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. GENERAL

 The geological study was carried out firstiy, by collecting data on
groundwater to know the condition: of land subs1dence, secondly, by
coHect1ng the  general - geolog1ca] data over Metro Man1la, as well as
data related to structura1 ‘measures . for flood control and drainage
1mprouement " and finally, by | conducting detailed geotechn1ca1
1nvestigat1ons cons1st1nq of drilling and soil laboratory tests for the
two priorrty areas 1in the east and west ' of Mangahan and in
Malabon Navotas, ~ The results are 'presented_;in this report in the
fol]owing order h o ' ' | '

- Land”SubS1denee

—:Gédibgico} investigation in East-and West of Mangahan, and in the
Malabon-Navotas area - '

;'GéoteChnicol condition at major structure sites

2. LAND. SUBSIDENCE‘

The main - causes of 1and subs1dence seem to be the settlement of
3011 due to added 10ad and excess1ve groundwater uti11zat1on, and the'
latter appears to be the more general factor. S1nce local land
subs1dence can be close]y related w1tn the drawdown of groundwater
_ tab!e, the records on: groundwater, as well as the ground elevat1on
'survey record, were' utilrzed in this study to. eva!uate the occurrence of
land subs1dence.

Z.iu’ﬁenerai*tonoieiohs'

- GeoiogicoT Aspect'

The geo¥og1ca] sett1ng concerning land subs1dence is the alluvial
. depos1t and the underTyang Ouaternary pyroclast1c rocks. The geo}ogy of
the Man1la De]taic P1a1n, the Guada1upe Formation and the Marikina
- Val]ey Ailuvfal P1a1n has been descr1bed ‘as  follows, (Refer to
-_r1g. 3 2-1: ) " SRR Pl GE ERELTEn R T
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(1) Manila Deltaic Plain

The area is almost flat and the elevation ranges from zero on
Manila Bay to'five meters in Sta. Mesa and Makati. The thickness of the
deltaic sediments which consist of sand, pebbly gravel, silt and t]ay.of _
various colors and plasticity is over 70 meters near the coast and thins -
out eastward in the Sta. Mesa and Marikina area. e

(2} Guadalupe Formation

The Guadalupe Formation, known as a th1ck sequence of tuff and
tuffaceous clastics, is the base rock of the Man11a Deltaic Plaun and
the Marikina Valley Alluvial Plain and it exposes in a low hill zone
between the two plains. The elevation of the hill is & to 30 meters at
Parafiaque, around 40 meters -between Guadalupe:and Camp General Emilio
Aguinaido, and 50 to 70 meters in the area from Quezon City to
Novaliches. o '

(3) Marikina valley Alluvial Plain

The ‘Marikina Valley Alluvial Plain occupies the area between the
hilts of the Guadalupe Format1on and the Sierra Madre Range, and it
widens southward to the Laguna Lake.‘ The th1ckness of the alluvial
depos1ts wh1ch have 51m11ar components as the Manila delta1c materxa]s,
varies ‘1rregu1arly. It is 120 meters in  the northern portion of-.
Montalban, around 15 metefs_at Marikina, betueen 30=and 40 meters at
Pasig, and more_thanIIBU meters at the southernmost part.

Hydrological Aspect

The Quaternary Alluvium and Guadalupe Formation, from especia}]y
hydrogeological points of view, are as follows.

(1) Quaternary Alluvium

The thickness of the alluv1um 1s unc]ear because of the dlff1cu1ty
in d1st1nguxsh1ng it from the underly1ng Gaudalupe Format1on. De]taic

dep031t1on resuTted in frequent vertical. and hor1zonta1 variat1ons of.f'

deposit features and the nature of such depos1t1on produced loca1ly
confined aquifers of pervious sediments which, however, do not have any

A
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outstanddng1y high- pressure.  Some of - the isolated aqu1fers were
exploited and the others were possibly Teft 1ntact._

{2) Guadalupe Formation

: The Quaternary Guada1upe Formatzon cons1sts of pyroc1a5t1cs and.
sedamentary units  and includes a basal member named the, A}at
Conglomerate. The pyrocTastic member has l1tt1e potentia].for beaning
ground water ‘in general, while some layers of the sedimentary units have
h1ghly productive water bear1ng potentlals. The Guadalupe Formation
consists ~of water1a1n depositions and such sedimentary units  of
formatlon have the most product1ve water bear1ng potent1a1 : '

-2.2‘_Eva?uation Of“Land'Subsidence

Ground Water Level Survey

The ground  water level -records of 1955, .1967 and 1981'and the
| measurements of ground Water;1eve1 in June 1988 were studied. - According
to the ‘available gnound' water leveldata of the Manila Bay Aquifer
System given by H. P. Quiazon of the Bureau of Mines, 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 the ground water
level recovered between 1967 and 1981 as a re5o1£=of the reduced pumpage
and'abandonment'Of wells due to saline water 1ntrd$ion;_-8y;1981, new.
centers of t.he .pumpage were Sucat, Paraﬁadue Makat‘i'and Quezon City.

Measurement of the ground water level was carried out at six wells
in June, 1988. The water Tevel of the wells had been almost unchanged
- or recoverlng since 1981 (refer to F1g 3-2- 2)

Ground Elevat1on Survey

The existjng data obtained in 1979 and results of the topographic
Sﬁnvey-carried‘out'indlgsa'were'studied. ‘Since the primary bench mark
level Jof" 1979 s survey is- unknown the results of the survey carried out
in 1979 and 1988 are 1ncomparab1e in the same Tevel.

N Considenlng the conso]1dated cond1t10n of the Guadalupe Formatlon |
as ment1oned above,_ andiithe_zrecoyerlng_ ground _watern level in the
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formation since 1981, the ground Jevel of the hill consisting the
Guadalupe Formation appears to be stable and able to be regarded_asgthe
primary bench mark during the time between 1981 and 1988. Based on this
concept, the results of the topographic survey. show that the ground
Tevel in the alluvial dep051ts is almost’ unchanged or has somewhat risen
since 1979. ' ' T

Findings on Land Subsidence

~As shown in Table 3-2- 1 Ground Water and Land Subsadence, which
summarizes ‘the above cond1t1ons, all the data appear to 1ndacate that
the land: subs1dence of the alluv1al deposit area is presumed to have
ceased since 1981, No more subsidenLe‘1s expected when -the ground_
water utilization cont1nues to decline: in the future. ‘

3.  GEDLOGICAL INVESTIGATION

Geologica!-1nvestigationSIWére-made for the drainage areas of East
and West .of Mangahan and Malabon-Navotas which are designated as
priority areas. |
3.1 East and West of Mangahan Floodway

General Aspects

(1) GeOmorpholngy

Th1s area is Tocated at the northern shure of the lake, coverlng'

Taguxg and Taytay, with a 5hore11ne of approx. 10 km long, and at the -

southern end of the Mar1k1na Va]!ey wlth a north-south trend. The'_
Marikina River runs through the valley in the m1ddie reaches, but flows :
out of the valley toward the sea in its Tower reaches.

According . to_tne*past geomorphologica][geologicalJstndies:in‘ine:"
area, :the Marikina Valley is a graben valley which was caused by'faulf_-
movements (A.D. Alvir, 1929). 1It.is reported that the Mar1k1na Valley

Fault runs from north to south aiong the. western margin of the val?ey _

and the western rim of the lake._ A fault (cal]ed Binangonan Fau]t)
trending from northwest to southeast 15 assumed to be running through_
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Taytay and Angono on the eastern margin of the va!}ey {Froilan C.
Gervasio). The locations of these faults are shown in Fig. 3-2-1.

(2) Geology

~ The floor of the Marikina Valleylin this study area is entirely
covered w1th clay and sand Tayers of @alluvial deposits of the Marikina
River and 1ts tr1butar1es . These alluvaa] deposits dip gently towards
the south with an in¢lination of 1 or 2 vertical by b, OOO_horizontal.

Tuffaceous bedrock of the Pl1o P1e1stocene Guada]upe Format1on,
wh1ch is locaily caTled adobe, exposes in the h111y zones on. both the
‘west side (Quezon City and Parafaque) and the east side (Antipolo and
Angono} of the Marikina graben.

' Geological Condition
(1) Field Investigation
(a) Pfevjbus Investigations;

- Some geotechnical investigations in and around the area have
previously been carried out for various projects as follows.

- Mangahan‘rioodway Project Study; DPUH, February 1975.

. Feas:b1!1ty Study on the Paranaque Sp111way PFOJECt DPWH,
'1975. ‘

| -freasibi11ty Study on C-3 and R-4 and Related Roads Project;
- DPWH, March 1978.

+ Napindan - Hydraulic Control = Structure Project; - DPWH,
October 1978. '

- 3011 Invest1gat1on for the Proposed Laguna Lake Reclamat%on
' and Devejopment:PrOJect, Technote;t, Inc.,_March 1981
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(b) Investigation in this Study

In this Study, drilling was conducted at 10 locations along
the lakeshore as follows. '

Ground

Drillhole  Depth (m) E1e¥;§1on s.p,7, Undisturbed Sampling
JB-1 15 11.614 13 -
JB-2 20 12.966 16 -
JB-3 200 11508 18 1
B4 20 1287 18 1
JB-5 20 13,279 0 187 -
JB-6 25 12,544 23 -
JB-7 20 - 12716 18 1
JB-8 20 11.978 19 1

- JB-9 20 12,375 19 | 1
JB-10 20 13.914 18 -
10 holes - 200 - 180 5

The locat1ons of the above drillho]es are shown in F1g. 3-3-1,
togefher w1th the prev1ousiy drilled holes in the v1c1n1ty,

(2) Laboratory Tests.

The foilow1ng laboratony ‘tests were carrled out for the samples
taken from the drillholes and the test p1ts '

- - Natural Moisture Content {NMC)

“Gradation Ana]ysis_W§th_the?Hydrometer (Hydro)
- Gradation Analysis (Sieve) |
Atterberg Limits_(LL;PL)

Sbecific Gravity (Gs)

Unit Weight (UWT)

Unconfined Compress1on Test (UCT)

)

H
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- Triaxial Test, Consolidated-Undrained with Pore Pressure
Measurement (Triax)

- One Dimensional Consolidation Test (Conso)

- Compaction Test (CT)

- Penetration Resistance Test (PRT)

- Organic Content (Org)

- Shrinkage Limit (SL)

The results of the laboratory tests are summarized in Table 3-3-1,
and the typical soil features along the lakeshore dike was determined on
each soil layer based on the laboratory tests and the existing available
data (refer to Table 3-3-2).

(3) Soil Profile

As shown in Fig. 3-3-2, Geological Profiles on Lines A, B, C and D,
all subsurface soil layers in this area develop continuously in all the
directions, except for the fill layer and sand layer near the surface.

The description of each soil layer in descending order is as
follows.

(a) Fill Layer (Top Layer)

This layer extends in the restricted zones such as the
embankments of the Mangahan Floodway and the reoad linking Bicutan
and Pasig. The thickness of this layer is 2 to 5 m above the
original ground.

(b) Sand Layer

This layer develops at the western rim of the lake at the
maximum thickness of 2 m. It comprises yellowish brown, medium to
coarse sand which falls under SP or SM in the unified 5oil
classification as shown in Table 3-3-3. This layer is a part of
the alluvial deposit reflecting a localized sedimentary environment
on the western margin of the lake.
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{c) Clay Layer C1

This layer develops widely with the thickness of 2 to 3 m. It
~is composed of yellowish or gray1sh birown soft c]ay of high
plasticity (CH) as a part of the a]1uv1a1 dep051ts of the Marikina
River and its tributaries. -

(d) Sand_Layer S1

‘This Tayer is composed of £w0' strata.  The f1rst stratum
underiies the C1 layer (th1ckness of 2.t0 6 m, - ave. 2, 5 m). 'The
second stratum is intercalated in the fo}lpw1ng.th1ck c]ay‘]ayer of
€2 ( max. thickness of 2 m). . Both strata gomprise_dark gray pf
dark yellowish to greenish gray, fine .to toarse sand With much
marine fauna (SP or SM). 'Fine to medium sand 15 dom1nant but
~coarse sand is occasionally located in the eastern. parts (Mangahan
Floodway - to Taytay), and the north of Nap1ndan and Taytay (IB-6 to
JB-10).

(e) C]éyiLayer c2

This Iayer comprxses b1u1sh to. green1sh gray c!ay occas1ona11y
inctuding marine fauna {CH- CM) The th1ckness is 4 m at the
eastern end of Profile A, and 14 m at ‘the hole JB-6 at Napindan
along the Pasig River. The: var1ety 1nuth1ckness of the €2 layer
‘suggests that the bottom of the old Marikina Valley, before the C2
layer was formed, had simply descended from north (Taytay) to south
{Laguna de Bay). '

(f) Chray Layer €3

This layer comprises dark gray -to- black, stiff.or hard .
tuffaceous clay to silt (CH-MH). The thickness-is 4 m or more.

(g) Sand Layer 52

This layer is d1st1nguwshed as the last iayer by the hoiesf-
'JB-8 and JB-9 drilled in the east of Taytay. The iayer comprlses
Tight brown, hard, silt to -clayey silt (SM-MH). "It appears that
the layer belongs to the weathered Zone of the Guada}upe Format1on
(adobe} for its color and soil characteristics.
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Geotechnical Cone1derat1ons for the Lakeshore Dike

The 1akeshore'dike 9111 be designed as earth embankment of 2 to 4 m

in height and about 9 m in crest width with gates and pump stations at
the crossing points of the rivers..

(1)

Alignment of Lakeshore Dike

" As shown. in F1g. 3-3-1, three alternative layouts were contemplated

'for the lakeshore dike in the course of this study. The geotechnical

(2)

' conditions of these a]ternatives are as follows.

(a) Alternative No. 1 and No. 2

From the geotechnacal v1ewpo1nt there is no diftérente
between the alignments of No. 1 and No. 2, attheugh the alignment'
of No. 1 may be more 5u1table than that of No. 2 1n terms of the-
st1ffness of the soil 1ayers and the h1gher elevataon.

'(b) Alternative No._3

' As clear?y shown in Profa]e D of Fig. 3-3- 2 the 5011 layers

‘along ‘the alignment of No. 3 have a tendency to decrease the N-

value 1n the C1, Sl and C2 layers., This means that:soil on the

Ua]ignment ef No. 3 is finer and/or softer even in the same layer as

the: ahgnments of No. 1 and No. 2.

Bearing Capacity of Foundation for'Important StrUctures.

. .The foundatwon for important structures in the area will be the C3
layer of clay with: the average N-value-of 20-50. The ultimate bearing

"capac1ty of this. layer is ca]cuiated as fo]]ows, based upon the design
:shear strength and unlt we1ght ment1oned in Tab]e 3- 3 2. o
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(a) For Direct Foundation

Foundation Type Uttimate Beariﬁgjcdpaﬁif}-
Circular Footing qu = 1.3°C Nc + 0.6 rp R NP ¥ Py DE NG
Square Footing ' qu = 1.3 C Nc + 0. 4 rz B Nr + ry Df Ng

= (170 3 BIL)CNc+(0 5-0. 1B/L)11 BN +

Rectangu]ar'Footing qu
‘ ri Df Ng

Continuous Foundation  qu = C Ne + 0.5 8 Nr o+ rp OF Nq -

where; qu: ultimate bearing éabatjty: C cohesionj” Né; “Nr, Nao:
Terzaghi's bearing capacity factor; R: radius of foundation; B:
width of foundat1on, L: length of foundat1on, R1' unit weight of

'-5011 from ground surface to foundatlon bottom, Fp: un1t we1ght ‘of
5011 from foundat1on bottom to ?B below the bottom.

(b) For Pile Foundation

Ra = 1/3 » {30 N« Ap + [(Ns » Ls) / 5 + (Nc » Lc) / 213
where; Ra: Jong-term bearing capacity; N: N-value at the pile end;
Ap: section of the pile end (m?); Ns: ‘average’ N-value of 'sand in

the section of piie; Nc: average N- value of cIay in the section of
pile. ' i

(3) Settlement

Based upon the design loads by embankment'heights-of 3_ahd'4fm and .
the des1gn values shown be]ow, settlement was calcu]ated. o

Consolidation Coefficient s 2 1 X 10- 3 cm3/s in C1 layer ."
1.7 x 10-3 cm3/s in €2 layer

Drainage Length : 100 cm in C1 layer |
: 300 cm in C2 Tayer

Embankment Height

L

4w

111-10



.7Note: Drainage 1ength of. the 1ayer 15 assumed at 100 cm in €1
: _layer and 300 em in Cz Tayer due to the existing
intercatated thin sand layers.

‘According to the calculated results based on the above conditions,
the total of the 80% settlement under an embankment of 4 m in height_is
est1mated at about 52 cm in-a period of about 24 months. Therefore, an

extra embankment of 20% of the  embankment height is required for
permanent3struetureSa :

_(4) Embankment Methods

The embankment of the Yakeshore dike is planned to be of earthfill
with the_he1ght_of approx. 4 m. Five alternative embankment methods are
'considered as fd]lows. -

ﬁu”Embankment by dredgedlexcavated material from the v1c1n1ty of the
d1ke allgnment._ o '

- Embankment by mixed soil of dredgedlexeavatedr material with
_-borrowed sandy material.

o Embankment by"borrowed material for the ~outer part and
dredgediexcavated material for the center part. '

'4'Embankment by borrowed material.

| -'Embankment by dredged!excavated mater131 w1th the add1t1on of
'=qu1ck11me or cement powder :

*:fThe,most suitab}e“method for the_construction'ef the lakeshore dike
:shail he selected from the economical and practical viewpoints.

Material Seurces for Censtruetion_of Lakeshore Dike

| I the lakeshore dike is -constructed with dredgedlexeaVated'
mater1a1 from the v1c1n1ty of the dike alignment, soils of the C1 and Si
f]ayers are practlcal}y obta1nab1e. If borrowed materlal is necessary to

. be used, it can be taken from Angono, Ant1po1o or Munt1n1upa

According to the 1nformat1on gathered from the inhabitants and the
'rreport of - the Feasib111ty Study for the Metro Mani]a Outer Major Roads
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project (Northern Package, June 1983), the quantity of available borrow
materials in Antipole may be unlimited, while the quantityin Muntinlupa
may be very limited. The up-to- date ‘condition of each site should be
confirmed in detail at the deta11ed design stage.

Sand/gravel materials for embankment and'the-concrete,aggregates
will have to be transported from the upper reaches of the Marfkjna;Riyer
and from Angono about 10 km east of Taytay. The properties of sand dndj
gravel deposzts at Angono for concrete aggregates were ‘reported by ‘the
producer as follows. = :

Material . Wash LossluAbsorptfon_ Abrasion Loés Spetifﬁc\Gravity
Concrete _ : : _
Agaregate 0.05% . 1.03% . 17.0% 2.89

Source: Concrete Aggregates Corporation

3,2 Malabon-Navotas Area

Generaf Aspects

(1) 'Geomorphology

The Malabon- Navotas area is on the . coastal 311UV1a1 p1a1n with a

ground elevation of zero to 2 m above sea. leve]._ The genera] topography '

of the area is character1zed by f]at and -1ow- 1y1ng pla1ns ‘with the
Navotas and the Malabon-Tullahan_ rivers flowing in a southwesterly
direction associated with deserted loops. S

{2} Geology

o The‘who1é'surfacé of.the a?]uvial'depqsit:is;cofered_Wiﬁh sand,
siltand clay. These soils are of the deltaic deposits formed by ‘the _
Navotas and the Malabon Tullahan r1ver5 and mixed w1th marine faunas and _7
corals. ' ' '

According to the existing drilling data of the'roadjproject-(c-s;
C-6 and R-10), the'thjcknéss*of'the*alluvialrdeposits'isfinlthe range
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from

15lm to 27 m, below‘which-11e‘P110-P1e15t0cene.tuffaceous rocks

(tuff ahdﬁpyrucTastic‘rocks) of the Guadalupe Formation, cemented in

varie

d degrees and with undulating surface.

Geological Condition:

' [Note

(1) Field Investigation
(a) Previous Investigations
‘ In the Malabon and Navotas areas, geotechnica] 1nvestigattons
_ were prav1ous!y made for a few projects of the DPNH such as the
erasibillty Study for Manala Bataan Coastal Road and Its Re]ated
_Roads (c ~5 & C-6) Project March 1980; and the Metro Manila
Integrated : Urbqn Drainage and . Flood Control PFOJeCt
Malabon-Tullahan River, July 1983.
(b) _g"_'ihve'sfi_gati‘qn's' in this Study
' To study and confirm the geolog1ca1 cond1t1ons in- the area,
one dr1l11ng (MN 1) 10 m deep was add1t1ona11y conducted at the
' ground e1evat10n of EL 11. 380 m and nine standard penetrat1on tests
were’ carrled out. “The location of MN 1 is shown in Fig. -3-3-3,
_ 'together with those of ‘the prev1ou51y dr11ied holes.
(2) Laboratory Test
| Samp]es were taken from dr111h01e MN 1 for the iaboratory test w1th
the foliowxng resu?ts.'* ' ' o
o Y [ S
.Léyer. -Depth_(m) NMC (%) (050, Uc) S.G. LL PL {%)
CSand 1.55-2.00 31.36  0.38, 12 2.64 ---
Clay -~ . -~ ~ 5.55:6,00 . 48.81 - Clay: 2.60 . °41.08-22.2
Clay Conta1n1ng 9._;55_-10.00 - 50,19 0.008, 150 2.59  56.34-28.1
Shell Fragments . ' e s :
] NMC: Natural Moisture Content Uc: Unifdrmity Coefficient;

_S_G.. Spec1f1c Grav1ty, LL PL L1qu1d PIast1c L1m1t
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The above figures reveal well the charatteristics of each soil
layer, as well as the existing test results of BH-003 samp]es as shown
in Fig. 3-3-4. ' '

(3) Soil Profile

The geo1ogtca1 profiie was prepared on the basis of the data on the
previously drilled holes of BH-003, BH-2 and BH 1, and the 1atest ho]e
of MN-1 in this study (see Fig. 3-3-4). '

The profile shows a general p1cture of the subsurface geo]ogy,_
natnly cons1st1ng of thick clayey dep051ts w1th 1nterca]at1ons of sandy~
shally layers, which cover the tuffaceous ‘bed and is covered w1th a few
meter thick sandy layer. '

The layers having the N-value of ‘more: than 50 which-indicates
~enough bearing capacity are reached;at:the depth of 15 to 27 m be}Ow the
ground surface. It is conceivable that the layer having such a high N-
value is the tuffaceous rocks of the Guadalupe Formation.

(4) Geotechnical Censideratfbns for Foundation

At the Malabon-Navotas area,'various types of structures?such-as
ring dike, pump stations and. gates are. requ1red to  be: constructed
Their foundattons such as pump stations and gates have to rest on the
layer hav1ng adequate bearing capacities of N- value over: 50, i e., the
Guadalupe Formatton._ Reinforced concrete p11es to reach the Guadalupe
. Formation will be a practical solution to be exam1ned in the future. “i_-

4.  GEOTECHNICAL CONDfTION AT MAJOR STRUCTURE SITES

Mar1k1na Control Gate Structure

‘The Marikina Control Gate Structure (MCGS) is" proposed on:3the
Marikina River around one- (1) kilometer west of the Rosario Weir of ‘the
_Hangahan F]eodWay S

Accord1ng to the geo]og1ca1 data obta1ned in 1nvest1gat10ns for thea
Marikina Contro] Structure and’ Upper Marikina River lmprovement PrOJect,
a sup-horizontally bedd1ng_Guada]upe Tuff Format10n_1s the bedrock of
the site. (Refer to Fig. 3-4-1.) = | -
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o Altuvial deposits of iess than two (2) meters in thickness and f1ve '
to 51x (5 6} meters in thickness are d1str%buted in the r1verbed and
both banks respectively. Sandy layers of the alluvium show N-value
‘around ten ‘(10}- and 511ty layers show more than twenty (20) 1in the
penetration test to the USBR specif1cat1on.- .

San Juan River Improvement works

B San Juan R1ver is a maJor tr1butary of the Pas1g R1ver,_j01ning
from north at “the confluence around 8. 7 km upstream from. the prImary"
tbenchmark 1ocated at the - river mouth. The river grad1ent in the upper
: _'and m;ddte_ reaches is relatively steep reflecting the topograph1c
- condition of the area. ) - I ' | N
According te“thé*é"x‘iét'ih’gt record or core dritting in’ the subsoil
f1nvestigatton for the San Juan River and Talayan Creek carr1ed out in
1983 “the area a1ong the river 15 composed of tuffaceous ‘bedrocks o6f

-.jGuada1upe ‘Formation and overlyang dense 'soil with' th1ckness less than

2 M. The bedrock 15 covered - by ‘clayey to . sandy oberburden W1th'
th1ckness of less than, 3 m in the upper stretch of the r1ver."The
".trecent r1ver depos1ts 1n the Tower stretch of the river within 2.5 km
frem the river mouth 15 around 7 m.

',Cuteoff'from Paranaque”River

_ The cut-off offthe_ParaﬁaQUe River, about five hundred (500) meters
‘long,  is proposed to divert the river water from the vicinity of the
. _A1rport Road ' Br1dge to Manila Bay. ' '

" The cut off stretches in: the Manr]a A]luvxai P]aln which consists
of 51lty to sandy 1ayers.- Th1ckness of ‘this unconmﬂxdated layer 1is
_ unknown, but presumed to be between five and twenty meters from the
"ex1st1ng record of ‘core boring in this area.

Marikina Dam

Proposed site of the Mar1kina Dam is 1ocated approxlmateiy 30 m
downstream from “the ex15t1ng wawa Pam which is situated. around 3.5 km
upstream from the border between the Marikina Valley Plain and the
‘mountain: zoneos '
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The riverbed at the dam site is around 50 m in elevation and about
40 m wide and steep slopes rxse abrupt]y up to 400 m 1n elevat1on on
bhoth banks. ' '

The bedrock of the site is a member of Angat formation of early
Miocene, which consists of well bedded to massive limestone associated
with thin 5111L90us and calcareous sandstone and a]ternat10ns of thinly
bedded sequence of calcareous shale, cTayey sandstone, sandy 11mestone
and cog1omerate. This format1on is h}ghly weathered under coglomerate,
This formation 1is highly weathered under trop1cal cl1mate and forms‘ '
Karst caves of underground eros1onnat places. The bedrock at the dam
site is a_massive_limestone with cévities. - Some of the cav1t1es stretch
deep under the hi]is, occasibnai}y'déVe1dp1ng into ]arge caverns.

The topographical ‘and. geo?dgical conditidns seem  to suit
construction of a concrete gravity dam from the rnechanlcal point of -
view. . However, it is highly probable that the 1nten51ve Karst features,
or development of solution cavities, in the limestone bedrock will cause
much difficulties and, thereby, extra cost in foundat10n treatment for
seepage cut-off.

Further detailed geotechnical investigations are required.’
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Table 3-2-1  GROUHD KATER LEVEL AND LAND SUBSIDENCE

“OBSERVATION ___ ALLUVIAL DEPOSIT .

GUADALUPE FORWATION .

1990

OR UP

PER1OD YEAR GROUND LEVEL - G.W. LEVEL GROUND LEVEL __ 6.M. LEVEL
- 1950
1955 . emeeeecmmmemss e
- 1960 DOWN  poul
1967 DOWN emecmeemeeme e S
- 1970 |
S up DOHN
U7 S R — S U :
- 1980 . ALMOST | |
- 1981 UNCHANGED =rwrmmmmmmmmmin UNCHANGED  ~=--- ommimnmn
1988 wmwmmemoommoo- UNCMAMGED  —-o-oememeonce- UNCHANGED

. ORUP
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Table 3-3-2 TYPICAL SOIL PROFILE AND ITS PROPERTIES
(TAGIG AND TAYTAY ARTA)

DEPTH LAYER - N-VALUE PHYSICAL ENGINEERING -
(m) | (SOIL SYMBOL) | (AVERAGE) PROPERTY PROPERTY
FILL
Om
S AN D(SM) | 20-30 Yt = 1.7, Gs = 2.60 Partly 1ocated at western
(SM) ¥ = 30-40% . * | rimof 1ako
_ Yt = 1.64 gr/cm3** |. ¢ = 0.11kgf/cm? (0,06  0.18)
Clay Wn = 42% (34-47) | ¢ ='14.0° (14°.-'23° )
g 10 LL = 58% (56-65) | ¢' = 22.0° (1a°_— 360 )
(CH) PL = 30% (27-35) | Cv.= 2. 1x10-3cm3/sec
Pl = 28% - Cc = 0,37 (0.37-0.49)
las = 2.62 grlcm3** qu's 0. 81kgf/cin (0.63-0.96)
- g0 = 1.19 (0.91-1.34)
3.0m ' - e
o Yt = 1.75 gr/emd** | ¢' = o 1akgf/cm2 (o 06 0. 30)
SAND Wn = 52% (32-72) | & = 14° (13° -15°)
5y 5 ' : $'= 360 *X(16° - 20°) .
(SP-SM) Cc = 0.20. ** (1.01) -
5 o “qu = 0, 80kgf/cm2 (0.8)
Gs = 2.64 gr/cn** | eo.= 0.90 ** (1.941) .
5.5m o :
|yt = 1.50 griem3** | ¢c''s 0 19kgflcm2 (o 18-0. 32).
Clay’ Wn = 68% (39-122) |- ¢ = 16.8° (8° - 29°)
Cy 2 LL = 61% (38-103) | ¢ = 20° **
(CH-CM) |PL = 323 (18-58) |- Cv = 1.7x10° 3emd/sec
: Pl = 20% Cc = 0,80 (0.682-1. 340)
Gs = 2.61 grlcm3** qu = 0.39kgffcm? (0,11-0.89)
a0 = 1,34 (o 70-1.82)
17.5m - o
Yt = 1.70 gr/cm3** | Gs = 2, 61 grlcm3 AE
Clay - | w0 = 75% (39-103) | ¢ (Su) =o. 32kgf/cm2 *h
¢y | 20-50 |LL = 63% (34-91) | qu = 0.18kgf/cm? :
_ " {CH) g PL = 327 (16-44) ] §' = 18.5°
22.5m - ' : '
oI o . R R
deeper | 'S A N D _ S 1Yt = 1.75 gricm3** | C' = OKgf/em? **
B IR > 50 or |Wn = 28% % . O = 36° **
(MH-SM) more | Gs = 2.62 gr!cm3** : :
[Hote]

Figuras in parenthases are the m1nimum and the maximum Va]ues of the tests.

* Data taken from ‘the Report of the Paranague Spillway Project.
** Data used by Technotest, Inc.
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Table 3-3-3 UNIFIED SOIL CLASSIFICATION SYSTEM

FIELD |DE'NTIFI.DATt0H PROCEDURES

]

TYPIGAL NAMES

HIGHLY ORGANIG SOILS

.-frequsnlly by fibrous luh.rre

- Et

(Excluding portictes larger then 3 inches and Basieg fractions on sstimated weights) n
T W ) 3 Vide ranqge in graln tize and luh;lanfiﬂl.omounh oW wall greded grovals, qmulﬁand mixturss,
P - g 8 £ % 2 ot alt intermadiate particls sizes. . little or no finas.

g E - § & 5% '

£ . ke 27132 : . s

: % 2 = :-_-E Pﬂdmmnn“y ont 126 OF © range of 3iiss 6F Pogely graded qravels, gravel-sand mixturas,

§ ] g . : g o uun some mlnrmudmio sizas misxing. little or ro linu. R

" g g a . b

. § -] B § A= "g non-p!usﬁc fines (for idantification procsdures . Silly qrevals poorly grudcd qravﬂ sand-
L @ §-§ ; i, 2% sae ML batow). : GM. Al miztures.
- = - ] k-1
© . nE 2.
P -} A= G - ™
o £ Eg § 4 ; Piastic finas o Identiticotion proudures G Cloysy grovels, peorly grodsd gravel-sond-
ool &2 & |3 o see CL Nlnu) ¢ cloy mixtures. :
" s s : "
. 5 3 ] = - :
. S| v [
€ e 2 0 la Wide rangt ia groin sizes dnd substanticl Well groded sands, ruvally sands ; GHle or
: ] 6 o W ¢ 9
wE £ 3 g_.: ®EL smoynts of all intermadiote porticts aizes, . _ng finas, .
es 2 Tk iRt . .
- B £ - % £ Pmicmmsn!ly one size ora range of sizes mth P Poorly gradad sonds, grovelly sonds, Fiitke or
8 el 2% SEIS S “tbme intermadiate [HTY rnlnlng 3 no fines. ) )

F 2 E g . :

£ >3 = + 1 nm-prmm tines (for Identificotion procedures : : . e

§ 3 * Eg SEIE :_E_ et WL bakw). . _ £y Sifty sonds, pogrly groded sond-sill miztures.

L g—_ Sei*u 8w : ‘

§ 31 S8 EL{BE B[ rrestc tiar for iemtitican ! . '

: = L entificalion procedures . ; .
- % 5 - E E . gg ':‘" cI: m“;" Henhificalio "'" : ." sc. Claysy sonds, poorly gredad schd-cloy mixtures.
5 IDENTIFICATION PHOG!IDUHES on FRAGT!ON SMALLER THAM Ho. 40 SIEVE S12E

s ¥ DRY STREMGTH GILATANCY TOUANHESS

LR CRUSHIN [REACTION [GOHSISTEKCY

: . i CHARACTERISTICS) T0 SHAKING) NEBR PLASTIC LI}

H ; §

@ G : A .

- S " . " . . ; Inorqumc sHlis and very tine sonds, rock flwr silty
‘g2 s 3 g Nang fo slight -Q"'_“ fo slow None ML ) or clayey fine sands with slight plashcny
CeTg ¢ E .

g 5 g =8 : . - ) =

"’ = ‘E wE ) 3 L fnargonic tlays of low to madium plaslicity, grovelly
g .§ ;:- o §§ Medium to high | Noaz to vary slow Mediom oL ¢lays, tondy clays, zilly clays, lean cloys,
8 o a - .
-y § n R . o - o L
¥ g . Slight to madwem “Slow Slight oL Organic silts ond organic silt-clays ot tow
H L : : plosticity.
g > 2
e E = e
= - . i !
x .Slight to medium | St Stight ;i iuorgm[c sitls, micaceous or dintomateous fme
v B b © Stig A . ow 1o non_a. ) " hm.d"m M"_ sandy o silty soils, Wlastic sifls,

z . % &% :

3 LINE Ty

c - : ? ° “’I-_‘ . Migh %o very high Hont . High CH ~ tnorganic clays of high plosticily, tot cloys.
i iz B - |

: 5 SE -

=z L L Madivm to hiq_!! Horg fo very slow | Slight fo m_ldium oH Organit ¢lays of madium to high ghashicily.

Recdily Fdantitisd by color, odar, spangy feal ond Peot ond n.ther hiqh.ly organic soils.
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1. . GENERAL.

_ This: supporting report presents the fTood control of river systems
under The Study on Flood Control and Drainage Project in Metro Manila.

2. "PRESENT chnITrpN'

2.1 Watersheds

 The “objective area 1is divided “into the following basins in
accordance with the topographic characteristics and the river and

chqnneihsystgm..

a:'Paﬁig—ﬂacikihé-RiVer'Basin"
“ (Inctuding San Juan River)

1;;..Meycéuaycc.RicécQBasin
-.Maldﬁon-TQ1ichaaniver Basin
- :Bu114Bah95Mahabg River Basin
ifg_Vsccchﬁégf;ﬁéqué-cac_ﬁ{ﬁas Rfyer:Basin
o other ‘g-émai;;;g*g;eas |

ffThe areal d1v151on5 ‘and catchment areas: are. shown in Fig. 4-2- 1.
.Laguna Lake Basin w1th the total: catchment area of about' 3,160 km s
not inciuded and: other: remaining areas means the inland dralnage area
'iwhich ‘do not:-beltong to -the river basin such. as the coastal ‘lTowland areas
and the lowiand_area in_the.north shoreline of the Laguna Lake. '

'2 2 River System '

Pas1g Mar1k1na River System N

The Pasig Mar1k1na R1ver f]ows through the C1ty of Manila to the
:Man11a Bay._ 1t total catchment area is estimated at about 635 km2, as
_shown in TabTe 4 2- 1, about 10% of which is 51tuated in Metro Manila.
7The Mangahan F1oodway has been constructed to d1vert the ‘Marikina

Iv-1-



floodwater into the Laguna Lake at the design discharge of 2,400 m3/s"
with the Marikina Control Gate S{ructure (MCGS) which is not yet
completed. In this s1tuat1on, a d1scharge of 1, 100 m3fs is des1gned to

flow down into the lake when the Marikina River has a discharge of

2,000 m3/s according to the model test conducted 'ih- 1983. - At the

confluence with the Napindan Channel, the river is:known as the*Marikina'
River in the upper reaches and the Pasig:Riverfin the 1bWer]réathes.

The San Juan River, one of the tributaries with a catchment area of
91 km?, joins the Pasig River at its meandering sectton_jh_thencéntral-
city area. ' ' o ' |

The boundary between the Pasig- Mahikina'Rivét SyStém“éhd”the:Léﬁﬁﬁﬁ
Lake System is at the confluence point wwth the Nap1ndan Chann91 whlch':
links the two river systems. The Pa51g Mar1k1na River . System is also
adjoining to the Malabon- Tu]lahan " River System -ana-_ the South
Parafiaque-Las Pifias River System on- the north and “south boundaries, -
respectively. ' I ' | '

Meycauayan River System

The Meycauayan River System_ consists of 'sévefa]ﬂ'rivers_ SUCh_ as
Meycauayan, Marilao, Bu]aééﬁ;'Bobaué;”Pﬁld,_Ca16b§édfand.btﬁers.j_'Thes'
Meycauayan and Marilao Rivers, two main'stfeamsio?”theffiver system;
flow from east to west mostly along the northern boundary of Metro
Manila. TYhe catchment area of these two main streams: is estimated at
abaut 169 km?, about 45% of which belongs to two mummpahhes,w ey
Caloocan (North) and- Valenzuela. In the v1c1n1ty of. its -estuary, the__
river system Jinks with the Malabon- Tut]ahan River: System through the_
tributaries of the Polo River and others.: B L AL L A S S

Malabbh-Tu}1ahan'River'System

The Malabon Tultahan River System or1g1nates in the northeastern[

boundary of Metro Manila and flows into the’ Man1la Bay.‘ The ma1n stream_' -

of this river system is ca1}ed by d1fferent names such as Tuliahan;
'TeneJeros, Matabon and Navotas depend1ng on. the ]0Cat10ﬂ from thegV
~upstream to the downstream. The Novaltches Reserv01r, the mun1cipat and
industrial water source for Metro Manila,j; Iocated Jdns the UDPEF
reaches of this river system.

y-2



Bun-eaho-QMah‘abe River System

The area 1s located in the eastern side of the Mangahan Floodway
and includes the smell rivers and/or creeks such as Baho, Buli and
Mahaba. A11 of the rivers have a rather steep riverbed gradient and
they col!ect the runoff from the mountainous and hilly land area. The

:lower stretches do not have enough f]ow capacities, thus, runoff water
1nundates the flat low]and area, together ‘with the high water stage of
the Laguna Lake.' :

' South Paranaque -l.as Pinas River System

This river system 15 s1tuated in the southern part of Metro Manila.
the Paranaque River f]ows for about 3.0 ki, a]ong the seashore from the
southern end of Estero Tr1pa de Gallina to Manila Bay. At the v1c1n1ty
of the ‘estuary two tributar1es, the: Donga]o and the ‘San Dioniso R1vers,
join the Paraneque River. The Las- Pifias River joins the South ‘Parafiaque
River and the Zapote R1ver in the low-lying area adjacent to the
eseashore - ' - | S : :

S Most of the southern boundary of Metro Manx]a runs a]ong the Zapote
_.iRiver from. the south to the north, The whole catchment area of this
-r1ver system 1s 95 kmz, most of which adm1n1strat1ve1y belongs to Metro
Mani!a.

"Other'hemainihg Afeas

Other remalning areas wh1ch are not 1nc}uded in the rxver ba51n,
sare most]y located 1n the Yowland area along the coastal 1ine of the -
Manila Bay and the north shore11ne of the Laguna Lake ~such as Manila and
suburbs Merabon Nevotes, East of Mangahan and Nest of Mangahan. In the
“area esteros creeks: and other. small channels are. comp11cated and
fthose present systems -are. as exp!e1ned in’ 5upport1ng Report V Drainage
?Improvement.-- ‘ : ' :

T N
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2.3 Major Facilities

Pasig-Marikina River System

{1) Mangahan Floodway

The Mangahan Floodway consists of the several components namely;
the floodway channel, the roadways on both sides of the fldodway, the
gated weir, and a bridge along Ortigas Avenue Extension crossing the
floodway channel, as follows., (Refer to Fig. 4-2-2.)

Total Channel Length : 8.950 km

Concrete Lined Channel + 1.1 km x 80 m bottom width
Rock-Lined Channel 3 1.0 km in transi;ion portion
Unlined Portion : 6,85 km x 118 m bo£tom width
Rosario Weir : 8 rol}er.gates

(18.75 m x 3.5 m);
Total Tength of 174 m

New Ortigas Bridge : 161.14 m span length; 6 lanes
Roadways : 1.3 km in total, on both banks
Excavation Volume : 585,000 m3
Embankment ¢ 7.1 km on both sides with

2:1 slope ‘

{2) Napindan Hydraulic Control Structure

The Napindan Hydraulic Control Structure (Napindan HCS) is located
at the site where Napindan Channel joins with the Pasig River. It is
designed to prevent contaminated water from the Pasig‘}River.:gnd
saltwater from the Manila Bay from proceeding to the Laguna Qe_Bay by
closing the gated spillway having four (4) movable gates, and to serve
as passage of watercrafts for commerce between Manila and the Laguna
area through the nagivation lock. The main components of the project
are as follows. (Refer to Fig. 4-2-3.)

- Iv-4



Gated Control Sfructure ¢ 4 units of_steel rolier gates,
| | clear span of gate is 15 m

" Navigation Lock ' : 110 m long lock chamber,
R 180 m long navigation'lock
2 units submergible'radia1
gate with 18 m clear span and
- 9.59 m gate height

(3) PaSig River Imprbvément Wbrks

. The riverine area of the Pas1g River is protected from floods by
'two measures° One 18 the channel 1mprovement such as the river wail on
both banks and the’ dredging of the channel bed, ‘and the other 1s ‘the
dra1nage 1mprovement by construct1on of pumping stations.

:The most recent feature of the river -inc]uding' the riverwall

conditibn”i&’éhbwn in Fig. 442;4,,based:on the survey results in 1988.

"As for the pumping statlon, ten stations were constructed as.’
foi]ows. (Detai?ed features are referred to 1n the Suppcrting Repcrt ¥,
Dra1nage Improvement ) ' '

JPasig River .

: . NoroF Dralnage T 'DiSéharge:'
Pump Station o “Pumps : Capacity (m /s) ~Into
B1nondo 4 11.4 Pas1g R1ver
Quiapo 4 9.5 Pasig River
Aviles Sampaloc: 4 '14.1 Pasig River
4 10.5

Valenciq ,

No.- of Dra1nage s D%stharge

Pump Station - Pumps _ . Capacity (m3 Is) - Into
South: . o e e
Paco 3. 7.6 - Pasig .River
pandacan 2 4.4 "Pasig River
Sta,:Clara - 2 5.3 Pasig:River
- Makati 2 7.0 ©: Pasig River
' Libertad - . 6 42,0 - ~Libertad Channel
_._Iripa‘de_ﬁallina_ 8/1 __56.0 - Estero Tripa de -

Ga]lina L

f Note fl Six (6) un1t5 are in operatxon and two (2) add1tional un1ts
are under construction.
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Meycauayan River System

To protect the Valenzuela and Obando area from flood inundation of
the Meycauayan River, the earth dike with an etevation of 12.0 - 12.5 m
is provided in the left bank side in the 5 km length approximately.

This earth dike consists of a part of the ring dike constructed
atong the western coastal lowland of the Manava area, and connected to
the river dike at the right bank of the Malabon River. (Refer to
Fig. 4-5-6.)

The dike is, from a structural viewpoint, not appropriate, and the
leakage 1is observed at several sections, according to the site
reconnaissance.

Malabon-Tullahan River System

Except a part of the right bank, the parapet wall with a grouted
riprap is constructed on both banks of the Malabon River, in the Tower
reach of the Tenejeros Bridge. The wall is about 11.5 - 12.5 m in the
elevation, and constructed in total 1length about 10 km aiong the
riverine.

In the upper reach of the Tullahan River, the Navaliches peservOir
to supply the drinking water exists. The catchment area in the upper
reach of the La Mesa Dam site is 52.8 km which is equivalent to about
50% of the total catchment area of the Malabon-Tullahan River.

Buli-Baho-Mahaba River System

These rivers are passing through the urbanizing area, but riparian
structure is, at present, in poor condition. Partially, the revetment
with concrete lining and riprap and the parapet wall are observed in the
middle or upper reaches. At connecting section with the Mangahan
Floodway, the revetment with riprap is provided. '

South Parafaque-Las Pinas River System

In the middle and upper reaches of the South Parafiaqite River and
the Las Pifias River, urbanization is in progress, and the .concrete
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Tining revetment or r1prap revetment 15 partially provided to prevent
the coliapse of the channei slope. In the lower reaches, the channel is
in the natural condition.

~In the upper reach of the Zapote River which is located in the
southern bbﬂndary 0f the Metre Manila, the Molino Dam is provided for
the irrigatien‘purposes but the river is in a natural condition.

3.0 BASI.C.ST.UDY AND ANALYSIS

3.1 Exist1ng Flew CapaC1ty of Rivers

Calculation Cend1t1ens
:(1) Equat1on fer Flow Capacity Est1mat°

The ex1sting flow capacity of the main river channe] was checked by
nen uniform flow’ calcu]at1on,_ based on - the cross sect}onai survey
draw;hgerprepared‘yn 1988,

(2) 'Rouéhhess-CoeffiCient

Menn1ng 8 roughness coefficient ene ef' the key facteﬁs 'in the
ceTculation, has been noticed by exper1ence to change approx1mate1y in
the range of 0 025 te 0. 033 dn cmnnon alluvial r1ver ‘channel. In

| 3accordance wlth the fea51b1lity study for the Hanagahan Floodway, the

ireughness coeff1c1ent has been checked prec1se]y and was concluded in
this. present study that 0.030 s the eppropr1eate average value for all

'-“:_the stretches of the Pas1g Mar1k1na River. - This value is also adopted

for the other rivers different from the Pasig- -Marikina River as verified
frem the s1te survey. '

(3) Hydraul1c Boundary Condatien

_ The fol?owing water stages of Man1?a Bay ‘and’ Laguna Lake was
- adepted as. the initial water stage (HO) for: the calculatlon. -
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kanila Bay Tide : 11.30 m (Mean spring high tide)
10,47 m (Mean sea level)

Laguna Lake Level: 14.00 m (Recent recorded highest)
12.50 m (Mean annual highest)

Estimated Flow Capacity

Pasig~Marikina River System
(a) Pasig River {Refer to Fig. 4-3-1(1/3)

Pasig River is divided into two stretches, the stretch from
the river mouth to the confluence with San Juan River and the
streteh from the confluence te the Napindan junction. The bankfull
discharge capacity is summarized below.

Bankfuil Discharge

Stretch . T0=11.30 H0=10,47
River Mouth to S5an Juan River 700 m3/s 800 m3/s
San Juan River to Napindan junction 500 m3/s 600 m3/s

(b) Marikina River {Refer to Fig. 4-3-1(2/3)

Marikina River 1is divided into two stfefches, the Lower
Marikina River from the Napindan junction to the diversion point of
the Mangahan Floodway, and the Upper Marikina River in {he upper
reach from the diversion point of the floodway. The baakfull
discharge is summarized below. |

Bankfull Discharge
Stretch = F0=13.15  H0=12.97

Lower Marikina River . 500 m3/s . 600 m3/s
Upner Marikina River

- From Rosario to Sto. Nino 1,100 m3/s 1,300 m3/s
- From Sto. Nifio to Montalban 1,500 m3/s 1,800 m3/s
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In the above table, the water level of 13.15 m and 12.97 m are
~set at the Napindan. junction, -assuming  that the flow condition of
~ the Pasig River is 500 m3/s which is estimated at the tidal levels
-of 11.30 m and 10.47 m, respectively.

(c) San Juan River”(Refef to Fig. 4—3—1(3/3))

In add1t1on to the above, there exist the San Juan River,
‘which 15 the - b1ggest trqbutary of the Pasig- ~Marikina River, the
hNapindan River and the Mangahan F!oodway. Thelr _bankfu1}
,d1scharges:are summarized as_fdllows. ' R

o “BankFui1 Discharge *
_Stretch . . M0-11.88  WO=11.45

About 8 km from Pasig River - 50m/s . 100 m3/s

”"_the:%:“:Exeébtri km'nitn a‘]owubank a]ong:the'riyer mouth.

_ y The water levels of 11 88 m and 11 48 m were obtained from
non un1f0nn f]ow calcu?at1on for P351g River at the dlscharge of
500 m3/s, settlng the Manila Bay Tide Level at 11.30 m and 10,47 m,
:respect1ve¥y. The results show that when Pasig Riveriis flooded,
the downstream area of San Juan River will always be ftooded.

'{d) Nap1ndan River

_ 7"_; The bankful d1scharge of the Nap1ndan szer from the Laguna
o _1ake to the Pa51g R1ver is on]y about 50 m3/s because the bank
:he1ght 1n the stretch of about 4 km from the 1ake 15 very low

(2) Meycauayan R1ver

_ In “the Meycauayan R1ver, the estimat1on of f]ow capac1ty was made
w1th?n the middle stretch wh1ch be]ongs to Metro Man1la and has a strong
_'1nf1uence on ‘the floed in the MANAVA area.; The middle river stretch
Cwill hardly have a fldw capacuty dur1ng h1gh t1de (11. 30 m) but wiIl

__have a capacity of about 200 m3/s at the mean sea Tevel (10 47 m)
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{3) Malabon-Tullahan River

The stretch of Malabon-Tullahan River about 5 km upstream from its
river mouth is affected by the tidal fluctuation, and its bankfull flow
capacity is almost nil at the mean spring tide. The middle stretch of
the Malabon River which is calied the Tullahan River, has a rather steep
riverbed gradient of about 1/100 which provides a flow capacity of about
100 m3/s only at the mean sea level.

The Navotas River runs along the seashore; therefore, the whole
river stretch is affected by tidal fluctuation and the bankfull flow
capacity is almost nil at the mean spring tide. The Malabon River is
under the same condition.

(4) Buli-Baho-Mahaba River

The flow capacity of the rivers are fairly inflienced by‘the‘water
stage of the Laguna Lake. Subject to the lake stage of 12.5 m which
corresponds to the annual mean highest stage, the estimated flow
capacities of the rivers are 30 m3/s along the Buli River, 50 m3/s atong
the lower reaches of Baho River, 20 m3/s along the upper reaches of Baho
River, and 5 m3/s along the Mahaba River. |

(5) South Parafaque-Las Piiias River

There are three major rivers; namely, South Parafiaque, Las Pinas
and Zapote, which cause serious flooding by river channel overflow. In
the South Parafiaque River and its major tributary, the Dongalo River,
the lower and middle reaches are affected by the tidal fluctuation.
Thus, the bankfull flow capacity is almost nil when the tidal level of
the Manila Bay rises to around its mean high spring of 11.30 m.

In the Las Piflas and Zapote rivers, the stretch of about 5 km from
the river mouth is affected by the tidal fluctuation. During high tide
in Manila Bay, the bankfull flow capacity in the downstream of Las, Pifias
River is atlmost nil and the middle stream will have about 10 m3[s_of
bankfull flow capacity.

San Dionisio and Parafiaque rivers interconnect the aforementioned
three rivers. Since the rivers run on flat and low land, the flow
capacity is almost nil when the tidal level is high.
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