* jdentified between depths of 65m to 100m in the Las Pifias test well

sites,. Tuffaceous sandstone is prominent below this layer. .Beneath
the clayey layer are alternating beds of fine to coarse sand, gravel,

pumice and scoria. These beds intercalate two thin clayey layers loecat-

ed between depths of about 200m and 300m. The formation which is about
300m in thickness can thus be roughly divided into two aquifer units.

The first aguifer has a thickness of about 60m and is confined. Since
groundwater is highly salinized, no existing deep well taps this aquif-
er. The second aguifer has a thickness of more than 200m and is also
confined, Existing deep wells have their screen sections at this aquif-
er. The second aquifer may again be subdivided into two aquifers be-
cause of the existence of a thin clayey la&er at a depth of about 200m.
The clayey layers are semipervious and c¢onsidered to be aquitards or
aquicludes. The first aquitard particularly has an important role in
saline water intrusion because of the high salinity of the first agquif-
er.

The Guadalupe formation tilts towards the coast at about 3 ‘degrees.
Therefore, the second aquifer identified in Las Pifias test well No.2
crops out the nearby LPS T-210 located about 3.5 km inland from the

" goast. The first aquifer is also similarly-exposed. The formation is

3.2.3

folded and two antielinal structures extending in the “north-south
direction are found in the hilly area between Las Pifias and Muntihlupa.
Thesé factors explain why a well of the same depth but which is drilled
inland taps a different aquifer (Figures 3.2.20 and 3.2.22).

.4 Groundwater Level

‘Groundwater level varies from aguifer to aguifer. For instance, water
levels ‘of the 100m-test wells at Las Pifias are 4.6m and 3.7m for No.l

and No.2, respectively. In contrast, water levels of the two 200m-test

" wells are 37.3m for Nopl and 43.4m for No.2. Water levels in the 300m-

test wells are 44.5m (No.1) and :50.0m (No.2), a little lower than those
of.the_200m4te5t wells,'indiCating that groundwater is mainly pumped out
from the second -aquifer as previously mentioned (Figure 3.2.23).

Based on the simultaneous measurements done in May 1991, a piezometric
contour map of the Las Pifias area was made. I{ is shown in Figure 2.4.1.



Since all existing wells have their screen sections at 100m to 300m,
water levels measured- in these wells represent piezometric heads of the

second aquifer.

The marked drop of the piezomeiric surface of the second aquifef to 60m
below sea level near Pamplona points to the heavy pumping in this area.
Regional groundwater flows towards the depression in Pamplona, from the
first aquifer to the second aquifer through downward leakage.
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TABLE 3.2.4 DIATOM AMALYSIS OF CCRE SAMPLES IN LAS PINAS (JICA NO.1 TESTWELL)

H NAME OF FOSSILS MOl 7.7m :-10.5 ~24.8 @ <B3-3 :1~116m :1-15C. :-238. 1-295m

:Achnanthes brevipes var intermedia Hl : 3 S : H H : H :

s . b - M 3 z

:fchnanthes covergens :£-B : : H 12 : T : H H

:Achnanthes delicatula 1B H 1: H : H : H H
sAchnanthes sp. M H H 1= < St E H
iAmphora holsatica M : 1 5 3 : : : : :

:Aamphora spp. F-B : H : 2 . 2 [ H

camphora strigosa = : : z2 : : :

:Bacillaria paradoxa F-B : : . : H H

:Cyclotella se. tF H H H : H 3 ¢ H

:Cyclotella striata? sp. H:h : 84 1: : : . : :

:Cymbella sp. :F : T : 1 E 3 : :

:Diploneis interupta HE] : 3: & : H : H T :

:Diploneis ovalis? :F : : H 1: H T H :

:0ioloneis smithii Hy : 1: 55 : : ot ST : :

:Dipl.oneis ap. H3 H : I : : : -

;Diploneis subarbicularis M-B : 9 : 14 : : R : : :
;Epthemia sp. iF - : : s CRE- Ry s :
:‘Fragilaria sp. ' | iF | . 1 | : :

:Comphonema spp. _ :F : 0 : 30 T : :

:Grammatophora macilenta oM : 7 : : : : : Cr :

:Gyrosigma scalproides H : : i: : e H : :

:Gyrosigma sop. : tF s . 2z 3 : v :

:Hvalodiscus scoticus B 1: : : : : -1 BT

:Melosira rogseana _ - iF ot : : : : O

Melosira sp. ; . iF . 4 H 1z 1 o : :

%]
I

.28



Page 2

: . NAME OF FOSSILS

H 3 1 P 4

:Navicula contenta
:Navicula gregaria

:Navicula mutica

:Navicula mupula

:Navicula spp.
tMavicula thienemanni

:Nitrschia cocconeiformis

Mitzohia fonticola

:Mitzschia. alanurata

:Nitzshia hohnkii

:Mitzshia hungarica:
':Nitzéﬁia littoralis

tRitzschia obtusa

:Nitzschia palea

:Mitzschia parvula

+

:Nitzschia.punctata

:Nitzschia sigma

:Nitzschia se.l

Mitzschiz sp.2

:Nitzschia 5p.3

:Nitrschia spp.
CiMitzschia supralitorea

:Paralia sulcata

Pinnularia hemictera

sPinnularia spe.

:Rhaphoneis surirella

s
!

- .
s H
. v

H H 3
: 2z : 2]
: H 1

28 : 27 :

H H 1

11 : 17 : H

- 1 -
- 2 - .

: H 21

H : 1

1 4z 13
B Tz 42 =

20 . . H

4 19

-29

15 @



Pagey 3

: NAME OF FOSSILS

7.7m -10.5

-24.8 @

-63-3

:Rhopaledia aibberula

:Synedra rumeens
:Synedra so.

tTalasiosira sp.

:Thalassionema nitzschicides

:Thalassiosira bramaptrae

tgen. 2t ge. indet

8

2

T .32

H TOTAL

182

+ e

M.0.L. : Mode of Life

F : Fresh. 8: Brackish. M: Marine

25

+




TABLE 3.2.5(1) GRAIN. COMPOSITION

'VOLCANIC GLASS _

SAMPLE

HEAVY
MINERAL

: LIGHT =
MINERAL

- ROCK
FRAGMENTS

WEATHER &
PARTICLES

DEPTH

WHITE:BROWN :BLACK :TOTAL :

(m)

[

5.0
4.9

17.0

19.9

49.8

49.8

"

10.0

+ a3

24.9.

0.0

26.6

8.0 :
70.0

2.0

11.0

556.9

0.0
74 .0

o.C
4.0

14.0

'95.9

3.0
0.5

0.0

39.0

1n

31.0

3.9

7.8

114:.1

13

0.5

67.0

32.0

26.0

15-
16

$.0

134.0
143.9

1.0
0.5

25.4 2.0

6.C
88.6

'

4.0

7.1

66.6

49.5

ca

6.0

5.0

0.0
14.0

177.5
184.0

19
20

"

9C.5

-

M

197.0
207.1

21

i5.2
12.0

3B0:3

64.0

10.1

30.3
40.0

8.1
25.0.

22
23

I

2.0

16.0

0.0

13

46.0

216.5
231.7

"

5.0

1.0
3.9

6.2
13.8

71.8

24

47.3

"
-

: 241.5

25
26
27

249.5

98.5

0.0

264.5

36.0

277.1 :

28
29

4y wa ¥a

24.9

29 .9

"
"

280.7

.
-

z

30

290.5

283.8
297.6

-

31

0.0
0.0

8.9 2.5

15.2

32

IS - " -

-

+_.,__._.__.___.....,Mw;.____...._;..'____.__.____...............__.............._.—————-——~__..._-_._..._.-_.___.._......_.'_____.___..._.....__.._._..l,.



TABLE 3.2.5(2) HEAVY MINERAL COMPOSITION (%)

e e e e e +
:SAMPLE: DEPTH : Au Hy Ho : 'Zi Mg Py
NO. : {m
1 10.0 ;:70.0 20.0 5.0 0.0 : 5,0 : 0.0
3 24.0 :96.0 1.0 1.0 0.0 : 2.0 0.0
6 41.0 :71.0 18.0 5.0 0.0 6.0 : 0.0
10 79.3 : 0.0 0.0 0.5 0.0 99.5 0.0
11 98.9 :31.0 37.0 0.0 0.0 32.0 0.0
12 105.1 :50.0 20.0 0.0 0.0 : 30.0 0.0
13 : 114.1 :
i4 ;- 123.8 :24.0 10.0 10.0 0.0 56.0 0.0
15 134.0 :38.0 : 28.0 0.0 0.0 '34.0 0.0
16 148,9 :50.6 : 12,1 0.0 0.0 36.4 1.0
17 156,0 :14.0 :. 0.0 0.0 0.0 86.0 0.0
i8 165,0. :58.5 : 12.7 8.8 0.0 0.5 19.5
19 177.5 - :
20 184.0 :50.0 20.0 0.0 : 0.0 30.0 0.0
21 197.0 :51.0 : 34.0 0.0 : 0.0 15.0 S0.0
22 207.1 :58.0 : 5.0 0.0 : 1.0 36.0 0.0
23 216.5 :56,0 32.0 0.0 : 0.0 7.0 5.0
24 231.7 :49.0 : 13.0 0.0 : 0.0 23.0 15.0
25 241.5 :19.0 : 53.0 0.0 : 0.0 28,0 0.0
26 249.5 : : . :
27 264.5 :35.0 30.0 : 0.0 0.0 35.0 0.0 :
28 277.1 :59.4 0.5 : 0.0 0.5 : 39.6 0.0 :
29 280.7 :64.4 0.5 0.0 0.5 34.17 0.0 :
30 : 28B3.8 : _ o
31 : 290.5 :80.0 : 0.0 0.0 0.0 20.0 : 0.0 :
32 : 297.6 :58,0.: 1.0 0.0 0.0 41,0 : 0.0 :
Lt T T —
Au: Augite Hy: Hypersthene - Ho: Hornblende

Zi: Zircon Mg: Magnetite Py: " Pyrite

[
I
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"TABLE 3.2.6 CHLORIDE CONTENT OF CORE SAMPLES IN
‘ LAS PINAS NO.1

om am e e  m m m = oy D e S e e o U S 4
:SAMPLE: QUANTITY : CHLORIDE : CHLORIDE QTY. (a) :
: NO. (g) : (g) ~:  PER SAMPLE (kg)
: 1 0.5023 : 2.48 x 10 -2 49.0 :
: 4 : 0.4984 3.9 x 10 -3 : . 7.8 :
: 7 0.5132 &.74 x 10 ~3 1 13.0 :
Sk 1t o 0.5181 : 5.9 x 10 -4 1.1 :
;15 :  0.5514 : 2.4 x 10 -4 0.4 :
19 0.5412 @ 1.2 x 10 -4 : S0.2
21 0.5107 i 1.4 x 10 -4 0.3 :
: 24 : 0.5186 : 2.1 x 10 -4 : 0.4 :
: 26 : 0.5017 : :3.9 x 10 -4 0.8 :
.29 : 0.5361.: 3.2 x 10 -4 0.6 :
232 @ 0.5213 : 5.7 x'10 -4 : 1.1 :
o e e e m S e e e e s e e +
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3.3 GROUNDWATER USE
3.3.1 Private Deep Wells

The total number of inventoried private wells in Metro Manila is 3,434,
of which 35.47% or 1,218 are estimated as abandoned wells (Table 3.3.1}).
0f the estimated 2,216 operational private deep weils, 307 or 13.9%.are
. concentrated 'in Quezon City, 178 (12.6%) in Parafiaque, and 197 (8.9%) in
Pasig.

Table 3.3.2 gives the detailed distribution of the estimated 2,216
operational private deep wells classified by type of user, depth of
‘depression ‘and specific capacity, per municipality. . Around 47.7%
(1,056) of the wells are mostly for domestic consumption. The distribu~

" tion of the rest consists of 21.1% (468) for other industries; 9.2%
(204} for commercial use; 6.6% (146) for institutional use; 4.0% (89)
for the food and beverage industry; 2.3% (51) for the chemical industry;
and 0.5% {11) for the leather industiry. '

Table 3.3.3 presents the year-1990 pumpage level generated by the wells
previously presented in Table 3.3.2, using average annual pumpage com~
puted from the survey data.

Table 3.3.4 gives the perceni share of each municipality in the year-
1990 total pumpage of private wells, by type of user, by depth of de-
pression and by specific capacity. ‘Figure 3.3.1 shows the year-1990
‘combined total withdrawals of’ domestic, institutional, commercial and
industrial users in ‘each municipality. ‘Muntinlupa and Quezon City
"posted- the ‘highest: shares, alt 10.9% each, in the t'otal'_pumpage. las
--Pifias ‘came in next with a 9.7% share, followed by Pasig with 9.0%. The
high pumpage share of Quezon City and Muntinlupa could be attributed te
. the cqncentration in these areas of both domestic and-industrial users.

" Pasig ‘has the ‘highest share of pumpage for -industrial purposes.

More than: half -of the. total pumpage ‘went to.'priVé.te_wells for public
“{domestie and institutional) consumption. -Of this amount of pumpage,
Lé.s'fPiﬁas‘ ‘and Mhnt_inlup'a gbt ‘the biggest shares,- at 6.8% and 6.3%,
~respectively, foliowed hy Parafaque ‘at 5.8%-and Quezon City at 4.2%.



The share of private wells for commercial purposes. amounted to. 8.6% of
the total pumpage. In this category, Quezon City has the biggest share

‘with its 2.8%

For industrial purposes, the textile, paper and pulp industries used up

“the biggest share (17.9%) in the total pumpage, followed by other indus-

~3.3.2

tries (17.6%). In terms of municipality, the breakdown for this indus-

‘trial use is. topped by Pasig at 7.0%, followed by Taguig at 5.0% and

Muntinlupa at 4.1%.

Figure 3.3.2 shows the percent distribution of domestic”(éS.i%), insti-
tutional  {(41.1%), ‘commercial (8.6%} and industrial uses (42.2%) in the

- year-1990 total pumpage of 306.85 MCM by private deep wells in the Study

Area.
MWSS Wells

As of March 1991, MWSS wells total 258. Of this number, 131.aré'opera;
tional, 75 inactive, and 52 abandoned {(Table 3.3.5). The location map
of MWSS wells is shown in.Figure 3:.2.3. “Inactive wells are those under
going rehabilitation, those on’"stand-by, those.located-in-plaees where
surface water is sufficient, and those wells--8% of the inactive wells
and 42% of the abandoned welis--are outside the NCR.

Data on actual pumpage and hours of operation of these “wells were

‘culled from the production records (1981-1990) of “the Pumping Plants
‘Section of MWSS. These data were tabulated monthly per station and will

be entered into the database. system. Figure 3.3.4 shows the monthly
groundwater production of MWSS wells in.the=Study.Area while Figure
3.3.5 shows their yearly water production. These figures indicate year-
to-year inerease in withdrawals of -groundwater by MWSS. Table 3.3.6
lists the yeaf41990 total groundwater pumpage by municipality. The
total groundwater production ‘in 1990 of MWSS wells was 32.75 MCM.

Based on the MWSS CORPLAN data on grbundwatef-pfoductioh, the'majbr uses
for MWSS wells are shared as: public supply, 63%;-commerbial,supply,
30%‘Iand industry, 7%. - Of the abovementioned annual Withdrawals, MuWss
contributes 20.64 MCM for public supply, '10.00 MCM for commerclal supply
and 2.2 MCM for ‘industry.
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"3.3.3 Estimated Year-1990 Total Pumpage

Table 3.3.7 summarizes the results of the estimated year-1990 total
puﬁpagé by'municipaiiiy,'combining'the:QStimated_year—lggo total pumpage
of private deep wells (Table 3.3.3) and the year-1990 production of MWSS
wells (Table 3.3.6). The results are shown in Figures 3.3.6 and 3.3.7.

Combined total withdrawals amounted to 339.6 MCM and are distributed as:
171.51 MCM for domestic institutional uses; 36.34 MCM for commercial
uses; and 131.74 MCM for industrial uses. Combined distribution (MWSS
and private deep wells is '50% for public supply (domestic and institu-
tional), 11% for commercial supply and 39% for industry.

Figure 3.3.8 shows the percent ‘share of each mﬁnicipality in the total
year—1990'pumpage of 339.6 MCM. The year 1990 main centers oflpumpage
are Quezon City, Muntinlupa, las Pifias, Pasig, Parafiaque, Taguig,
Antipolo, Cainta and Taytay. Their combined abstraction amounted: to
238.07 MCM, or 70% of the total pumpage in 1990.



TABLE 3.3.1 DISTRIBUTION OF PRIVATE DEEP WELLS IN METRO MANILA
| 'BY MUNICIPALITY AND STATUS, YEAR-1990

Location (perational Abandoned Total

Antipoio 115 5 120
(5.19) (0.41) (3.49)

Bacoor : 47; B : 55
- ' (2.12) - (0.66) (1.60)

Caloccan - ST 32 146
' (5.14) (2.63) o (4.25)

~ Cainta . 78 ' 5 83
: (3.52] : (0.41)  (2.42)

Cavite City o1 9 20
(0.50) (0.74) (0.58)

Imus 9 'y 17
(0.41) ~ (0.66) (0.50)

Kawit 4 0o 4
_ (0.18) (6.00) (0.12)

Las Pinas 157 26 18%
(7.08) (2.13) (5.33)

Mandaiuyong K 31 54 . 85
' (1.40) (4.43) (2.48)

Makati - 98 101 ' 199
(4.42) (8.29) (5.79)

Malabon 67 71 138

' (3.02) (5.83) (4.02)

Manila 49 150 199
(2.21) (12.32) (5.79)

Marikina 36 : 70 106
| (1.62) (5.75) (3.09)

Montalban 23 4 27
(1.04) (0.33) (0.79)
Muntinlupa 182 26 208
(8.21) (2.13) - (6.006)



TABLE 3.3.1

Location
favotas
.Nbveleta'
_Parapaqug'
'?asay City
. Pasig
Pateros
Quezon'Ciﬁy
Rosario
San.Jﬁan
__San'ﬁateo
'_Taguig
Taytay

Valenzuela

Totail

( CONTINUATION)

- Operational

17
(0.77) .
: s
(0.36)

. 278
(12.55)

Y |
(2.12)

197
(8.89)

2
(0.09)

307
(13.85)

is6
(6.72)

T2

(0.09)

' S I
1 (0.,50)
121
(5.46)
.62
(2.80)
| 127
(5.73)

Abandoned

(0.
(0.
(3.

(2.

(0.

11
90)
.
06)
41
37)

16
96)

- 583
(4.

35)

2
16)

S 315

(25.

(0.

(o

(1

(5.

(0

86)

0.
00)

12

+99)

17
. 40)

69
67)

Y

.00)

92
.55)

st e ma

1218

'35.47
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TABLE 3.3.5 DISTRIBUTION OF MWSS DEEP WELLS IN THE MSA BY MUNICIPALITY
AND STATUS (AS OF MARCH 1991)

National Capital Region

HARILA 0 0 3 3
PASAY CITY 3 1 1 5
QUEZON CITY i6 3 G 25
CALOOCAN CITY o 2 1 3
LAS PINAS 2 3 3 8
MAKATI 11 23 1 35
MALABON 3 : 3 3 9
MANDALUYONG 9 0 3 3
HARIKINA 0 13 2 15
MUNTINLUPA 7 .0 o 7
NAVOTAS 2 7 o 7
PARANAQUE 5 2 5 12
PASIG 2 1 2 5
PATEROS 0 (] 2 2
SAN JUAN ¢ 0 0 (]
TAGUIG 3 1 3 7
VALENZUELA 3 4 1 8
NCR Sub-Total 57 69 30 156
Cavite Province .
CAVITE 15 0 7 22
BACOOR 8 0 2 10
THUS 2 0 3 5
KAWIT 4 2 1 7
ROSARIO 1 2 0 3
NOVELETA 9 0 0 g
Gavite Sub-Total 3g 4 13 58
Rizal Province
ANTIPOLO 15 0 1 16
CAINTA 5 2 2 9
MONTALBAN 3 0 2 5
SAN MATEQ 5 0 3 8
TAYTAY 7 0 1 8
Rizal Sub-Total 35 2 9 46
CRAND TOTAL 131 95 52 258

Source: Water Distribution & Maintenance Dept., MWSS Aug. 1990 -
Metro Manila Groundwater Dev't, Project Well Inventory.
MWSS March 1891
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YEAR-1990 GROUNDWATER PUMPAGE IN THE MSA
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3.4 GROUNDWATER LEVELS
3.4.1 Groundwater Leveling
The purposes.of groundwater leveling are as follows:
- To prepare a groundwater contour mép of thé Study Area;

- -To investigate the changes beiween the 1381 and 1990
“groundwater levels in the Study Area; and

- To determine the SEasonal_changes of groundwater levels
in the Study Area.

A survey involving three sets of simultaneous observations of ground-
‘water:levels was carried out in the Study Area and the Antipolo Plateau

in November 1990 (end of wet season), April-May 1991 (end of dry
" season), and August 199! {peak of .the rainy season). This survey was
‘done by MWSS Staff under the supervision of the Study Team.

"'Of the 231 observation wells, only 204 were considered in the prepara-
tion of groundWater'eontour maps. The rest of the wells were unreliable
for said purpose. The. 1990 piezomeiric contour map shown 'in Figure

- 3.3.1 was pfepared using the simple average of three measurements.

Figure 3.4.2 shows the_configuration“in'lgsl of the piezometric contours
in the Study Area. The 1981 piezometric surface map was replotted using
previously plotted point piezometric elevations on the piezometric
contour map that was included in the Final Report of the Manila Water
. Supply 1T ‘- Groundwater Development. Figure 3.4.3 shows the change in
the piezometric contours between 1981 and 1990.

-Figure 3.4.45sh6ws the 1990 pieﬁometric~contonr map. of the Antipoclo
.- Area. '



3.4.2 Groundwater Contours

Metro Manila Groundwater Basin

Groundwater,'which'coursed naturally to Manila Bay or ‘to Laguna Bay,
either direetly or via the Marikina Alluvium, flows towards areas of

heavy groundwater pumpage.

The aquifer system in the western part of Metro Manila, including Navo-
tas, Malabon, Caloocan, Valenzuela and Quezon City, is'fed by recharge
from the higher ground in the north, as well as by sea intrusion.
Recharge from the north moves towards Manila Bay, but a-large amouni of
flow is diveried io the depression in the Valenzuela-Malabon-Caloocan

area.,

Along Manila Bay from Navotas to Cavite. Clty the groundwater fiow is
-from ‘the bay to the’ depre331ons

The depressions in southern Makati, Paraflaque, northern Muntinlupa and
Las Piflas are recharged on the west by Manila BRay.and on the east by

Laguna de Ray.

The piezometric-surface'is higher southward--up-to 50m ébove:MSL—~in the

. southern areas of Imus, Bacoor -and Muntinlupa., Flow is from a recharge
area in the south (Tagaytay) to areas of heavy pﬁmpage in Las Pifias, the
northern portions of Muntinlupa and Bacoor, and the southern portion of
Parafiaque ‘where the piezometric levels are 70480m-below MSL.

The Marikine Valley lying east' of the Marikina Fault receives reCharge
from the mountains to the north. The depression -in Pasig intercepts

much of the recharge from the north.

Comparison of the piezometric condition in 1981 (Figure 3.4.2) and 1990

{(Figure 3.4.1) reflects that little has changed since 1981;Leﬁcépt in
areas where piezometriec heads have recovered ‘somewhat in recent years as
a result of reduced pumpage owing to the impiemehtation and completion
of MWSP II; and also, except for areas con51dered as centers of pumpage
and where water levels have continued to decline substantlally ‘below sea
level.  This result can be easily discerned in Figure 3.4.3 where ‘the

3~86.
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