11.3.

11.4.

The rocks on the slope which are about to fall and any
remained or unused materials on the berm such as rebound
materials of the shotcrete shall be delivered to and
disposed of at a specified spoil bank, using a small

tractor shovel and a 8 ton dump truck.

e

“ .
13,000 m“ x 0.15 m) is estimated about fourteen {14)

The period of the shotcreting. amounting to l,QOO.m
months.

The whole schedule of the rehabilitation works related to
the left bank open-cut excavation slope is illustrated in

Table 11.1.

Cost Bstimates and Tentative Implementation Schedule of

the Proposed Rehabilitation Proijecl

Tor each implementation program as mentiened in 11.2 above, the

construction cost was roughly estimated and its result is

tabulated in Tables 11.3 Uhrough 11.7. The total cost of the

proposed rehabilitation project is shown in Table 11.2.

The annual cost disbursement is exhibited as per Table 11.8, and
the implementation schedule of the proposed rehabilitation

project is shown in Table 11.9.

Loss of Power Ceneration Due to Decrease in the Reservoir

Water Level During Tmplementation of the Proposed Rehabilitation

Project

Aﬁong the proposed rehabilitation schemes, the rock filling work
oni the dam upsﬁream face slope is éure.to affect the operatisn of
the Binga Power ?lant'since this work has to be carried out with
the reserﬁoir.water'level kept at L.W.L. in the dry season to

avoid the - underwater -construction, and the others have no



relation with the output of the plant because each scheme is able

to be put into effect 1rrespective of the reservoir water level.

In regards to the period in a particular year for implementing
the above rock filling work, a six months period starting from
December to May was selected because the mean monthly inflow to
the Binga reservoir was found comparatively small according to
the monthly mean inflow records in the past 20° years from 1067
through 1986. The average inflow amount for this particular
period was 28.6 m3/sec., while for the rest of a year, it was
106.0.m3/sec.' The former is less than the maximum discharge of
92.0 m3/sec; utilized for the Bihge.Power Plant, thus being able

to keep the L.W.L. of the reservoir.

The Binga reservoir operation for the power generatlon should be
based on the concept that water is stored- up to the H.W. L. durlng
the months of August and September in the rainy season, then the
powef plant is operated with the reservoir water level being kept
et the H.W.L. up to the end of the.next'dry season or the end of
April or May next year,.and thereafter, the plant is operated

continuously until the water level shall have reached the L.W.L.

in July.

In view of the above, the power plant is forced to be - operated
with the L.W.L. instead of the H.W.L. which is otherwise expected
during the rehabilitation works on the dam upstream face slope,
~ ihereby the power generation decreases so much. The mean monthly
‘power generation durlng a period of 1977 through 1986'is'shdwﬁ_in
the following table in which the mean during December_to.May
indicates 124.3 GWh. The loss of pover geﬁeration.for the same
period can be obtained as 124.3 x (1-2.742/3.202) = 17.9 Guh,
acoordinglv The values of 2 742 and 3.202 above des1gnate the
utility raito of the plant (m /Kﬂh) at the H.W. L (BL.575 m) and -
L.W.L. (EL.555 m) zespectlvely. ' '



Mean Monthlv Power Generation

(During 1977 through 1986)

(GWh)

Month Generated Power Moﬁth Generated Power
Dec. 25.8 June 27.5
Jan. 16.8 July 42.G
Feb. 20.5 Aug. 64.5
Mar. 19.0 Sept. 72.4
Apr. 19.6 Oct. 58.1
May 22.6 Nov. 47.0
- Sub-total 124.3 Sub-total 311.5
Total 435.8

11 13 |
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Table 11.2 Summary of Cost Estimates

of Binga Dam Rehabilitation Project

Unit : US$

Iten Amount _ Remarks

1. Cost for Rehabilitation Work

Dam Upstream Face Rehabilitation 1,310,000

Dam Toe Protection Retaining Wall 481,000

Rehabilitation [

"Removal of Debris from Left Bamk |

Excavated Slope 51,000

Shotcreting for Left Bamk |

!
Excavated Slope - 898'000] i
L;__f___;fﬁfm_____~______“ﬁ,féwmm__T_________*#q______________v,,gu___é
Sub-total . 2,750,000 :

i 2. Cost for Investigation % ;
.................................. ,;
Survey 28,000% g
..................................................................................................................................... I g

Drilling o 105,000

Seisnic Prospecting ' ' 14,000

“Various Tests 23,000

Sub~-total 170, 000 o

3. Right of Way _ 0

4, BEngineering ' 185,000 (1.x0.06)

5. NAPOCOR Administration 60, 000 (1.x0.02)

6. Contingency | | 555, 000 (1.%0.20)

7. Total 3,700,000

11 ~ 15



Table 11.3 Cost Breakdown of Dam Upstream Face Rehabilitation

$ 1,310,000

Unit :
. . . , : :
_I tenmn Specification|Unit | Q'ty Pricd Amount Remarks
Direct Cost
Stripping of . . | Including cleari
rpne & | 25,000 43| 107,500 8 e
Quarry Site _ & wasto disposal
Removal of Collection & Including waste
o2 115,000| 8.6 120,000 -
babris from Quarry | Hauling _ disposal -
Filling of Rock | Collection, | . | Including rearrange
: ‘2 | auline & Filli o 150,500 11.8° 595,900 | ment of the existing
P Materials | ing & Filling slope and riprap work
Miscellaneous ' . . - |
H L.S o1 41,800 I
Works o :
; { E ! | '
Sub-total R i 874,000
i
: Indirect Cost j
Tempor | . : -
Atk ! (25%) L5 1 218,000
:  Facilities ; _ :
| Field , '
i : (10%) L.S 1 87,000
i Administration | | _
i ' :
! General , o :
; . i (15%) {L.S 1 131,000
i Administration ! ' '
i : ‘ i
i ; _ .
Sub-total o . : ' 436,000
Total | | 1,310,000
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Table 11.4 GCost Breakdoﬁn’ of Dam Toe Protection Retaining Wall Rehabilitation

$ 481,000
_ Unit ]
I tem Specification|Unit| Q'ty . Amount Romarks
. Pmce‘ j_
Direct Cost
Removal of Collection & _ . Including waste
: g o | 15.00¢! 8.8 129,000
Debris from Quarry | Hauling disposal
Filling of Rock Collectiom, _
_ o 115,000} 11.8 177,000 | Including riprap work
Materials Hauling & Filling
Miscellansous _
. L.S 1 15,000
Works '
i
Sub-total b 321,000
P ;
Indirect Cost i ; [ l
B
i
Temporary :
(25%) L.S, 1 80,000
Facilities
—
7 PRield
o (10%) L.3 1 32,000
Administration :
General .
o - (15%) L.§ 1 48,000
Administration
Sub-total 150,000
. Total 481,000
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Table 11.5 Cost Break_dov-m of Removal of Debris from Left Bank Excavated Slope

$ 61,000
. . } it
I temn Specification|lmit| Q ty. Price Amcunt Remarks
Direct Cost
o .. .l Including waste
Removal of Debris T 7,706 5.0 38,500
disposal
Miscel laneous s
© Works
Sub~total 40,500
Indirect Cost
Tormor
mporary (25%) L.§ 1 10,300
Facilities
Fiasld
(10%) L.S i 4,100
Administration
Goeneral
(15%) L.S 1 6,100
Administration
Sub—total 20,500
Total 61,000
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Table 11.6 Cost Breakdown of Shotcreting for Left Bank Excavated Slope

$ 898,000
o . ] ‘ Unit
I ten pocification | Uit Q'ty Price Amount Remarks
Direct Cost
150y Thick with
Shotcreting " 1,800 253.0 430,700
Mosh |
Removal of Débris & Rebound _ Including waste
i 1,900 5.0 9,500 i
Unused Materials Materials . disposal :
Miscellanscus .
o L.S 1 107,800
Works '
Sub~-total 598,000 ;
' E | '
i ! ; ! |
Indirect Cost
- |
'eEpOr . i
i (25%) L.8§8 1 150,000
Pacilities I
' ?
' Pield :
' (10%) L.S 1 60,000 ; ;
Administration : i ;
Genei‘al : @
(15%) L.S 1 40, 000
Administration
Sub-total 300,000
Total . 898,000
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Table 11.11 Summary of Cost Estimates of Binga Dam Rehabilitation Project

(Dam Upstream Oniy)

Unit : US$

It e Anount Remarks

1. Cost for Rehabilitation Work

Dam Upstream Face Rehabiiitation _1,‘310.000

2. Cost for Investigation

Driliing | 105, 000

. P;ospectfng. 1;,005 ....................................................................
;g;;;égngégéguuununum"". . ""“”égjéég ...................................................................
| I, S metar ...................................... 160000 ....................................................................
3. Right of Way - 0
i Engineéring | | 80,000 | (1.0.06)
5. MAPOCOR Administration 30,000 | (1.%0.02)
6. Contingency | -26(}.,.00{_} , (1.”'><'0'.20)7
7. Total : - 1,840,000
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12.  ECONOMIC ANALYSTS







12,

12.1.

12.2.

Lconomic Analysis

Project Costs and loss of Power Generation Associated

with the Project

Shown " below are amnual cost disbursements of the Binga Dam

‘Rehabilitation Project and estimated loss of power generation

caused by a decrease in the reservoir water level incidental to

implementation of the Project.

IQLI; Cost of the Project Loss of Capacity Loss of FEnergy
(us$ x 10°) (M) (GWh)
'_1990 | 160 _ - -
" 1991 | 190 | - -
1992 345 Max. 34.7 3.7
1993 | 1,450 Max. 30.4 14.2
o190 922 | - -
1995 633 - | -

Total 3,700 - 17.9

The maximum load of the Grid in 1992 is expected to reach 3,773
MW at generation end, the above loss of capacity accounts:for no
more than 1.0% thereof accordingly. This leoss of capacity is
expected to occur ‘over a period of six months from December, 1992
throﬁgh May, 1993, ‘As it is temporary in nature, no additional
capacity is particularly required to be _input' to the Grid.

However, the loss of energy should be replenished by some other

© alternative power source. This issue is discussed in the latter

part of the section.

'Capacity.énd Annual'Generated Energy of the Binga Power Plant

' Tﬁe Binga Dam Rehabilitation_Project consists of:

12 - 1



12.3.

1}  Dam Upstream Face Rehabilitation, _
2) Dam Toe Protection Retaining Wall Rehabilitation, and

3) Left Bank Excavated Slope Rehabilitation.

Since the implementation of the above each rehabilitation scheme
will yield neo direct profit, it is impossible to make a usual
economic analysis or a cost-benefit analysis of the individual

scheme.

As- far as an investment to the vrehabilitation project is
concerned, however, it is not allowed to invest money without any
discussion on the economic and financial analysis. It goes
without saying thét the investment Should not exceed the economic
and financial values of the Binga Power Plant which are valued in

terms of the plant capacity and annual generated energy.

In appraising the value of the Binga. Power Plant, the following
figures were used for the plant capacity, annual generated energy

and the plant factor calculated therefrom.

Generation Eﬁd Sending End
Plant Capacity (MW) 100 99.7
Annual Generated 435.8 434.5
Energy (GWh)

Plant Factor (%} 49,75 - ARG 75

‘N.B.: Annual generated energy was obtained by averaging the

actual records of the past 10 years from 1977 through
1986 i

Unit'Pricgs.Applied to Appraisal on the

Binga Plant Value

The Binga plant value is appréised on the basis of the costs of

‘other alternative power sources which could substitute in terms

of the plant capacity and annual geﬂefated 'énergy. For this

purpose, ‘the typical power sources listed in “NAPOCOR Power



Development Program, June, 1988" were coasidered as the
alternative power sources. The main features of these powef
sources related to calculations of the fixed costs are tabulated
in Table 12.1. Table 12.2. exhibits the annual fixed costs at
sending end of the relevant power sources expressed in USH/ku-
year. In this table, the station use rate was assumed by JICA

study team.

Further, shown in Table 12.3 are the main features of the
alternative power sources and the existing oil-fired thermal
_plant related to calculations of the wvariable costs. 1In this
table, the features related. to the economic analysis were assumed
by JICA study team, and related to the financial analysis were

extracted from the said NAPOCOR Power bevelopment Program.

Tables 12.4 and 12.5 show the results of calculations of the
‘variable costs according to Table 12.i, which values are used for
the economic and financial analyses. In these tables, the
variable O/M ratio and station Use rate were assumed by JICA
study team. Aside from the ébove; the wvariable cost of the

geothermal power plant Qas calculated as shown in Table 12.6.

From.the cglculation results shown in Tables 12.2, 12.4 and 12.5,
the total cost per kW is obtained with the plant Ffactors used as
parameters,-aé represented in Tables 12.7 and 12.8 and Figs. 12.1
and ‘17.2. In this connection, the variable cost of the
geothermal . power plant wused for the economic -analysis was
regafded as nil ‘in view of ‘utilization of free domestic

resources.



12.4.

12.4.1.

Bconomic and Financial Analyses

Evaluation of Power Loss

The loss of power generation'dqe to a decrease in the reservoir
water level during the rehabilitation work can be evaluated in
terms of the variable cost of the existing eil-fireéd thermal
power plant. In this comnection, the Bataan power plant with a
higher. thermal efficiency as compared to the others is operated
with the most priority given, apd therefore the loss of power
generation at Binga would probably be made up for by the power
plants with a rather low thermal efficiency such as Manila,
Sucat and Malaya. Based on the above concept, the loss of

power generation at Binga is evaluated as follows:

. . . b . ) . T on
.Y, Beonomic Value (US$x105) ‘Financial Value (US$x107)
1992 _ 104 | s 116
1093 399 - . 4AS

Annual Levelized Cost Calculated for the Proposed

Rehabilitation Works

The -annual levelized costs of the proposed'rehébilitatidn wdrks
and the loss of power'generatiqn:causéd_thereby are shown ‘in

economic and financial terms as below: -

C.Y. Economic Cost;(US$x103) Financial Cost CUS$x10?)
1990, : 160 160

1991 190 - 190

1992 o 449 _ ' 461

1993 1,849 B 1,895

1994 a2 R 922

1995 o633 n 633

Present Worth 5,381.2 5,458.8
Annual Levelized  876.1 . 888.7

Cost ' ' o
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12.4.3.

"N.B.: - Present worth was calculated with a discount rate of

14%, the standard year of 1993,
~ The above present worth was levelized with a discount

rate of 142 applied over a period of 15 yeavrs from 1996
through 2010.

Appraisal on the Binga Plant Value

The appraisal on the Binga plant value in terms of the plant

‘gcapacity and_ the annual generated energy can be done in

comparison with economic and financial costs of the most

economical alternative power source. The discount rate used

‘for the appraisal shall be 14%.

As is apparently seen in'Figs. 12.1 and 12.2, the geothermal

power plant is found relativeiy costly. In order to conduct a

‘severe appréisal, the geothermal was put aside, instead, the

gas - turbine and the coal-fired were considered for the

applicable alternative power sources.

(1) Appraisal in Terms of Gas Turbine Costs

The appraisal on the Binga plant value in terms of the

gas turbine cost: revealed the following result:

Economic 3 Financial 3
- Cost (US$x107) Cost (US$x107)

Plant' Capacity : -6,557.3 6,557.3
(99.7 MW)
‘Annual Generated 17,587.3 22,990.7

Energy (434.5 GWh)

Total ' 24,1456 29,548.0

(2) - Appraisal in Terms of Coal-Fired Costs

In appraising the Binga plant value in terms of the coal-

12 -
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12.4.4,

fired cost, it should be reminded that the plant- factor is
as large as 70.27%. If the Binga plant capacity (99.7 MW)
be replaced by that of the coalnfireq glant, thé variable
cost is cheaper than that of the existing oil-fired plant,
thus the coal-fired plant is able to be operated up to the
ceiling plant factor of 70.27%. In this case, the annual
generated energy indicates 613.7 GWh. Sinee the Binga
plant produces an annual energy of 434.5 GWh, the balance .
179.2 GWh is regarded as the saved energy of the oil-fired

plant which bears the costly variable cost.

As the result of the above appraisal, the following

figures were obtained:

Reonomie Cost  Financial

(US%XIOB) COst-(US$x103)
Plant Gapacity 23,082.5 : 23,082.5
(99.7 M) .
Annual Generated
Lnergy
Coal-fired ©10,922.0 12,656.3
{613.7 GWh) '
 0il-Fired 45,038.6 A5,614.3
(4179.2 GWh) '
Total . 28,965.9 30,124.5

To compare the above two appraised costs, the former, the gas

turbine cost, is smaller than the latter, the coal-fired cost.

Justification for Implementation of the ?roject

The cost relating to the proposed Binga ‘dam rehabilitation

project is compared with the Binga plant value as follows:



Economic Financial

Analysis Analysis
(Us$x10°) (US$x10°)
- Cost |
‘Present worth as of 1995 (C1) 5,381.2 - 5,458.8
Amnual levelized cost dufing 876.1 888.7
1996 thru 2010 (C2) -
- Binga plant value per yeér {B) 24,144.6 29,548.0
- Ratio
Rl = C1/B (%) 22.29 O 18.47
R2 = C2/B (%) 3.63 - 3.01

As shown above, the ratio of the cost relating to the proposed
réhabilitafion: préject to the Binga .plant value per year
indicates about 23% with the single payment present worth as of
1895 applied, and about 3.77 with the capital recovery cost
over a.period df 15 years applied. In the meanwhile, the Binga
dam rehabilitation-prbjéct is assessed in terms of enhancement

of the safety factor as follows:

The curyent dam indiéates the séfety factor of 1.0 againsp a 79
year return period {(T1) earthquake as mentioned in the
foregoing Section 7 "Dam Stability''. TFurther, it was revealed
that the present safety factor against earthgquake would be
enhanced by the implementation of the project wup to that
cqrresponding to a 400 year ':eﬁﬁrn period earthguake. This
means that'structures which can resist a 79 year return periced
external- force are-teiﬁfordedfby the rehabilitation work so as

Lo resist a 400 year return period external force.

'Probability'(P) of an external force of a ’T"year'or longer
return period acting on the structure during the rest of its
life time 'L' years is expressed: '

P=10(1 - oWy

=y

I
I

d



Besides, supposing that the structure which can resist a tpt
year veturn period external force would lose its original
function ox ‘its entire value if it be given a force of a longer
than "1 year return period, an'expected.vélﬁe of such a damage
(Y) can be obtained from probability of the damage multiplied
by the value of the structure (A). Hence, the following

equation is established:
Y=Px A

This equation, however, - considers no time - factor. For
instance, a value of damage expected two years hence is deemed
to be the same as that ten years hence. The time féctﬁi is
" such  that  values expected in @ different years should be
réctified on a certain 'stﬁndafﬂ year'uéing a digcbﬁht rﬁte
(i). Accordingly, the value two -yeafs hence is set as
A.P/(l+i)2, and :ihe value ten yeérs hence as A;P7(1+i)10.
_'Taking'this time factor into account, ‘P‘-in'the:aﬁove'eQuation

.can be approximately replaced by 'q" shown below:

L ;‘Ln{(lé-igr;(lﬂll’].‘)} {1 - exp( - L’?—%‘?‘—) £ 1))
Henee, .
Y=q* A o
where,
T .Retufn periéd'of'an:externai foﬁcé'causing'failure
of the structure (year)
- L : Remaining life fime‘of the Struéturé.(yéaf) 
i o .Discount rate
A Value‘of'the'Struéture (annual leveii;gd value)
¥ o :Expacted valﬁel§f,the£ﬁamaga_' |

{annual levelized value)

12 - 8



12.4.5.

Then, in the case where the structure is remedied so as to
resist the external force of 1/T2 probability instead of 1/T1,
a decrease of the expscted value of the damage can be sought as
benefit, being-represented by B ='Y1 “AYZ-S kql - qQ2) *+ A. TIf
putting into this equation Tl = 79 years, T2 = 400 years, L =
15 years (corresponding to the rest of life time from 1996 to
2010), and i = 0.14, we can obtain ql = 0.076 and q2 = 0.016,
and then, on the assumption that the Binga plant value (A)
stands at US$24,145/year, B = (ql - q2) x A = 0.060 x A =
US$1,450 x 107, ‘

“From the 'above, it is found out that a decrease of the

levelized expacted value of the damage, that is an expected
annual benefit (B) to be brought about by the rehabilitation
work is larger than the levelized cost ‘of the project €2 =
US$876.1 x 103 or -BfC2 is represented by }.66. Hence, the
proposed‘ rehabilitation project can: be justified from the

economic point of view.

With regard to the value of the structure 'A' as employed in
the above process, dnly the plant value equivalent to the cost
of the most economical'alternative'power source to replace the
Bingér plant - wéé CDnsidéréd for this - time. However,
disadvantage brought about by failure of fhe Binga dam to the
regional society in both mental and physical aspects should be
as well taken intﬁ'accodnt.-.Such disadvantage is sure to give

an*éﬁﬁerse-imPéCt on the regional society which can not be-

valued in the mohétary term because its valuation is placed at

_oneis disposal. In this sense, the plant'value employed here

can be regarded as the minimum one accordingly.

Yconomic Analysis on the Proposed Measures

'for Removing the Sediments

The Binga power plant is 'locatéd'..‘}“St downstream of the

Ambuklao dam for which the report “Ambuklao Dam Rehabilitation

'Projéét“ ‘was prepared and_=5ubmitted by JICA to NAPOCOR in

March, 1988. In this report, a scheme of remdving'sediments

12 -~ 9



from the viverbed at and downstream of the Ambuklao tailrace
outlet was studied, and the method of dredging was proposed aé
one of the suitable methods, giving a suggestion that the above
sediment. problem should be further investigated in relation to

sedimentation at the upper reaches of the Binga reservoir.

“In compliance with the -above suggestion, another methoed of
removing the sediments around the Ambuklao tailrace outlet was
studied-in the framework of the Binga Project; the smethod of
flushing away the sediments by an artificial flood from the
Ambuklao spillway. TFollowing hereunder ‘is a comparative study

of the above two methods i.e. methods of dredging and flushing.

The construction cost. and increment of power generation owing
to reduction of the riverbed level for the former, and loss of
- power generation due to a dead discharge and increment accrued

theteby for the latter are shown in the table below:

Comparison Between Dredging and Flushing Héthods_

LY. “Method of Dredging Method of Flushing
Construction  Increment -Loss of -~ Increment
Cost_ ' of Energy Enerpy ~of Energy
| (us$x10”)  (Gwn) (GWh) (GWh)
1996 1,330 2.6 49.0 3.0
1997 2.7 49.0 3.0
1908 700 2.7 w0 3.0
1999 o 2.7 #9.0 3.0
2000 730 2.7 490 3.0
2001 | 2.7 4.0 3.0
2002 S 730 2.7 49,0 3.0
2003 2.7 49,0 3.0
2004 ' 730 2.7 4.0 3.0
2005 | 2.7 w90 3.0
2006 730 2.7 45,0 3.0
000 . 23 49,0 3.0
2008 730 2.7 9.0 3.0
2009 o 2.7 ' 49.0 3.0
2010 730 2.7 |

£9.0 3.0



From the above comparison, it was found out tﬁat irrespective
of loss and increment of power generétion, the difference
between both methods is found relatively small, and also that
the method of flushing can be implemented intentionally in the
rainy season when the plant has a large reserve capacity.
Therefore evaluation on both methods was not done from the
" viewpoint of the fixed cost for the plant capacity but from the

viewpoint of the variable cost for the power generation.

According to the above table, ﬁhe present worth as of 1995 was
calculated with the discount rate l&Z:applied, and the variable
cost set as 28.117 USH/MWh for the economic analysis and 31.330
US$/MWh  for ‘the financial analysis. The result of the

caledlation is shown below:

~ Results of Calculations for
Present Worth as of 1995

Economic Financial

Cost Cost

Method of Dredging
Constfuction Cost (US$x103) 2,962.7 2,962.7
Increment of Energy (US$x103) AXB3, 8 A 516.8
Total'(US$x103) R 2,4G8.9 . 2,445.9

'Hethodcbf Flushiné
Loss of Energy (US$x10°) 8,462.3  9,429.3
Increﬁeqt bf Energy'(US$%i03) A518.1 A 577;3
Poral (Ussxi0®) .... 2 7,944.2  8,852.0
Ratio (C2/C1) 3.2 3.6

As shown above,:the method of flushing entails a large loss of
poﬁef generation incidental to the dead discharge from the
spillway, thus indicating more than three times the amount of

lqsé caused by the method of dredging.



12.5.

Summary .and Conclusions

As stated above, 1mplementat1on of the Binga Dam Rehabilitation

'Project would cost approx1mately US%$3, ?00x103 and will force the

power generation to be reduced temporarily because the reservoir

‘water level must be lowered as required to perform the relevant

works.

The above total cost including that equivalent to loss of the

power generation amounts to as much as US$S,381X103.,_However;

taking into consideration’ that the effects of the proposed
tehabilitation would last long after the comﬁletion of the works,
the annual levélized'cdSt3bf the rehabilitation wofk shows us$
876 ® 103. This amount accounts for 3% or so of the Binga plant
value per year or US$24, 145%10 /year Subsequently, the;ébove
annual levelized cost is compared with thé decrease of the
expected value of the damage, that i§ an:eﬁpectéd annual'benefit,
amounting to US$1,450 x.103 which can be achieved in'enhancemeht
of the safety factors of the relevant strﬁctures by the
rehabilitation work., The comparison shows the ratio of about

1:1.6, which apparently gives the economic justification to this

project.

As fegérds the measures for removing the'éediments”around the
Ambuklao tailrace outlet, the method of flﬁéhing away ‘the
sediments by an ‘artificial flood was studied and compared with
the method of dredging which had been studied 1n the Ambuklao Dam
Rehabilitation PrOJect. As a result, it has turned out that the
former ﬁethod invdlves a large Loss_of;power generatlon due to
the dead discharge from the épillﬁay,-anﬁ'hence, is ' much - less

advantageous than the latter method. '
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12.6. Economic Analysis - Supplement

The economic analysis in the foregoing sections was based on the
project cost including the left  bank' excavated slope
rehabilitation scheme and the dam toe protection retaining wall-
rehabilitation scheme as we%l as the dam upstréam face

rehabilitation scheme.

In this section, however, the economic analysis is done from a
différent'stahdpdint'that'the above forme; two schemes should he
implemented in the framework of the regular maintenance program,
thus focusing ' on the rehabilitation cost only for the dam
upstream face scheme, snd also that the Binga plant value is
appraised, only in terms of the generated energy (KWh), on the

basis of the variable cost of the oil-fired thermal plant.

"12.6.1. Lgtimated: Cost of Dam Upstream Face Rehébilitation.Scﬁeme

and_Loss of Generated Energy

Shown below are. annual cost’ disbursements of the scheme,
amounts “of ~ lost energy due to being forced .te reduce the
‘réserﬁoit water level during the works, and power costs
corresponding thereto, and shown further below are the present
worth of those costs as of 1995 and the annual cost levelized

over a period of 15 years from 1996 to 2010.

‘Tﬁé;ﬁfesent'worﬁh'and the annual levelized cost are calculated
with the same discoﬁnt' rate (i) 14%Z as for the foregoing
section, and the_uhit §fice per KWh to value the lost energy
:réfers fo the variable cost of the oil-fired thermal plant,
128.117 US$/MWh shown in Table 12.4.
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Estimated Cost Lost Pawer Cost Total

C.Y, of the Scheme Energy of Lost Enérgy Cost
(US$/10%)  (Gum) (U5$10°)  (Us$10%)
1590 135 - = 135
1991 _ 125 _ - - - 125
1992 300 3.7 104 _ _ 404
1993 1,280 4.2 399 1,679
Total 1,840 17.9 503 2,343
Present Worth 2,579.0 - 672.6 3,251.6
- Annual Levelized 419.9 - 109.5 529.4
Cost ' . o :
.12.6.2i’.Appraisa1 of the Binpa Plant Value
The Binga plént ‘valie is appraised, only in ‘terns of the
generated energy, with the variable cost of the existing oil-
. . ) r .
fired thermal plant applied, The result is:
- Annual generated energy | + 434.5 GWh
(at sending end) : :
- Variable cost of the oil-fired : 280117 US$/MWB
theirmal plant . . o
- Binga plant value (A) . 12,216.8 x 10°US$
12.6.3. Economics

In the case where the Binga plant value {A) is set as 12,216.8
X 1OSUS$, a deérease*of'the levelized expected value of the
damage, that is an expected annual ﬁenefit (B} to be brought
about by the'proposéd'reﬁabilitatioﬁ.échémé is caléulated using
the same formulae as appeafed'ih.Etﬁe'fofegbing section 12.4.4,
The result of calculations giQes B = 0,060 x A = 733°x 103Us$,
indicating BfC = 1.38,

The outcome of the ‘economic analysis-supplement {is as well |

_ justifiable, accordingly.
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Table - 12.6  Steam Cost Calculation on Geothermal

Conditions of Fvaluation

1l

Generating End Price in 1988 0.3639 < B/KWh

Station Use Rate = 0.1
Forced Qutage Rate = 0,04
Maintenance Days per Year o= 42
ﬁax. Limit _ = 50

Steam Cost Calculation

Sending End Price in 1988

Mk (1 _ b2
50 MW x (1-0.04) x.(l 365)

" x 0.9 x 8.76h = 363,375 GWh

‘Sent - out Enefgy

363.375 x 0.3639 + 0.9 = 146.925 x 10° P

Steam Cost

146.925 x 10° 2 = 21 = 6.996 x 10% %

Unit Steam Cost 6.996 = 363.375 = 19.254 $/Mih

Note : PDP P,49 Table - 21
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Table - 12.7 Total Fconomic Cost ($/kW-year)

Plant Eactor

Plants 0.0 0.2 0.4 0.6 0.8
Gas-turbine  65.77 136.69  207.60  278.52  349.43
Gil-fired  0.00 - 49.26  98.52  147.78  197.04
Coal-fired 231,52 262.70  .293.88 325.06 356,24
Geothermal  .380.35 380.35  380.35  380.35 . 380.35
Note

{1) Discount Rate : 14 %

(2) Oil-fived t Manila, Sucat, Malaya

Table - 12.8 Total Financial Cost ($/kW-yedr)

- Plant Factor

Flants 0.0 0.2 0.4 0.6 0.8

Gas-turbine  65.77 158.47  251.18  343.88  436.58

Oil-fired = 0.00 54.89  109.78  164.67  219.56

Coal~fired 231352  -267.65  303.78  339.91  376.05

.Geothermal . 380.35 414.08  447.82  481.55  515.28
Note

“(1) Discount Rate : 14 %

(2) Oil=fired : Maniia, Sucat, Malaya
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13.

13.1.

Dam Safety Control Svystem

General

Continuous inspection’ and  surveillance are essential in
maintaining the project facilities in pgood operating condition.
This will make -the facilities to act to the best of their
functions, stably and efficiently, and to obtain the - desired

results for plant investment,.

The JICA Study Team had an opportunity to investigate the present
conditions of the existing hydro power facilities in the Northern
fuzon area of the Philippines. As a result of the investigation,
it was concluded that the operation and maintenance of these
facilities did not appear to be quite satisfactory. It was fouad
that there was a big possibility for improvement in maintenance

and operation of the hydro power system of the Philippines.

There are big differences between Japan ‘and the Philippines in
terms of power consumption, weather conditions, and scale and
organization of power generation facilities, Taking into account

the above differvences, it was realized that there were big

'possibilities for more effective utilization of the facilities by

improving the maintenanée and ' operation  organizations. and by

~investing money on it.

If the above would lead to a certain increase in the production

oifthe fécilities;'this_could be equal to the investment required

“forinstallation of additional power facilities.

The improvement of the existing :facilities is financially

" justified as the planned maintenance and operation costs, on a

capital ‘basig, would be one-tenth of the investment required for

provision of additional power facilities.
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Although increase in power demand in the Philippines for the last
few years have been low, the potential is still large, and it is

obvious that in the future will increase considerably.

In anticipation of the expansion of the power facilities in the

future, it dis indispensable to improve and ekpand on the

maintenance and operation of  the existing power generating
facilities. This will add to the efficient operation not only of
the current but also of future power facilities which would be

added to the system.

NAPOCOR Head Office

The current operation and maintenance situation of the hydro

power facilities varies from plant to plant. Many of the

existing plants have been in'service for many years and, thus,

"are considered to. be very old from operational point of view,

others are newly constructed and, thus, in service for relatively

“few years and, apparently without serious problems.

For smooth operation of these facilities it is necessary to

regularly analyze the maintenance, inspection and surveillance

- résults, and to eétablish_'yearly and long-term maintenance

programs. Budgeting and maintenance work including inspection,

surveillance and repair work, should be carried out in accordance

with the maintenance programs.

Besides, continuous surveillance by monitoring the bghaviour of
large and important civil structures should be made. The ‘results

should be analyzed regularly by specialized civil engineers.

For efficient exécution of these tasks, it is recommended that a
maintenance ' division/group be established in the Hydro Power

Projects Department of the Head Office. A number of 'eivil |
engineers as required should be assigned to the above maintenance

division/group. (Refer to Figs.13.land 13.2)
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Northern Luzon Repgional Center

The Northern Luzon Regional Center of NAPOCOR, wunder which
jurisdiction the Binga power plant' is placed, plays a leading
role in power supply ‘to the Luzon Grid. In this capacity, the

Center is responsible for the operation and maintenance of five

‘hydro power plants with total capacity of 863 MW which includes

such plants as Ambuklao, Angat and Magat.

“The Center comprises about 1,591 NAPOCOR staff, mostly electrical

and mechanical engineer. The five hydro power plants managed by

the Center are located in four regioms. It is maintained and

- operated by 1,120 operational staff {operation 455, maintenance

© 665) including engineers. assigned to each power facilities.

The . Center does nof have any civil engineer except for the two
hydrologists posted at the .Angat power .plant for flood
forecasting and warning system operation. The Center has under’
its jurisdiction several iarge dams and other civil facilities.
As such, it is responsible for surveillance and maintenance of
these facilities. However, it is surprising that it does not
include in its organization civil engineers with experience and
background  in surveillance  and maintenance of such structures.
This means that -such surveillance and maintenance of the
facilities is not done_by'civil.engineers vho are familiar with

this type of work.,

If the dams and other related civil structures are not properly
surveyed -and -maintained, any serious - problems which could

certainly develop. in the future, could be taken care of only at

- greater expense.

Therefore, it is=recommended'that'at least two civil engineers

“and ‘three assistant énginéers be detailed for. maintenance,

‘gsurveilldnce  and -inspection of the .civil structures of the

hydroelectric projecté under the jurisdiction of the Northern

Luzon'Regional Center, including Binga. (Refer to Fig.13.3)
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13.5.

Binga Powerstation

With regard to the Binga Project, it is recommended that the

‘existing conditions of all civil structures of the project be

clearly ‘established = and ‘understood.. This can be done by
collecting all available data from the project completion and

making a survey of the existing conditions of the structures.

Since many important design and construction data on the project
have been lost with the passage of time, understanding of the
current conditions of the structures would be more difficult to
accomplish. Therefore, to‘pfoperly understand the conditions of
the  striuctures, a serious study of all the existing'data should
be ilade. It is understood that many important data on the design
and construction of the project are not available any more. Some
of these data could be obtained by 'surveying the structuresin
the field with a purpose of obtaining the information required

for evaluation of the existing conditions.

‘General: Remarks

Tmplementation of the Safety Control System for each project

- should be carried out 'in accordance with the'importance of the’

‘project’ of ‘year of construction. Once the program has been

implemented, the work should be performed systematiéally and at a

minimum cost.

- Inspection, surveillance and maintenance of civil structures must

be conducted regularly. The Northern Luzon Regional Center which

“has maintained the projects with large and important ‘civil

structures under its jurisdiction, should assign to each project
at  least one ecivil engineer with the responsibility for

maintenance'and-inspection. In- addition to the above~duties,

‘this engineer should~élso‘superVise"the operation-of the spillway

'gates,'observe'reservoir:wétér levels, etc. j(Refer:to'Figr 13.4)
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14,1,

14.2.

Standards for Dam Safety Control

General

The safety control of hydropower facilities covers wide area,
-such as safety against landslides at or near the project
structures and around the reservoir, safety against floods and
sedimentation, safety of the dam and its foundations, underground
structures, generating equipment and facilities, and

environmental conservation.

Ih this Section, safety control for the rockfill dam is discussed

in greater detail.

For safety of rockfill dams, the following incidents should be

prevented under any circumstances:

(1) Tlow over the top of the dam
(2) 'Seepage through the dam or its foundations

{3} Collapse of Tace of the dam caused by large earthquakes
Therefore, inspection, surveillance and maintenance of the danm
and its auxiliary structures are very important, for the safety
of the project.

‘For this, the following measures are required:

(1)-:M0nitorihg

' (2) ‘Inspection and surveillance

(3)  Detail inspection and further investigations

'Monitbring

" Once abnormal behaviour or conditions have been detected in the

dain, it 15 'required to monitor regularly, for the purpose of



safety control, and determine how those behaviour and conditions
would develop or progress. The frequency of monitoring should:be
determined properly taking into consideration the type and
structural scale of the dam and the time elapsed Cafter

completion.

Dams are generally classified into the three stages according to
the time elapsed after the completion im order-to judge the

safety of the structure.

(1) First Stage

This is the stage which covers the initial reservoir filling
period. The water pressure load acts on the dam for  the
first time. The dam shows vériable reactions until the
water reaches the maximum reservoir. level. This first stage
of observations is, no doubt, the most important for the
'safety of thé dam. Monitoring, therefore, ﬁﬁét be carried
out carefully and frequently. The monitoring results must
be analyzed quickly in order to evaluate the behaviour of
the dam and its safety and to decide the mode and sequence

of further water level rises.

.(2) Second Stage

At this stage, monitoring is needed in order to determine
whether the operating conditions of the dam could be judged
to be normal, inecluding seepéges through the foundation

rock. This period could cover 3 to 5 years.

(3) Third Stage

This stage covers the period during which monitoring of the
dam is done with a purpose of maintaining the -proper
function of the structure through its lifetime. The period

of this stage is the longest of the three stages,
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The following table describes the frequency and type . of

~monitoring normally used for rockfill dams:

Table 14.1.

Type of Monitoring and Frequency

Appearance . - Porewater

Check - Seepape Deformation = Pressure
ist Stage 7 days } day 1 day 7 days
2nd Stage 1 month 7 days 1 month 1 month
3rd Stage 1 month } month 3 months 3 months

N.B.: Frequency is designated by.an interval

As more than 30 years have passed since the completion of the
Binga dam, and the structure itself and the foundation rock are
supposed to be stable enough, it can be said that the dam should
be classified in the third sfage, and thus the type ﬁf ﬁonitoring
and freguency may be effected accordingly as mentioned in the
above table. The Binga dam héd_the first experience in executing
the above monitoring 6n this occaéion. In the framework of the
scope of the Study, the seepage and dam deformation measurement
devices were newly provided and installed by JICA. With this

instrument, the monitoring was initiated and has been continued

“with more Irequency than specified in Table 14.1 for the first

year wherein the hydrological trend including the reservoir water

level condition and rainfall intensity could be fully determined.

Inspection

Inspection of the dam on a regular basis and in accordance with
some predetermined pattern can be very effective in preventing
major problems or even failures from developing. Aside from
this, inspections should also be performed after occurrence of a

major event, such as large floods or earthquakes.

14 -
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. The regular “inspection should be done once a month and the

further inspection should also be “done, in principle, when the

following events take place:
- Flood discharge bigger than 3-yéar return period
- Daily inflow at the dam site equivalent to 3-year return period

- Barthquake stronger -than one third of the design seismic

coefficient

Detail Inspection and'Repair Works

If abnormal behaviour or conditions are detected during the

periodic inspection -or from the collected monitoring data, =

detail investigation must be undertaken to determine the causes.

The extent of the investigation will dépend on the behaviour or
condition of the structure. ~If the detail inspection reveals
that the structure is not secured and the damage is serious, the

repair works should be carried out immediately.
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“fable 9.1 “Hydrologic Observation Period by Station
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Table 9,2

Correlation Coefficient of Monthly Rainfall foir Observation
Stations, Observed during Rainy Season, May

Lower Value : Number of Data

(.Uppe’r Value :Correlation coefficien

)

~ November

Station |Binal- | Rosal- | Kalun- | Bugui- | Adsoay | Karao | Ambuk- | Bobok | Baguio | Binga |Balat- |
Hane onan | es . gav  jas - llao ' ok
) ;. M_ines
| Binaloa- 0.793 }0.911 [0.388 |0.453 [0.354 {0.801 |0.902 {0.893 . {0.821 |0.6%0
an @ e e e | ey || o fen | D] e
Rosales 0.767 {0.985 | — }0.556 }0.770 |0.688 |0.871 [0.70210.674 |
o @) | ao | @] e | o) | @ | e | G| @
| Balungzo 0.379 |0.431 }0.332 [0.777 |0.895 |0.844 10,739 |0.651
' ) | G |G | @ | e | o | GV ey
Buguias ~ lo.2s2 {0.372 |0.33 |0.545 |0.413 {0.360 [o.454 |
- 6 | & | Gy | on | an | €8 )
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Table 9.3 (1) Maximum Monthly and Daily
Rainfall at Binga Dam

Max. monthly rainfall io } _ R .

the yearv spplied for Max. monthly -1 Mak. daily

"Yw‘ estimation:  {mm/monch) | rainfall.in rainfall in
gar . ‘ _
. SRS T the yeaxr at the year

Bagulo © Ambuklao | Binga .
- 1. _ (mm/month) [ (mm/day)

1902 1238.0 : 705.0 *B 178.0
1903 - 883.0  536.0 B 135.0
506 984.0 ‘ 584.0 *B © 148.0
1905 1029.0 | - | s0s.0 B 153.0
1906 | 1398.0 : | 7810 *B 198.0
1907 1083.0 . 631,0 *B 160.0
1908 .| 1509.0 - 834.0 B’ 211.0
1909 1204,0 | 689.0 B 174.0
1910 1025.0 | 604,0 *B 1153.0
1911 3382.0 | 1726.0  *B 438.0
1912, 1297.0 ' 733.0 *B 185.0
1913 2108.0 '1119.0 *B 284.0
1914 | 25110 1311.0 *p |  332.0
1915 : 1120.0 649.0 B | 184.0
1916 . - | 1335.0 . 751.0 ‘4B 190.0
1917 .| 1180.0 677.6 % | 17L.0

~Note: *A .Estimated from data taken at Ambuklao.

“*B Estimated from data taken at Baguio City.



Table 9.3. (2)

" Maximum Monthly and Daily

Rainfall at Binga Dam

‘Max, monthly vainfall in} . =
the year applied for ‘Max, monthly Max., daily
Year ‘estimation  (mm/month) | rainfall in- rainfall in
a _ ~——1 the year at’ the year
Baguio - Ambuklao -1 Binga .- o :
o ‘ - {mm/month) (mm/day)
1918 2202.0 1164.0 *B 295.0
1919, 3462.0. 1764.0 *B 448.0
1920 12951.0 1521.0 *B 386.0 -
1921 11849.0, " 996.0 *B 252.0
1922 1175.0 675.0 *B 171,0
1923 2367.0 1243.0 *B 315.0°°
1924 1546.0 852.0 #B 216.0
1925 2957.0 1524,0 *B 384.0
1926. 909.0 548.0 *B 1380
1927, 8400 515.0 *B, 130.0°
1928 - 933.0 560.0 *B 141.0
1929 1646.0 '901,0  *B 228.0
1930 2113.0 1122.0 B - 284.0
1931 - 1507.0 °833.0. D 2110
1932 1255.0 7130 % | . 180.0°
1933 2288.0 1205.0 *B 1305.0

;Note'::*a, Estimated‘fTOm data taken at Ambuklao.

*p Estiﬂated“frdm data taken at Baguio City,



Table 9.3 (3) Maximum Monthly aand Daily
: Rainfall at Binga Dam

Max. monthly rainfall in _
the year applied for Max, monthly -j Max., daily
' year estimation - (mm/month) | ralnfall in. rvainfall in
o - - S the year. at the. year
Bagulo = | - Ambuklao. | Binga .
e (mm/month) |- (wm/day)
1934 . © 1579.0" . © 867.0 *B 220.0

19350 | 2347.00 | - $1233.0. %8 |- 313.0
1936 - | 1096.0 | - 637,058 | . 1610
1937 © 1684000 | C917.0. % || 2320
1938 4836 | 393,00 % | 99,0
1939 139800 © 781.0 B | 198.0
1940 | ’ :

1941
1942

1943
1944 °
1945 .

1946 R . |
1947 | usse00 |  808,0. % |~ 204,0
1948 10950 | 637,04 |  161.0.
1949° | -700.0.:| | w40 113.0

- Wote : *A" Estimated from data taken at Ambuklao.
. '%xg- Estimated from data taken at Baguio City,

D_5



‘Tahle 9.3 (4) Maximum Monthly and Daily
Rainfall at Binga Dam:

Hax. mOnthly'réinfaII‘in: _ S _
_ the year applied fox | Max, ‘monthly -} Max., daily
Yeaf estimation “(mm/mdnth} ‘rainfall in-~ - rainfall in
' ‘ ' i =====| the year. at the year
Bagulo Ambuklao - | Binga S
- ) : (nyn/month) - (mm/day)
1950 ° 1505.0 832.0 *B | 211.0
1951 | 9580 | is72i0 % | 1440
1952 669.0 . 436,00 %B | 109.0
1953 - |, 11%0.0 - _ : 1 682.0° B - 17240
1954 allo - {310 % | 78,0
1955 | 556.0 | 380.0-% | 96.0
1956 11990 | [ 686.0 *B | 1730
1957 1103.0 | 1148.0 * | 291.0
1958 1 | . 738.0 1 820,0 *A | 208.0
1959 | ' a14.b '520.0 %A | 134.0
1960 276.0 405.0 *A | 102.0
1961 1026. 0 | 6040 *B | 153.0
1962 | 1249.0 710.0 *B [ 180.0
1963 | 14580 : | 810.0 * - 205.0,
1964 1871.0 - | 1006.0 %8 | 255.0
1965 713.0 : 455,07 %8 | 11500

:Note: *A- . Estimated from dataftéken-at-Ambuklao.
%p.  Estimated from data taken at Baguio City, -



Table 9.3 (%)  Maximum Monthly and Daily
‘ Rainfall at Binga Dam

Max. moathly rainfall in _ . :
the year applied for Max. monthly -[ 'Max, daily

‘Year - estimation - (mm/month) - rainfall in - rainfall in

- - - — tha year at -the year
Baguio Ambuklao® | DBinga - S

. ‘ (mm/month) {mm/day)
1956 1026, 0 : . 604,0 *B 153.0
1967 15600 -  858,0 *B 217.0
1968 - 1672.0 912.0 *B 231,0
1969 | | 820 | 93t0 236.0
1970 411.0 526.0 *A 133.0
1971 g | o 702.6 -135.9
1972 N 2529.4 288, 8
1973 : : 424,2 122,2
1974 : | 1040. 1 220, 2
1975 | | | 479.3 142.2
1976 ' | ' 940.6 -  387.0
1977 | 593.0 690.0 %A | . 175.0
1978 : 1047.0 1098.0 *A | . 278.0
1979 | 1078.0 ' £29.0 *B 159.0
1980 ' . 848.2 312.4
1981 ' I = 560.4 9.2

‘Note: *A ~ Estimated from data taken at Ambuklao,

*B - Estimated from data taken at Baguio City



Table 9.3 (6)

Maximum Monthly and ‘Daily

- Rainfall at Binga Dam

Max. monthly rainfall in

Max, monthly -

1986 -

754.4

the year applied for - ‘Max. daily
Year estimacion - . {om/month}. [ rainfall in rainfall in .
‘ e the year at -the year
Baguie - }-Ambuklao .| Bihga PR

~{mm/month) © (mm/day)

1982 667.9 - 1013
1983 - 1 632.9 . - 152,9
1984 , . 896.0 - 198.6.
1985 1885.4 191.4

326.0.

Note: A - Estimatéd from data taken at'Ambﬁklao-
*B - Estimated from data taken at Baguio City,



Table 9.4 The Periods during Which the Houfly Rainfall

Data at the Binga Dam Site are Available

1980

1982

1985

1336

'ﬁ/s, 9/13~9/22, 9/25~19/23, 10/1~10/2, 10/4~10/8

13725, 3/31 ~4/1,-4/4~4/5, 4/8, 4/13~4/18, 4721,

- 5/1, $/9 ~5/10, §/14, 5/17~5720, 5/22~5/23,
§/25 ~5/26, §5/28, 6/3, §/B, §/12, 6/14, 6/20~8/24,
§/26 ~1/3 . : :

05/23,05/25,5/28 ~5/31, §/3, 6/5, /7 ~5/11,

“T/22 ~1/23,;1/27, 8/1 -3/2,'8/3~¢8/5;‘3/8533/1&,

- 8/18 ~8/23, 8/26~8/29, 972 ~9/10, 9/11~19/12, 9/19
1 8/21,°8/26 ~10/1, 10/5, 11/19, 11/24~11/26

(3424, /6, T/8 ~T/11, T/LI~T/21, 1/24~1/25;

18/22 ~19/5,°9/15, 9718, 9/20, 9/23 ~98/24, 9/25,

- 9/28 ~9729, 10/3, 10/6~10/10, 10/23~10/24, 10/26,
1174, :11/7, 1178, 11/12, 11716 ~11/19, 11722

6/13 ~6/18, 6/20~7/2, 1/5~1/8, 1/11, 1/18 ~1/20

7/28 ~8/6, 8/8~8/8, 8/11 ~8/14, 8/16~8/18,
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Table 9 .6

Records are Available

Period for Which the Reservoir Operation

S_'t::ation ‘Nane : : - (year)
’ ‘1 1900 - 1916 1820 - 1930 1940 1950 1960 - 1970 1980
| BIMGA DAM .
| % | 8173
Daily inflow discharge A —t—
o ' 5441 81/9
Daily water level
64/1 8179
Baily spilled discharge ! .
I 65 85
* Hourly water-level & —=
generator output
- 84 86
Spilling record(hourly) —— -
LT 52/1. 81/2°
Yonthly inflow dischage
e - b2 a6
~Anngal inflow dischage
AMBUKLAG DAH
. c - 58 8t
Hourly spillway — —
disc_harge .

Table'*.'—) .7 | Period in Which Tyi}ical Mag-nit:ud_e Floods Occurred

~N o U b e N e |

Period

‘May 22 to 30, 1976
June 25 to July 3, 1976 .
‘November: L. rto"-7,- 1980

August 28 to 31, 1984

June 22 to 25, 1985
June 28 to July 1, 1985
July 9 to 11, 1986 |

D = 11

Maximum Inflow

1,181

2,497.
9,617.
2,498.

902.
1,258.
939.

.0 mB/Séc: (May 26)

0

= ote W O

{June
{Wov.
(Aug;'
(June

(June

- (July

30)

5)

27)
22)
29)
11)
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