the
priority of work classified by priorities I, II, and III
and an outlined time schedule of each element of the Repair

Works.

Inveétigation Costs, Engineering Cost and NAPOCOR

Administration Cost for Repair Works

Prior to the implementation of the repair work, core drill-
ihg work should be carried out to investigate raw material
distribution at the quarry site and geology of foundation
rock uﬁder the new spiliway route for the quantity of 40m x
5 holes at the quarry site and 30 m x 10 holes along the
spillway route. And topographic survey of the quarry site

and longitudinal -and cross—-sectional survey of the new

- spillway route should also be carried out. In additioen,

the engineering cost for employment of experienced consult-
ants and NAPOCOR administration cost will be required for
detailed design, preparation of tender documents, tenders
evaluation and construction supervision of the repair work.

The estimated cost of these works is shown in Table VITI-1.
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TARLE VIII-1 Cost Schedule of the Caliraya Dam Repailr Works

Foreign Local
Currency Currency
Item Portion : Portion Total (USS) Remarks
(us$) (Us$)
1. Construction
Cost .
Répair of Exis-
ting Spiliway 20,0Q0 167,500 187,500
Replacement of
‘Cylinder Gate 80,000 10,000. 90,000

New Spillway 5 539 000 2,662,000 5,200,000

Construction
Repaix of Downstream Plan AT Regair
Slope of Dam with iaft
: materia
Plan A {50,000) (204,000) (254,000) Plan B: Repair
Plan B 702,000 858,000 1,560,000 with rock
' ' _—— ' : material
Repair of Upst
Siope of Dam T 56,000 321,000 377,000
P Oyrandslides 96,400 96,400
o (2,744,000) (3,460,900) (6,204,9500)
Sub-total ' 3,39%,000 4,114,900 7,510,900

-2, Field Investi-~
gation Cost '

Core Drilling 0 60,000 60,000
T i
sﬁ¥2§§ap ¢ ' 0 30,000 - 30,000
Sub~total ' 0 90,000 90,000
. Land Acquisi- Quarry site
 Hon dodt™® 0 200,000 200,000 (about,l00,000
. . m
4. Engineering
g | 826,000 0 826,000
5. NAPOCOR ' , .
Administration ) ) 0 165'000 165’000
T . (274 ,%00) 346,090 (620,490)
6. Contingency . "339 ¢gg 411,490 751,090
T (3,844,400) (4,261,990) (8,106,390)
7. Total 4,561,600 4,981,390 9,542,990

Figures inside { . ) show the costs in case only the
Plan A is carried out. '
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Table VIII ~ 2 Details of Construction Cost for Caliraya

Rehabilitation Project

(As of 1986)
(Unit: US Dollar)

1. Summary (US$ equivalent)

A. Repair of Existing Spillway

20,000.~ (F/C) + 167,500.= (L/C) = 187,500.-
B. Replacement of Cylinder Gate
8(,000.~ (F/C) + 10,000,- (L/C) = 90,000.~

C. New Spillway Construction
2,538,000.- (F/C) + 2,662,000, (L/C) = 5,200,000.—

D. Repair of Downstream Slope of Dam

Dl. (A) : repair with earth'méterial
50,000.~ (F/C) + 204,000.- (L/C) = 254,000Q.-

D2. (B) : repair with rock material
702,000.~ (F/C) + 858,000.- (L/C) = 1,560,000.~

E. Repair of Upstream Slope of Dam
56,000.< (F/C) + 321,000.~ (L/C) = 377,000.-

F. .Repéir of Landslides at Fast Dyke °
0.- (F/C) + 96,400.- (L/C) = 96,400.~






2. Details of Costs

2.1. Repalr of Existing Spillway

Description : _Quantity  Unit Unit Price Amount

i.) Preparation Works i LS 48,620 48,620
2.) Drilling . 768 m 100 76,800
3.) Set-up ' 142 hole 80 11,360
4.)  Crouting 768 0 40 30,720
5.)  Sub total ‘ 7 167,500

' 6;) Protection work. for grouting 1 ‘LS ‘20,000 : 20,000
7.) Total (3+4) 187,500

2.2, Replacemﬂnt of Cylinder Cate

Description . Quantity Unit Unit Price Amount

1) Cylinder Gate . - 15 ton 6,000 50,000
2.)  Total | 90,000

2.3. MNew Spillway Construction

Description _ Quantity - Unit _ Unit Price Amount
1.) -Preparation works i . LS 1,260,060 1,260,060
- (Quarrying and Crushing &
Batching Plants) .-

2})' Excavation

(Earth and rock) 83,000 w 9 747,000
S 30 Backfillf(sarth) 15,700 o 5 78,500
4.)  Comcrete 16,150 o 140 2,261,000
50 Reinforcement 6548 _ton 780 505,440'
6.)  Sub toral | 4,852,000
7.3 Gate - B 58 ton 6,000 343,000

- B.Y  Total : ' 5,200,000
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2.4,

Repair of Downstream Slope of Dam

2.4.1.  Repair with Earth Material (A)

8 - 17

Description Quantity Unit Unit Price Amount
1) Preparation works _ 1 LS 65,460 65,460
(Borrow area and haul voad)
2. Removal of Existing 2
Surface 21,705 m 4/3 28,940
3.) Brain work 1 LS 51,100 51,100
4.)  Farth Backfill | 10,850  m 10 108,500
5.)  Total 254,000
'2.4.2 Repair with Rock Material ()
Description Quantity Unit Unit Price. Amount
1.} Preparation works 1 LS 401,705 401,705
(Quarrying and haul read) ' :
2.) Removal of eiisting 2
surface 21,705 m 4 86,820
3.} Filter Mateérial embankment 21,705 m3 15 - 325,575
4.)  Rockfill embankment 38,600 o 18 694,800
5.) Drain pipeé :
(#300 mm, 550 m) 550 m 30 16,500
6.) Drain pipes '
(9450 - 600 mm, 775 m) 775 m 40 31,000
7.) Drainage Junction -etc. 18 number 200 3,600
8.) Total 1,560,000






3. Repair of Upstream Slope of Dam

Description Quantity Unit Unit Price Amount
1.)  Preparation works 1 LS 97,500 97,500
~ (Haul road and barge)

2.)  Shotcrete (8 cm thick) 1,050 m? 15 15,750
3.) Miscellaneous (Dfain; etc.) 1 LS 5,000 5,000
4.)  Disposal in water 25,875 w 10 258,750
6.) Total 372,000

4. Repair of Landslides at East Dyke
Description _ | Quantity Unit Unit Price Amount
1.) Preparation works - 1 LS 24,960 24,960

(Access amd haul roads)

2.) Excavation . _ 1,840 m3 6 11,040
3.)  Filter . 560 v 15 8,400
4.)  Rockfill | 2,800 o 18 50, 400
5.)__ Gabion 40 o 40 1,600
6.)  Total 96,400
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TABLE VIII-3

Construction Schedule of Rehabilitation Works of the Caliraya Dam

Priority

Item
No.

Period
Work Item

1986
910 11 12

1987
t23 45678 9101112

1988

1989
12345 6 7 8 9101112

Repair of Existing Splillway
1 Additional investigétion
2. Detailed Design
3. Tendering/Contracting

4. Construction

12345678 9101112

}-————— Reservoir water

level to be lowered

New Splllway Construction
1, Additional investigation
2. Detailed Design
3.-Téndering/Contracting

4, Construction

¢ ‘Order to proceed for gates

PO L LI T L R L L L L L L L T e T PP TN T P Y E I YR I Y

Gate installation

‘Repalr ‘of Landslides -at

, East Dyke
1. Additional investigation

2. Detailed Design
3. Tendering/Contracting

- 4, Construction

Removal of coffer dam

Repair of Downstream Slope
of Dam

1. Additional investigation
2. Detailed Design
3. Tendering/Contracting

4. construction

Replacement of Cylinder Gate
1. Additional investigation
'2. Detailed Design

3. Tendering/Contracting

4. Construction

Order-to proceed for gate

Gate installation

Repair of Upstream Slope
: of Dam

1. Additional investigation
2. Detailed Design
3. Tendering]Con;racting

4, Construction

sesssaizany

Sand and gravel to be
thrown down into water

I .
~4 'bfﬂf\\“ffAbove water works
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~IX. 7 ECONOMIC EVALUATION OF

. REHABILITATION WORK

1. Method of Beomomic Evaluation .

2.7 "Cost Evaluition of Récomstruction Plan

‘©13.° Cost Evaluation' of Rehabilitation Plan







IX.

Economic Evaluation of Rehabilitation Work
In case where' the Caliraya Dam continues to be left unrepaired,
erosion will be advancing at the downstream face of the dam, and
10 years hence, the safety factor against land sliding will de-
crease to ‘less than 1.2 at the time of earthqiuake of K=0.15,

which means that there could be no alternatives but reconstruc-

rpionof ‘the' dam.

Total ¢ost and lead time for reconstruction of the dan are esti-

mated to be'US$26,000;000.~ and 3 years, respectively. During

" this period for reconstruction, both Kalayaan and Caliraya power

stations can not bé placed into service.  On the other hand, total

cost ‘and ‘lead ‘time for rehabilitation as recommended herein are

‘estimated to be US$9,542,990.- and some 3 years, respectively.

Besides; there is no need to empty the dam reservoir during the

- period for rehabilitation work. - Only “thing to do 1s to lower the

water level'in'the:reSefvdir for about 3 months. Though this

"will keep the Kalayaan Pumped Storage Power Station from being in

service for about 3 months, Caliraya Power Station may continue

to ‘be . put in sérviee even in ‘this period. (Refer to Table'ViII—B).

Methdd ‘of Economic Evaluation

The econdmic‘juétifiéétion of the proposed rehabilitation plan

" can be made by comparing with the reconstruction plan in which ne

measures will be given until the dam will become useless. The

‘comparison of eéconomics of both plans was made on the sum of con-

"atruction cost and cost evaluation of losses due to suspension of

power prcduction'during the wokxk, which ‘made it possible to ob-

“tain I.R(R. of the sum of cost and generation losses for the re-

habilitatiOn'plan.(COST) against the ‘sum of cost and generation
losses for the reconstruction plan (BENEFIT)., Generation losses

wére evaluated on both aspects of KW (capacity) and KWH (energy

' generation), assuming that they may be made up by construction



1.1,

and operation of a typical coal-fired power station,

A question may arise as to whether such generation losses may not

be made up by the existing reserve margin of the system.

The reserve margin of a power system 1s, in general, to cover
deficiencies of supply capability arisen out of forced outages of
power sources which are unpredictable in the planning stage of

power development program, or of a decrease in output of hydro

power stations due to extremely low level of water availability,

. oY to meet unexpected rise in power requirements,

If the reserve margin should make up- for any generation losses,
power -development program must be worked out so as to include
such magnitude of losses over such an extended period of time as
caused by suspension of power sources like Caliraya and Kalayaan
power stations, in addition to the normally required . reserve
margin ito make up for the unpredictable deficiencies in supply

capability.

1f it should be the case, generation losses way in no may be made
up by the existing reserve margin, and should be covered by an
increase in supply capability with addition of some type of power

sources. This is the reason for making the assumption to con-

-struct a typical coal-fired power station in determining the eco-~

nomics of the proposed rehabilitation plan as mnentioned above,

Conditions wade for the economic analysis are as- cited below:

Cost for Reconstruction Plan

(1} Construction Cost

Direct construction cost ' : U8$21,000,000.-
. US$ .300,000.-

.

Site investigation



(2)

Land acquisition : Uss 200,000.-

Engineering : Us$ 2,100,000, -
NAPQOCOR administration : GS$ 300,000.-
Contingency : Uss 2,100,000.~
Total : Us$26,000,000.-

(As of July, 1986)

Total cost of US$ 26,000,000 was supposed to be disbursed
in equal amount each year over three years from 1997 to
1999.

Cost Evaluation of Generation Losses

During the period for reconstruction of the dam from 1997
to 1999, both Caliraya and-Kalayaan power stations cannot
be placed into service, The generation losses due to non-
operation of these power stations should be evaluated on
both aspects of KW and KWH (hereinafter referred to as KW

losses and KWH losses, respectively).

KW losses were estimated on the assumption that they may
be made uyp by construction of a typical coal-fired power
station with a capacity of 400 MW, and KWH losses were
estimated on the assumption that the amount of electricity
te be generated by using water inflow to the Caliraya re-
servoir (175 GWH a year) would be replaced by generation
of the coal-fired power station. Values used for the

estimation are as follows:

Construction cost of a typical

coal~fired power statiom (400 MW) : Us51,030.-/kW
Fuel:
011 (9,700 Keal/y) : US$15.-/barrel
Coal (6,500 Kcal/kg) : U8$30.,~/ton

Thermal efficiency 38%

.



1.2.

2.

2.1.

Cost for Rehabilitation Plan

(1)

(2)

Construction Cost : Us$9,542,990.-

The breakdown of the cost 1s as shown in Table VIITI-l.
The cost was supposed to be disbursed in equal amount each

year over three years from 1987 to 1989.
Cost Evaluation of Generation Losses

As shown in Table VIII-3, Construction Schedule of Reha-
bilitation Work, it becomes necessary to lower the water
level im the reservoir for three months in 1989. During
this period, Kalayaan Pumped Storage Power Station cannot
be put into operation, but Caliraya Power Station can con-
tiﬁue to be in service. With no ineffective inflow, no
KWH losses were supposed to be produced at Caliraya Power
Station. But, KW losses to be produced at the 300-M{
Kalayaan Pumped Storage Power Station over three months

were evaluated.

Described below are the results of economic evaluation of
the reconstruction plan and the rehabilitation plan on the

basis of the aforementioned assumptions.

Cost Evaluation of Reconstruction Plan

Present Worth Value of Construction Cost

The present worth value (Pl) of the construction cost (Co),

assuming that the coastruction be started (m) years hence and

last (k) years, and the cost be disbursed in equal amouut each

year over the construction period, may be expressed as:



- Co 1 1 1
+1 + N P
(1+i)m (+4)™

KW and KWH Losses

Mentioned below is the methodology for evaluation of any gener-
ation losses which occurred at certain hydro power sources in a

specific year:

Evaluatlon was made on the assumptlon that generatlon losses be
made up by construction and operatlon of a typlcal coal-fired
power statiom. KW and KWH made up by the coal-tlred power sta-
tion should be the net values ‘after subtraction of station
losses, maintenance and planne& outages and forced outagés 80

as to correspond to the real power requirements.

Factors used in the cost evaluation were as follows:

X : Cost per net capacity of a tjpical coal-fired power

SEATLOM v o vesonsnonesoassosssssenasssnsnnansosss USS/KW

¥ : Cost per net energy genération of “the typical coal-
 fired power station at a load factor of_gg..... US$/KWH

£ :  Annual load factor of the typical coal-fired power
c
station '

HXL : Net capacity of-a hydro power station to be taken out
of service (the object of evaluation of generation
losses) P A R KW

YL f';_-Net energy generation ‘'of ‘the hydro power station to be

- taken out- of service (the ohject of evaluation of

:.generation losses) _........}.,....;.,......... KWH



2 :

T :

Annual load factor of the hydro power station to be
taken out of service (the object of evaluation of

generation losses)

Annual period hours

Hence, YL may be expresses as:

v
L

: = QT-Q’
Y XL L

r

Cost per net evergy generation of oil-fired power
station(s) to be saved by operation of the coal-fired

POWEr StaLioN  .uviveveurnsnernsananssssnensaas USS/KWH

Monetary value of XL and YL P 1 1.1

VL can be obtained in the following manner:

(1) XL and YL' the object of evaluvation, may be as shown in

the following figure:

Y

L XL'T'EL

(2) If XL is made up by a typical coal-fired power station,

then the figure should be as shown below:

(A+B) = X T8

B- = YL = XL.T.‘Q'L

Hence, A = XL'T‘.Qc - YL




Thig illustrates that the coal~fired power station to make

up for generation losses may produce the amount of elec-
tricity covering portions of A and B, as it should be the

- most advanced plant with the highest thermal efficiency in
the=s§stem, and,:accordingly, would be plaéed into service
for longer hourg'with a higher load factor uf'Ec.

However, Y the object of evalvation of generation

L’ _ ‘
losaes, being égqual to the portion of (B), It was neces—
sary to adjust ‘the cost evaluation of X and Y, in the
following manner:

 First, XL and the portion of (A+B) were evaluated on the
cost per net KW and net KWH of the ¢oal~fired-power sta-
' tiom, then the resultant cost of (A+B) was deducted by the

amount of the ﬁottion (A) multiplied by the cost per net

- KWH (yé)“of'the oil-fired power station(s) to be saved by

(3)

e
i

operation of the coal-fired power station, yo way be the
highest in the fuel cost per neét KWH among all thermal
power stations in the syStem{

_VL-cén be obtained by the following equation.

—-. * . -T: - — -'To "'Y ..o
p TR X R TRy - KT - Y ey

:= x.o - oTc - 3 *
L xc XL QC (yo yc) YL y0

X [x -y C(yo—yc) I+ Xy

. wh??e,l;f ,xct_lshgcﬁyoiyc)??xe_' and Y =Y, then,



Values . of_‘xe and y, can be obtained in ‘the following

manner:

Construction Cost x Anntal Levelized Cost Ratio

- : ' Availablity
é;szziied {1-Station Loss) x (éufzi:tsgizge) x Faetor under
pactyy & Operation

412 % 10° Us$ x 0.1708 = US$231/KW

400 MW x 107 x (1-0.073) x (I~ 305 x 0.95
860 x Coal Price/ton x'(1_+'0thersviriable Cost Ratio)

Thermal Heating _ Moisture Cpaed
Efficiency X Value (1 'Content.) x (1-Station Loss)
860 x US$30/ton x 107> x 1,01 = US$0.0122/KwH

0.38 x 6500 Keal/kg x (1—0 07) x (1-0. 073)

860 X 0il Prlce/BL k2 159 X (l + Other Varlable Cost ‘Ratio)

. Thermal Efficiency . x Heating Value. x (L-Stationm Loss)

-

860 x US§15/BL + 159 x 1.0l US$0. 0234 /KWH

0.38 x 9700 Kcal/t x (1-0.05)
1f gc = .98, then
x, = x_ - T-Ré(yo - yc} =231 - 8760 x°0.98 x (0.0234 - 0.0122)
= US$135/KW

US50.0234 /KWl

~4
[

Since the annual energy generation by both of:Kaléyéan
Pumﬁed Storage Power Station and Caliraya :Hydro ‘Power
Station {only ‘ those correSponding to water inflow to the
Callraya reservoir) is estlmated at 175 GWH the_value VL
can be obtained by the following ‘equation:

336 x 10° KW x 135 US$/kN + 175 x xoﬁ KWH x 0. 0234'

L 6 6
US$45.36 x 10° + US$4.10 x 10

US649.46 x 10°

hol
1

#



Now that the cost evaluation of annual peneration losses
during construction work was made available, the present
worth wvalue (P2) of generation losses (VL) over three-

year period of construction can be expressed as:

P =V 1 | S 1 ceee (D)
2 L + + +
[ (1+)" _ _(1+1)m*l (L+1)™HkL ]

Wheré n =711-and k ¥'3.

2.3, Present Worth Value of Sum of Construction Cost

and Cost Evaluation of Generation Losses

The present worth value (P) of the sum of construction cost and
cost evaluation of generation losses, or the sum of Eq.(1) and

Eq.(Z), can be shown as:

P =p+p. = (22 4 49.46) 1 ] 1 x 10°
12 3 Tt izt 13
(1+1) (1+1) (1+1i)
= Us§58.13 1 + 1 + i x 10
' ' P 3 S 12 13
(1+1) (1+1) (1+i)
3.__:Cdét Evaluation of Rehabilitation Plan

3.1. Present Worth Value of Construction Cost

" The present worth value G?E)fof construction cost for the reha-

_‘wbilitation“plan can be expressed as:



3.2,

3.3.

pr .2 (o + g + =2 )
L3 M gan? (a3

Where P0 = US8$9.543 x lO6

KW Losses

The KW losses for the rehabilitation plan are ouly for Kalayaan
Pumped Storage Power Station, which would be taken out of ser-
vice three years hence for a period of three months. The cost
evaluation of KW losses (V‘L) and the present worth value (P'z)

in this case can be expressed as:

V' = 300 x 103 KW x USS135/KW x Tgﬁ = US$10.125 x 10°

R T S 4)

Present Worth Value of Sum of Construction Cost and

Cost Evaluation of Generation Losses

The present worth value (P') of the sum of construction cost
and cost evaluation of generation losses, or the sum of Eq.(3)

and Eq.{4), can be shown as:

' - pt '
P P 1 + P 2
1
US$9.543
_ Uss ; [ 1,1 5 + 1 3])(106+US$10.125x-ﬂ—ﬂ§
(1+1)  (+)%  (1+1) T T )
x 10°
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The I.R.R. of the total cost for rehabilitation plan (P')
against the total cost for reconstruction plan (P) awmounts
to some 26%, and the pertiment conclusion from this study
is that the rehabilitation plan proves very high in the

effect of capital investment.

9 - 11






X, ESTABLISHMENT OF MAINTENANCE

. GONTROL SYSTEM







Establishment of Maintenance Control System

Good maintenance will reduce the possibility of unforeseen acci-

. ‘dents, improve the level of coperation ‘and reliability of the

- power supply and prolong the lifespan of the plants.

It is highly recommended that the equipment and the plants under

"NAPOCOR's ' control should be maintained by establishment of a

maintenance - control system.

- Table X-1 shows the actual values for the past five (5) years of

“Installed Capacity and :Gross' Energy .Generation. operated by

NAPOCOR. * The plant factor  obtained fron this table is generally

‘10&;

The .hydrc power plants are chiefly reservoir-type large power

‘stations, and-as they seem to operate mainly at peak load, the
‘plant factors of o0il and coal -are remarkably low, although the

" plant factor ‘of this group is-a little low. Several conditions

may:have~éontributéd to this and of these the:decline in generat-

‘ing: ‘capability and accidents ‘resulting from inferior maintenance

.arefthe'1ikéliestireasons.'-To meet (the increasing demand, con-

giderable effort has been ‘directed to comstruction of new power
plants; maintenance of newly constructed plants has been of

secondary importahée;'and this tendency seems to prevail.

‘As’ ‘the " growth in power demand has now become static, -or even

decreasing; ' this  presents - a suitable opportunity to review

‘mainténance - procedures  .at existing plants, because they have

" enough: reserve. in installed capacity of generation.

‘Continuous maintenance will serve to increase the plant factor

5 upite 60's%. '~ Raising ‘the ratio of operation of existing plants

by 10% wbuidﬂequél:thezaffect“of construction of -a new 700 MW

"power plant.

10 - 1



Turning to Caliraya Dam,  this belongs to Souther Luzon Regional

Center under control of NAPOCOR's Operation Department.

Although an equipment maintenance crew is-aésigned to the Kala-
yaan and Caliraya Power Plants, no specialist-civil-engineer is
assigned. One civil engineer is based at Southern Luzon Regional
- Center to look after the civil installations for each power
plant, but, working above hé can. only act in -a liaison: role.
Depending on the type of problem, .the Head Quarters. may send
assistance, but only after. the problem has occurred., Therefore,
at- present no responsible body exists to carry out maintenance
-and monitoring of the civil structures. If therpreseﬁt situation
~does not permit -the assignment ‘of a-eivil engineer to each main
plant, it is highly advisable that a permanent civil section and
monitoring team comprising several civil engineers be established
‘at  the ‘Regional Center to carry out systematic checks of the
‘plants- and déms-ﬁnder.their control. Tuo this way,; if sufficient
personnel. monitoring. equipment and vehicles are provided, early
discovery of ' problems and‘éarly preveﬁtive and remedial measures

-should be achieved. . It 1is also advisable to establish at Head
Quarters a section responsible for 'Civil Engineering Maintenance
in order to avoid  inconsistencies in,deciéion making, and to deal

with the problems by integrated consideration and 'decision.

Fig. X~1. shows the proposed additibn'of-the”aforementioned Civil
Engineering Monitoring Section and Civil Mainteﬁance.Section to
the present-'NAPOCOR's organizational - setup. It is ‘considered
pertinent : to ~ establish éimilar - organizational units at the
regional centers other than Southern. Luzon Regionél.Cénte;:which
have important hydro: power sources under their administrative

control.
A monitoring team- engaged 'in-uthe,.daily-.iHSPeEtion and_'patfol_

should act on a pre~érranged work schedule, which is the point of

‘successful maintenance inspection.
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Table X-2 shows a standard - frequency in observation for each
monitoring item which relates to the dam behavior. The Caliraya
Dam, completed a considerable time ago 1s assumed to havé become
stable. However, there has been no relevant long-term continuous
data was available prior to establishment of monitoring facili-
ties for this study. Therefore, it is recommended that the
observation be continued in the same frequency as the first stage
shown on Table, at least for a round of seasons (1 year from the
beginning), and thereafter to determine the scope of monitoring

~in the next stage by evaluating the data obtained until then.

Table X—S shows places and items on which attention should be

~paid at the time of the inspection and patrol.
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Table X-—-1

¢ Installed Capacity and Energy Generation

_|Plant Type | Year {1980[1981[1982]1983]1984[1985
|rorAL|PHILIPPINES| 3,821 | 4,016 | 4,460 | 5001 | 5196 | 5,550
. | LUZON 3,226 | 3,281 | 3,636 | 3,908 | 4,101 | 4101
=% loil- |pHILIPPINES| 2,435 | 2,525 | 2.584 | 2,503 | 2,298 | 2,962
8 < |based LUZON 2,230 | 2,23 | 2,230 | 2,230 | 1,95 | 1,92
S [Hydro|pHILIPPINES| 940 940 | 1,267 | 1,594 | 1.654 | 1 944
] LUZON. 556 536 856 | 1,126 | 1,216 | 1,216
5 |Geo- |PHILIPPINES| 446 501 559 784 894 894
b [ther—i . LyzON . 440 495 550 550 660 660
& “|Coal. {PHILIPPINES - 50 50 90 350 350
LUZON - - - - 300 o0
" |TOPAL {PHILIPPINES] 15,086 | 15,988 | 17,413 | 18,682 | 18.666 | 18,757
LUZON | 13,115 | 13,666 .| 14,398 | 15,294 | 14,655 | 14,449
.. & loil- |pHrLIPPINES| 9.507 | 9,484 | 10,016 | 11,514 | 8,536 | 6,713
25 Ihased ‘LUZON 9,173 | 8,894 |. 9,011 | 10,145 | 7.787 | 5,825
ﬁ § [Hydro{PHILIPPINES| 3,502 | 3,724 | 3,751 | 2,964 | 5,167 | 5.514
gg LUZON 1,873 | 2,033 | 1,832 |. 1,274 | 2,519 | 2,89
oM Gﬁo",‘_ PHILIPPINES| 2,077 2,110 3,386 | 4,093 | 4,540 | 4,945
S lear | .nwzov | 2,069 | 2738 | 3,555 | 3,875 | 4.125 | 4284
 lcoal PHILIPPINES - - 60 111 423 1,585
LUZON - - - - 224 1,41
TOTAL 45.1 | 454 4.6 2.5 4.0 38.6
_ (46.4) | (47.5) | (45.2)} (44.7) 1 (40.8) [ (40.2)
ui - [0il-based - 4.6 42.9 4.2 30.5 42.4 32.4
: gt: ' (47.0) 1 (45.%)| 6.1)| (19| (46.2)] (34.9)
& luydro 2.5 | 45.2 33.8 21.6 35.7 3.4
. (38.5) | (4.0 | Q44 (12.9)] (23.6)] (26.9
3 |Geothermal 53.2 63.1 73.2 59.6 58.0 63.1
o (53.7) ] (63.20{ (73.8){ (80.4)| (Tt.3}| (7.1
Coal 13.7 25.3 13.8 | 51.7
' {-) {-) { 8.5) | (56.0)
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Figures in parenthesis
are for LUZON grids.
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Table ¥X~3 : Inspection Items & Inspection Particulars
points items particulars
dam levee crown crack developed or not (direction, width,
depth etc.)
settlement disorder like depression
deformation disorder like curve or bend

slope

surrounding
- bed rock

mieasurement
locdations:

security fence

protection work

erosion

settlement

deformation

vegetation

water spring

“slope

crack joint

" layer

water spring

snow avalanche
instruments

record

any defection

damage to riprap, impervious wall

situation of erosion and damage to
slope face

depression, opening, crack
disorder like swell
vegetation situation

seepage, saturatlon point

slide, collapse

.any disorder

new spring, disorder of existing
springs (amount, water pressure,
muddiness)

‘gsituation

operational situation

normal or abnormal
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