7.5 Design of Roads

7.5.1

Alignment Study

A

Route Descxiption

Based on'the:best route, (selected as outlined in

Chapter 6), a detailed alignment study was pade and the
general description for the route of each Project Road is
presented below: :

i)

The Coastal Road

Based on the oftshbte area and of the existence of
the reclaimed arca, the horizontal alfgonment {is planned
to be a straight line except for the R-10 junction,

On the Ceastal Road, one fnterchange with C-5 is
planned, while the coanection with C-6 is not consider-—
ed as an interchange, but as a bend of the throughfare.
An interchange C-4/R--10 Coastal Road was considered to
be beyond of the scope of this Project.

C-5

Sta. 0H000 - Sta. 44650

Generally the topography in this section is flat
and characterized by low land and land use is predomi-
nantly for fish ponds,

In the section fronm Sta., 31650 (National Bighway
369) to Sta. 44650, the area is partially covered by

rice paddies, and partially by residential areas and
industrial areas.

The C-5 beginé at the interchange with the Coastal
Road and its intersecting point is located 600 m off-
shore from the existing coastline.

Fox the channel between the reclaimed area aund the

~existing coastline, a bridge with a total span of 280 m

is planned.

Beyond Sta. 14000 the route turns slightly eastward
with a radius of curvature of 3,400 n avoiding a w3 jor
tributary of the Navotas River.

At Sta. 3+170, the route ¢rosses the Polo-Malabon
road providing a sufficient skew angle,

At the crossing of NatIOnal‘ROad_369, utmost atten-
tion was paid to the distance from the fatersection

existing at the north. Because of thus required distance,
two large factories must be velocated.
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The existing Rizal Gate on the Banghulo-Polo Road

- {8 maintained.

1ii)

Sta. 44650 - Sta. 91550

The topography fn this section gradually rises up
toward the east from El. 3 m to EL. 19 m., The land use
is still predominantly for rice paddy except in Malinta.

In Halinta, development for both residential and indus-
trial areas has taken place.

At the crossing with McArthur Highway, the location
of the route was determined based on a consideration of
the distance to the Malinta Intersection and the location
of Fil-Hispano Ceranmic Inc. business establishrent.

At Sta. 5%#800, a grade separation structure was
planned at the crossing of Malinta Interchange Access
Road considering the existing traffic conditions and
the distance to the planned C-5/McArthur Highway Inter—
change. The route alignorent in this area was controlled
by two college buildings which are located along the
access road. After passing a factory at Sta. 64000, the
route runs across a cattle pasture located at Sta. 64500,

Between Stas. 6H400 and SHI00 many small villages
are scattered among the rice paddy areas. The proposed
route was selected as an extension of the future Republic
Avenue generally avoiding these s=all villages.

c-6

Sta. 000 - Sta. 64000

Generally the topography in this section is also
flat and low land. Land use for fish ponds predominates,
but it is also partially a rice paddy area and sowe
linited residences exist along the existing reads. No
factories are located in this sectien.

The C-6 route also starts fron the connecting points
with the Coastal Read. For the channel between the re-
claiped area and the existing coastal line a 780 m bridge
was planned.

The route between Sta. 01600 (existing coastal line)
and Sta. 34850 (crossing with National Read 369) was
established considering the crossing of a wmajor tributary
of the Meycawayan River im order to reduce the total
length of bridge required for this crossing. A bridge
span length of about 140 n is necessary for future train-
ing of the tributary.

In the section between Natioanal Road 369 and Mc-
Avthur Highway, no sevjous coantrol point was found.
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Therefore the route aligument was selected considering
the crossings of several minor rivers and roads.

Sta. 64800 - Sta. LOHO00

The general terrain from Sta, 64800 to Sta. 81300
vacvies ia elevation between 2 m and 6 m due to the
crossing of several tributaries of the Meycawayan River.
From Sta. 84800 the ground rises gradually to an eleva-
tion of 16 m. Rice paddy area 1s the predominant land
use however, the area is also partially residential.

The croésing of McArthur Highway is a primary control
point since the existing fntersectioa is located close to
the planned C-6/¥cArthur Highway Interchange.

Beyond this crossing the route passes over the
Philippine National Railway and then passes the edge of
a subdivisfon. After this, the route runs through rice
paddy axeas to the Manila North Expressway.

Study of Vertical Alignment

The Initial Study for the vertical alignment was made
simultaneously with the study for the horizontal alignment
and following a study of the bridges and culverts, the adjust-
rent of the vertical alignement mentioned above was executed.

Where the Project Road crosses a river, hydrological and
hydraulic studies were made in order to determine the high
watetr levels for waterway and drainmage structures. High
water levels deteraine the required height of bridges and
culverts and therefore become very important control points
in the vextical alignvent study.

Basic regquirecents controlling the eagineering aspects
of the vertical alignment study were as follows:

~ Ia areas subject to flooding, the finished grade of the
roadway will be raintained 1.0 n above the water surface:

- Minimun gradient of 0.30% will be adopted for roadway
surface drainage;

- Flatter vertical gradients and a larger tength of verti-
cal curve will be adopted for the intérchange sections
as euch as possible: ‘

~ The raxicua gradient at at-grade intersection will be
275 '

- The minicun vertical clearance for grade separation’
structure will be 4.9 n coasidering future overlay; and

= A conbination of horizental and vertical alignments will
be considered.
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In addition to the basic requirements rentioned above,

the following primary control points were considered for the
determination of vertical alignment;

: i) " Coastal Road

Navigation clearance for the Navotas canal at

Sta. 34374 is 12 o (30 m for alternative scheme)
above mean sea level;

Navigation clearance between blocks II1 and IV at
Sta. 5H450 is 3.0 m above mezn sea level; and

At-grade intersections to be provided at Stas. 14520
44900 and 64400,

1) c¢-5

Navigation clearance for banca boats at the bridge
planned at Sta. G4500 is 3 m above mean sea level;

At-grade Intersection to be provided are:

Sta. 24250
34150
34670 National Highway 369
44070

Grade-separation structures to be provided are:

Sta. 5H060 HcArthur Highway and P.N.R,
9+045 Manila North Expressway.

1ii) ¢-6

—

Navigation clearance for banca boats at the bridge
planned at Sta. 04500 is 3 @ above rean sea level;

Grade-separation structures to be provided are:
Sta. 34840 National Road 3869
44300
41320
5+600
6+260
6+330 McArthur Righway
73376 P.N.R,
14570
94490 Manila North Expressway

Plan and Profiles

The horizontal and vertical alignneants adopted for each
Project Road are presented on the plan and profile sheets at
1:400 vertical scale and 1:8,000 horizontal scale and are
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compiled in volume TII: Drawings (See Plans and Profiles
Sheet Nos. 1 thru 11),

The elements of horizontal and vertical alignments, the
stations, radil of horizontal cuives, firished grade line,
existing ground line, profile of bridges and culverts are
included on these sheets together with other salient features,

7.5.2 Typical Cross-Section of Roads

The elements of'crosé?sectionicomponént applicable to the
Project Road were described in 7.3.1 Road Design Standards. The

Figs. I11-7-3 thru I1I-7-8 present the typical cross-sections
applicable to the Project Roads.,
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" Fig. HI-73  TYPICAL CROSS SECTION
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Fig. #117-5  TYPICAL CROSS SECTION
MANILABATAAN COASTAL ROAD (C-4 TG C-6)
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Fig. #11-7.7 TYPICAL CROSS SECTION ¢C—5
INITIAL AND ULTIMATE STAGE
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7.5.3 Study of Interchanges

A,

Ceneral

Iaterchanges are the vital connecting facilities for the
roadway system. There should be an adequate number of thenm
in order to attain the utmost of traffie effictency and to
aid in future regional development.

Two major interchanges on the Mantla North Expressway
and one major interchange on the Coastal Road are studied in

this Chapter as well as minor interchanges for each Project
Road,

1) Location of Interchange

~ ‘The location of faterchanges are listed as follows:

Number of _ :
Interchange At _Legs " Cxdssing Road
Coastal Road 3 _ C-5
" ' 4 Arterfal Streéet
fn Reclaimed Area
c--5 L ¥cArthur Righway
L ‘ 4 Manila North
Expressway
c-6 4 ‘National Road 369

n

HeArthur Highway

Hanila North
Expressyay

i1) Selection of Interchange Type

The factors considered in deciding the type of
intexchange are as follows: : '

— Type of conrecting road and its desfign speed;

Characteristics of future fntersecting traffic;

— Terraln condftions;

Existing structures, buildings and land use affect-
ing the design of the Interchange:

Safety and effictency of traffics and

- COSt-

iii) Geonetric Pesign Criteria of Interchange

It is recommended that the Common MPH Standards as

shown fin Table II{-7-7 be adopted in the desiga of fnter-
changes, :
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Table TI1I-7-7 INIERCHANGE GEQMETRIC DESIGN CRITERTA

s

Interchange
Manila | coastal | .
t it .
Item Un North Expwy. Road Others
Deslga Speed kafh 40 or 60 40 40
One-way Lane o —
width neter 3.5 for C-5 31.50 3.50
Shoulder Width meter - N T o
Right 3.00 2.50 2.50
Left 1.00 1.00 1.00
Medfan Width for -
two-way one-lane meter 1.00 1.00 1.00 or none
Cross Slope of
Pavement Z 2 2 2
R ; e : -
Type of Pavement - Ceraent Asphalt Asphali
Concrete Concrite Concrete
Maxioum Superelevation| I 10 10 10
Miniecum Radius peter 45 or 70 40 ¢ 40
Maxinum Gradient Z 4 or 6 6 .
Stopping Sight
Distance weter 40 or 715 49 40
Miniaum Vertical
Curve Length reter _ ;
Crest 8A or 15A 8A PO3A v 8A
Sag 5A or 10A 5a ©O32 v SA
Single-lane
Terminal
Highway Design Speed (kn/h)
120 L00 80
Acceleration_Lane neter 270 250 230
(including tapers)
Peceleration Lane neter 180 150 1310

{including tapers)

Note:
semi-ditectional ramp.
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B. Interchanges provided on the Manila North Expressway
1) General

In suburban arcas a high ¢apacity diamond or a full
cloverleaf may generally be adequate for an interchange
between a freeway and an artérfal street, Based on the
characteristics of the Project Roads, however, a diamong
is not considered suitable because an at-grade fnter-
section ¢n minor roads would be necessary,

Interchanges of two freeways alwost alvays favolve
sorie directional or semidirectional ranps and frequently
require individual desfgn to accemodate the volume and
pattern of turning movements.

“Although directional and sémi-directional ramps are
usuvally used for the principal turning movements, loop
ramps will be employed for the pminor movements.

Full cloverleafs, preferably with collector-dis-
tributor roads, will be suftable in outlying areas of the
city. The layout of an Interchange of two expressways

should be free of any restrictive weaving on the through-
travelled ways.

ii) Type of Interchange to be Adopted

Two types of interchanges for C-5 and C-6 were cori-
sidered, namely, cloverleaf and directienal types, as
shown in Appendixes I-39 thru I-42. o

Armong the wmany schemes which are coizmonly used for
directional interchanges, the type which was adopted for
the comparison was based on the inherent traffic condi-
tions anticipated for the 1ife of the projece.

iii) location of Toll Gate

The Manfila North Expressway is a toll road with toll
gates at each interchange; the future extensfon of C-6
is also expected to be a toll road.

The planned interchange, therefore, should be pro-
vided with toll gates within it or near to ie.

The key factors in deciding toll gate locations are
surmmarized as follows: :

- A limited number of toll gates is more_profiBltable
for a toll levy systen;

= The location should be 1n a flat area with ample
sight distance; and
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—_—

Ko toll gate for the C-5 through-traffic to and from
‘the castward extensfon need to be provided because
of the said extension 1s not a toll road; however,
a toll gate for the C~6 in this project necessary.

On the basls of these considerations, the locations
of the C-5 toll gate were chosen in four quadrants in
accordance with the turning traffic to and from the
Manila North Expressway. Toll gates for C-6 were chosen
in only two quadrants of C-6, while that of the C-6
extension will be used as a toll barrier gate in the
future exténsion project based on reasons as follows:

- 1In case of the connection between a toll road (C-6
extension) and a non-toll road (C-6 in this project),
the toll road rust provide the toll gate at or near
the end portion of the toll road; and

It is more econonmlcal te locate one throughfare toll

gate (barrier type) together with those of two ramps

in two quardrants of the extension or the throughway

of the extension road rather than to locate the above
toll gates separately.

iv) Comparison of Alternative Types of Interchange

A cloverleaf {(Alternative A) and a directional
interchange (Altecrnative B} are compared as shown in
Table 111-7-8.

Table ITI-7-8 COMPARISON OF CRARACTERISTICS OF FACH
ALTERNATIVE OF INTERCHANGE

iten Alternative A Alternative B
Cost
Construction Low High due to addi-
tional four bridges
required
Land Acquisition| The sarce area for both alternatives
Traffic Capacity Small Laxge
Traffic Yovement Fair Good

v) Conclusion
Alternative A is recomnended based on economy.

1t is further recommended that the directional ramps
for the Alternative A will be located in accordance with
that of the Altercative B in oxrder .to allew for the
future up-grading and to acconodate increased traffic
volune after the design life.
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C.

Coastal Road/C-5 Interchange

The future traffic flow between C-5 and R-10 would pre-
donfnate, however a full service interchange must be designed
because of the traffic flow between C-5 and the reclamation
blocks ITI and 1V, :

Three types of interchanges were considered as shown in
Appendixes I-43 thru I-45,

Alternative A - Directfional
Alternative B - Cloverleaf
Alternative ¢ -~ Rotary

A directional interchange with no loop ramps and no
weaving was recomsended to provide larger traffle capacity and
to ensure better traffic rmovements. .

To reslize efficient traffic operation through and beyongd
an interchange, there should be a balance in the number of
traffic lanes on the road and ramps. The number of lanes
beyond the merging of two traffic streams should not be less
than the sua of all traffic lanes on the rerging roadways minus
one. '

Based on these principles, the number of lanes of the
Coastal Road beyond the werging of the -5 traffic was estab-
lished to be 3 lanes (See Fig. III-7-9),

Fig. H11-79 AUXILIARY LANE AND TAPER

COASTAL ROAD

AUXILIARY LANE _ b 1aren
0w {1OOGFT) 180m {600 F 1)

Further Study of Coastal Road/C-5 Interchange

Based on the results of the Nafotas Bridge study, the type
cf crossing structure was determined as the high bridge struc-
ture allowing 100-foot navigation clearance béneath it.

Therefore, the approach of this bridge will be increased
from 495 to 1,395 meters long. 1If the junction ramp toward
Hanila crosses over the Coastal Road at the approach end of
the bridge, substantial travelling length over a large area
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“will be necessary. Consequehtly, it is quite reasonable that

the design spced of the rampway de reduced to 50 ken/hour from
the viewpoints of economy and desfgn of rampway.

The design standards to be adopted for the ranpway ace
as follows,

Recommended
DBescription Design Criteria
Desiga Speed 50 ke/hr.
Minimum Radfus 100 peters
Maxioum Gradient 67
Minipun Vertical
Curve Length
Crest 8A - 12a
Sag JA - 10A

Coastal RoadfArterial Street Interchange

In order to provide a connection between the Coastal Road
and a arterial street in the reclained area, a modified

diarond type interchange was designed using the bridge cross-
ing Navotas Waterway as a grade separation structure.

C-5/McArthur Highway Interchange

The connection at McArthur Higlway is a half clover-
leaf interchange with ramps in 2 quadrants as shown in Appen-
dix I-30. This type was adopted because the McArthur Highway

~and the ralircad of the Philfippine National Railways are

located closely parallel to each other.

C-6/National Road 369 Interchange

For low volure rural crossroads, a diarond interchange is
the least costly and a legical type and is also characterized
by simplicity, compactness and clearness.

Thus this type has been adopted for the C-6/Natienal Road
369 Interchange. This type is recommended particularly for to
najor-ninor roads or streets and can acéorodate traffic effi-
clently without aay hazarvd on difficulty,

C-6/McArthur Righway Interchaonge

The diacond type interchange is adopted-for the sane reasons
described in Paragraph 7.5.3.G.

Typhical Cross-Sectfons of Ramps

On the basis of the interchange geometric desiga criteria
shown in Table ITI-7-7, above the typical cross-sections of
ranps were studied and ave shown in Figs., IXI-7-18 thre I11-7-12,
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7.8 Soft Ground Treatment and Pavernent Design

7.6.1 Soft Ground Treatment

A.

safely c¢onstructed without

General

It is vital for the Project Road that the embankment be
ground sliding or future ground

settlement in excess of the maximum ailowance {(10cn) after
opening to traffic.

It was found that the bearing ground along the C-5 and

C-6 was adobe at the eastern section of the McArthur Highway

and very soft at the western sectfon of the said road,

The soft ground is defined by an SIP value of R4 for

fine sofl and N<lQ for coarse soil.

ln connection with the settlement of the Coastal Road, a

soft ground study was made fn Section 6.8 of Part IV.

Sub-Soil Conditions

1)

BH-1 & BH-2 of C-5

A complex of interlayering soils taken from two
boring logs was composed of clay, silt, seashell and sand

which ranged from very soft to very hard or very loose to
very dense.

The necessary portion for soft ground treateent was
defined up to the 10 neter depth for BH-1 and 13 meter
depth for BH-2 beneath the ground surface based on the
standard X-value (See Appendix I-46 for borehole location

‘plan).

The sub-soil condition of the greater part of €5 is
assurmed to © 2 much better than that of the C-6. At the
eastern part of C-5 from BH-2, the thickness of the clay
layer which 1s badly influenced the embankzent of the
road is around 10 wmeters thinner than that of C-6, and
has a good layer of sand and seashell finter-layed beiween
clay.

The clay layer gets thicker toward the shoreliae and
the sand and seashell layers lying in the 10 ceter portion

~beneath the ground svwrface do not exist at the shoreline.

——— e

The complex of layers of BM-3 and BR-4 are the saze
as those of BH-1 and 2, but the clay layers predoninates.

- The portion of soft layer defined up to 24 meters for
BH-3 and 12 neters for BH-4.
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The totsl thickness of clay layers was 12 meters for
BH-4 and 16 metérs for BH-3, however towards the shoreline

" this ‘thickness becomes swaller.

1i1)

iv)

Settlement

The settlement was caICUlated based on the data
obtained from the laboratory teést or by using assumed
values when there was no avatlable laboratory data.

The soils conditions and the estimates of settlement
are shown in TFable II1-7-9.

Recommendation

t-5

It is very difficult to assume that settlement for
whole section of soft ground from coastline to the
MeArthur Highway will be as seall as from these two bore
holes. Hovwevexr, it is very safe to assuné that at the
eastern section of these bore holes, the settlecent
would be equal to or a Fittle larger ‘than the settlement
of BH-1, while the settlement in the western section
excluding the 500 meter section from the coastline
would be almost same based on the sofl profile E-E
(BH-1 ~ BH~00%4) in Appendix 1-47.

For the coastal section of 500 meters from the shore-
line, sand piling is necessary. Sand piling is a very
effective wethod for the soft ground treatmeat for reasons
as follows:

To promote early settlemeat by consolidation:

To restrain the soft ground from shearing straing

To strengthen the bearing force of the ground; and

To resist grouﬁd sliding;

The following countermeasures for soft ground are
rvecormended.

Sta, 01650 ~ Sta, 14100

Sand Mat .......... 1 meter thickness

Sand Pile ......... Diameter 4400 tn

Pitch 2 meters each way
Length of 1 = 15 peters
pile :
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Fable ITI-7-9

Solls Conditions

SOILS CONDITIONS AND ESTIMATES OF SETTLEMENT

_ c~5 6 o
Description ' - —- -—
| BH-1 Bli-2 BH-3 BH -4
Assumed Embankment 4
Hefght,H (m) 4 4 and 7 4 and 7
Thickness of Clay
and SE1t (m) 4.0 3.0 16.0 12.0
Sand and Sandy ) o -
Soils (m) ' 1.0 5.0 4.0 ~
N-Value of Clay o
& Siit 01 0~ 2 1~ 3 1.0
H-Value of Sand 29 1~ 9 } T B
& Sandy Soils -
tnconfined Cospres-— -
sion Strength, 2 0.607 0.047 0.006 ~ 0.083 ~
qu of Clay (kg/cm®) 0.0066 0.271
Coefficient of . 4 4 ;
Consolidatfons,’ 910 12x10 3x10 110~
v (ctilfsec)
C xgsi Iv ]
Compression Index, 0.65 0.27 0.93 |o.70
Drain Candition both sides | both sides | both sides | both sides
Estiggggs of Settlerent
c-5 c-6
Description BH-1 BH-2 BH-3 BH-%
H=4 n | KA o i H=d a [ B=7 e { H=4 n | H=7 =n
Total :
: 2
Settlemcnt_(cm) 7.1 0.1 20 163 32 75
Remaining Settlerment N B )
Cne year After - - 65 1240 20 45
Opening to Traffic
{cn) '

Note:

The settlemeat of BH-1 and BR-2 were calcelated within a tollerance of 10cm whike that of BH-3 and BHA

nere cakulated huger than tolerances ranging from 75cm to 162em, with long lasting ettthaenl tusad
only on availalle hitoratory dats. This means thal the total settdement estimate for each borz hole & much
bizger than the calculated value.
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Sta, 14100 ~ Sta. 41600

1 meter Sand Mat without Sand Piling

The reasons for placing a sand mat for section of
Sta. 1#100 A Sta, 41600 are as follows.

~ A good drain fs necessary in the ground ‘at the lowest
part of embankment due to water of fishpond; and

- The bearing force of the ground surface is not suffi-

clent to ensure the trafficability of heavy construc-
tion machines,

In connection with the stability of embankment, gene-
rally there are no problems such as sliding for settlement
test than 50 ¢n.

c-6

Sand mat plus sand piling are recommended for such
soft ground.

This countermeasure should be applied to full sec-
tion from shoreline to the McArthur Highway. Furthermore,

the above mentioned counterseasure is also effective to
stabilize the enbankment.

The recoumended treatment are as follows:
Sand Mat ......... 1 meter thickness

Sand Pile ........ Diarceter 4400 mn

Pitch 1.5 meters each way
Length of L = 13 meters.
pile

Coastal Road

A sand mat will not be necessary because good sand
will be dredged and filled for use as bearing ground of
the Coastal Read. The detalls of sand piling are as

follows: (Sce Section 6.8 in Part IV for full study
background) -

Reclamation Block Pile Diameter (mm) Pitch (m) Length (o)

I ~ Il 400 2.0 7.0
eachway
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7.6.2 Pavement Design

In the AASHTO method, the design elements for the flexible
pavenent are daily traffic volume, serviceability of the pavement,
values of soll support and a regfonal factor. For rigid pavement,
the design element are daily traffle volume, composite Ke-Value on
the top of sub-base, working stress in concrete slab and service-
ability of the pavement. Check was made on this design, using
the method shown in TRRL, ROAD KOTE 29, developed by the Department
of the Envivonment, UK.

A. Selec¢tfon of Pavement Type

The type of pavement was determined by studying the com-
prehensive factors, such as roadbed and sub-soil conditions,
veteorological conditions and econony.

In this project, the area from the coastal line to the
McAfthur Highway is deffned as soft ground and the area from
‘the McArthur Highway to the Manila North Expressway is adobe.
In case of soft ground with anticipated large and long-tern
settlement, the flexible pavemeat structure is rore appli~
cable than the rigid pavement structure.

‘The pavement type for this project was mainly selected
on the basis of sub-soil conditions as follows:

Type of Pavement Applicable Section

Flexible pavéaent — The Coastal Road (entire stretch)

- €-5 (Fron the Ceastal Road
to the McArthur Highway)

- C-~§ {From the Coastal Road
to the McArthur Highway)

Rigid pavenent - €-5 (Frow the McArthur Highway
to the Manila North Expressway)

~ C~6 {(From the McArthur Highway
to the Manila North Expressway)

B. Design of Flexible Pavesent

i)  Average bally Traffic

The average daily traffic for the Coastal Road and
the western sections of C-5 and C—6,lare taken froa the
‘prelininary estimate of Annual Average Dafly Traffic.

A 10-year design period, from 1988 to 1998 was se-
lected for the flexible pavement design considering the
lower initial favestwent, The traffic volunes of each
gection for selected years are as follows.
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For the Coastal Road and the Western Section of C-5

1988 1998 2003 2008
Description (Opening | (10 years |{15 years |(20 ycars
Year) hence) “hence)| ° hence)
“Average Paily Traffic 23,100 36,900 | 45,546 56,200
{veh/day)
Design Traffic Volume 10,395 16,600 20,496 25,290
(veh/direction/lane/day) . |
Heavy Vehicles 2,287 3,652 4,509 . | 5,563
{veh/day) )
For the Hestern Section of C-6
1988 1998 2003 2008
Description (Opening | (10 years | (15 years | (20 years
. Year) hence)|. hence) hence)
Average Daily Traffic 1 8,450 13,498 16,661 20,565
(véeh/day) .
Design Traffic Volume 4,225 6,749 7,497 10,285
(veh/directionf/lane/day)
Heavy Vehicles 465 1,485 1,650 2,262
{vehfday)

ii) Equivaleat 18-kip Single Axle Load

The aumber of equivalent 18-kip single axle load
applications per day in the design lane were obtained by
aultiplying the traffic volurme per lane and the 18-kip

equivalence factors for all heavy vehicles; the results
are as follows:

For the Coastal Road aad C-5

Description : 1983 1998 2003 20038
Equiv. 18-kip Single - 6,817,000 11,740,000 18,141,000
Axle Load, Fcequency

For the C-6
Description : 1988 1998 2003 2008
Equiv. 18-kip Single - 2,740,000 | 4,451,000 { 7,290,000
Axle Load, Frequency ' . :

Note:  The equivakal f2ctors are 003 ~ 3.27 for trucks and 0.34 for buses, vanying due 1o the seniceability index.

ifi) Soil Support Valqe

The soil support value for this design was obtained
by converting the Design CBR, determined by the laboratory
test results according to the désign wethod in the AASHIO
INTERIM GUIDE:

- Desiga CBR = 3,0%
- Sofl Support Value = 3,21
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iv) Structural Layer Coefficient

Each thickness of the surface course, base course

and sub-base course was determined by the following equa-
tion,

SN = alﬂl + 3202 + 3303

Where: SN = Structural number

al,az,a3 = Coefficients of relative streagth
of pavement layers

01,02,03 = Actual thickness, in inches, of
surface,base and sub-base courses,
respectively,

_ Using Table C.4-1 in the AASHTO INTERIM GUIDE, the
following layer coefficient values were obtained.

Pavement Component Coefficient

‘Surface Course:

Plant Mix (High Stability) 0.44
Base Course:
Bituminous-Treated {Coarse-Graded) 0.34%

Sub-base Couvrse:
Sandy Gravel 0.1t

v)  Regional Factor

A regional factor of 1.5 was adopted consideriang the
adverse conditions in the Project Site, such as the
strength loss of the roadbed materials which cay occur
during the rainy season.

vi}) Sexviceability Index

The terminal serviceability index of 2.5 is recoc-
mended for the design of this project since the Road is
defined as a major highway.

vii) Pavement Thickness
The required design structural sucber (S¥) over the
" roadbed soil were determined from the Fig. 1I-1, of the
AASHTO INTERIM GUIDE,

From the above mentioned factors, the weighted struc-
tural nunber {5N) for each Project Road were calculated as

follows:
— ¥For the Coastal Road and C-5 SN = 5.45
— Yor the C-6 - SN = 4.93
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The pavement structures resulted in these calcu-
lations are shown as follows (figures in parénthesis show
the thickness calculated by TRRI, Note 29):

The Coastal Road & C-5, Section fron the Coastal
Road to thé McArthur Highway

A.C. Surface t = bcm (10cn)
Bituminous -

_ t =20cn (16

——— Treated Base (Ltcn)
\_‘\ 3 1 - ‘-o ) o‘

\o-‘ -\ N ~ 5T \\-““- N

Tt T Wt e Y LT T gandy Cravel t = 40cn(44cn)

\__\‘—.--_‘0. ._“ . ‘_o -

C-6 Section, from the Coastal Road to McArthur Highway

A.C;‘Surface t = Sca (10cq)
Bituninous
) £t = T
" y T Treated Base ' 20ca{13c)
P \_ ‘1-_:-..\ _‘,-
o, i e e
et O, et Sandy Gravel t = 40ca{40c)
.. 0 “‘_“:‘.h ? ‘\-?_

These pavement thicknesses are used for the prelimi-
nary design and the cost esticates,

C. Design of Rigid Pavement

the rigid pavement structuves are applied to the sections

from the McArthur Highway to the Manila North Expressway of the
C-5 and C-6.

i) Average Daily Traffic

The average daily traffie volume in future are
projected in Chapter 4 of Part IIL.

A 20 year design period from 1988 to 2008, was se-
lected for the rigld pavemeént design. The traffic voluce
of each section for selected years are as follows.

For the €-5
1988 1998 2008

Description {Cpening |} (10 Years (20 Years

_ Year) hence) hence)
Average Daily Traffic{ 15,100 24,120 36,749
(veh/day) '
Pesign Traffic Volune 6,795 10,854 16,537
{veh/direction/lane/day)
Heavy Vehicle 985 1,537 2,397
{veh/day)
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1988 1998 2008
Description {Opening | (10 Years {20 Years
| Yeav) hence) hence)
Average Dally Traffic 8,450 13,498 20,565
(veh/day)
Design Traffic Volume 4,225 6,074 10,233
(veh/direction/lane/day)
Heavy Vehicle 930 1,336 2,262
{(veh/day)

11) Equivalent 18-Kip Single Axle Loads

~ The number of equivalent 18-kip single axle lpad
applications per day in the design lane were obtained by
pultiplying the traffic volume per lane and the 18-kip

eguivalence factors for all heavy vehicles; the results
are as follows:

For the C-5
Description 1988 1998 2008
Equiv. 18-kip Single -
Axle Load Frequency 3’31?’Q00 8,694,000
For the C-6
Description | 1988 1998 2008
Equiv. 18-kip Single -
Axle Load Frequency 2,542,000 § 7,350,000

Note: The equbaknl facloss are 003 ~ 3.45 for trucks 3nd 0,34 fos buses, varying to the sepiceability
index and the 1hickress of concreie shb. : e fo fhe smeatiity

ifi) Composite Kc-Value
The conposite Kc-value on the top of sub-base was
estipated by a sub-base thickness, the sub-base stiff-
ness (E) and the podulus of sub-grade reaction (X).

The values of the above mentioned elements are as
follows:

— Sub-base thickness

8 inches

-~ Sub-base stiffaess (Granular}) E = 15,000 psi

- Modulus of sub-grade reaction K

125 psi
(poox svb-prade)

Using the Fig. D.4-1 in the AASHTO INTERIM GUIDE,
the composite Kc-value was determined as 160 psi.
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iv) Working Stress in Concrete

Workiug stress of 490 psi was used to deternine the
thickness of concrete slab.

v)  Serviceability Iadex

The terminal serviceability fndéx off2’5'was adopted
for the design of this project sinceé the rOad gections
are defined as a wajor highway. .

vi) Determinatfon of Pavement Slab Thicknéss

The thickness of the ¢oncrete pavement slab was deter-
mined by the use of the désiga chart shown in Fig. D. -2
of the AASHTO INTERIM GUIDE.

‘From this chart, the thicknéss of concrete pavement
slabs were obtained by enterfng all values mentioned
before.

The pavement structures resvlting from this procedure

are as follows {figurés in parenthesis show the thickness
calculated by TRRL Note 29):

C-5, Section frém the McArthur Hig__ay to_the Manila
North Expréssway :

/ VA / // / Gonceett aleh vezson (2300

‘ 1.4 O: \o° ‘9 o o o od o Sandy gravel
-_j;-_o_" . -0 2 (;- - 9.0 58~ sub-base

t=20cts (23cw)

C-6, Section from the McArthur Highway to the Manila
North Expressway

Voo

o To
t=20cm (23cn)

'Gﬂ

v o00’s  Sandy gravel
o-.ibs-.énié; ‘3{-:3‘?:22".' sub-base
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1.7 Preiimin'aly Design of Bridges and Orainage Steuctures
7.7.1 General

The preliminary englneering described hevefnafter has the
purpose of determining the magnftude of construction cost For the
Project., A type and dimension of structure were deternined from

exlsting data on structures of a sinilar nature or based on data
obtalned from site investigations,

Prior to the commencement of the detafled design, the follow-
ing iavestigations and comparative desfgns should be undertaken

In order to determfne the final type, dirensions, span length,
ete.}

- More detailed hydrological study pertaining to the rivers,
including the highest flood level, ordinary flood level and
low water level, shape and slope of rivers, intensity and
frequency of heavy rainfall in the catchrent area, et¢.:

- Sub-surface soils survey at locations of proposed substruc-
tures, including machine borings with undistrubed soils
sanpling, standard penetration tests, and if possible,
neasurerents of lateral bearing forces of the underiying
soils:

~ Topographical surveying and soundings at bridge sites; and

~ Other relevant investigations, including availability of
raterlals, reans of transport for materials, erection cethods,
navigation clearance, ete,

7.7.2 Site Investigations

For the purpose of studying alternative routes, prelinminary
site investigations were conducted during the period fron February
23 to March 6, 1979, After the final alternative route was select-
ed and approved, the site fnvestigations along the selected alter-
native route were carried out during the period from August 22 to

' 28,to obtain the data necessary for the prelininary engineering.

By means of the investigations centioned above, the general
information for the sites was gathered, and the following major
points were conslidered for the structure studies:

- There are two rivers in the study area pnamély, the Navotas
river and the Meycawayan river;

—~ The area, surrounded by the above two rivers, National High-
way 369 road and Hanila bay, consists mainly of fishpondsy

- There are an expressway (Manila North Expressway) and three

vafn reads (National Highway 369 road, McAthor Highway and
Polo to Banghulo road) fn the direct influence area; and
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- Selected alignments of C-5 and C-6 cross the existing rail-

way (P.N.R.) at the poiats near the towns of Malinta and
Malanday, respectively.

7.7.3 Preferable Types of Styuctures

In selecting the type of superstructure for bridges and col-

verts, the following are deemed generally to be preferable from
economical and technical points of view!

Long span bridges in the areas with poor soils conditions
shall be of steel constructons

Intersediate long span bridges ranging approximately from 20
te 30a shall be prestressed concrete;

Short span bridges rénging approximately from Tm to 20m shall
be of reinforced concrete type;

Reinforced concrete box culverts shall be used im wminor river,
creeks and channels whose widths are less than 7m. The box
culverts shall be of ponc-opening type or multi-opening type
depending on the widths of the creeks or channels; and

For grade separations with existing roads and rallways, pre-
fabricated prestressed concrete beam shall be adopted as the
overpass bridge.

7.7.4 ?Preliminary Design of Bridges

A.

Superstructure

The following points are taken into consideration im

deternining the type of bridge superstructures.

- Required span length subject to the river andf/or terrain
conditions at the bridge sites;

- Optimunm span length to pinimize the total construction
cost}

-~ Techaical and economical advantages in comstruction of
substructures and erection of superstructures;: and

- Esthetic point of view.

Based on the points mentioned above, the followlng type of
superstructures were adopted in the prelininary design accord-
ing to their span length.

Span Length Type :
below 20n R.C. Hollow slab bridge
20n to 30n ?.C. Composite glrder bridge
above 30a Stcel glirder bridge
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For the purpose of estimating the magnitude of construc~
tion cost, STANDARD AASHO PC GIRDERS was adopted for P.C. com-
posite girder bridges.

At the mouth of the Kavotas River, a steel girder type of
superstructure can be advantageously utilized from both the
technical and economical points of view. As for type and span
length, 3-span continuous box girders bridge with span of 40n
4+ 55m 4 40m = 135n fs planned considering possibility of adopt
in staging erection methods. The main reasons why a steel
bridge shoud be used for the above wentfoned waterway cross-
1ng are as follows:

- The bridge superstructure has to rest on high piers, at
an elevation of about 20 peters. This crfteria is based
upon a request of the Philippine Shipbuilders and Re-
pairers Assoclation to provide a 12 peter (40 ft.)
vertical clearance and 6m (20 feet) depth of water from
the MSL water level so that thefr facilitfies won't be
displaced from their present positions along the Navotas
River. The foundatfons for the bridge twst be construct-
ed on very poor uaderlying soils as revealed by the soil
favestigations., Therefore, the light dead load of super-
structure of a steel bridge is deezed necessary;

— Conpared to that of R.C. or P.C. beams, the light dead
162d of a steel bridge will result in smaller vertical
and horizontal forces on the substructures and foundation
during an earthquake, which epay cean reduction in the
total construction cost of the entire bridge; and

= (juality contrel and techniques needed in steel eonstruc-—
tion will be easier than that for continuvous P.C. bridge,
and also the constrxuction period can be shortened (Sece
Appendix I-48. ''Comparative Analysis of Bridge Type Cross-
ing Navotas Waterway'').

Oa the basis of the corment on the Working Draft Report
requesting additional study for preparing 100-foot navigation-
al clearance under the Navotas Waterway bridge, the following
comparison of construction cost was conducted to deternine
superstructure type of the bridge.

CONSIRUCTION COST COMPARISON (COMPARISON RANGE: THE
CORE SPANS = 240m)

TYPE-A: 3 Spans Continuous Steel Box Girder +P.C Conposite
Girdar (402 + 552 + 40a + 5921n)

Superstyucture P3,300,000.-
Substructurd ?203,300,000.-

Total: #28,600,000.-
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TYPE-B: 3 Spans Continuous Truss (60m + 120m + 60m)

Superstructure PZO;GQOQOOOA-
Substructure P12,200,000.-

Total: £32,800,000,~

In terms of the purpose of this siudy which i{s to obtain
the magaitude of construction cost, the construction cost of
Navotas Bridge having a 100-feet navigatfonal clearance was
calculated based on TYPE-A: 3-Spans Continuous Steel Box
Girder + PC Composite Girder, because it i{s cheaper (See Volume
IIT for gemeral view of adopted bridge type).

However, the bridge which has a 1ﬂ0~£eét navigational
clearance in the flat reclaiced land seems to have many dif-
ficult econonical, aethetic and technical problems.

Substructure

i)  Abutment

In situations where there is sufficient space
to provide an embankment slope at the end of the
bridge, the pile bent type abutment is recommended
because of its economy and the aesthetic aspects.

In sitvations where a retaining wall or a
stene masonry wall {s necessary at the approach to
the abutaent, a reversed T type abutment 1is recommend-
ed for walls up to 10a ian height, and a counterforted
abutnent for walls more than 10m in height.

s
e
Sew’

Piers

From the econonical and construction viewpoints,
the pile bent piers are recommended for short span
river bridges. The comparatively low value of
velocity of flow of the river, as revealed by the
hydrologic study, makes this type of pier quite
suitable also. '

For the overbridges of roads and rallway, the
thin wall type is recormmended in order to enhance the
scenery In the area. For long span bridges, T-type
piers are suitable, because of their high capacity
to resist horizontal forces durfng an earthquake.

Foundations

Except in the avea betweén the Manila Korth Expressway
and McArthur Highway, the bearfng stratum in the area is
deeper than 5m below the ground surface. Hence, pile founda-
tions are necessary for the bridge foundations. Since P.C
piles are produced in the Philippines, they can be used in the

areas where the bearing strata is deeper than Sm from the
ground surface. :
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For the Navotas Watexway bridge, steel pipe foundation and
steel pfle well foundation are adopted from technical and
economical view polat.

In the area where the bearing stratum exists within 3m
below the ground surface, spread foundations should be used,

7.7.5 Standard Design of Culverts

Since the Project is located in highly cultiv_ted paddy avea
and fish pond area a lot of channels for irrigation and brackish
water circulatfon are found along the route. Based on past
experfence, it is kaown that concrete box or pipe culverts will
offer the most economical solutions when the span length is small-
er than about 7m. For the vequired span length, the type of
culvert is established as follows:

Span Length fype

below 1.5 R.C. pipe culvert
1.5mn to 3.0m R.C. vono-opening box culvert
3.0 to 7.0n R.C. rulti-openings box culvert

At the present tice standard drawings for culveris are avail-

able in MPH. Therefore no specific design of culverts was sade
for this PROJECT.

7.7.6 List of Bridges and Culverts to be Constructed

Appendixes I-49 present a list of bridges and culverts to be
constructed in the Project respectively.
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7.8 Hydrology

7.8.1

7.8.2

7.8.3

General

This study was carried out to furaish the data, from a
hydrological and hydraviic point of view, for the desiga of the
bridges and drainage striactures, and to determine the minimum
height of embankment at river basins so that the profilés of
the Roads could be planned, It also had as its purpose:

~ To obtain the requived waterway width and depth for the
extension of the Navotas River; and : :

~ To solve the hydrological and hydraulic problems such as
effects on flooding, fishponds and sedfmentation by the
planned roads. '
The rivers related to the Project Roads are as shown in
Fig. XTII-7-13.

Site Investigatioas

This investigation was aimed at identifyfng the exteat of
the watershed area and the coefficient of run-off for each river
basin and tributary, and at determining the lowest safe finished
grade in the embankment sections where the ground pight be
inundated with water from flooding.

To learn wore about the existing hydrological data, the
Study Team also nade several site investigations and the character-
istics of the area affected were investigated carefully,

Rainfall

The “Rainfall Intensity Puration Curves for the Maniia Area"
were analyzed as shown in Appendix 1-50. These céurves were
adopted for shorter duration of less than two hours and shorter
return period of twenty £ive years. For longer duration and
return perfod of rainfall, the Study Team deduced the intensity
fronm daily rainfall. The equation developed by Dr. Ito which
generally gives the practical value was used in this study.

347.1

Ry "T1.35 « 1502

x R 24

Khere: Rt = rainfall inteasity for duration T (sa/hr)
R24 = daily rainfall (=)
T = duration (nin.)

The data on rainfall applicable for this study were obtained
Erom the rainfall records of Manila International Alrport (MIA)
gaging station for the following reasons:
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Fig. §1-7-13 RIVERS RELATED TO PROJECT ROADS
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7.8.4

- The rainfall fntensfity distribution is relatively small fn
Hanila (Port Area) and becomes larger toward the Noxzagaray
fo the relevant area (See Table ITI-~7-10). As nean value
of rainfall Intensity in the Bulacan and Navetas River
basin, rainfall fintensfty at the MIA station will give the
sultable value; and

- Records at other gaging stations in the area have only recent
data except for the Manila and MIA stations.

Table ITI-7-10 DAILY RAINFALL DATA

Unit : din mn

R3t2;23§§r10d Maaila Norzagaray MIA
2 173 261 153

5 231 156 243

10 270  Si4 305

15 292 455 - 340

25 324 505 195

50 367 570 465

100 403 640 535

Soutcer  The report “Pampanga Delta/Candaba Swamp Area Bevelopme ot Project,
Surfzce Watee Studies, P 197

For the relationship between 24-hour rain and return period

based on the records of the MIA observation station {See Appendix
1-51).

Run-0ff Estiration Method

As nentioned in the previous section (See Section 7.3 in this

part), the ratioral formula was used in the calculation of flood
discharges for the following reasons:

Catchaoent areas to be handled are not too large;

Peak discharges are used for prelininary engineering purposes;

Verification of the results is difficult £f the other pethods
are used; and

- The formwla is widely used in the Philippines and easy to
calculate.

The ratioral forrmula is expressed as follows:
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1
Q 3.6 fra

Khere: Q@ = peak discharge in cubic meters per second
£ = coefficient of run-off
r = rainfall intensity for a duration equal to the
time of concentration fn nmillimeters per hour
A = drainage area in square kilometers

7.8.5 Exdraulic.DESign Principles

A

General

Rydraulic design for road employs the basic principles
of fluid flow, particularly those relating to open channels

and is primarily aimed at the single problen of accorsodating
occasional large volunes of storm water.

In many cases an area is suvbject to backwater effects

‘and an increase in water level will be created upstrean of

the drainage opening as a result of the construction of the
road, This phenomenon can cause the flood water to be divert—
ed somewhere elsewhere it may cause serious damage. At the
same time ponding, which if fully utilized will enable smaller
hydraulic openings to be provided, must also be considered.

The height of the hydraulic structures greatly influences
the vertical aligerent of the road and oftea long stretches of
high embankment are required in the vicinrity of such structures.
In svch cases wider structures with smaller vertical clearances
can be provided to mininize embankesent costs.

Sonetines, there is the possibility of the high velocity
of flow causing unsightly and costly erosion. Erosion in
Lyrn creates debris that is transported downstrean and deposit-—
ed at polats where the velocity slackens and brings serious
dacage to the crops in paddy areas. A cardinal rule of
drainage design could well be that existing drainage patterns
should be disrupted as little as possible.

Hydraulic Design of Bridge

The hydraulic coaputations for the bridges are made to
determine the bridge ilength and clearance, the paximun water
under the dbridge, Back-water calculations have been made
based on the MIHY in Manila Bay (El. + 11.01 w).

Hydraulic Design of Culvert

The purpose of hydravlic design is to determine the type
and size of culvert that will rost econonically accomnodate
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the flow of the stream. In almost all cases, the primary
control is the permissible level of the head watexr pocl at
the upstream side of the stiucture.

In some cases a higher headwater may cause serious
damage and will not be permicted, For example, a higher
headwater may result in inundation of valuable property in
settled areas and fishpoads and a relatively low embankment
road in the vicinity may be over-topped, bringing lengthy
iaterruptions to traffic and serious damage to pavement and
embankeent. Sometimes high velocities through the culvert
may produce erosion problems at the downstream side or
threaten damage to the culvert or it$ appurtenances.

To aveid these situations, therefore, the water must be
disposed of quickly and safely through the structures provided.

Pischarge Capacity.

Based on the policies already diséussed the discharge
capacities and shape of channel required to deal with the
major and mediun size waterways are calculated by . incorpo—
rating the available study data. Manning's formula 1s used

to calculate the mean velocity and discharge capacity of each
waterflow as shown below:

Q-va=Lag?3 12

Hhere: = Discharge, in cubie¢ méters per second

= Area of cross-sectional flow in square ceters
Hean veloc¢ity in meters per second

= Hydraulic mean depth in meters

= Slope of the channel in peters per meter

2 m X € I 0
]

= Maaning's roﬁghnessjcdefficieﬁt:
typical values which are adopted for this
study arve shown in Table I1I-7-11,

Table I1I-7-11 VALUES OF MANNING'S ROUGHNESS COEFFICIENT

Type of Lining Values of n

Natural river with slope protection - 0.03

Artificial channels

Earth ditches with vegetation | 0.035
Concrete pipe culvert 0.013
Side ditches, cast-in-place concrete - 0.014

—
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7.8.6 Study di'Required Waterway Width and Depth for the Extensfon

of the Navotas River

A. Description of the Navotas River

The main stream of the Navotas River originates from
the La Mesa Creek and flows toward the west and finally into

‘the Manila Bay as shown in Fig. 11I-7-13. The Novaliches

Reservotr (La Mesa Dam) is located in the upstream portion
of the Tullahkan River (La Mesa Creek).

This resexrvoir has been used to supply water in the
Manila area. Although the water level is low under ordinary
weather condfitions, 1t reaches the crest of the spillway when
the upstrean basin experfences heavy rainfall. In this case,
the water in the reservoir goes to Manila except for the
overflow from the spillway. The middle stream area is beling
developed mainly for resfdential and industrial purposes.

The slope of the river is relatively steep except in the
downstrean lower portion. The width of the basin is narrow
compared with 1ts length., Flood waters of the Tullahan River
are drained mostly by the Marala and Navotas Rivers; the
construction of the Navotas Cut-Off Channel in the future
will also kelp drain flood waters.

The drainage metwork of Navotas River systeam is partially
connected with the Bulacan River system through rivers and
channels.

The main features of the Navotas River system are as
follows:

Main stream length = 35 ka
Drainage Area - 88 kn?
(including La Mesa pPan watershed)

Average slope = 1/400

(fron the dam to the bay)
This study of the river system was carried ont taking
into consideration the results of the study on the Tondo Fore-

shore and Dagat Dagatan Development Project.

Run-0ff Analysis of Navotas River

1) Drainage Area

The drainage area was reasuvred from a topographic
map {(1:50,000)., 1he watershed boundary lines were obtain-

ed based on a topegraphic map (1:25,000) for the available
portion.

The vetarding effects of Novaliches Reservoic were
evaluvated as follows:
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iv)

- Water in the reservoir is used only for water supply,
To prevent any shortage of water, the water level is
being kept high. Therefore, when the upstream area
of the dam is exposed to continuous rainfall, the
water level continues to rise until overflowing
occurs; s

~ Based on the overflow which occured on August 16,
1979, a total rainfall of around 500 mm within a
week or so will cause the water to overflow from the
spillway} and

- The maximum overflow dischavge from the spillway
which happened on Octobér 26, 1978 was estimated at
approximately 220 m3/sec. This discharge is large
enough to be included in the design of Navotas River

 systen.

As a conclusion, the retarding effect of the reser-
veir can be expected during a small flood, but not during
a large flood. Thus, the Study Teanm took the upstrean of
the 1la Mesa Dam watershed directly into account as a
safety factor. The total drainage area of Navotas River
system was peasuved to be 88.0 knZ,

Run-0ff Coefficient

The run-off coefficient of 0.7 was adopted consider-
ing the probable development of the niddle stream area.

Tire of Concentration

The Following time of concentration was adopted to
calculate the peak discharge:

Inlet tige 30 nin
Flow tire = 35,000 n/2 n/sec = 290 min
Total (1) 320 min

Peak Discharge

The peak discharge for several desiga frequency was
calculated as follows:

24-Hour Rainfall
Frequency Rainfall Intensity Discharge
_ (year) _ {=m) _(vafbr) (n3/sec.)
100 535 47.5 820
- 50 465 41.3 710
Z5 395 35.1 610
10 305 27.1 470

The above peak diséharge will be drained by the
Navotas Cut-0ff Channel, Harala River aand Navotas River.
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C. Hydraulic Analysis

1)  Attaipable Discharge Capacity

Based on the NHA's "flood Control and Drainage
Studies 1n the Dagat-Dagatan Area" as well as considering
the existing condition of the Navotas River, the attain-
ablé discharge capacities of the rivers are roughly

estimated as follows, assuming coefficient of roughness
n = 0,03;

Navotas-Marala River
(Proposed Width = 47n)/ 88 n 3fsec.

Navotas Cut-Off Channel
(Proposed Width = S0m)$/ 201 o 3/sec,

Navotas River
(Existing Width

Il

502) 35
Total: 147m 374 n 3 sec.

3/ sec.

B

Presently MPW is adopting a design storm frequency of
10 years for their rivers improvezent plans. If this
policy was applied to the hydraulic analysis, the above
attainable discharge capacity of 374 m3/sec could be
judged generally acceptable to accomr-odate the peak dis-
charge of 470 cubic meters per second for the 10-year
frequency, since there is room to be rwodified the rough-
ness coefficient and water depth of the Navotas Cut-Off
Channel to increase the discharge capacities.

However, the Study Team considers that the recom-
rended dizension of the extension of the Navotas River
(hereinafter called the "Waterway") should neet the all
possible river improvement plan(s) to be implemented by
the Governmeat in future. Thus the hydrelogical analysis
was carried out based on the design storm frequency of
50-years in the follewing sub-sections. The aim was to
obtain an optimun dirmensions of the Waterway which
assure the ninimal adverse environmental impact to be
caused by the reclamation project.

1) Passlible Improvement of the Navotas River Systea

Comparing the peak discharge and ihe discharge
capacity, it is clear that the widening of rivers and
the construction of Cut-Off Channel are necessary if the
50-year flood is adopted in the desiga. A=ong the
Navotas Cut~Off Chanuel, Marala River and Navotas River,
the Navotas Cut-Off Channel will play the major part of
role for the drainage. Improvenent of the Navoras River
or Harala River is not effective compared with the Cut-
Off Channel because of thefr strean length to the Manila
Bay.

—

$/ NHA: FloddContral arcd Diainage Stodics in the Dazat-Dazatan Atea in conncction with the Tondo Foreshore and
Dagat-Dagatan Development Project, 1978,
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The topographical map shows that the middle strean
portion (from La Mesa Dam to PNR: Tullahan River) has
a steep slope of about 1:400. Therefore, it is easy to
adopt the design velocity of two or three meters per
second for the narrower river widths., However, the
downstreanm portion {(approximately 10 km, from the Cut-0ff
Channel mouth to PNR) 1s low and flat, Deepening of the
river in this portion will be limitéd by the water depth
at its mouth, Widening will be the only effective
measure to keep flood level as low as proposed in the
Navotas Cut-Off Channél scheme now on-going,

The flood dischavge of 710 m3/sec will be drained
by the three outlets as mentioned before. Roughly
speaking, the following widths of the rivers and the
Cut-Off. Channel will be preferable to accoreiodate the
total Elood'distﬁarge'of 710 n3/sec.

~ If all rivers and the Cut-0Off Channel are widened,
the total width of waterway cust be:

710

B = 378 % 147 280 n
- If only the Cut-Off Channel_is considered to the
drainage improvement, the width of the Cut-Off

Channel oust be:

710-88-35

201 x50 =13 n

B =

The rpost effective way to increase the total dis-
charge capacity of the Navotas River systen will be the
widening of the Navotas Cut-Off Channel. 'If the con-
struction of the Cut-OFf Channel and the improvement of
uvpstream is done in accordance with this policy, the
required opening for the extension of the Navotas River
would be the same as the existing opening. However,
due to the nature of the on-going project, it is observ-
ed that the increasing of the width of the Cut-Off
Channel may entail probleas.

Should difficulties be encouatered in lncreasxng
the width of the Cut-Gff Channel, the MNavotas River will
be improved to a certain extent. The Ravotas River ¢an
be improved by the following: '

- Widening and deepening of the Navotas River; or

~ Widening and deepenfng of the tributary; or

— Providing an additional diversion channel.
However, these methods will be tess effective than

the Increasing of the width of Cut-Off Channel fron
hydraulic point of view. The maximum practicable dis-

I1¥-7-55



a

charge capacity of the Navotas River will be 240 n3/sec
fter the completion of inproverent of the said riv

er,

111)'Regu§£g§_ﬂg£ptwax Width

(a)

(b)

Required Watervay Wideh without Dredging

When no dredging in the wate
the average waterway width of the
Kavotas River is caleulated as fol

rway is assumed,
extension of the
lows:

Length of the waterway
= 3,000 m (including future reclamation)

Existing width of the Navotas River at river mouth
=90 n

bDoynstrean Waterway Width
=90 p+ 0.255 x 3,000 @ = 855 n

Required Average Waterway Width
= (90 n+855n) x1/22470n

Required Waterway Width with Dredging

If the Navotas River would be extended of fshore,
it would be possible to keep the water depth of the
river deeper than at present because the sea bottom
at viver mouth would becoze deeper. On the other
hand, the longer length of the waterway gives a
negative effect on the backwater. Considering the
positive and negative effects of reclamation on
flood water disposal, the reguired waterway width
of the extension of the Navatas River to allow a
constant discharge capacity of 240 m3/sec are

‘analyzed as shown in Table II1-7-12.

Table ITi-7-12 REQUIRED WATERWAY KIDIH
FOR FACH ALTERNATIVE

Q = 240 n3/sec

Alternative

Botton Elevation of Water- ! Required
way at Existing River Mouth | Waterway Width

i

H El. + 8.1 n { 195 m
2 El. + 6.3 u 137 @
3 Ei. + 7.1 n 120 &

Nole:

See Appeondin 852 (o the profiks of the waternay,

iv) Backwater Analysis

(a) Existing Condition

The EFriction loss of the Wavotas River in the
bay was calculated as follows:
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A§sumétions

1. Acea in front of the river mouth is shallow, but
the head loss due to this is negligtible.

2. Flow Width B = 1/2 (2 Bo + 0,255 L)

Wheret Bo = Existing flow width at the river
mouth = 90 o '
L = Virtual strean leagth = 800 m
(from 1.5 m water depth line to the
mouth based on the souading map)
B = Mean flow width in the bay = 190

3. PBottonm El. of Virtual Channel = +9.5 n
4. Water Level at Manila Bay = +11.01 m
5. Flood Discharge = 710 m3lsec.-(50—year frequency)

Calculation of Friction Loss (Backwater)

12 2
Q= h%— M2 R 3 A or

2/3. 2

I= (nqQ/Ar"

It

Where: n = 0.03 and R = h (water depth)

(0.03 x 710/h x 190 x h2/3)2
AH =1L, AH' = 1.0 a, H, = 12.01 o,
h=2,01n A =0,98 m = AH'

Therefore, 1

1

The calculated head loss (backwater) for the existing
condition is approximately 1.0 m, :

(b) Head toss (backwater) for Each Alternative

Head loss of the waterway for each alternative
is calculated based on an assuned waterway width of
100 m and shown in Appendix I-52,

To find a friction loss (backuater) for
Alternative 1 the following procedure can be applied:

Step 1: Required waterway width for Q = 240 m3/sec.
is 195 m fron Table 11I-7-12,

Step 2: To find a friétfon loss (backwater) by

Appeadix I-52, use an equivalent discharge
of 123 m3/séc. (240 m3/sec. x 100 ) for
195 m wide waterway. 195 o
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Step 3: Use the curve for Case 1, L = 1,300 m,

bottonm EL. = 8,00 m (average) and find

81 = 5 cm for the equivalent discharge of
123 n3/sec.

" The same procedure can be applied to obtain
the head losses for other alternatives, and the
result are shown in Table I11-7-13,

Tabie I1I-7-13 WATERWAY WIDIH AND CALCULATED
KHEAD LOSS FOR FACH ALTERNATIVE
0=240 u3fsec

Rethred Waterway |Discharge for
Alteraative width 100m Channel AY
Width
1 195 123 m3lsec. S ¢m
C 2 137 175 nd/sec. S em
3 120 m 200 m3/sec. 5 com

D. Adopted Width and Depth of the Waterway

Since the planned waterway at the extension of the
Navotas River will also be used for navigation, this factor
rust be considered when determining the width of the waterway.

Judging from the sounding map, the following elevations

of the waterwvay bottom are expected to be maintained without
periodic dreédging.

- When future reclamation is completed
(Alternative 2) or the training dikes
are provided ssrrssssessesncnsnasss El. + 6.0 m

~ When future reclamation is not
considered (Alternatives 1 & 3) ....... El. + 8.0 n

The existing bottonm elevation of the Navotas River is
approximately 7 m with periodic dredging. We expect this
condition will also be maintained by the concerned authority
in future,

The water depth condition on completion of the dredging nay
be similar to Alteraative 3 and it can be assused that the
' bottom elevation would rise gradually by siltiag up to
Fl. + 7.5 ;.

Hhen the botton elevation of 7.5m was assumed, the required
waterway width would be approximately 160m, (an average of
Alternatives 1 and 3). However, to eliminate an adverse effect
to the hinterland (flooding to be caused by an excess backwater)
200a width of waterway was adopted 1n this study considering
the allowance for the cross slopes of bulkhead:
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Adopted Waterway Width 200n
Bottom Elevation of Waterway +7.5m
Expected Backwater in the Waterway ¥ Scm

r n

When the future reclamation blocks are constructed, the
waterway can be deepened to meet the requirement for Alterna-
tive 2 {See Appendix I-52) and ¢an bé dredged further to meet
the required depth which would be determined by the navigation
criteria,

In view of a large cost necessary fof:dredglng work and
the construction of training dikes, Alternative 2 was not
adopted in the Project.

Siltation 1a the Waterway

‘The sedicent discharge In the Navotas River is small for
the following reasons: : ‘

~ Sediment 16ad from the upstream La Mesa Dam basin will
be deposited in the reservoir. The volume of fine sofl

particles which overflows from the spillway during large
flcods will be negligible; and

~ Once the Navotas Cut-Off Channel fis provided, the greater
part of sediment discharge will flow through ft.

7.8.7 Bulacan-Meycawayan River and the Reclamation

A.

River Course Study

1f the width of the mouth of Bulacan-Meycawayan River
(hereinafter called Meycawayan River) is reduced by reclama-
tion, the flood damage in the upstream avrea will be great.
In oxder to avoid such an undesirable effect it is recoemended
that no reclapation should be done in the effective flow
region along the extension of the Meycawayan River (See
Section 3.3.4 in Part 1V for further description).

Siltation

The shallow portion of the Maycawayan River mouth may be
dredged to obtain soils needed for the reclamation. The
sediment discharge transported by the Meycawayan River will
be large, even if the shallow portion is dredged once, since
ic will be silted year by year. Dredging will decrease flood
damage in the upstrean area untfl the dredged portion is sfilt-
ed agafin. Soils transported by Meycawayan River will be
deposited around the river mouth in the loag term and the
extent of siltation will be similar to that at present.
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culverts Designs

A. General

The rivers related to the C-5 and C-6 Roads and locations
of the bridges are shown in Fig. ITI-7-14. These rivers are
tributavies of the Heycawayan River or Navotas River system.

The area between McArthur Bighway and the Manila Bay is
low and flat consisting mainly of fishponds, rice fields and
towns located along the roads. About 12 kiloreters from the
mouth of Meycawayan River to the Philippine National Railways,
the inland area is low and the dikes are not high and alrost
flat. This area has been flooded frequently and everflowing
of the fishpond dikes is a yearly occurrence. The discharge
capacity of the Meycawayan River is quite small compared with

_the_largé catchment area and rafnfall for the following
reasons:. ’

- River width is linited by artificial fishpond dikes;

- The presence of fish traps in the river and its
mouth affect siltation which rises the flood level; and

- A large head loss is due to the shallow area {sand bar)
around the river esouth.

Floods in the towns along the existing roads (Polo,
Obande, etc.)} are considered to be affected by backwater frop
the Meycawayan River.

C-5 and C-6 Roads will traverse this low and flat area.
In order to mininmize the daeage caused by floods, it is
necessary to lower the flood tevel by dredging the riverbed
or by providing high river dikes. Raising the ground level of
habitable places is also considered as a countermeasure.
High river dikes would necessitate pumping stations in future
in the low areas while riverbed dredging would need training
dikes along the extension of the MHeycawayan River in the Bay
to avoid siltation in the river course.

The study of run-off and hydraulic analysis presented

below is to draw up future river icproverent plans to deter-
nine:

~ Bridge length after the river wideaing;

- Finﬁshing grade of the bridge to meetl the higher level
of future dikes; and

- Footing elevations which will allow the river dredging
required for river inproverent.
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Fig. 111-7-14 LOCATION OF RIVERS AND BRIDGES

SCALE 1:100,000
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B. Road Planniug & llydrological Effects

———— e T

1}  Increase in Flood Discharge

In general, the paved surface of the reoads will
increase the run-off coefficient. Bowever, in the low
and flat area, the value of the coefficient is con-
sidered to be alrmost 1.0 during heavy rainfall, and the
effect is considered to be minimal. This conclusion is
based on the following considerations:

~ Wide fishpond.areas are covered by unbroken water
surfaces; and

~ Ground water level is high and therefore, the soil

will become saturated after a s=all arount of rain-
fall.

ii) BDecrease in Flood Water Storage

Fishponds and other low areas have a retarding
effect on flood waters. Roughly speaking, the storage

volume occupied by the planned road structures will be
lost.

Even if an esbankneat structure is adopted for the
C-5 and C-6 Roads, there will only be a pinor decrease
of about two pevcent in the existing storage voluca.

iii) Effects on the local Drainage Systen

Erbankrzents will interrupt or change the existing
flood flow. As a result, flood waters will have a
tendency to concentrate and it will be necessary to
consider the rovecent of water in the fishponds along
C~6 Reads. In order to minimize the concentration of
water, it is necessary to provide rore drainage culverts
across the Roads.

iv)  Effects on the Brackish Water Supply System
Since it is necessary to supply the fishponds with
brackish water, the construction of box culverts and

chaqnels will be necessary at various locations.

v} Factors considered in the Roads Planning

Arong others, the following factors have been taken
into consideration in the planning of the €-$ and C-6
Roads:

~ A bridge or a culvert across a river or a drainage
channel should have enough clearance, depth and
width to niniomize head loss under present and future
conditions; and :
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C. Run-Off

- In the low and flat area, the movement of inland
flood water rmust be fully considered. Fishponds
should have a constant and ample sSupply of brackish
water.,

and Hydraulic Analy31s'of Rivers

1) Meycawayan River (River Maia)

(a)

(b)

 Run-Off Analysis

For the entire drainage area, the peak discharge
was calculated in the following manner:

2

Total drainage area =~ 603.6 kn

{(See Appeﬁdixes I~-53 and I-5% For the
drainage areas distribution and plan of
Heycawayan River).

Run-0ff Coefficient = 0.6

Tice of Concentration

Inlet time = 30 min (for upstreanm 2 kmz)

Flow time = (7,000 u/1.2 mfsec + 4,400 nof
' 2.5 nlsee) /6D
= 390 nin
Total: 420 min

Peak Discharge

€alculated peak discharge for each frequency is
as follows:

_ 24-Hour Rainfall
Frequency Rainfall Iatensity Discharge

(Years) {(i=) (=a/hr) (03 /sec)
100 535 37.3 3,750
50 465 32.4 3,260
.25 395 27.5 2,710

Following the some manner described above, peak
discharges at representative points of the Heycavayan
River were calculated and are presented in Table I1i-
7-14 and Appendix I-54.

Nlydraulie Analysis

In the design of bridges, it is necessary to
deternine the profile of the river at its crossings.
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The total span of a bridge should be wider than the
existing river width and the elevation of the under-
side of bridge girders should be higher than the
existing flood level. Based on flood marks and
interviews, the flocd level in the Heycawayan River
basin during previous big floods were around 12.3
neters in the downstrean portion and 13.5 reters
near the McArthur Highway. This flood level shall
be considered, in determining the finished grades of
bridges. Existing widths of the vivers were

measured, either from aerial photegraphic raps or
at the sites.

Table ITX-7-14 PEAK DISCHARGE AT REPRESENTATIVE
POINTS OF THE MEYCAWAYAN RIVER

————

: Drainage T .
Station Area _,ffak Dlscharge (n?/sec ) -
(knz) IGQ-yEar 50-year 25-year
01000 603.6 3,750 3,260 2,770
04500 603.6 1,820 3,310 | 2,820
" 591.1 3,740 3,250 2,760
44000 578.3 4,090 3,550 3,020
o 177.3 1,210 1,050 | 900
$4+000 168.0 1,320 1,140 ¢ 970
" 161.0 1,260 1,100 | 930
— _r —_
94750 152.9 1,280 1,110 | 950
" 53.4 800 700 590
124300 49.5 820 720 590
" 6.7 550 480 400
144150 26.2 560 490 400

Preseatly, there is no .over-all icprovecent
plan or hydrological study of the Meycawayan River
systen which is supposed to be used as a base in the
design of the bridges. In this void therefore,
several assumption are rade in the flood control
studlies for future river improverent, such as:

- The flood discharge for 50-year period should
be adopted as the design discharge;

- The 3.7 kiloreter long training dikes should
be provided along the exteasion of Meycawayan
River in the Bay for the purpose of riverbed
dredging;

~ The design flood level upstream of the PXR
should be lower than 12.5 reters;
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- The coefficient of roughness is adopted as
n = 0.03; and

~ Rectangular cross sections of the rivers are
assurmed for hydraulic computations unless
othervise noted.

The results of the analyéis as shown In

Appendix I-55 provide the bases for the flood control
studies of the tributaries related to the bridges of
C-5 and C-6 Roads.

$1) Dappalit River

{a) Run-Off Analysis

The caleulated rainfall intensities for each
subdivided drainage area is as shown Table 1II-7-15.

Table TII-7-15 RAINFALL INTENSITIES FOR EACH
SUBDIVIDED DRAINAGE AREA OF
DAYPALIT RIVER

Tire of Rainfall Intensity

Strean | Concentra- {rsaf/hy)
Station Length tion

(ko) (min) S5¢-Year 25-Year
0 + 000 5.7 105 2. 19.2 67.3
1+ 300 h.4 33 3. 92.6 76.3
3 + 000 3.2 63 3. 112.8 92.9
3 + 900 2.3 48 2. 138.7 111.5
4 + 400 1.8 40 3. 150.0 123.6
Kotes:

1. Inlet tice = 10 pin and flow velocity
= 1.0 nlsec.

2. Calculation basis: Ry = 347.1 x R24/(T'* 3’1, 502)
3. The results were obtained by using the Rainfall
Intensity Duration Curve for Manila Area for
25-Year frequency and by using = (80.6/66.4)
x (25-Year RT) for the 50-Year frequency.

The peak discharge at each selected station by
each frequency is as showan in Table 111-7-16.
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Table 1¥1-7-16 PEAK DISCHARGE AT SELECTED
STATIONS OF THE DAMPALIT RIVER

Drainage 3
Station Aroa Peak Discharge (m’/sec)
(km2) 50-Year 25-Year
0+ 000___ 12.5 250 210
1+ 800 14.5 245 200
"l 85 200 165
3 + 000 6.4 180 150
"o S.&_ | 15s 125
34+ 900 3.8 135 110
____E_A#wn_ﬁ 3.4 120 495
4 + 400 3.3 125 105
" 1.8 70 60
Notes:

1. Run-off coefficient = 0.9

{(Fishpond water surfaces were taken into
consideration).

2. See Appendix 1-56 for the plan of the
Panpalit River.

(b) Hydraulic Analysis

The Darpalit River, which is located at the
pouth of the Meycawayan River, is shallow but wide.
Therefore, it has a relatively large discharge
capacity conpared with its srall drainage area.

Under present conditions, the Dappalit River
flood level is high because of the large head loss
at the shallow routh of the main strean of
Meycawayan River. If this river routh were ipproved,
the flood level of the Dacpalit River would be con-
siderably lower.

Inprovenent of the Dacpalit River is not very
necessary. Dredging eof only its riverbed, without
widening should be considered in the design of
bridges that will cross over it.

The results of the hydraulic analysis for the
Dampalit River is shown in Appendix I-56.
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111) Polo River
(a) Run-Off Analysis
The calculated rainfall Intensities for ecach

selected station {s as shown Table ¥11-7-17,

Table I1i~7-17 RAENFALL INTENSLTIES FOR_EACH
SUBDIVIDED DRAINAGE AREA OF
THE_POLO_RIVER

Stream | Time of Rainfall Inténsity

Statfon | Length | Concentra- {mm/hr)

- (km) | tion {min) SO0-Year 25-Year
0 + 000 6.4 117 2, 76.1]  64.1
i+ 800 4.6 86 3. 90.1 4.2
34500 | 2.9 58 3. 119.6| 98.5
5 + 200 1.2 30 3. 173.9 143.3
5 + 500 0.9 25 3. 188.4 155.2
Notes:

1. Tnlet time = 10 min and flow velocity

1.0 nfsec,

2. Calculatfon basis: R_ = 347.1 x R24/(1'" 41,502)

3. The results were obtained by using the Rainfall
Inteasity Duration Curve for Manila Area for
25-Year frequency and by using RT = (80.6/66.4)
® 25-Year Ri for the 50-Year perlod.

The peak dischargé at each désignated station
by each frequency fs shown in Table ITI-7-13.

Table ITI-7-18 PEAX DISCHARCE AT SELECIED
. STATIONS OF THE POLO RIVER

Station ::z;nage Peak Discharge (m3lsec.}
{(xn?) - 50-Year 25-Year

04+ 000 7.0 135 115

1 + 8900 5.6 130 105

3+ 500 4.1 125 105

S + 200 1.7 75 65

S + 509 1.1 55 45
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NotLes:

L. Run-Off coefficieant = .9

(Developed area and high ground water table
were taken foto consideration).

2. See Appendfx I-57 for the plan of the Polo
River.

(b) Hydraulic Analysis

The Polo River is a tidal river connected with
the Meycawayan and Tulfahan Rivers. During good
weather, the flow depends on the tide in the Manila
Bay and flow velocity is zero near the Letre Road
bridge. During floods, the water level is affected
by the water levels in the ¥eycawayan and Tulfahan
Rivers.

Design floocd levels for the Meycawayan and
Tuliahan River Junctions are 11.92 and 12.1 reters
respectively.

Ground levels of residential areas range
between about 11.5 to 13.4 reters or an average of
12.5 reters. Under these conditions, the design
flood level should be between-12.1 and 12.5 reters.
Considering the hydraulic balance arong these three
rivers for flood design, a high flood level of
around 12.2 or 12.3 reters, say 12.25 ceters should
he a practical value.

The irproverent of the Meycawayan and Polo
Rivers will lower the flood level and shorten the
tirve of inundation. Nevertheless, the flood
darage in the Polo River basin cannot be avoided
because of the basin's low ground level and the high
flood level of the Meycawayan River. In order to
ninimize flood danage, either the provision of
pumping stations or the raising of ground levels of
the low-lying areas in the basin will be necessary
in future.

"For the design of the bridges, the future
profiles of the Pole River were prepared and are
shown In Appendix I-57.

iv) Other Tributarjes Related to the C-6 Read

The calculated rainfall intensity for each
bridge locatien is shown in Table I11I-7-19,

IE1-7-63



(b)

Table ITI-7~19 RAINFALL INTENSITIES FOR THE PRAK

DISCHARGE AT EACH BRIDGE 1OCATION

Stream| Time of Rainfall Intensity (en/hr)
Bridge | Length| Concentra~f——m———— e
{km) tion {(min) 50-Year 25-Year
Br-11 2.5 37 2. 156.6{ 129.0
Br-13 2.5 37 2., 156.6 129.0
Br~18 2.8 i3 2, 166.3 137.0
Notes: .
1. Inlet time = 10 win and

Flow Velocity = 1.5 mfsec for Br-11 & Br-13 and

2.

2.0 nfsec for Br-18

Results were obtained by using the Rainfall

Intensity Duration Curve for Manila Area for
the 25-Year frequeacy and by using
= (80.6/66.4) x 25-Year R, for the 50-Year
frequency.

The peak discharge at each bridge location by
each period is shown in Table 111-7-20.

~ Table I1I-7-20 PEAK DISCHARGE AT PROPOSED BRIDGE

.

LOCATIONS_
Drainage 3
Station Area Peak bischarge (@ fsec)
(km?) 50-Year 25-Year
Bx-1il 1.43 50 4l
Br-13 1.78 52 51
Br--13 2.63 97 80
Notes:
1,

The Run-off coefficient was adopted as 0.8

(Future development was takea into consider-
atfon)

rivers,

Hydraulie¢ Analysis

Bridges Br—ii_and Bx-13 are located in the low

flat area sare as the Polo River basin.
the hydraulic characterfstics are considered to be
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similar as that of the Polo River. To determine

the capacity of watersay, a rather lower flow
veloclty of 0.5 reter per second was assured at

each crossing. However, for Br-18, the flow
velocity of 2 meters per second was assumed because
the river slope is relatively steep. The rvesults of
calculation are as shown in ¥able 11y-7-21,

Table I11-7-21 HYDRAULIC ELEMENTS OF BRIDGES

H
' Flow f Water I Flow
Bridge [ Discharge | Area Depth width
(n3/s) ; (n?) () (n)
B11 50§ 100.0 4.0 25.0
B13 65 ! 130.0 4.0 1 32.5
B18 100 % 50.0 2.9 20.0

The profiles of the tributaries were obtained
based on the results of hydraulic aralysis of the
Meycawayan River and the Polo River, assuning
trapezoidal cross sections.

H.W.L. of the Meycawayan River

Polo River Juncrion : 11.915 &
Marilao River Junction : 12.095% m
STA. 144000 t 12.649 ®m

Using the backwater data of Polo River for
Bridges Br-11 & Br-131 and the existing river profile
for Br-18 the design high water level for each
bridge was deternined as shown Table III-7-22.

Table II1-7-22 ESTIMATED H.W.L. AT PROPOSED BRIDGES

. Backwater or . i
Bridge Slope of Water Surface H.¥.1. at Bridge
: :
0.068 n : 12.2 o
Bil {11.983 - 11.915) (12.095 + 0.068)
L 0.085 . 12.2 o
813 (12.000 - 11.915) © (12.095 + 0.085)
Tl T Y000 13.7 n
B18 (1000 o x 0.001) (12.649 + 1.000)
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Applying a constant freeboard of 0.6 m and
considering future dredging of rivers for Br-11 and
Br-13, the Table III-7-23 were obtaised.

Tablée III-7-23 BOYTTOM ELEVATION OF RIVER AND
- REVETMENT HEIGHT

Brid H.¥.L: Bottom Elev.| Top Elév. of
ricge (m) of River Revetment
B11 12.2 8.2 m 12.8 m
B13 12.2 8.2 m 12.8 m
Bi8 13.7 11.2 14.3 m

b. Required Cyross-Sections of Waterway at Bach Bridge Crossing

The cross—-section of waterway eavisaged for future river

foprovement at each bridge location fs shown in Table IIL-7-
24, L

However, as described before, the flood level in the
Heycawayan River basin at present should be considered in
deternmining the finishing grades of bridges. Based on the
results of field investigations on flood marks and interviews,
it is recormended that the elevation of the underside of all
bridge girders should not be lower than +12.50 =.

The totai span length of a bridge across a river was
determined from hydraulic and economic viewpoints. The
factors considered from the hydraulic point of view in deter-
nining the total span length of the bridge are the following:

~ Head loss due to.the piers should be nil or negligibie
since the flow velocity in the rivers 1s slow. Neverthe-
less, the required opeming should not be less than 90
percent of the river width (By); and

- Floating waterials such as trees, water lilies, waste,
etc. are anticipated to flow from the upstream during
flood. If the clear span of the piers are short, such
raterials will obstruct the flood flow by forming
"islands" around the piers.

E. Location and Requiréd Size of Culvert

i) General

The culverts for C-5 and C-6 Roads are divided inte
two categories from the hydraulfc poiat of view, viz:

-~ Culverts to be provided in the upstieam area
{rolling terrain, no inundation); and
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- Table TIT~7-24 ADOPIED CROSS-SECTION OF RIVER AT FACH BREDCE LOCATION

—

Cross— * ‘ Top and Botto
Read | Bridge]Section bimensions (m) E!QHQEJOHS_Iﬂ;
- Type Bl B2 ) h Top | Bottom

Br- 3 A 13.6 1 20.0 3.2 ~ +1.73 ~-1.47
. (12.20) (9.00)

Br— 4 8 39.6 | 60.0 § 5.0 | 3.2 +1.73 -3.47
(7.00) (11.56)

c-5 Br- 5 A 6.6 15.0 4.0 - +1.73 =2.47
(12.20) (8.00)

Br -7 A 33.6 | 40.0 3.2 - +1.73 ~1.47
(12.20) (9.00)

Br-11 A 506.6 59.4 4.4 - +2.33 ~2.07
{12.80) {8.40)

Br— 2 A 16.6 | 25.0 | 4.2 - +1.73 -2.47
(12.20) (8.00)

Br- 3 A 131.0 1140.0 4.5 - +2.03 -1.67
(12.50) (8.80)

Br— 4 A 5.0 12.0 3.5 - +2.03 ~1.47
(12.50) {9.00)

Br- 7 A 125.5 [134.6 4£.56 - +2.12 -2.44
(12.59) (8.03)

c-6 Br—- 9 A 13.0 22.2 4.6 - +2.13 -2.47
(12.60) {8.00)

Br-11 A 20.4 29.6 4.6 - +2.33 -2.27
: ' {12.80) {8.20)
Br-13 A 27.9 37.1 4.6 - +2.33 -2.27
(i2.20) (8.20)

Br-17 B 711.2 88.8 5.83 ¢ 3.0 +2.98 -2.85
{13.45) {(7.62)

Br-18 A 16.9 23.1 3.1 - +3.83 -0.73
(14.30) {11.20)

Nele:  * S22 Fig W-7-15 for (R Full detaids of crosy wetion typos of sivers
Type-A & trapezoidnd -

TypeB : steppod laprzoiial
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Fig. 111-7-16  CROSS-SECTION TYPES OF RIVERS

TYPE - A

HWL . '

—_——

bs  Bm for yidge B4 planned in'the C-5 Rozd: and

b2 3Im fer beidge BY7 planned in the C-6 Road.
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- 41)

= Culverts to be provided in the low Tand/fishpongd
area.

LOca;ions of the culverts we
rentioned Factors based on t
photo mosalcs,

re chosen based on the abgve
he topographic and aerfal

uly ¢ provided in the UgstrquLﬁggg

Drainage of flood water only is cousidered to be
an icportant factor in deciding the size of the culverts.
Once the Roads are constructed, it will be difficult to
enlarge the culverts. Therefore, the culverts should
have enough capacity to drain fulure Flood discharges
increased by the developrent of the watershed area.

(a) Run-off Analysis

The rainfall intensity was determined as

follows:
Tice of concentyation = 20 nin
Design storo Frequency = 50-Year

Raiafall intensity

= RT(SG—Year) = Ry{(25-Year) = (80.6/66.4)
= 169 cofhr x 1.2132 = 205 enifhry
Run~off Coefficient = (0.8

(Future developrent was
taken into consideration)

The peak discharge at each culvert location is
as shown in Table I11-7-25.

Table FII-7-25 HYDRAULIC ELEMENTS OF CULVERTS
IN THE YPSTREAM AREA

Drainage | Peak Flow Size of
Culvert Area Discharge ! Arxea Culvert
(ke:2) (=3/s) (r2) (m)

C1 a.15 7 2.8 2.0 x 2.0
Cc2 0.65 30 12.0 4.0 x 4.0
C3 0.49 22 8.8 4.0 x 4.0
C4 0.50 23 9.2 4.0 x 4.0
C5 0.25 1} 4.4 3.0 x 3.0

Nete: See Pz IE7-16 foe Bxation of cobenl.

131-7-74



P s et nn@“. / (
v b
%)
, %

0__ W 0‘".0 f r

o wy . -

L=’ \ 190 204‘4699 UEdOP

[- o / . .. /Ir HE! Nﬂ.O

W o e w
- A1t B X .

gvie 30 Csvd

\

(QYOH 69 FHL DNOTY V3IHY WY3YLSdN)
SLY3ATIND 40 NQILVIOT oL ~—/=I11 By

000521 3IVDS

§

N

111-7-75



(b)

Hydraulic Analysis

To determine culvert size, the following

assunptions were rade:

Flow velocity in celvert = 2.5 nfsec.

Peak dischargg_

Flow velocity
Freeboard = 0.6

Flow area =

The results of the calculation of the hydraulic

elements for each culvert are presented in also
Table III-7-25.

iif) Culverts to be provided in the Low Land/Fishpond Areas

These culverts should have eaough capacity to drain

inland flood water downstrean and to supply brackish
water into the fishponds under existing and future
conditions. The effects of the C-5 Read on floods are
considered to be very small because its preposed route
is located near the watershed boundary of the Meycawayan
and Navotas River systens.

(a)

(b)

Required Flox Area of Culvert as Brackish Water

Supply Canal for Fishponds

Based on the conditions described below, 2.0

x 2.0 n concrete box culverts at intervals of about
200 teters of road length will be adopted:

Existing width of brackish
water supply canal < 3.0n

Volure of brackish water to

be supplied every 6 hours

{From ¥SL to MHHW)

= (11.01-10.47) x 20,000 ?average = 10,800 n3

Capacity of culvert = Q

= 10,800 n3/6 hr x 3,600 sec/hr 0.5 m3fsec

Assured flow velocity = 0.3 a/sec
Réqnired flow area
= 0.5 ndfsec + 0.3 afsec = 1.7 =

chuired Flow Area of Culvert as Inland Flood

For the culverts related to the C-5 Road, the

sare drainage paltemm as brac?ish water supply
canals reationed above will be provided to drain
inland flcod waters.
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The drainage culveris related to the C-6 Road
will mainly be located in the Dampalit River basin,
When the Maycawayan and Dampalit River systems are
improved, it will not be necessary to provide
special culverts to drain inland flood waters except
for local drainage.

However, under existing conditions, the flood
water overflowing fishpoand dikes and water in the
fishponds area flow slowly downstream when the
flood level in the Meycawayan River goes down.
According to the fisherien in this area, such over-
flowing has been occuring alnost every year.

Consequently, it will be necessary to provide
enough flow area to minimize the head loss between
the downstreanm and upstrean of the culverts which

would otherwise increase flood damage in the up-
Stream area.

~ To obtain the total flow érea of planned
culverts related to C-6 Road in the Dampalit River
basin, the following conditions are assured.

- The 50-Year frequency design flood discharge
should be drained by the existing Dampalit
River and the planned culverts;

— The flow velocitiés in the river and the
culverts will be 0.5 reters per second; and

- Floed level will be E1. + 12.0 weters.

Thus the required total flow area of the
planned culverts was obtalned as follows:

Flood discharge capacity of the Dampalit
River {(Qo) - :

Qo = (12.0-9.5) n x 149 o x ¢.5 n/s
= 175 md/sec.

Required total flow arvea of planned culverts

(A ¢)

A ¢ = {200-175)/0.5 nfs = SO n?

(Q ¢ = 25 m3/sec)

iv) Sureary of Planned Culverls

The sunnary of planned culverts for the C-5 and C-6
Road has been prepared and is shown as Appendix 1-49,
Road stations desfignated are approxinate and subject to
change in accordance with thé results of the actual route
survey to be nmade in future detalled engineering.
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CHAPTER 8. ENVIRONMENTAL IMPACT OF THE PROJECT ROADS

8.1 Geneéral

Environmental impacts were evaluated for three types of environments:
nacely, physical, biological and socio-econonic. In addition to the fa-
vorable impacts on transportation and the basic human liviag environment
rentloned below, adverse {mpacts and proposals for their nitigation were

examined for thg'envlronments affected by the Project Roads on land and in
the water and air,

The following components were adopped as the basis for this study.

Project Reoads

- Coastal Road;
- €-5 Road: and
- €-6 Road.
éﬁ;gcted Areas
~~ Direct influence zone of the Project;
-~ MMA; and
- Corridor of the Project Roads.

Tice Period for Consideration of Environmental Impact

- Duriag construction; and
- After construction.

The preliminary qualitative analysis of the rasonably foreseeable
effects of the Project Roads on the above eavironrental indicators was
carried out.
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8.2 Probable Environmental Impacts and Mitigation of Adverse Effects

8.2.1 Existing Envivonmental Conditions and Alternative Scheneés

Desc¢riptions of the existing environmental conditions, proposed
road network alternatives, study of alternative routes of the roads,
interchange schemes and selected bridgé types have been discussed
and are analysed in the reéspective sections and Appendixes mentioned

below: '

. . Section/
Description Part Chapter  Sub-section
Study objectives and : .
Project Roads nr 1 1.1
Salient features of the
Project Roads It 6 6.1.2
Function of the Project Roads IlL 6 6.1.3
Road network alternatives I1r 5 5.1
Study of alternative routes 111 3 6.2
Pesign standard of the Project :

Roads and bridges I ? 2.3
Typical cross-section of roads 11X 7 7.5.2
Study of Interchanges 111 7 71.5.3
Preferable types of bridges 111 7 1.7.3
Hydrology 1K1 7 7.8
Physical environment of the

Project Area Appendix 1-59

Biological environment of '

the Project Area Appendix 1-59

Soclo-econonic environeent : ‘ .
of the influence area I 2 2.1n2.5

Description of the dfrect in-
fluence zone for the Project 111 2 2.102.5
Roads and future prospect

A '"Hithout project" alternative would fnvolve using the exist-
ing road networks which are clearly inadequate for the present and
future development projects in the area. The funds for the Project
Roads could be used for other priority Infrastructure and develop-
zent projects planned in the Philfppines, but the resulting trafffc
congestion throughout ¥MA and unrealfzed benefits of the developrent
project far outweligh the costs to be incurred.
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8.2.2 Pavorablgpgﬁviron¢entalﬂlpggggg

Project elements producing a large magnitude of favorable

effects are discussed assfollows:

A,

Increase of Transport Mobility and Accessibility

The Coastal Road, together with the C~5 and C-6, uill

greatly enhance and strengthen the function if the road network
systém in the MMA,

The plan to construct the Radial Road R-10 are adready
finalized and the tenderfing for certain parts of the road
started In early 1978, That project covers not only the main
trunk road between C,H., Recto Avénue and Spine Road at Navotas,

but also the connecting stretches for the peripheral reads of
C~2 and C-3,

_ The project of extending R-10 further up to C-4 is also
under way and now the Governrent 1ig proceeding with the final
engineering stage. Therefore, it is expected that the con~

struction of the Coastal Road will offer direct access to the
reclafced area,

The Circumferential Reads, C-5 and C-6, are not coopletely
established at present. But the Project Roads will pake cross—
ing and by-passing central Manila possible and greatly enhance

and strengthen the function of the road network system in the
MMA,

Horeover, establishcent of the Project Reads will icprove
traffic service within their surrounding area, and reduce
traffic congestion within direct influence zone. Accordingly,
transpoxt wobllity and accessibility of the corrcidor along the
Project Roads will be ioproved because of reductioa of travel
and traffic cost,

Realization of lLand Use Potentiality

"fand use poteatfality in the direct influence zone,
especlally the Coastal Road and C-5, will be greatly enhaanced.
The corridor of the Project Roads will be highly developed for
fadustrial and housing land uses.

Increase of Land Value in Direct Influence Zone

The improvement in accessibility will reasonably induce
enhancerent in land use potentiality and cause an increase in

'developrent demand due to favorable location, conditions, and

thus the increase ian land value in the surrounding area of the
Project Roads.
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D. Better Cormunity Coheslon

The growth of new community will be promoted by fnvestors
and inhabitants in the direct.influence zone and the establish-
meot of better cormunities will fwprove the comfort of the arca,

E. Increase in the Value of Fishes produced

in the direct influence zone

For fishery products, the Coastal Road will provide a
shorter route to the mavker of Hanila, When the Fishing
fndustry is supported by an effective means of transport the
economic returns to the Industry are icszense, since trans-
portation costs and the freshness of fishes are fmportant com-
ponents of fish marketing.

8.2.3 Summary of Adverse Effects and their Mitigation

Possible adverse effects and their mitigation are summarized

below;

Adverse Effect

Hitigation

Temporary air and water
pollution during con-
Struction,

Nuisance and inconvenience during

~construction should be significantly

reduced by introduction of proper
construction managerent and supervision
and adoption of proper construction
equipzent and methods.

Population displacerent

The displaced famflies will be suf-
ficiently coumpensated andfor réset-
tled to proper areas. The squatter
tamilies affected by the Project Roads
will be affordéd better opportunities
and foproved quality of 1ife in the
resettleczent projects of the Govern-
oeat. The relocation of these squat-
ters will be undertaken with close
coordination with the NHA and other
Govereent agencies.

The embankemeat along C 5
and C-6 will slightly
change existing drainage.
pattern and affect fish-~
pond culture in surcvound-
iang area.

.Sufficient investigation of biblogical,

ecological and salinity conditions
should be carrfed cut to prepare the
acceptable construction that will
olninize adverse effects. Careful
reasures should also be provided
against hydrological problems in the
Navotas and Meycawayan Rivers Systens.

Cont inued
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4, lLoss of fishpond area The fishpond area acquired for the

right-of-way will be sufficiently
compensated, Since transportation
{(between fishpond and consumer market)
is one of the main conmponents of fish-
ing industry, the provision of ade-
quate nodal points (f.e. from boat

to truck) should be considered during
the detailed engineering stage.

The futher discription of the environrental study 1s shown
in Appendix I-59.
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CHAPTER 9. CONSTRUCTION COST ESTIMATES

9.1 General

The TEAM established the unit prices of representative construction
items using basic cost elewents such asy labor, nmaterial, equipment, over-
head, profit, etc, These unit prices were calculated under the econonic
conditions prévailing in June 1979. Current prices in Japan were used for
the costs of imported constructfon machines, plants and materials while
local prices were employed for other items that are dopestically available,

Forelgn currency and local cutrency'c0mpoﬁents bf.each unit price
were copputed based on the following classification on basi¢ cost elements,

The foreign currency component consists of the cost of:

Ivported equiprents (depreciation), materfals and supplies;

Domestic materials which the country s a net fmporter:

t

Wages of expatriate personnel; and

I

Overhead and profit of foreign firms.
The local curreacy component includes the cost of:

- Domestic materials aad supplies which the country is a net exporter;

Hages of local personnel;
— Overhead and profit of local firms; and

- Taxes.

The rates of exchange used to convert the Peso currency of the Phi-
lippines to Japanese Yen and US$ are;

R7.405 = Yen 215.424 = US51.00

The result of the cost estimates were compared with the estimated

unit prices established for the Radial-Road R-10 Project by Eocal Consul-
tants.

92  Construction Quantities

The quantities for all work items were calculated based on the pre-
pared preliminary drawing. The Teanm endeavored to 1imit the bill of

quantities to the minimum nusber of price Ltems with accurate rates for
. operations and materials.
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93  Unit Prico Analyss

The unit cost by work ftems is calculated fro
labor cost, equipment cost, etec., taking into cens
condition in the area, and the results of the unit
listed in Table 1J1-9-1. (See Appendix I-60 for th
of representative work ftemre),

n the material cost,
ideration the local
costs by ftens are
e unit price analysis

An assessment of equipment hourly cost were made for the plant that
would probably be used 1n the construction of the preject. The hourly
cost 1s shown in Table 111-9-2,

A schedule of estimated Jocal labor rates and cost of main materials
are given in Tables 11I-9-3 and I1I-9-4,

The exaoples of unit price apalysis for representative work ftems
separated into worksheets and esticates sheets are shown in Appendix I-60.

The uvnit prices for equipzent, labor, and materials in each cost
estimate are direct costs, hence, do not include overhead and profit.
To determine the estimated currvent contract wnit price of each construc-
tion ftem including taxes, overhead and profit, a constant allowance of
25 percent was added to the direct price.
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Tdble TII-9-1

UNIT CONSTRUCTION COST

{Unft: $n pesos)
UNIT FC LC TAX TOTAL
1. Clearing and Grubbing :
classified Rice Field | sq.m. - ¢.36 - 0.5
2. Removal of Masonry .
or concrete structure | cu.m. 17.85 75.76 6.16 99,75
3. Reamoval of ¢l1d . _
Pavement s$q.n. 7.57 6.82 2,46 16.85
4. Cut and Fill, 60n
Hauling cu.m. 5.62 4.50 1.81 11.93
5. Excavation, Borrow,
Single Trip 2ka | cu.m. 7.16 6.96 2.36 16.48
6. Excavation, Borvow, _
Single Trip 10km | cu.m. 11,12 11.43 3.74 26.29
7. Rock Excavation cu.m. 24.61 38.33 7.70 70.64
8. Compaction of
Foundation sq.m., 1.39 1.30 0.45 3.14
9. Granular Borrow cu.m. 32.11 29.88 9.34 71.33
10. Sand Drain, @ 40 ca 1.m. 8.70 20.60 4.84 34.14
11. Subgrade Preparation | sq.m 1.23 1.29 0.40 2.92
12. Subbase Course
{Class B) cu.m. 67.29 47.03 17.38 131.70
13. Base Course
Coarse Aggregate . _
Jobsite cu.m, 78.47 713.40 23.79 175.6%
4. Asphalt Prime Coat t 1,593.60 1,022.10 59%.80 | 3,207.50
15. Asphalt Tack Coat t 1,370.60 350.00 520.00 2,740.00
16. Asphalt Seal Coat t 2,200.00 1,680.00 790.00 | 4,670.60
17. Yot Bituminous
Concrete Pavement t 133.47 174.45 . 48.69 356.61
18. Asphalt Cement t 945,00 508.10 406.50 1 1,859.60
Nole: LC - Loval curiency component

and IC

— Forelgn curraxy component.
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{cont '3)

i
WORK ITEM UNIT FC
.
19. Class A Concrete
(plain) cu.a. 167.70
0. Class B Concrete . _
{plain)} cu.e. 160.18
21. Class C Concrete
(plain) cit.m. 156.45
22. Structural Con-
crete G fncluding
formwork, seafolding,
falsework, transportation
and placing cu.m. 348.96
23. Class S Concrete
(plain) Ccu.m. 187.39
25. Reinforcing Steel |kg 2.51
25. Mortared Rubble sq.t. 27.93
26. Ceceat Mortar cu.m. 201.35
21.  Guard Rafl 1.a. 120.81
28. Precast Reinforced
Concrete Pile
4% ca x 45 cm
(furpishing &
driving) l.o 372.39
29. Steel pipe pile
#800 en
(furnishing &
driving) 1.m. 1,534.40
10. UPVC pipe ¢ 100 ta}l.n. 3.28
3. UPVC pipe # 150 eaa}l.ma. 3.28
32, UPVC pipe 9§ 200 reejl.m. 4.43
33 UPVC pipe B 250 mall.n. 5.57
35, Concrete pipe
$ 300 oa i.m 56.76
35, Concrete pipe
$350 on 1.a. 70.30

134,02

127.63

124.89%

475.15

147.76
3.65
26.80
235.04

154.13

145.66

77 .00
91.95

166.57

242.9%

339.03
31.84

93.43

TAX TOTAL
49,74 351.46
48.10 335.91
45.74 325.08

105.62 929.73
55.6% 390.79

D.64 6.80

3.19 56.97
59.90 496.29
30.28 305.22
55.15 573.20

170.00 1,781.40

1.00 96.23

1.00 170.85

.37 248.16

1.74 346.34
15.30 153.90
20.060 183.73
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(Cont*d)

. . T
WORK ITEM UNIT ¥e LC TAX ToTAL
‘__‘__-‘-—
36. Concrete pipe : »
¢ 400 mm 1.m 83.92 122.76 23.54 235.n
37. Conc¢rere pipe o ;
? 450 mm l.a 103.84 146.16 27 .64 227.¢4
38. Concrete pipe : ;
# 500 l.m 115.98 164.92 31.10 312.09
39. Concrete pipe _ j :
¢ 600 en l.o 139.93 201.77 37.71 3719.4
40. Concrete pipe '
¢ 760 o= 1.m 233.25 326.58 62.17 622.09
41. Concrete pipe :
P 900 &m 1.m 275.51 389.38 73.72 733.61
42. Drainage pipe _
g 1000 = l.n 407 .44 547.18 "111.90 1,067.12
43, Box culvert
1.2a x }.20 l.m 1,010.00 1,085.12 221.75 2,366.81
44, Box culvert
2.0m x Z2.0m 1.a 1,768.54 1,896.63 480.90 4,146.07
45. Box culvert -
3.0 x 3.0m 1.m 2,862.10 3,003.88 790.06 6,656.05%
46. Box culvert )
2.0ax 1.7m i.m 1,628.02 1,715.56 443.06 3,786.€65
47. Box culvert :
2.53a x 2.1a l.n 1,997.68 2,0%4.97 545.32 | 4,637.91
48. Box culvert _ :
3.00 x 2.3n l.n 2,438.10 2,537.48 673.91 5,6549.49
49, Box cul\_.rert
3.0n x 2.5p l.a 2,554.60 2,657.70 - 704.7% 5,917.03
50. Box culvert _ :
4.0 n x 4.0a 1.a 4,909.78 5,344.14 ] 1,351.36 | 11,595.26
51.  Curb l.e 29.88 25.39 . 8.55 63.82
52. Curb and Gutter _ ‘
Type A l1.m 31.30 25.84 9.22 66.36
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({ent‘d)

e
HORX ITEM UNIT FC LC TAX TOTAL
I -
53.  Curb and Gutter
Type B 1. 41.85 34.40 12.48 88.73
5¢.  Catch Basin each- 732.20 | 850.34 198.40 | 1,780.94
55. Manhole 4 1.2 m each 1,778.23 | 1,886.32 505. 60 4,170.15
s5.  Manhole § 1.8 m each 2,773.97 | 2,897.45 786.17 6,457.59
7.  Strip sodding sq.o 0.14 1.62 0.05 1.81
8.  Solid sodding sq.m 0.29 3.35 0.10 3.74
59.  Road Marking sq.o 25.63 28.55 6.78 60.96
€0. Asph. Treated Base ¢ 144.438 101.17 53.75 299.40
61. Concrete Pavement | sq.m 55.67 44 .83 16.28 116.76
62. Slope pitching sq.n 69.53 106.46 20.45 196.4%4

111-9-6
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Table III-9-2 HOURLY COST OF CONSTRUCTION EQUIPMENT

Unit: 1in pesos

FC - Foreygn Cunrency Componenl.

111-9-7

EQUXPHENT FC LC- TAX TOTAL
1. Crawler Tractor 201.5 139.5 65.0 406.0
(Bulldozer, 21 ton class) _
2. Crawler Tractor _ 139.2 93.5 4.3 277.0
(Bulldozer, 17 ton class) 3 ‘
3. Convertible Excavator, 0.6 m~ | 126.2 84.6 40.2 251.0
4, Hotor Grader 110.3 74.5 35.2 220.0
5. Motor Scraper, 6 m 4]160.8 109.9 51.5 '322.0
6. Tractor Shovel, ¥heel 1.4 n 5 111.3 67.7 34.0 213.0
7. Tractor Shovel, Crawler 1.4m™{123.0 79.4 38.6 241.0
8. Tandem Road Roller, 8 ¢ 57.5 43.3 19.2 120.0
9. Macadam Road Roller, 10 t 50.8 38.2 17.0 106.0
10. Macadam Road Roller, 8 t 50.0 34.8 16.2 101.0
11. Tyre Roller, 10 t 66.0 ﬁ9.9 22.1 138.0
12. Sheeps-foot Roller 52.6 30.6 15.8 99.0
13. Pile Driver,3.5 ¢ 391.5 236.8 119.7 748.0
Y4. Pile Driver,4.5 ¢ 3 449.3 269.7 137.0 856.0
5. Air Compressor, 10 m /nin. 304.0 174.8 91.2 578.0/day
16. Motor Generator, 50 KVA 170.8 147.6 60.6 379.0/day
17. Motor Generatori 30 KVA 106.1 82.9 36.0 225.0/day
18. Dump Truck, 3 m 25.5 20.7 8.8 55.0
19. Flat bed truck, 3 27.1 22.5 9.4 59.0
20. Flat bed truck w/2 crane 35.0 28.8 12.2 76.0
21. Trailer Truck,?0 t 120.0 97.0 41.0 - 258.0
22. Cross Country jeep 25.8 17.9 8.3 52.0
23. Mixer truck, 2 m 41.3 28.5 C13.2 83.0
24.  Fuel tanker, 5000 1lit 38.3 25.5 2.2 76.0
25. Concrete Batching Plant,
0.75 a3 x 2- 5 967.0 352.0 251.0 1,570.0
26. Concrete Batching Plant,0.8n !148.5 81.7 43.8 274.0
27. Asphalt Plant, 100 t/Hr 1,119.3 634.2 343.5 2,147.0
28. Bitunirous Spreader 202.1 126.4 62.5 391.0
29. Asphalt Distributor,%000 1it | 108.1 70.9 34.0 213.0
30. Aggregate Spreader 129.5 80.5 40.0 250.0
31. Asphalt Kettle,S000 1it 63.8 27.8 17.4 109.0
32. Rock Drill Sinker 68.3 22.4 17.3 108.0/day
33. Truck Crane, 30 t 173.0 115.0 55.0 343.0
35. Truck Crane, 10 ¢ 87.0 58.3 27.7 173.0
35. Mechanical Breon 25.6 19.0 8.4 . 53.0
36. Vibration Roller, hand guide | 13.5 110.0 4.5 28.0
37. Ratmer 35.3 21.0 10.7 67.0/day
38. Rod Vibrator 20.5 9.7 5.8 36.0/day
39. Fora Vibrator 12.5 9.1 5.4 34.0/day
40. Vertical Pump 43.8 49.5 17.7 111.0/day
41. Crushiag Plant 917.1 333.7 238,2 | 1,489.0
42. Portable Belt Coaveyor,7 n 59.8 31.8 17.4 109.0/3ay
43. Concrete Spreader, 100 t/Hr | 160.0 58.0 52.0 260.0
- 44. Concrete Fianisher 166.0 61.0 43.0 270.0
Note:  IC - Raocal Comrency Component and



Table 111-9-3 ESTIMATED }OCAL, LABOR COSTS

Unit: 1n pesos

Classification gitznpz; ;;; Rate per hour
Foreman 40 4.98
Asst. Poreman 27 3.35
Operator (Heavy) 35 4,21
Operator (Light) 30 3.73
Mechanic 35 4.27
Carpenter 25 3.13
Skilied tabor 26 3.21
Unskillied Labor 21 2.58

Prices of rmain éateria}s which were planned to be used in this study
are presented fan the Table ITI-9-4 (See Fig. 11I-9-1 for raterial sources).

Table IXI-9-4 COST OF MAIN MATERIALS

Unit Component (%)

DescriptiOﬁ Unit i;;ce Foreiga 1 ocal Tax
Portland Ceczent ton 575 50 35 & 15
Sand a3 90 45 42 E 15
Gravel rnd 50 45 42 é 13
Reioforcing é

Steel Bar ton 6,800 40 50 §{ 10
Diesgel ke 1.42 51 27 22
Ready oixed .

concrete w3l 351.5 43 38 14
Fabricates steel

of box givder ton 16,000 W0 2
Steel pipe pile ton 6,300 90
Asphalt cewent ton 1,860 51 2 22

Note:  The costof matn matedisls are surveyed in mdd 1979 263 ceferted from other peajeci
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Fig. 11-9-1 MATERIAL SOURCES
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9.4 Land Aquisition and Compensation Cost

The land aquisition ang compensatfon cost was estimated based on

the tax declalation source obtained from the Municipality of Meycawayan
and Bulacan., The unit costs are shown as foliows,

Restdential House:

Reinforced Concrete ........... saeie. PB50.00/sq.m.
Comb. Wood & Concrete ..,......... «es 405.00/s5q.n.

Qgpmerciai & Industrial Bldg, (Including Shops)

Reinforced Concrete

~ ONE~SLOTeY t.vvnennnnnnnennnnn.. F780.00/sq.n.
~ Two-Storey ........... A 880.00/sq.a.
- Three-Storey ......veenseennn.. + 980.00/sq.m.

Comb. Wood & Concrete

~ ONE-SLOXEY ..uvvvivncnvnmnnncannn £650.00/sq.p.
~ TWo-5t0Tey .c..viunn... sseesee.. 780.00/sq.m.
~ Three-Storey ........ccvvuvuu... 840.00/sq.m.

9.5 Preliminary Construction Cost Estimates of the Project Roads

The preliminary construction cost estiwates are carried cut for
several alternative road plans as shown in Tables I1I-9-5 thru I11-9-7.
The cost is split into foreign currency component, local currency coo-
ponent and taxes. It is,to be noted that the cost of the Coastal Road
on the reclamatfon area includes the averaged veclamation cost covering

the bulkhead, dredging and others in proportion Lo the area of the
right-o6f-way.

Table I11-9-5 PROJECI COST, ROAD PILAN 2

(P'000 in 1979 prices)

The Coastal Road {as the causeway) and C-5 to
Deseription be Constructed by 1987

: ' Foreign Local Taxes Total
I. Earthwork 77,162 72,2917 23,286 122,655
2. Bridge & Structure 101,862 56,741 18,727 127,330
3. Paving Work 27,161 19,756 8,879 55,795
4. Miscellaneous 14,497 17,297 3,898 35,692
5. Sub-total 220,682 166,001 54,789 441,472
6. Overhead & Profit 55,170 41,501 13,692 110,368
7. Total "275,852 207,502 68,486 55,840
8. Detalled Désign 11,033 8,301 2,740 22,074
9. Supervislon 16,551 12,450 4,109 33,110
10. Right-of-way - 50,224 - 50,224
iIl. Total 303,436 218,477 15,335 657,248
12. Physical Contingency 30,344 27,848 7,533 65,725
13. Total 333,780 306,325 82,868 722,913
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Table II1-9-6(A) PROJECT COST, ROAD PIANS 384

(P'000 1in 1979 prices)

The Coastal Road {on the Reclamation Area)
pescription and C-5 to be Constructed by 1987
Foreign Local Taxes Total
1. Earthwork 39,200 39,737 12,810 91,747
2. Bridge & Structure 103,254 58,389 | 19,115 180,758
3. Paving Work 32,177 23,470 10,457 66,104
4, Miscellaneous 16,726 19,857 4,455 | 41,038
5. Sub-total ' 191,357 141,453 46,837 379,647
6. Overhead & Profit 47,839 35,363 11,709 { 94,611
7. Total 239,196 176,816 58,546 474,558
8. Detailed Design 2,568 7,072 12,34 18,981
9. Supervision 14,351 10,609 3,513 28,473
10. Right-of-way 1) 35,835 69,246 8,658 | 113,739
11. Total 298,950 |} 263,743 73,058 635,751
12. Physical Contingency 29,895 26,374 7,306 63,575
13. Total 328,845 290,117 . 80,364 699,326
Note 1} The averaged reciamaion cost por 8. meter 18 applisd to estimate the oot
Table ILI-9-6(B) PROJECT COST, ROAD PLANS 3&4
_ ($'00G0 fn 1979 prices)
Construction of the Grade Separation Structures
Description and Paverent Overlay for the Coastal Road and C-5
Forefgn Loc¢al Taxes " Total
1. Earthwork 8,295 8,911 - 2,881 20,087
2. Bridge & Structure 10,217 7,596 2,143 19,956
- 3. Paving ¥Work . 10,354 ‘7,711 3,409 - 21,474
4. Miscellareous 2,663 3,382 718 6,763
5. Sub-total 31,529 27,600 9,151 68,280
6. Overhead & Profit 7,883 6,950 2,288 17,071
7. Total 39,412 354,500 11,439 85,351
8. Detailed Design 1,576 1,380 458 3,44
3. Supervision 2,365 2,070 686 5,121
10. Right-of-way 1) 13,651 10,812 3,299 27,762
11. Total 57,004 48,762 15,882 121,648
12. Physical Contingeacy 5,700 4,826 1,589 12,165
13. Total . 62,704 53,638 17,471 133,813

Note:

1E1~9-11
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Table ITI-9-7 PROJECT COST, ROAD PIAN 5

L , (R'000 in 1979 prices)
The Coastal Road (partly on the Reclamation
Description Area and Partly as the Causeway) and C-6 to
be Constructed by 1987
Foreign Local Taxes | Total
1. Earthwork: 66,156 82,318 23,985 172,459
2, Bridge & Structure - | 87,164 47,771 16,110 | 151,045
3. Paving Work 33,513 24,381 10,797 68,691
4. Miscellaneous 15,245 18,612 4,063 37,920
5. Sub-total 202,078 173,082 54,955 430,115
6. Overhead & Profit 50,520 43,221 13,739 107,530
7. Total 252,598 216,353 63,694 537,645
8. Detailed Design 10,104 8,653 2,748 21,505
9. Supervision 15,156 12,982 4,121 32,259
10. Right-of-way 1) 35,835 48,186 8,658 92,679
11. Total 313,693 286,174 84,221 684,088
12. Physical Contingency 31,369 28,618 8,422 63,409
13. Total 345,062 314,792 92,643 752,497

Note: 1) The avésaged reclamation cost per «3. meter is applied to estimate the cost.

96 Rozd Maintenance Cost

The maintenance cost of the Project Roads was estimated based on
the data obtained froo the Bureau of Maintenance, PPDQ, MPH. The fol-
lowing activities are iInc¢luded in the maiatenance cost.

Routine Mainterance Periodic Maintenance

- Hand cleaning of ditches - Surface treateent of bituninous
and culverts; surfaces;

~ Vegetation control; - Pavement striping of panel

—~ Erosion control; surfaces;

- Traffic services; ~ Bridge painting; and

-~ Repalx of minor structures; - Others.

~ Minor repair of bridges;
- Repair of P.C. concrete paverent;
~ Cracks and joint fillimg

{(P.C. concrete pavezeat)
- Repair of lighting facilities; and
- Others.

The road maintenance cost per kilozmeter are shown by width and by
type of pavement as follows.

Typé of Pavement Road width{{m)} <Cost per kn (P)
Portland cement concrete reoad 5 ~ 7.5 15,010
7.5 10 17,262
> 10 ° 19,513
Bituminous Concrete road 5 ~ 1.5 16,511
7.5~ 10 19,063
> 10 21,464
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CHAPTER 10. ECONOMIC ANALYSIS

$0.1  Vehicle Operating Cost

10.1.1 General
Studies on the vehicle oberating cost were conducted én
five vehicle types, each indicating a different pattern of tvaf-
fic movement, namely:

Cars

Jeepneys

Buses

Pick-ups

Trucks, medium and large

The vehicle operating cost is composed of running-mileage-
related and time-related cost (fixed hourly cost). The method
of estimation in this study is similar to those used in recent
studies such as the National Transportatfion Systea Study (Interin
Report, 1978) and Feasibility on C-3 and R-4 and Related Roads
Project (1978).

The Study Team has referred to the research on basfc vehicle
operating cost conducted by MPH since 1975. The MPH policy on
basic traffic cost%’khich has been used in previous and on-going
feasibility studies, in order to maintain consistency has also
been adopted for this study. There are, however, sone minor
codifications to be consistent with the findings of the Tean.

10.1.2 Sumrary of Vehicle Operating Cost

‘The details of the distance related cost and the tfme related
cost for the representative vehicles are shown in Appendix 1-61.
If they are compared to an exanple of the other trafffc cost of
HPH, the differences are quite modest (See Table ITI-10-1). It
is understood, however, that the differences result from differ-
ent findings of the Study Tean. '

§/  P2DOof MPH, Manoal on Basic Traffic Cost Cokolation Proiedures, Price Level, July 8, 1979
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Table 1I1-10-1 TRAFFIC COST, JULY 1979

T Luzon Unit Prices 1) Manila Uni 7y
~ : t Prices
VYehicle Type Pistance Tine Distance Tire
2213(60 Related Related Related

e st (P/kn) | Cost (B/hr) | Cost (¥/hr) | Cost (F/hr)
Bantam Car 0.367 1.02 0.303 1.236
Pick-up & Van 0.348 2,47 0.306 2.830
Jeepney 0.343 5.25 0.385 5.8617
[arge Bus 0.783 14.64 0.892 14.869
Yedfum Truck 0.829 10. 46 0.585 9.823
Large Truck 0.955 14.39 1.033 15.262
Sources: 1) !lﬁaistlr.of Public Highways cost estimates based on data from Olorzapo Road Study.

©2)  The Study Texm cost estirmates based on data from the PROJECT.

10.1.3 Tige value of Passengers

Savings in time in passenger movereat can be peasured in
tervms of money and quantified in the econonic evaluation,
although the method of quantification is still a subject for
discussion. In this study, the time is associated with the
wage rate and assessed in terms of economic cost.

The daily wage vate of a skilled laborer in the Manila area
effective June 1978 was in the range of B 12.72-27.35 a day.Y The
rate of F14.55 a day for common laborers can be taken as the basis
since this would be the average if house maids and other unskilled
service sector workers are included. If we consider the wage rate
as of June 1979, the rate would be increased by 10% to B16.00.
Accordingly, the wage rate per hour would be at P2.00.

MPH, on the other hand, has found the hourly rate value of
tize as shown below to be applicable to the feasibility studies.

Descriptions Wage Rate per Hr.
Car driver owner P?11.50
Car driver othervise

and passenger ? 4.60
Jeepney passenger ¥ 2.30
Bus passenger P 2.90

The above figures are applied to the $tudy. The calculation
of the values in vehicle-hour is shown in Appendix I-61.

Further, 1t is necessary to note that the tipeé saved is not
always used in other productive activities. Considexing the
Philippiae economy, in which full employment of resources and
labor has not yet been attained (although the econocay has deve-

i N[BA. Priligpine Ecn:\n:r;;‘- Indicators Vol VI, Ko 12

I
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loped steadily), the time value of passengers is determined to be
half {1/2) of the preliminary time value in Appendix T-61. It
is shown below:

Vehicles . Time Value of Passengers
E;:_nﬁﬁq 6.170 x 1/2 = ?3.085/per vehicle-hour
Jeepney : 9.692 x 1/2 =" P4.846/per vehfcle-hour
Bus 36.945 x 1/2 =

P18.473/per vehicle-hour

10,2 Vehicle Transportation Cost

10.2.1 dl and dt Methods (appliéation of baslie traffic costs on the
project roads

Individual running costs in various conditfons are deter—
nined by applying dl and dt systea to the basic running cost
which is the cost of a vehicle running on a lével, straight road
with a good paved surface condftion, free flow of traffic and
insignificant side friction.

Individual running cost on a road not in ideal conditfons
are assumed to be equal to the cost of running with an ideal
conditions on the same length plus an extra distance, di, which
varies in accordance with the actual conditions for that length.

HPH has developed a set of d} values applicable to various
road conditions since 19758  The Study Tean decided to adopt
this system with an adjustment suitable to the actual road con-
ditions for the road system in the Project Area. The elements
of di applicable to the PROJECT are stated in Appeadix I-63.

10.2.2 Traffic Cost

The traffic cost for all zone pairs fa the OD tables is
computed by taking into account all the factors of dls, quantity-
velocity {(Q-v) relationship and toll fees of the Manila North
Expressway. The summary is shown in Table I111-10-2.

0D trips forecasted for 1988 ave as follows (See also
Table III-3-4):

Vehicle Type 1988 OD Trips
Passenger cars 71,540 (44)
Pick-ups 23,847 (15)
Jeepneys 38,233 (24)
Buses 9,560 - (6)
Trucks (medium) 13,599 (8)
Trucks (large) - 5,030 (3)
Total 161,815 (100%)

8 MPiH and Notcorsut AS. & Kaff Critiguard, Road Feasiddity Stody IF, June 1975,
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The forelgn cost component in the unit price of vehicle
operating cost Is weighted with the above percent resulting in
the percent of foreign cost component in the total as follows.

The figures are used for the adjustuent factor of economic bene-
fits shown in Table TII1-10-2,

Adjustment Factor for

Description . the Total of Vehicle Cost
Vehicle running cost 36% 0.36 x 1.15 + 0.64 = 1.05
Vehicle time cost 237 0.23 x 1.15 + 6.77 = 1.03

In the case of Highway Plan 3 & 4 (the Coastal Road and the C-5
Road), the composition of the savings ia the annual transport cost

in terms of adjusted econonmic cost is shown below in 1979 prices
(2°'000) for the traffic forecast in 1988.

Vehicle Passenter

Operating Cost Tice Cost Induced Total
104,732 18,477 10,212 133,121
(78.71) {13.72) (7.6%) (100%)

10.3 Concept of Cost and Benefits

10.3.1 Adjustment Factors

In the econonic analysis for the project, adjustrents in
cost and beneffits are necessary prior to the determination of
cost and benefit streams. The factors to be adjusted are listed

" as follows: Soce are treated in "with and without" principle of
the berefit cost analysis ia Sub-Section 10.4.3.

A. Transfer Elerment

Custons duties and taxes included in the market prices
should be taken out because they are transfer elerents and
fndicate no use of real resources noxr econeaic gains.

B. Unskflled labor

Hired laborers are divided into two categories, nacely
those who have skills and technologies and those who have no
particular skills but offer only simple manual work on a daily
weekly basis. [If the labor market indicates the existeunce of
sore unerployed and under-ecployed pexrsens, this situation
was taken into account in the econoaic evaluation.

In the econonic study for the Project, the cost was
reasured as related to the cpportunity for other uses. LE
there are many laborers who are looking for a siople manual
work job or those in an under-epployment sitvation, the
econonle cost of unskilled workers is evaluated to be less

111-10-4
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10.3.2

L]

than the market wage rate. The cost of employing unskilled
Jaborers 1s rated at 0.5 times the market wage rate.

C. Foreign'Exchange Cozponent

In most developing countries foreign exchange currencies
are considered more valuable than is fndicated by the
official exchange rate. The premium over the government cont-
rolle%}exchangﬁ rate is estimated by the following UNIDO for-

rmula, _
o (MTi) + (X-Sx)
SER OER ViEX
- Where: SER ! Shadow exchange rate
OER : Official exchange rate
H : CIF value of imports
X : FOB value of exports
Ti : Ieport duties & taxes
Sx : Export subsidies

Statistical data avre shown in Appendixes I-64 through I-66
where the values of SER Is estimated at 1.08 in 1977 and 1.10
in 1978 xespectively. Besides the above premlun, there is
thé import quota system Iin Philippines. 1t is determined
that 15% higher value than the exchange rate is applicable
vhen reasuring the forelgn exchange component. The exchange
rate was $1.60 = P7.405 in July 1979, while the shadow rate is
$1.00 = $8.52.

Econonic Cost of the Road Project

The estimated cost for the Coastal Road and the C~5 and C-6
for the plans 2, 3, 4 and 5 are shown in Tables 11I-2-5 through
1I1-9-7. Table ¥I1-310-3 gives the surmary of the costs adjusted
for economic evaluation.

According to the Plan 5, the Coastal Road on the reclaired
area and causeway together with the C-6, is the rost cost project.

Plan 3 & & is estimated to cost 662 nillion pesos In adjusted
economic cost. Plan 2 which includes the construction of the
causeway without reclaration is 22 nillfon pesos higher than the
cost of Plan 3 & 4.

97 UNIDO, Guide to practicel Profect Appraiaal (Vieanz, 1978)
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Ffable IITI-10-3 PROJECT COST IN ADJUSTED ECONOMIC COST

(Phase 1)
(P'000 in 1979 Prices)
] (L) 2) 3 (4) (5)
Foreign jlecal Shadowed | Shadowed | Total of
Plan Corrency {Curvency |Poreign Local = Shadowed
No. Alternative Component j Component{Qurrency | Qurréncy | Economic
' Conponent| Component| Cost
(1)x1.15 {{2)x0.93 | (3)+(4)

1. without project - - ' - - -
;: Ih;wg;astal Road | 333,780 | 306,325 333,847 300,199 | 684,100

{2s the Causeway)

and C-5 } .
3. ‘the Coastal Road 328,845 290,117 378,172 284,315 662,487
& (on the Recla-
4. mation Area)and

Cc-5

Grade Separation 62,704 53,638 72,110 5?,565: 124,675

of C-5 and the )

Bridge Over to

Reclamation

Block IV
5. The Coastal Road | 345,062 | 314,792 | 396,821 | 308,496 | 705,317

{partly on the
Reclazation Area
and partly as
the Causeway)
and C-6

10.3.3 Econonic Benefits of the Road Project

Al

Savings in Vehicle Transport Cost

i)

Norral and Diverted Traffice

The construction of the Project Roads, the Coastal

Road from C-4 to C-6, C-5 and C-6, will contribute to
the reduction of road congestion in the direct influence
The econonic quantification of the reduction of
road congestion is measured in terms of vehicle traasport

Ccost as estimated in Sections 10.1 and 10.2 of this
Chapter.

20ne .,

The savings in vehic¢le transport cost are shown to

be that of vehicle running cost, of tire rclated cost,

and tiwe value of passengers, respectively.

111-10-7
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the Highway alternatives as showa in Fig. I11-5-1 would
result In the total traffic cost which is a sunmation
of vehicle tramsport cost for the trips of all zone
pairs. The total traffic cost for the alternative voad

network plans and their differences are shown in Table
I11-10-2.

i1) Isduced Traffic

The construction of the Project Roads will induce
additicnal traffic volume on the roads suroundiang the
new Project Roads. It is calculated in Section 4.3.2
that the volure would be an additional 10% of the total
trips in the OD table if the Coastal Road, C-5 or
C-6 are completed.

The benefit acrrued to this induced traffic is
estimated by applying "the general rule of triangular
surplus area". Hence, the benefit per wvehicle is
ceasured at half of the savings of that vehicle of the
noreal traffic on the sare reoad network. Table 11I-10-2

presents the induced benefits of all alternative cases
fn 1988.

iii) Geanerated Traffic in the Reclaration Area

The econonic benefits of the reclaratien ate measured
by the land value. Since it is supposed to represent
all of the ret gains generated frox the activities ve-
lated to the }and reclamation, no benefits related to
generated traffic are considered in order to avoid inclu-
ding them twice.

Increases in Land Values

Increases in land values im the area along the Project
Roads are foreseen when the roads are corpleted. For example,

if ¢-6 is constructed, the value of fish ponds or rice fields
would be tripled or quardrupled. Soxze of the land will be
sold and the land use pattera will be coaverted to residen-
tial or industrial purposes.

The quantification, however, is controversial. For
example, the increase in land value can only be measured when
an actual real estate transaction takes place and the land is
utilized for a new purpose in the regional econcay. It is
difficult, thervefore, to predict changes in land use and in
prices of land which may vesult froa the road constructien.

MMA has grown in size, populatien, and econoxic activi-
ties together with the developzent of adnministrative and
social probleas. If an establishzment is located in the area,
adjacent to the new road, the reasons for such a location
would not only be the accessibility of the road, but also
other factors which result froa the growth of MMA. In deter-—
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mining the land value the influence of a growing urbanization
and economic development cannot be separated from that of
the new road construction.

The economic fmpact of the new road construction on the
land value in the project ares is not measured quantitatively
in this study. It is recognized however that {t will be part
of the benefits of the Project Road. It should be noted,
however, that they are to be included as one item of these

qualitative benefits which are excluded from the benefit/cost
calculation. :

Increases in the Productivity of the Economy of the
Project Influence Zone ‘

It is anticipated the existing economy in the direct
influence zone of the Project may increase the outputs more
than the Increase measured In terms of the growth factor of
traffic and benefits. Since the additfoaal outputs caused
by the increase of productivities of land and Gan-power asso-
ciated with the Project Roads are hard to quantify aad classify,
they are not included in the benefit-cost analysis.

104 BenefitCost Estimates

10.4.1 Assumption

Al

A detailed engineering study will begin in 1982 and the con-
struckion will be conpleted in 1987. The disbursement of the
cost during this period is based on the feplementation pro-
Btaa shown in Chapter 11 of this Pare.

The project life subject to the econonfe evaluation is to be
20 years froa 1983 to 2007. 1n addition, the years of con-
struction froa 1982 to 1987 are to be fncluded.

Discount rate of 15% p.a. is adopted since the ratfo is nor-
nally used in the project study by MPH.

The increase in the Benefits is interpolated dy estimating
the traffic cost for 1988, 1998 and 2008. 1he traffic cost
is quantified by fncluding the congestion cost on roads which
increases much nore rapidly than the rate of traffic growth.
It is calculated that the average annual growth rate of the
saviags in traffic cost for the years 1988-2008 {s 10.76%,
while the average growth rate of Traffic in the same period
is 5.00X p.a.  The dffference is shown below.

I11-10-9
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7 _. Benefits are assumed to
f///% fncrease with the growth

&2 rate of traffic: 5.00% p.a.
Benefits are assumed to

, L fncrease with the growth
of congestion cost of
traffic:

10.76% p.a.

Annual Traffie Cost

s I 5
1988 1998 2008

year

10.4.2 Alterpative Plans of the Road Project

A. Plan 1

This is the case where no project is iplerented. ‘he
road network will remain rcostly as it is teday.

B. Plan 2

This is the construction of the Cpastal Road as a cause-
way 200 p or more offshore fron Navotas without any land recla-
mation, and the construction of the C-5 up to the Manila Xorth
Expressway. Traffic volume on these sections is postly the
same as that in the following Plan 3, however, the cost of
the Coastal Road as a causeway, makes the adjusted econonic
cost 22 pillion pesos higher than the cost of Plans 3 and 4.

C. Plan 3 {It is same to Plan 4 in the stage of 1988)

This is the plan of censtruction of the Coastal Rcad on
the reclamation area and of the C-5 up to the Manila North
Expressway. Ten years after the opening of the raods, the
grade-separation structures will be constructed to pass over
the existing roads in order to provide a larger capacity. The
constyuction will reet the required traffic decand within the
project life.

pP. Plan >

The construction of the Coastal Read is corpesed of two
parts: the flrst part is on the reclaired area and the second
part is a causeway to be connected to the C-6. The coastruc-
tion 6f the C-6 is proposed to }ink the Ceastal Road and the
Manila North expressway near the Maycawayan interchange.

111-10-10



10.4.3 The Result of B-C Calculation

10.4.4

The comparative study is conducted to see how effective the
road investment will be in terms of the investment cost and the
savings in traffic cost. The plan ) which is the case without a
new project is taken as the base and the balances in cost and
benefit with the other plans are determined within the project life,
to fora the cost and benefit streams. The marginal cost streéams
(e.g. cost and benefit streams) are shown In Appendix 1-67.

The result of benefit cost calculatfon is shown in Table III-
10-4 in which {t is found that Plan 3 & 4 (the c¢onstruction of the
Coastal Road on the reclaimed area and C-5) is the most viable
project among the three.

Table III-10-4 THE RESULT OF B.C. ANALYSIS

Present worth ~Internal

Altemative in # mil, B/C Ratio Rate of
Road Plan i= 152 i = 15% Return

2 341.3 1.934 22.42

3 &4 387.8 2.056 23.4%

5 215.2 1.572 19.8%

Plan 3 & 4 incorporates im the staged construction progran
which proposes in the first step the construction of thé &-lane
divided highway with at-grade intersections in most road cross—
ings. The improvezent of those into the grade separated inter-
sections in the second step. The second step is scheduled to be
cozpleted ia 1997, ten years after the first step.

The evaluation period of the Project is determined 20 years
after the opening of the first stage. 7The above staged construc-
tion program will peet the forecasted traffic denand in the peried.

The construction of additional lanes on C-5 or new construction
of C-6 will be nccessary sore years after 20 years. It is out-
side the evaluation period and is not considered in the staged pro-
gran of the Project under the economic study.

Sensitivity Analysis - 1

Changes in the values of ieput facrors are taken iﬁto aecount
and the result is shown in Table 111-10.5. Coapared to the fivnan-
cial analysis of the reclamation project, the ef[ect_oh the Internal

rate of return (IRR) is modest through all the alternative cases.
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The Road Plan 3 & 4, the construction of the Coastal Road on the re-

claired area and C-5, holds the priority under these variations of
cost and savings.

Table III-10-5 SENSITIVITY TEST, THTERNAL RATE OF RETURN

Unfit: in per cent

”—_ _ Origlnallj Cost Benefit |[Benefit |Cost#20% | Cost4207
Alternative 1nterna1 Rate]Increased|Decreased| DecreasedBenefit Benefit
Road Plan of Return ‘tby 207 by 20% by 33% - 20% - 13%
y .22.4 20.1 19.7 17.7 17.7 15.8
364 23.4 21.0 20.5 18.4 18.3 16.5
5 19.8 17.9 17.4 15.7 15.5 13.7

Note: 1) Sea Table HI- 104

10.4.5 Sensitivity Analysis - 2

The bridge between Reclamation Blecks II and II1 is planned
to have the 40 ft clearance above sea level in Plan 3. If this
bridge is elevated to have a 100 ft clearance, the bridge cost
inéreases by more than 3 times,

Alternative

Foreign Local Taxes Total
A. Bridge cost 47.3 21.1 8.2 76.7
with 40 ftc
clearance
(P million)
B. Bridge cost 157.7 83.5 32.5 273.8
with 100 ft
clearance
(2 million)
C. Additional cost 110.4 62.4 24.3 197.1

(P million)

If the effect of the increrental cost is included in the
benefit cost analysis, a lower value in benefit cost figure is
estinmated as follows:

: PH in P mil. B/C Ratio Internal
Alternative £ = 15X i = 15% Rate of Return
A 387.8 2.056 23.4%

B 287.3 1.615 70.2%

The above figure does not include the effect on traffic cost
because it is considered negligible. 1he bridge with a higher
air draft clearance is not recezrmendable since it reduces the
value in the economic cost berefit analysis.

111-10-12



10.4.6

If the ship-building establishments located along the Navotas
River cannot accommodate larger vessels due to the limited clear-
ance of 40 ft, other approaches should be studied to mitigate
this adverse effect including the movement of some establishments
in Navotas to the reclafwed avea.

Sensitivity Analysis -~ 3

With the assumption that the Republic avenue (C-5 extension)
beyond Manila North Expressway is completed by 1987 while the
toll road of C-6 extensfon {s not completed, the traffic flow is
forecasted as shown in Fig. I1¥-5-7. The IRR of benefit cost
analysis for this case is estimated at 29% and B/C ratio at 2.80
with 1 = 15%.

It is understood that the econonic benefits acecrued to the
traffic in the direct influence zone are larger when C-5 exten-
sion voad (the Republic Avenue) is constructed ahead of the C-6
extension.

However, this will not detexrmine that the C-5 extension is
more feasible than the C-6 exteasfon. The priority should be
based on the feasibility study of these two circumferencial
roads in the eastern periphery of MMA.
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CHAPTER 11, IMPLEMENTATION PLAN

11.1  General

s s e o ORI
- rr . .

~ To complete the construction, it is assumed that the Government
will engage the contractor by internatfonal bidding. As this project
requires coastruction of high standard urban highways, it should prefer-
ably be executed by a contractor who has experience in this type of pro-
ject. The contractors, therefore, should be pre-qualiffed.

11.2  Constiuction Schedule

11.2.1 Construction Period

According to the overall construction schedvle of the Pro-
jéct Roads, the maxioum possible construction period for the
Coastal Road and €C-5 are three years respectively. Considering

this condition, the following assupptions are rade for the con-
struction works.

11.2.2 ¥orking Day
In the Philippines the usual working day is 8 hours.
However, at coastruction sites, the average actual working tice

is found to range from 8 to 10 hours.

Number of Working Days in a Menth

Based on the rainfall and storn data, shown in Table T111-11-1,
the anusber of working days in a month is assuned as follows:

Table 11I-11-1 ESTIMATED NUMBER OF WORKING DAYS IN A MONTH

Diy Szason Raiay Szaton
Pescriptton G monthe) (& monthe
Storey days. 1n a month 4 aays 18 days
Number of holidays 3 days 6 days
¥umber of actual working 24 days 18 days
days in a woath
Working efficiency in a month S0z (24/30) 60Z (18/30)

1r1-11-1



11.2.3

13

Therefore, the working efficiency threughout the year is
assumed as follows:

240 days = _
365 667

Stage Construction

The construction of the Project Road réequires a véry large
investment due to varicus design requlvements. For this reason
and to obtain maximum economic¢ benefit, it is desirable to study
the need for staged construction to eeet the traffic demand
instead of completing the final scheme in one inftial stage.
Staged construction will be divided iato two catégories involv-
ing making grade separations of at-grade intersections and by
phasing the construction of the pavement.

A. Construction of Grade Separation

Except the intersections which are required to be grade-
separated from the beglaning, the Coastal Road and C-5 are
constructed as roads with at-grade intersections,

In the analysis of intersection c¢apacity, the following
five intersections areé grade-separated in 1998 (10 years
after opening to traffic), while the San Roque - Malinta
Road is constructed as grade-separatéd from the initial stage
to avoid traffic congestion due to the adjacent McArthur
Highway Interchange vamps.

Project Road Crossing Road

Coastal Road Arterial Road on Block I
c-5 ' ¥ervill Road

" Polo-Malabon Road
National Highway 369
Polo-Caloocan Road

B. Pavement

Asphaltie concrete of 5caa layer was designed for the
entire stretch of the Coastal Road and thé section froa the
Coastal Road to the McArthur Highway of C-5 in the fnitfal
stage {See Chapter 7). It fs proposed that the surface course

layer should be overlayed in 1998 (10 years after opening to
traffie). : '

Implementation Schedule

After careful study of the data collected during the field investi-
gations and of the construction cost estimates of the Project Roads, it

was determined that the Coastal Road and C-5 be constructed as one single
construction package.

I11-11-2



Before beginning construction, it is ne¢essary to carry out such
pre-construction preparatory works as to topographical survey, soil in-
vestigation, detafiled design, land acquisition and compensation, and
financial preparation, The period required for such preparatory proce-
dures Is estimated to be about 3 years, The detailed design will take
about fifteen months and, assuming that at the same tice, negotiations
on financlal preparation are successful, land acquisition can begin.
buring the perlod requived for land a¢qouisition and compensation to be
completed, the contract for constructfon can be approved and awarded.
¥obilization for construction can begin after the contract is awarded.
[t is assumed this process will take about twenty-one wmonths,

The schedule for the Project Roads (the entire stretch of the
Coastal Road and C-5) is summarized as follows:

Stage 1 The Coastal Road and C-5 with at-grade intersections

The construction of paverent overlay and the grade-
separations for the Project Roads, to be completed by 1998,

According to the stage construction schedule and cost estircates
discussed in the foregoling, it 1s judged desirable that the Road Project
be executed in accordance with the implecentation schedule shown in
Figs. 11E-11:1 and 11I-11-2,

111-11-3
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. PART IV. STUDY OF RECLAMATION AREA






CHAPTER {  INTRODUCTION

11 General _

¥etropolitan Manila 18 now increasing more and more the fuportance
of 1ts leading role as the capital of the Philfppines and a center of
international activities. Mowever, the rapid expansion of cities within
the region 1s generating urban problems, Traffic congestion,

inadequacy
of basic Infrastructures and land misuse are dominant among su

ch problems.

- The Government has dedicated ftgelf pricarily to the task of en-
hancing the quality of life for all Fflipinos. Toward this end, it is
taking all possible measures to harness available potentials by em-
barking on ianfrastructure projects such as highways, teclamation, flood
control, urban developzént ete., all designed to enhaace the environsent
and to allow every Filipino to enjoy a better quality of life. The
Manila-Bataan Coastal Road Project is one of such projects.

The first segrent, of the Hanila-Bataan Coastal Road, from C-4
Junction to C-6 junction (hereinafter called the Coastal Road) is
eavisioned to pass through the offshore areas of Hanila Bay te avoid
adverse socio-economic effects and eavironmental destruction. To do
this, it is necessary to study reclamation problems as a part of the
coaprehenskve study of the Manila-Bataan Coastal Road Project.

It is hoped that this report will facilitate the cooprehensive
study of the Manila-Bataan Coastal Road which has been envisioned to
enhance mobility in the region, and also to coatribute to the attaincment
of the socio-econonfc goals of the Government.

1.2 Study Objectives

The purpose of this study is to identify the technical, financial
and econonic aspects, and to prepare an optirun progranm for developing
about 1,000 ha of reclaiced area along the Coastal Road. Fig. 1v-1-1

shows the reclaimed area to be Included in this study. -

1.3 Scope of Work
The scope of work will include all works aecessary te attain the

objectives set out above, fncluding field investigations, land use,
engineering, Financial and economlc studies.

1v-1-1



Fig. iV-t-1 PROBABLE RECLAMATION AREA

PROBABLE
RECLAMATION AREA
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CHAPTER 2 LAND DEMAND ANALYSIS AND CASE STUDY OF LAND
USE TO BE LOCATED IN THE RECLAIMED AREA

2.1 Land Demand Analysis

This section deals with the future nceds of land based on future
urban activities. These needs consist of canufacturing factories,
commercial and business facilities, housing and others. Metro Manila
hereinafter referred to fncludes 17 nunfcfpalities.

2.1.1 Industrial Area

‘Mo precise data are available for industrial areas. The
broadly accepted figures for industrial areas in 1970 based on
land 'use maps were approxinately 2,000 ha.

Future industrial areas largely depend upon the econonic
growth, especially growth of manufacturing industry.

According to the Five-Year Development Plan, the major
target arnual growth rates are as follows:

{pexceant p.a.)

Descriptions 1978-1987 | 1978-1982 1982-1987

Net Domestic Product 7.9

Industrial Sector 10.8 1
Miniag . 9.3
Manufacturing 30.2
Construction 12.4 1
Flectricity, Gas 11.5 1

and water : :

W MO0

7.
0.
9.
9.
2.
0.

Assuming that one-third of these growth rates is the result
of increased labor-productivity, the following table has been
forunulated:

{pexrcent p.a.)

Designations 1978-1937 1975-1932 : 1982-1987

Total Manufacturing 10.2 % 9.2 11.0
Growth Rate : i ¢

Machinery Expansion 6.8 | 6.1 i 7.6

Increased Labor 3.4 3a : 3.4
Productivity i

1v-2-1



The industrial areas needed in Metro Manila are calculated
in proportion to manufacturing growth rvate as follows:

Table IV~2-1 INDUSTRIAL AREA RFQUIRED IN
HETRO MANILA 1970-1990

Industrial Area

Righ Projection ~ Low Projection

Year '
Additional Additional
Projection Area Reguired Projection  Area Required

{ha) (ha) (ha) (ha)
1970 2000 2000
1976 2500 . 2500
1930 3100 - 600 2300 300
1990 6400 3900 4000 1500

2.1.2

2.1.3

Low projection:  Assuming 112 of manafacturing growth rate.

In 1990, therefore the additionsl fundustrfal areas that will
be needed Iin Metro Manila will be froam 3,900-1,500 ha.

Commercial Area

Comzercial land use is not very feasible in the proposed

reclaimed area becavse of the low commercial potential in the

influence area of the project. Nevertheless, the commercial
land requiremeats were also roughly projected in the study.

In 1970 1t is assumed that the total area for commercial
uses were roughly 2,500 ha, These uses are assumed to grow in
proportion to be economle growth in Metro Manila. Henée the
comzercial areas needed are roughly projected as follows:

Year Cormerclal Area
1970 2,500 ha
1916 2,800 ha
1980 3.200 ha
1990 4,600 ha

Housing Area

Housing is a basic need for human survival and developrent.

In 1970, four millfon people lived in approximately 15,000

hectares of residentlal area making a population density of about
260 personsfha.

1V-2-2



_ Assuming 260 persons per ha of population density in the
future, additional residential areas required by 1990 wili he
16,900 ha and 26,600 ha by the year as shown in Table 1V-2-2,

Table 1V-2~2 RESIDENTEAL ARFA REQUIRED IN
HMETRO HANIEA, 1970-2000

Residential Additional

Year Population Area Area Required

(thougand) (thougand ha) (thousand ha)
1970 3,964 15.0
1975 4,970 19.1 4.1
1980 6,092 23.4 8.4
1990 8,281 31.9 16.9
2,000 10,809 41.6 26.6

Io this projection, it is assumed that conposition of
housing quality will be maintained. This means that rakeshift
areas on approximately one thousand ha will alvost double by
1930. 1If oae half of the makeshift housing area will be improved,
additfonal land area will be required and the total land area
that will be needed in 1990 is as follows:

Basic Additional Land Required 16,900 ha
Land Requived to Upgrade the 900 ha
Hakeshift Housing Area

Total Additional Area Required 17,800 ha

It is concluded that an additional residentizl area of
approximately 17,800 ha will be required in the year 1990.

2.2 Case Studies of Land Use to be Located in the Raclaimed Area

2,2.1 Summary of Land Demand in Metro Manila

The preceeding resuvlts of land demand projections for
industrial, commercial and residential areas differ froaz that in
the zoning plan of the Ministry of Human Settlement, as shown in
Table 1V-2-3. Nevertheléss, the discrepancies are not so distaat
from each other as to considerably affect the rational bases
belag used by the Study Tean.
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Table 1V-2-3 SUMMARY OF LAND DEMAND IN MMA

Estimated Areag shown in Zoning Areas -
Land Use Pregent Plan of the Ministry . Projected
Land Use of Human Settlement in this Study
1970 1978-1982 1990
(ha) . ' (ha) (ha)
Industrial Area 2,000 3,986 : 4,000 = 6,400
Commercial Acea - 2,500 3,182 4,600
Housing Area 15,000 21,600 ‘ 23,800

2.2.2

Reclapation Projects in Metro Manila

The rapid urbanization of the MMA has generated various
urban problems which the Government In fts present efforts hopes

' to recedy. TInfrastructure plans have been designed and imple-
- mented., Reclacation of land is among these plans, aad it

considered to be one of the most effective approaches to solving
urban probleas, The reclaimed areas are to be utilized for land
developzent purposes geared towards maximizing productive uses
that will ioclude socio-economic benefits to the region with

ninieal adverse effects and maximum enhancerent and conservation
of the existing natural environuent.

In Metro Hanila, various reclamation projects have been
undertaken in receat years. Amopg these projects, the Manila-
Cavite Coastal Road and Reclamation Projects (HCCRRP) is the
largest. The other smaller reclanation projects have a total

land area of only about 200 ha scattered along the east coast
of the Manila Bay.

Since MCCRRP is aimed cainly at urban déﬁelopment,
industrial developmeat does not receive high priority. The
breakdown of land use allocatfon in MCCRRP is as follows:

Residential area —————. -— 21.0Z
Service cneter ——— e | . ¥ 4
Institutional area -~———--- 11.3%
Industrial area —-vmmeme - 2.9%
Utilfty farm ———wenueeae . 3.0%

Parks, open spaces,
water aad recreéeational

AYER mmrm e 31,62
Roads ~———o— e L 13,22
Total 1002
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2.2.3

or land transporxtation.

Generally, reclaimed areas can be utilized for either water

In the former case, reclaimed arcas will
include coastal industrial zones with portfwharf facilities,
while the latter case, they will include various land uses such
asg rgsidential area, commercial area, littoral air fleld, etec.
The MCCRRP belongs to the latter case.

The possibility of the locating industries in the proposed
reclaimed area seems to be feasible because of the following
reasons:

- There $s strong demand Eor land for industrfal uses in the
influence area;

- The hinterland has the highest industrial potential in the

influence area (See Appendix I-2 Distribution of Industrial
Land Use);

- The physical conditions of the reclamation site permit good
water transportation;

- The proposed reclaiwed area is very close to the port of
Hanila; and

- Industrial land use in the proposed reclaiced area is
compatible with the MCCRRP. ‘

Nature of the Case Studles

Prior to the formulation of the conceptual development plam
of the reclatwed area, the Study Team looked into the various
existing plans of the Goverpnzent and of the private sectors for
the coastal area.

HOwever; it was found that these plans are still io the
preliminary stage and do not treat the technical and econonical/
financial studies at lengkh.

- Under such clircumstances, the Team felt it necessayy to
undertake case studies on soze existing land uses in the influence
areas to propose a land utilization in the reclaiced area.

For the case studies, the Teanm selected the following cajor
industries and pudlic uses which are appropriate for location in
the reclaiced land:

I

Petroleum storage;

Steel processing industry;
Shipbuilding and repairing indestries;
Hood industry;

Coswodity distvibution center; and
Solld waste disposal.

§
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2.2.4

The selection was based on the Team's past experiences

-gatned in projects of similar nature as well as on the possibiii-

ty of the locating industries mentfoned fn the previous sub-
section. '

The studies are limfted to the basic outline of development
since the Study Team was aware that thé details contain numerous
variables which need thorough and lengthly studies and which the
Goverarént agencies and the private sectors are more In the
position and ¢apacity to perform.

The team is leaving room for exploration and ifmprovement in

the thege studies. It is therefore hoped that appropriate agen-
clés and private sectors pick up and continue with this endeavor.

Petroleum Storage

A. Past Trend of Energy Consumption

in 1978, 11.7 million métric tons of 6il equivalent was
consumed as agafast 9.6 million metrie tons in 1973. Petro-
leum is the chief source of energy. In 1978, it coémprised
94% of the total energy consumed by the eatire nation (See
Appendix 1I-68).

Appendix I-69 shows the petroleum préeducts consumed
during the period of 1973-1978. 77.5 million barrels or 96.6
percent of the petroleum products were used for energy pro-
ducts in 1978 and only 2.7 million barrels or 3.4 perdent for
non-energy products. Ia the enerfgy products, 48.6 percent
were heavy oll, 20.1 percent diesel, and 19.6 percent were
gasoline,

Appendix I-70 indicates the consumption of petroleunm
products in 1973. The main use of petroleum was for road
transport, which accounted for 33 perceat of the total con-—
sumption of petroleum praducts,
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The other modes of trans
cent only. The electric
about 19 percent and 29 p

portation accounted for about 8 per—
power and {industrfal sectors consumed
ercent, respectively,

B. Existing Petroleum Storage Facilitfes

Hajor refinery factories of crude oil are located 1in
Bataan and Batangas. The Bataan refinery factory has a capa-
city of 130-155 thousand barrels per day while that of Batangas
65 thousands barrels peér day. Some of the petroleunm products
reffned in Bataan are shipped to Pandacan Tankages by small
barges, aad those in Batangas are transported to Pandacan
Tankages by a pipeline of 8 inch diameter.

At present, oil storage facilities which consist of wore
than 180 tanks are located at Pandacan Area along the south
bank of Pasig River (See Appendix 1-71)

Existing problems f{n the area are the following:

There 1s no room for expansion to meet the denands of the
increasing growth of the Metro Manila's econony;

-~ The POL storage facilities arve located {n the congested
residential area;

— The distance between the POL storage area and Malacahang
facilities 1s less than one kflormeter;

- At present the Pandacan Terminals are accessible only to
small barges because of the shallow water of the Pasip
River.

‘These problems therefore necessitate the relocation of
the Pandacan Terminals to a new location.

C:. Projection of Future Petroleum Production

The past trend in energy use during the perfod from 1960
to 1978, shows that the average annual growth from 1960-1973
was 10.1 percent and that from 1973-1978 was only 3.2 percent.
This decline was caused by the sharp increase in the cost of
crude petroleun in 1973,

The World Bank estimated that total consumption of petro-
leum products will probably grow by about 9.5 percentper
annum from niow on. Also an annual growth vate of 14.0 per-
cént was estimated fn the Five-Year Development Plan.

However, for the past five years, the average annval growth
rate was only at 3.2 percent.

U Scurce: Priorities and Frospécty for Development, 1976
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The projection here, therefore, is made for current growth
rate. The petroleun product consumption by the year 1990 is
expected to grow as follows:

Petroleum Product

Year Congumption - Index
{in thousand barrels)

1978 _ 82,981 1.00

1980 88,377 1.065

1985 103,452 1.25

1990 121,098 ‘1.46

In Metro Manila the petroleum storage facflities up to
year 1990 for the existing POL (petroleum ofl lubricant)
storage situation will thereforé be as follows:

Year Required Storage Capacity
1978 2,540 thousand barrels
1980 2,705

19385 3,175

1990 3,708

The above figurés indficate that an additfional of 80 tanks
are needed by year 1990. :

Futvre POL Storage Pacilities

The present storage capacity of petroleum in Metro HManila
is good only for five days. Increasing its capacity is dif-
ficult since there is an acute shortage of space for the
expansion of the tank fara area.

The POL complex, which is located along the Pasig River,
had been reconstructed and the activities expanded in order to
meet the continuvous growth demand of the Yetropolitan econony.
However, dense residential houses have recently eacroached the
conplex area thereby making expansion difficult.

Under such circuastances, there is a need to future deve-

lopment sites for POL storage facilitiés.

Generally, the basic requirezents for POL conplex sites
are the following:

~ As a safety precautlonary measure, the location should
be separated from the urban area. The chance of catastro-
phic disasters would be greatly apgregated with the
preseace of POL Facilities in an urban area;

For the convenfeace of supply and distributfon of ofl,

the locatfon nust have good accessibility to both water
and land transportation;

To prevent an accideantal outflow of ofl, enough space

should be required to provide ofl protection dikes or
walls,
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In view of the foregoing concept,
that future POL storage faclifties be 2
priortty fa the proposed reclamation ar

it is recormended
iven preferential
ea,

2,2.5 Steel Processing Industry

A.

Genevral

Between 1968 and 1978, apparent rolled-steel
consunptfon fncreased from 796,000 tons to 1,203,000 tons,
at an average annual rate of 4,2 percent. After the oil

crisis, apparent consumption of all rolled-steels increased at
an annual rate of 9.6 percent.

The projected Philippine national econony
the total steel consumption to grow at an average rate of 8%
per year after 1980. In this study, a future projection for

steel consumption has been made based on the GNP forecast and
the following conditions.

incorporates

i) Steel consumption in the Philippines is forecast to
grow at 7 - 10 percent per annua.

ii) The share of Luzon in total steel consunption of the
Philippines is estimated at 85% in 1976 {or 850,000 tons).
With economfc growth spreading to the provinces of the
country, this share can be expected to decrease in the
future, but the doninant position of Manila will remain.
Therefore, the share of Manila and the rest of Luzon are
assuned as 85% and 802 for 1977-1981 and 1982-1991 res-
pectively.

Steel Consumption and Industrial Sectors

Of the apparent steel coasumption, construction accounts
for 60 percent, containers 15 percent, ship-building 8 percent
and automodbiles 5 percent. These four sectors accouat for
nearly 90 percent of the total.

The development of each sector is targeted to exceed the
fncrease of GNP according to EPRS-NEDA, and the share of each
sector will change consequently.

Growth rates are estimated on the basis of EPRS-NEDA data
{Industry sector net domestic product 1978-1982 and 1987 aud
targets of net value added in manufacturing 1978-1982 and 1987)
as shown in Appendix 1-72. :

Appendix 1-73 depict the steel consunption of each sector
in the future,

As showm in Appendix I-73, the denand for steel processing
manufacture should increase substantially.
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Steel Processing In the Ptoposed Reclatmed Area

Steel processing must eliminate unnecessary transporta-
tion costs. In Hanfla at present, steel cofls are shipped to
Manila port, transfered to barges, havled and unloaded along
the Pasig River and then transported by trucks to the facto-
ties, Finished products also take the same route. This sitya-
tion fncreases transport and handling costs and congequently
contributes to higher costs of the finished products.

Because of the nced for good transport access, this type
of industry should be located on the proposed reclafmed area,

2,2.6 Shipbuilding and Repafring Industries

A,

B.

General
According to the Five-Year Development Plan, the growth
of the ladustrial sector should be geared to the following
objectives:
= Employment generation:

~ Tncrease in net foreign exchange earnings: and

~ Greater self-reliance in the supply of important cou-
modities. .

The industrial sector, especlally transport, manufacturing
fncluding shipbuilding, is eavisioned to grow at an avevage
rate of 12.3 percent from 1978 to 1987,

Present Situation of Shipyards

Almost all existing shipyards fn the Philfippiaes are
used for ship répairs, very few are utilized for the bullding
of new vessels because of the linmited market for new ships,

At preseat, there are 33 companies with existing ship-
building and dry docking facilities as shown in Appendix X-74.

Fifteen of these companies or 45.5 pevcent, are engaged
in dry docking and marine ship repair. Most of these are
engaged ia dry docking barges, tugboats and fishing boats,
while only about 5 companies have capabilities to dry dock
vessels of inter-island class,

As shown Appeadix I-75, these 33 conpanies have about
64 shipyard facilitfes with an aggregate capacity of 61,570
gross tons {G.T.).

Appendix I-77 shows the numbers and tonnages of the Phi-
lippine fleet during 1967-1974. With this as basis, the
annual growth rate of the fleet was conputed as shown in
Appendix I-76,
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The existing shipyard facflittes in the Philippines are
concentrated in Luzon, mostly in the Manila Bay area, with 18

facilities having a total capacity of 31,900 G.T. as shown in
Appendix I-78,

_ In Metro Hanila, there are 21 ¢

o ompanfes engaged fn ship-
building and repatirs;

: 12 of these are loeated in Navotas,
5 fn Manila, 2 in Pasig and one in Mandaluyong., Because of
the physical conditions of docking sftes (viz, narrow and
shallow rivers) wost of the companies are small in scale.

C. Projection of Future Fleet Requirement

Based on the report "“The First Philippine Ship-building

Industry Development Progran"™, the Philippine fileet by the end
of 1984 would be as follows:

Barges, Lighters and

Commercial Fishing

Unit: fa G.T,
1974 R4~f1975-198& ) 1984 Annual
. Bulld- [{(Repace- Growth
Fleet Type Fleet up ment) Fleet Rate (2)
Ocean-Golrng Fleet 727,935 | 807,482 | 323,962 | 1,535,417

1.7
Inter-X¥sland Fleet 366,284 | 219,359 | 272,204 585,643 4.8

Tugboats 438,776 | 369,525} 246,813 803,301 6.3

Fleet 136,709 | 89,684} 98,430 226,393 5.2

The anaval growth rate of ocean-going fleet during 1975~
1984 is slightly higher than the past trend. Therefore some
wodification should be nade, using annual growth rate of 5.0
percent based on past data during the period of 1967-1974.
The revised figures are shown below.

1974 19751984 1984 Annual

liRepla— Growth
Fleet Build-up

cermeat) Fleet Rate(Z)
Ocean-Coling Fleet 727,935] 457,800 324,000 | 1,185,700 5.0

D, ‘Coaclusions

The shipbuilding industry in Metro Manila, although
dating back to 1903, has recently stagnated.

This 1s due to the following reasons:

~ There are no space for expansion for facilities of ship-
building; and

-~ River channels are narrow and shallow.

If these problems are solved, the shipbuilding industry
in the metropolis will attain its high target growth rate,

In view of the above, the Tean assigns an adequate space
In the reclamation area for the shipbuilding industry.
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2.2.7

Wood Industry

AI

Present Sftuation of Wood Industries?

As of 1976, there were around 325 sawnills in the Philip-
pines, 79 of which were located $n Luzon, 22 in the Visayas
and 124 in Mindanao. Around 44 perceant of 144 of the mills
have back-up timber concessions while 181 or 56 percent do
not have. The total capacity of all these sawmills 18 around
7.6 nillion board feet per day and the total annval leg
requirezent at attainable capacities is 7.7 million cubfc
ueters. During the 1970-1976 perfod, the following quantities
of lumber were produced in and exported from the Philippines:

Table IV-2-4 PRODUCTION AND EXPORT OF LUMBER IN THE

PHILIPPINES, 1370-1976 {converted to_ton)

Calendar Year Production Export %4 Export
1970 523,210 126,764 24
1971 491,415 116,547 24
1972 909,037 158,059 17
1973 812,068 286,550 - 35
1974 883,842 173,925 : 20
1975 923,8?0 211,240 - 23
1975 1,156,996 326,173 - 28

1041t = ]6t4Ke

1,000bafE = B618¢

Source of dary: Ptesid:—nti_zl Commitice on Wood [ndustsies Development (PCWID)

The production as well as export of lumber have been
exhibiting soue wide fluctuations since 1970. From 1973
onwards, lumber production have been steadily growing at an
average of around 13 percent/year while timber exports grew
ore rapidly (37.93 percent). Fox the period 1970-1976 how-
ever, the annval growth figure for lumber exports is 24 percent.
The major export markets are the USA, France, Australia,
Holland, Ttaly, Japan and the United Kingdom.

Table IV-2-5 shows the estimated lumber exports passing
thru Manila since 1973, The share of Manila for 1973 and
1974 was calculsted based on the loading statistics by port
of the Philippine Lumber and Plywood Manufacturers Assocla-
tion. The 1975 and 1976 figures are based on summarized

Hanila loading statistics as compiled by the Bureau of Custoxs
Statistics Division.? . '

Y  SCG,BTMC,NEI, PICBG, 3CE 30d PPA, Master Plan Stady Poct of Maaila, Volurae I, Apperdix PPI0-72
{S¢ptemder 1978) -
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Table 1V-2-5 ESTIMATED EXPORT OF LUMBER THRU MANLLA

— o7 T2

Unit: In tons

Calendar Total 1) Export thru %z share
Year Export Manfla of Manila
1973 286,550 40,808 31.69
1974 173,925 48,699 28,00
1975 211,240 108,284 : 51.00
1976 326,173 205,959 63,00

Note: 1) Export figures were obtaisied from the Presidential Commission on Wood
Industiis Bevelopment (FCWID) in b3 £1 and converted to MT utilizing
the converskon Ractor of 1 000 LA 1= 614 ¢

HManila luwber exports have undergone trenendous exparn-
sion specially over 1975 and 1976 because of the relatively
better market that prevailed for Red Lawan, a wood variety
that is produced mafnly in Hanila's hinterland (which includes
‘the ‘provinces of Cagayan, Isabela and Nueva Ecija), while the
rarkets supplied by Mindanao such as Japan and Australia were
very depressed,

Projection for Future Lumber Production

- The wood industry is one of the noticeable export-orient-
ed industries. In the Five-Year Development Plan, the target
growth rate for wood ladustries was given as follows:

Average Annuz} Growth Rates

1978-1982 9.1%
1978-1987 9.7%

Historical trends show that achieverment of these targets
withia next five to ten years is realistic.

The projection for lumber products and its exports up
to the year 1990 is reflected in the Table IV-2-6.

‘Table IV-2-6 PROJECTION FOR LUMBER PRODUCTION
- AND EXPORT, PHILIPPINES, 1980-19%0

Unit: in thousand tons

: Percent
Year Production Export of Product fon
1975 923 211 23
. 1980 1,427 326 : 23
1985 2,292 526 23
1990 3,776 863 23

Assuming that the share of Port of Manila to the total

export is 50 percent. The voluze of exports will be as shown
fa Table IV-2-7.
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Table IV-2~7 EXPORT THROUGH MANILA INTERNATIONAI,
PORT

Unit;‘ in thousand tons

Manila Inter- Share
- national Port (%)

Year | Export

1980 | 326 163 50
1985 524 262 50
1990 | 863 432 50

C. Existing Problems and Future Prospect of Wood Industries

The followiag problems of existing wood Industries in
Metro Manila were observed:

-~ Several private coupanies located in Metro Manila are
hauling thelir logs from the HMHanila North Harbor. This
contributes to the present inefficlient transportation
systes for logs and products, causing expensive handling
and transport costs from the domestic port to the

factories aad sawnills situated in the inner core of
Hetvro Manila.

~ Sawmills and timbeéer yards are scattered throughout the
entire Metro Manila at the convenience of the operators
without much consideration of their effect on the environ-
ment.

On the other hand, the Government has the policy of
encovraging the integration of the wood industry, which calls
for the processing of lumber at its point of origin instead of
at it's polnt of destination.

Under the situation mentioned above, the mast logical
first step would be to select a very suitable new area for
future expansion of wood industry. The future wood industry
does not mean one which would process lusber (sawmills), but
a more wodernized industry which would produce high value-
added primary and secondary products, such as high quality
water proof plywood, specfal plywood for luxury wood floors
aad wall panels (prefinishéd veneered plywood plankiang and
poulded plywood), laminated tiwber, mosaic parquet, etc.,
in the integrated process line,

It is therefore the intention of the Study to assign a
portion of the proposed reclamation area for future qualita-
tive expansion of wood industry. Allocated land for the above-
wentioned future wood industry in the reclanation area is
equivalent to the aanual production space of about 760,000
board feet (1,230 tons) at maximum. This land use allocation
was determined at a rather conservative level to consider
the before-mentioned policy of the Government.
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2.2.8 Cémmodities Bistribution Ceater

A. Existing Condfitions

The urban transport in Metro Manila suffers from chronic
congestion, attributed to excessive crowding of population and
activicies in the urban area.

With only about 10 percent of the total Philippine popu~
tatton, Metro Manila acconmodates over 40 perceat of the total
registeréd motor vehicles in the country.

~ Appendix I-79 shows the nunber of registered motor
vehicles in Metro Manfla. 1In 1975, 85,000 or 26 percent of
the total registered vehicles were trucks. The annual growth
rate over the perfod 1971-1975 was 7.9 percent,

There is no precise data regarding the trucking industry;
however the team made sorme observations as follows:

In 1975, there were about 1950 trucking conpanies and
120 storage and warchousing establishments in the Philippines. -
It is assumed that one-half of these establishment were
located in Metro Manila or about 800 trucking companies and 60
storage and warehousing establishments. Hany of the truck

operators were smal)] in size, having one or two units of trecks
only.

The nuzber of tvansport, storage and cor=unication estab-
lishments in Metvro Manila i{s shown in Appendix 1-80. Between
the perfod 1972-1975 these establishuent exhibited a 5.6 per-
cent annual growth rate, During the same period, transport
establishments were relocated to the areas outside of Manila,
as reflected by the negative growth of -5 percent and the
Increased growth in other areas. This phenonenon was attrib-
uted to the efforts to decongest Manila,

There are many trucking companies located in the downtown
of Manila as shown in Appendix I-84, Interviews with these
trucking companies revealed that they want to relocate cutside of
Metro Manila because of traffic congestion and strict regulations.

B. Projection for Cosmodities Bistribution Center

The covmodity flow of a nation is largely dependent upon
the natfonal economy. As the commodity flow increases, the
need for cargo trucks also increases. Therefore the growth of
national econony.

At present, there are 800 trucking companies in Metro
HManila, owning some 7,000 trucks. Since the GNP for the next
ten years (1977-1987) 1s projected to grow by 7.0 - 8.0 per-
cent annually, the growth of the trucking industry up te year
1990, is projected as follows:
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Number of Unfts

Year of Trucks
1978 7,000
1980 8,000
1985 11,700
19%0 17,200

By year'1990 therefore, some 10,000 trucks would be added
to the 1978 fleet.

C. Conclusion

Considering the existing conditions and the projected
rapld growth of the trucking industry, ample areas for com-
uodities distribution centers which are convenlently acces-
sible for the urban population and the business establishment

~and for inbound and outbound regional commodities are urgent-
1y needed, _ : '

The cormodities distribution centers, therefore, should
be located near the éxpressways and najor highways between
Hetro Manila and rural areas. Proposed locations are as
follows: ' '

Rorthern part : Places nearby the interchanges of the
north expréssway or along highwiys
connected to the north expressway.

Easterm part : Places along the Manila-Infanta Road

Southern part : Places near the interchanges of the
south expressway or along highways con-
nected to the south expressway.

The total voluse of commodities to be handled by the
three centers will be about 12,000 - 18,000 tons per dayy
based on the projected truck units for 1990 so that the capa-
city of each ceanter will be approximately 4,000 tons per day.
The space requiremeats for each center, therefore, will be
about 10-15 ha.

The northern center is proposed to be located in the
reclaized land. The location would be ideal for the center
because of fts proximity to the urban areas, efficieat road
network and water transportation. The ease of acquiring the
needed land in the reclaimed area rather than on the iunner of
Fetro Hanila aad the considerable volume of comodity fiows to
be generated will also receive many advantages froa lacation

of the proposed commoditfes distributfon center in the re-
claimed area. :

3/ These figures are oblained on (he basis of the profected track units and space fequizements
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2.2.9 Solid Haste Disposal

A.

Present Situation of Solid Haste Disposal System

Reliable {nformation on the type, quantity and nature of
the solid waste fu the Metro Manila is limited but a Teport
"Solid Waste Management in Metropolitan Manila" is avatlable
and is herein used as reference material. This report pre-
sents the varfous aspects of selid waste sanagement and

- describes the existing conditions of sol{d waste system in the

Metro Manfla Area.

1) Quantities of Waste

Based on the size of the population, the estimated
solid waste generated in the whole Metro Manila is as
shown in Appendix I-81.

ii) Composition of Solid Waste

‘Compasition analysis of solid waste in Metro Mantla
fndicates that the nolsture content may get as high as
80 percent because of local cliecatic conditions. The
wajor average composition of solid waste is 43% kitchen
vefuse, 17Z paper and 1771 Pebbles/Sand (See Table 1V-2-8)

Table 1V-2-8 AVERAGE COMPOSITION OF MUNICIPAL
REFUSE IN METRO MANILA (2977)

Percent by
Composition Weight

Kitchen refuse 43.0
Paper

Taxtile

Metal

Glass

Plastic
Bachoo/Woad
StrawfWood/Leaves
Rubber

Leather
Pebbles/Sand

Total

-
-y
&

=
g e e ol LRV, B )
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A compavrison of the waste in Manila with several
cities from other parts of the world, shown in Appendix
I1-82, indicates that the waste in Manila is typical of
a tropical country with a high putrescible fraction and
low papexr, netal and glass content.

V--2-17



114) Collection of Solid Waste

iv)

Collection of solid waste in the Hetropolltan Area
{s extremely inadequate. This is caused by old and
inefficient equipument beling used.

There are 315 dump trucks and 27 céllectonatics
(packer trucks) serving the eatiré Metropolis. Of the
362 total number of trucks, 135 (392) are government

owned and 207 (61%) privately owned, but only 141 (41%)

are operational.

Disposal of Solid Haste

A big portfon of the collected waste 1is disposed of
fn open dumps., There are eleven dumpsites serving the
Metro Manila. The sites and their locatfons are indi-
cated in Appendix I-83 and Fig. IV-2-1.
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Fig. IV-21  PRESENT LOCATION OF GARBAGE DISPOSAL IN METRO MANILA
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Problems to be solved

Major uvban areas lack the essential muncipal infra-
structure to provide a clean or sanitary environment. Pre-
sently, 30 percent of the population in Metro Manila ig
living {n an enyironment with a very low level of sanitation.

The major problems plaguing the collectfon and disposal
of solid waste fn Metro Manila are:

Insufficient and inadequate collection vehicles:

Inadequate digposal sites;

Lack of personnel training;

- Acute poverty which leads to ovércrowded areasj and

tack of public cooperatfon.

The method of disposing the collected'uaste in open
dumps can also pose a probleam to the public health.

Collection is also hampered by the quality of roads
leading to the dump sites since these roads becorme hardly
passable during the rainy season.

Bacause of rapid population growth and increase in
standard of living, garbage problems will remain unless they
are checked and efforts to solve them are intensified,.

Projection of Future Solid Waste Cencration

According to the Refuse and Environmental Sanitation
Center of MMA, the estimated flgures of waste handled by HMA
operation range from 0.3 to 0.5 kgleapitafday. 1f the waste
dumped directly by factories and establishments is added, the
figure would be 0.8 kg/capitafday according to information
supplied by the Minfstry of Human Settlement. The Hanila
figure of 0.8 kg 1s almost equivaleat to that of HongKong
(0.87 kg/capitafday) and of Singapore (0.85 kg/capita/fday).

The volume of waste should increase in proportion to the
increase of population and inmcome, For the next 20 years,
if it is assumed that per capita national Income will i{ncrease
at 3% p.a. (See 4.1.2A of Part ILI), and that the population
of Manila city will increase at 1.4% p.a. (See Table 1[-2-3
of Part 1T, the annuval rate of increase of the solid waste
generated fron Manila city is estipated to be 5% p.a. The
equivalent volumes of solid waste in selective vyears from
1980 to 2000 are shown in Tables IV-2-9 and 1V-2-10.
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Table 1V-2-9 VOLUME OF SOLID WASTE IN MMA
Population L Waste Waste Haste Waste 2)
Year in kg/capita/ | *000 tons/ | mil, tons/ | mil. m3ls
millfon day day year year
1980 6.1 0.80 .83 1.76 4.4
85 7.1 0.91 6.46 2.36 5.9
90 8.2 1.04 8.65 3.16 7.9
120660 10.8 1.43 15.49 5.65 14.1
Note: 1)  The populations sre Quoled fom Table FI-2-3.
D The average spesific gravity of waste in assumed as 0.4 torfm3 from Appendix 1-81.
Table 1V-2-10 VOLUME OF SOLID WASTE IN MANILA CITY
. 1) 2)
Populatien Waste Waste Haste Haste
Year n kg/capita/ | '000 tons/ | wil. tons/ | mil. @3/s
aillion day day year year
1980 1.67 0.80 1.34 0.49 1.2
85 1.78 0.91 1.62 0.59 1.5
90 .90 1.04 1.98 0.72 1.8
2000 2.17 1.43 " 3.10 1.13 2.8
Note: 1) The popalabions ate guoled from Tatle 11-2-3.

2)  The average specific gravity of waste is assumed as 0.4 tonfm3 from Appendix [-83.

In the above forecast, the refuse and waste of other
eunicipalities in the MMA i{s not taken into account since
these municipalities have their own durping spots as shown
in Fig. WW-2-1 and have less difficulty in expanding or

- relocating thelr waste dump sites to serve their respective
wunicipality.

If it is assumed that the recycle ratic of waste will be
502 during 1980-1990 and 40% during 1991-2000, the annual
volume of dumped waste in Manila city is forecast as shown in
Table 1V-2-11, 1If the new dump site on reclaimed land with
‘a capacity of 8.45 nillioa cubic meters (See Table IV-2-12)
is opened in 1984, the new site will be able to serve as the
solid waste disposal site for a period of 10 years up to 1993.
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Table 1V-2-11 DUMPED WASTE OF MANILA CITY, 1980-1995

Gross waste Het waste Net waste “Accunmlated
Year in ratio 1in in net waste in
nil. cu.m, " per cent mil, cu.m, mil. cu.m.
1980 1.2 50 2 0.60
81 1.2 50 Z 0.60
82 1.3 50 % 0,65
a3 1.3 50 % 0.65
84 1.4 50 % 0.70 0.70
85 1.5 50 % 0.75 L.45
86 1.5 50 % 0.75 2.20
87 L.6 50 % 0.80 3.00
88 1.6 50 % 0.80 3.80
89 1.7 50 Z 0.85 4.65
20 1.3 50 % 0.90 5.55
91 1.9 60 Z 0.95 6.50
92 2.0 60 2 1.00 7.50
93 2.1 60 Z 1.05 8.55
94 2.2 60 % 1.10 9.65
95 2.3 © 60 2 1.15 10.80
96 2.4 60 L - 1.20 12.00
97 2.5 60 Z 1.25 13.25
58 2.6 60 Z -~ 1.30 14,55
99 2.7 60 Z 1.35 15.90
2000 2.8 60 % 1.40 17.30

D. Future Solid Waste Disposal Systen

As for a solid waste disposal system, three alternatives
can be considered; nacely: sanitary layer system, press pro-
cessing plant system and incineration systemn.

“The sanitary layer systeam is generally the cheapest in
terms of initfal and maintenance cost if sufficfent rec¢la-
ration areas are available in the vicinity of the city.

Presently, Metro Manila has elevan dump sites as men-—
tioned before, the biggest of which is located in Tondo.
However, this site is: causing polliution problems to the
surrounding urban and sea areas.

To find other dupp sites in inland area 1s rather

difficult, and hence, their location in the proposed recla-
mation area is inperative.

The future solid waste disposal area using the sanitary
layer systen will be surrounded by a bulkhead for the purpose
of controlling pollution. Reclamation with solfd waste will
be designed so as not to interfere with the port utflization
and the long run plan of port arrangenent. The space intended

for the disposal site should not obstruct, but instead Sup-
port, the port plan.
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Since the solid wastes to be dumped will have varying
characteristics, the disposal area should be divided into
several blocks by means of a dike system Lo coatain pollution.
This dike system can also be utilized for access roads during
the disposal period and can serve as a better land access
after the completion of the said sanitary fill.

Fig. IV-2-2 shows the arrangement of the dike systen.

In this syaten, each block will be utilized for the fellowing
purposes:

1) Bleck A

This block is for general and industrial waste and
for sludge from sewage treatment plants. After the com-
pletion of the sanitary fill process, this area will not
be suitable for large buildings, but only for park or
green area, Disposed materials in this block are highly
poliuting, hence, strict filling control is required.

11) Block B

This block is to accomodate the soils from the rain-
tenance dredging of rivers and ports and for the rubbish
to be disposed. The ground condition after completion
of the sanitary fill will be fair, and therefore, it will
be suitable for heavy buildings.

iit1) Block C

This block is for industrial waste, and the filled
area will have similar characteristics to Block B.

Fig. IV-2-2 ARRANGEMENT OF DIKE SYSIEM

8LOCK @ ! BLOCK C

ROAD

The assuned size and capacity for the solid waste
disposal areas are shown in Table IV-2-12. The
planned total capacity is esticated to last for about
10 years, which was forecasted in Paragraph 2.29.c of
this chapter.
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Table IV-2-12 CAPACITY OF DUMP SITE

Finished Level . Capacity
Block Area (ha) above HLLW (10,000 cu.m.)
A 51 +10.0 517
B 24.5 + 5.0 164
c 24.5 + 5.0 164
Road 50 + 3.5 -
Total 150 : 845

Notes: 1. Aversge sea bottom s 3.4 m below MLLW.,
2. Neleapacity for the solid waste disposal is assumed at $0% of the gross volsme in cu.m.
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