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1. INTRODUCTION
1. 1 Study Area and Objectives

~ The study area for this project is the Metro Manila and reiated
areas covering approximateiy 981 km2

_ - The objectives of the study are to prepare the Master Plan fore
fiood control and drainage improvement in Metro Maniia with the target.
:year of 2020, as well as the Framework Pian which presents the future
_comprehensive fiood piain management plan, and to carry out a
Feasibiiity Study on- the Priority Project Areas selected on the ba51s of
the resuits of the Master Plan’ Study.

;1 2 Existing Fiood and Drainage Controi Practice

Metro Maniia which encompasses four (4) cities and thirteen (13)'
ﬂmunicipaiities with the popuiation of over 6.0 million: is the. economic
'?and poiiticai core of" the Phiiippines. One of the most serious probiems"

n the area is habituai flooding. x ' '

N A fiood controi pian of the PaSig Marikina River inciuding the
~Metro "Manila area  was formuiated in 1954 with the Marikina River
ﬁMultipurpose ProJect, followed by several studies on flood control ‘of
_;the PaSig-Marikina Laguna Lake - ‘Basin,. - The Mangahan Floodway, Napindan'
#Hydrauiic COntroi Structure and the improvement works of the PaSig
River, consisting mainiy of: river waii and dredging of the channei have

- been constructed in iine ‘with-  the flood controi. plan: of _the_:

| 'LPasig Marikina River.:;+=' o ' ) s o

As for- the storm drainage in: Metro Maniia the drainage program by_

'-_;tne construction of pumping stations in central Maniia was stafted in

' 1974,-; Initiated by the: Drainage Master Plan Study in 1952 ten (10)'*3

- ~pumping stations were. constructed.- In parts of other areas of Metro

: 'Manila, embankment and drainage gates have been constructed as urgent
' ;Tcountermeasures for fiood 1nundation. }~- L ' '

_ Notwithstanding the continuous efforts and big 1nvestments on fiood
: control and drainage works, severai development projects and the rapid
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urbanization achieved in the past years have worsened the flooding

conditions. Metro Mantla 1s sti11 facing the menace of flood damage
caused by the poor flow capac1ty of Pasig-Marikina River and other
rivers, and also the insufticient capac1ty of drainage channels and

facilities in the low-lying areas.

Cons1der1ng the above situation, 1t is expected that immediate
action to mitigate flood and fnundation damage in the object area be-
tdken at the eariiest possrb]e opportunity. :

1.3 F1ood Damage

Metro Manila suffered from serious f1o0d damage in 1948 1866,
1967, 1970, 1972, 1977, 1986 and - .1988. Floods were caused by
overtopping of the main r1vers, as well as 1nland water.

Flooding in 1986 caused by Typhoon ‘Miding, inflicted the most
“serious damage in recent years to Metro Manila. The flood area- in Metro
Manila reached 86.7 km?, 14.5% of Metro Manila. When the flooded area
of Cainta and Taytay 1ocated in the Marikina Vailey are 1nc1uded the.
total flooded area was 103.6 kmZ, |

Flooding in 1988 caused by Typhoon Unsang also inflicted serious

damage in the Marikina River Basin and in the low-lying shore11ne area"'

of the Laguna lLake because of the overf]owing flood water of the

Marikina River and the 1ncremental high lake stage, respective1y. The -

Provident Subdivision located at ‘the right bank side in the lower reath
of Sto. Nifio received tremendous damage because of the destruct1on of
the river wall by the flood flow.

2.  FORMULATION OF FRAMEWORK PLAN
2.1 Fianning Conditions

The Framework Plan has been ‘studied on the basis of - the fnllowing- a
conditions.
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'Target Completion:Year

_ The terget completion year for the Framework Ptan is not specified,
:because this plan presents the outline of the far future comprehensive
- -flood p]ain.management for Metro Manila and some of its neighboring
areas -after full urbanization has been attained.

'Sefety'Degree :

The foliowing design return periods were adopted as the safety |
' degree of proposed structures ‘and fac111t1es.

River‘system. o E 1004year return period

Drainege'System : 10- year return period

:LagunafLakeshore Area: Recorded Maximum High Water Stage
(East and uest of; B (40 year return period)
_Mangahan) o |

12;2_ Proposed Ptah- )
”River'sgstem'
'”fFor the 1mprovement of the Pa51g Mar1k1na R1ver, the comparative
'study was made from the economic and soc1a1 aspects. Proposed are the
.plans compr151ng r1ver 1mprovement works for the Pas1g, Marikina and San

Juen rivers HCGS construct1on works for divers1on and the Marikina Dam
-for d1scharge regulation,.

The area along the Ma!abon Tu11ahan R1ver has been well developed
=and it: 1s practica31y d1ff1cu1t to acqu1re an area for the construction
“of flood regulatlon fac111t1es. Proposed are thus the rxver 1mprovement
works 1n the whole stretch. ‘ :

_ As for the Bu11, Baho and Mahaba rivers, channel improvement by
‘expand1ng the ex1st1ng channe] width together with excavat1onldredg1ng
'T1s the most and only viabTe measure for the upper ‘and” midd]e reaches.=
| oIn th15 case, ‘a shortcut from the Baho River to the Buli River 15
'”Eemployed because of the apparent Iesser construction ‘cost and house
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evacuation than the improvement work of the Baho River. In-the Tower
reach, backwater dike to connect with the laguna Lake 1$ constructed.

As for the South Parafiaque and Las Pifias rivers, the optimum way 1S

to drain the runoff discharge from the upstream hilly land or mountain
area into the Manila Bay directly by channel improvement.

Drainage System

For all of the drainage areas, the proposed drainage system

basically consists of mechanical drainage by the construction of a '

pumping station together with the improvement of a drainage channel. In
this case, backwater dike was provided in the lower reach which is
affected” by the high water stage of the sea, lake and fivers. Other _
measures Ssuch as ring"dike and cut-off channel were adopted in
accordance wifh the topographic characteristics of the respectiye _
drainage areas.

In Manila and suburbs, further improvement works - such as
extension/construction of pumping stations, improvement of the capacity
of esteros and installation of drainage mains were proposed.

Malabon-Navotas area was proposed to be drained of 1nundat10ﬁ'water

by the construction of ring dikes together with pumping stations, since’--

this area is low- lying and inundation is more attributed to high tide
rather than the river fiood. '

The inundation of the east and west areas of'Mangahan'F]oodway is

attributed not only to inland water but also to 1ncrementa]”high stage

of the Laguna Lake. The construction of the Parafaque SpiT!way will
enable to tower the recorded maximum lake stage of 14.03 m to 12 50 m.
Thus, the Takeshore dike was proposed to be constructed with. a top

plevation of 14.20 m along the shoreline, providing the regulation pond o

in addxtion to the basic measures such as pumping stations, drainage-
channels and backwater dike.

In Parafiaque-Las Pifias, since the water discharged ffoh'fhewaipa

de Gallina Pumping Station worsens the flood - situation along the

Paranaque River, the construction of cut-off channel was proposed to
drain directly to the Manila Bay. '
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F?oqding in Valenzuela 1s also attributed to the high tide of the
Manila Bay, and ring dike is thus considered to be the optimum way for
improvement.

Other drainage areas are improved only by the combination of basic
measures such as pumping stations, drainage channe1s and backwater dike.
2.3 Cohstuttioﬁ Cost

- The construction cost of the Framework Plan is estimated at
21,860 mil1ion pesos at the price level of October 1988, excluding price
 00nt1ngency, 8, 205 m1}110n 'pesos for the river improvement
4,000 m11130n pesos for the Paranaque Spillway, and 9,655 million pesos
' fqr the draxnage Tmprovement works.

3. FORMULATION oF MASTER PLAN
'3 1 Plann1ng Cond1tion

The cond1t1ons for the Master Plan Study are as follows.

*-Target-Cpmpletion Year

.  The targét compietion year for the Master Plan is set up at the
- year of 2020.

Premises for Structural Application

*:The-‘FrameWOfk P]an was formulated without considering financial
;réﬁfrictith; On'the contrafy; the Master Plan is to formulate the
" flood® control and dra1nage progect that could be realized by the year
2020 within the f1nanc1a1 ava11ab111ty up to that year. Since the
Paranaque” Spj11wayr which will require a huge amount of funds is
considered to be phactically difficult to realize within the year 2020,
the spiliway ié'excluded in the formulation of the Master Plan. |
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3.2 Proposed Plan

River Sgstem

In the Pasig Mar1k1na R1ver and San Juan River, proposed are quite
the same as the Framework Plan. In. the other rivers such - as :
Marabon-Tullahan River Buli-Baho- Mahaba rivers and South Parafiaque- Las
Pifias rivers, only the scale of works was reduced to cope with floods of
a 30—year return period and the work component is the samg as the
Framwork Plan. ' : o

In addition to the above structural measures, the. flood warning
system was introduced as the non- structura1 measure in the PasigMarikina
R1ver. ' :

Dfainage System

L Since Mani]a and suburbs are at present - secured to drain the_” '
'1nundated water of a more than S—year return period, the safety degree 
of the dra1nage system wath about 10—year return period will be attained
by the complet1on_of the on going projects under foreign finance.

Fast of Mangahan West of Mangahan and Malabon-Navotas are proposed_ _
to be secured wlth a 5- year return period of flood.: In Dagat Dagatan'
area, which 1is included in Malabon-Navotas, no measures ‘dre pTanned in
this study because the area is, in the existing condition, prOV1ded with -
sufficient facilites against the flood of more than a seyear return
period, o

Other areas- were-proboﬁéd to be secured with a 3-year retufn"békibd__
of ftood. For all of the above areas, the component of work 15 the same_'
as that proposed in the Framework Plan.
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3.3 Implementation Schedule and Construction Cost

'Imp1eméﬁtatibn Schedule _

B The imp]ementation schedu?e for the Master Plan spans a long period
of 30 years from: 1991 to 2020. The construction works are proposed to _
be 1mp1emented 1n three phases as fo]lows.

Phase Drainage Area . RS River System
Phase I ° East and West of Mangahan ©° Pasig-Marikina
(1991~2000) ° Malabon: and Navotas downstream of
' - (First Stage) . Mangahan
N Phase 11 ©° San Juan SR 2 ° pasig- Mar1k1na:
- {2001- 2010), ¢ Mandaluyong and Pasig upstream of
' - - ° Marikina PRI ' Mangahan
° Parafiaque and Las Pifias o
° Valenzuela ' L
° Malabon and: Navotas_

(remaining area)

—-—-..-.-u—--..__....._,__-.-..........-..-._....._-.....___.—.___—-..-.._-.u-.d.._.._—-......,_.-_.p—_._-......_-—

Phase ITI - - None - o "~ ° Baho, Buli and
- {2011-2020) R -~ Mahaba
o - . ' : ° Malabon and
- Tullahan

_° South Parafaque
and Las Pinas

2 8an Juan

° Marikina Dam

‘-_Constfuctibn Cﬁﬁt B

: Th construct1on cest -of the Master P1an 15 estumated at
13 523 mil]ion pesos at the price %evel of October 1988 exc}uding price
';contingency.; Th1s cost consists of 7,390 million- pesos for the. river

_ ;1mprovement works and 6, 133 m1}110n pesos for the drainage improvement
"works.~ ' '



3.4 Project Evaluation

Annual Average Benefit

The annual average benefit, defined as the reduction of probable
damage under the with- and the without the-project situations, was thus
estimated for the proposed plan, i.e., 2.78 billion pesos in total.:

Economic Evaluation

In this project, the optimum plan shows a high economic viability
of 17.3% in IRR.

Financial Evaluatidn

Requlred constructzon cost of this proposed plan which is est1mated.
at 13, 523 m1111on pesos s 1ess than the accumulated amount of pub]1c
1nvestment (14,060 million pesos) on the flood control and dra1nage'
sector by the year 2020 that could be attained by the potential economic
growth rate of 4% in the future Ph1lipp1ne economy. Therefore, the
proposed Master Plan is financially affordable. ' '

Environmental Assessment
(1} Ftlood Control Works

The  proposed flood control plan consisting mainly of river
improvement works will contribute much to the scenery by providing the
revetment and low wall/parapet along the river, and may aslo enhance
river water quality with the increase of flow capacity. Accessib11ity
to the river channels may be hampered but the -adverse 1nf1uence is
small, judging from the present river ut1112at10n.

Large scale ’COnstruct1on such as the Marikina ControT"Gaté'

Structure (MCGS) and the Marikina Dam are included in the plan for the

Pasig- _Marikina River. The conceivable problem caused by the MCGS is

lake stage rising, but this would be resolved by the 1mprovement of the. .

Pa51g River and the Napindan River.

As for the Mar1k1na Dam, a concrete gravity type was proposed for
fTood control purpose to store water only in flood time, but the
resettlement of about 600 households is required. | '
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(2) Drainage Imprbvément Works

Dra1nage 1mpr0vement ptan consists of channel 1mprovement works,
construct1on of ring dikes and installation of pump1ng station and
| gates. The construction of ring dikes may cause the inconvenience of
access to the shore. However, betterment of water quality is expected
by the smooth and speedy. dra1nage with these 1mprovement works, and the
=scenery may be 1mproved by the construction of revetment. Under these
circumstances, the environmenta] condition will be much 1mproved by the
'_proposed works 1n compar1son w1th the situation before construction.

4, FORMULAT-IUN OF PRIORITY PROJECTS .

_ Fea51b1l1ty study was made for the following three priority
prOJects se]ected through the Master P1an Study.

- Dra1nage system 1mprovement in East and West of Mangahan
: —'Drainage system improvement in Malabon-Navotas
.-i—:River_Improvement.of'the Pasig River
:4.1“:Dr&inage System Improvement in East and West of Mangahan
4;1;1‘;Proposed'P1an7

4-'Lake$h0re Dike

‘The 1akeshore d1ke is. prov1ded to secure the inland area for the
"recorded max1mum !ake stage which corresponds to a 40-year return
_per1od. The allgnment of. the lakeshore dike was determ1ned to protect
7the are& of which the ground e]evat1on is higher than 11.5 m, by the
econom1c just1f1cat1on based ‘on the present and future land use. The
dike is made of borrow. materlals, prov1d1ng the revetment on the 1ake
s1de sicpe to protect against Waves. '

The d]ke will not close the w1de channels such as Napindan,
-Mangahan F]oodway, Mangahan D1version and Lower B1cutan, but ‘bridges
will be installed  over . these channels for 'maintenance and
transportat1on. Sluice gates:will be installed at small channels.
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River Improvement

Dredg1ng and diking will be carried out for the Napindan Channel in
a bottom width of ‘about 80 m (almost equal to the existing) to assure
the ficw of lakewater from the Laguna Lake to the Pasig Rwer.= Earth
d1kes will be constructed on lakes1de portions of the Nap1ndan Channel,
while a concrete structure such as a parapet wall is proposed on dense]y
populated areas along the Napindan Channel near the Pasig River. The
e]evation of the earth dike and parapet wall is 14,5 M.

Baho, BuT1 and Mahaba rivers w111 be provided with only packwater
dikes with the river width determined from a 30-year return per1od
fiood. Mangahan diversion channel will be newly constructed along the
Mangahan Floodway to drain the flood water of these three rivers.

Drainage.§35tem

Drainage system 1is improved with 5-year return period. 'Channel_
improvement will be carr1ed out for the Taquig, T1pas and Ant1polo
rivers in a total length of 35,000_m. A number of open and closed
drainage channels will be newly constructed in a fotal length of 18,000
and 1,500 m.

Nine pumping stations are also proposed and six of them are
provided_with'a reguiation pond. . In addition to the floodgates along
the Tlakeshore dike, nine sluice gates will be plated at the pump
stations and the JUnction of rivers.

"4.1.2 Implementation Schedule and Construction Cost

Implementation Schedule

The. impiementatfoﬁ schedule was proposed basita]iy in accordance
with that of the Master Plan, of which the construction per1od 1nclud1ng
the lakeshore dxke, river 1mprovement and drainage system improvement
will he done for four years. :
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Construction Cost

The construction cost 1is estimated at 2,812 miltion pesos or
132,0 mi114on 'U;S.' dollars, consisting of 2, 058 million pesos or
96.6 miilion U.S. dollars for the foreign currency portion and
754 mi119on pesos or 35.4 m1111on U S. dollars for the local currency
_portion.

4,1.3 EconOM1c Evatuation

__Annual-Average Benefit

. For the calculation of the annual average benefit in the
'Feas1b1}1ty Study, the present land use conditions' as of 1986 were-
employed as the basic flood damage estimation under the with- and
_ without:the'project The estimated annual average benefit, defined as
_the reduction of the probab]e damages, was 430 m11110n pesos.

Economic Eva]uation

The propsed project shows a high viability of 16.8% in IRR.

4.1.4 Ehvifoﬁmehtai'and Socioeconomic Impacts.

| EnﬁirdnmEntelfimpact

" The construction of. the lakeshore dike may feduce'by'about 1.5% the
surface ‘area of the Laguna Lake at the elevation of 12.50 m. Though the
water;yo]ume'frothhisEdeCreased,area corrésponde.to-on]y 0.8 cm, the
© improvement of the Napindan River is planned to be simultaneously

fimplémented,- so that rising of the lake stage will be reduced.
~ Therefore, no‘significant'risihg of the lake stage is expected to occur.
F1sh pens are seen in the iake but these will not be affected by ‘the
=1ake dike, because they are located be]ow e]evat1en 9 5 m and the lake
,d1ke, un the . other hand,.ls constructed on the greund w1th an elevation
of 11 5 M. o : '
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Socioeconomic Impact

The north shore dike to be constructed 1n this project will be used
as a new road of 10.7 km connecting Bicutan and Taytayn This new road
w111 improve the tranSportation condition in the area, and land va1ue in
a wide area is expected to increase because of the location close the
the city center of Manila.

4.2 Drainage System Improvement in Malabon-Navotas

4.2.1 Proposed Plan

Ring Dike

Ring d1ke at the north bank of the Ma!abon River whfch consists of
the earth dike with revetment along the coastline in a length of
5,700 m, the earth d1ke with revetment along the Malabon River in a
Tength of 3,500 m, and the earth dike w1thout revetment between Obando_
and the shore11ne in a length of 6,700 m, 15 constructed to protect the

area from high tide, providing a sluice gate at the intersection with
river/channel. ' |

‘At the south bank of the Malabon River, a river dike 3,600 m long
along the Malabon River and a coastal dike 1,100 m long along the
seashore line and the river course near the estuary of the Malabon River
are prcposed prov1d1ng ‘the - same "shapes as in the north bank of the
Malabon River, Since there is no adequate open space for d1k1ng a!ong
the Navotas River and Esterd Marala, a parapet wall with 8,500 m in
total length is provided at both sides of the water courses. |

Drainage System

_Drainage system in this area is'impreyed'for 5-year return period
fiood. ‘Proposed are the six pumping stations of which the sumbersibie
tyhe wWas adoptéd fram the economicai verification, prov1ding fhe
drainage channets to cotlect the inland water. U
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_ Navigat1pn Lock

'Navigation lock was proposedpet the estuary of the Navotas River
near Tanza, aiming that one thousand dead weight ton class vessel can
pass. Two roller type gates with 20 m span are provided.

4.2.2 Implementation Schedule and Construction Cost

Implementation Schedule

| ”The'impiementation schedule was prepared basically in accordance
with that of _the Master Plan, of which the construct1on period of this
pr1or1ty progect w111 be done for four years.

Construction_Cost

_ The constructlon cost was estlmated at 1,115 m11110n pesos or
52 4 mitlion U 5. do]lars, consisting of 762 million pesos or
35 8 m1111on u.s. do]lars for the. Tocal currency portion and 353 mitlion
pesos or 16.6 m1111on U S. dollars for the local currency portion.

4.2.3 . Economic Evaluation

' ‘Annual Averqge Benefit
The est1mated annua] average benef1t def1ned as the reduct1on of
_ the probabie damages was 159 million pesos.

- Ecoriomic Evaluation

' The'project shows'a-high ecdnomic-viability of 15.9% in IRR.

 4.2.4 Environmental and Socioeconomic Impact

EnVirpnmentai Impact
The major env1ronmenta1 problems that may be caused by the proposed
r1ng dske 1n MaTabon Navotas are  the hampering of navigatson and

deter1oration of water qual1ty as discussed in the Master Plan. - As for
g navagat1on, however, the gates to be constructed in the ring d1ke are
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usually opened and even during flood time the proposed jocks can be
opened.  HWater quality will be Titile deterﬁorated by related works
because the water flow will not be prevented by the usual opening of

gates.

Socioeconomic Impact

The Malabon-Navotas area is partially utilized as fishponds, and
the low-1ying land is deemed inappropriate for other purposes. With the
implementation of drainage improvement, land use diversification into
residential and agricultural land is expected.

4.3 River'lﬁprovement of Pasig River

4.3.1 Proposed Plan

Channel Improvement

The Pas1g River is improved for 30- year return per1od of “flood.
S1nce the r1ver1ne of the Pasig R1ver is high]y deve]oped and densely
populated it is impractical to widen the channel width.  Thus, the
alignment was set following the existing alignment without expanding the
channel width, providing the embankment in the upper stretches of MCGS,
about 2.0 km, where the backwater by MCGS is affected.

_ High water level was set in almost equal elevation as the existihg

ground elevation, paying careful atteﬂtipn to the river utilization
‘condition and the related reparian structures. Design‘bed was set not
to change the present profile so steeply, setting the bed elevation of
the river mouth at 5.0 m '

Design cross séction was; in principle, set as a trapezbidai type
with 1:1 side slope, prov1d1ng the contrete revetment and parapet
wall/river wall for all stretches. '

Marikina Control Gate Structure

Marikina Control Gate Structure (MCGS) is constructed in the
downstream of the diversion point of Mangahan F]oudway to d1vert the
originally designed discharge at 2,400 m3/s, prOV1d1ng two ro]ler type
gates of which each span Iength is 17.5 m.
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4,3.2 Implementation Schedule and Construction Cost

Implementation Schedule

:The implementation scheduie was prepared basically in accordance
with that of the Master Plan, of which the construction period of this
priority project will be done for five years.

'Cbnstruction Cost

The construct1on cost was estimated at 1,401 m11110n pesos or

65.8 m11119n - U.S. dollars, consisting of 927 m1111on pesos  or

43,5 million U.S. dollars for the foreign currency portibn"ahd

474 million peSos or 22.3 million U.S. dollars for the local currency
portion. '

4.3.3 Economic Evaluation

Annua} Average Benefit

; The annué?' éverage benefit, defined as the reduction of the
probable damages, was 198 miliion pesos.

Economic Evaluation
The project shows a high economic viability of 16.1% in IRR.
4.3.4 Environmental and Socioeconomic Impacts

' Envikoﬂhentai-fmpact

_ The major components of the proposed flood control works in the
Pa51g Marik1na Rlver are the r1ver improvement works such as excavation,
'revetment and  parapet wall, and the Marikina Control Gate
Structure (MCGS). ' |

. Ne sigﬁificant'Effect'will he caused by-tﬁe proposed works of the
MCGS. As for the river improvement, it will contribute not only to the
reduction of - flood damage but also to the scenery by prov1d1ng a
continuous revetment and a parapet wall. Also,_water quatity of the
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rivef s expected by the smooth flow of the channel, cnntributing to the
improvement of the environment in the riverine. Therefore, it 1is
considered that the proposed schemes will be acceptable from the

environmental viewpoint,

Sociceconomic Impact

The lower reaches of the Pasig River 1s the very core of the nation
as welj as Metro Manila, and crucial offices/facilities which are
influential politically and economically to the whole nation are

concentrated, in this situation, flood control in this area may give

invaluable favorable impact to the nationwide economic activities as
well as to peop?e s I1ving,
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PROJECT FEATURES

FRAMEWORK PLAN AND MASTER PLAN

 FLOOD CONTROL WORKS

'(1)-'Pasig4ﬂaf1kiné Rivar System

a. _River Works : : .
' - "Framework Plan (100-Yr.)

~ Master Pian (100-Yr.)

Bﬁvgr Sﬁretch :§tretch Length - Design

B ' Jesign L
(m) Discharge ' P;gﬁz:ed Discharge P;gﬁz:ed
(m /s) - (m3/s) L
pasig Riﬁer 18,495 1,159 ' Dredging Same as Ffémawork Plan
o o : -500 " Rehabi1itation
. Lower Marikima 6,790 . 500 - ~ditto- ~ditto-
- River :
"Upper Har1k1na 20,565 2,90 .- Dredging - -ditto-
R1Ver ' o Biking
 San Juan. River.”: 10,653 . - 900 - Dredging ~ditto-

" River Stretch’

- (Tributary)

ﬂMarikina Control Gate

" (Reconstructfon) - -

b, Coustructiun of Structures

Structure Framework Plan (100-Yr. )

Master Plan (100-Yr.)

=Roiler gate type
Structure
X 2 units

Harikina'Dam': ' Concrete gravityiiype of 70 m
' - high with drif!ca spil]way
- Stee] plate girdsr 137.6 m
(Tength) x 5. 4 m (width).

PandacanKQri&geg

10.1 m (height) x 17. 5 m (width)

© Same és Framewprk Plan

~ditto-

~ditto-

(2) -Malabon-Tuilahan River System

TFra@éuork_P\ah (100-¥r.)

~ Master Plan (30-¥r.)

. Stretch Lenggh : Désign

Design .Proposed '

; -.(T)_ Discharga P;g?:zed- Discharge vorks
o (m3ls) - (mIrs)
" Malabon River. - 5,430 §70-520 Dredging 500-450 Same as
o SRR " Rehabilitation Framework Plan
Diking = o
Tullahan River = /20,500 ' 480-240  Dredging 420210  ~ditto-
S - Diking
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(3} Buli, Baho and Mahaba River Systems

Plan (100-Yr.)

Master Plan {30-Yr.) -

o Framework
Rivar Stretch Strat?;)Length Design propbsed Design  proposed
Discharge Works Disgharge Horks
{m3/s) . {m/5) '
© Boii River 19,900 330-80 Bredging 270-50  Same as
(1nc. Diking Framowork Plan
tributaries)
Bahe River 7,450 335-280 ~ditto- 275-230 ~ditto-~
Mahaba River 5,000 190 ~ditto- 160 -dttto-
Hangahan . 3,800 '570-340 -ditto- . 47Q—280 -ditto-
Diversion
(4) South Parafiaque and Las Pifias River Systems -
; o : Framework Plan (100-Yr.) Master Plan (30-Yr.) -
River Stretch Stretch Length o e . - s
: (m) .08319n Proposed : :DBS*QR Proposed
Discharge works Discharge Works
(m3/s) (m3/s)
5. Parafiaque 5,500 630-200 Dredging 520-170  ODredging
River {incl. ' Diking Diking
Dongalo River) : .
Las pifias River 6,395 250-220 ~ditto- 210-180 -ditto-

{5) Laguna Lake System

Stratch

Proposed . ek B : n
Structure Length (m) Framework Plan : Maﬁter P1ap
Napindan Channel 5,242 Dredging Dredging.
Improvement Diking _ . Diking.. . -
' (HWL: 12.5 m o (HWL: 13.8 m
- Top of dike: Top of ‘dike:
EL 13.3 m) EL 14.6 m)
Lakeshore Dike 10,700 Diking Dtking
(WWL: 12.5'm (HWL: 13.8'm -
. Top of dike: Top of dike: -
EL14.2m) ~ EL15.5m)
Paranague Spiliway . 9,200 Dredging - -

Channel Bottom:
60 m 1n width
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DRAINAGE IMPROVEMENT

1) Manila kFrdmework Pian oniy)

Structura - - Quantity ‘Design Discharge (m3/s) .
Pump Station (new) 4 sltes 20.8

Sluice Gate 3 sites -

Channel Improvement 14,600 m 59-12

Closed Channel Const. 5,750 m

15-5

{(2) Malabdnhﬂayqtas

© Structure

Quant1£y

Design Discharge (m3/s)

Regilation Pond -

Framework Plan (10-Yr.)  Master Plan (5-Yr.)
.Rtng'n{ka ' 22,000 m - -
'Pdmp_éféiiﬁthj _8'stie§j 76.1 62.1
bﬁanne\ Iﬁﬁfo§emen£ | 5,166'm ' 33»15 30-13.
Open Channal Const. 5,600 m - 38-15 34-13
_cipsed,bﬁannéi_ﬁbnst. © 800 m. 14 12
Navigation Lock | 1 51te:-" - _
" Stuice G#teK: 15 $ites - -
'-(S)I'Eaéf_of_uangahan
- |  1” - ' : : Desigﬁ Di$charge;(m3ls)
Structura'- Quantity e - T — L A
IR : ; _Framework_P}an (10-Yr.) = Master Plan (5-Yr.)
..Pump.sfatiqn' o é'sités ' 31 27.0
_'t31hi¢§ Gate SRR sites . -
' Chéﬁﬂﬁi-iﬁﬁrﬁgémenf:_ .'lglodjm .18:13 o 17-11
~ Open éﬁaﬁﬁei-bongt.'*' C700m 20-8 187
' .2 sites 60,300 3 51,000 W




(4) Mest of Mangahan

Design Discharge (m3/s)

structure Quantity : -
' Framework Plan (10-Yr.)  Master Plan (5-Yr.)
Pump Station 5 sites 147.6 129.0
Siuice Gate - 10 sites - -
- Channel Tmprovement 34,100 n 102-5 91-5
Open Channel Const. 11,000 m 23-10 21—9
Closed Channel Const. 1,450 m 21-13 19-12
Reguiation Pond 4 sites 775,500 ms_ 642,000 m

(5) San Juan

Structure Quantity '

Design Discharge (m3/s)

Framework Plan (10-Yr.) Master Plan_(3*Yf.)
Pump Station 9 stiss 52.7 3.0
Slhice Gate 13 sites - -
Channel Improvement 1,300 m 21 17
Closed Channel Const. 12,300 m 44-7 36-6

Backwa{ef Dike 3,400 m

{6) Mandaluyong-Pasig E

Design Discharge (m3/s)

Struétﬂre; | Quantjty . - e
R : Framework P!aq (10-yr.) Haster Plan {3-Yr.)
Pump Statton 3 sites 23.0 14.5
Stuice Gate 3 sites - | -
Channe! Improvement -~ ~ 2,500 m 78-45 63-37
28

Closad Channel Const. 8,800 m

19-7
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{7) Marikina .
o . Destgn Discharge (m3ls)

Structure - - Quantity _
- 3 . Framework Plan (10-Yr.)  Master Plam (3-Yr.)

Slufce Gate . . 1 site - i
. Opsn Channel Coﬁst, © 1,000 m ' 14 : 11

Closed Channel Const. 2,600 m  39-16 : 23-13

2 (8) Parafiaque-Las Pifias

Dasign Discharge (m3/s)

Structure o _':. - Quantity - ——
e SR C Framéwork_Pian {10-Yr.} Master Plan {3-Yr.)

Pump ét§£joﬁ_r B élstiés | 19.8. ”. 12,5
"Siuicelcéﬁe : -L ' ._ 8 sites B o - o _ R
Chahﬁ51 imprby;mént' 4,800 m : 5224 - 42-19
Open Channel COﬁsﬁ. 5 156 - _ 39 33

Cut-off Channel som 5 59

- (3) Valénzuela . :
' EEREC Design Discharge (m3/s)

.'Sfrucfhré‘ I Qﬁaﬁtitj E

Framework Plan (10-Yr.)  Master Plan (3-Yr.)
CPump Statfon 3 sites o 10.9 0

~ Slufce Gate .. 1 site - -

© Ring Dtke . o ogjgoom’ = L.

Channe! Improvement - 12,900 m S stz . 41-10

' LOPen_Channai:Cénst;.‘ . 800 m. o 2 S 0

$-21



I,

A,

PRIORLTY PROJECTS (FEASIBIL[TY STUDY)

DRAINAGE IMPROVEMENT IN EAST AND WEST OF MANGAHAN

(1)

(2)

')

Lakeshore Dike

Structure Quantity Remarks

Earth Dike 10,700 m EL 15 5m,9.1mnin width, 4 Om in
(with ravetment} hsight .

Sluice Gate 5 sites Appurtenant to pump station
Maintenance Br1dgs 4 pridges | 20 m - 30 m 1n.length

River Impravement {Backwater Dike)

9 sties

Structure Stretch Length Remarks

Napindan Channel 5,242 1 Parapet wall 2,494 m,

{dredging/diking) earth dike 2,747 m.1n length

Buli River 1,600 m

{diking)

‘Baho River 1,800 m

(diking)

Mahaba River 2,400 m

{diking) '

‘Mangahan Diversien 3,800 m

(dradging/diking)

Lower Bicutan River 800 m

{dredgng/diking)

Drainage System

Structure Quantity Renmarks’

Channel Improvement 35,200 m 46 m - 5 1n width

Open Channe} Const. 18,300 m 20 m - 5 in width

Closed Channel Const. 1,450 m Imin width x 2 br 3 ﬁnits:

Sluice Gate 9 sites -4 sites appurtenant to pump stat1on,'_;
o ' 5 sites Tndependent

Regulation Pond 6 sites 693, 000 rn3 1n total storage capac1ty'

Pump Station _'111 m3ls 1n teta! pump capacity
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B. DRAINAGE IMPROVEMENT IN MALABON-NAVOTAS

(1)

(2)

North of Malabon River

Structure . _Quantity Remarks
Coastal Dike . 5,700 m EL 13.5 m, 3 m n width, 2.5 m In
~{with revetment) helght

CRiverDike . ° 3,500 m EL 12.5m - 13.5 m, 3 m in width,

' (with revatment) : 1.0 n raising of existing dike
.Ring- Dike o : 6,700 m EL 12.5m, 3 m.in width, 1.0 m raising
(without revetment) of existing_dike_
'cﬁannal Improvement e0m 12 m in width

_Open Channel Const. ~ ~ 1,000 m 12 m n width

_ Pump statfon - - . ' 3 sites . 25 m3/s 1n total pump capacity -
‘Stulce Gate ?~-__ Co. 7 sites 2 sites appurtenant to_pump station.
Navigatioh_Lock,_ T 1 site 20 m in width, 180 m in 1éngth

South of Malabon River

Remarks

Structure ' - Quantity

Coastal Dike © . . 1,100 m

(Fith revetment) -

River Dike. -~ 3,600 m

© '+ (with revetment) -

parapet Wall 8,500 m

""$1u1ce Ga{a . 5 sites

chamnel Improverent . 700 m
. oben'fcr;ann_éi_ Const. - - " 900 m

CIbSed'Chapnel Const. . 800 1
' pump 'S.tatilt.:n, _ . 3sltes

EL 13.5 m, 3 m in width, Z.S'm in
haight

EL 12.5m - 13.5 m, 3 m tn width,
1.0 m raising of gxisting dike

EL13. 5m

12-18 m in width

-+ 13 m in width

2.7 m in width x 3. units

10 m3/s in total pump capacity

.' 3 sites appurtanant to purp stat1on,
.~ 2 sites. independent
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C. PASIG-MARIKINA RIVER IMPROVEMENT

{1} River Improvement Works

(2)

(3)

River Stratch Design i i

' rovement Pattern
Stretch Length (m) Discharge (m3/s) il
River Mouth/ 8,735 1,150 Dredging, raising of existing
San Juan . river wall or parapet waill and.

rehabilitation of bank protection

Design bad width 450 m - 75 m,
Trapezoidal section with 1:1 side

slope.
San Juan/ 8,760 500 Rais!ng of existing river wall or
Napindan : parapet wall and rehabilitation of
' bank protection
Napindan/ 5,580 500 -Principally no 1mprovement and _
MCGS river wall or parapet wall for low

elavation only.

MCGS/Mangahan 1,210 500 Dredging, providing new parapet

Floodway : wall or river wall and new bank
protection. :

Design bed width 75 m,
Trapezoidal section with 1:1 side

slopa.
Upstream of 1,050 2,900 Dtedfng;'prOV1ding new pérépet wall
Mangahan : _ or river wall and new bank '
Ficodway protect!cn. .

Design bed width 114 m, |
Trapezoidal section with 1:1 side
stope. ' '

Construction of Marikina Cohtrot Gate Structure {MCGS)

Location :  Downstream of confluence with Mangahan Fluodway
(Marikina River Sta. 5+425)

Gate + Roller type

10.1 m (height) x 17.5 m (mdth) X2 un‘its '

Reconstruction of Pandacan Bi-idge {PHR)

Location : Pasig River (Sta. 7+890)

Type 1 Steel plate girder _
137.6 m-(Yength) X 5.4 m (w1dth)
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’ 4 L]
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CHAPTER 1. INTRODUCTION

1.1 "General DéSéfietien'”

Metro Manita which encompasses . four (4) cities and thirteen (13)
mun1cipa11t1es with the population of over 6. 0 milliun is ‘the economic
'and p011t1cal core of ‘the Philippines. One of the most serious.problems
1n the’ area 15 habitual f‘lood‘lng. o o

Flooding in: Metro Man1la is brought about by. two main causes:
overbank1ng water of the: Pasig- -Marikina River and other rivers and the
poor capacity of .the drainage system. - The former takes: place ‘less

“frequently than the latter, but it may bring more destructive damage..
It has been reported that the spec1f1c areas habitually and seriously
damaged by f100d1ﬂg are the Man11a city area and its v101n1ty, the
_MANAVA {Ma]abon Navotas and Vaienzuela) area, ‘the ‘east. and west ' areas
of the Mangahan Fieodway, the areas along “the San Juan River the Upper
Mar1k1na R1ver areas “and the' Paranaque city area. =

Accord1ng to the prevwous survey done by BPH 1943's flood was the
b1ggest with 10,950 ha inundated 1n Metro Manila. The floods in 1966
1967, 1970, 1972 1977, 1978, 1986 and 1988 have atso resu]ted
Serious damages. Cut of these floods, the 1986 flood which is the
"recent b1ggest “intndation caused by Typhoon M1d1ng inflicted tremendeus.
damage to areas 1n Metro'ManiTa. The 1988 flood caused by Typoon Unsang
‘also 1nf11cted ser1ous damage especially in thé Marikina Valiey and the
C o Tow- ly1ng shore11ne area of the Laguna Lake, S ‘

A f1ood contro? p!an of the Pas1g Mar1k1na R1ver 1nclud1ng the

'}sMetro Manila . ared . was- formulated 1n..1954 with the Marikina River

}Mult1purposeaProject,afollowed-by,several studies on-fiood control of
‘the:Pasig=Marikina-Laguna-iake. Basin.ffThe,ManQEhaanloodway, Napindan
5Hydrau11c Control . Structure and: the . 1mprovement works. .of 'the Pasig
River, con51st1ng ma1n1y of r1ver wall and dredging of: the channe], have

been constructed in - line with the flood control plan of the
Pasz-Marikina River. ' | | L

As for the storm drainage in Metro Manila, the drainage program by
_the.cdnstruction of pumping stations in central Manila was started in



1974, Initiated by the Drainage'Master Plan Study in 1952, ten (10)
pumping stations were constructed. In parts of other areas of Metro
Manila, embankment and drainage gates have been constructed as urgent
countermeasures for flood.

Notwithstanding the continuous efforts and big investments on fiood
.eontroi and drainage works, several development projects and the, rapid-
urbanization -achieved in the past years have. worsened the flooding
conditions. Metro Maniia is still facing the menace of flood damage
caused by the poor flow capacity of the Pasig-Marikina River, “the
Tu]iahan'RiVer and other rivers; and also the insufficient capacity of
drainage channels and facilities in the low~1y1ng areas. |

Under this situation, the Covernment of the Republic of the=
Phiiippines had . requested the Government of Japan to provide technical
assistance for flood prevention in Metro Manila, - In response to. the
5reque5t the Study on Flood, Control and Drainage Project in Metro Manila
had been conducted by the Japan Internationai Cooperation Agency (JICA) .

1.2 Outline of the Study
1.2.1 'Study3Area

o The study area for this project is the Metro Manila area and
reiated areas which covers approximately 981 km2,

1.2.2 Objective of the Study

The objectives of the study are to:brepare'the'Master"Pian for.
flood control and drainage 1mprovement in Metro Manila with the targett
comp]etion year of 2020, as well as the’ Framework Pian which presentse
the future comprehensive flood piain management plan, -and to- carry out.a
Feasibility Study on the Priority Project Areas seiected an the basis of
the resuits of the Master Plan Study. ' oy e



1.2.3 Study and Staffing Schedule

The study has been carried out for about two years and three months
from December 1987, as shown in Fig. 1.1-1, by the Study Team consisting
of fourteen (14) experts recruited from CTI Engineering Co., Ltd. and
Nippon Koel, both of Japan, with the CTI Engineering Co., Ltd. acting as
the 1leading £1rm. The members of the Study Team are shown in
Table 1.1-1, together with the members of the Advisory Committee which
was organized for the study.



CHAPTER 2. PROJECT BACKGROUND

2.1 Nattonal and Regiona1 Development Policies

Upon the assumption of . duty of the new leadership in February 1986,
the government buckled down to the crucial task of producing the
Medium-Term Development Plan for. 1987 1992 wh1ch shal] serve as the
framework of development po!1cy—mak1nq in the next six years. The p?an
articulates national goals, specifies socioeconomic targets, and sets
forth a package of economic and sociat policies. 1t also presents the
regional ahd physical dimensions of national development.

National Development Goals

The national development goals for 1987-92 is principa?ly d1rected'
towards the following:

- Alieviation of.Po'ver.ty_

- Generation of Mﬁbe Productive Empjeyment
- Promation of'Equity'and Social Justice

- Atfainment of Sustainable Economic Grewth

The sustained economic. growth during the 1987-92 period s
1ndispensab1e to the attainment of these goals, and will be a1ded by a
favorable world economic env1ronment which will be spurred mainly by the
relative stabi!1ty of oil prices and real interest rates, and moderate
inflation. Real Gross National PronCt (GNP) is targeted to increase by
6.8 percent on the avérage (see Table 2.1-1).

DeveIopment Goa]s of Nationai Capita] Re910n

To cope with the rap1d popu]ation growth and exp1os1ve urbanizat1on'

of the National Captital ‘Region (NCR), the : general direction - of -

development for the area during the 1987-92 period is directed towards.
achieving the following goals and cbjectives:



- Alleviation of Poverty
- Generation of Productive Employment

- Prqmotion'oan_Desirab1e Metropoiitan Environment

2.2 Organization and Administration

National Context

The sociopolitical change brought about by the February 1986
revoelution made - the - government strengthen organizational ahd
administrative‘ policies. Although the clear-cut output of the
réorganizatipn pian is not still made public, a tentative picture of the
gevérnment brganizatidna] chart s presented in Fig. 2.2-1. The
convefsfun, of ministries 1into departments was implemented in the
pblitiéal framewofk. Some agencies (ministries) were abolished and
adopted as departments“ from support offices. various types of
goverhment corporationsléfe in operation as attached corpdrations under
respective government agencies, As to the management of corporations, a
great emphasis is given to flexibility plus autonomy in operation, and
financial viability.

Decentra?ization aims at upgrading management ability of public
wWorks and 50c1a1 serv1ces by transfer of personnel, and strengthening
f1nanc1al pcs1t10n in . 1oca1 governments by transfer of 1increasing
allotments from the central government. Provincial governments shall be
empowered to conso11date mun1cipal and barangay units. Decentralization
'a]so aims at delegating more substantive power to regional offices of
central government agenc1es in order to improve the efficiency of
natural development programs. Nevertheless, the clear demarcation of
‘public works and social' service programs between regional offices and
focal governments is bf'vitai.importance for the effective operation of
them.



National Capital Region °

Among the twelve (12) administrative regions. of: the Ph111pp1nes.
the National Capital Region (NCR) known as Metro Manila is composed of
four cities and thirteen municipalities. The government agencies - and
loca1-governments have been involved in various kinds of physical works
and social programs for achieving the region's development goals.

The government'has put substantial'emphasis on flood control and
drainage works in the HCR in the past, since the frequent occurrence of
flooding s one of the major constraints to social and economic
act1v1t1es in the region. - Flood control and dra1nage works are
exc]us1ve1y handled by the Department of Public Works and nghways
(UPWH), one of the government agencies. The DPWH has a regaona1 off1ce
1n the NCR under which are seven dlstrict off?ces, prOJect management
offices responsible for 5pec1a1 projects, and a regional equ1pment_
center. A growing concern to urban sanitation issues gives a
significant status to ‘the Metro Manila Infrastructure, Util1t1es and
Eng1neer1ng (MMINUTE) ‘which is a speciai office: under the DPWH. *The
MMINUTE's engagement in m1n0r 1mprovement works of 1nfrastructures is
‘1mportant since its area of responsab111ty extends to the level of.
barangays in mun1c1pal1tie5 and cities, ' ‘

The creation of the ‘Metro Manila Commission 1n 1975 reflects

regionalizat1on policy where development policy and plann1ng is solely-f.

;determ1ned by the MMC - in place of local governments. Though the MMC is

not vested with powers as’ imprementing authority, the majur pract1cal

works are’ garbage collection, san1tat1on 1mprovement, and minor cleaning_
works 1n51de various types of dralnage channels.-'

The Hetropoiitan Waterworks and’ Sewerage System (MHSS) is one- of
-the government corporations- attached to the DPWH. The principal work of
the MWSS s the construct1qn__and maintenance: of water supply - and
sewerage System in Metro Manila. Currently, the MWSS collaborates with
the MMINUTE in undertaking minor drainage schemes called Program to
Reduce and Eliminate Sewerage from Streets (PROGRESS). .

The Ph111pp1ne Atmospheric, Geophy51ca] and Astronomica] Services '

Adm1n1strat10n known as PAGASA an agency attached to the Department of )
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Science and Techhology (DST), has been engaged in fiood forecasting and
~warning systems in major river basins, except for the Metro Manila Area,
and also for dam operation. '

Cities supported by the favorable fiscal position and skilled
fpersonnet have expanded adminwstret1ve seruices for physwcel and soc1el
‘Services. On the other hand, municipal governments are not in a
iposition to conduct se]f dec1s1ve planning and 1mp1ementation of various
;works.: As far as ftood control and drainage works are concerned the'
eparticipat1on of local governments 1n such works is stil negliigible
-:though 'the' growing importance of local governments  for the
1mp]ementation of regionel public works is fully recognized.

2 3 PopuTation and Labor Force

- Dur1ng the postwar period from 1948 to 1980 the tota! popu?at1on of
tthe NCR had: 1ncreesed by almost 3. 8 times and amounted to 5, 926,000 in
51980.: Table 2 3 1 15 the results of .the censuses dur1ng the per1od.
:remarkabte 1ncrease -of near!y 2,000,000 was recorded Ant the decade from
1970 to 1980, but it m1ght be noticeable that the popu]atton growth rate
had a1ready shown a tendency to dec11ne from 25.3% in 1970-1975 to 19.2%
in 1975« 1980. : : Lo '

It 1s cleer tnat the populat1on growth of the NCR has a rad1a1
fpatterna Thls po1nt can be traced by a closer -Took at the highest
1average annuai growth rate of each c1tylmunic1pa11ty all through the
'ipostwar perxod. The gross popu?ation densxty of the NCR in 1980 was 99
_ persons/ha, whi?e the net populat1on density was 249 persons/ha.r_

The }abor force participatlon rate, def1ned as -the rat1o {1n
percentage) of the total number of - persons in the labor force to;the
,tota] popuIetion 15 years old and over, averages at 56 percent in N¢R
“during the per1od of 1980 86. , This 15 6 4 po1nts lTower than the
':xnat1ona1 1eve1 62 4 percent presenting 1ess w1111ngness to
partlcipate in labor among the school going people and housewives.
However, the - rate in the NCR fluctuated much dur1ng th1s period,
._eithough th1s rate exceeded consxderably 1ts average in 1984 and 1985,
_show1ng 60 0 percent and 59.9 percent respectively. (See Table 2.3- 2.)



The labor force in NCR has increased at an average apnual growth
rate of 3.8 percent during 1980-86, greater'than 3.5 percent 1ncfease:in-
household population 15 years old and over. This signifies that a
majority, especially those of school- going age, are more 1nc11ned in
earning a living. 1In 1984 when drastic changes in the economy occurred
as 1nd1cated by ‘the substantial decrease in GRDP by 9.2 percent, the
labor force 1ncreased by 14.1 percent, remarkabTy higher than the
average of 3.8 percent, while the number of the emp?oyed increased at
only 6.6 percent in the same year. More' noticeable 1is the _abnormal
increase in the number of the unemployed by 68.4 percent 1n the same
year. :

2.4 Topography and Geo1ogy

The Island of Luzon, the 1argest in the Ph111pp1ne Archipelago, is
feughTy divided into three phys1egraphic regxens, Northern Luzon,
Central Luzon and Southeast Luzon (B1col ‘and Bondoc Pen1nsula) Central
Luzon s divided into’ three structural regions, namely the’ Zambales
Range in the west the" Centra] valley in the center and’ the southern
_extens1on of the S1erra Madre in the east.

The Central Va]ley, extending from the L1ngayen Gu]f to Man11a Bay,
is the southern contlnuatlon of the Cegayan Yaliey covered by the thick
'alluv1a1 depos1ts. The Metropoi1tan Manila Area occupies 1ntegra1 parts
of the southern extension of the Central’ Valley (which 1nc1udes the
Manila Delta1c Plan, GuadaTupe Formation Lowland, as ‘well as the
Mar1k1na Va11ey Alluv1a1 Plain) and the southern extension ef the Sxerra'
Madre Range. o '

The withdrawal of the sea from the Ceritral Valley isolated the
Laguna de Bay from ‘the sea in the Quaternary Period. At a much later
period, the Pas1g River captured the stretch to the sea and aTtered the
downstream course of the Mar1k1na R1ver.[ This is said to cause the
sediments being washed by the Marikina River from the Sierra Madre Range
to form the Manila De1taic Plain, s B



The topography and geology of the Study Area is as follows (see
Figs. 2.4-1 and 2.4-2).

Manila Deltaic Plain

The drea 1s almost flat and the elevation ranges from more than one
(i) meter near Manila Bay to five (5) meters in Sta. Mesa and Makati.
The thickness of delta materials which consists of sand, pebbly gravel,
silt and clay of various colors and plasticity is over seventy (70)
meters near the coast and thins out eastward in the Sta. Mesa and
Marikina area. ‘

Guadalupe Formation Lowland

The - Guadalupe Formation Lowland, a thick sequence of tuff and
tuffaceous clastics, is the bedrock of the Manila Deltaic Plain and the
Marikina Valley Alluvial Plain and exposes between the two plains as a
plateau-iike Jowland. The elevation of the lowland 1s five (5) to
thirty (30) meters at Paranaque around forty (40) meters from Guadalupe
to near Camp General Emilio Aquinaldo; between fifty (50) to
seventy (70) meters from Quezon City to Novaliches.

Marikina Valley Alluvial Plain

The Marikina Vvalley Alluvial Plain occupies the area between the
Guadalupe Formation Lowland and the Sierra Madre Range and it widens and
extends - southward to the Laguna Lake. The thickness of the alluvial
deposits which have similar components as the Manila deltaic materials
varies erratically from one hundred twenty (120) meters in the northern
pertion of Hoﬁtd]baﬁ,_#poﬁnd fifteen (15) meters at Marikina, between
thjrty (30) and forty (40) meters at Paéig, and more than one hundred
thirty (130) meters at the southernmost-portion.

_Southern Extéésion of Sierra Madre Réggg

: The prom1nent feature ‘of the range is Mt Droid (EL 1,171 m) to the
EOuth. The geology .of the aréa is complex and Cretaceous to Tertiary
rocks such as 11mestone, tuffaceous c1ast1cs and some igneous rocks are
distributed in the range.



2.5 Meteohydrology

General Condition of Weather

The meteohydro]ogica1 characterist1cs over the. Ph111pp1nes are -
mainly governed by, seasonal dominant monsoons, trade winds, trop1ca1
cyclones, and combinations of them. :

Typhoon the strongest wind type among the four (4) classificatlons_
of trooica1 cyciones by PAGASA {see Table 2.5-1), . is  the’ moste
influential to floods in the Study Area.. Due to seasonal 1nteract1on;"
the Philippines may be c]ass1f1ed 1nto four (4) climatological regions
as presented in Fig. 2.5-1. The annual mean trop1ca1 cyclones that pass
near the Philippines is 19.6 in. number. For: Central Luzon where the
Study Ared is 1ocated the landing rate of trop1ca] cyc?ones counts for
i6 percent. : :

Meteohydrological Cond1t1on 1n the Study Area :

The study area belongs to the f1rst climato}oglcai region of the
four Philippine cl1matologica] FEQIOHS. The first c]imatologicai reg1on
may be characterized by a dominant rainy season from May to October and
a dominant dry season for the rest of the months. '

(1) Rainfall

The annua! ra1nfa}1 d1str1bution presented in Fxge 2. 5 2 shows the
_annua} ‘rainfall of more or less 3, 000 ‘mm over “the h1gh Sierra Madre
mountain _range where the headwaters ‘of the Merlkina River are 1ocated. k
On the other hand, the annual’ ra1nfa11 of approximateiy 2, 000 nm Spreads'
over the ra1nfa11 zone of the Manala Bay area. to the Laguna Lake basin.

The month]y rainfall d1str1but1on, except the western area of the
Laguna Lake, accords with that of the first climatological region “and
have high ralnfall months from May to October | The tota1 rainfa]l of
‘the moaths counts for about 80 percent of the annual ra1nfa11 and 1t 15
brought mainly by the wet southwest monsoon, plus the occa51onai
typhoons. The monthTy ra1nfa11 distr1but1on over the western area of
the Laguna Lake has a longer rainy season up to December. This is
because of the tnfluence of the northeast monsoan which invades the area
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across the low terrain of the Sierra Madre ranges bordering the first
and-thE-secend_climatelegieal zones,

{2) Tempeteturee

';The'menth1y temperature distribution in the study area is presented

Sin Fig. 2 5-3. The temperature rises to as high as 30°C 1n May, the

bordering month between: dry and wet seasons, and ‘takes the jowest in

'December, s low as 25°C. This {indicates no severe temperature change
throughout the year. o '

'_(3) Re?ative Humid1ty

‘The' relative hum1d1ty observed in the study area is presented in
Fig.-z 5~ 3. It ‘takes the maximum’ 1n. the mid months of the rauny season'
_from August o’ September end drops to the mtnimum during the months of
March to April. The difference between the max1mum and the m1n1mum is
";20 percent and the annual dffference 1s not lerge°

(4) evap'o'ration

_ 'Evaneration records'meaedred by a Class A pan at the ‘gauge lecated:
- in the hi?]y San- Juan R1ver Bas1n and ‘the Yow-lying Laguna basin are-
presented in F1g. 2.5+ 3.- The two- records show annual evaporat1ons of.

1,469 mm for the San Juan area and 1, 942 mm for the Laguna area,

2.8 Infrastructures __rr__-:

.3.; ln contract to the rap1d popu?atien growth dur1ng the past few -
decades the present 51tuat1on of 1nfrastructures in the NCR seems to. be
' far behind lﬂ supply adequate to the bas1c needs of 1nhab1tants. The
' f0110w1ng 15 a summary of the major 1tems of physacal 1nfrastructures.

. Road Network S

_ The tota] Iength of roads 1n the NCR 1n 1985 was about 4 912.4 km
1nc1ud1ng natwonal roads of 719 8 km and prDV1nc1al roads of 182 2 km._
BeS1des the nat1na] and provincia] roads, there are prlvater deve1oped
-subdivis1on roads and 1t 15 remarkable that the1r share is more. than

one thlrd of the “total - 1ength “of roads. The rat1o of pavement is
_ general?y h1gh though the rat1o of subdivision roads is unknown,
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The major road network pattérn of the NCR consists of_partiai}y
completed four beltways and ten radial roads. -‘However, hierarchicail
road networks are few and the areas outside the beltway (EDSA) do not
enjoy network connections because of indiscriminate developmént of

subdivisions°

water Sugg y

In June 1987, MHSS completed the Man11a Nater Supply Project IT.
(MUSP 11) and the supply of water rose to 2,500 mid. The objectives’ of
the project are the full development of the existing major water sources
of the Angat River and the realization of rehabilitation and extension -
of the water distribution. system. As a result MNSS serves about 5.3
million residents of its service area and 39 1% of the populat1on of the.
NCR. Since the target 1n 1992 is to cover 67% of the population. with
water supply, the accompljshment in 1987 was 58%. s

The Manila Water Supply ‘Rehabilitation Project 1s under way to
reduce the non-revenue water in 56 zones (9, 541 ha) of ‘the MWSS servicei
area. Annther ongoing water supply project 1s the Metropolitan Manila
Water Distrabut1on Project (MMWDP). ~ This is to make -the - fullest
possible use. -of the increased water supply capacity in-accordance with
the completion of the Manila Water Supply Project II.

'Sewerage'Systgm

Two Ssewerage systems are-working 4n the NCR. One s the Central
Manila Sewerage System constructed before 1909 - with the original-
overload’ capac1ty to serve 450,000 people. Preééntiy;the'syStém'covers
1,850 ha, serving 530,000 peopie with the total Tength of 240 km. The
other system is for Quezon City and Makat1' 1solated systems mostly in
subdivisions and commercial areas servxce 350 000 people with the total
Iength of 140 km. The rest of .the NCR dlscharges its wastewater either
into storm drains, sept1c tanks or directIy 1nto the esteros.

Tne Metro Manila Sewerage and San1tation Praject (METROSS) has, at
present three construct1on stages° firstly,_ to. rehabilitate the,
ex1st1ng Central Man11a Sewerage System together with sl1ght expansion
and other improvements; _second]y, to expand the sewerage system to the
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south with the direct service area of 3,000 ha, and, f1naliy, to the
north covering 3,400 ha. Furthermore, METROSS will have additiona] two
stages te cover most of the NCR and the western portion of Rizal
Province. It is est1mated that the accomp]1shment of METROSS in 1987
reached the 79 6% 1eve1.

' Power

Electric power related to the NCR is generated by the Nat1ona1
Power Corporatlen (NPC) in the wider freme cailed Luzon Grid. The
components of the generated power in 1986 are" coa] or 0il thermal
(68 9%).,hydropower (14 4%) and geothenmal (16 7%) ' o

About 80% of the generated power is supp?ied at 115 kV or 230 kv to
..the MantlafElectrxc,Company (MERALCQ) which drstrtbutesnpower over: a
total area of 8,813 km? covering the whole NCR. The total amount of
-etectricity*sates in 1986 wds about 7.9 bil1i0h kWh, and'the share was
30 2% for 1ndustry, 33.4Y% for the commerc1a1 sector, ‘and 35. 4% for
residential customers. : Industr1al and connwrc1a1 consumpt1on grew by _
1. 1% each over the previous year, but res1dentral saies decreased by'
1. SA in sp1te of the increase in the number of residentia] customers byi
11 0% Thas fact 15 attr1buted to the effect of the subsidy reduction
program in February 1986. _

2.7 Regionaj.Economy ;

- Grose:Regiooaiabomest?c eroduct

N The gross regionai domestic product (GRDP) of NCR dur1ng 1980 to
1986 averages at 29 437 m11?10n pesos at the constant pr1ce of 1972.__It

o was recorded h1ghest in 1983 at 32 231 m1111on pesos and 1owest in 198%5.

at 26 618 m1ll1on pesos. E The average growth rate f1gures at minus
' 1 4 percent due to the substant1a1 negat1ve growth rates of m1nus

9,32 percent from 1983 to 1984 and minus 9.02. percent from 1984 to 1985,

' ..which may be ca]]ed an econom1c CF151S. (See Table 2. 7 1:)

The NCR 5 contribut1on to the gross nationa] domestic product
averages a5 much as 31 percent on average for the 1980-86- period. This
pr1mar11y shows the critical situation of NCR in. terms of setting the
" trend of nat1onal economy. - '
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Economic Framework

The sectoral breakdown of GRDP gives credence to the dominance of
industry and services sectors in all three economic areas in the NCR,
giving 51.7 percent and 48.3 percent on the average, respectively,
during the 1980-86 period. Meanwhile, the agriculture sector plays a
negligible minor role on the economy of the NCR according to the

statisticat data.

Under the industry sector, the subsector of manufacturing
contributes dominantly to the GRDP averaging 42.0 percent, and the
subsector "other services" gives an average contribution of
20.9 percent. These are the major subsectors which neutralized and
reverted the negative trend of the 1986 GRDP (see Table 2.7-2).

Income and Its Distribution

The average annual income of NCR families has fmproved by about 15
percent in real terms from 1975 to 1985. According to the results of
survey on family income and expenditure in 1985, the 1985's family
income reached 57,183 pesos on average, and'the poorest 40 percent of
NCR families received only 16 percent of the total income or
12.0 bi1lion pesos while the richest 20 percent obtained 49.6 percent or
37.2 biliion pesos.

A majority comprising more than 70 percent of the total number of
families live below the NCR average income of 57,193 pesos, and 13.4
percent belonging to the classes under 19,999 pesos are earning average
incomes which are lower than their respective average expenditure.
Meanwhile, only 28.1 percent belong to the classes above 50,000 pesos,
aithough the average income falis in this range. In other words, the
average income is subject not to the majority but to the income level of
the extremely rich people.
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CHAPTER 3. BASIC STUDY AND ANALYSIS

3.1 Existing and Future Land Use

Land usé in the study area is one of the most important factors for
the runoff calculation and flood damage estimation.” The study covers
the conditions at present and the conditions at the year 2020, which are
required for the formulation of the Priority Project and the Framework/
Master .plans, respectively, as discussed in Chapters 5, 6 and 7. In
both cases, -land use is classified into the following categories.

- ‘Residential/Commercial (Built-up Area)
©  Low Density
¢ Middle Density
° High Density

- Industrial

-. Dpen Spéce

- “Agricultural - .

- Fishpond/Paddy Field/Mars

- Forest ' '

The land use analysis of the preseht conditions was based on the
1:10,000 contour maps (BCGS & JICA, 1986). Future land use at the year
2020 was prepared on the basis of the official Tland use plan with some
adjustment§_t0 accord with the present land use. The present and future
land use conditions in the study area are summarized in the following
table.

- 15 -



Presgnt . Year 2020

Land Use | - _fkm) {kme)
Residential/Commercial 268 ( 22.4%) 444 ( 37.2%)
- Low Density 159 ( 13.3%) 241 ( 20.1%)
- Middle Density 59 ( 5.0%) 126 ( 10.5%)
- High Density - R 49 ( 4.1%) 78 ( °6.5%)
Industrial - 46 ( 3.9%) 68 { 5.7%)
Open Space = - . 149 ( 12.4%) - 66 { 5.6%)
Agricultural 14 1.1%) 0 4 0.3%)
Fishpond/Paddy Field/Marsh -~ . 129 { 10.8%) 67 (5.6%)
Forest 589 ( 49.3%) - _ 546 ( 45.7%)
Total | 1,195 (100.0%) 1,195 (100.0%)

Note: Figures may not add up to the total3da¢ to rounding.

For the hydrological study, the study area was divided into
80 sub- basins, as indicated in Fig. 3.1-1. The present and future land
use condit1ons in each sub- basin- are presented Ain Tables 3 1-1 and
3.1-2, respectively. The present and future land use maps are. shown 1n
Figs. 3.1-2 and 3.1-3, respectively.

3.2 App}icébie Ndn-StrnctuEa1 Measureé*

To mitigate flood damage in river banns; sfrdttural flood control
measures such as the 1mpr0vement of river channels and construction of
dams, d1versxon channels, etc., have been convent%onal1y employed In
areas where urbanization has been attained or in progress, howgvgr; '
runoff retention and storage functions have deteriorated and -peak
discharge has increased.  The urbanization of flood prone'areas has
increased flood damage potential due to the concentration of popuiation
and property at such areas.

The structural measures are the principal'ones‘to mitigate;flqod
damage, but their completion requires a considerable time and enormous
funds.  Therefore, the applicability of non-structural measures for
Metro Manila was studied considering the effectiveness-of'such mgaﬁuresl-
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There are various non-structural measures, as shown in Fig. 3.2-1.
The conservation of areas to preserve natural retarding function and the
_restr1ct10n of urbanization in flood prone areas through the enactment
of land " use regulations are judged 10 be difficult to app]y in Metro
Man1!a because almost all parts of the area are’ already designated as
residentiaT area in accordance w1th the zoning ‘ordinance enacted in
1982, The 1mp1ementat10n of land use regulation and/or conservation may
call for the rev?sion of the ex1st1ng zoning ord1nance and 1and value
_may decrease.. o - ' '

Flood 1nsuranee which 1s to enable an 1nd1v1dua1 property owner to
spread an uncertain but potentiaily Iarge loss uniformly over a tong
period of t1me, is deemed too early to apply-l Th1s is because the
appl1cation of this method requires the fundamental data on” flood
' frequency and damage amount in the: subject area to be prec1se, and the
Inhabitants in the h1gh}y flood prone area whlch 15 usually the low fand
area _are;not_}ncllned,to_spend:for_}nsurance,

-'_ In view of the foregolng, the fol!owing three measures are
recommended name!y, “the pub11cat10n Tof” a f]ood risk map and the
1ntroduct1on of fiood proofing as measures for flood p1a1n management

and the enforcement of emergency activities.

Pub]ication of F]ood'Risk Map

. Flood r1sk map 15 recomnended to be pubi1shed and disseminated £
, the 1nhab1tants and governmentaT agenc1es concerned The pubi1cation of
' flood r1sk map 15 expected to have ‘the folloW1ng effects.

Inhab1tants will know the flood risk of their Iocality.

zﬁtﬁjs Inhab1tants w111 be% prepared . for the‘ f!ood with  the
_estab11shment of evacuat1on reutes and evacuation areas._e

‘---’*"inhabitants witl have - greater understanding on the
'_-;:51gn1f1cance of flood control and their cooperation is enhanced.

"’ii”New occupancy in f?ood prone areas will be d1scouraged. '
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Introduction of Flood Proofing

Flood proofing measures are considered S0 as to reduce the damage
potentia! and the most applicable ones proposed ere the raising of
bu11ding foundations or the fioor elevation and the 1nsta1]ation of
bulkheads over Tow doors or windows,

Enforcement of Emergency Activities
Emergency activities include flood warning, fiood fighting' and

evacuation/rescue activities. These act1v1t1es are to reduce potential
losses and relieve the dastress of flood victims. '

3.3 Land Subsidence

The main causes of land subsidence seem to be the settlement of
soiT due to added Toad and excessive groundwater ut1lizat1on, -and the
_ latter appears to be ‘the more general factor. Since local 1and
subsrdence can be related closely with the drawdown of groundwater
table, the records on groundwater, as well as the ground e1evation
survey record was utilized in this Study to evaiuate the occurrence of
land subsidence. '

Ground Water Level Survey

The ground water 1eve1 records ‘of 1956, 1967 and 1981 and the
measurements of ground water 1evel in June 1988 were studied..=Aecording
to the ava1lable ground water level data of the Manila Bay Aquifer.
System given by H.P. Quiazon of the Bureau - of M1nes, as well as those
from the MWSS (1981), the ground water level in"“the project area had
continued to subside since 1955, except'in'Manila where tne ground water
level recovered between 1967 and 1981 as a result of the reduced pumpage
and abandonment of wells due to saline water intrusion. By 1981, new-
centers of the pumpage were Sucat _Paranaque Hakat1 and Quezon'City.

' Measurement of the ground water level ‘was carried out at six wells
in dune, 1988. The water level of the wel]s had oeen aImost unchanged”
" or recovering since 1981 {refer to Fig. 3.3- 1) '
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Ground Elevation Survey

The existing data obtained in 1979 and results of the topographic
survey carried out in 1988 were studied. Since the primary bench mark
level of 1979's survey is unknown, the results of the survey carried out
in 1979 and 1988 are incomparable in the same level.

Considering the consolidated condition of the Guadalupe Formation
as mentioned above, and the recovering ground water 1level in the
formation since 1981, the ground level of the hill consisting the
Guadalupe Formation appears to be stable and able to be regarded as the
primary bench mark during the time between 1981 and 1988, Based on this
concept, the results of the topographic survey show that the ground
level in the alluvial deposits is almost unchanged or has somewhat risen
since 1979. .

Findings on Land Subsidence

As shown in Table 3.3-1, Ground Water and Land Subsidence, which
summarizes?the above conditions, all the data appear to indicate that
fhe Ténq subsidence of the alluvial deposit area is presumed to have
ceased'since 1981. No more subsidence is expected, when the ground
water utilization continues to decline in the future,

3.4 Hydrology and Hydraulics

The study on hydrology and hydraulics covers the whole area of
Metropotitan Manila (Metro Manila), as shown in Fig. 3.4-1, and the
Laguna Lake,

3,4.1 Raiﬁfa11'Analy$js

Design'Hﬁéberaph‘

Two kinds of design - hyetograph were prepared for the runoff
analysis of the river basins and drainage areas, as follows.
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(1) Oesign Hyetograph for River Basin
'(a) Probabie Basin Mean Rainfall -

The basin mean ra1nfa11 1n two days as the basic data for
frequency analysis was estimated by the Thiessen Method.  The
Thiessen Polygon network was estabiished uti]izing the rain gauges
with reliabie data. The basic data. for. the bas1n mean rainfa?l
estimation were selected from the 2-day rainfall records for
several heavy rainfai]s recorded at the rain gauges after 1972._

_ The frequency ana]y51s was conducted based upon the “annual -
maximum basin mean 2-day rainfall, assuming the Leg Normar'
Distribution and using the Thomas Piqttihg*Formula;.'The estimated
probable 2-day rainfall of the respective river basins are shown in
Table 3.4-1. | - | o

(b) Estimated Model Hyetograph

The 'hDUrly'dra1nfal1 observations are  not sufficient:”for
'sett1ng up the deswgn hyetographs for river basins, . and only the
data of.the Port Area Gauge is available. Therefore, standard
model hyetographs were counstructed on the basis’ of_the rainfall
records of the Port Area gauge. The standard mode} hyetographs
correspondlng to 20, 50 and 100-year return periods are . presented
in Fig. 3.4-2.

(2) Design Hyetograph fer'Drainage Area

The nine drainage arees'shown?ie Fig. 3.1-1 were"furtherzdivided.
into subdrainage areas, considerlng topography, micro Iand forms,

dra1nage system, land use and 1nundat1on condition. A subdrainage area =

is the unit of inland. inundation caicuiation aiming to determine pemp -
capacity, as well as to estlmate flood | demage Fig. 3. 4 3 s a
schematization of subdrainage areas for the nine dre1nage areas.-ﬁ :

The design hyetograhs of 2- year, 3 year, 5~ year, 10-year 30—year,
_So—year and- 100~year return periods were prepared for each subdrainage“
area using point rainfall data, because the size of a ‘subdrainage area
is far smaller than river basins and thus mean rainfall is judged to be
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nearly equal to point rainfall. “The used péint rainfall data are those
recorded at the Part Area Gauge, only which provide available data of
short durafion in Metro Manila.

Thé_design;hyetograph was éet5u51ng the ratnfali intensity curve at
the Port A%aa=Gauga. Since the rational formula was applied to obtain
the hydrograph, the time distribution of rainfall is of the same type

used for the river bas1n, while the time interval of rainfall was given
at runoff concentration time of each subdrainage area. '

3.4(2 Runoff Analysis

The ana]ysis was fo]lowed by the d351gn hydrograph ccmputation for
the river basins and the drainage areas in compliance with the des1gn
hyetographs. '

| Probable Discharge for: R1ver Basin

(1) Probable Peak Discharge at Sto._N1no Est1mated by Observed
D1scharge -

The annual peak fiood stage and diSCharge at ‘the Sto: Nifio Gauge
are cumpiled'in Table 3.4-2. The frequency of ‘the annual peak discharge
has been evaluated by assuming the Log- Normai D1str1bution and applying

_the Thomas Plotting Formula. The results are compiled 1n_the-follow1ng
table '

s Return Period T Sto. Wino Dlscharge

(year) .- T (m3/s)
w0 0 | 3,500
s 3,100
L 2,500
o 2,200
DRt 1,3500

' Based ‘mainly’ on 'the Sto. Nifio stream records, ‘the 100-year
discharge was estimated at 3, 300 m3fs in the previous study. Since that
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time, the stream records have increased 1in number, and the peak
dwscharge of the 1986 flood has been the largest on record.

In view of the increased number of stream records, a hew estimat1on
should have a higher reliab111ty than the.previous one.  Hence, -the
100-year. flood peak discharge 1is prOposed to be emodified into a
3,500 m3/s. : - g o L

(2) Probable Flood D1scharge E5t1mated by Runoff Calculation

The river basins may be classified into . two - (2) ‘kinds. One kind
comprises the Upper Marikina River ‘Basin and the other kind comprises
the rest of the river basins. ' :

(a) Probable Discharge of Upper Marikina River Bas1n

The Har1kina River Basin has a larger catchment and 1ts upper_
reaches have steep mountainous areas which’ may ‘not be urbanized
even in the far future. - TJo set the floed routing model in the
Marikina R1ver Ba51n, the storage function flood runoff method was
applied to the sub-basins upstream of Sto. Nifo, considering the
conditions of the river basin.

To know the peak d1scharge and flood hydrograph at the -
'important s1tes in the river basin, K basin river mode} was set up{
It consists of three sub-basins and one river model- between.
Montalban and Sto. Nifio. o

The probable flood discharge of a 100~year return. period at
Sto. Nifio was computed at 3,500 m?/s. Its hydrograph is. g1ven 1n
Fig. 3.4-4, ‘

(b) Probable Flood Discharge of Other River Basins Except
Upper Marikina ‘ : '

The peak discharge and d1scharge hydrographs of the river.
bas1ns were estimated by the Quasi- Linear runoff method under the
land use cendltions at the year 2020, as- well ‘a5 the conditions at
present. The mode1 was developed to estimate the ;uneff 1ncrement E

,_due to the catchment's urbanizatlon, and utilized extensively for
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the flood analysis of small to medium-sized catchments to formulate
a flood mitigation program considering the future urbanized _
_conditions.' The runoff coefficients for the land use classified

into nine categories are assumed values which are presented in
‘Tab]e 3 4.3, - -

_ ”Thee-Quasi¥L1near :cUnoff method may calculate the peak
‘discharge and: the hydrograph at the points concerned in a basin by
1ntegfat1ng’the sub-basin and river models. The sub- basin model
generates fleod 1n the sub- baSIH and the river model expresses the
flood ‘peak change and the deley of the peak t1me due:. to erod

- travel 1n the main river channel.

‘The des1gn hydrograph computat1on for 2020 and 1986 land use
conditions was carried out for the respective river basins under

. 2 year, S.year,_ 10- year, 20-year, 30- -year, 50-year and 100-year
design hyetographs. ' The results for 2020 and 1986 are shown in
Figs. 3.4-5 and 3.4-6, respectively. '

‘Probable Discharge for Drainage Areas

The discharge hydrographs for the respect1ve subdrainage areas
under the Iand use cend1t1ons at 2020 and for the priority dra1nage
areas under the present land use cond1t10ns were estimated by the
'rat1onal formula, which has been app]ied 0 des1gn the drainege system
1n Man11a and Suburbs 1nclud1ng pump capacity since the formulation of
1ts Master Pian 1n 1952.n The runoff coeffic1ent of each subdrainage
-area was computed by mu\t1p1y1ng the rat1o of 1and use c1assif1catxen,
: obta1ned from Tabies -3.1-1. and 3.1- 2, with the . corresponding. runoff
coeff1c1ent in Table 3. 4 3.z |

L Based on the runeff coeff1c1ent and the design hyetograph exp]a1ned
_before,- the design hydrographs were obta1ned with 2~year,. 3~year, '
'S-year,‘ 10-year, - 30- vear, 50~year end 100-year ‘return periods.
:Table 3.4-4 . shows the. catchment area, runoff coefficient and probable
discharge of the respective subdrainage areas under the land use
'icenditiens' at 2020, while Table 3.4-5 shows those of - the pr1or1ty
. drainage areas under the present land use conditions,
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3.4.3 Probable Laguna Lake Peak Stage

The annual maximum lake stage record between 1946 and 1987 is
presented in Table 3.4-6.  Lake stage frequency was evaluated by
assuming the Gumbel D1str1but1on and applying ' the Thomas' Plotting
Formula. In the annual max imum record, the highest took p]ace 1n 1972
(EL 14,03 m) followed by 1978 (EL 13.58). - These high 1lake stages |
correspond to 40 and 20-year return_per1ods;”respect1ve1y.

Return Period T Probab!e Lake Stage

(year) - o (EL m)

200 3 . 14.89
100 o 14.50

50 B U 5

20 S 13.60

10. T 1320

. 12.80

12.14

3.4.4 Manila Bay Tide

_ T\de in the Manila Bay 1s currently being observed by a tide gauge
located at P1er 15 of ‘the Mani?a South Harbor wh1ch is about 1 7. km.
southwest of the Pa51g R1ver mouth. Tide gauging is. under the'
__re5p0n51b111ty of the Bureau of Coast and Geodetic Survey (BCGS)

The tide measired as a height above: gauge zero of ‘a staff gauge
referred to as TS (1901) datum is recorded on the tide automatic
recording chart. Based'en the records, BCGS had- comp11ed the houriy.'
monthly h1gh and Tow extremes, ‘monthly mean tide, and annual mean sea
level, which are available s1nce 1948. '

The datum plane for the Study 15 “the one shown 1n the foliow1ng
table. : : . _ Lo
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Tide Component Height

(EL m)

Observed Highest Tide 11.770

- Mean Spring High Tide 11,300
Mean Higher High Water (MHHW) 10.980

Mean High Water (MHW) 10.838

Mean Sea Level (MSL) 10,462

Mean Low Water (MLW) 10.101

Mean Lower Low Water (MLLW) 10.000

Datum Line (DL) 0.000

Note: Primary Bench Mark (BM4b) = EL 13.247 m

3.5 River and Drainage Systems
3.5.1A watersheds

The objective area is divided into the following basins and/or
areas in accordance with the'topographicai characteristics and the river
and channel system. The areal divisions and catchment areas are as
shown in Fig. 3.4-1.

3Pasig-Mar1k%na ﬁiver Baﬁin including San Juan River Basin
- Malabqn-Tu1lahaﬁ River Basin

- Buli-Baho;Mahaba Riﬁer éasin

-~ South Pafaﬁaque-Las Pifias River Basin

- Other Remaining Basins such as_the drainage areas of East and

West “of Mangahan, Malabon-Navotas-vValenzuela, Parafiague-Las

- Piflas, and. Manila and Suburbs, where inundation waters drain
directly into the sea or the lake.
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