Table 3-7-1 . Assumed Number of Households and Area of Ixrigated Land

to bhe . Submerged in Reservoir,

Name of 1 H°“56h01d$” . ;rrlgatea La“d'(ha) Percent of
Barrlos 1 rotal . |Submerged | Total |Submerged [Submersion

siguem - {80 .1 40 lro202 | o100 | 30

ome - | 255 127 26.5 | 12 | so

Catarawan 115 57 : :55'_ 1 .25"- 50

Biyoy- | 103 | st - 105 | .52 | so

kgkiduéuen'_ B T Co19- _ =40;33 “20 50

Camamasi | 100 | so | sus | 26 | 50

fmerec o b oso |25 | agrs | 15 ] so

Capisaan . | 1200 | 60 - | 129 & | 50

Malabing | 50 .| 25 | 72 | 3 | so0

{Totar | 912 Cusalc 7308 o3ss | o

dRound wp 1 fsee | | w00 50

.§ _ 2i4ﬁf



: z?ﬁbie 3-7-2 - Areas Suitabla for Resettlement 1n Kasibu M P,
L | R (Unit ha) |

:;Sfétics' _':.' Gradién; t > Gradient

Coo1{2) Gradient. . Elevation [ Elevation 1

1(1) Site -] Under 10%- 14% - 102 »’,: Tbtal

- 1(3) Elevation Under EL BOOIn. ‘Under EL 850 m .
[{1) South part bet- R
b ween Kasibu - Lo T 3 IR LT
| Pudt 1. o220 |0 100 330
(2y 110 - 2/15. . L e
(3} EL 750 m .

(1) South giguam | = f. oo T
{€2). 1/15 or under [~ 210 - | 320 .10 o 4300 .
(3) EL, 720 & . R N A

(1) Around Muta

| €3Y EL. 700 ~ 800

(D) "south ﬁia. ) BT Eae o e IR
(2) o0 o f T 850 o e 820
(3) ¥L. 780 " L e

13 EL 700 m.

(1) North Bime ~ | -~ - 1 T TP e
@ e 0 540

(1) Around Eaki-~

: duSGan _ ' S U TP L
J@ - B Lo sko

1(3) EL. 680 - 800 n

](1) Avound Belat | - T T T
2y o .. 150 . 260 : 410
{(3) EL: 740 m . § - B R SR

:f(l) ‘Around Capi~r.

LR PN saan . .} s | w0 el0

e EL'“749 -

BEES) Around Mala-

. (2) S Do = ago 330” . 1';39_

1 e 700-970ml.

T~ 1) Around Biyoy |

370 |7 580 | - es0

CTotal .| 3,710 | - 3,440 7,150

Cy s
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" Table 3-7-3 Comparativée Study of Three Resettlement Alternatives
Case I | Case II|Case III

' 1.'_Deva16pﬁéntbe Agriculture e o

1;1.;1Potentia1 of Agriculture N _ % A Co

l.?.*zPossibility of Technical Gradual Level= .k : ,07 -;A

" ing-up of Land Utilization : S S B

1.3.;?Water Supply to Agrieultural Field e ) Af_ =
-l;é,.%Land Reclamation _ X & o

- lQSL_LIn Case of Same Land Reclamation _ : o S _

' .”FCondition, ‘Hardness of Profit Share to:_ i By A0
. ngarm Households --'ll' T )
1;6;_ Problems ‘of Natural Environmental x w -OV
: ;Conservation 1n Reclaimed Lands - _ o o
2, Development of Human Life o e 'f:
l;Poqsibility of". Modernization by Developn | x _A”“ “0
';ing Wider Communicarion with Othier. Areas
) 2.2, ]Poseibility of Change from Isolated ' o o o
' ’ ;Agricultural Areas to Surrounding - - Sl ‘5
. :Economi¢ Societies by Developing Com- S
- :munication with! Other Areas _Q R . ' :
2.3 leflculty of Unity of Newly Resettled 'JA « -
't Villages: . : _ .
2.4..'Dialectal and Religious Problems of . Vo ZVA'ﬂ Cx
R ;Newly Resettled Villages . :
2.5, Effic1ency Of Investments to’ Environ— - x '
_mental Matters: of Newly Resettled Villages . ' A 0
2,6._fPossibillty of Objection of Resettlers,
~: Which Will Be Estimated from their 0 A X
s ‘Traditional Life Manner PR B
- k Cdnservation ef Natural Environment SRS _ _
SLIJ‘QHardness of Environmental Conservation ' A - T L
_ - 1n Reservoir. Area S W X : 9:
3.2. ?Influence upon Downstream River A Lo : X
~-[3.3.° Influence upon Animals and Plants A x 0
34, Change of Environment in Developed Areas o x

4. Administrative Problems

4.1, Administrative Readjustment of Newly o A x
. Developed Areas . o :
§.2, Hardness_of AdmiﬁistfetiVe Coettol X A o
Others QT ,

o 5;1. Acceptability of Change in Life 0 A x
15.24 ”Anxiety for leellhood etc., after _ o A "
1 _'-Resettlement : . 8 .

533.-‘Distance to Big Clties and Towns ' x A SR

© 3 - 126




Re se‘t't-l"émeﬁt '

: Table 3—$ 4 ggmg rative Cost Study of Reaettlement

~{Unit: 1033)

The approximate npmber of families to be raaettled and
_ rehabilitated is assumed to be 500 households fur all caeea

V'Cése'l' - Gqse'II'“

- _Cqse’liln

1

Lot Acquisition or Lot
Development ' .

'  1) Residential Lots

(37 500 X 500)

-;z) Farm Lots"?

- (Details. wili Be given [.
B separately)

l Subtotal

ek250 | 70,700

88,000 | 74,450

95,748

©99,498 ko

-Compensatien '
1) Fnra Lota'

a, Irrigated

(500x2 ha.x0. 2x?10 000)

'h Hon—irriaated

(500x2 ha xO 8x®5 000)'3 -

2) Rasidential Lota

(300x0,25 e .x210, 000)'

._”3)fFruit Trees

(500 x 1, 2eo)h

" '4) ‘Shade Teaes

' (500 x ?450)

Subtotnl

2,000

4,000

1,250

'3.22$j:

8,075

2,000
4000
1,250
. 6?8 .

1,250

Tgbo

2250

8,075

.;Development of Resettlenent

Sites

,71)'Barrio Roada

(500x0.06_ha, x§35 ooa}

-ii)fﬁater Syatem_ﬁ

"5)-Light1ng.5ystem

| f#)fﬁouses and- Lot-

-._*(500 x $10,000)

~or080
as ]

5,000 3,000

1050
_225 .

VIS

1,080

225

:"5.000"1

._3:5'227_1¥:lm.'




Table 3-7-4 _(Ccn;inued)

3 - 228

.Case‘ll - Case 1L . Case 1
5)_Schdol'Buildiﬁg .4:elém;8chool 4:elem;SCﬁool 4 elem schoola.
LT (300m%x 4x. : - & 1 high
83800) ‘| shool (300m?x
44+500mx).)
do | 960 . 960 1,360
6) Chapel (200 m’x 2 x ¥800) 320 320 320
7) Community Center. (300m2xkx¥800) 960 | - 960 960 .
8) "Building for . K9x1300e? xaso)_@ﬂsoo;;ﬁ xBS0
: _ o +1x1500° x850) r o
c U : -
A_ | °“‘m°“_ se 825 1,275 1,275
9) Inprovenent of School Gtounds - - 300
“110) Recreation FacilitieS‘ _125 _ 125 __1253'
11) Ornqgantal_Plan;a '25_- .25 25
" Subtotal 9,935 10,385 "11;_085__ _
4. Transfer of Familiee (20kex5 .48 /kn. {50knxS. 48 kn - [200kmx5 48
(Hauling) x500) x500) x500)
= 54 135 540
'S.ZIhformatipn Drive.and Census. '1,000 1;000 1,000 .
'6Q3Resefvoit'clearing o S S
 (27km® x ¥85,000) 2,295 2,295 2,295
7.3Soc10~Ecoﬁqm1¢_?rbgféﬁ_: : o _ o
(Including Funding: for the. - Cen
Transitory Period) 2,300 2, 50Q 2,500
~ (500 x ¥5,000)
'8.'Equipment Supplies and - . S e
:Materials : 2,500 2,500 2,500
“(500 x #5,000) £ 5
A . Total. 194,359 101, 340 127,493
" Round-up Total. 94,000 | 101,000 127,000
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Table * 3-7-~11 _,'Erodggtiqn Goét of Farming Without:Pfd1eCt'r

Item

Paddy

(?fha)'_'

“ Rainfed

Trrigated

lat Crop

.

Q'ey

Cost

- 2nd era:.:

Corn -

_ 7
Labor_Requirement

. With animal (Man-day) -
. Without snimal (-do-)
. fs;tilizer (kg) o
Urea

Ammosul

e. 16-20-0.

IIT.

14-14-140
Insgctiéide
Liquid (Qv)

. Granular (kg).

Herbicide

. Liquid (Qt)

Crapular (kg)

Hiscellaneous

. TOTAL

19
44

 Q'ty Cost

171
264

10

445

19
52

- 50

100
25
.75

40
1.0

2.0

N

17

32

Y
112
38

92

56

3

20

Q'ty
‘19
50 94
100

70 .99

40 92
1.0 3

1.6 45,
1.0 3

20

976

Cqst
an

52 312

112
‘25 . 25

Q'ty

9 .

22

Cést

81
132

223

3 - 235

1,008




Tabie 3“7"121- ' Production Cost of Palay with Project

© %, Labor Requirement

.'A;.'witthnimgl
b, Without Animal
11, Seed

iiI. Fertilizer
_a, Uraa
Ammosul
'c; Suparphosphate

IV. Tosecticides
" a. Carbonfuran, G
T b._-CloroimefDrn, G

" ¢. Diazinon, G

T d. :Diphacinone P
_V,-Herbicide -f' ﬁ'
a. Z-A-D Ethyester
..vI. Hiscellaneous

- 'VII. Total Cost.

Remarkq;
Unit P;iée_.'

Labbut

- foit

of line

, maanay

- man-day

kg =

kg

Wifh Animal ¥ 9/day -
Without Animal F—ﬁ/day

Fertilizer I
Urea . #94/50kg
Armosul . #56/50kg .

Superphosphate i76/50kg

-'of 11
Herbicide

2 4 D Eghylester ?2 S/kg

Wet,

. Q'ty Cost

22 198°P
92 552
44 58
56 105
e 133
177 269
2.3 14
117 82
16 124
250 12
25 70
.30
1,647
~ Insecticide
: Carbofuraﬁ,

(Unit }'p/ha)

- Cloroimeforn, G

Diazinon, G

Diphacinone, P

Note:_-‘ '

G - Gfanula_”

. P_-'waer

Q'ty . Cost
22 198
92 . 552
44 58
87 126
143, 160
177269
23
1782
14 1264 .
250 12
25 70 -
30
1,695
_C : P 5.2/kg
B 4.8/kg
2 8.9/kg
848.0/kg

© Qt- Quart = 0.946 £

3- 2%
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Proposed 'Resettlement Areas ‘iy[j‘cfi‘“

{No.1, and No.2)

D I S TN T
DAl .#rﬁﬁ%&?n.-

Plan 1: Dispersion Type
Retocdtio_n '

%' Pian 2 : intension Type

- Relocation - .

O no . Administration Number
S'cd!'e_ o
0. 2 & (km)
k- t— —

7

' Diduyor:!._: H'ydrpéieclfic " Project
" . ‘- Upper ‘Cagayan River
Re public _of the Philippines :
Japan -International  Cooperation’. Agency ...

Propoéed-Resétﬁlémeht7Aréés
“{No. 1 and No, .Z) -

“*October 1 gao[Fig.' 372
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Irrigation Areas (No.1,2,3,4,5 and 6)

=y

R ’f{‘::
Y

AN

ady
o
)

e

T ' : ' o ~: _ Upper ' Cagayan River
wswme-= |rrigation Canal b : ' — Jogcfl In%ernam.m.-c_ll‘.:c_:pop:«nhon_ Agency

“Irrigation Aréas'.(N.ci. 1:,2,3,45",5

: _ _ Lo o, oand 6y o
PR R o T e A : ' o ~|october 1900[Fig. 3-7-4 (1)
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Assumied . Protile of _i'-f’fus'ﬂr)ing:= System

: l;e'g_e‘nd ‘-
P !mnll Pump
P S N!P Siu!lon _

-*—*- m.ey m-d

Dignnﬁ Hyérnuctrlc Puhﬂ
i Uppet Cngnyca li'ur

Jcpcn Inhmctbnui Currcﬂm m:

Assuned Prufile of Pumping System B
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Irrigation  Service Area

JINAGAN

Source: Magat River Multi - Purpose Project
with addition ot Diduyon-
Irrigation Study -

SAGUDAY )

0 S0 100 150 (k)
| MU S E—

Location Map
120" o1z

" - : M

PSS proposed Irrigation Areas

E:j Magul Ptojeci Area

ESSTY Magat Project Area (Pumped Up}

"Sitfu East Extension

3654 has-Area Served by Puing 1
2946 has - Area Served b} Puin.pz
CAUAYAN East Extension

§340 hus~Ar§a Served by Pdmp

—— Existing Main Canals’
——~= Proposed Majn Canals

——= Exisling .l.c_jierul Canais
% Propased Dams and Reservoirs

National Highway. :

Other Roads .
< Rivers and Eristing Dams
== PFroject Boundailes

a Divisior Office
69 - Relitt Pump
Scale

5 10 (km)
§ § .

P O

Diduyon H'ydrd_e',lgc'tfic Project -
. Upper Cagayan:. River. o
Republic _of the Philippines .

[vrigation Survive Arca

Japan-International Cooperation Agency

. |october 10 19e0lFig. 3-7-7
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Duration ' Curve at No.3 Damsite (8)

Station  Nome

: No.3 Damsite -

_Catchment Area 1477 km?

High Wate]

{ 439, 29'“/&1.‘::)

Dlschurqe

~ b
d| 3 o
8 ol
. oy [ . [y]
§2§ E )
N i i |
S, Bt 5 &)
5 % o
2 't - B
B ; 2 :
el : : : : - ']
o ~ 05 g Ll T, W %

N High Water]

s .
%ed (0.8

|Ordinary Water Dischargel22.20™Eec) | N
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2

&

_'.;1

..‘ ,
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Chapter 4} ' Cost Construction ScheduleL_Economicsc

4,1,

4.1.1.

41,2,

and Financlal study of ‘the Project Tfﬁ

Estimaréd Construction Costs

‘Overview ‘of ‘estimated construction cost =

Total construction cost of this prOJecL is estlmated as US$392 9

_million. This total cost can be broken down by type of work’

rlnto the power station and. the associated transmlssion line and

substation as well as by Culrency inta forelgn exchange cost -and 1OCd1

' currency cost, as shown in Table 4-1-] below.

o (ussi0®)

5 QFofgign:',: _Local T - i

: lexchange Currency Tota: f
- T — _
_ Power station . . | 176.7° 20706 384.3 |
. construction cost. - i _ :
fTraﬁsmlssioﬁ'ilne and' IR _ e :
;-substatlon constluctlon  _5.2 : 3.4 . 8.6 ;
Ceost t i I T B :
! roral o r18l.e - 21100 .. 392.9 ' }

Note i Intérest during construction not included

Basis of estimates-_

'The total constructlon cost was estlmated on the b351q of

':prlces prevaillng at “the beglnulna of 1980, assuming that.

T construction work w111 be undertaken by standard construction'

processes.

The constructlon cost’ can roughly be lelded 1nto the power station

'and the. assoc1ated transm15310n Iine. For the power statlon,

estlmates have been made of each of the follow1ng cost items:



direct cégis“tﬁéiﬁdiag ureiintnary work,’ctvtl engineertng'
.coustruction work, electrica] and mechantcal work, and land
‘_aqulsition and compensation, and indlrect costs- anluding
engineeang cost,’ administration cost, contingencles, and
lnterest durlng constructlon.; The transmisslon 1ine and _
substation construction costs. have also been estimated in the
same manner by dlv{slon into dlrect and indlrect costs. The

_basis of estimates is as follows._
:'1)”.?;eiininary work

AlllneceSSary preliminary work costs Including construction
and improvement of access roads, power supply, communication
facilities, temporary buildings, various test facillties,

-and supplies for constcuctlon work,
2) 'CiVil'engineertng work’

Extension of unit prices determined in early 1980 by an ‘

evaluatlon of labor materLals and construction plant equip-

ment requlred to perform the work, applied to approximately
‘_estlmated quantlties computed from the 1ayout studies of the i

structures.
'3)  Electrical: and mechanicaljworks

_Manufacture delivery, installation and . commissxonLng of
'  hydraulic equipment (including turblnes, valves and gates), _
' _electr1ca1 equmeent (includlng generators, transformers, and
| switchgear), and powerhouse mechanlcal equipment (anludlng

cranes and holsts)
4) uCompenSa;ion

-‘Compensation costs for tand, existlng structures .and public

- facilltles to be affected by constructLon works.



3)

6

-Conttngencles,durlngrconstructlon-

a) For the oower etation;Ean'allowancefot‘10% of’nét total”
Vpbtained for the construction cost items 1) through _
3y and compensatlon cost 4) in: Table 4—1 1, substracté.
:lng the electro—mechanical equipment eg well as the,;oj.h
fsteel structures such as gates and penstock of 1) _..
.through 4) For the electro—mechanical equipment _ f

- and the steel structures as ‘stated ‘above, 5% of

constructton costs is counted as contingencies._-"°

.b)f For the transmiesxon 1ine and substation, an. aliowance

'_of 10% of construction cost item 8)

Engineering cogts

-The followtng costs wxll be esttmated for detailed deslgn,

survey ‘work, preparation of tender documents, tender

-evaluation, dnd;supervtSLon_of_construct;on work:.f\

-LFor the power station,_approximately 7% of the tota] of

constructlon cost items 1. through 3), compensat[on ‘cost 4)

-and contingencies 5), whlle an allowance of -5, 57_of the

total of construction cost Ltem 8) and conttngencxes g9) .

:for the tran$mLSSLOH 11ne work

7

Administrat lon cost -

'The power StatLOH work and the transmissxon llne and

-'.substation wnrk 3. 57 of the total estimated cost to cover

'_ 8._)

-admlnlstratLon costs of the owner to undertake the project.
- Interest during construction:

'To'be'computed at 8% per annum



* Table

4-1-1 - :Estimated_Coﬂétfﬁétidh'Cost'

'(Excludiﬁgxlnteresﬁ duriné Cbnstrugtiéh) '

(US$10° equivalent)

. Item

. iOffshbre 

Cost

‘Local
“Cost

~ Total

_1;

Preliﬁiﬁary:ﬁérﬁf_f  B

.20.3

33,0

23.3

.  111; Road;pqpstru@tioﬁfénd improyemént:

13.8

23.2

37,0

1 k] 2 .o

-Temporéry faci1itiéé'_' 

6.5

9.8

16.3

2;

Civil Engineering Work

1118

113.8

22506

241,

Dam’

60.8

53.9

114.7

2.2,

- Waterway

55,8

2.3,

_Powerhouse

3.4

4.1

103.4

7.5

3,

21l

5.4

27.3

Eléétﬁitai and Mechanical Works .

- Sub-total' (1 —3) ¢

154.0

152.2

306, 2

" Land Acﬁuisitibnhénd*Coﬁpeﬁéations]r

Q-

13.2

13.2

* Contingencies duriné;Congtruction

14,2

14,2

28,4

lﬂCdQ; f6; Eﬁ§1né§ring:W§fk

g5 |

1 15.8

24..3

.‘N?C'A&miniétraﬁQAﬁi': B

12.2

12.2

Sub-total ('~ 7)

L 176.7

207.6

384.3

Transmission/Substations

4:3°

2.9

7.2

' Qqntinggncieéﬁ&qfing}COhstﬁuétiﬁn :

"O;SP

0.2

0.7

Cost fbf'Ehéiﬁeeriﬁg'Work_

0.4

0.4

11.

NPC Administration

0.3

0.3

_ Sub-total (8 -1y

3.4

" 8.6

Total (1 m'il)

211.0

392.9




9) Transmission line and substation
Manufacture delivery, lnstallatlon and test run of trdnSw
;missLon line and 5ubstation equipment and materxals for

:the pro1eet. _

4.2. Conétrﬁctidn_Schedule

"4,2.1. Construction Schedule

'Constructlon work of tth prOJect anludxng survey work and
'deSLgn will be completed in about nlne years, . Of this period
;about ‘one year will be required for prelimlnary work and about
- five years for the ma in work taking Lnto consxderatton the
-scale of structures to Be built and cl1mat1c and other 1ocal

conditions.

4,2.2. Construction Program

(lf =Selectmn of route for transportatLOn of equlpment and

materLals to SLtQ

There afe.twq pbsSiblé_routés for tfénspoffatioﬁ of eQuipment

and'matétialé to thé Si{e. One is the transportatlon from
"_Manlla to the site éver a dlstance of 310 to 460 km, The

other calls for unloading of equipment and materLals at the |

“San Fernando Port and transportation to the slte by 1and

over a’ dLstance of 390 to 480 k. The transvortation dzatance

w111 vary dependLng on the intermediate rOutes used. .

After comparative study of these two routes, the first route,
from Manila to the SLte is recommended -as the most suitable

transportation route.'



l) 'In Lhe case of the transportation roure from Manila, the
distance to Kasibu is 310 km and to Dibibie 410 km.
Some portions of thls route are unpaVed or poo1ly paved
. 1ocal roads. These roads nced repalrs and improvements,
including.coustruction of bLridpes. Detailed esLimates for

“these roads will be made at the definite de51gn_stage.
"2) Accéss roads

.Access to the progect slte can be made clther through

.Ka31bu, Nueva Vlzcaya or through Dibibie, Qu1r1no.n_For'
further access to the project site, a 27 km«long 10gg1ng
2road 1eads from Kasibu to the damlee, and a 15_km—1ong

logglng road rung from Diblb1e Lo the powerhose site.:

Be51des ex1st1ng 1oads, constructlon roads willnbe-bullt to
connect these roads with the maln structures of_theedam;
powerstatlon, quarry 31te, 1ntake, tunnel adlts ahd:surgc
.tank The extension w1ll be around 105 km 1nclud1ng 55 km
. for the KaSlbu~dam51te Sectlon, 38 ku for the damsite -
powerhouse sectlon and 12 km for the powerhouse~D1b1b1e '

secrlon.

iNo partlcular difflcultles Anc road construction are.
_expected to be encountered Judglng from the topograph1c and
geologlc condltions along the routes._ However, malntenance
'of the roads after construct10n may be d1ff1cu1t,c0n31der1ng '
':'the characteristlcs of mountains covered by hedV]lY weathered
zones’ and unstable ground surface due to deforestatnon. |
_ Therefore,.careful attentlon should be pald to dralnage as
well as to surface protectlon and stability of cut slopes

When d681gn1ng the constructlon roads.
(2) Power facilities

.~ Diesel generators will -be required as a power source during



the f[rst Period of the preparatory works because no !
power statLon of sufficient oapaclty exists in the vlclnity
of the project slte. The requtred capaetty wtll be around e
i, 500 kVA. As the main construction works. begin, approxi~
.mately 15, 000 kVA wlll be needed.- For thts purpose,_a o
greater part of the associated transmlssion llne, 230 kV and
':_45 km long,,will be: constructed from: Santiago to a temporary
substatlon to be. built at the powerhouse site. Damslte
and tunnel construction sites are connected by means of two
circuits of a 14 kV sub transmlssion line for construttion

‘power supply, =
(3) Temporatry facilities

'Main temporary faciltties needed for the maln constructlon
works include aggregate plants, ‘concrete plsnts cable
cranes, excevation equrpment transport roads in Job sites, :
_telecommunicatioo'feoiilties and water supply facrlitres |

" These temporary facilities should be completed before start_

of the main constructron works._.,

(%) .Temporery,stroctures .
Main temporary structures lnelude-field offiées, plant
offices, warehouses, 1iving quarters ancillary houses, '
_repalr shops, etc. Some of these structures shall be
.completed before the start of the maln constructton works
:whrle the others may . be. completed during ‘their. progress.

- (5) Other facilities

"Medical, safety, Welfare, and security facilitres are

: rmportant for ~smooth progress of .the project.
(6) rMein'rohstruotioﬁ-works
; Construction.of the project will involve a total ekcavetion '

h-7



volume of 2.4 millton cubic meterq and a total eonerettng

_volume of 1, 6 million cublc meters (exeavation volume

does not include the work for censtruetlou roads) The

construction period w111 be five years from the commencement

of the preparatory works,-excluding construction roads,

' untL1 commencement of operat[on of the pewer stationa
”Of the constructlon works, open—air works will account for

- 70% end undergrpund works for the rema[n[ng 30%.__

TAl1 construction w0rke ehould be carrLed out 1n an orderly

manner on a mechanxzed system. For this purpose, ;he

: necessary temporary facnllties should be completed on

schedule,

4.2.3.  Execution-Plan endﬁﬁethodj

()

General "

' lThis progect is con51dered one of the 1argest éver. undertaken.

in the Philippines, even excluding excavations for road

feonstructlon, and w1th the comstructlon period extending

' over five years_and ‘nine months from’ ‘the start "of road

Bhiiding-(Jenuary 1984)at0 the start3pf operation of the

:power statLon (October 1989). - CoﬁstruetionIWOfks will be.

'executed on a’ meehanlzed system from the - standpoint ‘of

ecenomic speed in executlon and the safety of: constfuction

workers. The mechanxzed-exeeutlon proeess ls-also‘reqqued

from “the 'st-aﬁdpoint '- of'-bofh‘-’qﬁél ity and s'aiféty-'of' the

ihydrdulic ‘power . statLon facilxties ‘which must be durable :

for 1ong—term service 1Lfe.

- Provisions and installation of relevant facilities for safety

of eonsfruetlon worksfaS'eeil as for safety and welfare of

' constructLon workers are Lndispeneable to: successful comple—

eition of the project with smooth progress on schedule, -



.At the peak of constructlon work, a max1mum of approx.‘t'r_
.3 600 . workers are EXpected to be mobllized ) About 254 of

' them (or about 900 persons) will be sk:lled workers and

equ1pment operators,'and their availabllity 1isa key toi.;

the success in thlS project.- For this purpose, tralnlng

"wlll be needed

ln v1ew of the present labor sltuat1on .in the Phillppines,

‘no dlfficultles are antic1pated 1n recru1t1ng laborers

(about 1, 600 persons)

The commencement of operatlon of the power stat1on w111 be
set as October, (1989 based on économic executlon speed To :

" meet thlS target date, the project will be 1mplemented under

 the follow1ng schedule

' {Start of survey and design

nuary, 1981
_(1nc1ud1ng those for construetlon roads) sanuary > 1

Start of preparatory works o ' E_Januery; 1984
Sterf of'main cohstreetion wroks 7 January, 1985
- . Completion of main civil works .. April; 1989

Scale of work and. schedule for completion

1)y Scale—of:workl'

'The volume of exravatlon, concretlng ‘and other major’
Works of ClVll englneerlng for this pIOJECt are shown

in the’ follow1ng table:



Volume of Major Works

S R T P _ o ReinforcingGate screen
‘I8ite of work |Excavation |Embankment JConcreting lsteel bar gteel pipe
ire _ Yooron rrean men © . _
ey why (%) w o ow
Main dam 465,300 20,000 | 1,198,000 |- 1,300 |gate 1,390
Diversion o c b
tunnels with 90,000 46,000 1,300 jgate 90},
coffer dam . : ' '
1 intake 25,300 5,300 160 |gate 100
1screen. 50
"Headtace- :,'510;000 195,000{ 6,300:.steeipipe
tunnel - ' L 550
Tunhel aditsf 34,000 4;600; - 50 jgate 10 |
Surge tank 26,000 8,100 410
" |Penstock 1,020,000 56,000 560 bteel pipe
: C : - 8, 200
Tatlrace. - 119,700 14,900 550 |gate 72
Powerhouse 41,000 13,400 670
foundation - : R .
|Other ‘works - 88,700 58,700 300
Total 2,400,000 | 20,000 | 1,600,000 | 11,600 10,462

L - 10



The volumes of excavation and concreting by open—air _

work and - underglound work are showu in the followang table

 Excavation (n°)

_ Coanetinéi(m§)_

'ﬁoﬂergiouod'"
work
Total

Openlaip'ﬁork.

3 709'?00 (71%)

690 300 (29%)

2, 400 000 (1004}'

1,356,300 (85%)

" 1,600,000 (100%)

243,700 (15%)

2) Sehedule.forjoomoletioh

w1th eeonom1c Speed of constructlon in mlnd, completlon of

':.the 01v11 englneerlng work shall be scheduled for Aprll 1989;'

Commeneement of operatlon of the _power station after

..test run perlod for equipment shall be set for October,

_'1989 The schedule for the works is shown in Flg.;éwz-l;:

4.2.4, Execution method ©

‘() Dam

1} Diversion=tunnels

Prlor to commencement of the dam constructlon work the

' exxsting rxverflow shall be diverted to the. right bank

51de : F01 this purpose, “an. embankment w111 be bUllt.:

- The embankment slope shall be protected ‘against. er631on

with fabr1~forms and cobbles conta1ned in steel nets.io

The access road shall be oonnected w1th the rlghL

bank by constructlng a temporary bridge.'

Two diver51on tunnels shall be drlven by the full

_ face excavationxmethod for each of them.

'-oThey shall be driven from ‘both the upper and



_ Fig._4w2n1 : Tentative Construction Schedule
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:'lower portals slmultaneously to. expedlte work -\ drtll
jumbo shall be used [or driving the tunnel Upon blasthg,
._muck shalI be removed from the tunnel and disposed of ina
spoil ground with the combined use of shovel ioaders and
':dump trucks._ As support structure steel support of ISO—H
ashall be provided at a spacing of 1 m to 1., 5m according
to the type of rock encountered to ensure safety in .
-operatton. Excavation from the upper portal shall be
teranated when it has reached a poLut 250 m from the
portal, and the placlng of lining concrete shall be
statted Erom the upper. portal. - Concrete. sholl be _
transported by concrete mixers from . a concrete plant to
be’ bu11t near the damsite and shall be placed with a

‘concrete pump:

h'slide form, éhall be'used'ao fofmwork'forVooocretiﬁg
and shall be of a structure that will allow conthuous
'placxng. For curved portLons, the sllde form shall be
'fobfioated so that it can_bo_usedaby splitting’ Into two.
segmootsl‘ When “the lining éoncretéohao been placed up |
_.to_3$0 m, - the entry of concrete mixe:s_sﬁéll be sqitchéd'
:to'the lower_poroal andIive;;;coocrete.shall.oe placed .
froﬁ‘thé 350'point towafd'tﬁé upper portal.. iUpon comple—
'tlon of inverted lining, filler grouthg shall be carrie&

out mainly on the arch portion.

" Operation shall be carried out day and night {n two shifts

as outllned-lqtér;_
' Temporarysooffer dams

The first coffer dam of Fill type and'thé_sec0nd ooffer
dam of3ooncreté type shallibe_built_aofoss the river,
downstream of'the:iniet of the diversion tunnels for the
upstream coffer dam and upstream of the outlet of the

‘tunnels for the downstream coffer dam.

"4 --13



For - the upstream coffer dam, after the tunnel: [e ready
:for dLVersion of water, water shall be led ! Lnto the

: tunnel by bulldozing muck ‘and earth to blockade the
‘river course. Rtpraps, gabions and crwaark shall be
'provlded to protect the flllmup dike slope agalnst

erosion by water,

'T-After the stream has been dlverted to the tunnels, the
second coffer. dam shall be built up by placing concrete.
Thén, overburdens end_rxverbed qeposits‘shall be
excavated with bulldozars ‘of the D-7 class and back—
hoes, and“removed'by'HUmb trucke.' WeatﬁEreﬂ.bedrdck
jshall be blasted by drilling holes with a leg erll

and placing dynamtte in these holes ' Removal of
blasted rocks. shall be done in “the method descrlbed
'=above. Concrete: shall be: transported by concrete mLxers
- fromthe concrete plant to be bullt on the right bank
of the dam and shall ‘be’ placed by concrete pumps. The
.edownstream coffer dam shall be buth up. by the same
'Vmethod as that upstream,-and the first and second .

. temporary coffer: dams-shall be constructed successively.
“The constructionishall'be=comp1eted In about five months.

The work_schedule”shellﬂbe'arraﬂged'so'that'all this

i ﬁQrkcis undertaken_ln the'low_watef season.,

4:_— 14
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Excavation for meln,dam

Excavation for the main dam will involve a total of

434, 000 m3, including 178, 100 m for overburden and

_256 200 m3 for rock Prior to excavatlon, along: with
'clearnng of - trees, access roads shall be bullt with _
0.7 m3 class hydraullc backhoes and bulldozers of the

_VDnS to- D 7 class._ These access roads shall anlude

“ioné on the rtverbed and two otherq edach at EL 620 m.

on. both_bank SLdes_pf_the_erer; ‘Each access road shall

‘be 4.5 m €0 6.0 m. In width and shall be provided with =

turnout for smooth traffic of dump trucks. Topsoll and

ererbed depOSLtS shall be excavated and scraped by D-B

‘class’ bulldozers, and loaded on 15 t - 20 t dump trucks

by 4.7 m3 capacity class wheel Ioaders for removal,

Excavatidn-of rock on the rivetbed'and on benks*bf'the

-vailey shall be. carried out in: the two stages as followqi
-at ftrst, surface weathered or 1oose rock will be

‘removed-in 20ne B, and then some depth (normally up to

1 m) 0f sound rock will be excavaféd in Zone A. -

: Zene.B dn_the slopes shall bhe excavated under the bench_'

cut ptdtees, hSiﬁg'a DC-45" class crawler drill, Blasted
rock shall be collected by D-8 class bulldozers and
1oaded ‘on 15 t to 20 t dump trucks by 4,7 m3 class

wheel loaders for removal

Excavation of Zone A shall carefully be carrLed out

"by hand bredkerq, power breakers,‘etc., 80 that 10,

-damage is infchted on the foundatlon bedrock._.

if-Fxcavated overburden and rock shall be d{sposed of at” the

'1'specif1ed spoil banks except for the amount requxred for

-.banklng, 1ev9111ng or backfilllng - Excavation shall

be completed’ in 16 months under the work sehedule outaned

below.'

4 - 16
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Foundation tfeetﬁénts.'

Upon excavation bedrock with many cracks and seams and

. the limited portions with deep sound bedrock shall

properly_be_treated to_seal_against water seepage ‘and
ensure heceéSary“Strength‘ueing methods'best'suited -

to_local'condltioné; based on the'results of'verious
tests. As specific measures, these rock’ portions
~shall be either replaced with concrete or treated with

consolidation.grout, curtain grout, etc.

Concrete placing

'.This dam is lll i high and 415 m in crest length and

~w111 require a concrete volume of - about l 2 million w3

placement. The dam shall be. divided into 23 blocks in .
the axial direction and maximum 3 blocks in the direction

:fat right angles o the dam axis. 'The height of one 1lift

lshall be 2 in, except for the- bedrock portion where con-
r*crete shall be placed to“a helght of 1 m._ Concrete shall

‘be placed from the riverbed level under the block column

- process.
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: Asaumiug that the concreting period will be about 35

_h months, the monthly average placement i v shall be

o= 1,200,000 “13'/35'months = 345280?0 /month

onship between the monthly average placement. v

1—:and monthly maximum placement V can’ be obtained from the

'-,;folloWing formula:

v =1.97v - 3. 07
1.97 x-34,28 ~ 3.07 = 64 470 m /month

II

S L : s
wvhere’ V' and v are represented in 107w

Cohsidering'that the maximUm'number of work days oer month
_'s'?3 _the number of. work hours per day 12,_and the rate
of . operatlon about 7SA taklng into account the ralny ‘sea-— -

son, the. monthly maximum- work’ hours w11] be -
':lézhtsfday“x"ZB'days/month,k'0.75 =.276 htS/month
-Piacemeﬂfdper;hout 1 Vo will be
T i e oy
Vo =.64,470 m” /month - 276 h_rs/mont:h = 234 m7/hr
Thus concrete'blacingdfacilitiestand1aggtegate_and con=
crete pfoduction'plants for the dam . shall be'designed
"end suppllcd based’ on a- max1mum concreting volume of

' 235 i /hr

dNo su]table rlverbed de9031ts for concrete aggregate are’

-,_avallable in the v1c1nity There are sizable amounts of

:”dep031t 1ayers at. ac point 80 km downstream but it would
t'requ1re ax substantial cost to transport dep051ted aggregates
- from that p01nt Based on’ results of the surveys thus

Tfar conducted it has been decided to use the area about

2 km upstream of the left bank of the dam’ as a- quarry
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This qnerry hss a'relatively thin layer of topsoiiwand '
consists of andesite which Ls considered sufficient and

suitable for aggregates._

.i Rock extracted from this quarry shall be transported by _
:'dump trucks to an aggregate plant to be built on the right.“
sbank of the dam to produce aggregates upon preliminary

crushing at the quarry site.: Aggregates for the dam shall‘
t.be carried ‘to batcher piants by belt conveyor.' Aggregates
for the powerhouse and other remote construction srtes

shall ‘be delivered by dump trucks.

'The batcher plant to he built on - the right bank of the dam’
shali consrst of two’ units of plant. One unit shall com-
prise 3. 0 m3 X 4 mixers for ‘the -dam and . the other 1 5 m3

x 4 mixers ‘for the subsidiary dam and other structures.

':Under 2:transfer csn systen, batches of concrete shall -be
transported from the batcher plants in buckets of 9 m?

'and 6 m3, using 25 t and 20 t cable cranes, respectively

Steel slide forms'shali be used for goncrete surface and
'construction joints..
-Consolidation grouting and curtain grouting for the found—
"atron hedrock shall: be performed at the proper time beforeh
~and during concreting operation.
‘Plsced.concrete shail be cooled by5the pipe'cooling process
: fand two units of 300 refrigeration ton capaCLty plant shall
be installed

@ -in't_;-;ke- g

The. intake shall be installed provided on the 1eft _bank
400 m upstream of | the dam. I shall be of a inclined type
e m in width and 17 2w in inclined 1ength, and shall consist
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of a mouth section, tunnel soction and shaft for the

gate.

=Pr.ior‘_‘t;o""'fc'onunencement of"the:work;_ecCessuroedsﬁfor_removel
of ‘overburdens shall be built in the vicinities of KL 651 m
and EL 610 m. For 0pen excavatlon, earth and sofL rock |
shal] be removed w1th D-7 class bulldozers at hL 651 m. Hard
l'rock shall bc drllled and broken w1th a 1eg dri]l and’ removed to
.;EL 610 m level At the EL 610 m level earth and rock shall
be loaded on dump trucks by 2 m3 class tractor-shovels and
‘idisposed of at the spo1l ground The inteke tunnel shall be
'excavated by the top head:ng bench cut excavation process
~For ‘the shaft, a heading shall be excavated from the tumnel
side upward under the Big Man process upon excavatlon of the
- ntake tunnel _ When the headlng has been tunneled through
a scaffold shdll be. assembled and the headlng Shdll ‘be ex-
_panded w1th thlS scaffold as the platform

VConCrete3shell be tranSported by mixer cars from the. batcher
‘olent'at:the_dam._ g Open concrete- and tunnel concrete
- shall be placed by chutes or-concrete pumps while shaft concrete

“shall be placed by chutes after transferring to a concrete kibble.
(3) 'Headrece:tunnel

The headrace tunnel‘shall be a.pressure tunnel of.11,700 n

extension=ﬁith.the‘end'of:the intake as the starting point

and Lhe surge tenk as the termlnal It Shdll bave a circular
-cross sectlon w1th an . 1nner diameter of 5 9 m (spec1al
"sectlon 5.0 m). The thlckness of concrete llnlng shall range
_from 0. 5 m to 0.7 m (O 9 m for spec1al sectlon) dependlng on .

the geologlcal condltlon encountered Relnforcing steel bars

shall be Jnserted 1nto the concrete for’ the entire 1ength

The spec1el sectlon 1s located where the tunnel passes under,
mountain streams. Since 1t 1s antlcipated thet earth coverlng

is thin and rock is soft at such points, steel plpes ghall .be
-ldld in thlS sectlon Extension of the tunnel and CODSLrUCtLOH

- adlts shall be lald out’ a8 shown below.
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