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CHAPTER I FLOODING PROBLEMS

1.1  Potential Flood Areas

The Laoag River Basin suffers severe floods throughout the eatire river rcaches from the
uppermost locations in the alluvial fan 1o the river mouth. The potential flood arca for the
design flood of a 23-year retum period is estimated at 17,400 hd, and divided into
19 subdistrict arcas as listed below. The boundary of these flood reaches are as shown in
Fig. G.1.1.

River Bank Area Urban/Rural

1} Laoag River Lefl bank Tangid, Laoag Mixed
2y -do- . Rightbank  Swyo, Laoag Rural
.3 -do- - do - Poblacion, Lacag Urban
4) -de- -do- Camanggaan, Laocag “ Mixed
- 3) -do- Lelt bank Poblacion, San Nicolas Urban
6) Laoag/Bongo R. -do - San Manuel, Sarrat Rural
7) Laocag River -do- San Felipe, Sarrat Rural
‘8) -do- Right bank  Sto. Tomas, Sarrat Rural
9 -do- Left bank ° San Marcos, Sarrat Rural
10) -do- “ Right bank  San Cristobal, Sarat ~~ Rural
11) Laoag/Guisit R. Rightbank Guisit River/Mandaloque  Rural
12) Laoag River TeNbank ~ Suyo, Dingras - Mixed
13) -do- ' - -do-  Poblacion, Dingras “Urban
14) Cura/Labugaon R. Both banks Whole arca along river Rural

15) SolsonaR. Both banks - - C-do- - Rural
16) Madongan R. Both banks - . cado- " Rural

17) PapaR.  Bothibanks -do- Rural-

18) Lower BongoR.  Bothbanks Sedo - * Rural
"19) Upper Bongo R. ~ Both banks - -do - " Rural

In the above table, Laoag River covers the river steetches between the river mouth and the
confluence with Cura River. Lower Bongo covers the river scclions between the confluence

© with Cura River and confluence with Papa River while the Upper Bongo is the stretch
- upsteeam from the confluence with Papa River.

1.2 Flood Characteristics in the Laoag River Basin
Floods of the Laoag River Basin arc classified as follows:

(1) Overbanking floods of the Laoag and Lowér Bongo River; and _

“{2) Floods caused by chamel shifting and riverbed aggradation in the tributarics of the
alluvial fan (Cura/Labugaon, Solsona, Madongan, Papa and Upper Bongo). :

The Solsona, Madongan and Papa rivers are already confined by a diking system; however,
they are still under the menace of floods with severe tlood damage. The dikes are temporary
onos with insufficient structural stability and exposed to breaching.

The entire steetch of Laoag River was affected by a large flood on July 24-26, 1996. The Study
Tear and the DPWIH counterpart staff had the timely opportunity to observe this flood from

. hydrological and structural aspects. The food probability was estimated at 13-year (see

Appendix B, Climate and Hydrology) and the flooded arcas along with main flood tlow

G-1



dircctions are shown in Fig. G.1.2. The experienced hydraulic flooding situations in the
respective flood areas are as summarized below.

N
2y

3
4

(3

(6)

' __ (3)

®

(10)
- Flooding of the left bank of Laoag/Lower Bongb River in Dingras was mainly caused

Tangid Area

Floodwatcrs overflowed the left bank of Lacag River at Tangid and entered the small
Buttong creek drainage basin after crossing the Laoag - Gabu road near the Gilbert
Bridge.

Suyo Area of Laocag |

Floodwaters overflowed the dght bank of Laoag River at Suyo. The flood water flowed
into the San Mateo River alter crossing the Laoag-La Paz road. It obstructed the
drainage system in the city proper of Laoag.

Poblacion Area of Lacag

Only the uppermost and lowermost fringes of Poblacion, Laoag were inundated
because of the overbanking of Laoag River.

Camangaan Area

The arca expanding on the right bank of Laoag River upstream of the Poblacion of
Laoag was also inundated due to overbanking.

Poblacion Area of San Nicolas

" Floodwaters overflowed the left bank of Laoag River at Poblacion, San Nicolas and

flowed into the upstream section of Buttong Creck after crossing the Lqmg-San
Nicolas road (National Highway Route 3) near Gilbest Bridge.

San Manuel, Sto. Tomas and San Marcos Areas of Sarrat

. These areas were afiected by the overbank flood of Laoag River.
m
- The ar¢a was inundated by overflow of the left bank of Laoag River.

San Fclipc Ared of Sarrat

Sah Cristobal Area

The area is located at a big concave section of the right bank of Laoag River. The
national road (Laoag - ‘Piddig) in this section was rendered impassable bécause of the
dccp flooding of more than 2 m, This flood area is h:,dr'mhcallg deemed a part of the
river channel although it is cultivated as farmland,

: Manda?oquc AreafGuisit River

Mandaloque area is situated on the right bank of Laoag River between the mouths of

 the Guisit and Cura rivers, The area was affected by combined floodwaters from the
overbank flow of Laocag, Guisit and Cura rivers. '

Guisit River had overbank floods on both sides in the tower reaches due to backwater -

of the Laoag River.

Suyo and Poblacion Arcas of Dingras, and Lower Bongo River

by flood intrusion from Lower Bongo River at Barangay Medina. Flood intrusion
extended over approximately 1 km in the upstream of Cauphsan Bridge. A part of the
floodwater crossed the approach road of thie bridge to the left bank of the river. The
remaining portion flowed northwest across the National Road inundating the westem
part of Dingras, and returmned to the river at the downstream of Poblacion, Dingras (at
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(13)

Barangay Suyo). As the resull, the Poblacion arca of Dingras was isolated like an

" island in such a short time.

Upper Bongo River

There was no overbank flood except in some very short distances. Many locations were
affected by bank erosion.

Solsona/Madongan/Papa Rivers

Some seclions of the existing diking system in these rivers were breached by bank
erosion, resulting in flooding and sediment deposition on the inner lands. However,
overflow of dikes was not expetlenced during this flood event.

Breach of dikes mostly occurred at the sections of open levee, at the sites where
drainagefintake was provided and at the concave section where flood water converged,

Locat riverbed scouring of 3 m or more were observed ‘in the downstream of the
irngation diversion dams. Further, a considetable volume of sediment deposition was
observed in some river sections where the riverbed slope changes mwch. It caused
shifting of the main flood stream within the channel, resulting in bank erosion.

Cura/Labugaon River

Flood water of the Labugaon River flowed stralght westward through the existing
small channel, causing damage to agricultural lands and infrastructures. In the middle
reaches of the Cura/Labugaon River, flood water overflowed and breached the existing
concrete covered dikes on the right bank. It flooded extensively through small creeks:

Numerous flowing debris and driftwood were observed. Morcover, some houscs were
washed away due to strong flood current and bank erosion.

b\pcneno..s in this flood event gave useful guidelines to the engm«.«,rmg deaugu of rniver
improvement in the a!lmnl fan as described below.

D

2)

Diking system in the alluvml fan rivers is cffective for fixing the river course and for
preventing overbank flood if sufficient bank protection works are proudud

Appropmtel) designed open dike is useful in river sections with steep slope. However,

- the open river scetion is liable to produce a complicated hydraulic phenomenon, resulting

1.3

in the breach of neighboring dikes.

Inlel/outlet structure installed through earth dike is a weak point and requires sufticient
reinforcement works.

Bank erosion easily occurs in every river seclion, Bank protection works are nceessary
for the entire reaches.

Sudden changg of river width and riverbed slope could causg shifting of the main stuam
bed and bank crosion, and sediment deposition in the river channel that would result in
dike breaching. Alignment and bed slope of river channel should be dnS]gncd to adﬁpl
smoothly to channcl shilt.

Flooding Problems in the Urban Avea of Laoag City

The urban area {Poblacnon) of Laoag City is located on the right (north) bank of Lamg River
8 km upstream of the river mouth. It is more aftected by local runoft ¢spectally in lhc low=lying

arcas (sce Fig. G.1.3 for location).

Most of the urban area is drained by the Daorao creck. Only a small portion is drained directly
to the Laoag River. Daorao creck runs through the northern outskirts of the poblacion from
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east to west and finally flows into the China Sea. The irrigation canal (Laocag-Vintar irrigation
canal) serving the ricefields in the outskirts of the poblacion also drains locat floods. ‘This canal
originates from the Vintar Dam located 3 km upstrcam of the town of Vintar and runs around
the northern side of Laoag Poblacion,

Daorao creck is independent from the Laoag River. However, the low-lying outskirts of Laoag
City is habitually inundated by local runoff due to the poor capacity of the existing drainage
system including the creek. A wide area including the densely populated areas were also
inundated in July, 1996 (typhoon Gloring).

Development in the city has been directed towards the northeast in the low-lying rice field along
the national road. This urban development worsens the flood problems even more.
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CHAPTER H DESIGN FLOOD DISCHARGE

2.1 Design Flood Discharge Probability of Major Rivers in the Phitippines

The design flood probability of a river basin should well match its hydrological characteristics,
socio-cconomic importance and financial capability. Further, it should be comparable with
those of fhe other river basins in the country. Therefore, the design flood probabilitics of major
siver basins in the Philippines were cvaluated and compared prior to the determination of
design flood probability of the Laoag River basin.

Since 1981, ten (10) major rivers and volcanoes in the Philippines have been studied by the
DPWH with foreign technical and financial assistance. These are the eight rivers of Cagayan,
Agno, Pampanga, Pasig, Panay, Agusan, llog-Hilabangan and Jaroflloilo and two voleanocs,
Mt. Pinatubo and Mt. Mayon (refer to Fig. G.2.1). Various plans have becn proposed and
these are categorized into three (3) main stages: Framework Plan, Master Plan and Short-tenm

Plan, as follows.

Framework Plan  :  The target year is indefinite and its implementation’ period is not
- specified. This plan was proposed for six (6} rivers.

‘Master Plan : The target year is 20 to 30 years and the proposed werks are to be
"~ achieved within 20 to 30 years. This phn was proposed for seven {7)
rivers and volcanoes.

Short-term Plan :  This is a priority plan selected from the master plan and the proposed
works are to be achicved within 10 years. The p]an was proposed for
nine {9) rivers and \o!canoo>

Design flood discharge probabllmcs of the respective rivers are tabulated below. A 100- -year
- probability is proposed for the Framework Plan. The Master Plan varies from 23-ycar to
IOO “year w hile the Short term Phn is in thu range of a 10:year and 30-}ear

Ri\‘crNolcano . Framework Plan  Master Plan Short-!cnn Plan_

Cagayan R, 100-year 25-year . 2%-year
Agno R. 100-year 25-year 10-year
Pampariga R. © 0 100-year : - 20-year
Mt. Pinatubo L. . " 20-year
PasigR. - ' 100-year - - 100-year 30-ycar
‘Mt Mayen ; . 50-year h -
Panay R. 100-year 25.year - 10-year
Agusan R. 100-year . - - 30.year
Nog-Hilabangan R. .- -100-year © 25-year
“Jaro-lloilo R, - - 50-year . 20-vear

Table G.2.1 summarizes the proposed design flood discharge p‘robabilitios of the plans of 10
major rivers and volcanoes and the salicnt featurcs of their river basins. In addition, the
Attachment presents the following statistics, estimates and information on the FCSPRCHIVe fivers
and volcanoes.



(1} Project Area

(a) Durainage Basin Area

(b) Number of Cities/Municipalities in Drainage Basin
(c) Poputation of Drainage Basin

(d) GRDP of Drainage Basin

(¢) Sectoral Structure of Drainage Basin

{f) Land Usec of Drainage Basin

(2)  Potential Flood Damage

(a) Flooded Area
{b) Affected Population
{c) Probable Flood Damage
{3) Frobable Flood Discharge
{4)  Design Flood Discharge Probability
(5)  Project Cost
(6) Progress of Project

22 Socio-economy and Hydrological Characteristics of Laoag River Basin

The socio-economic situation and hydrological characteristics of the Lacag River basin ate
summarized in the same manner as described above as compared with the other river basins in -
Philippines. : '

- (1}- Project Arca

1)  Drainage Basin _ oo 1,332 km? -
2)  Number of Cities/Municipalitics of -~ 1 Leity & 10 municipalitics
Drainage Basin .
3} Population of Dratnage Basin (1993)

a) - Total Population = - : : | 196,500
b}  Population Density : 148 personsikin®
¢}  Ratio of Urban Population to Total  : - 29%

4) GRDP of Drainage Basin
- (assumed as Region 1 average in 1996) _
a)  Per Capita S : 15,700
- b)  Total : £4,080,000,000
5) Scctoral Structure of Drainage Basin
(assumed as Region 1 average in 1996)
a) - Agriculture o

- By GRDP (%) - o 42
j - By Employment (%) : -53
by  Industry : . :
: - By GRDP (%) - Lo ' 1S g
- By Employment (%) : 9
€)  Service
- By GRDP (%) : o 43
: - By Employment (%) : 38
6) Land Use of Drainage Basin (1996) ,
a)  Mountain Arca : 935.6 kv’ (70.2%)
b)  Cultivated Land : 246.7 kni® (18.5%)
c) Residential Land : 20.7 km? (1.3%)



o

d)  Low Land Tree Arca : 22.3km? (1.7%)

¢) . Devastated Area : 36.9 kn® (2.8%)
f)  River Bed Area : 56.9 kn® (4.3%)
g} Other Arca : 13.0 km® (1.0%)
Total : 1,332.1 kni® (100%)

(2) Potential Flood Damage

1} Flooded Area

a)  25-year ' : 17,400 ha

b}  100-year _ ' : 20,220 ha
2} Aflecied Population (1996) '

a)  25-year : 66,118

b) 100-year : 78,858
3) Probable Flood Damage (1996 price) _

a)  25-year : 696.1 million B

b)  100-year : 913.8 million B

(3)  Probable Flood Discharge At Gilbert Bridge of Laoag City (1,234.4 kn’)

1} 25-year : 10,900 m*/s
2) 100-year | ¥ 13,700 m’/s

The salieni features of the Laoag River basin are cbmpa_red with those of the major river basins
in the Philippines in Table G.2.1. ' '

2.3 . Design Flood Discharge oflhe Laoag Rwer System

The design flood dnscharge probability of the master plan of the Laoag Rm,r S\atc,m 15

- proposed to be 25-year, based on the follm\mg considerations:

(1) The Laoag River Basin is not so large and not much populated Economic dévelopment
is not so great compared with the other 10 major river basins i in the Philippines.

(2) The potential fRood area and affected population of the Laoag River B'ISII} also are not
much compared swith the other 10 major rivers basins.

(3) In consideration of Items (1) and (2} above, the design flood discharge probabaln} of the
Laoag River should not exceed those of the other 10 major rivers.

(4) The largest flood of the Lacag River in the past {1967 Ty phoon Gening) recorded the
peak discharge with a 25-year probability.

“The design flood dtscharg, ‘with a 25-year probablhl\ is estimated to be 10, 900 m’!s at GllbL i _

Bridge, Lacag City. Design discharge distribution of the Laoag River System is shown in
Fig. G.2.2. Detailed estimation of the probable discharges is described in Appendix B Climate

and Hydrology.
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CHAPTER III POSSIBLE STRUCTURAL MEASURES

31 Possible Flood Control Structural Measures

Generally, the possible flood control measures include: (1) dike to confine floed, (2) channel
improvement works to increase flood carrying capacity, (3) danVreservoir to regulate flood
peak, (4) retarding basin to regulate flood peak, and (5) floodway to divert flood.

As cvident from the discussions below (Section 3.2 toSection 3.6), diking system with small
scale channel improvement is '1pphcab1e for the flood control of the Basin in addition to the
sediment control by sabo dam.

3.2 Dike

Diking system is commonly used in many rivers. This involves the construction of
embankments on both sides of the river to confine the floodwater. This is applicable at any
point in the river course of this basin.

3.3 Channel Improvement

Channel improveiient works increase the flood carrying capacity of rivers and lower flood
level, which in tum result in reduced dike height. The works include clearing of channel bed,
enlarging of channel cross-section (dredging) and/or shortening of channel distance (shortcut)

(1) Clearing of Chanriel Bed

The flood carrying capacﬂy of river channel is increased by removing bushes, trecs,
and other obstacles from the riverbed and flood plain (high water channel). It is
applicable at any location of the Laoag River Basin, especially in thc high water
channel of the | ouer rgachcs of Laoag River.

However, excéssive clearmg of bushes in the high water chainel may increase the flow
velocity near the bank, resulting in bank erosion. Location of bush clearing should be
carefully seleéted considering the above phenoracnon.

" (2) Dredging of Channcl

" Dredging of river channel is commonty used to increase the flood carfying capacity in
many rivers, However, it is gencrally effective in rivers with no excessive sediment
runoff. In river with much sediment transport, local dredging may not be effective as
the dredged channel section will be easily filled if no periodic dredging is made.

River dredging generally eatails a higher cost compared to dike construction. It may be
cconomically justified only when large spoil banks are available in the vicinity or the
dredged materials can be used as aggregate for constiiction.

(3)  Shortcut of Channel

Shortening of the river channel can be obtained by cutting bends. This makes the
riverbed slope steeper, resulting in the increase of flood carrying capacity. On the other
hand, shortcut is liable to cause vertical erosioh in the upstream and sediment
deposition in the downstream. Sufiicient bank protection works are necessary for the
shortcut section and the upstrean.

The applicability of channel improvement in the Lacag River Basin is discussed below.




)

(2)

Dredging in Laoag River

The Laoag River floods 11 areas on both banks between the river mouth and lhe
confluence with Cura River (approximately 30 km long). Approximately 30 raillion m’
have to be dredged to lower the high water level by 1.5 m and solve the flooding
problems. This dredging alternative is considered infeasible froni the following aspects.

(a) No spoil bank to accommodate such a large quantity of sand/gravel is ideatified in
the basin except the sea or sand dune seacoast.

(b) Dredging and hauling of the dredged ‘materials to llic $¢A Or seaceast reguires a
tremendous cost of 4.5 to 5.0 billion pesos at 1996 prices.

(c) Dredging for ageregate produclion is uncconomical. Only aggregate production
for export in the lowermost reaches may be feasible; however, its commercial
profitability varies depending on the international market price. (See, Appendix I,
Multipurpose Development of the Project.)

(d) Flooding will stitl occur in some areas even after completion of dredging.
Dredging of Upper Tributaries '

The Solsona, Madongan and Papa rivers are already provided with dikes. Large scale
dredging is not necessary for these rivers.

Large scale dredging is not also necessary for the Bongo River since flooding along the
river is limited to some small areas scattered here and there. Local diking system is
clearly more economical than river dredging.

On the other hand, dredgmg in the Cura River is considered as an effective flood
control measure. Dredgmg of approximately 7 million m’ is required to lower the

“riverbed by 2.0 m. T hlS alternative is also considered infeasible from the following

aspects:

(a) No epoﬂ bank to accommodate such a large \olume of sandlgra\ el is identified in
lhe surcounding areas. :

(b) The required cost for dre dging'and hauling to the sea or seacoast is as high.as‘ 1.7
to1.8 billion pesos at 1996 prices. '

(c) Dredging for aggregate production is also apphcablc (See Appendix-I,
Multipurpose Development of the Project.)

(d) In addition to dredging, sabo works arc still nccessary to prevent the excessive
sediment deposition around the fan apex during a blg flood to aveid channel
~<h1l’lmg

() Periodic dredging § IS necessary, cspecially for the rm,r mouth areas, to nnmhm
the compulsory design bed '

Shortcut of Lacag River

The Laoag River has a narcow section at San Cristobal, 23 km from the river nouth.
Further, the river meanders much in the downstream of this section. The flood water is
dammed up by about 1.0 m at this section, resulting in severe sediment deposition
around. the confluence with the Guisit River. This is considered as one of the major
causcs of flood in San Cristobal, San Felipe, Guisit river mouth area, Suyo and lower
Mandaloque areas.

Shortening of this meandering section and widening of the narrow section “are
considered to be altemative measures to mitigate the flooding problems. The cutoff
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channel will shorten the river length from 7 km to 3 kin; however, the project will
require excavation of 13 million m® in a hill with a maximum height of 43 m above the
riverbed. For location of the cutoff channel, sce Fig. G. 3.1.

Ecenomic unfeasibility of this project is obvious.

34 Pam and Reservoir

The Laoag River Basin is endowed with a few possible danvreservoir sites due to its steep
mountain valleys. Among them, DPWH studied three (3) dams; Cura Dam in Cura River,
Tina Dam in Labugaon River and Gasgas Dam in Solsona River as' components of the Tina-
Gasgas-Cura Multipurpose Project in 1983 (for location, see Fig. G.3.1). The salient Fatures
of the proposed dams are shown below.

o Cura Dam Tina Dam Solsona Dam
River Cura Labugaon Solsona
Drainage Area (km’) 63.1 98.5 714
Dam Height (m) 39 74 - 52
Gross Storage Capacity ('’ ) 13,200,000 34,250,000 1,640,000

The above dams are planned as niullipurpose dams for hydropower, irrigation and flood control
development. In this JICA study, their availability for flood control in the Basin is as verified
below.

. The Gasgas Dam in Solsona River is provided with only a smal! storage cap’tcnt), Thus, it is .

“not available for flood control purposes.

On the other hand, the Cura anid Tina dams have large catchment areas and storage capacitics,
Their eflecttw storage capacities are estimated at 10.7 million m for Cura Dam 'md
26.8 million m’ for Tina Dam assuming that sed:ment deposits for 50 years are 2.5 nulllon m’*
and 7.5 million aY?, respeclu cly.

However, the flood control effect of the above two dams 1o the Laoag River is not large. They
can reduce the flood peak at Laoag City by 1,000 in*s or 9% of the design flood discharge
(10,900 m’fs) even if their entire effective storage capacmes are used for flood control, It is

beeause they can control 0nl) a total drainage arca of 170 knr?, cquivalent to 13% of the basin

drainage area of 1,332 ko, Bven if these dams will be operated mainly for the flood control of
Cura River, they must apply their entire effective storage capacities to solve the exisling

" flooding problems of the Cura River. Besides, the total construction cost of the two dams is:

“estimated to be 1.5 billion pesos at 1996 prices. Thus, the flood control of Cura River by dam
is considered cconomically mf‘c’islb!c

From the above dlscussmn it is presumed that tlood control by dam is not cconomical also in

lhe Madongan Papa and Bongo rivers.

35 Retarding Basin

Similar to flood control by dam, a retarding basin with a large storage capacity is required to
altain a significant reduction in the flood peak of the Laoag River. A storage capacity of
approximatcly 50 million m? is necessary to reduce the flood peak at Laoag City by 1,000 m¥s.
For this purpose, a flood retarding area larger than 2,300 ha is necéssary if the flooding depth
in the retarding basin is assumed to be 2 m, but such a wide food plain is not available in the
Basin.

No flood retarding arca is identified along the upper tributaries. Thus, flood control by
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relarding basin is also not applicable for the tributarics in the alluvial fan.

36 Floodway

A floodway would divert floodwater upstream of the protection arca to other rivers or the sca.
However, there is no possible site (route) in the Laocag River Basin except the Lower Cura
River.

The Cuia River flows towards the west in the alluvial fan and changes direction to the
southwest at the middle reaches. It finally joins the Laoag River against its flow direction.
Diversion of the Cura River to Malabanga creck which joins Laoag River around the river
mouth of the Guisit River is conceived as an alternative flood control measure only {rom the
river morphological aspect (for location, see Fig. G3.1). Construction of a new floodway
(diversion channel) with a length of 6.0 km will require a large investment, and this is
obviously infeasible.
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CHAPTER 1V RIVERIMPROVEMENT PLAN

4.1 Faoag-Bongo River Improvement Plan

The main course of the Laoag River is called Laoag River in the tower reaches after the
confluence with the Cura River 31.6 km upstrcam from the river mouth, and Bongo River in
the middle and upstream reaches. The Laoag River is joined by the Guisit River 26.0 km
upstream from the river mouth. The Bongo River is also jomecl by nmwjor tributarics:
Cura/Labugaon, Solsona/Madongan (32.4 km upstream from the river mouth), and Papa
(42.4 km).’ River improvement of the Laoag-Bongo River from the river mouth to Bongo
Bridge, about 34 km long along the existing river course, is discussed in this section. Likewise
for Guisit River.

The major design components of the river improvement are river alignment, longitudinal profile
of riverbed, high water and dikes, and river width. These components are determined as
follows.

{1) Alipgament

The existing alignment of the river is comparatively smooth except the large U-shaped
meandering in the section between the town of Sarrat and the confluence with Guisit
River. CutofY at this section is not feasible as discussed in Section 3.3. Further, the
flooding of the Lacag-Bongo River is causcd by overflow of the existing banks and
flooded areas are limited to the narcow low-lying slretches along the river course,

Hence, the dessgn nver alignment is set at the present course and necessary dlkes are
designed along this atignment.

(2) Longitudinal Profile

Aggtadaiion_ of the riverbed is ‘considered not sigmificant. The average annual
~aggradation rate in this river stretch is estimated at 0.5 envyear in the Laoag River,
- 0.4 co/year in Lower Bongo River and 1.6 ecnv/year in the Upper Bongo River.

In view of the above circumstances, the design high water level of the Lacag-Bongo
River is determined using the non-uniform flow method based on the cxisting riverbed
profile. Roughness coefTicients used in design are 0.635 for Laoag and Lower Bongpo,
and 0.04 for the Upper Bongo River, Morcover, the mean sea high water level of
EL.-0.018 is used at the river mouth, Cross-scction surveys of Laoag and Bongo rivers
taken in the dry scason of 1996 were used. Design high water levels of the
Laoag-Lower Bongo and Upper Bongo rivers are shown in Fig. G.4.1 and GA4.2,
respectively.

3) River Width

The width of thc cxls{mg river channc! is cnough to carry the dcssgn flood dnschargb
Accordingly no widening of the river chqnml is necessary,

On the other hand, Bongo River is dmgned by the Regime Theory to sccure the
stability of river channel with steep bed slopes. This equ'mon shows the relation
* between the river width and discharge.

B=(35w70x0"”
“where,

B : river widih (1)
Q : design discharge (m*s)
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‘The proposed widths are:

River Design Discharge  Required River Width Proposed Width
(m’ls) {m) {m}
TowerBonge 3220 199397 i AW
Upper Bongo 2,000 157-313 310
1,160 119 - 238 350
70 96 -192 190

Necessary River Structures

Dikes with a total length of 69.5 km are needed: 32.3 km in Laoag River, 6.9 kmt in
Lower Guisit River, aid 29.8 km in Bongo River. In the urban arca of Lacag City
(Poblacion of Laoag), a 1.5 km long concrete dike (floodwall) is proposed because a
space to construct earth dikes is not available. On the other hand, the lower Guisit
River is largely affected by backwater of the Laoag River, so backwater dikes should
be provided up to 3.5 km upstream from the conflucnce.

The propesed structures for each potential flood area are shown in Table G.4.1, and
their locations are shown in Fig. G.4.3.

Cura/Labugaon River Improvement Plan

" At present, the Cura River flows in the northern part of the Cura/Labugaon Basin. The

Labugaon River flows siraight westward in the southem part of the basin and joins the Cura

_ River in the middle reacliés. These rivers spread 600 to 1,200 m wide right and left and flow
into the Bongo River. It is, therefore, desirable to confine the river courses o appropriate

locations.

(H

Alignment . _ _
The following four (4) a[lemﬁtivc alignments are considered for the iniprovc'ment of the
Cura/Labugaon River. ' :

Plan A :  To join the Labugaon to Cura at the fan apex and to improve the existing
Cura River. -

~ PlanB: To separate the Labugaon and Cura rivers until the middle reaches and
thereafter, to join Labugaon to Cura. '

Plan C: To separate the Labugaon and Cura rivers until the confluence to the
Bongo River. :

The alternative river alignments are shown in Fig. G.4.3. The above alternatives are
compared from hydraulic, socio-ccoitomic and construction aspécts as show in Table
G4.2. : S o '

(a) Hydraulic aspects are evaluated in terms of topographical advaniages and
disadvantages of the river course and stability of the river channel. '

Plan A has a big bend in the Lower Labugaon River. This stretch should be finnly
protected. There are no remarkable topographical disadvantages in Plan B. Plan C
has many bending portions which should be protected from flood flows.
Hydraulically, the alignment of Plan A is the most preferable since il runs through
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(b)

(c)

the decpest valley of the Cura/Labugaon flood plain and it requires no river
widening which miake it different from the other plans.

Social aspocts include the assessment of impact on the neighboring communitics
and required land acquisition.

Plan C requires land acquisition of 65 ha to construct dikes compared with Plan A
(1 ha) and Plan B (8 ha). Plans B and C create islands between Cura and
Labugaon river. There exist 4 communilies (about 110 houses) in the island of
Plan B and 5 communities (130 houses) in the island of Plan C. These plans may
therefore have some negative impacts on the inhabitants.

In the case of Plan A, there is no separation of communitics and it requires less
fand acquisition because the Cura and Labugaon rivers join upstream and almost
follow the existing course. The rescttlement and land acquisition of Plan A are
very small compared to the other altematives.

Construction aspects compare the required construction costs.

River improvement works of all alternative plans consist mainly of excavation,
dike embankment, revetment and bridge improvement. Estimated construction
costs are 324 million pesos for Plar A, 558 million pesos for Plan B (1.7 times of
Plan A), and 821 million pesos for Plan C (2.5 times of Plan A). Plan A is the
most economical.

From the above discussion, the alignment under Plan A is proposed.

Longitudinal Profile

The Cura/Labugaon River is also annually affected by excessive sediment depbsil_ion.
The average annual aggradation rate to the riverbed is estimated at 3.0 cnv/year. The

- proposed sabo dams arc expected to curb this ageradation tate to 0.7 cov/year.
Riverbed aggradation will be further decreased by the ongomg reforestation projects

and sicving ¢ffects of the sabo dams. Hence in principle, the existing profile is athptecl

- as the desiga riverbed profile.

Design high water levels are obtamcd from uniform flow caleulation as shown in I ig.
G.4.4. Water level of the downstream of Cura River is affected by the high water level
of the Laoag River: '

River Widths

Regime Theory is also a pplicd to determine the river widths (refer to previous Section).

River Design Discharge River Widih

] (m3fs) {m)
Cura 2,360 340
Labugaen 1 260 - 250

Necessary River Structures

Major improvement works are as follows (see Fig. G.4.4 for locations and Table G.4.1
for work guantities):

(a) Diking systemof 21.9 kmto conﬁnb the existing braided river flow;

(b) Revetment and toe protection of 22.2 km to protect dikes frem crosion by rapid

current;
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(c) Twenty {20) spurdikes to regulate flow direction and protect dikes at concave
alignments;

(d) Four (4) sluiceways crossing new dikes for intake or drainage;

(e) One (1) groundsill downstream of the existing Labugaon irrigation diversion dam
to avoid remarkable riverbed fluctuation which might affect the stability of the
diversion dam.

Solsona, Madongan and Papa River Improvement Plan

The Solsona, Madongan and Papa rivers flow from the alluvial fans into the Bongo River at the
nght bank. These rivers were improved under the Urgent Disaster Prevention Works (UDPYY)
in early 1991 to 1993. Since these rivers have similar river morpho!ogv they can be discussed
together.

H

@)

&)

Alignment

River courses of the Solsona, Madongan and Papa were fixed on the present smooth
and hydraulically reasonable alignments with diking system constructed by the UDPW
Therefore, design of alignment follows the present river course.

Longitudinal Profile

These rivers are proae o excessive runoff every year. The average annual sediment
depositions are estimated at 5.1 cm/year in the Solsona/Madongan rivers, - and
4.8 cowfyear in thie Papa River.

- On the other hand, the proposed sabo dams are expected to reduce the annual riverbed

ageradation to 2.3 cnvyear in the Solsona/Madongan rivers and 2.3 cavyear in the

* Papa River on average. These riverbed aggradations will be further dccnas;d b} the

on-gomg reforestation projects and the swwng effects of the sabo dams.

As known from the above discussions, the Solsona, Madongan and Papa rivers will
cause no s&gmﬁcqnt riverbed apgradation in the futuce. Hence, the design high water
levels of the above rivers are determined based on the existing riverbed proﬁ]es

Proposed high water levels, as showin in Fig. G.4.5 (Solsom), Fxg GA4.6 (l\hdongan)

* and Fig. G.4.7 (Papa), are detennined on the basis of the non- -upiform cross- s;ctlon .

survey in the dry season of 1996.
River Width

The presmt river widths of these rivers are reviewed as follows using the regime

equation to secure the sl1b1|1tv of the river channel as stated in Section 4.2 above.

‘River Design Discharge. ~ Required Width (m) - Present River Width
o (m’/s) - {constant = 7.0) : {m)
Lower Solsona 3,490 : 414 330 .
Middle Solsona 1,120 234 g . 230
Upper Solsona : 1,030 225 230
Madongan 1,970 3 300
Papa 690 184 223

The cxisting river widths of the Solsona and Madongan rivers fall within the range of
the Regime Theory while the Papa River exceeds the range a little. However, this
excess may not disturb the stability of the river channel. Thercfore, no change of the
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existing river width is proposed in the design.
(4)  Necessary River Structures

Major improvement works of these rivers arc as follows (sec Figs. G.4.5 10 G.4.7 for
tocations and Table G 4.1 for work quanlities):

(a) To strengthen the dikes by providing revetment and toc profection works siice
they are made of erosive sandy materials (43.6 km in total);

(b} To raise the exisling dikes in some sections in accordance with the design high
water level (15.0 km in total);

(¢) To replace the existing intake/drainage structures which cause occasional dike
breaching along the diking system, by gated sluiceway with sufficient cut-oft
walls (13 units); and

(d) To provide three (3) groundsills downstream of the existing irrigation diverston
dams to avoid remarkable riveibed fuctuation which might affect the stability of
the diversion dams.

4.4 Preliminary Structural Design
4.4.1 Dike and Floodwall

Dikes arc made of riverbed materials available near consteuction sites to save in cost. Since
riverbed materials consist mainly of sandy soils, the embankment would be permeable and
casily eroded. Therefore, impermeable mountain soils will be used to cover the sandy
embankment (sce Fig. G.4.8 for details of dike structure).

In Laoag Proper, since thére are no available spaces to construct an earth dike, a concrete

“floodwall is proposed (sec Fig. G.4.8). This structure consists of concrete sheet piling for -

foundation, stone pitching grouted with concrete on slope, c_md concrete wall with the same
height of frecboard {1.0 m). '

Top of dike with crown width of 4.0 m is paved with gravel (2.5 m wide) tb $CIVe as
maintenance road. A freeboard of 1.0 mis applied. :

To protect dikes from crosion by rainfall or current, slopes ‘of dike should be covered with
sodding or revetment. :

4.4.2  Revelment

. Considering the material available in-situ, stene pitching grouted with concrete is applied as

- tvpe of revetment {sec Fig. G.:4.9). Underneath stone pitching, thin concrete layer is provided to
increase rigidity. Revelments are embedded appropriately into the riverbed. Tog of revetment is
covered with concrete block or gabion mattress to avoid scouring by rapid current. '

443 Spurdike

Spurdikes proposed as shown in Fig. G.4.10 are made by placing boulders available in-situ.

This type of spurdike is popularly used in the Laoag River Basin, which performs well at’

places with mild current attack,

$.4.4  Groundsili

Construction of sabo dams may affect the riverbed elevations downstream of existing diversion
dams. To maintain the existing riverbed elevation, groundsilis are proposed downstream of
diversion dams. Groundsill is designed as a structure flexible to riverbed fluctuation and made
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of reinforced concrete slab and concrete blocks, as shown in Fig. G.4.11.

445

Sluiceway

Shuiceway are built for irrigation water intake or drainage outlet at dike crossings. The
shviceway is composed of reinforced concrete box culvert(s) and steel sluice gate(s) (see
Fig. G.4.12 for details of structure).

4.5

Cost Estimate

Construction cost is estimated on the following conditions:

(1)
(%)
3

S}

(6)

M
(8)
9
(10)

(1%)

Construction works are to be exccuted on a contract basis.

Price level is as of August, 1996. _

Exchange rates used to convert foreign currency into local currency are
USS$1.0 = 26.0 Pesos = 105 Yen (1.0 Peso = 4.0 Yen). '

Main consiruction cost consists of cost for preparatory works, main civil works and
miscellancous works. Preparatory works cover the establishment of contractor’s site
offices; water, power supply and communication systems; topographic survey and soil
investigation; transport of construction equipment; installation of concrete productlon
plant; etc. This cost for prepacatory works is estimated as 10% of cost of main civil
works and misccllancous works.

Cost of main civil works (dike, revelment, spurdike, ctc) is cs(mmtcd by nm[t:plsmg
work quantitics by the respective unit costs.

Miscellancous iworks cover construction and maintenance of temporary’ roads,

;col’lerdams and minor civil ‘work items including waterstops inside of concrete,

dralmge pipes of dams, cte. Cost of miscellancous works is estimated as 10% of cost
of main civil works and preparatory w orks. :

Unit cost of work comprises dircet: costs of materials, labor and equipment, ancl
indirect costs of contractor's ¢xpenses, overhead, profit, iisurance, held supecvision,
tax, elc. ' ' :

Goxgmment ﬂdmmlslmhon cost is assumcd at 5% of nain construction cosl

Cost of engincering services covering detailed design and construction supervision of

the project is estimated as 10% of main construction cost.

Physical contingency is assumed as 10% of main construction cost, administration cost
and engincering services cost,

In principle, major works will be exccuted as follows:

('1) Embankment works for dike construction using riverbed materials is cxccub.d I:u
a combination of 0.6 m® class backhoe {excavation of riverbed material), 11-ton
class dump truck (hauling) and 15-ton class bulldozer {spreading and
compacting). Surface of embankment with sandy riverbed material is covered by
impermicable mountain soil hawled by 11-ton class dump truck.

{b) Channel excavation work will be done using 0.6 m’® class backhoe and excavatéd
materials are hauled near sites by 11-ton dump truck.

(¢) Revetment consisting of concrutu foundation and concm\,—grouled stong patchmg
is constructed using 0.6 m® class backhoe {structural excavation) and 0.2 m’ class
portable type concrete mixer. Stone pitching is manually executed.
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(d)- Spurdike is constructed by manually placing boulders one at a time, Construction
of groundsitl also needs equipment such as 0.6 m’ class backhoe (structural
excavation) and 15-ton class truck crane (pouring concrete).

Construction costs by flood potential area are estimated as shown in Table G.4.3.
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Tabte G.4.3(2) Construction Cost of River Improvement by Sub-project

(1) Tangld, Lacag Unit: Pesos
Work hem Urit Cuantity LU'nit Cost Amount
1. MAIN CONSTRUCTION CO5T 2780411
1.1 Prepanatory Works (10% 0f 1.2 + 13) 1s 1 25271701
12 Mzin Works Z2.979,100
12.1 Earth Dike m 6,450 18,979,100
{1} Cleacing, Grubblng & Stripping m2 98,000 23 2,254,000
{2) Embankment{sandy maledal) m3 150,000 B0 12,000,000
{3) Cevering Soil {mounlain cliy soil) m3 26,000 120 3,120,000
{¢) Sodding 2 8,000 12 1,056,000
{5) Gravel Maintenance Read m3 3230 170 543,100
12.2 Spurdike Fes 10 2,000,000
(1) Hand Laid Boulder m} 5,000 400 2,000,000
1.2.3 Stnlceway s 2 2,000,000
(1) Type A {2 box;1.5 m wide x 1.5 m high) s 2 1,000,000 2,003,000
{2 Type B (1 bax;3.0 m wide x 3.0 m high) s 0 4000000 0
(3) Type C {2boxes;3.0 m wide x 3.0 m high) pes 0 8,000,000 0
13 Miscellancous Works (10% of 1.2) 1s 1 2,297,910
2. COMPENSATION COST §,000,000
2.1 Land Acquisition ha 10 ) 1,000,000
(1) Residential Ares ha 0 500,000 0
(2} Agriculivral Arca ka 10 100,000 1,000,000
(3} Unosed Asea b2 0 10,000 0
2.2 House Evacuation Hauses 0 150,000 Q
3. ADMINISTRATION COST (5% ol 1.4 2) Is 1 f,4-10.l$5
4. ENGINEERING SERVICES COST (10% of 1) 1s 1 2,750,471
5. PHYSICAL CONTINGENCY (10% o 1,2,3. & 4) Is 1 3,302,542
TDTAL 35,327,959
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Table G.4.3(3) Construction Cost of River Improvement by Sub-project

{2) Suyo, Laoag Unit : Pesos
Work Item Unil Quantity Unit Cost Amount
1. MAIN CONSTRUCTION COST 11,708,323
1.1 Preparatory Works (0% of 1.2 + 1) 1s 1 1,064,393
12 Muin Works 3,676,300
1.2.1 Earih Dike m 2,100 1616300
(1) Cleasing, Grutbiag & StApping m2 35000 73 £65,000
(2) Enbankmeni{sandy matedial) m3 62,000 &0 4,960,000
(3) Covering Soil (mountsia clay soil) m3 11,200 126 1,336,000
(4) Sodding o2 . 3,800 12 376,800
(5) Grave) Maintenance Road m3 1,050 170 178,500
12.2 Sfuiceway ) pes 2 . 2,000,000
{1} Type A {1 box;1.5 m wide x 1.5 m high) pes T 3000000 2,000,000
{2) Type B (3 box;3.0 v wide x 3.0 m high} pes 0 4,000,000 0
(3} Type C2boxes; 30 m wide x 3.0.m high) s o 2,000,000 0
13 MisceHanzons Works (10% of 1.2} 1s 1 §67.630
2. COMPENSATION COST 40,000
2.1 Land Acquisition ha 4 40,000
{2} Residential Arca ka o - 500,000 0
(2) Agricelturat Ases b4 o 100,000 Q
© (3 Unused Area ba 4 10,000 40,000
22 Moust Evacuation Houses I 156,000 0
3. ADMINISTRATION COST (5% of 1.+ 2) s 1 557416
4. ENGINEERING SERVICES COST (0% of 1.} Ls i 1,170,832 -
5. PHYSICAL CONTINGENCY (0% of1,2,3. &4) | X 1 1350657
TOFAL 18,857,229
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Table G.4.3(4) Construction Cost of River Improvement by Sub-project

3) Poblaclon, Laoag Unit s Pesos
Work liem tnil Quintity  Uait Cost Amounl
1. MAIN CONSTRUCTION COST 48,108,553
1.1 Preparatory Wosks (10% 071.2 + 13} 1s 1 4,313,545
12 Maia Works 39,759,500
121 Flood Wil ) m 1,500 36759500
(1) Concrete Sheet Pifing (L=5 m) o 1,500 11,000 16,500,000
(2) Structusal ExcavationFilling m3 1,500 a3 £4.500
{3) Footing Concrete m3 400 5300 2,120,000
(4) Graved Sublayes m3 6,000 325 1,550,000
(5) Grouted Stoné Pitching m3 10,500 1,400 14,700,000
{6) Walt Concrele m3 250 $700 1425000
12.2 Slukceway o5 3 3,000,000
{1) Type A (3 bex;3 5 m wide x 1.5 m high) pos 3 1,000,000 3,000,000
£2) Typ< B (1 box;3.0 m wide x 3.0 m high} pos 0 4,000,000 L]
(3} Type C f2boxes; 3.0 m wide x 3.0 m high) ol 0 8,000,000 Q
1.3 Miszellancous Works (10% ol 1.2) 1s 1 3,975,950 .
2. COMPENSATION COST Q
2.1 Land Acquisiicn : T 0 0
(1) Residential Asea : . bz 0 500,000 0
* (2) Agricaltural Arca . hz 0 100,000 0
{3) Unvsed Area N 1 9 10,000 0
'2.2 Houss Evacuation : houses o 150,000 0
‘3. ADMINISTRATION COST (5% of 1.4 2) . 1s 1 2,405,450
4, ENGINEERING SERVICES COST (10% 0of 1) - Is 1 4,810,900
" 5. PHYSICAL CONTINGENCY (10% of 1, 2., 3. & 4) s 1 D 553253
TOTAL 60857579




Table G.4.3(5) Construction Cost of River Impravement by Sub-project

(4) Carisngasn, L agag Unit ¢ Pesos

Work I Unit Quantity  Unit Cost Amount
1. MAIN CONSTRUCTION COST 27321558
L1 Preparziory Works (10% of 1.2+ 13) Is 1 2483918
12 Mada Works 22,579 800
12.1 Easth Dike o 4000 19,579,800
(1) Qlearing, Grubbing & Svippiag Ly 11000 23 1,771,000
(2) Erabankeaeat{sandy material) m3 170,000 80 13,600,000
(3) Covering Soil {mountain clay soil) m3 25,000 120 3,000,000
(4) Sedding m2 72400 12 BER,500
(5} Gravel Maintepance Road m3 2,000 170 340,000
12.2 Sluiceway ] oS 3 3,000,000
(1) Typz A (1 box;1.5 m wide x 1.5 o high) [t 3 1,000,000 3,000,000
(2} Type B (1 box;3.0 m wide x 3.0 m high) pes 0 4,000,000 0
(3) Type C (2 boxes; 3.0 m wide x 3.0 m high) pos ] £,000,000 ‘o
13 Miscellaneons Works (10% of 1.2) Ls 1 2,252,930
2. COMPENSATION COST 950,000
2.1 Land Arquisition . ha g 800,000
{1} Restdential Asea _ LF} ] 500,000 Q
(2) Apricultural Area : "k 8 100,000 800,000
{3} Unused Arca . . . : ha Q 10,000 B}
2.2 House Evacuation . houses 1 150,000 150,000
3. ADMINISTRATION COSY (5% of 1.+ 2) o ls 1 1413578
4. ENGINEERING SERVICES COST (10% of 1) s 1 2,132,156
3. PHYSICAL CONTINGENCY (10% of 1., 2, 3. & 4) . Is 1 3241,729
TOTAL 35,659,021




Table G.4.3(6) Construction Cost of River Improvement by Sub-project

() Poblacon of Saa Nieolas Unil: Pesos
Work Ilem Unit Quantity Unit Cost Amaunl

1. MAIN CONSTRUCTION COST 2151410
1.1 Pregaratory Works (10% of 1.2+ 13) 1s 1 2,083,770
12 Main Works 18,357,000
12.1 Earth Dike m 1,000 14,307,000
- (1) Clearing, Grubbing & Stripping m2 60,000 23 1,350,000
{2) Embankment(ssndy material} 3 120,000 80 9,600,000
(3) Covering Soit (mountain clay soil) m} 20,000 120 2,400,000
{8} Sodding m2 56,000 12 672,000
{5} Gravel Mainledance Road - m3 1500 170 255,000
122 Spurdike s 10 2,000,000
(t)Hind Laid Boulder ) m3 5,000 4040 2,000,000
123 Shuiceway - pes 2 2,000,000
(1) Type A () box;1.5 m wide x 1.5 m high) Pcs 2 1,000,000 2,000,000
{2) Type B {1 box;3.0 m wide x 3.0 m high) pos 0 4,000,000 : ¢
(3) Type C (2 boxes;3.0 m wide x 2.0 m high) s 0 2,000,000 ¢

13 Miscellaneous Works {10% 0f1.2) - is 1 1,830,300
2. COMPENSATION COST 2 ' _ T 600,000
" 2.1 Land Acquisition : n 3 : 600,000
{1) Resideatinl Area - M +] 500,000 : 0
{2) Agricaltural Asea ) ha [ 100,000 £60,000
: {3) Unused Arca . ha a 110,000 - S0
2.2 House Evaceation : ’ : ' houses )] 150,000 .0
3. ADMINISTRATION COST (5% of 1.+ 2.) is " ' 1,137,574
4. ENGINEERING SERVICES COST {10% of1) 1s 1 2215147
$. PHYSICAL CONTINGENCY (10% of 1., 2,3. & 4) . Is 1 2610419
TOTAL : ‘ 28,714,610
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Table G.4.3{7) Construction Cost of River Improyement by Sub-project

Unit 2 Pesos

(6) San Maouel, Ssemat
Work tem Unit Cruzality Unit Cost Amount

t. MATN CONSTRUCTION COST 13,7122
1.1 Paeparatory Woiks (30% 0f3.2+13) ls 1 1,252,020
1.2 Main Works 11,382,000
1.2.1 Easth Dike m 1,600 9,352,000
{1) Clearing, Grubbing & Stripping m2 48,000 3 1,104,000
{2) Embankmeat(sandy materal) m3 71000 80 5,550,000
{3) Covering Soil (mouniaiaclay soil) m3 15,000 120 1,500,000
{4) Sodding m2 41,000 12 452,000
{5) Gravel Maintzinznce Road m3 1LEOD 10 306,000
122 Styiceway pos 2 2,000,000
(1) Typt A {1 bot;1.5 m wide x 1.5 e high) s 2 1000000 2000000
(2) Type B (1 box;3.0 a wide x 3.0 o high) s 0 4000000 0
(M) Type C (2boxes; 3.0 m wide x 3.0 m high) f3 [ 8,000,000 0
1.3 Miscelianzous Works (0% of 3.23 1s 1 1138200
2. COMPENSATION COST 3,900,000
2.1 Land Acquisition ha 5 900,000
{1) Resideatia) Asca ha 1 500,000 500,000
(2) Agiculiural Arca ha 4 100,000 400,000
(3) Unused Area ha ¢ 10,000 0
22 Honse Evacuation honsts 20 150,000 3,000,000
3, ADMINISTRATION COST (3% ol 1.4 2) Is 1 £83,611
‘8. ENGINEERING SERVICES COST (10% of 1) is 1 13771.222
5. PHYSICAL CONTINGENCY (10% 011, 2, 3. & 4) Ls 1 1,993,305
TOTAL 21,926,358




Table G.4.3(8) Construction Cost of River Improvement by Sub-project

{7) San Felipe, Sarrat Unit : Pesos

Work {lea Uit Quantty  Unit Cost Amouni
1. MAEN CONSTRUCTION COST 32042213
1.1 Pieparztory Works (1% 012 ¢1.3) 1s 1 2,913,333
O 1.2 Maln Works © 26485300

o

1.2.1 Earth Dike m 3,700 15,861,600
{1) Clearing, Grubbing & Strippteg m2 63,000 23 1,495,000
{2) Embankmeat{sandy matesisl) - m} 135,000 8 10.800,000
{3) Covering Soil (rmouatain clay s0il} m3 21,000 120 2,520,000
(4) Sedding - [o¥] £0,300 12 723,600
{5) Gravet Mainlerance Road m3 1,500 170 - 300
122 Revelment m 30 1,623,700
(1) Strcteral Excavation Filting : - m3 500 43 38,700
(2) Footiag Concrcie ) m3 A5 2,000 72000
{3) Grouted Siote Pilching w/ Concrete Layer m3 890 1,700 1,513,000
12.3 Spurdike pcs 12 2,000,000
{1) Hand Laid Boutdes n3 5000 400 2,000,000
12.4 Sticeway pcs 4 7,000,000
(1) Type A [1 box;1-5 m wide x 1.5 ni high) §s 31000000 3000000
{2) Type B {1 box;3.0 m wide x 3.0 r high) e 1 4000000 4,000,000
(3) Type C (2baxes;3.0 mwide 2 3.0 m high) s 3] 8,000,000 ¢
1.3 Miscellantous Works (10% of 1.2) is 1 2,648,530
< 2. COMPENSATION COST . _ 700,000
2.1 Land Acquisition T ha T 700,000
(1) Residential Area - . ha 0 500,000 [
{2) Ageicoheal Arca ' : ha 7 100,000 700,000
(3) Unused Arca ‘ IR 11 ] 0. . 10,000 0
2.2 House Evacuation . houses 0 350,000 ]
3. ADMINISTRATION COST (3%oellazy - is 1 . 1,637,351
4, ENGINEERING SERVICES COST (10% of 1.} _ o ls 1 3,204,721
5. PHYSICAL CONTINGERCY (10% of 1,2, 3. & 4} 1s 1 358929
JOTAL ) 41,348,224




Table G.4.3(9) Construction Cost of River Improvement by Sub-project

{8) Sto. Tomas, Sarrat Urit : Pesos
Work Iiem Uait Quantity  Unit Cost Amouni
1. MAIN CONSTRUCTION COST 13,250,458
1.1 Prepanaiory Works (10% 0 1.2 + 1.3} is 1 1,204,588
1.2 Main Works 10,950,500
1.2.1 Earih Dike m 4,800 T,950.800
{3) Crearing, Grubbing & Stripping m 50,000 3 1,150,000
{2) Ersbankment{sindy matedal} m) 50,000 - RO 4,000,000
{3) Covering Soil {mountain clay soif) m3 16,000 120 1,920,000
{£) Sodding m2 3%,400 12 472,500
{5) Gravel Maiatenance Road m3 2,400 170 408,000
12.2 Slubegway ps 3 3,000,000
(1) Tyge A {2 box;1.5 m wide x 1.5 2 high) s 3 1006000 3000,000
(2) Type B {1 box;2.0 m wide x 2.0 m high) e 0 4,000,000 0
(3) Type C{2baxes;3.0 m wide x 3.0 m high) pes 0 8,000,600 Q
1.3 Miscellancaus Works {10% of 1.2) : is 1 3,095,080
2. COMPENSATION COST 500,000
21 Land Acguisition ha 5 : 500,000
(1) Residential Area ) ha 0 500,000 L]
(2) Agiceliecal Arer - ha 5 100,000 500,000
(3) Unnsed Arca ) ha G T 16,000 Q
22 House Evacaation . houses 1] 150,000 ‘0
: - : %,
3. ADMINISTRATION COST (3% of 1.+ 2.} ) ls 1 687,523
4. ENGINEERING SERVICES COST {10% of 1) ' 1s ) 3,325,047
5. PIIYSICAL CONTINGENCY (10% ol 1., 2,3.&48) o }s R ) 1,576,304
TOTAL : : 17,339,342



@

Table G.4.3(10) Construction Cost of River Improvenient by Sub-project

(%) 822 Marous, Sarest Unig 2 Pesos
Waork Her Unit Cuanlity Unit Cosl Amount

1. MATN CONSTRUCTION COST 8,741,161
1.1 Preparatory Works {30% of 12 +1.3) ' Is - 3 794,651
12 Maia Works 7,224,100
12,1 Earth Dike m 2250 4233100
(1) Clearing, Gradbing & Swuippiag m2 24,000 23 552,000
(2) Embankemcal{sandy matecial) 3 27,000 80 2,160,000
(3) Covering Soil {mountain clay 5oil) : m3 9,000 120 1,080,000
(4) Sodding : - m2 20,000 12 240000
(5) Gravel Maintenance Road m3 1,130 170 192,100
122 Shiceway : s 3 3,000,000
{1) Type A {1 box;1.5 m wide x 1.5 m high) s 3 1,000,000 3,000,000
{2) Type B (1box;3.0 m wide x 3.0 m high) pcs | 4,000,000 0
{3) Type C (2boxes; 30 m wide x 3.0 m high) pcs ] £,000,000 0
1.3 Miscellancous Works (10% of 1.2) 1s 1 722,410
2. COMPENSATION COST 300,000
2.1 Laad Acqaisition _ ' ha 3 300,000
(1) Resideatial Arca ) .o M 0 500,000 . ¢
(2} Agricoliunl Area P 3 00,000 300,000
{3) Unused Area LI -0 10,000 ¢
2.2 House Evacualion _ : - hobses 0 150,000 0
‘3. ADMINISTRATION COST (5% of 1.+ 2)) bs | 1 452,058
4. ENGIVEERING SERVICES COST (10% of 1) 1s 1 574,116
5. PHYSICAL CONTINGENCY {(10% 6 1,2,3.&4) - s 1 1,036,734
TOTAL 11,304,069




Table G.4.3(11} Construction Cost of River Improvement by Sub-project

(10) San Cristobal, Sarrat

Unit : Pesos

Work Ttem Unil Quastity  Uni Cost Amonnt
1. MAIN CONSTRUCTION COST 25,469,290
1.1 Preparatory Works {(10% 011.2 +13) s 1 2315390
12 Mala Works 21,049,000
12,3 Farth Dike m 1,850 TASI,000
(1} Clearing, Grubbing & Stripping m2 33,000 23 758,000
(2} Embankment{sandy matesial) m3 67,000 BO 5,360,000
(3) Covering Soil {mountain clay soil) m3 13,000 120 1,320,000
{8} Sodding m? 31,000 12 372,000
(5) Gravel Mainte nance Road m3 900 a0 72,000
12.2 Revelmeal o 1850 11,166,000
{3) Structanl Excavation Titling m3 2000 43 56,000
{2) Footiag Concrele m3 220 2,000 £40,000
{3) Gronted Stonz Pitching w/ Concrete Layer m3 6,650 1600 10,640,000
1.2.3 Sladoeway Pl 2 2,000,000
{1) Type A {1 bax;1.5 ra wide x 1.5 m high) pes 2 1,000,000 2,000,000
{2) Type B (100130 m wids x 3.0 m kigh) pes 0 4000000 0
{3) Type C (2 boxes; 30 m wile x 3.0 n high) pos o 8,000,000 0
13 Misceltancons Wm‘cs'(l(}% of 1.2) is 1 2104900
2. COMPENSATION COST - 300,000
2.3 Land Acquisition ha k 300,000
{1) Residentiaf Arca ha 0 500,000 o
{2) Ageicultural Arca ta 3 100,000 300,000
{3} Vnused Arer ha Q 10,000 Q
22 House Evacuatian houses 0 - 150,000 4]
3. ADMINISTRATION COST (5% of 1.+ 2.) 15 1 1,288,465
4. ENGINEERING SERVICES COS]_' {(10%el1) | K3 1 2546929
5. PRYSICAL CONTINGENCY (10% of 1,2,3. &4 4) 1s 1 2,960,468
TOTAL 32,565,152
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Tabte G.4.3(12) Construction Cost of River Improvement by Sub-praject

(L1} Gulsit River/Mandaloque, Dingras Unit : Pesos

Work Ttem Unit Quantity Unit Cost Amounl
1. MAIX CONSTRUCITON COST 160,922,613
1.} Preparalory Wodkg (10% 0f 1.2 4 1.3) is 1 14629329
12 Mala Works 132,993,500
12.1 Farth Dike m 18300 96,203,500
(1) Clearing, Grabbing & Siripping 2 362,600 2 BA39, 500
{2) Embaskmeni{sandy material} ) m} 858,000 80 68,720,000
{3) Coverlng Soil{msuntain clay soil) m} 119,000 120 14,280,000
(4) Sodding ) m2 344,000 L 4123000
(5) Gravel Mainlenance Road "3 9,200 80 736,000
1.2.2 Revelment Cm 700 4,790,100
(2) Swucturst Excavstion/Filling m3 T 43 30,100
(2) Fooling Coacrele : ! ml 84 2000 168,000
{3) Groutzd Stone Pitching wi Cencrele Layer m3 2,870 1,600 4592,000
12.3 Spusdike pos 10 2,000,000
{1) Haad Laid Boolder 3 5,000 400 2,000,000
12.4 Sluicewy s 20 30,000,000
€1) Type A {1 box; 1.5 mwide x 1.5 m high) pes 18 1,000,000 18,000,000
£2) Type B (1 box; 2.0 m wide x 3.0 m high) s i a.mpmu 4,000,000
13) Type C(2boxes; A0 m wide x 3.0 m high} o] 1 8000,000 2,000,000
1.3 Miscellancons Works (10% of 1.2) Is 1 “13,299.3%0
2, COMPENSATION COST 3,750,000
2.1 Land Acquisition _ - Mo 35 - 3,600,000
{1)Residentiat Azea . - ha 0 300,000 : e
{2y Agricelone) Arca . : . ha 38 100,000 - 3 600,000
{3) Unused Area ) L1 0 10,000 L0
2.2 House Evacuation ‘ * hobses i © 150,000 150,000
© 3 ADMINISTRATION COST (5% of 1.4 2) 1s 1 8,233,631
4. ENGINEERING SERVICES COST (30% of 1) s 1 16092262
5. PHYSICAL CONTINGENCY (}0% of 1,2, 3. & 4) 1s 1 © 18,893,851
TOTAL 207,898,363




Table G.4.3(13} Construction Cost of River Improvement by Sub-project

{12} Suyo, Dingras Unit : Pesos
Work Rem Unit Queatity  Unit Cost Amaoant
1. MAIN CONSTRUCTION COST 25,331,350
1.t Prepanatory Warks (10901312 +1.3) 1s 1 2302850
12 Maia Works 20,935,000
1.2.1 Farth Dike m 3,700 10,935,000
(1) Cleaning, Grubbing & Stripping ) mE 53,000 23 1,219,000
(2) Embaskment{sandy maledal) _ m3 £7,000 80 6,960,000
{3) Coverng Sail {mountain clay soil) m3 17,000 120 2,636,000
(4) Sodding m2 47000 12 564,000
(5) Gravel Mainte tance Road : m3 1500 80 152,000
12.2 Sluiceway pes 3 10,600,000
(1) Type A (1box;1.5 m wide x 1.5 m high) pes 2 1,000,600 2,660,000
{2) Type B(1box;3.0 ro wide x 3.0 e high} pes 1] 4,000,600 0
(3) Typ¢ C (2 boxes;3.0 o wide x 3.0 m high) pes 1 8,000,000 8,000,000
1.3 Misceflancous Works (10% of 1.2) 1s 1 2,093,500
2. COMPENSATION COST 320,000
21 Land Acquisition : h s 320,000
(1) Residential Area hs Q 500,000 : )
(2) Agrculiural Area ‘ ha 3 100,000 300,000
(3} Unused Area n 2 10,000 20,000
22 House Evacwaticn '  bouses 0 150,000 0
. ADMINISTRATION COST (5% of 1.+ 2.} ‘ 13 -3 I.ZS.Z.SSS
4. ENGINEERING SERVICES COST (10% of §.) . : is 1 2,533,135
5. PHYSICAL CONTINGENCY {10% ol 1,2, 3. & 4) ‘ is 1 ' 2,916,705
TOTAL 32,412,758
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Table G.4.3(14) Construction Cost of River Improvenent by Sub-project

{13) Publazlon, Dlogras Unit: Pesos
Work liem Unit Quantity Unit Cost Amoyal
1. MAIN CONSTRUCTION COST 31,397,030
1.} Preparalory Works (0% el12e 13) bs ] 2,854.280
12 Main Works 25,948,000
12.1 Earth Dike m 5,600 20,943,000
{1) Clearing, Grubbing & Stripping mi $2,600 23 2,116,000
{2) Embankmeni(sandy makiial) 3 175,000 83 14,000,000
{3) Covering Soil (moustain clay soif) m3 20,000 120 3,600,000
{4) Sodding 2 £4.000 12 1,008,000
{5) Gravel Mainicmance Rozd m3 2500 80 224,000
122 Spurdike pcs 1 2,000,000
{1) Hand Laid Boulder m3 5,000 4G0 2,000,000
123 Sluiceway xS 3 : 3,000,000
(1) Type A {1 boz;1.5 m wide x 1.5 m high) o] 3 1,600,000 3,000,000
(D) Type B (1 box;3.0 m wide x 3.0 m high) =1 4] 4,000,000 0
{3) Type C{2bores;30 m wide x 3.0 ra high} s 4] 8,000,003 0
13 Miscellanzous Works (10% 01 1.2) 13 1 2,594,800
2. COMPENSATION COST 1,000,000
2.1 Laad Acquisition "M 10 1,000,000
1) Resicential Ased ha . 0 - 500,000 [
(2) Agncultural Area ‘hz 10 - 100,000 1,000,000
{3) Unosed Area . ha 0 10,000 Q
2.2 House Evacuation houses 0 150,000 O
3. ADMINISTRATION COST (5% of 1.4 2)) 1s 1 1619554
4. ENGINEERING SERVICES COST (10% of 1.) 1s 1 3139708
S PHYSICAL CONTINGENCY (10% 6f 1., 2., 3. & 4) 1s 1 - 3715664
- TOTAL 40,872,306
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Table G.4.3(15) Construction Cost of River Improvement by Sub-project

{14y Cura/Labagaca River Unit : Pesos

Work licra Init Quantity Unit Cost Arsoant
1. MAIN CONSTRUCHION COST 465,307,983
1.1 Feeparziocy Works (10% ol 1.2 5 1.3) ls 1 42,391,635
1.2 Main Wocks 385,378,500
1.2.1 Earfh Diike m 21,900 40,957,000
(1) Cleanng, Grubding & Swipping m2 263,000 23 6,049,000
{2} Eebankment(sandy material) m3 265,000 20 23,200,000
{3) Covedng Soil {mountaia chy soil) m3 £5,000 120 10,200,000
{4) Sodding m2 219,000 12 2,628,000
{5) Gravel Maintenance Road m3 13,000 &0 ESD,000
1.22 Channcl Excavation m3 1,532,000 135,080,000
{1) SundiGravel m3 560,000 85 47,600,000
{2) GraveYBoolder m3 972,000 9 B7480.000
1.2.3 Revetmeant m 2200 139,999,000
{1] Structural Excavation Filting m3 133,000 43 5119000
{2) Footing Concrcte m3 9,300 2,000 18,600,000
{3) Grovled Stone Pitching w/ Concrele Layer m3 72300 1,600 15,680,000
1.2.4 Toz Protction ) m 22,200 39,327,000
{1} Structueal ExcavationBackhill m3 §9,000 - a3 3,827,000
{2) Concere Block m 0 2,000 ¢
(3) Gabion Maitress - m3 35,500 1,000 35,500,000
1.2.5 Spurdike ©opes 20 £,000.060
(3) Hend Lakd Boulder o3 10,000 200 4,000,000
12.6 Shiiceway . s 4 11,000,000
(1) Type A (1 bou;1 S m wide ¢ 1.5 m high) pes 3 1,000,000 3,000,006
{2) Type B {1 00x3.0 s wide x 3.0 o high) - pes 0 4,000,000 0
{3) Type € (2toxes;3.0 m wide x 3.0 m high} s 1 £,000,000 8,000,000
12.7 Groundsill ) pes 1 7,130,500
{1} Structural Excavation Backhll (gravelboulder) m3 3500 a3 150,500
{2} Reinforced Concicie m3 1,690 . 3,000 5,070,009
£3) Concrete Block m3 960 2,000 1,920,000
'12.8 Boidge Works o5 1 7875000
{1} Recoastrociion Exicasion m?2 s 25000 7875000
1.3 MisceHaneous Warks (W% of 1.2) s 1 38537850
. 2. COMPENSAYION COST 100,000
21 Land Acqeisition ha 1 100,000
" (1) Residential Area ha o 500,600 0
{2} Aghiculteral Arca ha 1 100,000 100,000
{3) Unased Arca ha 0 " 19,000 ]
22 House Evacuation “houtes o 150,000 0
3. ADMINISTRATION COST (5% of 1.+ 2.} 1s 1 23,320,399
4. ENGINEERING SERVICES COST {10% of 1.) is 1 45,630,799
5. FHYSICAL CONNINGENCY (107 of 1,2, 2. & 4)) 1s 1 $3.635,918
TOTAL 89,995,101
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Table G.4.3(16) Conshruction Cost of River Improvement by Sub-project

{15) Solsony River Unit : Pesos
Work Itera Tinll Quantity Unit Cost Amouat
1. MAIN CONSTRUCTION COST 211,793,124
1.1 Pacparatory Worlks (10% 0112 4 1.3} is 1 19,248,281
1.2 Main Works 174,584,400
12,3 Earth Dike m 10,850 18,958,200
(1) Qeiring, Grubbing & Stripping n2 11,400 23 262,200
(2) Embankmeni(sandy matecial) o3 111,000 80 8,580,000
(3) Covering Soil {moaniain clay soil) “m3 £2,000 120 7440000
{4) Sodding e 152,000 12 1,944,000
(5} Geavel Mainicnance Road m3 5400 80 432,000
3.2.2 Revelmeat ™ 33,70G 105,692,600
{1} Struciural Excavation, Filling m3 164,000 43 7,052,000
{2} Footing Concreie m3 5500 2,000 11,600,000
{3} Grouted Stone Pilching wf Concrete Layer m3 54,400 1,600 §7,020,000
12.3 Tec Frokction m 13,700 34,899,000
(1) Struciural Excavation/Bacidill m3 93,000 43 3,999,000
(2) Concenie Block m ) 5,600 2000 11,200,000
(3) Gablon Maltress m3 18,700 1,000 19,700,000
124 Steiceway [ 4. ) 4,000,000
(1) Type A (1 box;1.5 m wide x 1.5 m high) pcs A 1,000,000 4,000,000
- (2) Type B (1 box;3.0 m wide 1 3.0 high) P 0 . 4,000,000 0"
(3) Type C (2 boxes; 3.0 o wide x 3.0 m high) pes Q 8,000,000 0
125 Grovadsilt - ws 1 11,435,200
{1) Steuctura? ExcavationBackfill (gravelboulder) "3 " 6,800 43 L0
(2) Concitle ) m3 © 2600 3,000 2,800,000
(3) Concrele Block m3 " 1,680 2,000 3,360,000
13 MisceBancous Works (10% of 1.2) 15 ‘1 17,458,440
2. COMPENSATION COST 100,000
" 2.1 Land Acquisitioa ba 1 ‘ 100,000
{1) Residentral Arci ha 0 500,000 - @
{2) Agricvlural Area - ha 1 00,000 - 100,000
{3) Unused Area ha ¢ 10,000 1]
2.2 House Evacualion houses 0 350,000 0
3, ADMINISTRATION COST (5% of 1.4 2)) s I 10,591,556
4. ENGINEERING SERVICES COST (0% of L) Is . 1 21,173,112
5. PHYSICAL CONTINGENCY (10% of 1,2, 3. &4) s ] 24,359,579
_TOTAL 267,955,372




Table G.4.3(17) Constructlon Cost of River Improvenient by Sub-project

{16) Madongan River Unit : Pesoy

Work Item Unit  Quantily Unit Cost Amous
L. MAIN CONSTRUCITON COST 277,538,547
1.1 Preganstory Works (10% 011.2 + 1.3} 1s 1 25,230,177
12 Main Works 729,370,700
12.} Ferth Dike m 2,000 - 1332000
(1} Clearing, Grubbing & Stripping m2 60,000 23 T 1330,000
{2) Embankaent{sandy mitedal) m3 42,000 8O 3350000
(3) Covering Soil {menntain clay wil) m3 18,000 120 2,160,000
{4} Sodding m2 21,000 n 252,000
{5) Gravel Maintenince Road a3 2,000 80 360,000
1.2.2 Revetment m 17,500 149,%70,000
(1) Structees] ExcavatioaFilling m3 210,000 43 9,030,000
(2) Footing Concrecle m3 7300 2,000 14,600,000
{3) Grouted Stone Pitching w/f Concrele Layer m3 78,900 1,600 126,240,000
12.3 Toc Profection m 17,500 42,651,800
{1} Structaral ExcavationBackit] m} 182,600 43 7,851,500
£2) Conceste Block n3 £000 2,000 16,000,000
(3} Gabion Mattress m3 24,800 1,000 24,500,000
12.4 Stadceway pcs ? T000,000
(1) Type A () box;1.5 m wide x 1.5 m high) pes 7 1060000 © 7000000
£2) Type B (1 box; 2.0 m wide x 3.0 m high} pcs 0 4,000,000 0
3) Type C{2boxes; 3.0 m wide x 3.0 m high) pes [4] 8,000,000 [
12.5 Groundsitl ' o s 1 16536900
{1) Structuss?t ExcavatioaBackfill (gravel bouldes) m3 - 8,300 . 43 336,500
{2) Reinforced Corcrcie m3 3500 3000 7 11,700,000
{3) Contreie Block m3 2,240 2,000 4,450,000
13 Miscelanzoas Works (0% o0 1.2) 1s 1 22831070
2. COMPENSATION COST ]
2.1 Land Acquisition ha o) . 0
‘(1) Resideatial Area ha ¢ 500,000 ]
(1) Agciciitural Arca ha ¢ 103,000 o]
(3} Unused Arca ha g 10,000 o
2.2 House Evacuation houses 1] 150,000 1)
3. ADMINISTRATION COST (3% of 1.4 2) Is 1 135?5.92?
4. ENGINEERING SERVICES COST {10% of 1) ls 1 21,753 855
5. PIYSICAL CONTINGENCY (10% ol 1,2, 3. & 4) s 1 31,916,933
TOTAL, 351,086,262




Table G.4.3(18) Construction Cost 0f River Improvement by Sub-project

7 Papa River Unit: Pesos
Work liem Uait  Quantity  Unit Cost Asgount
1. MAIN CONSTRUCTION COST 167,676,355
1.1 Preparatory Works (10% of 1.2 + 1.3} 1s 1 15,243,305
1.2 Main Works 138,575,500
121 Earih Dike m 1,000 1,751,000
(1) Cheasing, Grubbiag & Stripping m2 15,000 23 345,000
(2} Embankment(sandy materiaf) m3 10,000 80 00,000
{3} Covecing Soil {mauntzia clay soil) m3 4,500 120 540,000
1) Scdding 2 5,500 12 6,000
(5} Gravel Malntenance Road m3 508 &0 40,000
1.2.2 Revelménl m - §2,400 90,770,000
(1) Structatal Excevation/Filling m3 - 150,000 43 6,450,000
(2) Footing Concrel¢ m3 5.200 2000 10,400,000
(3) Grouted Sione Pilching w/f Concrele Layre m3 446,200 1,600 73920000
1.2.3 Toc Profection m 12,400 33,058,000
{1) Structusal Excavation/Backfilt m3 86,000 43 3,698,060
{2) Conrcere Block m} T 6,000 2,000 32,000,000
{3) Gabloa Mailress m3 17,400 1,000 17,400,000
12.4 Sluiceway o pes "2 2,000,000
{1} Type A (1 box;1.5 ra wide x 1.5 m high) s 2 1,000,000 2,000,000
" (2 Type B (2 box;3.0 m wide x 3.0 m high) s 0 4,000,000 o
{3) Type C (2boxes; 3.0 m wide x 3.0 m high) L opcs 0 5,000,000 1]
12.5 Groundsil pes RS T 10916500
(1) Structfusa) ExcavationBackfill (gravelboulder) m3 5500 43 236,500
{2} Reinforced Conerele ml 2,600 3,000 7,800,000
{3} Coatrete Block m3 1,440 - 2,000 2,880,000
: 1.3 Miscellangaus Works (10% of 1.2) 1s 1 13,857,550
2. COMPENSATION COST 1}
2.1 Land Acquisition ha . Q 0
(1) Residential Area ha 4] 500,000 0
(2) Ageicollura) Arca ha 1] 100,000 0
(3) Unused Arei ha [+ 10,000 D
2.2 Bouse Evacuation hoﬁs:s 0 150,000 0
3. ADMISISTRATION COST (5% of 1.4 2) Is ) 8333818
. 4. ENGINEERING SERVICES COST(ID‘?'; of 1) Is 1 16,767,636
-1 PHY_S[CA.L CONFINGENCY (10% oF1.,2,3. & 4) 1% 1 19,282,131 -
TOTAL 212,110,559




Table G.4.3(19) Construction Cost of River Improvement by Sub-praject

¢

{18} Lower Bonga River _Unit: Pesos

Wock {tem Uit Quantity Unit Cost Amount
1. MAIN CONSTRUCYION COST 92,620,660
1.1 Peeparlory Works (10% of12 +1.3) is 1 8,420,060
12 Mila Warks 76,545,000
12.1 Earth Dike 1 12,750 72,546,000
(1} Clearing, Grubbing & Stripping m2 $90,000 23 13570,000
{2} Embankment{sindy material) m3 536,000 80 42820000
{3) Covering Soil {raountain clay soil) m3 100,500 120 12,600,000
(4) Sodding m2 232,000 12 3,284,000
(%) Gravel Mainienance Road m} 8,900 &0 T2,
122 Spurdike pes 20 4,000,000
(1) Hand Laid Boulder m3 10,000 400 4,000,000
13 Miscellansons Warks (10% o1 1.2) 1s 1 7,653,600
2. COMFENSATION COST 1,000,000
2.1 Land Acquisition ha 10 1,000,000
{1} Residential Area h Q 500,000 o
{2} Agrcultural Ares “ ha 16 100,000 1,000,000

- {3} Urused Asea ha ] 10,000
2.2 House Evacuation houses © o 150,000 Q0
" 3. ADMINISTRATION CdST (5%ofll.+ 2} Is 1 £631033 -

4. ENGINEERING SERVICES COST(i0% of 1) ks } 9,262,066
§. PHYSICAL CO.\'II.\’GE.\'CY(!D% ofl1,2,3.44) 13 1 10,756376
TOTAL 118,320,135



Table G.4.3(20) Construction Cost of River Improvement by Sub-project

19 Upper Boogo River Unit : Pesos
Work Item Unit  Quanatity  Unii Cost Amount
1. MAEN COXSTRUCTION COST 335,944,400
1.1 Preparztory Works (10% o 1.2 + 13) Is 1 30,540,400
1.2 Maia Works 277,640,000
121 Earth Dike m 19,300 33,858,000
{1) Qearing, Grubbing & Stipping o2 270,000 23 6,210,000
{2) Eobankmeai{sandy matecal) ) m} 179,000 &0 14,320,000
{3) Covering Soit {mounlsin clay scil) m3 114,000 120 - 13,680,000
{4) Sodding . o2 323,000 1”2 1,816,000
{5) Gravel Maintenance Road ’ mn} 9,650 80 772,000
1.2.2 Revclbment : m 19300 127,531,000
{1) Structural Excavation/Filling m3 77,000 a3 3311000
{2) Footing Concrete al 8,100 2000 16,200,000
(3) Grouted Stone Pilching w/ Concretz Layer m3 67,500 1,600 108,000,000
1.2.3 Toe Prolection : m 19,300 35,888,000
(1} Striciural ExcavationBackln ‘ m3 118,000 43 4,988,000
(2} Concerke Block . m3 0 2,000 . 0
(3) Gabioa Mattress w3 30,500 S1,000 0 30,900,000
1.2.4 Stuiceway . o8 s '5,000,000
(1) Type A {) box;1.5 m wide x 1.5 m high) pes M 1,006,000 5,000,000
(2) Type B{1box;2.0 m wide x 1.0 ra high} _ s 0 4,000,000 0
(M) Type C (2boxes;3.0 m wide x 3.0 m high} pes o 8,000,000 0
£ : _ 125 Gounds?l - s _ 1 ' 2,633,000
o (1) Structaral Excavation/Bacidilt {gravelboulder) m3 1,000 43 43,000
C(X) Conceete S ) m3 650 © 3,000 1,956,000
(3) Rivecbed Protection : m3 30 2,000 640,000
) 2.6 Bidge Works pcs 2 T E1150800
(1) ReconsiroctionExieasion . " m2 2,110 o 25,000 © 67,750,000
13 Miscellaatous Works {10°% of 12) _ s - 1 29764000
2. COMPENSATION COST . ] . 300,000
2.1 Lend Acquisition m 3 : 00,000
(1} Residentia) Asea ‘ o ha i} 500,000 . o
(2) Agricuharsl Arca ha 3 160,000 300,000
(3} Unosed Area : h: 0 10,000 ¢
22 House Evacuation ' : houses ¢ 150,000 0
3. ADMINISTRATION COST (S% of 1.+ 2) s 1 16312220
4, EXGINEERING SERVICES COST (10% of 1) A P : 1 33,591,440
% 5. PHYSICAL CONTINGENCY (10% of 1,2, 3. & 4) ' 15 1 . 38,665,105
TOTAL . . ) 425,316,166




FIGURES



(1) Tangid, Laoag

(2) Suyo, Lacag

(3) Poblacion, Lacag

(4) Camangaan, Laoag

(5) Poblacion, San Nicolas
(6) San Manuel, Sarrat

(7) San Felipe, Sarrat

(8) Sto. Tomas, Sarral

(9) San Marcos, Sarrat
(10) San Cristobal, Sarrat
(i1) Guisit River/Mandaloque,
Dingras

(12) Suyo, Dingras

{13) Poblacion, Dingras
{14) Cura/Labugaon River
{15) Solsona River

{16) Madongan River
{17) Papa River

{18) Lower Bongo River
{19) Upper Bongo River
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ATTACHMENT

DESI GN FLOOD DISCHARGE PROBABILITY
OF THE MAJOR RIVERS IN THE PHILIPPINES




Desien Flood Discharge Probabitity of the Major Rivers in the Philippines

The flood control projects in 10 major rivers and voleanoes have been studied by DPWH with
foreign technical and financial assistance since 1981. The proposed design flood discharge
probabilities of the projects are shown below along with the salient features of the project
areas.

1 Cagayan River

1.1 Study Report

The Master Plan Study on the Cagayan River Basin Water Resources Development, Aug.
1987, by JICA :

1.2 Project Area
(1) Drainage Basin : 27,300 kat’
(2) Number of Municipalities of Prainage Basin : 107
(3) Population of Drainage Basin
a) Total Population : 2,136,000 (1985)
b} Population Density : 73 persons/km’ (1985)
¢) Ratio of Urban Populatidn to Total : 19% (1985)
- (4) GRDP of Drainage Basin
a) - Per Capita : P 1,105 =$ 61.4 (1984)
o b) Total : P 2,360 niiflion = § 131 million (1984)

"~ {3) Scctorat Structure of Draiﬁage Basin

Seotor By GRDP(1983) By Employment (1980)

Agriculture 47 % - B%
Industey 13% 8%
Service - 38% 19%

(6) Land Use of Drainage Basin (1934)

Agicultural Land = 5,300k (194%)
Forest - o : . 1,500 km? - (42.1 %)
_ Idlc Grassland - : 5,500 km®  (20.1 %)
8 Bare Land/Swamp : - 4,950km® (18.1 %)
Residential Area  50km’ (02%)
Total L 27300km’ (100 %)

1.3 Potential Flood Damage of Drainage Basin
(1) Flooded Arca : 1,860 km?
(2) Affected Population : no data
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(3) Probable Flood Damage
a)  25-year: P 10,490 million = § 552.1 million (1985)
b) 100-year : P 13,004 miltion = $ 684.4 million {1933}
c¢) Average Annual : P 3,793 million = $ 199.6 million (1935}

14 Probable Flood Discharge

At River Mouth (27,300 km?) ' : &
(1} 25-year :15,900 m¥s (specific discharge @ 0.6 m*/sfkm?)
(2) 100-year : 21,600 m¥s (specific discharge : 0.8 m*/sfkm?)

1.5 Design Flood Discharge Probability

Plan Probable Year Remarks

Framework Plan 100-year Full-scale plan. Implementation period is not
specified.

Loiig-term Plan . 23year Scaled down plan. Implementation perod is not
specified,

Master Plan 23y¢ar Consisling of priority projects selected from the
long-term plan. To be achieved within 20 years,

Short-term Plan 25-year ~ Ist stage of the master plan to be achieved within
10 years. '

1.6 - Project Cost of Master Plan _

(1) River channel improvement .~ : PS,’lGE_} million

(2)_Altocated multipurpose damy ;P 1.671 million
“Total - | . P 7,437 million = $ 391.4 million (1985 )

1.7 Progress of Project
The conduct of the feasibility study is under consideration.
Note: Exchange Rate: - $1.00 =PI18.0=Y 234.0 (1984}
$1.00=P19.0=Y 200.0 (1985 )

2 AGNORIVER
21 Study Report -

Study on Ag_né River Basin Flood Control , Dec. 1991, by J ICA - | _ @

2.2 - Project Area
(1) Drainage Basin : 7,640 kni®
a) - Agno River 3,907 kn?’
b) Related Rivers : 1,733 km®
(2) Number of Municipalitics of Drainage Basin : §3

G-A- 2
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(3) Poputation of Drainage Basin
a) Total Population : 2,324,000 (1987)
b) Population Density : 304 personsikni’ (1987)
¢) Ratio of Urban Population to Total : 26 % (1980)
(4) GRDP of Drainage Basin
a) Per Capita: P 7,539 = $ 367 (1987)
é; b) Total: P 17,521 million = $ 853 million (1987)

{3) Sectoral Structure of Drainage Basin

Sector By GRDP (1987) By Employment (1987} -

Agriculuce 37% 51%
Industry 26% 15%
Service . 37% 34 %

(6) ‘Land Usc of Drainage Basin (1987)

Agricultural Land 2283km’  (30%)
* Forest & Others - : 5357Tkm’ {70 %)

Total : 7,640 km? (100 %)

23 ~ Potential Flood Damage of Drainage Basin
(1) Flooded Area : 2,463 ki
(2} Affected Population : 1,457,000 (1987)
(3} Probable Flood Daﬁiagc : 7
. a) 25-year: P 3,299 million = $ 155 million (1989)
b) 100-year - P 4,700 miltion = $ 221 million (1989)
o) Average Annual : P 1,262 million = $ 59 nillion (1989)

2.4 Probable Flood Discharge

Agno Main River st River Mouth (5,907 km’)

(1) 25-year : 11,220 m¥s (specific discharge ‘19 m’!sﬂcﬁﬁ
(2) 100-year: 17,310 m’s (specific discharg& 129 m’/s.fkmz)_

@ 25 Design Flood Discharge Probability
T Plan Probable Year Remarks . -
Framework Plan 100-year Full-scale plan. Implementation period is not specified.
Long-term Plan 23-year Feasible scale plan. To be achieved within 20 years.
Short-term Plan 10-vear Priority projects. To be achieved within 10 years.

Note : Long-ten plan is considered to correspond to nraster plan,
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2.6 Project Ceost
(1) Long -term Plan : P 15,974 million = $ 750 miltion (1939)
(2) Priority Projects : P 7,809 million = $ 281 million {1991)

2.7  Progress of Project
Priority projccts are in the pre-construction phase, financed by the OECF.
Note : Exchange Rate : $1.00=P 20.5 =Y 142.0(1987)
$1.00=P 213 =Y 132.0(1989)
$1.00=P278=Y 139.0(1991)

3. PAMPANGA RIVER

3.1 Study Report
Feasibility Report on the Pampanga Delta Development Project, Feb. 1982, by JICA

32 Project Arca
{1) Project Area
a) Pampanga- Pasag River Drainage Basin : 10,503 km?
_ 'b) Project Arca (Pampanga Delta Development Project) : 3,200 kn?
'. (2) ‘Nurmber of Municipalities of Projéct Area s 12 |
"(3) - Pepulation of Frojéc'l Arca | | o @%
" a) Total Population : 1,792,000 (1980) ' o
b) : Population Density : 599 personsfm’ (1980)

(4) GRDP of Central Luzon (Pampanga, Tailae, Bataan, Nueva FEcija and Bulacan
Provinces covering the drainage basin) '

a) Per Capita: P 1,368 = $ 185 (1976)
b) Total : P 6,222 million = $ 841 million {1976)

(3) Scctoral Structure of Central Luzon

‘Sector By GRDP(1976) By Employment (1976)
Agriculiure 3% _ 43 %
Iidustey 3% _ 27%

_Service o 28% 28 %

(6) Land Use of Project Area (1976)

Fam Land (Paddy Fietd) S 1015k (32%)

: (Sixgar Cane and Other Crops} c 245km? (8 %)
Land such as Fishpond, Residential. Non-Arable, ete._ . 1,940 km’ (60 %)
Totat . 3,200 kn® {100 %)
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33 Potential Flood Damage of Project Avea
(1) Flooded Arca : 1,448 km’
(2) Affected Population : no data
(3) Probable Flood Damage : no data

3.4 Probable Flood Discharge

At Sulipan (8,907 km’)
(1) 20-year: 4,779 m'/s (specific discharge :0.54 m*sfkmy?)
(2) 100-year : 7,039 m’/s (specific discharge : 0.79 m*/s/km’)

35 Design Flood Discharge Probability

Plan Probable Year Remarks
Basic Plan 100-year Implementation period is not specified.
Stepwise Plan 20-year To be achieved within 10 years.

Note : Basic plan is considered to correspond to framework plan.

3.6 Pro;cci Cost
{1) Basic Plan: P 1,081 million = $ 144 m:lllon (1981)

: (2) Stepwise Plan : P 797 million=$§ 106_ million (1981) .

3.7 - Progress of Project

Priority projects are under construction with OECF fuad.

Note ; Exchange Rate: $ 1.00 = P 7.4. =Y 292 (1976) |
'$ 1.00=P7.5=Y 225 (1981)

4 MT, PINATUBO

4.1 Study Report

The Study on Flood and Mudflow Conlrol for Sacobn Bamb'm ! Abacan River Drammg from
Mt. Pinatubo, Mar. 1996, by JICA

4.2 Project Arca
(l) Project Arga
a) Project Area (coxcrmg drmmge basin and flood aua) l 296 km’®
b) Drainage Basin of River : 322 knt’ ' '
(2) Number of Cities & Municipalities of Project Ara: 1 &8
(3) Population of Project Area
a) 736,100 (1990)
b) Population Density : 568 personsfkm’
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()

(5)

©)

4.4
)]

(2)

4.5

¢) Ratio of Urban Population to Total : 59 %
GRDP of Project Arca :

a) Per Capita: P 13,600 = § 436 (1990)

b) GRDP: P 10,011 million = $ 358 million (1990)

Sectoral Structure of Project Area
Sector By GRDP{(1590) By Employment{1990)
Agriculture 24 % 9%
Industry 37% no data
Service 319% no data

Land Use of Project Area
Agricultural Land : 528km® (41 %)
Residential Area : 138km®>  (12%)
Others . 610km’ | {47 %)
Total . S 1,296 km? . (100 %)

~ Poteatial Flood Damage of Project Area.

Flooded Area : 393 km® _
Affzcted Population : 204,900 (1994)
Probable Flood Damage '
a) 20-year: P 1,077 million = $ 43.1 miltion (1994)
b) 100-year : P 1,808 million . $£723 nﬁiliion (1994)
&) Average Annual : P 278 million = $ 1 1.1 miltion (1994)

Probable Flood Discharge -
Sacobia-Bamban River (245 k')
a) 20-year :1,110 m¥s (specific discharge : 4.5 ma!qfkm )

" b) 100-year: 1,610 m’!s {qpemﬁc d1sch1rgc 6.6 m’/sfkm )

Abacan Rn er (77 km’)
a} 20-year:320m /s (specific discharge : 6.7 nv/s)

- by 100-y¢ar: 710 m Is(spemﬁcdlschargp 92m ¥s)

| Dcsson l'lood Dsscharge Prob’ablhly

P!an Probable Year : Remarks

- Long-term Plan - Not including Aood/md{low contrel plan.
_ Proposed Plan 20-year To be achieved within 10 years.
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4.6  Project Cost of Proposed Plan
P 2,996 million = $ 120 million (1994}

47  Progress of Project
Delailed Engincering Design is being conducted with OECF fund.
Note: Exchange Rate : $ 1.00 =P 28 =Y 130 (1950)
$1.00=P25=Y 100 (1994)

5 PASIG RIVER

5.1 Study Report
The Study on Flood Control and Drainage Project in Metro Manila, Mar. 1990, by JICA

52 Project Area
(1) Project Area
| a) Drainage Basin : 4,678 kn?
b} Project Arca: 981 k'’
{2) Number of Citics & Munic.ipalities of Project Arca : 7 & 10
{3) Population of Project Arca
a) Total Population : 5,925,884 (1980)
b) Population Density : 6,040 persons / km’ (1980)
¢} Ratio of Urban Population to Total : mostly urbanized
(9 GRDP of Project Arca | |
' a) Per Capita: P 4,495 = $ 219 (1986)
b) Total : P 26,631 miltion = $ 1,299 million (1986)

(3) Sectoral Structurs of Pi‘ojeci Area

. Sector By GRDP (1936)
: Agricullure 0%
Industry . 50%

Sernvice 50%

{6) Land Use of Projcct Area

@ © Residential Land 220k (22%)
Industrial Land C o 38kmt (4%)
Agricultural Land © Itk (%)
Open Space D122k’ (13 %)
Fishpond / Paddy Field :  106km® (11 %)
Forest L 484k’ (49 %)
Total . 981 km’ (100 %)
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5,3Potential Flood Damage of Project Area
(1) Flooded Arca: 110 km’
(2} Affected Population : 1,100,000 {1982)
(3) Probable Flood Damage
a} 30-year: P 2,933 million=3$ 139 million (1988)
b) SO-year: P 3,287 million=$ 134 million (1988)
¢} 100-year : P 3,604 million = § 169 million (1988)

5.4 Probable Flood Discharge

Pasig River at Mouth (4,673 km’)
(1) 30-year 1,200 m¥s (specific discharge : 0.26 m*/s/km’)
(2) SO-year : 1,300 m¥s (specific discharge : 0.28 m’/sfkm’)
(3) 100-year: 1,450 m’/s (specific discharge : 0.30 m*fsfkm’)

535 Design Flood Discharge Probability

- Plan ‘ Probable Year Remarks
Framework Plan | 100-year ' Implementation period is not specified.
Master Plan 100-year for flood control  To be achieved within 30 years.

S-ycar {or drainage
Priorily Projects ~ 30-year for flood control  To be achieved within 10 years.
: 5-year for drainage T

"5.6  Project Cost
{1) Master Plan ) o
a)  Pasig- Marikina River Improvement : P 4,413 million

b) Other River Impr.ovemcnt P 2,977 miltion
¢)  Drainage Improvement | . P 6,133 million
Total : P'13,523 million=$ 635 million (1988)
(2) Priority Projects
| a} Pasig - Marikina River lmprovémenl Z < P 1,401 million
b)  Malabon - Navotas Drainage lmprovcnﬁe.nt : PLI 13 million

c} __East and West Mangahan Drainage lprovement : P 2.812 million

Total _ ’ . P 5,328 million
= § 250 million (1988)

5.7 Progress of Project

Detailed engineering design of the East and West Mangahan Drainage Improvement Project
was alrcady completed. Financing of the west side area of the Project is under consideration by

OQECF.
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Note : Exchange Rate: $1.00=P 213 =Y 132 (19883)

6

6.1
(D
(2)

6.2
(H
@
&)

)

(3

©

6.3

)
)
&)

6.4

$1.00=P205=Y 166 (1936)

MAYON VOLCANO

Study Report
Master Plan for Mayon Volcano Sabo and Flood Control Project, Mar. 1981, by JICA
Re-study of Mayon Volcano Sabo and Flood Control Project, Mar. 1983, by JICA

Project Area
Drainage Basin : 699 ke’
Number of City & Municipalities of Drainage Basin ; 1 & 22
Population of Drainage Basin
a) Total Population : 419,000 (1980)
b)  Population Deasity : 599 persons'! km?
c) Ratio of Urban Population to Total : 20 %
GRDP of Drainage Basin
" a)  Per Capita: P 920=$ 115 (1980)
" b) GRDP: P 385 million = § 48 miltion (1980)

Sectoral Structure of D_ra_inage. Basin
"~ Sector By GRDP(3980) . Employment(1930)
Agriculture 52% - 8%
~ Industry no data 14 %

Service o data : 28%

Land Use of Drainage Basin (1980}

Agricultural Land C 44T km? (64 %)
Forest S 102kmt (15 %)
~ Grassland D T7kmd (11%)

Residential and Others  : 73 km? (10%)
Total - 2 699 km® (100 %)

- Potential Flood Damage of Drainage Basin

Flooded Area : 184 kni’

Affected Population : 69,700 (1980)

Probable Flood Damage

Largest Records : P 49 million = $ 6.5 miltion (1981)

Probable Flood Discharge

At Quinali River (524 k)
50-vear : 4,260 mYs {specific discharge : 8.1 m*fe/ka’)
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6.5 Design Flood Discharge Probabitity

___Plan Probable Year Remarks
Master Plan 50-yeac _ To be achieved within 10 years.

6.6  Project Cost of Master Plan

(1) Sabo Works © P3174 million= $ 36 million
(2)__River Improvement P 1,783.1 million=__§ 203 million
Total : P 2,100.5 miltion= § 239 million {1982)

6.7  Progress of Project
Some urgent sabo works were implemented with local funds.

Note : Exchange Rate: § 1.00 =P 8.0 =Y 240 (1930)
$100=P75=Y225(198D)

7 PANAY RIVER

7.1 Study Report Co
The Panay River Basin-wide Flood Control Study, Nov. 1985, by JICA

'f.=2 Project Area

(1) Drainage Basin : 2,181 km?

{2)' Number of Cities & Municipalities of Drainage Basin: 1 & 16

(3) Population of Drainage Basin '
) ‘Total Population : 147,300 (1980)
b) Population Density : 187 persons / km’® (1980}
¢)  Ratio of Urban Population to Total : 14 %

{4) GRDP of Drainage Basin _

" a) Per Capita: P 5,952 =$ 531 (1983)

b) GRDP : P 2,665 million = $ 240 million (1983)

" (5) Sectoral Struclure of Drainage Basin

Sector By GRDP(1983) . By Enmployment(1983)

kAgricuIlurc 8% 61 %
Industry 29% : no data
Service 3% no data
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) Long-tenn Plan - P 5,027 miltion

(7) Land Use of Drainage Basin (1983)
Agricultural Land  : 1,056 km® (48 %)

Forest & Shrub © 986k (45 %)
Fishpond & Swamp: 124 kat’ ( 6%)
Residential Area - 15k’ (_1%)
Tota! 2,181 km*(100 %)

173  Potential Flood Damage of Drainage Basin
(1) Flooded Area : 338 km®
(2) - Affected Population : 121,000 (1980)
(3) Probable Flood Damage
a) 23-year: P 382 million= $ 21.2 million {1934)
b)  100-year : P 590 miltion = $ 32.8 million (1984)
Q) Average Annual : P 104 million = $ 5.3 million {1934)

74 Probabte Flood Discharge

~ At River Mouth(2,181 km?)

(1) 10-year: 1,370 m’fs (specific discharge : 0.6 m’/sfkm’)
(2) 23-year: 1,830 méfs (specific discharge : 0.8 m/s/knr’)
(3) 100-year : 2,670 m/s (specific discharge : 1.2 m’fs/km?)

15 Design Flood Discharge Probability

* Plan " Probable Year Remarks -

Long-term Plan 100-year ~ Targeling 45 years after but implementation
_ ' period is not specified.
‘Mid-term Plast 25-year | To be achieved within 30 years. '
Short-tera Plan -~ - 10-year ~ To be achi¢ved within 10 years.

Note : Long-term plan and mid-tenu plan are considered to correspond to frame-work
plan and master plan respectively. ' - .

1.6 Project Cost

'§279.3 million (1984)

" $85.6 million (1984)°
$ 53.1 million (1984)

]

1l

(2) Mid-term Plan  : P 1,341 million

i

(3)" Short-term Plan P 935 million

7.1 Progréss of Project .
Fhe conduct of the feasibility study is under consideration.

Note : Exchange Rate:  § 1.00 =P 11,2 =Y 237 (1983)
S1.00=P I8 =Y 234 (1984)
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8

8.1

AGUSAN RIVER

Study Report

Lower Agusan Development Project, Review Report, Dec. 1982, by DPWH with OECF Fund

82
M

()
B

4

&)

(6)

8.3
(m
@
(3)

8.4

Project Area
Project Area
a) Drainage Basin : 11,400 km?
b) Project Area : 199 kn
Number of Cities & Municipalities of Project Area: 1 & 1
Poputation of Project Area
a) Total Population : 134,000 (1980)
b) Population Density : 673 persons / km’
¢) Ratio of Urban Population to Total : mostly
GRDP of Project Area -
ay Per Capita: P 5,889 =3 669 (1980 at 1982 price)
b) Total: P 789 million = $ 90 million (1980 at 1982 price)

Sectoral Structure of Project Area

Sector - - By GRDP(1980) By Employment(1980)
Agriculiure ‘no data 6% - '
Industry 42 % no data

Service - nodata no data

Land Use of Project Area (1982)

Agricultural Land 121 ke (61%)
Potential Agriculiural Land : 29 ki’ (14 %) -
Grassland Do 19kmt (9%
River & Mangrove sk (8%)
Residential Area - 15 km’ (8 %)
Total : 199 km?(100 %)

Poteatial Flood Damage of Project Area
Flooded Area : 79 km? -
Affected Population ; 115,000 {1980)
Probable Flood Damage
a)  100-year: P 103 mi!lidﬁ = $ 12.4 million (1982)
b) A{'cragc Annwal : P 83 million = $ 9.4 million (1982)

Probable Flood Discharge

Agusan River at River Mouth (11,400 km®)

(1

30-vear : 6,000 m’/s (specific discharge 1 0.5 mfs/kny’)
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(2) 100-year : 8,000 m¥/s (specific discharge : 0.7 m*/s/km’)

8.5  Design Flood Discharge Probability

_ Plan Probable Year - Remarks
Basic Plan 100-year {implementation period is not specified.
Proposed Plan 30-year To be achieved within 10 years.

Nole : Basic plan is considered to correspond to framework plan.

8.6 Project Cost of Proposed Plan
(1) -Stagel: P 3557 million =$ 63 million (1982)
(2} Stageil; P 177 million = $ 20 million (1982}
“Total : P73d million =$ &3 million (1982}

8.7 Progress of Project

Detailed engincering design was completed with OECF fund. Construction of Stage 1 is
on-going, with OECF financing.

Note : Exchange Rate - $ 100 =P 8.8 =Y 265 (1982)

9 ILOG-HILABANGAN RIVER

9.1  Study Report |
Study on ltog -Hilabangan River Basin Flood Control Project, March 1991, by JIC

9.2  Project Area
(1) Drainage Basin : 2,162 km’
(2) Number of Municipalities of ljrainage Basin : 4
(3) Population of Drainage Basin |
a) Total Population : 347,000(1990)
b) Population Deasity : 160 persons / ke
¢) ~ Ratio of Urban Population to Total : 20 %
(4) GRDP of Drainage Basin
a) Per Capita: P 13,500 = § 620 (1989)
b) ‘Total : P 4685 miltion = § 215 million (1989)

(3) Sectoral Structure of Drainage Basin

-

Sector - By GRDP(1989)
Agriculture 32%
Industny 25%

Service 43 %
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(6) Land Use of Drainage Basin (1990)

Agricultural Land < 1,072k’ (49 %)
Grassland ©537km’ (25%)
Forest & Shrub o 448 km® (21 %)
Fishpond, River and Swamp 70km’ (3%)
Residential Area K 35 km’ _(2%)
Total 2,162 kn*(100 %)

2.3 Potential Flood Damage of Drainage Basin
(1) Flooded Area : 120 ke’
(2} Affected Population : 47,000 (1990)
{3) Probable Flood Damage
100-year : P 406 million = $ 14.5 mittion (1990)

24 Probable Flood Discharge

At the Confluence of Hlog and Hilabangan Rivers (1,960 km®)
(1) 25-year: 3,690 nv'fs (specific discharge : 1.9 nfs/km’)
(2) 100-year : 5,430 m*/s (specific discharge : 2.8 m¥/s/knr’)

9.5 - Design Flood Discharge Probability

Plan - Probable Year Remarks ' @
Master Plan 100-year To be achieved within 20 years : o : :
Phase 1 Plan 25-year . To be achieved within 10 years

9.6 Project Cost of _Masl_er Plan
P 1,224 million = $ 43.7 million (1990)

9.7 - Progress of Project

~ The conduct of the feasibility study is under consideration.

" Note: Exchange Rate: $1.00=P21.8 =Y 138 (1989)
: $1.00=P28 =Y 130 (1990)

10 _J:\RO AND 14,0110 RIVERS IN ILOILO CITY

10.1  Study Report
Study on the Flood Control for Rivers in lhc,S_eIectcd Urban Centers, Feb. 1995, by JICA

102 Project Area
(1) Drainage Basin : 505 km?
~a)  Jaro River : 412 km?
b) lloilo River : 93 km®
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Population of Drainage Basin

a) Total Population : 309,500 (1990)

b) Population Density : 613 persons / km®

¢) Ratio of Urban Population to Total : mostly urbanized
GRDP of Drainage Basin

a) Per Capita: P 18,500 = $ 630 (1993)

b) Total : P 5,720 miltion = $ 210 million (1993)
Land Use in Hoilo City (1994)

Agricolral Land 29 ki’
Park / Open Spaces 1 km?
Built-up Area 24 km’
Others 2 km?
Total 36 km?

" Potential Flood Damage of Drainage Basin

Flooded Area : 41 km’

Affected Population : 149,000

Probable Floed Damage _ _
a) 20-year: P 1,125 million = $ 42 million (1994)
by 30-year : P 1,378 million = § 51 million {1994)

Probable Flood Discharge
Jaro River | _ _
a)} 20-year : 1,000 _m}/s {specific discharge : 2.4 nfsfkm’)
b) 30-year : 1,400 m’/s {specific discharge : 3.4 m/s/kny’)
Iloido River - |
a) 20;}'ear : 400 nv'/s (specific discharge : 4.3 n/s/km?)
b) -30-year : 600 m’/s {specific discharge : 6.4 m¥/sfkat’)

Design Flood Discharge Probability

- Plan = - Probable Year . " Remarks
Master Plan 30-year To be achieved within 20 years
Urgent Plan 20-year To be achicved within 10 years

Project Cost
Master Plan
Flood Controt

b} Drinage

: P 2,499 million = $ 93 million
P 176 million =_3 6 million
P2,675 million = $ 99 million (1994)

a)

Total
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- (2) Urgent Plan ,
' a) Flood Control © P 1,322 million = $ 49 million
b) _ Drainage . P 166 million= . 3  million

Total P l,483.million = § 35 million(1994)

10.7  Progress of Project
Construction of urgent projects is proposed for foreign ﬁnancing:. _
Note : Exchange Rate : $ 1.00= P 26.9 =Y 98.8 (1994)
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