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CHAPTER 1

- GENERAL

~ In the optimization study :of Agos Hydropower Project, high-water
level is decided at EL.165 m and the installed capacity is selected to
be 140 MW in total. In this Appendix, several alternatlve layouts for
major. structureo have been. studled from econom1cal and- teohnlcal p01nta
of view. :

" The work is directed toWéfds:

a) Assessing any beneflt to be derlved from locatlng the axes of'
dam

b) Comparlng a series. oF alternat1ve layouts of dlver810n-
tunnels, power facility and spillway and. assessing any pos-
sibility and practicability of using the diversion tunnels
as a part of spillway. or power f30111ty

' As the ocale OF the PrO]ecL is detPrmlned through the proJect _
optimization’ study shown in Chapter 6 of Appendix D using the results
of the above-mentioned study, detailed cost estimates are carried out
in the followlng manner.-

‘a) To establlsh the con%tructlon time bchedulp and analyze the
- critical path work.

b)  To assess the constructlon method to complete the work w1th1n
© the requ1red time. ' ;

c) To estimate the constrﬂctibh cost.

~ This Appendlx presents the whole results of the study mentloned
above iin detail. . .






CHAPTER - 2

DAM

L z.1 lipe OT'Dam

A dam type shall bes dec1ded from etudy results of technlcal and
~economical comparison.of types prior to eelectlng an exact dam axis.
‘In the early stage of the study, a ¢ohcrete dam and a combined type dam
were etudled as alternatlvee to the rockfill dam because

la). relatlvely b1q Floed dlacharge may requ1re ccstly dlver31on'
works and huge’ splllway,

b) the 1ntenelty and Frequency of ralnfall at the damelte may
- Yimit the rate of embankment conatructlcn,

c) 'Fcundatlcn is su1table for both cancrete and rcekflll dams if
_ excavated until certain depth. :

As the. Fleld 1nvestlgat10n proceeds, it has been made clear that the
foundation: reck is 40 m deep Frem the ex1et1ng river bed

. A rockflll type is Flnally Judged to be’ the best . Fcr Agce dam among'
those types (ccncrete, cencrete and rock fill cemblned, and rockflll)
from the results as Fellew

a) The rockflll dam is the moat ecanemlcal among them.-'The dlff
‘ference of the construction cost is approx1mately US$93 3 X
_ 06 between the Fllltype and cencrete dams. : S

b) The cencrete dam volume is’ eetlmated tc be a 45 x 106 m3 in =
total. For construction of euch hig ccncrete dam in thla' )
country, some dlfflcultlea are anticipated in censtructlon
methods and technlquee as follows:’ :

i) leflculty oF preparatlon af ccncrete and aggregate
plante of, such large ecale

1i) :leflculty of emoeth materlal aupply such as cemenit

Qi) leF1culty UF inland transportatlon of constructlen
' .plants SUCh as large ecaled ones '

c) . In design, there are: many dlfflcult ‘technical problems to. be
eleared for the concrete dam, as compared with the fill dam,
‘such as Foundatlon treatment -and dam cocllng durlng con-

struction. -



2.2 Dam Axis -

o There were three alternatlve dam’ axes of Lines A, B dnd C proposed-
for Agos fill: dam within one kilometer long of the downstream stretch
From the confluence as mentioned above.: Those. three lines were selected
_ by the. results of JICA teams reconnaissance and study an the maps of

1/50,000 scale Whlch were only available for study of the proJect at
that time.

: Geologlcal 1nvest1qat1on has been done on those three llnes by
seismic exploration and test drilling. On the other hand, topographlcal
survey works have also been made on this dam ares for the purpose of
preparing maps . of l/l 600 seale, together with the geologlcal investi-
gation. -

From results of IOUgh study based on the eforessld 1nvestrgat10n
and survey worksy Line C was dlsquallfled at the early, stage of the
investigation because of. rather poor geologlcal conditions and larger
embankment  volume required.as compared-with those of Lines A-and B,
'Therefore g dam axis was expeoted fo be’ selected between both the Lines
A and B, The dam axis between both the lines .is to be selected owing to
the topographlcal CDﬂdltlDﬂ and as more upstream side as possible,
because. of almost the same geologloal conditions between both the lines.

- The dam axis wes”Flnally selected at about 400 m downstream frai
- the confluence and to be an allgnment so as to Close the river at a
right engle« ' ‘

2.3 Stablllty Analy51s of Agos Dam

_ p]ate Slldlhg method Aceordlng to the aﬂalYSlS the slope 1:2.5 for
upstream side and i:1. 9 for ‘downstream side are obtained under the
conditions:that the factor of safety Should be more ‘than 1 2 and the
coefflclent of earthquake 1s O 15

As the work proeeeds in the Fleld, ‘some: materlals characterlstlcs
have been made clear. Together with the values derived from experlence,
the 'slope stability was Tinally examined by slip circle method/l
Condltlons of* snalys1s are set up as shown in- Table 2- -1 and.2- -2,

: Safety Fsotors eomputed and the oorrespondlng crltlcsl Sllp circles
are 1llustrated on Fig. 2 1. The mlnlmum safety factors obtained are:
summarized: 1n Table 2 3

: As shown in Table 2- 3, ‘the minimum saFety factors of slopes .
computed are more: than 1.5 under the normal eondltlon and more than 1.2

/1t Aceordlng to "Deelgn Crlterla For Dams" by Japsnese Netlonsl
Committee on- Large Dms.. : .



even the-sﬁiémic'fdrce is taken into écco&nt.- It is concluded thaf fhe
safety: factor is more than the allowable in all studied cases,

The stability analysis so far carried out by conventional means
shows that the proposed dam is structurally safe.. The dam is, however,
172 meters in height which indicates that the static analysis by
- assuming a single coefficient of seismic acceleration to the whole dam

body might be .unapplicable and the shearing stress in the embankment
near- the abutment contact may be large,. It is recommended- that. the
dynamic . stablllty analysis and stress analysis be performed in the

- detailed design. Therefore prior to the design, large scale tests
should be carried out in order to clarify the design values used for
the analysis.






CHAPTER 3

SPILLWAY

The aplllway slto is Selected on the left abutment from the topo-
_qraphlcal view point of abutment. . The discharge relpased from spillway
flip end is returned to the ‘Agos river where the river course is suitably
straight to the center of: spillway. . The Spl]lWay on the right bank '
‘requires huge amount of excavatlon whlch can nat be accommodated inta
_the dam embankment '

Several types of splllway suoh as full qated splllway, gated Splll—
way with side channels, non gated spillway, and morning glory type .
utilizing dlver810n tunnels are conceived, . 0f these non gated splllway
and morning glory spillway are discarded, because-the former requires
long spillway crest and hlgher dam crest. ‘MWith respect “to: the mornlng
. glory type, theé discharge in. tunnel” should be of free flow. - The
‘capacity of morning glory is limited to the order of Dnly around 500
m3/sec. As descrlbed in later, it is more attractive if the dlver31on
tunnel is used as a part of power tunnel. Hence there is no space for
mornlng glory. The layout study for spillway is carried out these
remaining two types, qated spillway and gated splllway with side
channels.

For_the purpose UF_CQmparison; fblluwing'criteria‘are-applied.

a) the design flood 6?'10 6UUHm3/séc Shmuld‘bé'dlscharged with-
out flood .routing and the probable maximum flood of 17,300
m3/sec be paqsed with the effect of reservoir retardatlon,

b) the Free ‘board ig 3.0m and 2.1 m For d851gn Flood and
B _probable max i musi Flood respectlvely,

c). the w1dth of 31de ‘channel outlet is sa de%lgned to establish
a control sectlon that the flow in channel is sub- crltlcal

d) the’veldcity‘of splllway fore- bay (approach channel) is 1ess
‘than 4 m/sec and the height of "spillway weir is more than one
fifth of overflow depth.

. The optlmum size ‘of the splllway is determlned from the cost
relatlonshlp between spillway capacity and dam height. Therefore, four

'.alternatlves as descrlbed below are studled

-Alternat1VP I

The splllway is equ1pped w1Lh 10 numbers of 12:5h x 12.0 W m
radial ‘gates. ' This is.the original design of splllway used in pre-
' feasibility - d851gn and optlmizatlon study .



Aiterhative II

_THeﬁépiliway is
. gates and 2 lines of

‘Alternative III

Thé:spiliway'is
gates and 2 lines of

Alternative IV

The-spiliway is

gates and 2 lines of

The'deﬁéiis afé

equipﬁed with .6
100 m long side

equipped With_é
185 m long side.

squipped with 4
210 m long-side

Sﬁbwh'in'Dwg” 1.

The Flood and the: flood routlng
alternatlves . The results are shawn
nutput are summarlzed in Annex II.

numbers of 12.5 h x 12.0 Wm radlal
channels at both sides.

numberq oF 12 5h x 12 0%m radlal_
channels . at bath sides.

numbers of 14.0 h x 14,0 W m radiél

channels'at both sides.

studies_are'baffied7OQt fdf fhé
in Table 3-1, while the computer

The constructlon costs of alternatlves are summarlzed below,

Construction Cost of Dam and ‘Spillway

" Alternative

g TII v

T
Dam crest el. (m) 1703 CiT3e 179 1720
Spillway gated 12.5Hx12.0Wx10N  12.5%12x6 12.5x12x6 14x1éxh
non-gated - 100m x 2 1185 x 2. 210 x 2
“Cost: (million US$) - L o
Dam . 109.81 113.25 111 46 111.73
Spillway (eivil) 5.59 6,51 1.56 6.4
" (metal) 4.08 C2.45 245 2.45
 Total 119.48 122,21 121.47  120.92

o As hav1nq been expected the least cost alternatlve is the - all
‘gated type spillway, the’ second one is the alternative IV. . The differ-

ence in cost is 1.4 million US$. -

It would be preferable to avold all



*qated type oplllway for. the safety of dam It is recommendsd that: the
~spillway is designed to’ have a part of non- grated pDFthﬂ so that the
gate operation, which leads’ sometimes artificial floods or overtopping
caused by failure to open, is m1nlm128d according to the recent
tendency of spillway in Japan. A computation of reservoir rise has been
carried out if, though too severe and too pessimistic, all gates will.
not open for some Teasons. The result of reservoir rise is as follows,
in which the flood of 200 year return period is used,.

Reservoir water surface
Alternative T EL.173.45 m
Altérnative IV - EL.169.20'm
The alternatlve IV can mahage to dlscharge the flood without over-
topping the dam crest while the alternatlve I jeopardizes the dam.

The alternatlve 1V is finally selected.






- CHAPTER 4. .

DIVERSION WORKS

The actual embankment of Agos dam will take about 4 yéarb Thereé'
fore it is neoessary to divert the river discharge and to protect the
site agalnst floods during. the perlod :

The selectlon of tunnel route Wthh affecte the selectlon of water-
way route will be solved in combination with the waterway

4.1 D881gn Flood for Dlver310n Works

. The Flood data examlned were. prlmdrlly those avallable at. Banugao
gauging statlon,'whlch has. the. only. and the longest. daily dlscharge'
reécords. . OF these, the ‘reécorded maximum flood on Nov. 20, 1966: has the
peak dl%charge of 6,070 m3/sec at Banugao (C.A = 911 km2) which cor-
‘Tesponds to once ip- 50 years frequency.  The probablllty analysis of _
yearly maximum flood was also carried out.  Table below shows the result
-of the analysis., '

Probability flcod of the Agos river at Bénuéan_(9ll kmZ)

‘Retirn period - Discharge  Return period = Discharge

in year  in m3/sec in year in m3/sec
s 3500 30 5,340

1w 4,0200 - 50 5,950
200 4,860 100 17,140

It is one of the method to apply the probablllty analysls For the
“selection of design flood. for diversion work. The probability W-which
does not aceur flood durlng construetion period N can be expressed

1N
) w = (1 “'T

T: .Return. perlod DF Q

W The probablllty W 15 usually taken more than 85 For fill dam



The result ls tabulated as Follows

T: Return period 10 15 20 25 30 35 40
N: Const. period ' :

4 66 76 B2 85 87 90 92
| 59 71 77 82 85 - 87 88

Judq1nq From the actual embankment pBFlDd of & ysars Fer Aqos dam,'
‘@25 years return period may suffice the ‘criteriay, however taklng into
account the msqnltude of .the wark and UnForeseenable flood risk exceeds
:the computed return perlod which may result’in ‘the delay of the work, a
30 years return period is adopted. A 30'years flood of. 5,340 m3/see ‘at
‘Banugao“-is-naturally converted to the dam81te'by'the'square root basin
" area Tatio.. Therefore the design flood for dlver51on work is. decided
at 5,210 m3/sec. ' :

4,2 Dlver51on Tunnels and CoFFerdsm -

The dlemeter Uf leSISlUn tunnels is the Funetlon of the helght of
crest elevatlon ‘of upstream cofferdam.  Therefore it is necessary to
select- the least cost comblnatlon of tunnels diameter and. the crest of
. cofferdam. Diameters of ‘tunnels Lo be compared are D - 8.0 m, 9.0,
i10.0, ll U end 12.0 m. Two tunnels are selected

‘There. is no great leFerence in geolcglcsl po1nt of v1ew between
both banks So for the purpose of compsrlson, one tunnel in each bank
. 1is temporarlly selected

_ The upstresm eofFerdam is mostly 1ncorp0reted in the main dam,

_ however due to the excavated slope stability of river deposit at dem
foundation, the crest of Upstream cofferdam-is so located that the
extended line of downstream slope of cofferdam should .not intersect the
cexcavated slopes Hence the less ‘the diameter of tunnel is, the longer
thelength of tunnel and the higher{ of course, the crest of cofferdam
are. :

Wlth the dlemeter and the length of tunnel the computatlon of
:flood routlng was carried out to obtain the routed flood water level. -
- The erest elevation of" cofferdam is decided having the free board more

than’ one” meter above FWL. ' The crest elevation of. each alternative is
‘shown -in, Table 4-1. "The' results of flood routing in each alternative
are” shown in Annex I. The embankment VDlume of cofferdam is read From
the 1nterpolet10n of Flg 4-1 whlch is computed for crest EL.80, 90
-7100 and 110 m. S



The conetructlon coet used For the comparlson Lonelste of the cost
of diversion tunnels,’ diversion closure gates and cofferdam:  The unit
‘prices derived for pre- fe831b111ty study for Agos Progect are used for
comparleon. The result is shown in Table 4-2 and Fig. 4-3

. ThereFore the two- dlverelon tunnele of. 9, 0 m dlameter Wlth the _
cofferdam creet elevatlon 93 0 'mis selected for the dlverelon scheme,

453 DlVEISlDﬂ Tunnel Routes

: There are basically two altermatives for diversion tunnel routes.
‘The one is the right bank route and the other.is the left’ bank. . It
would be preferable Lo arrange tunnels at one side for the constructlon
'convenlence particularly the rightibank where. existing. road ig’ avallable.
_However in combination with the power: waterway and powe rhouse selectlon,
cone tunnel each at both banks can be conceived so as’'to utilize a part
of’ leEPSlOﬂ tumnel as the power tunnel Therefore three alternative
routcs are examlned ' Co

nght bank ‘solution

Inlets are selected just upstream toe of upstream cofferdam. Out-
lets also selected at downstream of downstream cofferdam. The route
was obliged to be shifted to mountain side due to small creeks across
the tunnels route. . The length of tunnel No.l is 829 @ and No.2 of
934 m. The tunnels have two bends at angles 51 degrees and 47 degrees.,
The rock is expected to be sound enough for tunnels excavation except
the portion of thin earth covering and minor faults.

Left bank solution:

Inlets and outlet are provided at the opposite side of the right
bank sojution.  The culvert was adopted for the outlet portion due Lo
thin earth covering. - The tunnel No.l-has 755 m in length -and. No.2 of
705 m both including the eculvert portion. :The tunnel No.l has two bends
of 10 and 40 degrees. The tunnel No.2 has also two bends of 34 and 40
degrees.. As. far as the rock condition, no dlfflculty may be expected
except the outlet portlon :

'nght and 1eft bank eolutlon:

The tunnel No 1 (at left bank) ig baelcally the same as the tunnel
No.l of left bank solution, but the Toute is slightly shifted towards
_north as to accommodate the powerhouse and-to.shorten the length of
‘waterway. The -length is 816 m. The tunnel No,2 (at rlght bank) is the |
same as the tunnel No.1 of rlght bank solutlnn.

Based on- the COHdlthﬂS mentloned above, cost comparleon was
carried out. Unit prices used for the analysis were .of early 1980 s
price level. AS shown below, the cost requ1red ‘for the works ‘is.



‘Reight bank solution — 12.49 x 106%
Left bank solution 10,43 x 106%
Right/Left bank 11.68 x 106%

" The final selection will be-dis¢ussed in the next paragraph.

CphStrUction Cost

" Unit: million US dollars

Right =~ = Lleft  Right/left
Tunnel excavation (m3) ~ 5.29 438 4.93
Tunrel concrete | (m3) . 3.32 2.75 3.09
Plug concrete (m?) 0.2 0.42 0.42
Reinforcement bars(ton) = 1.39 1.15  1.29
Others ' 2.08 1,760 1.95
Total o 12.49  © 10.43 1168




CHAPTER 5

WATERWAY

5.1 Waterwey:Alternativee

Feur alternatlves are COﬂCBlVBd for. the waterway route and the
powerhouse. ~Other alternatives such as the powerhouse far downstream
from the dam and the underground powerhouse are not cost compatltlve,
Jjudging from the head loss lost in the waterway and the qeolegleal
condltlon. : :

5.1.1 'Desiqn Criteria

Dam'relevant work

The dam:and the aplllway are lePd at the leoatlon as selected
High water level and low water level are EL.165 m and EL.128 'm respec-
tively. : The selection of diversion tunnels route verlee according te
the waterway reute '

WaterWay-relevant work

_ The installed capacity of power plant is 140-MW. -The rated dig~ -
charge is the function of effective head" (rated water level - tail water -
level - head loss). “ The rated water level 1is: flxed at one half of avail-
able’ drawdewn Tail water- level is: leed al EL.41.5 m for’ Alt. ~I,-II and

ITI and EL.39.4 m for Alt.-IV.: The lost energy for 50 year operatlon '
discounted to ‘the year of commission due to head loss at waterway is -
evaIUated as the eost The results are shewn in Table 5 l '

: L The' 3111 elevatlen of 1nteke is dec1ded keeplng the water depth
twice ‘of headrace tunnel diameter Ffrom the LW so as to avoid the
incursion of air into the tunnel. 'Although sach alternative may: have -
the different economical diameter. for:headrace tunnel, for the purposc -
of comparison the diameter of tunnel’is decided based on the velocity in
tunnel 5.5 m/sec,  Judging from the elevation on'which, the headrace
~tunnels run having deep covering from the surface, there is no differ—
ence . in tunnel excavation and-1ining:thickness between. rlqht and left
bank waterway route. The tthkﬂESS of llnlng is fixed at 1/12 of tunnel
.dlameter. :

Aa fer eurge tad< OVerflow chamber type surge tank is eelected s0
‘‘as to ‘avoid the almultaneoue occurrence of water “hummeT"and -surge rise
for Alt.-1, IIT and IV. 'Size of structures is derlved from Thoma's:

formula. Wlth respect; to Alt.<IIl, no: surqe tank is provided. -In order
to’ 51mp11Fy the computation and' the comparison, the’ peneteck line-is .
selected of ‘underground type. ‘The. penstock diameter is dec1ded ‘accord-
ing to the water hummer within the range less than 40 % at the e1051ng



.tlme of turblne (5 seconds) based on Allievi's formula: for Alt -I, III
and IV. Au for-Alt.-11; the closing time of turbine 7 seconds is
seleoted - The cost Jnoremontﬂl of ‘turbine and generator due to exten—
" sion of 01081nq time is ‘relatively small. The rock cooperat;on is
considered for the computatlon of thickness of pipe for. Alt.-I. Recent
drilling work along the penstock route for Alt.-IV revealed that the
rock condition is not so Favorable. Therefore the rock cooperation is
not considered for Alt.-III ‘and IV.  The lining thickness. of penstock’
tunnel is fixed at U.65jm taking the steel pipe installation conveni-
ence 1nto account o

5.1.2 Alternative Description

AlternetiVe 1

_ Watelway and powerhouse is located at the left bank. The intake
is located on a small tidge in the back of dam abutment. A headrace
'tunnel of 6:2 m diameter and 270 m in length-is connected to the surge
tank. | Then an underground penstock line of 6.5 m diameter with 435 m
in lenqth is provided. - A powerhouse is located near the river bed in
between diversion tunnel No.1l' (next to spillway) and downstream coffer-
dam. - The effect of recurrent flow released from spillway flip end is

CDHSldBFEd to be small, :

Alternatlve II

e WHterway and powerhouse is located st the leFt bank. The' layout
e Jntended to utilize the dlver81on tunnel as long as possible which.
'will not. be used. after the completlon ‘The layout of powerhouse and
tailrace is the 'same as that of Alt.-I. . The intaké of tower type-is
close'to slope end of dam, - ‘A headrace tunnel COHSlstlng of ‘inclined
portion in upstream side and ‘horizontal: portion in downstream side of -
diameter 6.1 m and-180 m.in: length leads to diversion tunnel No.l. _
. A penstock pipe of diameter 6.1 m is provided from: the upstream side
of tunnel plug. The downstream side of penstock is. embedded ‘in the

' penstook tunnel. = The lenqth of. penetock llne is 365 m. :

Alternatlve III.'

WatePWay aod powerhouse s 1ocated at the rlght bank The 1ntske
’1s sltuated in a small creek "about . 200 m upstream from dam axis.: Up-
stream portion of headrace ‘tunnél : about 160 m tuns toward south-east .
direction to maintain sufflolent earth ooverlng then bends towards east -
direction With 1nteraﬁgle 509, A surge- tank is: ‘provided at-EL.175 m.
A penstock 1ing - of diameter: 6 3 m.and 420 m in:length is.of underground
- type. . Aipowerhouse is. located near ‘the existing road,- ebout 100 m -
_'downstream of cofferdam and 150 m far from spillway- plungé pool. * The
river bed. fluctuation due to splllway released dlscharge mlght aFFect
the tallrace.- o



'Alternative v

The ‘layout is adopted in- the plef8881b111ty study and Dptlmlzatlon
study. The waterway and a powerhouse is set at quht bank.  The intake
and one half of upstream part of headrace tunnel is the same as ‘thaose
of Alternative IIT.- A headrdce tunnel of diameter 6:3-m is 750 m in
length. - A shaft with chamber type surge tank is' provided at fhe end of
headrace- tunnel. - A penstock lire of diameter 5.4 m and-275 m in: lergth:
~is of underground type. A powerhouse is seti at the mountain end because
the terrace in front of powerhouse requires huge excavation for power—
house. The river bed fluctuatlon and flood itself released from spill-
way Fllp mlght be small -

'5 1.3 Conqtruatlon Cost for Alternatlves

Uﬂlt prices used for the analy91u are the ‘DNes derlved for the |
optimization study based on early 1980 prlce level.

The work quantltles For 1ntake, powerhUUSe and -tailrace 'are
derived from emperical formulas-and graphs, while those for headrace
tunnel, surge tank and penstock ‘lire are pr901sely compuLPd from the
drawings. Unlisted cost such as grouting ranging from 15 % to.22 % to -
each work division is added. The results of construction cest. for alter—
natives is shown in Table 5 2. : : :

5 1. 4 Selectlon OF Layout

As for the dlver510n tunnel route, becauae oF small space avallable
for powerhouse between dam and. spillway, waterway_Alternatlve I and 11
be chosen the diversion tunnel at each bank,. . As for Waterway'Alter—
native III and IV can enjoy the shorter tunnel length of left: bank
solution. The combination of waterway and diversion tunnels is as
follows, ; : : T ' -

Waterway Alternative .. 1 . - 11 . fII-- - Iy

Diversion tunnel Right/Left__RightyLeft left . left

The total cost oF each alternatlves c0n51st3ng of the cost of waterway,
diversion tunnels and the lost enerqy valued in the present worth cost
for 50 years operatlon is as follows. The cost of energy lost:is eval-
vated in comparison:to Alternative I. ' S s



Unit: Million US Dollars

Waterway Alternative . T B0 SR ¢ T

Cost of lost energy - 05‘ - 0.02 . 0.29 0.47
- Cost of D/Tunnels ©11.68 0. 11.68 . 10.43 '10.43
Cost of waterway 16,68 14.05 - 18,17 _16.a3,

Total Cost = ”28;35 25;75 . 28.89  27.33

. The results show that the mlnlmum eest alternatlve is the Alt =11,
haV1ng a-small difference to Alt.-IV. ~However, ‘the Alt-—IV conceives
the more cost .increasing factor: in the headrace tuhnel’ construction,
because the fault, though expected thin, is-tunning parallel to the
'tunnel route. The result of Tecent " drllllng wark alona. penstock’ line -

may: be’igne of . the 1nd10at10n of the unfavorable rock. condition along the

" héadrace “tunnel. © While the Alt.-IV has an advantage of’ 1ndependent
conetructlon of. waterway.. On the other hand the Alt. -IT takes a risk of .
one ‘diversion tunnel during ‘the constiuction of . pengtock line.  .The
eperatlen 'of -one :diversion tunnel during one year before the. completlon
is earefully StUdle from the view point of. cenetruetlen schedule as
well as the water level risen by the design flood. = The resulted flood
water level is FL.103 m which is far low from the expected elevation of
dam embankment (refer to Annex III).- Thus hav1ng examined all the
‘“factors ‘incorporated in the work, the waterway Alternatlve II and the
'dlver51on tunnel at each bank is selected '

5.2 Economlc Dlameter oF Waterway
In Sectlon 5. l the alternatlve layout etudy has been carrled out,
-then: there the allgﬂment DF diversion tunnel at each bank and the waterﬁ
. way at left. bank of which a-part of diversion tinnel utilized for
waterway is adopted At the final stage, -the allgnment is slightly
modlfled 80 as to ut1l17e the dlverelen tunnel as much as p0351ble

5.2.1 ‘Dlve:elen-Tunnel-Utlllzed Fer Waterway .

- The headrace tunnel of 146 m from aninlet of intake is connected
with the diversion tunnel.’ Utilizing:the diversion tunrel 80 min
" length as headrace tunnel, 'it:leads to steel penstock pipe. It is
‘necessary to clarify'whether it is beneficial to cover with concrete so
that the diameter of headrace tunnel maintains as the same from top to
end or to make it remain as it is. The evaluation is made based on the
- ‘amount ‘of lost energy on both alternatlves. '



Covering with'concrete

‘The 1oes head in thls 80 m SGCtan is only due to Frlctlon whi.ch
-1s expressed based on Mannlnq 5, Formula as fellowe

124502 L v2  1sa.5-n2-L | Q2

he = _fr“5573_"~f TG s AT T GA3
where n: D.014

L: 80 m

g: 9.8 m/sec?

R: 163 m*/sec

D: 6.2 m

Hence he = 0;171-m

Gradual expansion and contraction

The transition of 16 m in Jength from headrace ‘tunnel to diversion
tunnel ‘is provided to minimize the loss of head. The transition from
diversion tunnel to penstock is also provided. The head:loss due to
the gradual expansion, grqdual contractlon and the frictlon losses is
as Follows,- :

h = 0.06" 5= = 0.091
e o - 29 A

where 16 m in length'transifien'is required

vz

h = 0.004 * ~— = 0.005
_126.5.n2-L  v2

KA T

Total loss is hy = ho + b, ; he = 0.131

As seen from the result the head loss of the former is bigger
then the latter. The cost oF the latter is cheaper than that of the
former. Therefore the diversion tunnel .is utilized for waterway
prov1d1ﬂg the transitions on both sides.



l5 2.2 Eeonomlcal Dlameter of Headrace Tunnel

The smaller the dlameter of tunnel is, the lower the eonotruotion
cost is, while the larQer the lass | of head is. The 1neremental loss
of head 50 ‘year operation dlSCOUnted to the: year of commissioning is
“valued into the cost. - The total cost’ consisting of oonstluotlon ‘cost
and the preseht worth cost of loet energy should be minimum.

The result is- shown in Teble -3 and qu 5-1°in which the economi-
‘cal d1emeter of penstook is 6.8 m and its VBlOClty is 4 54 m/eec.

5. 2 3 Eoonomloal Dlemeter of Penstock

: The procedure of economlcal diameter of - penstock llne is prlnclpal»
ly the sdme as the one of headrace tunnel : :

: Penetook llne aof . 350 M in length is des1gned to be laid: betwaen :
the tunnel plug ‘and the powerhouse, of which upper portion of 50 m is
‘embedded in the tunnel plug, the middle portion of 206 m is pldced in
the diversion tunnel and the remalnlnq loWel ‘portion of 94 m in length
is embedded in. the penstock tunnel. _ S

. For the purpose ‘of oomparlson, the o1031ng tlme oF turblne is
”leed at 7 seconds’ keeplng the pressure rise of water hummer is 1esef
than 45% of static pressure. The water hummer is computed based on
‘Alievis formula, but the rated discharge is conservatively adopted. for

~ the oomputatlon of water hummer. The thickness of pipe shell is deter-
~mined -that the hoop stress should be less than the allowable stress of

- 2,400 kg/cmZ, . The pressure Tise due to water hummer is reflected to
'the 1ncrement of thickness of pipe shell. The result is shown in Tdable
5-4 and Fig. 5-1. - The economical dlameter of penstock is 6.1 m and

its veloolty is 5.57 m/sec.



CHAPTER 6

AFTERBAY WEIR

- In the pre-feasibility stage, the afterbay. weir was designed tc .
generate enorqy ‘of around 78 GWH by 30 MW installed capacity .to harness
the remaining head as well as’ the regulatlng funotlon of discharge
released from Agos powerplant. ~However the field: 1nvestlgatlon proceeds,
it ‘has been revealed that the foundation rock at the wéir site is 40 to
50 m deep from the river bed. So the plan of conetructlng a hlgh ‘dam
equipped w1th a powerplent was abandoned

_ : Judglng From the populatlon and the: hablt of the people near- by

" the river, the necessity of the re- regulatlng function of discharge -
‘released. From Agos powerplant may be very llttle because of the follow-
ing reasons, ' :

‘a) As the 1nstalled cap301ty of Agos powerplant is 140 MW ‘the plant
will be operated for more than 12 hrs a day on.an evarege ‘before
_ Kanan water eupply project is developed; Even the severest
.drought year, the- plant can be operated for more than 7 hrs a day.
"So'the. contlneous dlecharge Flows in the day tlme - '

b) Means of transportatlon is only by ‘canoe across the river between
' Tnfanta and General Nakar. A computation of unsteady flow'.is

carried out to verify a rising speed of water: level at Banugao (14
km dowinstream from Aqos powerplant) from 0 to 163 m3/sec within 1

" minute . without the provisian of the afterbay: welr.' Acoordlng to

" the. results, ‘the Fluctuation of water surface is 1.05 m (EL16.52 m
to EL 7.57) and the. rate:of rlelng is. 57cm per ‘minutes.  As 'the annu-
al mean run-off of the Agos river at Benugao is around’ 120 m3/aec

" whose water level is at EL.7.39'm;. the. dlffErence From anpual.mean
‘water level ig minus 0. 85 m and plus 0,18 m which.may be tolerable.
for the traneportatlon acress the river. Furthermore,: it takee

. about two and a half hours for the released dlscharge to reaoh
Banugao. -There is an ample time to prepare the change. An alarm
.eystem w111 help thig- pu1poee : '

o) ‘Thele are two 1rrlgatlon 1ntakee aupplylng water f01 around l 450 ha-
- ineluding -thé area of 200 ha to be extended-in future. Accordlng to
26 year discharge records at Banugao the. second driest'nothing dis-
charge in 15 - 52 m /eeo As the remalnlng area downstream of the
'-Agos dam in. aa ka the dlschalge oF 0 75 m /eec is antlclpated

Although abOVe Flndlnge are to be oheLked in the detalled d881gn
etage, Lhe aFterbay weir mlght be excluded in the work : .

Follow1ngs are the mlnlmum 1equ1rement of the after bay weir 1F

the Kanan water supply project is-qualified and’ developed and the
' water is fully diverted to MeLro Manlla

6 -1



Storeqe'requirement'for regulation -

After the water at Kaliwa and Kanan is fully diverted to Metro-
Manlla, Agos powcrplant is operated for 5.27 hrs/day in case of the.
severest-year durlng 26 years records. ' The required regulating cepaelty
is thus obtained to level the dl"ChanE to 24 hrs and adding the :dis-
charge of 3.4 m3/ sec of remaining area beiween the dam and- afterbay weir.
~ The eaqu1ty is 2.26 x 106 mZ. No dead space is provided, since the
-sediment is so. de81qned to be fluehed out From gatus

'De31gn site qelectlon

Two (2) eltes were studled as the aFterbay weir site at the: de—
-bouchment of the Agos river to the Infanta. alluv1al plain at village of
Magsay say durlnq the early stage of 1nvestlgat10n One is. just near
the Magsay- ~8ay village: (Lower site),. the other is about 1.5 km upstreanm

from the lower site {(Upper site).. Topoqraphy and the dam helght to.
store the requ1red capacity preFerred the upper site. . Furthermore the

n geologlcal condition of the upper site is also better then that of lower

one. Therefore the Upper damsite is Selected For afterbay weir site.

: Judq1ng Frum the topography, qe010q1eal condltlen dnd the dlver~"
sion work during construction as well as the’ magnitude of design flood
for Splllway, a ccncrete dam is selected.

De31gn of etructuree.

- The weir consists of two sections; ‘one is overflow section and the.
other is gate control ‘section. Arrangement of both ‘sections are coin~
- ‘ciding with the present Tiverbed elevation not to reduce the flow area
of .which the Agos river’ orlglnally has at the: welr “site. . !The weir is
designed to have total capacity for the -passage of de81gn flood dis-
.charge of 8 200 m / & Wthh LOPPBSpOndS to 200 years Flood

The Overflow eectlon is of: 130 m w1dth for p3551ng the dlscharge
Df‘3 U&]m /sec which is 35 % of the design Flood The overflow crest
“of- the weir will be set at EL.25.5 ‘m determlned to: secure the necessary
regulatlng eapa01ty aforementloned :

_ A floetlng type 15 seleeted at this sertlon From the economical
point of view and it has both rear and fore aprons to secure the
stability agalnst eeepage f10w1ng under the feundatlon

: The.. WBlP “has also a gate eontrol 5ect10n at leftelde helf of the
. Tiver which is'provided with 4. gates of- vertical roller type of 20.m x
+-5.5 m:and. the entrance sill .will be set ‘at FL, 15.0 m, 2.0.m above
present Tiverbed. Then the qated portlon hae a capablllty to flush away -
5,500 m3/sec which is.about 65 % of the d981gn flood discharge, (refer
._to Dwg, 9). These gates will retain water up to EL.25.5 m and control
the pedk dlscharge From Agoe powerplant by its partlal operatlon ‘



Piers of gated portibn are designed to be supported by concrete
bearing piles of cast-in-place.  Geological condition of river deposit
shows the difficulty of excavation and erection of piles, hawever it
is possible to construct by newest construction method for instance
by a percu3510n method.

When a flood occurs, Control gateo sha]l be open before the
Flood discharge reaches to the site. :

Between gated portlon and Dverflow portlon,'conétrUcfloh‘of a
training wall of 20 m in height, 100 m in length w111 be provided for
passing the discharge steadlly from two portions.






CHAPTER 7

CONSTRUCTION PLAN AND SCHEDULE

7.1 Constructlon Schedule

The time target of. the prOJect completlon is planned to be in the
end of 1988, 1In order to achieve this target, the Following shall be
kept as a basic schedule in the prooeee of the project implementation.

a)__Englneerlng serv1cee.

:cOmmencement oF detalled deelgn infUctober'1981

b) Tender call and contract for dlver810n workf .For lU.month
' from Aprll 1982

) Preparatory works_
commencement:.:in the end.of_l982

) Main.cOostTUCtion works
commencement:  in the early part of 1983
completion' in the end of 1988

__e)_ Comm1351on1ng of" commer01al operatlon of powey generatlon
' “in'the early part of 1989
 During the tender works, a contract for the leefeioo'tunnele and
~coffer dams shall be concluded so as-te start the construction work in

the early part of 1983, considering that the main dam works be com-
menoed in the mlddle of 1984.

" Fig. 7-1 showe the constructlon tlme schedule

(1) Commencement of an1neer1ng Services

The. englneerlng eorv1ces QHdl3 ‘be- commenced from detelled de81gn
and 1nvest1gat10n therefor 1nclud1ng preparation of tender.documents as
early as ‘possible. However, its commencemgnt wili be very difficult
before October 1981, because at least a half year- From April 1981 will .
be required. to follow the process of a oontract for the .engineering .
‘services even "if ‘a foreign lpan be available for the project from that
April ‘and -an engineering consultant is selected by a direct order.



(2) 'WOrke on a Critical Path

. As deecrlbed obove the pro]ect works are planned to be ‘started
from -the détailed design and ‘investigation by an engineering consultant
in October 1981 and to be finished by a. contractor's test ronnlng_of :
‘the generating equipment in December 1988. The following works are
expected to be on a crltlcal path in the pr0}eot Jmplementatlon schedule.

- a) Preperatlon of ‘tender doeumente For dlver31on tunnels and
' coFferdams for & months from Uctober '81.

Note: Government'ﬂ (or .a bank's) approval for the tender
documents is done durlng the above, pPTlOd of 6 months.
Furthermore, detalled deelqn on ‘the tunnels and '
cofferdams 'shall be made prior to the documents pre-
paratlon. The design work perlod is also 1ncluded in
this 6 months S

b) _Tendeflng woTks From tender ecall to.contragtffor diversion
tonnels and cofferdams: for 10 months from April '82

c)  The eontracfor.s'mobilizetlon'and traneportatlon'of'conQ
struotlon goods for diversion tunnels. and cofferdams: for
3 months from February a3

'd) Commencement of ‘diversion tunnel No.l works. ‘in the
biginning of May '83. : SR

Note: Gpen'exoavation'for the tunnel No.l can be done by a
local contractor . jointed with the.main’ contractor
(foreign) for about 3 months from February '83 immedi-
ately after the contract.. ‘Therefore,- the above-
:mentloned work commencement ie for tunnelling operation.

'é) nConetructlon worke of dlver51on tunnel No.1:
for. 14 month From May ‘83
F) River diversion: in the end:oﬁ May '84
) - Main cofferdam:  for 6 month from April '84
‘NOte:-:During theﬁconsfruction perioo'of'the main”coffefdam,
“the: river diversion of item ) is scheduled to be
carried out on'the aforesaid date. Diversion tunnel

No.2 shall also be completed by the end of 5eptembor .
184 beFore the rainy Season’ starts. - :

h) _Conetructlon_works of 1nspect10n'gellery.at the river bed:
' for 7 months from October "84



i) Core embankmont of the main dam.
' for 41 months From May ‘85

_ Note:_'In:the plan three (3) months from Uotober in Wet
: season for each year are nat avallable for core and
‘filter embankment works,

i) Plug concrete works for diversion tunnei.No"l
~for -3'months from Aprll '87

Note: . Dlverslon closure of | ithe tunnel ﬁo l is planned to be
" done at the beglnnlng of April’ 187. ‘The dam embankment
shall be heightened up to FL.110.0 m by that closure
date, so that a flood' of 5,230 m3/seo can pass only
- through the diversion tunne] No.2,

k) Installatlon works' for the penstock in the dlver81on tunnel
© No.l including its tests- : : :

for 14 months from July '87

Note: IhStallatlon works for the penstock is plahned ta be
commenced. at the beglnnlng of June '87, when approxi-
mately: 507 % of the plug works  for the dlver81on tunnel
No.1l is completed For about one (1) month

1)  Tests for the generatlng equ1pment
For 4 months from ﬁeptember"89
Note: Tests for. the qeneratlng equrpment can be made

1mmedlately after installation work eompletlon oF the
penstock 1nolud1ng the metal tests

m) ProjeEt work eompletlon: 1n end oF December.'SB

Dther works have suFf1c1ent tlme allowance in thelr schedules
For instance,.a work schedule on the generating equipment: has one (1)
year allowance, that.is, tender call.for the generating equipment can
be done between ‘January '83 and February '84 after preparatlon of the
tender document ;

(3) Preparatory “and Maln C1v11 Norks 3

Prior to commenoement oF the ‘main’ oonstructlon works in early
1983, the preparatory works - suchas construction of access roads and
temporary buildings shall be carried out by local contractors for

about two years From September g2,



, The main civil works are p]qnned to be carrled out - From Dommence—
ment of open excayation of the diversion tunnel No.l till completion of
the main dam ‘embankment for dpprox1mdtely 6 years. [ive (5) years are
scheduled ‘for the period of the main dam embankment works.

'_”(q)- Gehéra%iﬁg”Equipment and Metal Works -

' The schedulee For the generatlng equ1pment and metal works have
SUFFlclent time allowance for the works.from preparation of the tender
"documents to Cumpletlon of the 1nstallat10n works as mentioned above,

_ .,”With regard to the generatlnq equ1pment, 1t wlll take approx1metely
3.5 years from the contract till’ ‘completion- of the installation works

- including tests. That lnstallatlon works. ineluding tests will be

. performed for 1.5 years from the middle of 1987, ‘except For the worke
Fer the draft Lubes . :

Conetructlon DF the tranem1381on 11ne and HUb statlon is scheduled
to be earried out For two (2) years from Mey 'B6. The work shall be
-cmmpleted by Auguet '88 ‘before- Startlnq the qeﬁeratlng equ1pment tests.

_ Ae For the metal -works, the 1nstallat10n works are scheduled to be
'Sterted -firstly of the ep1llway gates.in July '86.  All the instal- .
letlon works 1nclud1ng tests are planned to be completed in Auguet '88.

Tender documents . for both the electrlcal and metel works are to be
“prepared in.the detailed design works by september '83, There are,

- therefore, time allowances of one (1) year or more between dates of

tender documents completion and tender work commencement.’ for both the
'electrlcal and metal. worke.- '

7.2 Mode:of Codétrdctldﬁ

All the pFOJECt works shall be - fundamentally executed by con—
_-tractors ‘selected by means. of .apen tender. Some contractors for special
works shall, however, be selected: by selective tender or diréct order in
view points of limited time schedule ahd/or special work CUHdlthﬂS
'-The follow1nge are modee of constructlon for ‘the preJect works

R Workjitem _.' Fontentv : Mdde-dfdednetruction

1. . . Preparatory work ' Aceess roads,,  ' ' * Local tender
B BRI - temporary- bu1ld1ng, ' '
water & power eupply
-eyetems etc., :



ﬂgrk ifem. - Contents -'Mode'qf cenetrUCtien
2. 'Divereion tunnels 'Dlverelon fﬁﬁhel Noé, ”'inﬁernationél'
& cofferdans 1 and' 2, and upper selective ténder
' end downetream cofferd_- Lo '

3. Main civil works : Maln dam, spillway, : _Internatlonal open
_power’ statlon, and 'tender
‘waterway ° :
4. Generating equipment Turblnes,_geﬁerétere; International open.
: draft tubes, ‘overhead .= ' Lender :

crane,“ewltehyard _
'Pqﬂlpment and others _

5.. Transmission line Transmission-line and - Infernatlonal open
- -sub-station tender
6. Metal works - Spillway gates. and . Internatidnel open
stop-logs, intake _tender -

gate and trash-rack,

tallrage gates and

gantry crane, diversion .
'gates, and peneteck

7. - Engineering, ,Detalled de81gn and ' Direct order
services S " survey, and con- o ' ;
I etructlenmsupervlslon

Concerning the diversiop tunnele*ahd cofferdams:of item_Z;_inter—
national selective tender is recommended in ‘order to shorten a period
of selecting a contractor becavse of the limited period of only 10
months. ‘At least 5 bidders will be better to. be selected far the tender.
‘(Note: . International tender 1ne1ud1ng pre- quallFlcatlon w1ll take more
than 6 months in its process ‘than selective tender)

Dther conetruatlon works except preparatory works are planned to be
perFermed by contractors selectéd by the 1nternat10nal ‘open | ‘tenders.
The preparatory vorks will be carried out by some local. contractors:

7.3 Construction Plan and Method

(1) Preparatory Werke

Aecese roads is 3& km lonq in total cen51st1ng OF maln roads ef 7
km long and. branches oF 27 km long. ' The ‘main roads ‘have 15 m in width
cand 10 % in the maximum olope and .are metaled with' gravels. Temporary
_bu1ld1ng of approx1mately 1, 200 m2 in total Floer area is necessary.

The above temporary bu1ld1ngs are to be used only " for the goverment and
'_eng]neerlng cons sultant staffs and their Fam111ee Contractor s tempo-



rary bu1ld1ngs are prepared by themselves Total qres for eontrsetor 8
“work shops is estlmdted to be ‘about 11,000 m2. Construction plants are
mainly concrete ‘aggregate crushing and screening: plant - w1th preduetlon
capacity of . 100 t/hr and bateher plant’ with 30 m)/hr

Water supply faelllty oF 6. U m3/see 1n tetal eapaPJty is requ1red
as follows

Offices and qoaters: 0.5 m3/sec
Construction plants: .. 1.9 "
. Work sites: o 30
Others: 0.6 "

; -T,o'tal . - o 6.0 m}/_s_ee

Power. supply is planned to be done by diesel'generators with teﬁsl'
. installed capacity of approx1mately 1, QOD kW for the Follow1ng places.

' Construetlon plants. ' __lZU,kW
Rspalr shop ; - - 150 "
Dam site: . 700 "
Water supply Faelllty "IDD "
Offices and quarters: - ZDDl'f
Others - ] 130 o
fotal . 1,400 k"

Gther Faellltles such as 4 telephone system and "a CllﬂlC are
neeessary at the projeet area. - A telephene system with 10 circuits.is
prov1ded at” the. project area. The National Power Corporation will
provided a. teleoommunleatlon system between Munlelpallty Infanta and the
PIOJECt 31ts - :

(2) DlVEFSlOﬂ TUnnels end Cofférdahs

, As mentloned in: Psragraph 7 1. (2), the eenstruetlon works for the.
division tunnels and cofferdanis are very 1mp01tant -and - on the erltleal
path of all the construction schedule. ‘The follow1ng are basic .concepts
Fer the eonstruct1on plan oF the dlver81on tunnels snd cofferdams.

i)[fConstrUCtlon of the leBFSlOH tunnel No l is planned to be
~ ‘started. in ‘tunnel - excavatlon from Aprll '83 and to be
Z.eompleted by May '84 in the. drlest season (1nelud1ng
euring of. eonerete) when the rlver d1vers1on is to be
made .



ii) ConSLontlon'pérlod of the diversion ‘tunnel No.2 is 17
* months from Aprll 183 till September 84 Just before the
flood season startlng :

"iii)  The wmain ooFFerdqm embankment is- planned to be perFormed :
- for approxlmately & months from Mareh 'B4. . The tiver -
diversion from the orlglnal river. course to ‘the diversion
- tunnel No.l shall be done in, May"Ba (the driest season)
when the tunnel No.l will have been completed.” The @
‘embankment of the cofferdam shall be completed” by“the"
end of September '84 (the flood season) when the. tunnel
No.?2 be completed

iv) The tunnel No.1 is planned to be closed in Aprll '87 (the;'

’ .dry season) and the: lnstallation works for the penstocks
“is started from May in that year. ‘For the tunnel:No.1
closure,’ the main dam shall be embanked up to EL. 110 m by
the end of August '87, so that a flood of less than 5,210
m?/sec can be dischdfged only through the :tunnel No.Z2.
Impounding commencement of - the reservoir is scheduled to
be done by the tunnel ‘No.2 closure in May '88. : Most of
the ‘dam works including. the. spillway works shall be comm'
pleted by the end of the dry season '88 for the final
closure of tho dlver51on tunnel No 2

‘A top headlng and bpnoh cut method is recommended to be' | applled For
the’ tunnel excavation. The “Hirinel ewcavatlon in the’ top headlnq are -
“done from-both the end-sides- (1nlet and autlet Sldes) “To save the cost
of main. construction equ1pment stch ‘as crawlers. mounted drill jumbo and
sliding forms for concrete. 1lining, a tunnel construction plan shall be
‘carefully made in con81deratlon of avoldlng double preparation of ‘main
. equipment due to overlapped- works of both the tunnels. - In’this view—

- point, ‘commencement of the tunnel excavation- is planned to have & months
time-- lag between the: tunnel No 1 and 2.

The cofferdem of about 1; 600 000 m3 is’ planned to be embanked For'
6 months in the doy season as mentloned above: - This embankment : schedule
. per month in volume For the cofferdam is approxlmately 50% of ‘that. For
~ the maln dam ; :

(3) Main Dam
Ail the'malnxdom works are’ planned to be carfieo out - for aboot 5
years from the- early part of 1984. - The Following are ‘the main works

for the dam.

Excavation ' I © 2,844,000 m’

Embankment. -~ " : 15,418,000 m3"
Inspection gallery: = 1,000 m

Grouting : o 60,000 m -



Fxg 7~ 2 shows the meterlal sources For the maln and eofFerdams.

From study results of the exletlng ralnFall data, workable days
~for embankment- warks are estimated to be 152 days/year From January to
September for core and filter and 273 days/year for rock. The core
-embankment works cannot be done for about three monthe of Ootober,
November and December becauseé of heavy rainfall .in those’ monthe. '
Monthly embankment volumes of the main dam are 350, 000" m3 on. an average
and 500,000 m? at-the maximum, assuming that wolkeble hours are 14

. hours per day ln two sh1Ft work for the aforesaid workable days

Foundetlon excavation and - treatment are plannod as foIlDWS

l) Foundatlen exeavatlon malnly for the core. portlon is
eeheduled to be made between Februe1y 84 and Septemher

ii) - The 1nqpeetlon (and grout) qallery of 1, GBD m. long w1ll
be eonetrueted for' 2 years from October '84 and its
river bed portion of 160 m long has to be constructed

~till.theiend of March '85, JUSt beFore stertlng the core
.embankment ,

iii?) Groutlng works COhSlStlng of blanket grout oF 24 ,000 m in
“.total and curtain grout: of 34,000 m in total are to be
-executed for- 15 manths from. Jeptember '84 for blanket and

for ‘30 months from January '86. for curtain..” Most of all - -

the curtain grout. works wlll be done in the inspection
3gallery : : .

‘.(4) 911___x

Excavated rocks Of 6 A4 mllllon eublc meters From the splllway
foundatlon shall be utlllzed as the rock embankment materials For the
main dam.  Total volume: of. the ‘spillway: foundation: excavatlon is ap-

-prox1metely 8.4 million-cubic meters. For this purpose, the: spillway
rock excavation is planned to be ‘done 5o as to follow the schedule oF
the main’ dam embankment and - For 5 years from the early part oF 1984,

The estlmated eonerete volume of the splllway w1ll be 195 UOU m3

o Its concrete work period is plarned for about 3 years from Uctober ‘85,
" The concrete . (batcher) and aggregate plant capacities are decided to be
30.m3/hr and 100 t/hr due to the. maximum production volume necessary

. for the eplllWay conerete works, '

Installatlon worke oF the spillway gates have' the same tlme allow-
ance in the schedule and is planned to be carried out for 13 monthe in
total



(5) _ﬂgﬁefwaz

The diversion tunnel No.l is to be utilizéd- as s part of the water-
- way after its construction useé. The:closure of the diversion tunnel -
No.l is scheduled in April '87 and the penstock installation works are
comienced in May as mentioned above. The following works shall be con-
structed prior to the eForeeaid cheUre

i) The inclined tunnel of 110 m lonq betWeen the 1nteke
etructure and diversion tunnel No.1.

and .

i) :The Connectlon tunnel of 9& m long between the powerhouse
-and dlverulon tunnel No.1.

- Withe regard to the penstock its. 1netellatlon worke is scheduled
for 14 months from May. '87 immediately after the closure ‘of. the tunnel
No,1. “The total length and weight of the penstock is 350 m and’ 1,450
ton. All the installation works including tests shall be completed by
" the end of AUQust '88 JUSt before the final tests of the generating
equ1pment

- (6) PUWBPhGUSB and Generetlng Equpment

Three (3) years are scheduled For CDnatPUCthH aof. the pouerhouse
and 1nstallat10n works -of two . (2) units of the generating equipment (70
Ml - each) - During this period,. ‘total twenty one {21) months are for the
generating equipment works cnnelotlng of 3 months from the draft tubes;
2 months for the over-head crane, 12 months for the generating equ1pment
nd 4 months for. the Flnel tests. .

(7) SW1tchyard and Transmission'Line

The f0110w1nq electrical works can be executed within the progect
implementation period of & years as follows:

:i) Dutdoor ewitchyerd: 36 months
ii)y Tranemiseieh line :
' with sub—station° : &l months '

The periods said above are total menthe from tender call to completlon
of the installation works including teets..






CHAPTER 8

COST ESTIMATE

8.1  General

The construction of the Agos project is assumed to be csrried out .
during the period of January 1983 to December 1988 and by a eompetltlve--
contract b351s to be awarded to Forelgn/local contrdetor

The costs af the constructlon werks were' estlmated by work items.
The estlmated costs of each work 1tem are the accumilated amount oF all
the necessary ‘Costs. The cost inéludes direct cost” such ‘as: labor,
material, equipment, etc.’ and ‘indirect cost such as the. contractor‘“'
overhead and administration expenses. | Economlc cost is estimated on
the assumptlon that tax and duties to be levied by the Government of.
the Phlllpplnes are exempted from the constructlon materlal and equip-
ment. : .

8.2 Assdﬁptione”and Condifiohs

Cost estimates were: prepared on the Followlng b881C assumptlons'
and conditions mentloned below

(1) Prlces are based. on’ current prlces for labor, materlals and equ1p—
ment’ as of early 1980. ' :

(2) ‘Ruling exchange rate used is 1.0.US Dollar = 7.5 Pésos‘; 250
Japanese Yen

(3) Work quantities are shown in Table 8-1.

(4) Tax'aﬂd:DQties

‘On"the financial cost, unit prices are estimated on the baéls of
the current price in the Philippines and the prices added tax’ and
duties For 1mported materlals and equ1pment :

-On the economic cest the tax and duties of local materlal such
as steel bars, cement, fuel and .others. are exempted.at the rate of
30%, 50%, 20% respectlvely to the current price and the tax and
dut1es of imported équipment and materlals are exempted at the rate
of 20% to the CIF prlces..






~ Foreign Currency Portion Local Currency Portion

. Cenétrdetien plants and : _'-'Timbef, plywood, log

equ1pment 1nclud1ng spare
palts ' + Sand aggregate
. Relnforcement bar and steel . Explosives:

support ‘
S o - Concrete qoods
+ Fuel, oils, lubricants - :
- Co ' . Miscellaneous hardware

.'Cement L _
: - Salaries and wages of -

. Salarles and expenses of ' construction supervisors
foreign supervisory ' - "and workmen employed by
personnel employed by contractor
contractor ' '

. Contractor's overhead
~and profit components

. Miecéllanebus'arChiEECtural
materials, special equip-
ment, etc.

8.3 ‘Cost Estimate -

(1) Civil Works.

Cost of eivil works was estimated on the base of unit price for
gach item of schedule of quantities.  Unit prices are estimated for
the direct cost and the indirect cost according to the above-mentilaned
aeeumptlons and condltlons.. :

The' breakdewn and unlt prices arse shown in the pFlCBd blll of'
quantltles in Annex IV (flnanrlal cost) :

(2) Generatlng Equ1pment and Hydro- mechenlcal Worke

The cost eetlmate For metal works such as gate, penstock and
valve, and for generatlng equ1pment such as turblnes, generators,
transformers and switchgears, were estimated from current eontract
prices. for similar kinds of prOJect












Table 2-1 Cases for Slope Stability Analysis

Seismic

Casg _Cpnd1t1on Ceoefficient Slope
1. Reservoir water.SUrface at H.W.L. 1 0.15 upstream'&.
- and steady seepage in dam - downstream
2. _Immediateiy aftef-cbmplétion- ~0.,075 -‘ﬁpstreém
"~ (No storage but: pore water S
" pressure developed)
3. Rdbid'reServbir drawdown from 0.15 upstream
" HLW.L. to. L.W.L, and unsteady ‘
seepage in dam o :
4. ‘Reservoirrﬁatef sirface at“_ 0. ' ‘upstream
probable maximum water level .and
steady seepage in dam '
Table 2-2 MateriaI.Proﬁérfy
Zone | Wel density _Saturgﬁgd Cohesi'on Frlct;on
. 5. -densitly angle
(t/m”) (/m3) (t/m?) (degree)
Core 1.82 1. 5.0 18
Filter = - . 2:00 2. 0 35
Shell (Downstream side) 1:80 2,14 0 43
v {Upstream side) 1.86 2,14 o C45 ¢
Alluvial deposit 1.95 2, 0 30
Table 2-3 Minimum Factors of Safety
_ _ o _‘Min:-Factors of Bafetly
Case - - Condition Slope applied  without = with -

1 H.W.L. (EL 165 m)

2 Immediately alter
. completion
3 © -Rapid drawdown

4 . Max. water level (168m)

Upstream
Downstream
Upstream
Downstream
Upstrean
Upstream

_earthquake earthquake

2,64 S1.20
1.79 - “1.24
2.59 1.97
1.77 - 1.45
2.28 1.54

1.68

2.65




Table 3-1 Restlts of Flood Routing

Q@ non gate: Total digcharge from non-gated portion

Alternative No. T To 11 111 IV
ONLHLLT (W) - 165.000. 165.000 ° 165.000  165.000
CDVFWLLL o (m) - 165.000 ©  169.500  168.000 168,000
P.M.F.W.L. . (m) _ - 168.12 17177 . 16976 - 169.71
CPMPVL + 2.1 (m) : 170.22 S 173.82. - 171.86 171.81.
Dam Crest EL. (m) 170.30 173.600 171.90 172.00
F. (1 10, 600) - | e T
Q gate 10,600 6,490 6,450 5,840
‘Q nongate _ ~ 4,110 24,150 L 4,760
Q total | 10,600 10,600 10,600 10,600
P.M.F. {I max—l? 290) - o L o
0 gate (m3 Jsee) o 14,700 8,170 7,800 6,880
Q0 nongate : - 7,460 8,300 - 9,290
0 total ' : - 14,700 15,630 16,100 16,200
Net Crest Length (m) 151.0° . 198.0 184.0 168.0
N. H V. L Norm&l high ﬁater:1eve1t
D.F.W.L. Design flood water level
P.M.F.V. L : Probable maximunm Tlood water level
Dam Crest EL. “D.F.W.L +3.0m :
. or: PM.F.W.L. + 2.1 m
-0 gate Total dlscharge from gated: portlon



"Table 4—1='MainﬁFeatdrésrof.Aiternativés

Diameter‘of tunnels _ ._ S,Q.m 9.0 . 10.0 1I{O : 12.0

Length of D/T No.1 fL.800m - TT0 760 760 - . 760
Length of D/T No.2 920 m 890 870 . 865  .860
‘Design flood water level = 97 m. 92 87" 83 79
Cofferdam crest EL. - -~ 98 m 93 . 88 84 - 80

Enbankment volume (x10%m°) 2,09 0 1.68  1.33 1,10 0.86

Table 4-2 Construction Cost of Alternatives

" Unit:. willicn US dollars

Diameber of tunnels ' 8.0m 9.0 10)0" 11.0 12.0
Diversion tunnels . 9.67 .11.83  14.36  17.32  20.55
Diversion gates - . 0.18 0.21 - 0.27 0.36 0.48
Cofferdam. o 13,17 10.58 8.38 6.93 - 5.42
Total cost o 123.02 22.62% 23,01 24.61  26.45

¥ common work be excluded. -

‘Table 4-3 Summary of Work‘guanﬁitiés for Tunngls'A1£erhativés'

Right. .  Left Right/Left
Tunﬁél-éxcaﬁation (m3) 135;500 128,770 145,100 -
Tunnel -conerete - (ni2) - 43,340 35,890 40,440 -
Plug concrete .  (m3) 6,360 6,360 6,360

. Reinforcement.bars (ton) , : 1,730 © 1,435 1,620




_.Table 541 ‘Main Features.and Head Loss for Waﬂefway'Alternétives

Installed Capa01ty = 140 MW -

Iv

Name of Altexnatlvos I 11X I11
Tail Water level (m) EL, 41;5 S S 41.5 39.4
" Gross head. (m) 105 105 105 107.1
Lengbh of P. Tunnel {(m) L2700 233 387 . 750
" Penstock line {(m) - 430 365 420 275
Rated Discharge (m3/sec) 163.3. 163.2° - 163.9 164.2
B loss {m) - ' S 3.26 3.24 . 3.63 "~ 5.96
101.14

‘Effective head () -~ - 101.74  101.76 101.37

Table 5-2 Conmstruction Cost of W&terwd& Alternatives

{(million US dollars)

“Name of Altermative - . I S 111

IV
Intake " 3.31 - 2.91 331 3.48
- Heddrace tunnel . 0.81 0.71 1.17 2.48
Surge tank- 0.52° - - 1 0.63 0.96
Penstock o 6.29 " 4.68 7.31 " 3.87
‘Powerhouse (Civil) 3.85 . 3.85 . 3.85 3.89
~m 7 (Arehitech) 0.67  0.67 0.67 0.67
Tailrace ' : 1.23° 1.23 1.23 -1.23

Total cost ' a 16.68 14.05 = . 18.17 16.68



Table 5-3. Beonomic Diameter of Headrace Tunrel

Length of headrace (D varies from 6.2 to 7 m)

B+C 1.447 . 1.410 1.391

1.389% "

‘146 m
n (D = 9.0 i) . BOm
‘Thickness of lining t = 1/12.D
. Unit price of energy $0.0234/kWh
" The head.lpss dhe to friction is computed by
; 2, 2 '
hf - 124.5 n<,L . g
: p3/3 2 g
Lost energx
Dia . 6.2m- 6.4 6.6 6.8 7.0
ht 0.767 m * 0.648 -~ 0.550 0.469 ' 0.401
Low energy ~ = 2.96 GWh. -~ 2.17 1.84 1.57 134
Cons{ruction cost
Dia 6.2 6.4 6.6 6.8 ..7.0
Excavation (m3) 9,656 10,290 - 10,943 . 11,616 12,310
Concrete: (m3) . 2,562 - 2,730 . 02,903 3,082 3,266
Reinf. (ton) - 102 - 109 116 ©123 S 131
Others (22%) : o - : ’
‘Total cost '0.852.  0.908 . 0.965 1.025 .  1.086
P.W. Lost Energy 0.595 10,502 0.426 0.364 0.311
-1.397




'Table 5~47”Ecoﬁomic

Diameter of Penstock Pipe

' Len’g‘t;h of Wa‘Lef.{fity

" - of headrace (D

L}] of "

It

(D

" of penstock

.Insfalled capacity a3

Rated head

‘CIOSlng time of valve

Unit value per - kWh
Variable parameter D .of pen tock

6.8 m)
9.0 m)

146 m
B0 m
350 ‘m

. 140 MV

105 m
7.sec'

$0.0234/kWh

Lbét energy
~Dia - 6.4 m 6.2 6.1 5.8 5.6
Rabed discharge. ~  162.2 m3/sec 162.5 . 162.8  163.7 . 164.4 .
" H loss | 2.583 m 2,835 2.979  3.515 3.975
"H loss at penstock l 558 m 1.807 1.949 2.476 2.928
lost energy : .21 GWh/y - 6.04 6.51 8.27 9.79
SOY lost Benefit $1.208 x 106 1.401 1.511  1.92 2.27
Water.hammér
Dia C6.4m 6.2 6.1 5.8 5.6
" Vater hammer 34,9 % 36,8 37.9 - 41.4  44.2
Constbructbion coét‘Of.Pénétock'

i 6.4m - 6.2 6.1 5.8 5.6
‘Excavation tunnel (m ) 4,723 4,486 4,370 4,032 3,814
Concrete tunnel  (m3) 1,699 1,649 1,624 1,549 1,499

" Reinforcement bars (t) 68 . 66 65 o 62 60
. Concrete plug. {m?) 1,573 1,671 1,719 1,860 1,950
3Steel_plpe (ton) 1,480 1,406 1,370 1,266 1,200
Others (20%) : " :
Total cost (x106$) 5.042  4.809  4.697 = 4.368  4.159
50 Lost Benefit 1.208 . 1.401 1.511 1,920 2.270
¢+ B (xlO $) 6.250 © 6.210  6.208% 6.288 - 6.429°
'Economic‘diaméfef B o D =6.10m
Velocity in penstock v = 5.57 m/see



Table 8-1 Major Work Quantities of Civil Work .

Civil Works

i) Diversion Tunnel

Excavation, open
Excavation, turnel

-Concrete

Backfill grout
Grout

2) Cofferdams

3)

4

5)

Embankment, impervious earth

Main_Dam

Excavation, open
" tunnel

, sand and gravel
" , random rock

' . o
Embankment, impervious earth

, rock:

Concrete
Grout

y riprap -

, sand and gravel

Stripping at material site

Spillway

Excavation (6,366,000 m?:  dam embankment)

Backfill
Concretle

Waterway

a)

b)

c)

Power Int&ke.and Intake Tower

Excavation
Concrete

Headrace Tunnel

Excavatioh, tunnel
Concrete

Backfill grout
Grout

Penstock Tunnel

Excavation, tunnel
Concrete’

Backfill grout
Grout

145,700 m”
145,300 m>
1,350 m3
2,280 m.

231,000 w3
232,200 m3
1,142,250 m3

2,855,000 m3
. 1,100 w3
1,941,000 m3-
1,210,300 n2
12,014,700 m’
252,000 m>

- 2,475 w3
59,590 m
1,070,000 m>

8,407,200 m>
7,000 m>
195,000 m>

82,030 m>
12,375 m

05,950 m
2,100 m3

40 m3
2330 m

4,350 m3-

2,000 w’
30 m3
285 m



"'6) Power House .

-Bxcavation

i1l and backfill

. Concrete
7). Tailrace
" Bxcavation
Concrete
8). Suiﬁthafd
' Excavation

Fill and backfill
Concrete

136,100
7,900

23,500

55,90C
16,000

10,000

9,000
3,000



Table 8-2 Basic Prices of Materials and Wagds of Labors

Price

Common Labour:

Item . Unit
' ' (%) (Peso)
Materials - ‘
" Reinforcement Bar . ton ©533.33
Steel Support ton 866.67
‘Heavy. 0il 4 0.9
Gasoline 0.60
Lubricant { 0.91
Grease . kg 1.24 . '
Dynamite kg 22,00
- ANFO - . kg 1.08
Portland Cement: ton 100.00. R
Timber, Plank m2 1,820.00.
", Bquare m> ©.1,5%0.00
Foreman WD ‘50.00
Mechanic - " 55.00
Electrician " 24,00
Operator, Heavy e - 30.00
"o, Light " - 28.70.
Assistant Operator " . 28.70
Carpenter . " - 24.00
Mason @ . " 20,00
Conerete Worker " 25.00
Reinforcement Worker n 20.00
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