- Required sectional area to be computed by uniform flow calculation method
(roughness cocfficient: 0.035)

6)  Structural Planning

- Dike shatl be constructed using excavaled material and covered by clayey soil
and sodding.

- Stope protection shall be provided at severe bending portions.

- Maintenance road shall be metaled by gravel to ensvre activities in rainy
scason.

- One bridge shall be reconstructed in accordance with the design width and
clevation of channel.

(6)  River Improvement Works of Sapang Cauayan River

A dammed lake can be scen from the ridge between the Marimla and Sapang Cauayan
rivers. This lake will be preserved as itis. Water from the take flows down through the
channel of 50 m wide and 5 m deep draining into the Marimla River.

River channiel is formed by downcutting lahar deposits so that both banks are casily
éroded by flood water and even heavy rain drops. Accordingly, bank protection works
are required from the outlet of dammed lake (o the confluence of the Marimla River, a
tota! length of 4 km, to ensure Highway Route 3 restoration. .

Figure H.22 shows the typical section of proposed bank protection which is designed to
be flexible to changes of riverbed elevations. Gabion maliress revetment with a slope of
1V:2.0H is rccommended.

2.5  SHORI-TERM PLAN ( 1994-1996 )
(1) - Basic Concepl |

The short-term plan is based on the understanding that the amount of sediment delivered
from the Sacobia River is still uncertain although it is rapidly decreasing and sediment
should be trapped as much as possible in the sand pocket area. Since the lower half of
the affected area in the right bank of the Bamban River upstream of Highway Route 329
has so far a geatle ground slope and a thin cover of scdiment, it is the most cffective 1o
store sedintent in the area. -

I900d waters are drained through the Sapang Balen River for a few years. The drainage
syslem is to be constructed in 1995 so as to make the arca along the river safc against a 5-
10 10-year flood by widening and dredging of the river channel and di king with slope
protection.

(2)  Short-Term Plan (Phase Lin 1994) )

The Sacobia River flowed in the affected overbank area in the right bank of the Bamban
River after filling up the river channel of pre-eruption topography. It changed:its
direction casily in accordance with changes in micro-topography of the alluvial fan. The
river channel branched away a few sub-channels. A part of the Sacobia River flowed
down the affccted arca and drained into the Sapang Balen River, while the remaining
flows joined with the Bamban River.

DPWH constructed lateral dikes at just upstream of Highway Route 329, left side closing
dikes and right sidc open dikes to create a sand pocket in the alfected area. A small creek

H-2L



was expanded as a collector channel draining excess water in the sand pocket to the
Sapang Balen River. A separation dike was built along the Bamban River to separate the
Sacobia River from the Bamban River so as to prevent heavy siltation of the Bamban
River near the San Francisco Bridge.

The lateral dikes were not completed in 1994 duc to the delay in construction works. Due
to the incomplete end structures, the Sapang Balen River was silted up and floods with
croded sediment breached the Sapang Balen river dike near Navaling village. About 100
ha of cultivated areas were alfected.

3 Short-Term Plan (Phase 1 in 1995-1996)

In this period, sand pocket structures shall be constructed 10 trap sediment, to prevent
secondary erosion of the deposited materials and to release excess water safely into the
drainage system. The drainage system shall have a flood flow capacity against 5 to
10-year flood and the capacity shall be maintained during the rainy scason by excavation,
il necded. The Sapang Balen River is planned (o be drained into the Bamban River at 7
km downstream of the San Francisco Bridge. A 5-meter high road dike is planned
parallet o the existing Highway Route 329 and it will have the [unction as end structure
of the sand pocket as well as a new clevated road for Highway Route 329 to be partially
serviceable before the 1996 rainy season.

The major structures to be implemented in this period will be:
1995

1). Construction of a sump with 0.3 million m3 of storage capacity upstream of
Highway Route 329 _ :

2) - Construction of right side closing dike _

3) Construction of laterat dikes to trap and consolidate sediment in the sand pocket
{first and second roivs of gabion groundsill) :

-4)  Widening and dredging of collection canal and the Sapang Balen River

5) Prolection and rehabilitation of dikes (left side ring dike, separation dike, dikes
along the Bamban River) _

6) Reconstruction of San Francisco Bridge

7) - Excavation of the riverbed of the Bamban River

The existing structures of the sand pocket arca and the structures to be constructed in
1995 are illustrated in Figure H.25, and the proposed lateral dikes composed of lwo rows
of gabion groundsilis are shown in Figure H.26. This wo rows of gabion groundsills
can arrest sediment inflow and stabilize the scitted deposits {ron: anticipated re-croston.

‘Regarding improvement works of the Sapang Balen River channel, two allernative
alignment of the new Sapang Balen River channel are proposed.  One is straight

alignment from the outlet of the sand pocket to the planned confluence point of the -

Bamban River near Batutu, and the other is curvature alignment encompassing the silted
area (o the same confluence point. The former alignment is recommendable from the
enginecring vicwpoint, however, the latter may have the advantages of some retention
function of siltation and casc of land acquisition. Figure H.23 shows the alignments and
Lypical cross-section to accommodate 5-10 year flood. -

1996
1) Construction of a 5-m high road dike along the existing Highway Route 329
2) Maintenance of sump and collection channet

3) Maintenance of the Sapang Balen River
4) Protection and rehabilitation of existing dikes
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S) Channcling works of the Sacobia River near Dotores to control the watercourse
towards the sand pocket _

6) Construction of lateral dikes for stabilization of the sand pocket (third and fourth
rows of gabion groundsiil)

7) Excavation of the riverbed of the Bamban River and Sapang Balen River

In line with the newly consiructed San Francisco Bridge, a 5-m elevated road dike of
Highway Route 329, as shown in Figure H. 11, shall be constructed not only 10 protect
the transportation route between the central and northern parts of Luzon Istand but to
retain excess sediment outflow from the sand pocket as an end structure of the area.

The volume of excavation from the riverbed is estimated to be 1.1 million m3 and
0.4 million m? in the Bamban River and the Sapang Balen River, respectively.

26 MEDIUM TERM PLAN (1997-2000)
(1) Basic Conceplof Alternatives

After the completion of the structural measures proposed in the short-term plan in 1997,
the sediment supply from the Sacobia River will be maintained within the aliowable
amount to the Bamban River because of natwral reduction of sediment yield in the
pyroclastic flow ficld. Then, the situation of sediment balance will creale some choices
for the future improvement/development. The following arc expected as issues to be
solved in this period.

- Stabilization of riverbed covered with accumulated sediment and braiding niver
course

- Restoration of Highway Route 3 with bridges _

- Restoration of lahar-affected area confined by existing dike system

" These issues are crucial because they have 1o be linked tightly with the future

development program, namely the tong-term plan. ~However, there will stll be a
considerable amount of transported sediment o the lower reaches of the Bamban River

* due to re-erosion of deposited sediment, in particular, in the spindle-shaped valley

between Maskup and Mactan, and in the upstream channiel of the Bamban River.
Installation of sediment control facilitics targeting these sediment accumulated arcas is
indispensable for reatizing the restoration works mentioned above.

The alternatives to be considered are composed of the places to plan the expected control

‘structures and restoration work. The following arc possible alternatives undér the

conditions created through exccution of the short-term plan, and Figure H.27 illustrates
the structural measures taken in cach alternative. :

1) Alternative-1 : Permanent use of sand pocket without restoration works

2) Altemative-2 : - Provisional use of sand pocket and construction of Maskup
and Dolores consolidation dams '

3) Altemative-3 : Provisional use of sand pocket, construction of Dolores
consolidation dam and series of consolidation dams between
Mactan and Maskup

4) Altemative-4 :  Provisional use of sand pocket, construction of Maskup and
: Dolores consolidation dams and Upper Bamban bed girdies
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{2) Alternative |

Construction work on lateral dikes in the sand pocket and channel excavation of some

1.5 mitlion m3 per year has to continue until the scdiment discharge will reduce to the
pre-cruplion condition over the Sacobia-Bamban River basin. The sand pocket will be
stabilized towards upstrcam by constructing a serics of lateral dikes with gabion
groundsills and collection canals in accordance with the accumutation of sediment. In
addition, the Sapang Balen River shall be upgraded 1o ensure the flow capacity for a
20-year flood.

The major structures (o be implemented in this alternative wili be:

1) Construction of lateral dikes for stabilization of the sand pocket (fifth and sixth
rows of gabion groundsili)

2) Maintenance of sump and collection channel

3) Improvement of the Bamban River

4) Excavation/dredging of the Bamban River and the Sapang Balen River

1) Construction of lateral dikes for stabilization of the sand pocket (seventh row of
gabion groundsill)

2) Maintenance of sump and collection channel

3)  Improvement of the Bamban River

4) Excavalion/dredging of the Bamban River and the Sapang Balen River

- 1) Maintenance of sump and collection channcl
2) Improvement of the Bamban River
- 3) Improvement of the Sapang Balen River
4) Excavation/dredging of the Bamban River and the Sapang Balen River

1) Construction of lateral dikes for stabilization of the sand pocket (cighth row of

~ gabion groundsill) : _ '
2} Maintenance of sump and collection channel

3). Improvement of the Bamban River

4) Improvement of the Sapang Balen River .

5) - Excavation/dredging of the Bamban River and the Sapang Balen River

Figurce H.28 illustrates the alternative components by year.
(3) ~ Alternative 2 |

For the purpose of reducing re-erosion of sediment in the Mactan-Maskup reaches and
consolidating the riverbed, consolidation dams at Maskup and Dolores are planned.
Training works between these two dams are also required to maintain the river channel.
Restoration of Highway Route 3 and bridge construction will become possible after the
training works arc completed. :

Reclamation of the affected area in the left bank of the Bamban River will commence in
this period. A step of pilét firming will be necessary before implementing reclamation
works.

When the consolidation works of the Sacobia River are completed, the Sacobia River is
rcady to join with the Bamban River. The channeling and diking works wili be carrted
oul within a single dry scason. The point of the confluence shall be determined
somewhere near San Pedro Hill, since that point can reduce the excavation volume to the




minimum. It is noted that the timing of diversion of the Sacobia River back to the
Bamban River shall be determined on the basis of monitoring of sediment movement in
the basin because of uncertaintly in lahar activitics and crrors in estimate of sediment
crosion rate,

Restoration of Highway Route 3 will be implemented in this period, including bridge and
road construction.

Maintenance excavation/dredging of 1.5 million m? per year has to be continued until the
sediment discharge will ceduce to the pre-eruption condition over the Sacobia-Bamban
River basin,

The major structures to be implemented in this period will be:

1997
1) Construction of lateral dikes for stabitization of the sand pocket (fifth row of
gabion groundsill)
2) Maintenance of sump and eoliection channel
3) Construction of Maskup and Dolores consolidation dams
4) Improvement of the Bamban River

5) Excavation/dredging of the Bamban River and the Sapang Balen River

1) Training works for the Sacobia River to shift its direction to the Bamban River
2) lmprovement of the Bamban River
3) - Improvement of the Sapang Cauayan River
- 4} - Excavation/dredging of the Bambaa River
'5)  Reclamation of the sand pocket arca

1)  Construction of the Bamban bridge

2) - Restoration of Highway Route 3

3) [mprovement of the Bamban River

4) Excavation/dredging of the Bamban River:

5) Agricullural restoration work in the reclaimed area

1) Improvement of the Bamban River
2) Excavation/dredging of the Bamban River
3)  Agricullural restoration work in the reclaimed area

Figure H.28 iflustrates the allernative components by year.
(h  Alternative 3

After completion of construction of Maskup and Dolores consolidation dams, a
remarkable volume of unstable sediment witl remain in the valley between Mactan and
Maskup, and in the Upper Bamban River channel between Bamban and Malonzo.
Alternative 3 wili target the arca betwween Mactan and Maskup Lo stabilize cradible
sediment by construction of a series of conselidation dams. '

Maintenance excavation/dredging of 1.5 million m3 per year has to be continued until the

sediment discharge will reduce to the pre-cruption condition over the Sacobia-Bamban
River basin,
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- The major structuzes to be implemented in this period will be:

1997
Y

2)

Construction of lateral dikes for stabilization of the sand pocket (fitth row of
gabion groundsill} &
Maintenance of sump and collection chainel

Construction of Maskup and Dolores consolidation dams

Improvement of the Bamban River

Excavation/dredging of the Bamban River and the Sapang Balen River

Training works for the Sacobia River (o shift its direction to the Bunban River
Consiruciion of a scries of consolidation dams between Mactan and Maskup
Improvement of the Bamban River

Improvement of the Sapang Cauayan River

Excavation/dredging of the Bamban River

Reclamation of the sand pocket arca

Construction of a series of consolidation dams between Mactan and Maskup
Construction of the Bamban Bridge

Restoration of Highway Route 3

Improvement of the Bamban River

IExcavation/dredging of the Bamban River

Agricultural restoration work in the reclaimed area

Construction of a series of consolidation dams between Mactan and Maskup
Improvement of the Bamban River

Excavation/dredging of the Bamban River

Agriculiural restoration work in the reclaimed area

Figure H.30 illustrates the alternative components by year.

(%)

Alteroative 4

While Alternative 3 targets unstable sediment remaining in the valley between Mactan and
Maskup after completion of construction of Maskup and Dolores consolidation dams,
Alternative 4 will stabilize the Upper Bamban River channel between Bamban and
Malonzo. The crodible sediment in this segment will cause riverbed aggradation in the
lower reaches of the Bamban River. Thus, a serics of bed girdles are to be inslalled so as
to stabilize the niver channel of the upper reaches in the Bamban River.

Maintenance excavation/dredging of 1.5 mitlion m3 per year shall be excecuted untit 1998,

- then the volume of 1.0 million m3 per year has to be excavated until the sediment
discharge wilt reducc to the pre-cruption condition over the Sacobia-Bamban River basin.

* The major structures 1o be implemented in this period will be:

1997
1)

Construction of lateral dikes for stabilization of the sand pocket (fifth row of
gabion groundsiil)

- Maintenance of sump and collection channel

Construction of Maskup and Dolores consolidation dams
Improvement of the Bamban River
Excavation/dredging of the Bamban River and the Sapang Balen River g
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Training works for the Sacobia River to shiftits direction to the Bamban River
Construction of a scrics of consolidation dams between Mactan and Maskup
Imiprovement of the Bamban River

Improvement of the Sapang Cavayan River

Excavation/dredging of the Bamban River

" Reclamation of the sand pocket arca

Construction of a serics of bed girdles between Bamban and Malonzo
Construction of the Bamban bridge

Restoration of Highway Route 3

Improvement of the Bamban River

Excavation/dredging of the Bamban River

Agricultural restoration work in the reclaimed area

Improvement of the Bamban River
Excavation/dredging of the Bamban River
Agricultural restoration work in the reclaimed arca

Figure H.31 illustrates the alternative compornients by year.

(©)
)

2)

Sediment Balance Forecast for Alternatives

Sediment Concentration

~ Sediment transportation rate has been estimated using Brown fermula because of

high adaptability for transportation mechanism from bed load transport
(individual parlicle transportation) 1o immature debris flow (Ref.H.2).
Table H.4 shows the cstimated average sediment concentration al sceveral

~ yeference points. These values of concentration rate can be regarded as relatively

small amounts compared with the observed data for the period 1994 to 1993.

- Based on the 1994 observation, however, the frequency of mud{low and hyper-

concentrated flow events has drastically diminished. Furthermore, the annual
sediment transportation volume could simulate the 1994 situation of sedimemt
deposition well. -

- Annual Sediment Transportation Volume

The annual rainfall amount at the Middle-Sacobia gauge in 1993 is almost
equivalent Lo the annual average rainfall value for the period from 1991 to 1994,
as shown in Figure H.32. Through regression analysis on the daily basis
betiveen the point rainfall of Middle-Sacobia and arca rainfall over the Sacobia

basin éstimated in Chapter 6, basin mean rainfall on daily basis is computed as
shown in Figure H.33. -

+ According (o the observation data by PHIVOLCS for the occurrence of small

and moderate-scale lahars in 1994, daily rainfall of 20 mm is likely to be the
threshold of those events as shown in Figure H34. The f tood volume is
estimated by multiplying the runoff coefficient of 0.85 10 the total volume of
daily rainfall over 20 mm as shown in Figure H.33.

The annual rainfall amount of 1,570 min is likely to contribute the sediment
transport volume in the Sacobia River. The volume of annual sediment transport
is reparded as a deposition volume considering porosity of 40%. Those
volumes arc tabulated Tor the reference points by each condition in Table H.4.
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Scdiment Balance Forecast

Figure 1.35 shows the [uture sediment balance from 1995 to 2000 in the case of
no-action in the future. The balance shows that secondary crosion will be the
major sediment source in the future.

Sediment delivery from the sediment source zone is still considerable in a
few years, and deposits will flow down the sand pocket arca with
incremental sediment yield due to secondary erosion in the reach from
Mactan to Maskup.

The downstream area from Route 329 will receive sediment outflow from
the sand pocket arca. Siltation and floading with much sediment will
continue cvery year.

Since a remarkable volume of sediment is still deposited in the upstream
channel of the Bamban River, the lower reach riverbed will gradually
aggrade and San Francisco Bridge will face the serious problem of
insufficient [reeboard.

In order to provide information on sediment balance for the comparative study in
the flood and mudflow control plan, sediment balance is computed for the
[ollowing alternatives.

a)

b)

Preliminary screening among the aliernatives proposed in the USACE
study (Ref.1.3) '

- immediate diversion of the Sacobia to the Bamban upstream from
. Matonzo (Figure H.36), or downstrcam from Malonzo (Figure
H.37) -
- Permancnt sand pocket wilh contro! structure {Figure H.38)

The immediate diversion alternative needs continuous excavation work
ranging from 3 to 8 million 3 of annual rate. Regarding the confluence

© point of baoth rivers, the upstream point from Malonzo is preferable

judging from sediment balance. The permanent sand pocket alternative
also requires maintenance excavation work of 0.9 million m3 annually, as

well as the prudént investigation for structural design of the control
structure.

Comparative study among stepwise allernatives

- No. I: Permanent use of sand pocket {(Figure H.39)

- 'No.2: Provisional use of sand pocket and Maskup and Route 3
consolidation dams (Figure H.40)

- No. 3: Provisional use of sand pocket and series of consolidation
dams from Maskup to Mactan (Figurc H.41 )

- ‘No. 4: Provisional usc of sand pocket, Maskup and Route 3
- consolidation dams, and Upper-Bamban groundsills (Figure
H.42)

Alternatives No.1 to No.3 require maintenance excavation work of almost
1.5 million m3 per year, while No.4 tequires that of 1.0 million m3 per
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year, since thick erodible sand has accumulated in the siver channels of the
Bamban River and the Sacobia River. Even if sediment control structures
arc ptanned in the upper reaches of the Sacobia River to firmly consolidate
the riverbed, the dituted floodwater could cause much erosion in the lower
reaches of both rivers in proportion to the sediment transportation rate.

According to the simulation results of sediment transportation forecast in
Chapler 7, the crodible river bed of the upper-Bamban River will become
stable 10 years later as the tesult of moderating slope of river bed due to

down-cutting. Thus, channcl excavation of 1.0 to 1.5 million m3 could be
assumed to be continued until the year of 2004,

Those forecasted sediment volumes still have some uncertainty and error because
of insufficient basic information of sediment transportation mechanism, therefore
the continuous monitoring to ¢laborate the sediment movement is crucial for
appropriately construciing proposed structural nieasures.

¢ Evaluation of Altcrnatives

Each allernative is usually evaluated on the basis of cffectiveness of technical
performance, social effects and cconomic efficiency. In this scetion, the cvaluation of
alicrnalives is executed focusing on cffectiveness of technical performance. The
following cvaluation is summarized in Table H.5.

1) Alternative 1

" The expected functions of Alternative I are to retain sediment outflow from the

Sacobia River and to stabilize the accumutated deposits to avoid dispersion of re-

croded sediment to the low-lying arcas. The main source of sediment to be

’ﬁiﬁ‘ trapped by the sand pocket will be the valley between Mactan and Maskup where
’ . the volume of some 80 million m3 has accumutated during scrious lahar events

i 1691 to 1993. Re-croded sediment of some 3 to 4 million m3 per year in this
vailey will continue to be transported into the sand pocket for a long period.
“Thus, the sand pocket has to be maintained continuously until the river course in
the valley forms a stable channcl.

The Sapang Balen River will cncounter flooding and sillation problems because
of muddy foad water from the Sacobia River in every rainy season, therelore,
upgrading its flow capacity to 20-year flood is crucial for the protection of low-
lying areas. The river channel has to be maintained through cxcavationfdredging
of deposited scdiment as well as construction of dikes and slope protection
works. :

Alihough Alternative 1 is composed of relatively simple and cconomical
structural measurcs, continuous maintenance works such as cxcavation/
dredging and repait/extension of the sand pocket structures is inevitable to
sustain the sediment retention and flood control functions for a long time.
“urthermore, there is no chance for restoration of Highway Route 3 and the
sand pocket area until the riverbed in the valley between Mactan and Maskup
becomes naturally stable. -

b)  Alternative 2
Alternative 2 will solve the problem indicated by Alternative | through
construction of Maskup and Dolores consolidation dams to partially stabilize the

E riverbed at the end of the valley between Mactan and Maskup.  As the results of
separation of the Sacobia River from the sand pocket area and stabilization of ils
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channel by river traiming works, restoration work of Highway Route 3 and the
affected arca confined in the dike system can be started in 1999 at the carliest.

Excavalion/dredging of 1.5 million m3 per year still has to conlinue until the
riverbeds of the Upper Bamban River and the valfey become stable. Thus,
continuous monitoring of sediment movement over the Sacobia-Bamban River
basin is indispensable for judgment of appropriate dircction to be taken by year.

c¢)  Allecrnative 3

‘The main target arca of Alternative 3 is the valley between Mactan and Maskup,
where lahar flow accumittated sediment of 1010 15 m in depth for the period of
1991 to 1993, Although a serics of consolidation dams will firmly stabilize
sediment deposits, the foundation of those danis will be placed on the crodible
loosc kahar materials, so that subsidence of dam body is expected duc to heavy
scouring of the front side, scepage, and piping beneath the dam body.
Therefore, careful monitoring during heavy rains shalt be executed to avoid a
man-made disaster caused by collapse of the consolidation dam, since there are
still uncertaintics of the structural reliability between loose foundation and dam
body.

Regarding excavation/dredging, the volume of 1.5 million m3 also has to be
- excavated annually even though a series of consolidation dams are completed
and firmly stabilize the riverbed of the valley becausc a remarkable volume of
deposited sediment wilt be eroded from the Upper Bamban River channcl.
Thus, Alternative 3 can be placed at a lower priorily compared with
Alternative 2. ‘

d)  Alternative 4

The main targel area of Alternative 4 s the in-channel area of the Upper Bamban

River, where the volume of some 23 million m?® has accumulated during lahar
events of 1991 to 1993. A scries of bed girdles is effective to accelerate the
Tormation of low-water channel and simultaneously stabilize the erodiblc
sediment deposits. Furthermore, bed girdle is a low-height structure so that the
stde effects of scouring, piping and secpage can be held at the minimuny.

Annual excavation/dredging volume will be reduced to 1.0 million m?® due to
stabilization of the riverbed. Compared with Alternative 2, both allernatives arc
preferable as optimum plan. The selection of the optimum plan shall be based
on social and economic evaluation.

2.7 CONSTRUCTION PLAN
n Basic Condition

'The following basic conditions are commonly applicd to the constiuction plans of
Sacobia-Bamban river sysiem.

1)  Projected annual working days are estimated on the assumption that work will be

' suspended on 53 Sundays, 19 national and non-working holidays, and 100

- rainy days. Consequently, the average workable days is assumed to be 210
days per year.

2)  Most conslruction works will be undertaken on a 6-day week with 8 hours of -
work per day. : £
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3)

4)

5

0)

7)

8)

9)

(2)

Skitled and unskilled labor can be recruited from arcas around the sites and rom
Melro Manila.

Major construction materials to be required arc gravel, boulder, mountain clayey
soils, cement, reinforcing bars and structural steel. Since construction siles are
located in and around Angeles City or near Metro Manila, these materials are
casily obtainable commercially. Mountain soils arc available in or around
consiruclion sites and boulders are transposted from some borrow pits in Tarlac
Province {onc of them is located at Mayantoc along Camiling River, about 2
hours from Bamban River). However, some special structural steel malterials
may have to be imported because they are not tocally produced.

Major construction equipment to be needed such as bulldozers, loaders,
backhoces, truck cranes, dump trucks, elc., are available in Melro Manila or the
vichnity of constructiori sites on rental basis.

Excavated carth material from the Bamban River channel will be disposed at a
spoit bank area. The swampy left bank area, mostly downstream of the Bamban
River, is proposed.

Walter for construction works can be obtained from shallow wells at sites and
river water may also be used. Commercial electric power is available at sifes.

As access road to the sites, a national expressway (North Superhighway),
pational highways (Route Nos. 3, 10 and 329), and many provincial and
municipal roads are availabte. River channels could also play the rote of access
road in dry season.

Construction works will be exccuted by contract system and administered by the

MPR-PMO with assistance [rom engineering consultants.

* Project Components

“The optimum plan which shows the highest cconomic viability among the four

alternatives for mudilow and flood control for the Sacobia-Bamban River basin includes

the following constriction work components: :

)
2)

4
5)

6)
T
8)

Maskup Consolidation Dam (8 m high by 460 m long).

Training works of the Sacobia River between Maskup Consolidation Dam and
the confluence with Bamban River including Dolores Consolidation Dam (7 m

“high by 800 m long), channel cxcavation; diking stope protection (5 km long).

A series of gabion groundsills in the sand pocket (8.9 km).

~ Highway Route 329 road dike i nctuding 3 bridges (4.4 km long). |

Bamban River improvement works including slope protection for dikes (14 km
long) and spur dikes (0.5 km long). . :

Bank protection of the Sapang Cauvayan River (4 km long).
Restoration of Highway Route 3 including Bamban bridge (2.8 kin long).

Maintenance work : Channel desilting works of the Sapang Balen and Bamban
Rivers (13.5 million cubic meters for 9 years).
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Figure H.43 shows the project plan including the components menttoned above, and
Figure H.44 shows the implementation schedule.

3) Standard Construction Method of Major Works @
1) Stecl-wall type sabo dam and groundsill

Sabofconsolidation dams are designed to be made of double-walled steel-filled
with lahar material and provided with concrete lop cover, steel sheet piling,
concrete apron and gabion matiress. They shatl be constructed by using
construclion equipment such as cranes, backhoes and bulldozets.

2)  Earthworks of dike/road embankment, and channel desilting

Embankments for dike/road made of excavated lahar material are to be done
mainly by hcavy eqmpmcm such as bulldozers, backhocs/tractor shovels and
dump trucks.

Channel excavation is 1o be excecuted by using cquipment such as tractor shovels
for loading, dump trucks for hauling to specific spoil bank and buildozers for
collecting /spreading at channel and spoil banks.

3)  Groundsill and slope protection works
Groundsills and bank/slope protection works which consist of gabion matiress,
and wel stone masonry are to be carried out by manpower supported by
_equipment such as crancs or backhoces. :

-4y Spurdike

“Spur dikes made of conerete piles and concrete beams can be construcicd by
using crancs with drop hammer attachment for driving pites and manpower for
concrete beams.

2.8 COST FSTIMATE

(1)  Conditions for Cost Estimate

Cost estimates in the Mcdivm-Term Plan Stage are based on the following eriteria:
a)  Construction works are to be executed on the contract basis.

b)  Prices arc based on the 1994 end price level.

¢)  Exchange rates used to converl forcign currencies into local currency are
- US$1.00 = Peso 25.00 = Yen 100 (Peso 1.00 = Yen 4).

d) Estimated costis divided into two portions, namely forcign éurrcncy (FC) and
local currency (L.C), because foreign financial assistance is cxpcclcd {or
implementation of the Projecl.

¢)  Cosl of main civil works is cstimated by mulliplying work quantities by the
respective unit costs.

(2)  Components of Project Cost

Project cost consists of costs for main construction works, compensation (land
acquisition and house evacuation), physical contingencies and others. Main consiruction
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cost consists of costs for preparatory works, main works and miscellancous works.
Others include administration cost and engincering scrvices cost.

The following components are estimated on (he percentage basis.

b

2)

- Cost of Preparatory Works . 5% of cost of main works
- Cost of Miscellancous Works . 10% of cost of main works
- Physical Contingencies and Others @ 25% of main construciion works

Unit Cost

Unit cosls include contractor’s expenses for labor, materials, equipment, as well
as overhead, profit, insurance, bond, ficld supervision and administralion,
security and safety control, value added tax {10% of labor and equipment), ctc.
Unit cosis employed for estimation are mainly based on the unit costs used for on-
going protection/rchabilitation works implemented by MPR-PMO.  Similar
projects such as the Pampanga Delta Improvement Project are made as reference.
Main Construction Cost

Main construction cost consists of costs for preparatory works, main works and
miscellancous works.

Cost of preparatory works covers the establishment of contractor's site offices,
waler, power supply and communication systems, topographic survey and soil

“investigation, transpottation of construction cquipment, preparation of drawings,
- and so on.

- Cost of main works covers costs to be required for major civil work items in the

Project such as excavation, consolidation dams, channeling, slope protection
works, groundsills, bridges, road embankment and pavement, and so on.

- Coslt of miscellaneous works covers minor civil work items compared with the
~major items mentioned above, including irrigation inlets, drainage outlets,

- 3)

4)

“drainage ditch, demolition of existing structurcs, lemporary roads and bridges,
-~ maintenance of roads, and soon. :

Compensation Cost

Compensation cost covers land acquisitions and house cvacuations (o be required
for construction of proposed facilitics. In this study, estimate of quantities of kand
to be purchased and houses to be relocated is limited to the area where the
structures are newly proposcd such as Highway Route 329 road dike (lard of

“existing sand pockel, area between dikes and nver channels are not included in the
© compensation items). :

‘Arcas 1o be affected by project construction are almosl paddy or sugarcanc

farmlands, and houses of farmers.
Physiéal Contingencies and Others

Cost for physical contingencics is prepared for unknown construction works.
Administration cost, among others, is defined as the necessary cost for salary of
government staff, office cquipment, and so on. Cosl for engincering services
covers the detail design and construction supervision of the project by engineering
consultants employed by the government.



3

3)

b

2)

Foreign and Local Currency Portions

Foreign currency portion covers mainly the cost of all construction ecquipment, a
pari of materials, and most of engineering seivices.

Local cuirency portion covers mainly the cost of all labor, a part of materials,
valuc added tax, compensation for land and houscs, administration, and a small
part of engincering services.

Estimated Project Cost
Cost of Alternatives

To select the optimum mudilow/flood control plan for the Sacobia-Bamban
River basin, four alternatives as described briefly below were also compared
[rom the viewpoint of cost.

Altermative 1 - ascries of gabion groundsills in the sand pockel
- Highway Route 329 road dike
- The Sapang Baten River improvement based on a 20-year

- Slope protection works of the Bamban River
- Desilting works in the Sapang Balen and Bamban channels
Alternative 2:. - One row of groundsill in the sand pocket
: - - Highway Route 320 road dike
- Maskup and Dolores consolidation dams
- Training works composed of diking and slope protection
between Maskup and the conftucnce of the Bamban River
- Slope protection works of the Bamban and Sapang Cauayan
- Rivers
- Restoration of Highway Route 3
- Desilling works in the Sapang Balen and Bamban channels

- Alternative 3: -~ Same components of Alternative 2
- A series of consolidation dams between Maclan and
~ Maskup

~Alternative 41 - Same components of Allernative 2

- A series of bed girdles in the upper reach of Bamban River

Total financial costs of altcrnatives are summarized below: Estimated costs are
shown in Table H.6, and detailed breakdowns for cach alternative are given in
Tables 1.7 10 H.10.

e {Unit: million Pcsos)
Altesnative 1 Altcmative 2 Altemative 3 Altcmative 4

1'C Portion 660 1,151 2,377 1,261

1.C Portien 452 T8 1,597 852

Total 1,112 © 1,929 3974 2,113
Cost of Proposed Plan

Alternative 2 could be selected as proposed plan because of the highest
CCoOnoNe \'nblllly ‘The following table gives a summary of financial cost:
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Componcnls _ Cosl (million Pesos)

1. Main Construction Cost 1,534
1.1 Pecpasatory Works 67
1.2 Main Works 1,334
(1) Sand Pocket 332
2) Sacobia River 625
3) Bamban River 205
Q) Sapang Cauayan River 41
(9) Restoration of Highway Route 3 131
13 Miscellancous Works 133
2. Compensaticn Cost 9
3. Physical Contingencics & Others 386
Total § 1,929
Maintenance Work {Desilting) 810

After completion of construction works, il is important for the
related-government agencics to maintain and operate the constructed project
structurcs in good condition. Annual cost of maintenance and operation is
assumed 1o be 0.5% of main construction cost, naniely 16.0 million pesos. The
cost exciudes the above-mentioned desilting cost.

3)  Disbursement Schedule

Shown in Table H.11 is the annual disbursement schedule of project cost based
on the implementation schedule in Figare H.44.

" H.3 SHORT AND MEDIUM TERM PLAN FOR ABACAN RIVER

SYSTEM

3.1 PRESENT CONDITION OF ABACAN RIVER BASIN
(1) Upper Reaches

~Although no lahar from the pyroclastic flow ficld has observed in the Sapang Bato River

since April 1992, a remarkable volume of lahar deposits still remain in the river channel.
T'otal volume of unstable sediment is estimated at 3.7 million m3 in the upper reaches of

the Abacan River iin 1994, of which 1.5 million m3 of the unsiable sediment is stored by
sabo dams mainly made of gabions consiructed from November 1991 to Junc 1993,

"Onc of the issues in the headwaters of the Abacan River system is to stabilize sedtiment

stored in sabo dams. In fact, some sabo dams were pattially or completely collapsed duc
to deterioration of the materials and local scouring at the front side of the subdams in
1994, and the others are likely to be damaged in 1995.

Mudflow organized into lahar from pyroclastic flow deposits and ashrall frequently
Nowed down through the Sapang Bato River in 1991 and carly 1992, while mudllow

‘the Taug River was mainly organized into ashfall deposit in the basin. The mudflow in

both rivers caused various problems while it flowed down the river channel such as
serious bank erosion destroying residential areas, heavy channcl scouring and a
remarkable volume of sediment deposition. Before the eruption, the Abacan River and its
tributaries formed a low-water channel. The residents had utilized the low river bank for
farmlands and fishponds beside the stream. At that time the river banks of the Abacan
River and its tributaries were relatively safe from lateral erosion during Moods. After the
lahar evenis, however, the former low-water channel was completely burted wilh
sediment or scoured out by mudflow. Even in the 1994 rainy scason, bank collapses
triggered by lateral crosion oceurred frequently, in particular, at the bend. That is another
issue of the Abacan river system.
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Regarding remaining sediment in the upper reaches of the Abacan River, 2.2 miftion m3
of sediment still remains in the nver channel of tnbutarics under unstable condition.

‘Taking into consideration sediment discharge of about 0.5 million m3 per year at No. 9
sabo dam which is regarded as a downstream end struclure of the sediment retention
system, the remaining unstable sediment deposits will be graduvally transported to the
tower reaches of the Abacan River for the next several years. Then, if the unstable
sediment stored al sabo dams can be firmly stabilized, sediment discharge from the

headwaters of the Abacan River will rapidly reduce 10 a certain level of some 40,000 n3
per year.

Mitigating the alter-effects of lahar events is the main target of sediment reiention
measures in the Abacan river system.

(2)  Middle and Lower Reaches
1) River Conditions before Eruption

Flooding occasionally occurred downstream of the Capaya Bridge before the
Mt. Pinatubo eruption due to overflowing from the river channel of 20 to 30 m
wide, while the upstream reaches of the Capaya Bridge hardly experienced
flooding.

Aflter the 1972 flood which was the biggcs{ flood recorded in the Central Luzon
arca, river improvement works commenced.  Until the cruption of
ML. Pinatubo, somie shortcul channels, high parallel dikes of 3 m bigh and 7 km
long in a siretch of Brgy. San Patrician, Sta. 44000, to Brgy. Malino, Sta.
114000, and diy stone masonry at severe bending portions were completed,

On the other hand, the upper reaches from the Capaya Bridgc formed a 200 to
300 m wide valley where the river stream of 30 m wide flowed down and was
utilized for paddy and sugarcane fields aiid fishponds.

chardmg rcparian structurc‘: there were many pipe culverts instalied for

“-irrigation water, and seven bndgcs including spillway such a box culvert type
bridge, namely, Ninoy Aquino Bridge at Brgy. San Juan, Capaya Bridge of the
North Super Highway, Pandan Bridge of Angeles - Magaiang Road, Abacan
Bridge of National Road Route 3, Abacan Railway Bridge, Friendship Bridge
at the uppermost stretch of the Lower Abacan River, and San Francisco
Spillway between Abacan Road and the railway bridges.

2) - Present Rivér Conditions

River width in a stretch of the dowanstream end to Capaya Bridge (Sta. 0+600 to
Sta. 17+700) ranges from 100 to 150 m, where the river channel is confined in
adike system, while the reaches from Capaya Bridge (o Friendship Bridge (Sta.
174700 to Sta. 25+300) range from 150 to 300 m without a diking system.

At the downsticam end of the Abacan River, the river width has gradually
reduced from 150 m to 30 m, which corresponds to the width of the San
" Lorenzo Bridge at the end of the Bungang Guinto River.

Longitudinal riverbed profiles as shown in Figure H.45 are between 1/900 and
- 1/130. Riverbed material consists of sandy tahar including pumice stones in the
whole reaches. Remarkable aggradation of riverbed due to reduced sediment
_transportabilily is observed at the most downstream reach in the vicinity of
Mexico. Severe lateral crosion of S to 10 m high bank frequently occurs in the
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4)

urban arca of Angeles City, which accompanics loss of valuable houscs and
lands.

Existing Structures

The protection/rchabilitation works arc being continuously undlertaken at
present. Dikes, slope protection, spur dikes, bridges, intake pipes have been
constructed in the Lower Abacan River (refer to Figure H.46).

a)  Diking System

The protection/rchabilitation works by means of diking in the Abacan
River started in November 1991. The river channel was confined in a dike
system with 3 to S m in height and 7 m top width which were built of lahar
malerials within the reachies from Sabo Dam No. 9 at the Fricadship
Bridge in Angeles City to the confluence of the San Fernando/Bungang
Guinto rivers. :

There is a structural problem in that the constructed dikes are weak from
lateral crosion and focal scouring of flood waters because they are made of
sandy lahar materials. In carly 1994, the breached dikes at several
meandesing portions in the downstream reaches were rehabilitated and
reinforced with wet stone masonry-type slope proteciion.

b)  Channel Excavation

At present, the sediment accumulated in the upper reaches arc transported
gradually 1o the downstream end of the river and there is a severe problem
of siltation in the vicinity of Mexico in the aliuvial plain of the Pampanga

. Delta. Dredging work for the Bungang Guinto River, downstream of the
Abacan River, was exccuted and is also scheduled in 1995.

¢)  SpurDikes

To protect the Capaya bridge of the North Super Highway from vertical
and lateral erosions of river channel, 18 spur dikes of 14 m’long, 2.m
wide, 3 m high, were built with gabion mattress in an interval of about 50
m in the vicinity of the bridge. : L

d) Reconstruction of Bridges
The reconstruction of Abacan Bridge in Angeles City which was washed
away by fahar in Junc 1991 was completed with a span of 300 m long in
the Tollowing year of 1992, and one bailey bridge of National Road
Route 10 in Mexico was constructed in 1994,

Flow Capacity

Present flow capacity of the Lower Abacan River was examined by means of

non-unifonn flow calculation using the cross sectiois of channel at intervals of
600 m newly surveyed in carly 1994, Figure H.47 shows the present flow
capacity calculated considering the freeboard of 0.8 m o 1.0 m. The lower

reaches from Sta. 6+000 have the flow capacity of 500 to 1,000 m3/s, while the
upper reaches from Sta. 6+000 have the flow capacity of 2,000 to 4,000 m3/s.
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1.2

(1)

SEDIMENT RETENTION MEASURES

Possible Structurat Mcasures

The possible structural measures for sedintent retention are nominated and preliminary
evaluation is done taking into account the site conditions as {ollows:

1y

2)

)
Y

Sabo Dam

" Before the onset of the 1994 rainy season, there were nine sabo dams in the

Abacan headwaters, of which four sabo dams partially or completely collapsed
during the rainy season of 1994. The damaged portions of the remaining and
partially coltapsed sabo dams are required 10 be restored within the dry season
before the 1995 sainy scason, because they have a relatively large storage of
sedinient duce (o the gentle riverbed slope. Above ali, the key sabo dams, which
preserve the important facilities and arcas or have relatively large storage among
cxisting sabo dams, are incvitable to be reconstiucted as permanent stiuctures.

Spur Dike

A spur dike/groin, cither permieable or impermeable, is placed at approximately
right angle to thé riverbank for controlling MMow direction towards the center of
the channe! 50 as to prevent bank erosion. Taking into account the site condition
of escarpment of 10 m high with sandy materials in the Sapang Bato River,
neither a penmeable spur dike nor imperineable one avoid local scouring around
the foot of escarpment, Therefore, a spur dike is not recommendable for
protection measures against bank erosion along the Sapang Bato River.

Retaining Wall

" Retaining wall along the bank would be appropriate against bank erosion. "It has

a function of protecting bank and training flood water along the wall. "Local

- scouring used to oceur along such a structure in case of improper foundations,

so that the low-water channel has to be aligned apart from these structures.

Structural Plan

Basic Consideration

Some sabo dams have been repaired almost every year due (o deterioration of
materials and local scouring at the front side. In the 1994 rainy scason, No. 2

and TL-1 sabo dams were damaged during the flood on July 24 10 26. The -

spillways of No. 2 sabo dam were washed out for over 5 m, and also the same
portion of TL-1 sabo dam collapsed for over 20 m. Before this flood, the front
portion of No. 2 sabo dam was alrcady partially damaged formmg an
overhanging shape with the sandbags. On the other hand, the subdam of TL-1
sabo dam completely collapsed before the flood, so that the spillway casily
subsided by local scouring around ils front side during the flood. Then the

- gabion wire was broken by teasile stress and finally, the spillway collapsed
- completely.

Since the retained volume of sediment in TL-1 sabo dam was relatively large and
TM-1 sabo dam which could solely control eraded sediment from TI.-1 sabo
dam in the downsircam reach had already been fitled up with sediment the
collapse of TI.-1 sabo dam caused the deposition of eroded sedimem and
tremendous river bank erosion in the downstream channels happened, in
parlicular, at the Taug River. While, the Taug dike in the right bank of the Taug
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River was under construction at that lime and some parts of the concrete facing
fell due to heavy local scouring.

No. 9 sabo dam plays the most important rolec among the sediment retention
structures in the Abacan River, such as diminishing the excecding sediment
discharge (o the lower reaches and sustaining the foundation of the Friendship
Bridge. Once No. 9 sabo dam collapses in a heavy rain, enormous retained
sediment witl be eroded immediately and debris flow forming a high surge will
run through the lower reaches with tremendous bank crosion and destroying the
riparian structures. On September 10, the left sidewall of 10 m wide in No. 9
sabo dam was partially breached by moderate-scale thundesstorm. Figure H.48
shows riverbed scouring around the foundation of the Friendship Bridge durnng
this event., The damaged left sidewall was protected by temporary sandbag dike
as of December 1994 :

In due consideration of the above-mentioned condition, rchabilitation works for
existing sabo dams arc incvitable as the Short-Term Plan to be exccuted in 1995-
1996. Then, the selected dams with high priority for sediment retention shail be
reconstructed as permanent structures in the Medium-Term Plan to be exccuted
in 1997-1999. Considering the protected facilitics, retained capacity and site
availability to be reconsiructed, the Tollowing sabo dams are nominated to be
reconsiructed as penmanent structuces;

- No. 9 sabo dam
- No. 6 sabo dam
- TM-1 sabo dam

‘Regarding bank crosion along the Sapang Bato River, the retaining wall shall

also be constructed in the Medium-Term Plan, since small-scale spur dikes arc
now being constructed in the area to be protected with financing by the local
goverament.

~ As for bank crosion of the Pasig River toward the Taug River just upstream of

the watching point Delta 5, possibility of lahar intrusion into the Taug River may

“still be low. Close monitoring at the site will be necessary in the 1995 rainy

scason.

The components of proposed sediment retention measures are shown in

Figure H.49.

Short-Term Plan (1994-199G)
1994

DPWH exceuted rehabilitation work for damaged portion of sabc dams such as
restoration of concrete facing, subdams and so on. ‘The dike protection work in
the right bank of the Taug River was also carried out to protect Angeles City.

On August 6, a lahar of the Pasig River spilied from the river channcl
immediately downstream of the watching point Delta S toward the lelt bank and
flowed down sonte hundreds meters. Stnce there is a risk of lahars flowing into
the Taug River, DPWH extended the left side dike to connect the ridge of the
Dclta 5 as shown in Figure H.50.

1995

Takiig into consideration the current siluation of the existing sabo dams, urgent
rehabilitation works are required to avoid the occurrence of further dam collapse
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and succeeding bank crosion and sediment dispersion.  Based on the site
inspection, the following works shall be catried out at each dam site in 1995:

a)

b)

¢)

dy

No. 9 Sabo Dam

The left abutment dike of the main dam was washed out for 60 m long due
to the moderate-scale flood in September 1994, The sandbag dike was
installed on the damaged portion as a temporary measure. The following
repair works will be required as shown in Figure H.51,

i Reconstruction/improvement of the left and right dikes such as
raising, widening and slope protection work;

i) Sctting up the apron al immedialely downstrcam porlion of the main
dam;

iit)  Instaltation of additional new step dam between the main dam and
the subdam so as to secure the depth of embedment for the main
dam and reduce energy of dropping flow; and

iv)  Concrete facing on the top of gabion works as protection.

TM:-1 Sabo Dam

The subdam of TM-1 sabo dam has insufficicnt height, so that the middle
portion of the subdam was washed out by scouring and the base ground of

the main dam was exposed. The following rchabilitation works are
urgently required as shown in Figure H.52:

) Raising of wings in the main dam;

ii)  Installation of the apron immediately downstrcam of the main dam;
ii)  Rebuilding low spillway at the breached portion of the subdam;

iv)  Reinforcement of the downsticam side of the subdam; and

v)  Concrete facing on the top of gabion works.

" No. 6 Sabo Dam

~ The base ground of the main dam is exposed 1 m deep due 10 scouring.
The following rehabilitation works are required as shown in Figure H.53:

i) Raising of both wings in the main dam;

ii)  Installation of the apron immediately downstream of the main dam;

iii)  Construction of new subdam replacing the existing broken subdam;
~and - '

iv) - Concrele facing on the top of gabion works.

' No. 4 Sabo Dam

Thé"dm\zns{rcam surface of the spillway, the subdam and the tertiary dam
are partialty damaged, so that the following rehabilitation works are
nccessary as shown in Figure H.54:

i) Raising of wings in the main dam and the subdam;
i) - Installation of additional two-step dains in order to reduce ¢nergy of
dropping flow at the main and subdams;

i) Construction of the tediary step dam, replacing the existing broken

tertiary dam; and 7
iv)  Concrete facing on the lop of gabion works
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1996

Rehabilitation work for the existing sabo dams shall be continued, based on the
monitoring activitics at cach site in the 1995 miny season.

Medium-Term Plan (1997-1999)

For the purpose of stabilization of sediment retained in the storage areas of the
existing sabo dams so as to avoid the occurrence of mudflow caused by collapse
of the deteriorated sabo dams and protect imporiant facility foundations such as
Fricndship Bridge, the following sabo dams shall be reconstructed as permanent
structures i the Medium Term Plan: '

a)  No. 9 sabodam
b) No. 6 sabodam
¢) TM-1sabodam

Steel double-wailed type sabo dam is also recommendable as described for the
structural measures of the Sacobia River. Principal features of those sabo dams
are shown in Table H.12 and Figures H.55 to H.57.

The ertbedment depth of the dam base is set at 3 m in consideration of the soft
base ground condition at cach site. Heightof the spillway crest is determined to
keep continuous longitudinal profile to the existing sabo dam.

The design discharge of 100-year flood is adopted for flow capacity of the

“proposed spillway. Sediment concentration of floods is assumed to be 15%
which is half of that in the Sacobia River, since mudflow and hyper-concentrated
flow has not occuired in the Abacan River after piracy al Abacan Gap in April
1992,

~ A set of counter dams, apron, cut-off and riverbed proteciion works are adopled

to prevent heavy scouring around the front side. In addition, the spillway and
apron will be covered with concrete to prevent abrasion by sediment collision.

charding bank protection works to protect the residential areas against heavy
lateral erosion in the upper reaches, the target areas around Sapang Bato, Margot
and Anonas Villages arc nominated as protective areas. A total length of 3,700
m made of gabion is proposed for retaining woiks as shown in Figure H.58.
FLOOD CONTROL, MEASURES
Planning Conditions
Design Scale
The Abacan River basin can bc'calcgoriz'cd into a river flowing down the
-~ urbanized arca of Angeles City, while it is regarded as a relatively small-scale
river. The design scale shall be placed on a relatively high level for the Abacan
River, so that a 20-year flood is adopted for designing the Medium-Term Plan.
Design Discharge

Referring to the estimated probable peak discharge in Chapter 6, the following
figurcs are employed as design discharge (refer to Figure H.59):
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River Reach {Sta.) Design Discharge

No. 3 (25+300 to 18+000} 430 m/s
No. 4 (18+000 10 11+000) S10m3/s
No. 5 (114000 to  0+000) 620 m3/s

3)  Applicable Flood Control Measure
Taking the progress of existing river improvement works and topographic
condiltons into account, river improvement works are regarded as the most
OpLNMuUM MEASUres.

4)  Design Frecboard

The freeboard of 0.8 m and 1.0 m shall be applied according to the design
discharge of 200 m3/s (o 500 m3/s, and 500 m3/s to 2,000 m3/s, respectively.

(2)  Riverimprovement Plan
1) Channrcl Afignment
Alignment planning shall follow the present channel alignment.
2)  Channel Longitudinai Profile
* Although the existing bed elevations and slopes are still remarkably fluctuating,
design longitudinal profiles will follow the cxisting riverbed elevations and
longitudinal profiles in consideration of the following:
a)  According to the longitudinal riverbed survey carried out in casly 1994

(refer 1o Figure H.45), the present riverbed clevations are slightly lower
than the landside ground levels in the whole reaches.

b)  Asaresult of examination of the present flow capacity, the existing dikes
have sufficient capacity to drain the design flood in most parts of whole
rcaches. | . '

¢) Existing slope protections were construcled on the basis of existing
+riverbed elevations. :

To determine the design high water level, the following conditions are applicd:
‘a)  High water levels are computed by non-uniform flow calculation.

by High water level at the most downstream point is obtained by uniform
flow calculation. :

¢)  Roughness cocfficient of 0.035 is used.

Figure H.60 shows the proposed longitudinal profiles including design high
water levels and bed elevations.

3)  Channel Cross Section
Although stabilization of tow water channet is desirable {rom the viewpoints of
dike protection and irrigation water supply, itis difficult and costly to install and

maintain the low water channel because of erodible sandy materials of the g
riverbed. Thus, a single cross section is designed for river improvement works.
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In addition, slope protection works are ptanned at the meandezing portions,
Figure H.61 shows the proposed typical cross sections of river channel.

Channeling in the Urban Arca of Angeles City

To protect banks from heavy lateral crosion in the valley reach of about 7 km
long from the Capaya Bridge to No. 9 sabo dam (Friendship Bridge) in Angeles
Cily, channeling work to stabilize the channcel alignment is proposed. Channel is
designed as trapezoid-shaped with stope protection of wet stone masonty type as
shown in Figure H.62.

Planning features of proposed channel are as follows:

ay  Design channel width 1 463 m
b)  Design channel bed widih Cro33im

¢}  Design waterdepth : 25m

d)  Designfrecboard : 08 m

¢)  Design longitudinal channel bed stope @ 1/150

)  Designside slope ;o 1V 2.0H
‘2)  Roughness coefficient : 0.035

Downstream from the Abacan River (Bungang Guinto River)

[t is necessary Lo continuousty dredge the riverbed of the Bungang Guinto River
to ensure the sufficient drainage capacity of the downmost Abacan River.

Structure Arrangement

Figure H.63 shows the a'rrangcmcm of proposed structures in the Abacan River
Improvement Plan.

~a) - Slope protection for dikes

Slope protection has been constructed in a total of about 4 km long until
1994 and will be continued in 1995, Additional slope protection work is
proposed around the scvere meandering portions of 13 km long.

b)  Slope protection for channeling in Angcles urban area

Channeling work of 7 km long in the urban area of Angeles City is plaﬁncd
with bank protection.

¢)  Bridges
“The following two bridgés are o be construcied as permaneit structures.
- Bailey bridge of National Road Route 10 at Mexico
- Spillway washed out by lahars between the Friendship Bridge and
the Abacan Railway Bridge. - _
{The Pandan bridge in Angcles City is excluded in this Project since
it is proposcd by another scheme.)
d)  Channel excavation

To maintain the design riverbed channel excavation work will be
necessary. The deposition volume is estimated at some 2 million m3 for
the period of 1996 to 1999,

H-43



3y  Preliminary Design of Structures
1} Slope Protection for Dikes
Slopc protection of wet stonc masonry lype with a slope of 1V : 2H as shown
in Figure H.22 which has alrcady been constructed in the Abacan and Bamban
rivers are proposcd to be constructed for diking reaches.
2)  Slope Protection for Channcling in Angeles City
Slope proteciion of wel stone masonry lype with a slope of 1V : 2H as shown
in Figure H.62 arc proposed in the urban arca of Angeles City, so that houses
“of inhabitants along the river will be free from the danger of falling into the flood
waters due to lateral erosion.
3) Bridge

Proposcd bridge struciures consist of concrete perinanent bridge supported by
conerele piers and abuiments.

3.4 CONSTRUCTION PILAN
(1) Basic Conditions

The basic conditions are the same as those applicd to the construction plans of Sacobia-

 Bamban river system.

(2} Prdjccl Components

The ptan for mudflow and flood control of the Abacan River system includes the
- following major construction work components. :

1) Reconstruction of 3 sabo dams (No. 6 of 8 m high by 76 m long, No.9 of
8.5 m high by 101 m long, and TM-1 of 7 m high by 126 m long).

2)  Retaining wall type bank protection for the Sapang Bato River (3.4 km long).
-3)  Slope protection for (hé Lm\l'c.r Abacan River dikes (13 km long).

4)  Channcling with revetment in Angeles City urban arca (7.3 ki long).

5}  Bridge construction (2 bridges).

6) Maintenance work 'Ch.anncl desilting (2 million cubic meters for 4'ycars).

'l.3igur'e'H.63 shows the project plan of the components mentioned above, and
Figure H.64 shows the implementation schedule.

Construction methods of the Abacan River basin project are the same as those of the
Sacobia-Bamban River basin project. '

3.5 COST ESTIMATE
' As for Abacan River basin, no alternatives arc considered for comparative study, so that

only project cost is estimated. The following is a tabulation of estimated project cost,
excluding price contingencies.




{Unit:_million Pesos)

Tinancial Cost Ticonomic Cost
I'C Postion 460 400
1.C Portion 306 266
Total 766 Go6

Table H.13 show the itemized breakdown of estimated financial cost. Financial cost is
summarized as follows.

: Components Cost (million Pesos}
1. " Main Constiuction Cost 613
11 Preparatory Works 27
1.2 Main Works 533
{t Sabo Danmi Reconstruction 131
2) Sapang Bato River 60
3) AbacanRiver 342
13 Misccllancous Works 53
2. Physical Contingencies & Others 153
Total 766
Maintenance Work (Desilting) 120

Table H.14 is the annual disbursement schedule of project cost based on the
implementation schedule as shown in Figure H.64. '

After completion of construction works, it is important for the refated government
agencies to maintain and operate the constructed project structures in good condition.
Annual cost of maintenance and operation is assumed to be 0.5% of main construction
cost, namely 3.8 million pesos. The cost is excludes the above-nientioned desitting cost.

H.4 LONG-TERM PLAN

The long-term development plan are introduced on the basis of the Tuture development
plan in the regional development program, of which the onc of the plans is the West

~ Central Luzon Regional Development Program which is being carvied out by JICA and

the another is the Integrated Plan by the MPC. A few development plans are introduced
in this Progress Report (2).

4.1 ROAD NIFTWORK

" The future extension plan of road network is shown in Figure H.65. Of the plans, the

North Expressway improvement and its extension to Clark Field and to Rosales is -
included in the Integrated Plan for the Mt. Pinatubo affected area (Final Draft) by MPC.
The project aims to improve the capacily of the existing Noréh Luzon Expressway and to
provide a dircet access route to Clark Field and the Provinces of Tarfac and Pangasinan.
The projeet is composed of four (4) segments as follows:

1)  Balintawak to Tabang Segiment 25km
©2)  Burol to Sta. Ines Segment S5 km
3)  DautoBamban Segnient - 10 km
4)  Bamban to Rosales Segment 82 km
Total length 172 km

Of the scginent, the alignment of Dau to Bamban Segment of 10 km with 4-lane sirelch is
aligned to run into and along the eastern border of the Clark Field and west of the existing
MacArthur Highway (Route 3). 'The projeci involves the construction of a bridge of 800
m long acrossing the Sacobia River and a bridge of 100 m long acrossing the Bamban
River. Total consiruction cost is estimated at 5,758 million Pesos, of which those for
Dau to Bamban Segment is estimated at 1,183 million Pesos.
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4.2 AGRICULTURAL DEVELOPMENT
(1) Present Condition

Discussion with the NIA Central and Provincial officials in Taslac and Pampanga indicate
the abscnce of a long-term and even short-term rehabilitation program of lahar damaged
inigation systems, This may be attributed to the following:

1) the NIA is still waiting on the recommendation of a Master Plan on how to control
lahar, including the effectiveness of the infrastructure measures that the DPWH is
presently undertaking,

2} uncertainty of funding support from the National Government due to the effect of
Local Government Code on devolution and stream-Jining program, and

3) hesitation of farmers in the heavily-covered lahar arcas to venture in the planting
of traditional crops due lack of proper land reclamation technology

It is necessary that a development program be formulated for its rehabifitation and
restoration. Meanwhile a rehabilitation program be formulated (o restore the agricultural
potential of the Study Area starling with the irrigation sysiems which were damaged by
the lahar flow. The tocation map of the priority schemes are shown in Figure H.006.

(2)  Urgent Rehabilitation /Restoration Works

" This may be considered as an interim program to restore and improve the agricultuzal
production in the Study Arca by rchabilitating all CIS which arc still rehabitable and
where protective measures to stave-off further damages due to lahar flow have already
been in-place and/or can be casily installed. This may include the following:

1) Sacobia-Bamban River Basin

There are about 9 existing irrigation systems/projects within the Sacobia-Bamban

- river basin which are not directly affected by lahar flow. This systems/projects
“were damaged mainly due to increase in siltation brought aboul by ashfall and
“flash {lood within their watersheds. Urgeant restoration in this 9 systems is

necessary in order to atlain crop production prior to their pre-eruption condition.

They are covered mostly within the political jurisdiction of Tarlac Province with -

the following Municipal distribution:

Town/City - No. of CIS/ICIP Arcatha)
a) Bamban 1 400
by Capas 2 702
¢) Concepeion 6 _ 4,033
Total -9 5,135

2} Abacan River Basin

There are aboul 22 existing irrigation systems/projects within the Abacan River
basin which are not directly affected by lahar flow. This systems/projects were
damaged mainly due to increase in siltation brought about by ashfall and flood
within their watersheds. Urgent restoration in this 22 systems is necessary in
order to attain crop production prior to their pre-eruplion condition. They are
covered mostly within the political jurisdiction of Pampanga Province with the
following Municipal distribution:

H-46




- (3)
1)

2)

Town'Gity No. of CISICIP | Area(ha)

a) Angeles 1 120
b) Mabalacat 3 30
c} Magalang 3 136
d} Arayat 7 782
<) Mexico i 180
f) San Fernando 2 81
g) Santa Ana i 28
h) Candaba 3 751
1) San Luis 1 206

Total 22 2,539

The Selection Criteria in identifying the priority CIS/CIP for Urgent Restoration
Works which are affected by Mi. Pinatubo eruption and under this Study are as
follows:

a)  Systems that were programmed and/or on-going for rchabilitation prior to
cruption but suspended/stopped due to the cruption,

b) Projects that were programmed and/or on-going but were stopped
indefinilely due to the cruption, and _

¢)  Systems/projects that had alrcady availed of rehabilitation funds but still
need further rehabilitation/ restoration due to continuous flow of lahar or
sediments caused by ashfatl. '

Listof Priority CIS/CIP for Urgent Restoration Works in the Sacobia-Bamban

River basin (Tarlac Province) and Abacan River basin (Pampanga Province) is
tentatively given in Table H.15.

Larnd Reclamation

Present Condition

" The Nerthern porlion of the Bamban River, which is about 3,000 ha is composed

of cight (8) existing CIS with some non-registered arcas. A total of 1,350 ha was

- directly damaged of which 465 ha was severcly covered with lahar in 1991

- At present, the northern portion of the Bamban River would be safe from lahar

with the completion of concrete-lined left bank dike of the Bamban River and
because of the diversion of the Sacabia River to sand pocket arca.

Agricullural activities in arcas where damaged was minimal andfor spared from
tahar cover has also been resumed. Farmers harnessed available rainfall and plain
run-off inctuding shallow well pumps for irrigation water supplement specially
during scarce rainfall.

Considering that the Marimla and Sapang Cauayan Rivers which would be the
source of irrigation water are frec from lahar, the area is presently attractive for
irrigation developmeni. However, due to insufficient hydrological data, it 1s

~ recommended that further study be undertaken to ascertain water availability to

meel irrigation requirement for the proposed development scheme.
Bamban-Concepeion Area [rrigation Development and Land Reclamation
The proposed project considercd for medium-term irrigation developiment plan has

atotal potential irrigable arca of about 3,000 ha and thercfore falls on'the category
of National Irrigation Project (NIP). The proposed diversion structure of the
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4)

6}

ogee-lype is about 800 meter upsiream of the former bridge site at the nalional
highway in Bamban town and the water source would be the Marim!ia and Sapang
Cauvayan rivers.

Bamban Crop Experimental Station

A 20 ha pilot demonstration farm and/or crop experimental station is being
envisioned to conduct experiments to determine the best crops on lahar medium
covered arcas 1.0 to 1.5m deep. Crop propagation experiments may include rice,
sugarcane, mongo, cora, peanut among others. [t is also aimed to encourage
jahar-affected Farmers to plant suitablc crops based on the result of the Crop
Experimental Station.

Concepeion Crop Experimental Station

A 20 ha pilot demonstration farm is being envisioned to conduct experiments to
deiermine the best crops on heavy covered lahar areas 1.5 10 2.5 m decp. 1t is
also aimed to encourage lahar affected farmers to plait suitable crops based on the
result of the Crop Experimental Station. The Selection Criteria in identilying
arcas for Medium Term Irrigation Development are as [ollows:

a)  Systems or arcas which arc of sun-off-river type cither partially or
wholly-covered with lahar but have strong potential for irrigation
development,

b)  Areas that are alrcady safe from fahar flow where protective infrastructure
" has already been in-place, and

) Arcas were agricultural activitics has resumed despite of deficient irrigation
- infrastructures.

Sand Pocket Area

‘Long term ifrigation development program are envisaged in the arcas located in

the downstream reach from sand pocket structures when the medium term plan of
DPWH -to re-channel Sacobia River back to its upstream confluence at the
Bamban River. '

frigation Development and Land Reclamation in Concepeion

The long-term irrigation development has a potential irrigable arca of about 3,095
ha and therefore fatls on the category of National Irrigation Project {NIP). The
proposed diversion structure of the ogee-type shall be constructed atong Bamban
River on the western lip of ring levee protecling barangay Telabanca in the
Municipalily of Concepeion. The areas which were not damaged and/or covered
with lahar of about 2,630 ha arc being planted with rice through available rainfall
and by shallow well pumps supplement.

Another alternative whichis categorized into medium-term irrigation development

" is through extensive groundwater irrigation duc to the foltowing reasons:

a) - 'the arca is alrcady safe from lahar flow due to the construction of
- lahar/mudftow control infrastructure facilities,

b) the arca is extensively planted with crops even with deficient irrigation
facilities, and
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¢) in order 1o alleviate the living condition of the farmers and bring
Government closer to the lahar-affected families.

7y Sand Pocket Area Irrigation Development and Land Reclamation

Sand pocket area is being utilized by DPWH as lahar catchment basin for the
Sacobia River. [t has a polential irrigable arca for long-term irrigation
development program of about 715 ha. The proposed cropping pattern and
farming technotogy including the type of crops will be based on the result and
recommendation of the proposed Concepeion Crop Experimental Station.

(4)  Proposed Phased Development

In the tong term plan, the formutation of an irrigation development plan in the Study Arca
is incvitable (o cnsure the agricultural productivity before the eruption. The phased
development is formulaled prefiminanly as follows:

1} Phascl -  Urgent Restoration Works
Phasc 1LA a) 9 CIS/CIP in the Sacobia-Bamban River basin, atl in the
Province of Tarlac
b) 22 CIS/CIP in the Abacan River basiu, all in the Province of
Pampanga
Phase 1.B a) Bamban Crop Experimental Station
b) Concepcion Crop Experimental Station
2) Phascll a) Bamban-Concepcion Area Irrigation Development and Land
Reclamation Project tocated at the Northern portion of the
Bamban River
b) Irrigable Service Arca =3000 ha
¢) Land Reclamation Area = 1350 ha

3} Phasc Il - - Irrigation Development and Land Reclamation Project located at
- the Southern portion of the Bamban River
‘a) Concepcion Arca Irrigation Development and Land
_ Reclamation ‘
- Trrigable Service Area =3095 ha
- Land Reclamation Area =465 ha
'b) Sand Pockel Arca Irrigation Development and Land
Reclamation
- Iirigable Service Area =715 ha
- Land Reclamation Area="715ha

The Implementation Schedule is formulated preliminarily as shown in Figure H.67.

4.3  TOURISM

" Damuming of Marimla and Sapang Cauayan rivers by the aggradation of the Sacobia River

has led to the intermittent formation of lakes. Afthough the damming of Marimla River
was breached in 1991, the dammed lake at Sapang Cauayan River still rémains with a

‘storage of 7 million m3 at Et. 90 m.

A peaceful, beautiful scenery can be seen {rom the hilltop between Marimla and Sapang
Cauayan rivers and blue lake surface stretched to the foot of the hill. The water qualily
satisfics the criteria adopted by the Government of the Philippines.
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.5 PROJECT EVALUATION
5.1  ALTERNATIVE SCHEMES

Four(d) alternative scheimes are formulated in the Sacobia/Bamban Rivers and one (1)
scheme in the Abacan River according (o the various component of the flood/mudilow
controt structurcs. These are alseady introduced in Sections H.2 and H.3, respectively.
in this section, the cconomic analysis of these aliernative schemes was made to confirm
their cconomic viability and to select the best alternative for the Sacobia/Bamban scheme.

5.2  COST ESTIMATI
The construction cost was estimated on the basis of the following preconditions:

1) the base period of cost estimate was set at the end of 1994

2)  the exchange rates were assumed at US$ 1=Peso 25=Y 100

3) the estimale excludes tax and dutics

4)  the estimate does not include the price contingency { or the future

5)  the administration cost was estimated al 5% of the main construction cost

6) the physical contingency cost, administration cost and engineering services cost
were estimaled at 25% of the main construction cost.

The reclamation cost of the sand pocket is not included in any alternative schemes because
the cultivation of the lahar affected farm land is not deemed feasible at the present stage of
the Study yel. The cost for desilting works were treated as the mainfenance cost and

scheduled to be disbursed in four(4} years for Abacan and for nine(9) ycars for

Sacobia/Bamban starting from the initial stage of the construction.

The operation and maintenance costs of each alternative were estimated at O. 5% of the
total of the main construction cost.

The cost (financial ) of all a!tcmaln ¢s are sunmmarized in Table H. 16 for each alternalive
scheme.

5.3 BIENI:'FI TOor THI_'.' PROJECT
(1) - Criteriaof Beriefit

The benefit to be accrued from the iniplementation of the Project was defined in this
Study as the reduction of the direct and mdirect damages caused by - the {lood/mudilow.
The probable direct and indirect damages were estimated under the withowt-project
condmons al the end of 1994. The damage under the with-projecl conditions were
assumed 1o be zero under the design Nlood of 20 year-return peniod.  Thus, the project
benefit constitites the probable damage to occur by the lood of the designed scale.

(2) - Estimate of Direct Damage

- Inestimaling the damageable value of all the propertics in the probable inundation area, a

“ Barangay Data Base™ was established in the GIS. “All the data required for the estimate
of damage including the population, the number of household, properiies and areas of
cach barangay were input and arranged in this Data Basc.
The method of estimaling the damageable value is stated by each item hereunder:

1) DBuilding

A regression formula showing the relationship between the number of houses,
establishments and houscholds were generated through a mulii-variable regression




analysis for cach barangay. The number of the affected building was obtained by
the formula through inpuiting the affected arca of cach barangay.

2)  Agricultural Crops

The tand use map of each crop of cach barangay was stored in GIS Barangay
Data Basc. The damage of agricultural crops were computed according to the arca
affected by the flood of cach return period. The damage of the livestock was
estimated by a ratio of the agriculturat crops.

3) Infrastructures

The length of roads and bridges were stored in the Barangay Data Base for cach
barangay. The damage to these infrastruclures were computed according to the
arca affected in cach barangay.

The probable damage value was computed based on the pereentage of the affected arca to
the total barangay arca. The unit value of cach properly applied is as shown in Table
H.17. The damage rate of cach property was measured and applicd by the depth of the
flood and lahar as shown in the damage curve of Figure H.68. The inundation arca of
floods for cach return period is depicted in Figure H.G9.

The average annual direct damage was obtained for each river after aggregating each
property damage and is tabulated in Tables .18 and H.19. Judging fron the gradient of
the curves shown under the above-mentioned tables, the design period of 20 years can be
said reasonable.

(3)  Estimateof Indirect Damage
In this Study, the indirect damage were estimated as stated heren nder.
1)  Additional Transpbrtalion Cost

The probable extra cost of fransportation duc to the unsecrviceability of roads and
bridges caused by the [lood was computed based on the detour distance,
 duration and the vehicle operation cost. The total traffic demand for crossing the -
" Bamban River was assumed at 13,000 per day based on the recent tralfic survey
of HCA and DPWH. The detour alternative routes were assumed for cach
- origin-destination route under the normal condition i.e. under the pre-cruption
conditions as shown in Figure H.70. The computation formula and other data
for the computation is shown in Table H.20. The time value of drivers were not
included in this Study.

2)  Lossof Production by Interruption of Feonomic Activilics

The loss of the production by the interruption of cconomic activitics caused by
floods were estimated based on the per capita GRDP of non-agricultural sector
(estimated al P36,900 in 1996 at 1994 price) multiplicd by the duration and the
number of affected people in urban areas.

3)  Evacuation and Building Clean-up Costs
The evacuation cost and the building clean-up cost to occur at the time of

disasters were eslimated based on the duration and the historical stafistics as
shown in Table H. 17,



5.4  COMPARISON OF COST AND BIENILFIT

The financial cost shown in Tables H. 18 and $1.19 was converted into the cconomic cost
to adjust the distorted market price value. Considering the current unemployment
situation, the market wage was adjusted by shadow wage rate which was assuined at
60% of the market wage rate. In order to adjust the distortion of the official exchange
rate, the standard conversion [actor of 0.86 was applied. The compensation of the land
acquisition was adjusted through evaluating the fand value by the production foregone
-vatuc assuming the cultivation of the irrigated paddy.  The cost-bencfil comparison is
presented in Tables H.20 to H.24.

The disbursement of capital investment was assumed evenly during four years of
construction period. The desilting works were assumed to start from the beginning of the
construction.

Benefits were assumed to accrue immicdiately after the completion of the Project. When

the expected rapid economic growth in the Central Luzon Region is considered, the value

of properties in the Study Area is also expected to increase rapidly. In this Study, the

flood control benefit (saving of direct damages) was assimed to increasc at the same ratc
" as that of GRDP of the Region i.c. 8.23 % p.a.

The benefit accrued from the saving of detour costs of vehicles is also expected to
inicrease as the traffic volume increases. In this Study, the growth rale estimated for the
“new North Luzon Expressway studied by JICA in the LISR Study was adopted and
 1.9% p.a. growth of traffics were applicd. While, assuming the completion of the said
new highway after 15 years, the transporiation benefit was treated to be excluded from
the project benefit. Among the four alternatives for the Sacobia/Bamban Rivers, the
Alternative-1 docs not include the construction of the road dike of the Route 329. This is
the reason for the Alternative-1 to have less benefit than the other altematives.

The result of the EIRR computalion shows that only the Sacobia/Bamban Alternative-3
'was unjustified. Among four alternatives for the Sacobia/Bamban Rivers, the
Alternative-2 showed the highest EIRR of 14.6% followed by the Alternative-4 with a
slight difference. The Abacan scheme showed a high EIRR of 28.2%. '
S.5 ° IMPLICATION OF ECONOMIC EVALUATION

4] “Present Status™

1t is 1o be noted that the project benefit (o be accrued from the saving of the probable

direct damage was computed on the basis of the present { as of end 1994) conditions of

the Study Arca which is being covered partially by lahar deposit. Therelore, in such an
arca as Bamban municipality where a wide lahar deposit exists, the probable damage
counted in the economic analysis is far less than that to be occurred under the pre-cruption
conditions.  In other words, there are less probable damage remaining in such a
heavily-damaged area, which worked to reduce the EIRR of the Project.

(2)  Evaluation of Abacan Scheme

The high EIRR (28.2%) of the Abacan Scheme was derived mainly from the saving of
probable building damages to occur in the probable inundation area which includes some
densely-populated areas near around Mexico, Santa Ana and Arayal municipalities. The
comparatively small amount of the construction ¢ost is another reason of the high EIRR.
3) Evatuation of Sacobia/Bamban Alternatives

The Alternative-2 {14.6%) has a slight advantage comparing with the Alternative-4
(14.4%) in tesrms of EARR value. A major difference in structural components between
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these two alternatives is that the Alternative-4 has the component of the construction of a
series of bed girdles in the Bamban River while the Alternative-2 does nol have the
component. The resulted EIRR shows that the construction of a serics of bed girdles in
the Bamban River would work to reduce the EIRR, though the Alternative-4 itself can be
justified as a whole.

The benefit to be accrued from the saving of probable direct damages constitutes more
than half of the total project benefit (c.f. Table H.21). Like the casc of the Abacan, the
component ol building damage constitutes the major porlion of the total benefit
(c.l. Table H.19). This is resulted from the fact that some denscly-populated areas in
Concepcion municipality are included in the probable inundation area.

The transportation benefit - savings of the detour cost of vehicles caused by the flooding
of roads - occupics more than 40% of the total benefit. ‘This shows the fact that the Study
Arca constitutes an important location in terms of the transportation connecting the
National Capital Region and the Northern Luzon Regions. The transporlation of raw
materials and final products transported into and out of San Fernando and/or Angeles
constitutes the major flow of the traffic. '

(4)  Reclamation of Sand-Pocket

The pre-cruption conditions of the current sand-pockel area is shown below:

Name Brgy Telahanca Malonzo Sto. Rosario Sapang Balen ‘Tabun
Arcalsqkm) : 7.9 24 1.7 79 1.7
TVHI(1990) 330 128 379 60 ‘ 528
Pop{ 1990} 2,249 811 2.268 347 3,001

The total area of about 22 square kmt land is now abandoned and utilized as the sand trap.

~ As shown above, there cxisted in this area five (5) barangays before the eruption and the

population was about 8,700 (1,450 houscholds) in total of the whole barangays.

I this Study, the reclamation of the sand-pocket area was not included as a component.
Because, the feasibility of the lahar cultivation was obscure.. Assuming the sugarcanc -
cultivation which is most profitable among various crops and assuming the normal yield

“of 45ton/ha, :

Net Incomé = P 20,930 * 2,200 ha = P 46 mitlion/ycar
Reclamation Cost{Annualized) =P 68.7 million (for 2,200 ha)

" The simple comparison of annual cost and benefit suggests that the exclusion of the

component is better for the Project. 1t scems better for the Project to implement the

“reclamation when an appropriate technology of the lahar cultivation is established and the

lahar fanming becomes feasible for farmers. Meanwhile, the present Project can prepare
the conditions for a possible use of the sand-pocket area for farming. The area will be
ready for farmers to cultivate with their own will and investment for the cultivation.

(5)  Tourism Development

Apart from the structural measures to cope wilh possible natural disasters, the present
Project will pave the way for the region (o promolc a possible tourism development in this
area. Actually, asmall natural lake has been created after the eru ption in the upper stream
of the Sapang Cauayan River in a walking distance {rom the Roulte No.3. When the
safety of the climbing Mi. Pinatubo is assured, then a volcano tourism wilh a sight-
secing network linking the mountains and lakes will become popular in this arca. In the
CLDP Study of JICA, the development of a sort of eco-tourism is being envisaged in the
Region. Anamusement Park in Clark Field is also proposed in the same Siudy. A golf

course is under construction near Dolores in Mabalacat municipality. All these tourtsm
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development plans can be realized only after the sccurity against possible natural disasters
is assured by such a structural measures proposed by the present Project.

(6)  Physical Benefits

The Project bencefit was estimated by the saving of probable direct and indirect damages
caused by the probable flood and/or lahar with a scale of 20-year return period. The
conscquent physical benefit will extend to the following :

1) Population to be relieved from inundation ;53,000 (8% of Study Area)

2) Number of houschold to be relteved 1 10,000 (7%)
3) Land arca to be saved from tnundation : 87 squarc km (8%)
4) Farm land to be saved : 4300 ha

In summing up, the Project , as a whole of Abacan and Sacobia/Bamban Schiemes, witl
relicve 53,000 persons of 10,000 households from suffering the inundation and will also
save B7 square km of tand in which 4,300 ha is a farm land.

The road traffic will be possibly (o be maintained (o its normal order , which is absolutely
necessary for economic activities and also for the daily life of an ordinary people. With a
securily of the safely from the natural disasters, a company can make an investment with
alonger time span. The most valuable benefit of the Project seems to be that many people
can be free from the risk of losing their lives though it is not included in the benefit
compulation.
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Table H.3 Comparison of Dam Types

%;% Dam Type
Item to be compared Gabions Concrele Masonry Double Wall
Gravily
Main Materials Gabions, Concrele Boulders Steel Bar,
Boulders Cover Concrete | Filling Sand
Durability of Dam Body low high moederate moderate
Adaplabilily on Sofl Base moderate low low moderate
Flexibility against Deformation moderale low low moderale
Constauction Period moderate long long short
Construction Cosl low High high l ' low
Preferable Dam Type I | O

Note: Prefcrable dam type means the most suitable dam type for the unstable sandy basz as a
permanent structure.
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Table I1.5

Project Cost of Alternatives for Sacobia-Bamban River System

Cost Unit: Peaos

Alerative-1

Aherngtive-2

Abgrrative-3

Aherpative-d

Work kems Unit L'nit Cost--- .- armrmiraemas warmsmesimemeeanns [ ——— G
Cuastity Amount Quanﬁiy Amount Quantity Amouat Quaniity Amoueni
1 MAIN CONSTRUCTION COST 850,440,000 1,534,387,500 3,170,147.500 1,681,052,500
1.1 Preparatoly Works 1.8 38,280,000 65,712,500 137,832,500 73,087,500
t 2 Main Works 748,600,000 1,334,250,000 2,756.650,000 1,461,750,000
"1.2.1 Sand Pocket 233,730,000 140,500,000 140,900,000 140,500,000
(1) Latera] Dike of Groundsills m 13000 17,500 227,500,000 8,500 115,700,000 £,500 115,700,000 8,500 115,700,000
(2) Revetments w8400 4,700 55,280,000 3000 25,200 000 3,000 25,200,000 3000 25,200,000
1.2.2 Highway Rouvte 22§ Foad ke 192,100,000 151,100,000 141,100,000 151,106,000
{1) Embankment and Pavement m 372,500 4300 161,250,000 4300 141,250,000 4,300 151,250,000 4,300 151,250,000
{2) Bridges (3 beidges) w2 25,000 124 X0,850,000 1194 29,850,000 1194 29,850,000 1,188 29550000
1.2.3 Consclidaiion Dams (Maskup & Otbess) 157,000 000 1,578,400 000 157,000,060
1) Steel wall & tie s wa 32 003 1,480 34,560,000 14,850 474,200,000 1,050 34,560,600
2) Steel sheel piting wa 56,000 300 20,160,600 4050 226,800,060 %0 X,160000
3) Plain concsete m3 2,200 5,980 13,156,000 71470 170,874,000 5.580 13,156,000
4y Reinforced concrete wm3 3,000 6,400 15,200,000 57,600 172,800,000 4,400 15,200,060
§) Gation matiress 3 1,500 14,120 22,592,000 83,000 132,800,000 14,120 22,5900
6) Rubtible concrete m2 1,500 5,600 8,400,000 5,600 8,400,000 5,600 8,400,000
Ty Othey LS 33,932.000 392,516.000 38,532,000
1.2.4 Sacobia River Training Works 468,300,000 458,300 900 448,300,000
{1} Dolores Cosolidation Demr 278,300,000 278,300,000 _ 278,300,000
1} Steel wall & tic 1od wn 32,000 1,750 56,320,000 1,760 $6,320,000 1,760 54,320,000
2) Ssech sheet pling fon 56,000 550 31,360,00% 550 31,250,000 560 31,360,000
3) Plafa coocrete ‘w3 3200 9,300 20,460,008 9,300 20,450,000 2,300 1,850,000
43 Reinfarced concrese m3 3,000 9,600 23800000 9,600 28,800,000 9,600 28,600,000
5) Gabion maluess m3 1,600 10,420 31,072,000 19,420 33,072,000 19,420 H07200
£) Fubble concrele m2 1,500 11,000 16,500,000 11,000 16,500,000 00 16,506,000
7y Dihers [ $3,763,000 93,788,000 93,783,600
{2) Training Wk n 33,000 5,000 190,000,000 5000 1%0,000,000 5,000 190,000,000
1.2.5 Bamban River Jmprovement ) 204 ,5G0,000 204,500,000 © 204,500,000 204,500,000
(1) Revetmeats m 14,600 4000 195,000,000 14000 156,000,000 14,060 155,000,000 14,000 195,000,000
{2) Spuz Dikes m 17,000 S0 8,500,000 50 - 8500000 50 8,500,000 500 8,500,000
" 1.2.6 Bark Prutection m 10,300 4,000 41,200,000 4000 . 41,200,000 4,000 41,200,000
for Sapang Cavayan Rived
1.2.7 Sspang Balea River Improvemeat ) §5,220,00¢
{1} Excavation, Bike, Road, eic w4700 9,200 43,240,000
{2y Revelments m 7,000 3,240 22,630,000
{3 Bridge w2 25,000 772 19,300,000
12 8 Restoredion of Highwey Route 3 ’ 131,250,000 131,250,000 © 131,250,000
(1) Embankment and Pavement 1 14500 2,500 41,250,000 1,500 . 41,150,000 2500 41,250,000
(%) Bambaa Bridge m2 25,000 3,600 90,000,600 3400 90,000,000 3,600 S0, 000,00
} 2.9 Bed Girdles in Bamban River m 51000 - : ) 2300 117,500,000
1.3 Miscellaneocs Works L5 76,550,000 133,425,000 275,665,000 . L45,875.000
2, COMFPENSATION COST 9,000,000 . 9,000,000 9,000,000 9,000,000
(1) Land Acquisiion " ha 200,000 35 7,000,000 35 7,060,000 35 7,000,000 35 7.000,000
(2} Houss Dvacuation each 100,000 . ;m 2.000,000 p-t] 2,000,000 X 2,000,000 20 2,030,000
3 PHYSICAL CONTINGERNCY 222 250,000 355,846,875 744,786 B7S 432,503,125
AND OVHERS
Grand Totat TOL111,R00,000 1,929,235 375 3.973,934.375 2112515828
MAINTENANCE WORK . . :
Deslting Works ml &0 13500000 810000000 13500000 810,000,000 13500000 §10,000,000 10,500,060 630,000,000
Nols:

(1) Preparatory works = 5 % of main works,
(2) Mixelanecus works = 10 % of main works.

(3) Physical contingency asd othérs =25 % of malt construction cost and compoasation cost.
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Table 116 Project Cost of Alternative-1 for Sacobia-Bamban River System (Financlal)

Cost Unit 1 Pesos

F.C Pottioa B L.C Portioa . " éj_?

Work likms Unit  QUAANITY  -eemrmrrees mmomomommemeains mesatee i Total
Unit Cost Amount Unit Cost  Amoun
LMAIN CONSTRUCTION COST 522,744,200 352,695800 £80,410,600
1.1 Preparatoty Works LS 22,945,400 15,334,600 38,250,000
1,2 Msin Works 458,908,000 306,692,000 763,600,000
1.2.1 Sand Pocket 170,000,000 113,780,000 283,780,000
{1) 3rd to Eth Groundsills nt 17,500 T.B00 336,500,000 5,200 91,000,000 227,500,000
{2) Revelmenis m 6,700 5,000 33,500,000 3,400 22,750,000 36,250,000
122 thighway Route 329 Road Dike 115,260,000 76,840,000 192,100,000
(1} Eeateekment and Pavement m 4,300 22,500 96,750,000 35,000 64,500,000 ) 161,250,000
{2) Bridges m2 1,234 15,000 18,510,000 10,600 12,340,000 30,850,000
1.2.3 Sspang Belen River Inprovement 50,948,000 34,272.000 85,220,000
(1) Excavation, Dike, Road, ete 0 9,200 2,500 25,760,000 1,900 17,480,000 43,240,000
(2)Revetments it 3,240 4,200 13,608,000 2,800 9072000 22,650,600
{3) Bridge 2 72 15,000 11,580,000 10,000 7,720,000 19,300,000
1,24 Bamban River Improvement 122,700,000 81,800,000 204,500,000
(1) Reveiments n 14,000 8,400 117,600,000 5,600 73,400,000 196,000,000
{2) Spur Diikes m 500 10,200 5,100,000 6,800 3,400,000 8,500,600
1.3 Miscelancous Werks LS 45,890,800 30,669,200 .76,560,000
2. COMPENSATION COST _ ‘ _ 9,000,000 9,000,000
{1} Land Acquisition ha 35 200,000 7,000,000 7,000,000
(2} House Evacuation cach 20 100,000 2,000,000 2,000,000
3. PIYSICAL CONTINGENCY  ~ o 131,936,050 90,423,950 222,360,000
AND O1HERS :
Grand Tetal 659,680,250 452,119,750 1,111,800,000
MAINTENANCE WORK )
Desifting Works m3 13,500,000 38 486,000,000 24 324000000 810,000,000
(3.5 million m3 x 9 yeass)
Notes: :

{1} Preparatory works = 5% of main works,
(2) Miscellencous works = 109 of reain works.
(3) Physical contingency = 25 % of main construction cost 2nd compensation cost.
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Table 11.7 Project Cost of Alternative-2 for Sacobia-Bamban River System (Financial)
Cost Unit ! Pe_ggms_
F.C Portion 1.C Porlion
Werk Iems Unit Lo TT B T Total
Unit Cost Amounl Unit Cost Amount

1 MAIN CONSTRUCTION COST 920,918,620 612,468,850  1,514,387,500

1.1 Frepanatoty Works LS 40,039,940 26,672,560 66,712,500

1.2 Main Woils 800,798,800 533,451,200 1,334,250,000

1.2.1 Sand Pocket 84,420,000 S6AEDD00 140,500,000
(1) 24 15 5th Groundsills m R900 7,800 | £9,420,000 5,200 46280000 135,700,000
(2) Revelments m 3,000 3000 15,000,000 2,400 10,200,000 25,200,000

1.2.2 Highway Roule 329 Road Dike 114,650,000 76,440,000 191,100,000
(1) Embarkmend and Pavemeal m 4300 22500 86750000 15,000 64500000 161,250,000
{2) Biridges (3 bridges) m2 3184 15000 17,910,000 10,000 1,840,000 Z9.150,000

1.23 Maskop Coasolidation Dam 935,000,000 63,000,000 157,000,000

1) Steed walt & ti¢ rod ton 1080 19000 20,520,000 13,000 14,040,000 34,560,000

2) Steel sheet piting oa 369 33600 12095000 22,400 8,064,000 20,160,000

3} Plain conciste w3 5980 1,3 2,774,000 900 5382000 13,156,000

4) Reinforced concazie m3 6400 1,800 11,520,000 1,200 7,650,000 19,200,000

5) Gabion matiress 3 14,3120 1,000 14,120,000 600 8,472,000 22,592,000

6) Rubble conceele w2 5,600 900 5,040,000 600 2,360,000 8,400,000

7) Others LS 23359,200 15,572,800 38,922,000

12.4 Sacobiz River Training Works 281,218,800 IRIOBE200 468,300,000

(1) Delores Cosotidilion Dam 167,218,500 ) 111,085,200 278,300,000

. 1) Steel walt & tie rod 1o 1,760 19,000 33440000 13000 22,880,000 56,320,000

2) Steel sheet piling foa S50 ARG00 18816000 22,400 12,544,000 31,360,000

3} Plain conceete . m3 9,300 1,300 12,090,000 500 8370,000 20,460,000

4% Rewnforced concrets m3 9,600 },E00 17,250,000 1200 11,520,000 28,800,000

. 5)Gabion mattress m3 19,420 OGO 19,420,000 " 600 11,652,000 31,072,000

. €) Robble concrele m2 11000 560 9,500,000 600 6,600,000 16,500,000

7) Others LS © 56,272,500 37,515,200 93,788,000

{2} Channtling Work m 5000 22800 SHADOGEO 15200 © 76000000 190,000,000

1.2 § Bamban River Imgrovement 122,700,000 © 81800000 205,500,000

(1) Revetments m 14000 © RA00 117,600,000 5,600 78,400,000 196,000,000

(2) Spar Diikes " 500 10200 5100000 6,800 3400000 3500000

12,6 Bank Protestion m 4000 . 6200 ' 24,800,000 4100 16,400,000 41,200,000
for Sapang Cauayzn River :

'12.7 Restoration of Highway Route 3 79,000,000 52,250,000 331,250,000
(1) Embankmcnt ind Pavemenl o 2500 10000 25,000,000 5,500 16,250,000 41,250,000
(2) Bamban Bridge Cm? 3600 15000 SA00000C 10,000 36,000,000 90,000,000

1.3 MisccHancous Works 1.5 £0,079,850 S334502) 133,425,000

2. COMPENSATION COST 9,000.000 9,000,000
{2} Fend Acquisition ha 35 200000 7,000,000 2,600,000
(2) House Evacuation each 20 100,000 2,000,000 2,000,000

4. PUYSICAL CONUINGENCY 230,229,655 155,617,220 385,846,875
AND OTHERS

- Grand Tola} 1151,148,275 ITRORG100  1,929,232375

MAINTENANCE WORK ”

Desilting Works w3 13,500,000 35 486,000,000 24 A24000000  §10,000,000

{15 million 3 x 9 years)

Notkes:

(1) Preparatory works = 5 % of svain wosks.

(2) MisceMancous works = 10 % of main works, )
(3) Physica) conlingency and others = 25 % of main corstruition cost and compeasation cost
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Table ILS Projeet Cost of Alternative-3 for Sacobia-Bamban River System (Finaucial)
Cost Uit ; Pesos
F.C Poction 1.C Portion
Werk liems Usit QUAALEY oo mm e e e e Total
Uil Cost Armdunt Unit Cosl Armaoynl
EMAIN CONSTRUCTYION COST 1,501,220,710 1268926790 3,170,147,500
1.1 Preparatoty Works LS 82,661,770 55,170,730 137,832,500
1.2 Main Works 1,653,235,200 1,103,414,600  2,756,650,000
12.1 Sand Pockal £4,420500 564800600 140,900,000
{1} Md 1o 5th Groundsills m R900 7,800 £9,420,000 5,200 45,280,000 115,700,060
{2} Revetmeats m 3,000 5,000 35,000, 04x) 3400 10,200,000 23,240,000
12 2 Highway Route 329 Road Bhike 114,660,000 76,440,000 191,360,000
(1)} Embankasentand Favemenl m 4,300 22,500 96,730,000 15,000 64,500,000 161,250,000
(2) Bridges (3 bridges) m2 1,194 15000 17,910,000 10,000 11,940,000 29,850,000
123 A groug of Consolidation Dams 946,435,600 632,863,400  1,579,200,000
i) Steel will & tie rod 1on 14,850 19,000 282,150,000 13,000 193,056,650 475,200,000
2) Steel sheed piling fon 4,050 33,600 136,080,000 22,400 90,720,000 226,800,000
3) Plain conerete m3 77670 1300 100,975,000 900 69503000 170,874,000
43 Reinforced concrete m3 57,600 1,600 103,680,000 1,200 - 65,120,000 172,800,000_
5} Gabion mattress m3 3,000 1,000 83,000,000 600 49,800,000 132,800,000
6) Rabble concrele m2 5,600 900 5,040,000 600 3,360,000 £,400,000
7) Others LS 235,515,600 157,010,400 392,526,000
1 2.4 Saecbia Rives Training Works 281,218,500 187,083,200 468,300,000
(1) Dolores Cosolidation Dam 167,218,800 111,084,200 278,300,000
1) Steel wall & Ue rod fon 1,760 15,000 332,440,000 13,000 22,880,000 56,320,000
2) Steed sheed piling en 560 33,600 18,816,000 22,400 12,544,600 31,260,000
3) Plain concrete m3 9,300 1300 12090000 500 £,370,000 20,460,000
" 4) Reinforced conorede m3} 9,600 1,800 17,280,000 1,200 11,520,000 28,800,000
5) Gabica mattress m3 19,420 1,000 15,420,000 600 11,652,000 31,072,000
£) Rubble concrele S om2 11,000 900 9,900,000 . 500 6,600,000 16,500,000
1) Othess LS - 56,272,500 37,515,200 9I7ER.0H00
{2) Channcliag Work m 5000 22800 114000000 15200 76000000 190,000,000
. 1 2.5 Bambaa River Improvement 122,700,000 81,800,060} 204,500,000
{1} Revcluents mno 14000 ~ RA0D 117,600,000 5,600 78,400,000 © 156,000,000
(2) Spur Dikes m 500, 10,200 5,100,000 6,500 1,400,000 £,500,000
1.2.6 Bank Protection m 4,000 6,200 24,800,000 4,100 1 6,400,000 41,200,000
for Sepang Cauayan River
12.7 Restonation of Highway Route 3 79000000 $2,250000 131,250,000
£1) Erbankiment 2ad Pavemen) " 2,500 10,000 000,000 6,500 16.230,00G 41,250,000
£2) Barcbaa Bridge m2 3600 5000 - 54,000,000 10,000 36,000,000 90,000,000
1.3 Miscelancous Works LS 165.3_23.540 110,341,460 275,665,000
2. COMPENSATION COST 2,000,000 9,000,000
(1) Lasd Acguisition o ha 35 200,000 7,006,000 7,000,000
{2} Mopse Evacuation "each 20 100,000 2,000,000 2,000,000
3. PHYSICAL CONTINGENCY 475,305,178 319,481,658 794,766,875
ANDQTNERS
- Grund Tota) 2,376,525 558 1,597,408 488 2973924375
MAINTENANCE WORK
Destliing Works ' 3 13,500,000 35 456,000,000 24 324,000,600 10,600,000
{15 millicn m3 x ¥ yeass)

Notes:

{1) Preparatocy works = 5 % of main works.
{2) MisceHaneons works = 10 % of main works.
{3) Fhysical contingency and otheis= 25 % of main corstruction cosl and compeasation cost,
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Table 11.9 Project Cost of Alternative-4 for Sacobia-Bamban River System (Financial)

Cost Unit: Pesos

F.C Fortioa {.CPortien
Work Hems KIIE QUARLHY  -eomiesmmssns simreoemsmsamiiesmremasoienes mieis s neneae Total
— Unit Cesl Amoual L'nit Cosl Amounl
&)
L2 1 MAIN CONSTRUCTION COST 1,008,893,620 672,11R.E880 1,681,012,500
1.1 Preparitoly Works [ 43,861,940 29,222,560 T3O87,500
1.2 Main Works &77,298, 800 584,451,200  1,463%,750,000
1.2.1 Sand Pockel 84,420,000 56,480,000 140,900,000
-(1) 3cd ko Sth Groundsitls m 8,900 7.800 69,420,000 5,200 46,280,000 115,700,000
(2} Reveboenis m 3,000 5600 15,600,600 3,400 10,200,000 25,200,000
1.2 2 Highway Route 329 Read Dike ’ 124,650,000 - 76,420,000 151,100,000
(1) Embankmeal and Pavemeni » 2,300 22,500 956,750,000 . 15,000 61,500,000 161,256,000
(2) Bridges (3 bridges) m2 1,184 15,000 17,910,000 10,000 11,920,000 29,850,000
1.2 3 Maskup Consolidation Dam 94,000,000 63,000,000 157,000,000
1) Steel walk & Gie rod fon 1,080 19,000 20,520,000 13,000 14,040,000 34,560,000
2y S1eel sheet plting on 350 33,600 12,086,000 22400 R,064,000 20,160,000
3) Plain concreic m3} 5,980 1,300 7,774,000 900 5,382,000 13156000
4) Reinforced conerele m3 6,400 1,800 11,520,600 1,200 7,680,000 19,200,000
53 Gabion matieess m} 14120 1,000 14,120,000 (L] B472,000 22,592,006
6) Robble concrete m2 5600 200 5,040,000 600 3,360,000 8400000
7y Others 1.8 23,359,200 15,572,800 18,932,000
1.2.4 Sacobia River Training Works © 281,218,800 187,081,200 468,200,600
{1) Dolores Coseldation Dam 167,218,800 111,081,200 278,300,000
1) Steel wall & e rod fon 1,760 19,000 33,440,000 13000 22,880,000 56,320,000
2) Steel sheek piting ton 560 33,600 IREIE000 22400 12,544,000 11,360,000
) Flainconcreie m3 2,300 T 1,300 12,090,000 900 8,370,000 T 20,460,000
) 4} Reinforced conceele “m3 9,600 LS00 17,280,000 1,200 11,520,000 28,800,000
5)Gabion mairess m3 19,420 1000 19,420,000 500 11,652,000 - 31,072,000
:% 6) Rubble concrete . m2 11,000 00 9,500,000 &0 - 6,600,000 15,500,000
> Ty Others LS . 56,272,800 37,515,200 93,788,000
(2) Chanacting Work m 5000 22800 114,000,000 15200 76,000,000 190,000,000
1.2.5 Bambaa River Improvement 122,700,000 §1,500,000 204,500,000
{1) Revclmenis . m . 14,000 B A00 117,600,000 5,600 - 78,400,000 156,000,000
{2) Spur Dikss ' m . S00 10,200 5,100,000 6800 - 3,200,000 8,500,000
126 Bank Pictection m 4000 6200 24500000 4300 . 16400000 43200000
for Sapang Cruayia River :
12.7 Restocution of Highway Roste 3 79,000,000 52,250,000 131,250,000
(1} Embankment and Pavemeat ™ 2,500 10,000 25,000,000 6,500 14,250,000 41,250,000
(2) Bamban Bridge m? - A600 15,000 54000000 10,000 36,500,000 S0,.000,000
1.2.% Bed Girdles in Barobzs River @ 2500 30860 76500000 20400  SLOG0D00 127,500,000
1.3 Misceltancous Works LS 87,729,880 . SR,445120 146,175,000
© 2. COMPENSATION COST ' ' 9,600,000 9,000,000
(1) Land Acquisiton ba 35 00000 TOG0000 - 7000000
(2) Hovse Evacuation each 29 100,000 2,000,000 2,000,000
3. PHYSICAL CONTINGENCY 252,223,405 C,279,720 422,500,125
AND OTHERS
Grang Total 1,261,117 025 R51,398,600  2,112,515,625
VMAINTENANCE WORK
;I Desilting Works m3 10,500,000 36 378,000,000 24 252000000 630,000,000
R (1.5 milticn 3 1 3ycars & 1.0 million m3 3 Eycass)

Notes:
(3) Paeparatocy works = 5 % ol main works.
(2) Miscellznzons works = 10 % of main works.
(3) Phy sical contingeacy &nd others = 25 % of main co asteuction cost und eompenszlioa cost
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‘Fable .11 Design Condition and Principal Features of Proposed

Sabo Dam in Abacanr River Basin

2 woy

No. 9 Sabo Dam

No. 6 Sabo Dam

TM-1 Sabo Dam

Desien Conditions

Catchmcnt Arca 33.3 k'’ 3.5 km? 8.3 ko’
Design Discharge 400 m*s S 130ms 200 m¥s
Oveiflaw Depth 24m 2.1m 15m
Frechoard 0.8 m 6.6 m 08m
Dimension of Structure

~|Eftective Height 5.5m 5.0m 4.0 m
Height of Main Dam 85m 8.0m 7.0m
Length of Main Dam 101 m 76 m 126 m
Width of Main Dam Hm 10m om
Spithvay Width 60 m 25m $0m
Wing Height 35m 3.0m 30m
Apron Length 2m 18 m 14 m|




Table H.12 Project Cost for Abacan _River System (Finaneial)

Cost Unit @ Pesos
F.C Pattion 1.C Portion
Worl [tems Uail QUANRGIY - -rmmrmrmrs oo s oo Tata?
Unit Cost  Amouni Unii Cost  Amount
IMAIN CONSTRUCTION COST 368,389,850 244,450,900 612,840,750
1.1 Preparatoty Works L5 16,016,950 10,628,300 26,645,250
3.2 Main Works 320,339,000 212566000 532,905,000
1.2.1 Reconstruction of Sebho Dams 78,624,000 51,876,000 130,500,000
{1} Sabo Dam No.9 45,235,000 29765000 75,000,000
1) Steelwall & fic rod ton 210 19,000 3,950,000 13,000 2,730,000 6,720,000
2) Steel sheel piting fon 130 33,600 - 4368000 22,400 2,912,000 7,280,000
3) Plain concrete m3 1,370 1,300 1,781,000 900 1,233,000 3,014,000
4} Reinforeced concrete m3 2,470 LS00 4446000 1,200 2,964,000 7,410,000
5) Gabion maliress m3 &390 1,004 £,390,000 600 5,634,000 13,424,000
6) Rubble concrale m3 5,400 SO0 4,860,000 60 3,240,000 8,100,000
T) Others LS 17,400,000 11,652,000 29,052,000
{2) Sabo Dam T™-) 20,938,000 13,862,000 34,800,000
1) Steel wall & tic 10d o 200 19000 3,800,000 13,060 2,600,000 6,400,000
2) Steelsheet piling ton 100 33,600 3,360,000 22,400 2,240,000 5,600,000
3) Plain coanciste m3 1,400 1,300 1,820.000 jLLt 1,260,000 3,080,000
" 4) Reinforeced concrete m3 2,090 1,800 3,762,000 1,200 2,508,000 6,270,000
5) Gabion mattress “rod 3,160 1,000 3,160,000 630 1,896,000 5,036,000
6) Rubble concrets m3 - 900 0 600 0 0
-7} Oihers LS 5,036,000 3,353,000 8,394,000
(3) Sabo Pam No.6 12,451,000 8,249,000 20,700,000
1) Steel wall & Gie rod ton 130 19,000 2470000 13,000 1,690,000 4,160,000
2) Steel sheel piting fon 50 33,600 1,650,000 22,400 - 1,120,000 2,800,000
3) Plain concrele m3 B30 1,300 - 1079000 ' 500 747,000 1,826,000
4) Reinforeced concicete m3 1,090 1,860 -+ 1,962,000 1,200 1,308,000 3,270,000
. 5) Gabion matlress m3 2,260 1,000 - 2,260,000 600 1,336,000 - 3,616,000
6) Rubble concrete -m3 900 ) 0 600 0 -0
7) Others L5 3,000,000 2,028,000 5,028,000
1.2.2 Bank Frasion Protection Works m 3,400 10;’?00 36,380,000 7000 23,500,000 60,150,000
for Szpanig Balen River
1.2.3 Chaancling in Angeles Urban Area m 7,300 10,800 73,840,000 7200 82,560,000 . 131,400,000
1.2.4 Slope Protection in Lower Reach m 13,000 2400 109,200,000 5600 72,800,000 182,000,000
1.2.5 Bridge Works (2 be idges) m? 1,153 15,000  17,295000 10,000 1i,530,000 28,825,000
1.3 Miscelaneous Works LS 32,033,900 21,256,600 53,290,500
2. Pil.\'SlC:"_L[. CONTINGENCY 92,0;‘7,4 63 61,112,725 153,210,158
AND OTHERS :
Grand Tetzl 460,487,313 305,563,625 766,050,918
MAINTENANCE WORK '
Desilting Works m3 2,000,000 36 72,000,000 24 48,000,000 120,000,000
Notes:
"{1) Pucparatory works = 5% of main works.
{2) MisceNancous woiks = 10% of main works.

(3) Physical contingency and others = 25% of main construction cost.
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Table ¥.13 Annual Disbursement Schedule of Project Cost for Abacan River System

1 BANCONSTRLCTONOCST

{1 Fegarioy Yoks LS
12 Manvicds
121 Raconstructon of Sabolams
{1) SboDamMal LS
[4 5o Dizn Mo § Ls
(21 Sho Dz TY-§ L3
123 fark Preiaction {5, Balo R) n
23 Chamneingd Angehs Ty m
124 Sopz PettoninleverBeath @
1725 BridgeWorks aach
13 Micancous Yoks LS
2 PHSCALCONTNGENCYR OTHERS LS
TOEAL
AT ENANGE WORK
Desiling Wods wm
Mol

{1} Prpaiosy woiks = 54 of man wolks.
) Miterancouswods = DR dmdnends,

380
740
1350

D)
1300

4

) Physieatont igordy and cihers = 2% ol main oonstexcton codt.

SREEN

1A500N0
20,0600
1500600
HEeHn
63,8000
13,4000
200000

282500

415203
1.3,000
L0000

260 3540000

400000 24000
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29,04 55 BESHS
U0 SRS
TEEA 155250
FE el 27000
1 202000
+ 750000
350 GMMT 2500 SRANHN
250 BN ZE0 H/ANAO
1 HAZSD 1 HADSD
18181,20 1351250
§4.5 HEHEN
21415 api2s

4000 2400000

4000 40000

243 v
Qisy  Amost  Qhaoky  Amdst
8180000 HIB700
3550000 484,00
NZGE0 86,5050
34LH0A0
1 ME000
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7420000 $5800
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Table ﬂ.l_6 ‘

Project Cost of Floed/Mudfow Control Works

which covers the physical contingency, administration
and engineEning Services costs,

Sacobia-Bamban River
{1} Aitarnative 1 Unit : Pasos million
financial Cost Economic Cost
Work llems FC Poion LC.Porton  Tolal F.GC. Porfion L.C.Poton  Tolat
1) Main Construction Cost £00.64 40430 1001.94 60654 276.08 876.74
?) Compansation Cost 0.00 900 900 0.0¢ 369 369
3) Physical Contingency .
and Othet Cosls 150.16 100.32 25049 150.16 69.02 219.18
A} Tolal 750.8% 51062 1261.43 75081 348.80 106961
{2} Alternative 2 Unit ; Pesos million
Financal Cost Economic Cost
Wok liems f.C Poaton LG Puton  Tola F.C. Porion LG Poton  Tolal
1} Maln Construction Cost 1090.00 £58.94 175864 1030.00 460.23 1550.23
2) Compensation Cost 000 900 9.00 000 369 369
3) Physical Contingency
and Other Costs 2250 167.23 43973 a5 115.06 387.56
4] Total 1362 50 84517 220767 1362 50 578 98 1941.48
{3) Alternstive 3 Unit : Peses million
Financiat Cost Economic Cost
Work fiems F.C.Porion LC.Portion  Tolal  F.C. Paton LC.Porfon  Tola
1) Main Construction Cost 206055 132389 339344 206955 910.84 2980.38
2) Comparisation Cost 0.00 8.00 960 0.00 389 359
3} Physical Conlingency :
and Other Costs 51739 33097 84836 517.39 2211 745.10
4} Total 2585.93 1663.87 4250.80 236693 i142.24 3729417
{4) Alternstive 4 Unit : Pesos million.
_ Firandal Cost Economic Cost
Work dterns F.C. Porton LG Porton  Yotal F.C.Portion L.C. Portion Total
1} Main Construction Cost 1677 . 7679 187856 116177 49315 165402
2) Compensation Cost 000 900 4.00 - 0.00 369 369
3) Physical Gontngency 4 -
and Other Cosls 29044 17920 46964 . 20044 123.29 413.73
4) Tolal 145222 90499 235720 145222 620.93 207235
* Abacan River )
Unil : Pesos milfion
. Financal Cost Economic Cost
Work kems F.G, Portien 1.G, Porton Total £ C. Poton LC. Porton Total
- 1) Main Construction Cost 379.19 25165 630.84 3969 - 1AM 55233
3) Physical Conlengency
and Other Cosls 9480 629t 157.1 9490 54,10 14850
3} Total 47359% LR ] 78855 47399 22724 0123
Note for Financial Cost : Note for Economic Cost:
i) At 1584 end prica Jevel. 1) Share of unskiled fabour was assumed at 50% of
2) Physical coniingency and other costs = (1)* 25% Ma'n Constructon Gosl.

2} Shadow Wage Rale of £0% was assumed.
3) Standard Coversion Faclor of 0.86 was assumed.

4} Land aoquisition 003! was shadow-priced based on
production loregone value,
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Table H.17 Unit Values of Damageable Properties applied for Damage Estimate

Items

Unit Value

1. Direct Damage

i. Buildings*
1) Residential Buildings
2) Non-Residential
3) Houschold effects 7
4 Inventory stockfequipment
2. Agricultural Crops

Ircigated Paddy
Rainfed Paddy
Sugar Cane
Com

5) Livestock

3, Infrastructuce

6) Road
National Road
Other Roads

7) Bridge
National Bridge

Local Bridge
8) Irrigation System

1. Indirect Damage

9} Additional Transportation Cosl
10) Disruption of Economic Activity
11) Evacuation Cost

" 12) Emergency Clean-up Cost

51,000 Pesosfbuilding
265,000 Pesos/building
14,000 Pesosfouilding
143,000 Pesosfbuilding

12,650 Pesos/ha
9,440 Pesos/ha
20,930 Pesos/ha
9,810 Pesos/ha
(estimated by 7% of crop damage)

1,750 Pesosfm
1,400 Pesos/m

60,000 Pesos/m
50,000 Pesos/m
&40 Pesosfm

216 Pesos/family/week
- 150 Pesos/day/building

Source :
- Table 2-3 of Inferimy Report (2)

.. Table 6.7 of Interim Report (1) for unit values of agricultural crops

Note :
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Table H.18 Estimated Average Anmual Damage for Abacan River

A) {8 (G} i) € F) (G
Average Annual
Probability of Flood Damage up lo Indicated Return Period Flood Damage
Returs Exceedance for  Events within Averaga Flood Damage  up o Indicaled

Period Return Peried  Intervals  Bulldings AgriCrops  Infrashrueture  Flood Damage  within Intenals  Relurn Period

(Pesos 10%6) (Pesos 10°6) {Pesos 10°6)  (Pesos 10°6) {Posos 10°6)  (Pesos 10°6)
17.78

2 05 1234 16.48 0.00
_ 03 24047 72.14

5 02 25332 333 4558 72.14
_ 0.4 41123 £1.12

10 04 33006 5114 58 00 11326
0.05 _ 501.16 2085

2 0.05 _ 541.49 70.40 8324 143.42
0.03 BI66S 2450

50 0.02 72058 9169 116.91 167.62

0.01 106438 1064 _
100 0.01 92535 11506 14927 178.25

Table H.19  Eslimated Average Annual Damage for Sacobia-Bamban River

» )] ) : ) () () ()
Average Annual Average Annyal
Probability of Flood Darmage up to lndicated Return Periog ' Fiood Damage

Returr Exceedance for  Evenls within Average Flood Damage  up o Indicaled

PeriodReten Period  Intervals Buildings Ag/ICrops  Infraslructure Flood Damage  within Inferva's  Refurn Period

(Posos 1076} {Pesos 10°6) (Pesos 10°6)  [Pesos 10°6)  (Pesos 10°6) {Pesos 10*8)

2 45 : 4925 21.73 1333 0.00
03 13707 A2
5 Co02 C0m 4373 39.09 : 4142
VR 23237 C 2324
10 0.1 156,12 66.41 5333 ' 64,3
085 o 23158 ©16.58
20 0.05 ' 214.11 89.88 78.27 £0.94
063 . 436,15 - 1308
50 002 21317 117 56 99.32 . . 94.02
004 §53.72 554
100 001 34207 154.22 121,12 ] 99.56
D00 1 - e e o e ,,,,,,,,,f#_,,‘l
. __,.—"‘"_"-_—_—“M-H—H .
150
100 —

r’cww"‘“’."‘“

Average Annual Flood
Damage (million Pesos)

50
=———&=—== Sacobia Bamban —#—— Abacan
old: I —— i ——s :
o 20 40 60 80 100

eriod i
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Table 11.20  Data for Additional Fransportation Cosi

() Computation Formula : SCF = GFw'o - CFw/
CF=TDG‘DF
4
TOC = (EVOCH ADTH ' DL
i=1

wharg,  SCF = Costsaving by reduction of risk for read unserviceablily caused by food{P}
CF = Cost by fiood(P}
TDC = Total vafic dversion cos(P}
DF =Duration of unsanviceability{days)
VOGi = Vehicls operation cost of vohicla type i(P / vehic'e km}
ADTi = Average daily traffic vo'ume of vehici lypa i (vehicle / day)
DL = Delounng length (k)

(2) Vehicie Oparating CosI(VOC)
Carvan  Jeeprey Bus Truck
Running Cost(Pxm} 2 161 365 4
Fixed Cost{P/min) 0123 0533 0835 QW7

{3) Average r Average speed assumed : 40km fhe

(41 Delour Distarcafkm} and Duration of Urserviceablity(nonth}

(wo}  [w)
Routs  Total Norma!  Detour
- Duration Cods Deour _ Distance  Distance Aoute Alarnalives
For Dry Season - Di: s 85 253 WNL Mololos-Gapan-5t Resa-Tariac
{6 monlhs) D2: 623 515 48 $Fermando-Mabataca!-S Francisco Brg.-Capas-Tarae
D.3 575 515 0 $§Femando-Mabelacat-[Bamban Rver)-Bamban -
D.4: 443 443 0 S Fernando-Mabatacal-8 Francisco Brg -Concaption
For Fainy Season . RLL 1946 855 254 MHL-Mowlos-Gapan-StRosa-Tartac
{5 months) Ri2: 623 515 48 S Femando Mabatacat-§ Francesoo Brg -Capas-Tadse
RA3 505 219 226 SFernando-Mabalacal-S.Francisco Brg -Bamban
Ris 443 443 0 $Femando Mabalacat-S Franciseo Brg -Concepcion
% 30 days in Rainy Season n2%: s 865 2541 MNL-Mololos-Gapan-StRosa-Tasjas
-4 {1 month} n2z: 1544 39.7 H4T Angoles-Sia Rita-Gapan-StResa-Tarlac .
23 - 1668 s 1552 Angeles-5'a Rita-Bapan-S1Rosa Lapar-Goncepoion
"R24: 1513 2% 1223 AngeT&s_-S'.aRi!aGapen-StRosa-Lapaz—Goncepdon-Bamban-
Rermal Gondtion{w! ) Ni: . 865 © - MNL-SFernando-Maba'acat-Bamban Bro.-Capas-Tarlac
{through tha yzar) N2: - 575 - § Fernando-Maba'acal-Bamban Brg -Capas-Tarlae
N3: - 219 .- SFerrando-Maba'acalBamben Brg -Bamban
N4: . 443 " * .+ SFernando-Maba'zcal S Francisco Brg -Concepeion
NS: - W7 - Angeles-Mabalacal-Bamban Brg.-Capas-Tarlac
N6 - 16 - Angeles Mabalacat-Bamban Brg -Bamban
N . 23 + Angeles-Maha'aca!S Francisco Brg.-Concepcion
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Table H.21 Cost-Benefit Analysis of Sacobia-Bamban (Alternative-1)
Unit : Peso million

Tttt EconomicCosl ~ Cost _ —~ ~ Benoft — ~ angfit T
No Year Tipial “O&M _ _Tolal TFRECA ~ Transgol T T TCMed T _ Tod___ B-C _
T{TTIe06 T 27400 T 8456 T 35986 35986
2 1897 27490  B495 35086 -350.86
3 1908 27490  B496 35066 -359.86
4 1999 27490 8496 35086 -359.86
5 2000 8496 8496 130.09 12.42 17.49 160.00 75.04
& 200t 8495 8496 140.80 1265 1822 171.68 8572
7 2002 8495 8496 152.39 12.89 1899 184.27 99.31
8 2003 8495 8496 i64.93 13.14 19.80 197.87 11294
9 2004 8496 8495 17850 1339 20.65 21254 12158
10 2005 438 438 §93.19 1264 2153 22837 2239
1" 2006 438 433 20909 13.90 2247 245.46 24108
12 2007 438 438 22630 14.17 23.44 263.01 259.52
13 2008 K] 438 244.92 14.44 24.46 28382 279.44
14 200% 438 433 265.08 1471 2554 3053 300.94
5 2010 43 438 28590 14.98 26.66 32855 324.47
16 20614 - 438 438 31054 0.00 2784 33335 333.97
17 2012 43 438 335.06 0.00 2908 355.14 360.76
18 2013 433 433 363.72 0.00 3038 394.50 389.72
18 - 2014 438 433 39366 0.00 374 42540 2101
20 2015 433 438 426.05 0.00 k<R]J 45922 454.84
S0 2016 428 418 46142 0.00 3466 4535.78 491.40
22 2017 438 438 439,07 0.00 36.24 53530 530.92
23 2018 438 438 540,14 0.00 3783 51802 57364
24 2019 438 438 58459 0.00 3961 62420 619.82
25 2020 438 438 83271 000 4142 $74.13 €69.74
25 202 - 438 438 £84.78 0.00 4332 728.10 72374
21 202 438 433 74114 0.00 4531 76645 782.06
28 - 2023 438 438 802.13 ©0.00 47.40 84953 845.15
20 20 438 438 £68.15 0.00 4959. - 91N 913.35
B 2005 438 438 93959 0.00 5%.89 991.48 987.10
TEIRR. 13.14%

- NPY{12%)a 166

Nolte :
-0 & M Cost was computed al 0.5 % of tha Main Construction Cost.
- Flood conlrol beneli was assumad to growal the same rale as Lhat of GRDP (8. 23% p.a} ol the Region.
-Transportation benefit was assumed to intreasa at the same grewth as that of North Luzon Express Way(1.9%p.a).
-Othet beneft includes evacuation cosls and building clean- up costs, and loss of production caused by the
interruption of economic aclivities . ‘
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"Table 1L21  Cost-Benefit Analysis of Sacobia-Bamban (Alternalive-2)
Unit : Peso million

e _E_c_o_ngmic_Ccsj 5] L Bopett Benefl

No Year Tipial ~O&M __Total _FoodTAl ~ Tianspod —~ Oters | Toid _ B-G
1 1996 48537 8496 57033 6.00 ¢00 0.00 0.00 -570.33

2 1997  485.97 8486 57033 0.00 0.00 0.00 0.00 57033

3 1998  485.37 8496 57033 0.00 000 000 000 51033

4 1599 485357 8456 57033 000 0.00 000 0.00 51033

5 2000 8496 8496 13009 24431 17.49 39189 06.93

6 2001 84.95 8496 140.80 24895 18.22 407.97 322,01

7 2002 8496 84 66 15239 25368 18.99 425.06 340,10
g8 2003 8496 8496 164.93 25850 19.80 44323 35827
9 2004 8458 8495 11850 263.41 2065 462.56 7760
10 2005 79 1S 193.19 26841 2153 483.14 4£75.3%
# 2006 715 175 209.09 21 47 50507 497 .32
12 2007 .15 7.75 226.30 27181 23.44 528.45 520.70
13 2003 115 775 244 92 284.01 24 .48 55339 54564
14 2009 115 7.15 26508 239.40 25.54 58002 51227
15 2010 175 1.5 286.90 204 80 26.66 £08.46 600.74
16 2011 115 .15 31051 0.00 27.84 338.35 33060
17 2012 1.75 7.5 335.06 0.00 2905 365.14 357.3%
18 2013 1.75 7.15 363.72 0.00 3038 39410 35635
13 2014 .75 1.15 293.66 0.00 31.74 42540 417.64
20 2015 7.5 775 426.05 0.00 3147 45022 45147
e 2016 7.15 715 461.12 0.00 3466 495,78 483.03
22 2017 115 1.75 453.07 0.00 B2 §35.30 527.5%
23 2018 775 1.75 540.14 000 37.88 518.02 57027
24 2019 175 135 £54.99 GO0 3361 624 20 616.45
25 2020 115 175 63271 000 4142 674.13 €66.38
o6 2024 215 115 684.78 Q.00 - 4332 728.10 72035
27 2022 175 715 74114 0.00 453 78645 7118.70
28 2023 175 L1 802.13 0.00 47.40 843.53 841.78
Pt 2024 175 1 868.15 000 | 4959 17 M 909.93
R a0 2025 175 1.5 . 93959 0.00 5189 951 .48 38313

g, : NPVa 1474 474 1948 1293 934 122 - 2408 460 -
: 54% 41% 5% {100)

EIRR= 14 55%

NPV(12%)= 460

Nolte :
O & M Cost was computed at 0.5 % of the Main Construction Cost. _ :
- Flood contro! benelil was assumed to grow al the same rale as that of GROP {8.23% p a.) of the Region.

© -Transporiation benefit was assumed to incréase al the same growth as that of North Luzon Expross Way(1.8%pa).
Other benelt includes evacuation costs and building clean-up costs, and loss of production caused by the
inlerruplion of economic aclivities .
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Table H.21 Cost-Benefil Analysis of Sacobia-Bamban (Alternalive-3)
Unil : Peso milfion

“““““““““ EcnomaCas ~Bos ~ T T T T T T T el T T T T T T T Beneb
No Year Copllal "O&M " Totdd FloodTold ~ Tratipod ~~ "Gihers __ _ Tolat__ | B-C _
{ 1996 93000 84596 101496 -101496
2 1857 93000 84596 101496 101496
3 1968 93000 8486 101456 -1014 96
4 1963 93000 8496 101495 104496
5 2000 8456 8496 130.09 24431 17.42 39189 30693
3 2001 84486 3496 14080 24895 1822 40797 32201
7 2002 849¢ 8496 15239 25368 1863 42506 340.10
8 2003 84586 8496 164.93 25850 1980 44123 35827
9 2004 8496 8406 178.50 26341 2065 6256 | 377.60
10 2005 1487 1487 193.19 26841 2153 483 14 46328
11 2006 1487 1487 20909 27351 2247 85507 490 21
12 2001 1487 1487 226.30 2731 23.44 52845 51359
13 2008 1887 1487 24492 284.01 2445 553 3¢ 53353
14 2009 1487 = 1487 26508 283,40 2554 58002 £65.16
15 2010 1487 1487 268690 28490 26.66 603.46 £93.60
- {6 2011 1487 1487 31051 0.00 2784 33835 32349
17 2012 14.87 1487 336.06 Q00 208 365.14 3B0.28
18 2013 1487 1487 363.72 000 3033 39410 379.24
i9 2014 1487 1487 30366 0.00 314 42540 41053
20 2015 1487 1487 42605 000 3347 45822 444.36
24 2016 1487 1487 461.12 0.00 3486 495.78 45092
22 2017 t4 87 ‘1487 43207 0.00 3624 53530 52044
23 2018 1487 14,87 540.14 0.00 3788 57802 £53.16
24 2019 1487 1487 584 59 0.00 3961 624.20 £0334
25 2020 1487 - 1487 632,71 0.00 4142 674.13 65926
6 20 1487 - - 1487 684,78 0.00 43.32 72810 713.23
27 2072 1487 1487 741.14 0.00 453 7685 45 77158
28 2023 1487 1487 802.13 06.00 . 4140 84953 8§34.67
29 2024 14 87 1487 : 868_.15 - 0.00 4353 917.74 902 87
o 2025 1487 1487 939.59 0.00 51.89 93{ .48 976.62
EiRR= 86%%

NPV(12%)- 908

Note
0 & M Costwas compulad al 05 % of the Main Conslruction Cost,

- Flood conlrol benelit was assumed lo grow 21 the same rale as thal of GROP (8.23% p.a.) of ths Region.
-Transportation benelt was assumed to increase al the same groith as that of North Luzon Express Way(1 9% p.a).
-Other benefi includas evacualion costs and buitding clean-up costs, and foss ol produclnon caused by the

Wterruption of economic activitiss .
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Table 11.21 Cost-Benefit Analysis of Sacobia-Bamban (Allernative-d)
Unit ; Poso milion

_ Eoonomic Cost - Cost e _ . Benel Bonafi
No Yoar “Topial _O&M  Toal HoodCald _ Tianspod __ Others __ Tod B -G
771956~ 51809~ T8504 T 60313 033
2 1997 51809 8504 60343 $03.13
3 1998 51809 8504 6033 £03.43
§ 1999 51800 5650 57459 . 51459
5 2000 5650 5650 130.09 24431 1749 0189 33539
6 2001 5650 5650 140.80 24895 1822 Q197 35147
7 20 5550 5650 152.39 25368 18.69 42506 36856
8 2003 5650 5650 164.93 25850 19.80 4323 33673
9 2004 5650 5650 178.50 7341 2065 46256 40606
10 2005 821 827 193.19 268.41 21.53 48314 41487
o 2006 821 827 20909 273 51 2247 50507 43650
12 2007 82 827 22630 278.74 23.44 52845  520.18
3 2008 821 87 24492 2040 24.48 §5339 54512
10 2009 g1 82 265,08 209.40 25.54 58002 57175
15 . 2019 8271 82 235.90 29490 26.66 60846  £00.19
6 2011 821 827 31051 0.00 27.84 3835 33008
17 2012 827 827 336.06 0.00 29.08 385.14 35687
13 2013 821 827 38372 0.00 30.38 30410 38583
19 201 8271 827 39365 0.00 ann 42540 41712
20 2015 g7 827 426.05 0.00 33.17 45022 45095
21 2016 g1 8 461.12 0.00 34 66 49578 48158
2 200 g7 827 499.07 0.00 3624 53530  527.03
23 2018 821 827 540.14 0.00 37.83 57802 56375
24 2019 827 82 £84.59 0.00 39.64 62420 61593
25 2000 82 87 63271 0.00 41.42 67413 65585
% 2028 827 827 68478 000 . 4332 - 72810 71982
2 202 821 82 741.14 0.00 4531 78545 77847
23 200 go1 = 82 802.13 0.00 4740 84953 8026
_ 20 2024 g1 82 £68.15 000 - 4959 91774 9048
g 30 2025 827 821 939.59 0.00 5180 99148 9832
s “TORR- 14.35%
NPV(12%)= 443

Nole :

- 0 & M Cost was computed at 05 % of the Mzin Construciion Cost. : '

" . Flood conteol benafit was assumed o grow al the sams ralé a5 that of GRDP {8.23% p a3 ofihe Region.
-Transpartation benefit was assumed to increass at the same growth as that of North Luzon Express Way{1.9% p.a.).
-Othat benefd Indludss evacuation costs and building clean-up costs, and oss ol production eaused by the

- inferruption of economic activites . ' L
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Cost-Bencfit Analysis of Abacan Scheme
UnﬁBe Peso mifion

Mo Yoo 3G ORN. lue TBEDH T Towwd T 0NE T Ted __ 8.0
1 1996 17531 2832 20383 20363
2 1997 17531 2832 20363 20363
3 198 1753 2832 20383 -203 63
4 1993 1753 2832 20383 20363
5 2000 278 276 230,03 0.00 24.00 25403 .27
6 2001 275 2.76 24896 0.00 2487 21383 207
7 2002 276 2.16 269.45 0.00 25,78 29523 29247
] 2003 276 216 23163 0.00 26.74 318.37 31560
9 2004 2.76 2.76 31563 .00 2174 H337 3406t

10 2005 276 2.6 KEIE Q.00 2879 31040 35763
k| 2006 2.76 2.76 36972 0.00 23.89 399.61 396.85
12 2007 276 2.76 400.15 . 000 .05 431.19 42843
13 2008 2.76 2.8 43306 .00 3226 455,34 46257
14 2009 278 276 468.72 Q.00 3353 CoS022% 493,49
15 2010 276 276 507.30 600 86 84215 53339
16 2011 276 276 £49.05 000 . 3625 585.30 5g2.54
i7 202 276 276 594.23 ¢.00 N 631,95 629.19
18 2013 276 2.76 643.14 0.00 3925 68239 67263
19 2014 276 - 276 655.07 000 4086 13693 73417
20 2015 2.76 276 7153336 005 4254 795.90 79314
21 2016 276 276 81536 ~0.00 443 859.67 85691
22 2017 276 2.8 88245 0.00 46.16 92863 92587
23 2018 276 276 655.09 .00 48.11 1003 20 1000.44
24 2019 236 2718 103363 0.00 50.15 1083.84 1081.03
5 - 2020 276 276 8.7 0.00 5223 117105 1163.29
26 202 216 276 1210.84 0.00 54 52 | 126937 126260
21 2022 215 276 131049 -0.00 5881 136737 1364 61
28 - 2023 216 2.76 1418.35 0.00 5934 147765 147492
29 2024 276 276 1535.08 0.00 - 61.92 1507.00 159424
30 2025 2.6 218 - 166141 000 6463 172605 - 172329
£iRR= 2817%
NPV{12%)= 1814

Nots :

-0 & M Cost was computed 2105 % of the Main Constriction Cosl.
- Flood control benefit was assumed lo grow al the same rate as that of GRDP (8 23% p.a.) ol Ihe Rogion,
-Transportation benefil was assumed lo ncrease al the samé growth as thal of North Luzon Express Way(1.9%p.2).
-Other benelt includes evacuation 00sts and building clean- up costs, and toss of produclion caused by the

interruption of econamic activiies .
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