shaded portions indicate the latter excepiion.

Since 1981, the further decline in piezometric head has been caused by

‘increased heavy pumping in the Study ‘Area. Also, the rapid decline of

the piezometric head had occcurred due to overdraft. Between 1981 and
1990, the range of annual decline has been Trom 5 to 7Tm in the Bacoor-
Las Pifas area.

- .Over  the Study Area, the dewatering of aquifers appears to average

3.4.3

roughly to 40m, with local minima reaching 120m below sea level. De-
watered volumes of aquifer extend beneath the bed of Manila Bay.

As shown in-Figure 3.4.3, ihe highest recovery.of groundwater level is
gomm in Pasig, followed by 80mm on the boundaries of Manila, Quezon

City, San Juan, Mandaluyong, and Makati; it is 80m in western Quezon

City near.Caloocan City, 70mm in Navotas and 40 ‘in Marikina. As men-
tioned earlier, this recovery of water level wag ‘brought about by the
completion in 1987 0f MWSP II which -almost doubled the supply in the

MSA,

Antipolo Groundwater Basin -

As discussed in Section 3.2, the Antipolo Plateau forms an independent

groundwater basin.

"As shown in Figure 3.4.4, groundwater flows northward ~and

southward--from topographically higher grounds to springs along the
marginal zohe.bf'the-plateau where'groUndwéter:is discharged from the
basin. It moves westward to the depressions :in the eentral part of the
basin from the eastern boundary. These dépressions are caused by
groundwater pumpage over this area.

‘Seasonal Fluctuations

Metro Manila Groundwater Basin

Figures 3.4.5. and 3.4.6 show the séasonal fluctuations in piezomeiric

" conditions between May 1990 and November 1990, and between August and

‘May 1991, respectively. As depicted in Figure 3.4.5, the groundwater
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level declines from the end of the wet season to the end of the ary
season. Shaded portions closed by the -2m contour line in this figure
reveal areas with more - than two-meter lowering of groundwater level.

- Groundwater level during the dry season could decline up to six meters.

As shown in Figure 3.4.6 (unshaded portions), the fluctuation between
May and August 1991 indicates that the groundwater level rose'by 1 to 6m
in the north and east sectors of the Study Area, and by 2 to 4mm in the
south sector. These observations mean that in the north and south
recharge areas thé rise in the water level is due to recharge from
‘-rainfall. In other areas, the rise in water level is perhaps due to
decrease in pumpage. The shaded portions indicate areas where water

levels have continuously declined since November 1990.

Antipolo Area

As ‘shown in Figure 3.4.7, the groundwater lével in the central part of
the basin declined by as much as seven.meters in the dry season period
between November 1880 and May 1991. Figure 3.4.8 reveals that the
piézometric heads rose by 2m from the end of the dry season to the

middle of the rainy season due to direct recharge'frbm rainfall.
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--8.5 RECHARGE. ANALYSIS

3.5.1 Water Balance Equation

3.5.2

The water balance equation used in defining recharge is
P=R+E+1

where, . P = mean annual rainfall in mm;

runoff in mm;

evaporation in mm; and

-
K

effective infiltration ‘in mm.

Here the direct recharge (effective infiltration) actually includes the

infiltration of the precipitation, that from the flow and underflow of

'thenprecipitation, that from the flow and underflow of the streams, anpd

that from the percolation of the rice fields..

Estimation of Recharge Components

(1) Rainfall

‘The isohyetal map of mean annual rainfall for the Study Area is shown in

. Figure 3.5.1. This map was calculated and plotted using contouring

. -programs which provided nodalrvalues-for'the isohyets. Areal rainfall

- was determined using .these nodal values.

In the case of Antipolo, the rainfall record (years 1911 to 1990) which
was used came from the Sumulong Station, which is located at the center
of the groundwater basin. Unreliable portions of the record (1973-90)

were reconstricted and missing data from 19811 to 1972 wee estimated

- using regression analysis, with rainfall data (1865-1990) at Port Area

‘as the ‘independént variable.

.(2) Runoff

-Pre#ibus studies (Bnlabdn Bulk ﬁatér Supply Project, 1984; Philippine

Groundwater Salinity Intrusion'Contrql Study, 1987) have used a runoff

coefficient of '0.45 for the Guadaiupe formation.  Considering the

3-99



2]

present land use condition in Metro Manila, however, a runoff coofficient
of 0.60 was instead assumed in this Study. This assumption made use of
the results of a previous JICA study (The Study on Flood Control  and
Drainage Project in Metro Manila, 1990).

(3) Evapotranspiration

For the Study Area and Antipolo, the pan evaporation 'data from the
Science Garden were considered. The actual evapotranspiration was
estimated as shown in Table 3.5.1.

Estimated Annual Recharge

Tables 3.5.1 presents the direct recharge estimations for the Study

‘Area. The rainfall over the Study Area 'is 2,329.7mm; runoff depth is

1,397.9mm; and actual evapotranspiration is 816.6mm. . Hence, the direct
recharge is estimated at 115.3mm or 4.9% of annual:Tainfall.:

The direct recharge estimates over the northern and scuthern parts of
the Study Area are 153.6mm (or 6.1% of the 2498.8mm-annual rainfall) and
114.7mm (or 5% of the. 2308.2mm-annual rainfall), respectively. Over the
central area, it is 96.7mm or 4.3% of the 2264.2mm-annual rainfallf

Over the Antipolo groundwater basin, rainfall is 2720.8mm; runoff is
1142, 7mm; and actual evapotranspiration is 958.8mm. The recharge depth
is estimated at 6193mm or 23% of annual rainfall. Refer:to-Table 3.5.2,
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TABLE 3.6.2
WATER BALANCE CALCULATION FUR ANTIPOLO

YEAR P AET (E) R 1
1911  2968.5 1074.3 1246.8 647.5
1912  2490.2 872.3 1045.9  '572.0
1913 2699.9 839.2 - 1134.0 726.7
1914  3676.3 873.0 1544.0 ~ 1259.3
19156  2305.8 812.4 968.4 526.0
1916 2359.4 960.9  990.9 407.6
1917 2576.6 908.0 1082.2 586.4
1918 2945.8 802.8 1237.2 . 905.8
1919 4402.6 870.9  1849,1 1682.6
1920 2706.2 1004.4 1136.6  6565,2
1921  3086.7  824.3 - 1296.0 965.4
1922 2883.4 916.1 1211.0 756.3
1923 4171.1 1026.7 1751.9 1392.5
1924  2532.3 955.5 1063.6 513.2
1925  2560.0 ' 894.4  1075.2 500.4
1926 2668.8 925.3  1120.9 622.6
1927 2757.5 10650.0 1158.2 549.4
1928  2179.5 907.5 915.4 356.6
1929 2612,0  946.8 1097.0  568.2
1930 2383.1 - 900.2 1000.9 482.0
1931 3132.8 939.6. 1315.8  877.4
1932  2634.9 892.5 1106.7 . 635.7
1933  2495.6 898.7 1048.2 548.7
1934 4032.0 1051.4 1693.4  1287.2
1935  2879.4 887.0  1209.3 783.1
1936 2475.2 a58.3  1039.6 577.3
1937 3639.8  988.3 1528.7  °1122.8
1938 2396.8 1087.1 1006.7 303.0
1939 2574.6 922.2 1081.3 571.1
1940 2893.9 968.0 1216.4  710.5
1941 - 2633.9 992.1 1106.2  535.6°
1942  2782.1 998,6 1168.5 615.0-
1943 2768.9 998.1 1163.4 608.5
1944  2450.3 980.6 1029.1  440.6
1945  2436.3 979.0 1023.3 - 434.0
1946  2557.3 988.7 - 1074.1 - 494.6
1947 2962.6 1006.6 1244.3 ' T11.7
1948  2664.7 909,4  1119.2 636.1
1949 2020.2. 796,9 848.5 374.8
1950  2456.1 981,2 1031.6  443.3
1951 2197.7 . 848.6 - 923.0 426.0
1952 2613.1 1045.7 1097.5 469.8
1953 3006.4 .1008.6 1262.7  735.1
1954 - 2281.8 862.0 = 958.4 361.5
1955 1978.3 924.1 . 830.9 223.3
1956 2813.5 1000.0  1181,7 : 631.8
1957  2235,3 956.8 938.8 339.7
1958 3013.1 1008.9 1265.5 738.8
1859  2257.3  959.3 948.1 350.0

1960 3126.6 1013.9  1313.2 799.5
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YEAR . P CART (E) R T
1961  2882.7 1003.1 1210.7 - 668.9
1962 2886.1  1003.2  1212.2 670,17
1963 2522.4 987.1 1059.4  475.9
1964  2780.1 998.%5 1167.6 613.9
. 1965 2504.7 ° 986.3 .'1052.0 466.4
1966 2956,3 1006.3  1241.6 708.3
1967  2618.3 991.4 1099.7  527.3
1968 2203.4 953.3 925.4 324.7
1969 2328.9  967.2 978.1  "383.6
1970 - 2856.1 1001.9 1199.6 654.6
1971  2525.7 987.3 1060.8 477.7
1972 3255.1 891.9 1367.1 996.1

1973 2264.5  980.1 951.1 353.4
1974  3396.9 1025.8 1426.3 943.8
1975 2350.0 | 969.5 987.0 393.5
1976 3159.3 1015.3  1326.9 817.0
1977 3214.9 1017.8  1350.3 846.8
1978 2631.1 991.9 1105.1 534.1
1979 2249.2 | 958.4 944.7 346.2
1980 . 2553.7  <988.5 1072.5 = 492.6
1981 - 2223.4 955.5 933.8  334.0
1982 . 2221.0  955.2 ° 932.8 332.9
1983 - 1856.4 805.2 19,7 171.5
1984 - 2540.1 . 987.9 1066.8 485.4
11985 - 2910.1 1004.3  1222.2 683.5
1986 - 3831.5 1045.1 1609.2 1177,1

1987 1965.8 - 922.2 825.6 218.0

1988  2055.9 . 1006.3  1241.5 708.1
1989  2577.4 989.6 1082.5 505.3

1990 3069.3 1011.4 - 1289.1 768.9

MEAN 2720.8  958.8 1142.7  619.3

- Note: '
' P - Annual precipltatmn, mram
- AET -~ Anmual actual evapotransplratmn, mm
: R — Annual runoff, mm
- I - Annual recharge, mm
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3.6 AQUIFER PARAMETERS

Transmissivity, storativity and leakance are the basic aquifer parame-

“ters in the evaluation of groundwater flow, change of storage and leak-

age. Specific capacity is a measure of the productivity of a well.

-8ince accurate and reliable data are necessary in the evaluation of

groundwater resources, data colleetion on and pumping tests of existing

" wells were conducted.

3.6.1

3.6.2

Existing Data

Pumping test and équifer'data:Obtained during ' GWD-MWSP II (1983) from
150 wells ‘in Metro Manila were reviewed. Collected data include well

depth, static water level, drawdown, test pumping rate, specific capaci-

ty and transmissivity.

‘Results of 123 pumping tests conducted after 1983 were also collected

and sifted for data on well depth, static water level, drawdown, test

'pﬁmping,rate'andzspecific capacity. In this collection, a few transmis-

sivity data were included. The Study Team likewise .made a list of
specific capacities involving 163 MWSS wells.

Pumping Tests of MWSS Wells

* The -step-drawdown test, the”constant_rate test and ‘the recovery test

“were conducted for fifteen (15) wells selected from the active MWSS deep

wells, "These pumping tests were done  to evaluate well 3éffiéiency,
specific capacity, transmissivity and storativity. .Some of the selected
wells have pumping test data that were obtained'ddringzconStruction.

The tests used are applicable to confined aquifers in unsteady-state

‘conditions;

:The location map of" the 15. selected MWSS wells is.shown in Flgure 3.6.1.

' These wells are detailed in Table 3.6.1.

The 15 selected MWSS deep wells” operate twenty four “{24) ‘hours a day

‘This contlnulty of operation considered, the duration of pumping ‘and

- reqovery tests.was shortened. The pumplng'tést‘prOgram'Was-thén set as
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follows:

(1)  Step-drawdown test: five (5) steps at two (2) hours per step

(2) Constant rate test: eight (8) hours pumping-at'constant discharge

(3)  Recovery test - ¢ four (4) hours recovery

For five (5) wells, the tests that were conducted are  the step-drawdown
test, the constant rate test and the recovery test. For .the other ten
(10} wells, however, the step-drawdown test was omitted because of the

need to immediately supply water.

Preparatory works were undertaken prior to the conduct of the pumping
tests. These works include the 'installation of squnding tubes for the

‘measurement of water levels after completion of the pumping test,

Pumping Tests of Test Wells

~Step-drawdown pumping ‘tests, continuous pumping tests ‘and. recovery

tests were performed in the seven (7) test wells drilled by the Study

“Team. Transmissivity and storativity were calculated from the resunlts

of continuous and recovery tests using different methods--Theis method,
Cooper-Jacob method and Recovery method. Specific 'capacity- was also

computed from the results of continuous pumping tests.

The pumping tests in Las Pifias revealed that the transmissivity of the
shallow aquifer is higher than that of the deep aquifer; transmissivi-
ties of the 100-m wells vary from 116 m?/day to 219 m2 /d; fransmissivi"
ties of the 200-m and 300-m wells vary from 13 m?/d to 54 m2/d. Stora-
tivities range widely, from 1x10-10 to 2x10-1, and do not show clear

“correlation with depths.

3.6.4

The test wells in Antipolo tapped the deeper aquifer belonging to member
IV of the Guadalupe formation (Gmd). The results of the pumping tests
show small transmissivity (8.8 m?/d) and poor productivity of the aquif-
er. ' :

Transmissivity and Specific Capacity

Figure 3.6.2 shows the distribution of transmissivity values -of 196
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wells in Metro Manila. 'The logarithmic average and standard deviation
were computed for statistical analyses. The average transmissivity in
the Metro Manila area is 77.5 m?/d, with a 90% reliable range of 21.9
m*>/d to 274.3 m®/d. TFigure 3.6.3 shows the transmissivity map of the
Metro Manila area. This map was drawn based on statistical analyses,

As mentioned eariier, the amount of transmissivity data is less than the
amount - of :specific capacity data. Specific capacity wvalues ﬁere thus
used for the estimation of transmissivity. The empirical relation be-
tween transmissivity and specific capacity was given by Logan (1964) in
the following equation:

T Tr= 1.228c

where, T= ‘transmiésivity (m?/d) and Sc= specific capacity (m?/d).

Figure 2.6.4 shows the correlation: between the collected/measured trans—
m1531v1ty and speclflc capaclty 1t also illustrates the appllcablllty
of Logan’s equatlon to the Metro Manila area. The advantages of us1ng
Speclflc capaclty 1nstead of transmissivity lle not only in 1ncrea31ng
“the number of data available for analysis but also in maklng the ‘more
:_reliable'data”reflect actual aquifer-characteristics Also,:even with
: the mosi careful conduct ‘0f the pumplng test, a wide range of transmis-

31v1ty values is often obtained from such test,

Figure 3.6.5 shows the distribution of transmissivity wvalues of 278
wélis, which'“wefe ‘estimated from Logan’s equation. "The logarithmic
average is 58.3 m*/d, with a 90% reliable range of 17.3 m®/d to 197.1
m¢/d. Figure ‘3.6.6 shows the estimated transmissivity map of Metro
Manila. The input trénsmissiVity data for .the Metro Manila groundwater
flow model was prepared from the tranSmissivity'map.
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| FIGURE 3.6.4 CORRELATION BETWEEN TRANSMISSIVITY AND
SPECIFIC CAPACITY (mA2/d)
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FIGURE 3.6.5 DISTRIBUTION OF TRANSMISSIVITY Cnh2/d)
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3.7 -GROUNDWATER QUALITY

3.7.1 Groundwater Sampling

Groundwater sampling and water quality analysis were performed in order

‘to characterize the bodies of groundwater in the Metro Manila ground-
- watér basin in terms of their chemiecal composition, and to clarify the

distribution of chloride ion in the area affected by saline water intru-

sion.

A total of 90 water samples were collected and analyzed. Operational

" MWSS deep wells were. given firsi priority as sampling points.-Where no

-operating MWSS deep well exists in a locality, sampling points were

selected from existing private'deep:wells. In choosing deep. wells as
sampling points, the priority'is given to those with data on lithologic -
log, well design, etc.

Water samples were also collehted-ffom'fivers, from the sea, and from
the JICA test . wells drilled in Las Pifias and_Ahiipolo. For tritium (3H)

analysis, water samples were collected from wells of different depths.

The list of sampling points is shown in Table 3.7.1, and their. location

is presented in Figure 3.7.1. Resulis of analyses are summarized in

. Table 3.7.2.

3:7.2

3.7.2.

‘Hydrochemical Facies

1.Trilinear Diagram Representation

In terms -of topography - and geology, location of groundwater sampling

_ pOintsﬁcan;beféluStered-int6=four sections, namely, the coastal plain of

fMaﬁila Bay, the Guadalupe Hill, ‘the Marikina. Valley and the 'Antipolo

Plateau:(Figure 3.7.1). The results of chemical analysis were separate-
1y plotted on the trilinear diagram of each section (Figure 3.7.2).

;5(1)=The Coastal Plain :

'Most of the samples are. plotted on domalns 111 and Iv of the: diagram.

.+ The: water An: doma1n II1 is.of the carbonate alkali type, -while that in
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domain IV is of the noncarbonate alkali type. A few samples ‘are plotted
on domain IT (carbonate hardness type). These samples are located close
to the Guadalupe Hill. ' '

Samples plotted on domain IV are salinized and‘contain-more than 200
mg/1 of chloride. TIn JICA’'s two 100-m test wells .in Las Pifias, the
‘chloride concentration is extremely high and reaches more than 17,000
mg/1l. In addition, their calcium-magnesium content is higher than that

of seawater.

~ Samples plotted on domain IIT'are not salinized. Their chemical composi-
tion is thought to change from II to III along the flow paths, and such
composition may be altered to the noncarbonate alkali (domain IV} due to

'sallne water intrusion.

Most sémples belong to the sodium-potassium type in - terms of‘cation,
except for salinized water which shifts to the calcium type. In- terms
- of anion, the samples have a wide range of distribution. They are
classified into ‘bicarbonate, chloride and nondominant types in accord-

ance with the degree of salinization.
(2) Guadalupe Hill

Samples of the Guadalupe Hill are plotted on domains' IT and III. They
are of the sodiumfbotassium type in terms of anion and of the bicarbon-
ate type in terms of cation. Alteration in the chemistry of groundwater
commonly oceurs when it moves along flowlines from the recharge area to
the discharge area. From this point of view, samples plotted on domain
I1I may have evolved geochemically from domain II. Chloride and sulfate
‘concentrations of these samples are ‘low and amount to less than 50 mg/t,

suggestlng that groundwater of the Guadalupe aguifer in the hill is- not

contaminated yet by saline water.

(3) Marikina Vvalley

Samples are plotted on all the domains from I to IV ‘Two " samples: plotted
on domain I are remarkable. These samples came from deep wells: 1n Cain-
ta. Another two samples plotted on domain IV dre algo: remarkable. These.

samples came from deep wells in = Taguig and ‘Taytay, which<aré located
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" downstream of the Marikina River. Chloride concentration of these latter
samples show more than 140 mg/l. The sample from Taguig in particular
reached 457 mg/1,

According to MGB which -drilled a test well (PS-4) downstream of the
Marikina River, the Guadalupe aquifer contains connate water in deeper
formations. The Electrowatt Study also mentioned the existence of con~
nate water in this valley.

'Since water samples taken at the shallow Guadalupe aquifer belong to
_domains II-or IIT, samples plotted on domains 1 and IV are possibly

contaminated by connate saline water.
'(4)=Antip010'PIatéau

All samples are plotted on domain II. . Surface water samples'taken'frOm
Wawa Dam also belong to domain IT. 1t therefore follows that the chemi-
‘cal component of the groundwater in the plateau is similar- to that of

surface water.

Groundwater belongs to the bicarbonate type in terms of anion. In terms

of cation, it belongs to either calcium type or to no. dominant type.-

These characteristics of groundwater suggest that it has not been long
! 'since rainWaterfinfiltratedﬂthrough the soil into the aquifer system,

'3.7.2.2 Hydrochemical Profile

Hydrochemical facies are represented on the west-east .cross section of

‘Metro Manila as shown in‘Figure 3.7.3.

. Hydrochemical:facies'in'the coastal plain'are of the noncarbonate alkali
type-(NaSO4—NaC1)'of domain IV. Groundwater is obviously being salin-
ized. ‘Water guality in'thérGuadaiupe:Hill_and=Antipolo'Plateau'belongs

'¥€to‘thé*carbohaté hardness ‘type (Ca{HCO3)2) of domain IT. The carbonate

‘alkali type (NaHCO3) of domain IT1is distributed in ‘a limited area in

. the coastal-plain and Marikina Valley. '

‘The groundwater quality of the Guaddlupe aQuifar'is-ccnsidered:as origi-
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“nally belonging to- domain 11, but whiech has been altered along the flow
paths. In the coastal area, it has shifted to the noncarbonate alkali
type due to saline water intrusion. In Marikina Valley, connate water
migrates upward into the shallow aguifer due to upconing.

3.7.2.3 Pattern Diagranm

A distribution of pattern diagrams is shown in Figure 3.7.4. The larger
the area of the polygonal shape, the greater the concentration of the
various ions. The diagrams distributed north of the " Guadalupe Hill and
the Antipolo Plateau are: small and have dise-like or fish~like shapes.

On the other hand, in the coastal plain and the south of the Guadalupe
Hill, the diagrams are large because of the high conceéntration of
dissolved ions. Particularly, as groundwater  is highly salinized and
“contains -high concentrations of sodium, potassium and chloride, the
- pattern diagrams show their upper part to be larger and both of their
sides longer,

3.7.3 Chemical Evolution and Hydrologic Cyele of Groundwater

3.7.3.1 Chemical Evolution
As groundwater moves along its flow paths in the saturated Zone, what
normally occurs is ‘am increase of total dissolved solidsrand of most

major ions. In addition, alteration of the chemical composition of

groundwater occurs systematically due to:

1) Dissolution from the formation

2) Change in enviromment from oxidization to reduction _

3) Ion exchange between the ions contained in water and those in clay
minerals

From these considerations follow. the conclusion that'shallow.groundwater
~in recharge areas is lower in dissolved solids than ‘water which is
located deeper in the same system. _The-latter“type'of groundwater has
the same characteristic 'as[the'rwater' in _shallow--zbnes' of fdischarge'

areas.
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The alteration process is generally termed as the chemical evolution of
groundwater. -Sugisaki and Shibata (1961) expiained this process on a key
-diagram 1like the one shown in Figure 3.7.5. Groundwater evolves geochem-
ically along the line indicated by the arrow.

Carbonate minerals are first dissolved when rain infiltrates. through the
unsaturated zone into the aquifer system. Groundwater quality is denot-
ed (1) in domain II of the diagram. As groundwater moves, it chemically
"evolves and changes to (2) and (3) in domain II due to solution from
‘rock minerals and organic decomposition.'Ion'exchange,between Cat+ and
Mg++ in water and Nat+ in clay minerals oeccurs in the process. Chemiecal
composition théfeby changes to (4), and then (5) in domain III.

‘Applying the' chemical “evolution process to the Study Area, the ground-
water in the Guadalupe aquifer system on the northern Guadalupe Hill and
Antipolo Plateau is in process (1) and (2). It is in process (3) to (5)
in the southern Guadalupe Hill, the Marikina Valley and the coastal

:plain.

The chemical charactéristics of groundwater'are related to the minerals
‘of the soils and rocks in contact with it; that is, to the facies of the

formation -and their geological age.

~The Guadalupe formation is'covered-by the younger Diliman‘formation'in
the_norfhern Guadalupe Hillf The Guadalupe formation is also thought to
" .be younger in Antipolo than in Guadalupe Hill. . So considered, it can be
concluded that it -has not been so long since rain reached the aquifer

-system-iﬁ'these areas,

The evolution of the quality of groundwater in the southern Guadalupe
" Hill, the coastal plain and Marikina Valley is so long in fime due to
long ‘travel or StagnahCy along its flow paths.
3.7.3.2 Tritium Dating and Hydrologic Cycle
In order to estimate the groundwater cycle, four (4) groundwater samples

fromeICA'test well Sites and one_(l) seawater sample. from Manila Bay
were taken to Japan for'tfitium‘analysis; ' '
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Pritium is a radicactive isotope of hydrogen with a half 1ife -of 12.4
years. The presence of tritium in water of the hydrologic cyele arises
“from both natural: and manmade sources. Tritium is produced naturally in
the earth’s atmosphere by the -interaction of cosmic ray-produced neu-
trons and nitrogen. Until 1952 the average natural tritium content of
" precipitation worldwide is in the range of about 5 to 20 TU. With the
begiﬁning of large scale atmospheric testing of thermonuclear bombs in
1952, the tritium contents of precipitation rose sharply.

‘From 1962 to 1963, tritium content of the atmosphere reached a maximum
of about 80,000 TU -in some loecalities, over a thousand times greater
"than that for the period prior to nuclear -bomb testing. With the re-
striction of atmospheric testing, tritium contents have been declining,
-~ put still in larger concentrations than those ' naturally produced.

The longest continuous record of 3H concentration in precipitations came
““from Ottawa, Canada, where sampling had begunin 1952. 3H versus time
record for this location is shown in Figure 3.7.6. The trends displayed
are representative of the 3H trends recorded elsewhere in the northern

hemisphere.

Tritium is widely used for groundwater dating -in this contexti: Very low
tritium concentrations, around the level of detectability,'indicate that
'the ‘water is principally from the pre-puclear: period. If ‘a sample of
groundwater contains "tritium at econcentration levels of hundreds or
.thousands of TU, it is evident that the water, or at least a large
" fraction of it, originally entered the groundwater zone sometime after
1953. If the water has less than 5-10 TU, it must havée originated prior
to 1953 (Freeze and Cherry, 1978).

‘Results of analysis are shown below:

Locality TU

Las Pifias No.2 300m well: - 4.63
Las Pifias No.2 200m well 3.25
‘Las Pifias No.2 100m well - - 2.58
* Antipolo 200m well - 1080
Sea Water (Matabungkay Beach) =~  4.16
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Tritium concentrations indicate that the water may have originated prior
to 1953 or may have mixed with post-1953 water. Tritiuwm concentrations
in shallow aquifers are lower than those in deep aquifers. This may be
explained as follows:

Significant amounts of the post-1953 water with high tritium con
tent are still present in deep aquifers although tritium has de
cayed. On the other hand, the shallow aquifer has been replenished
with: more recent low tritium water. However, the result that
tritium content of the seawater is almost the same as that of the
groundwater in the deep aquifers could not be explained at
present. - Further studies using various kinds of environmental
‘isotopes are necessary to clarify the flow mechanism‘in'the Guada-

lupe aquifers.
3.7.4 Groundwater Salinization

Analysis- of groundwater samples collected in- the coastal area shows a
chemical composition -different from a simple proportional mixing of

seawater and groundwater (Figure 3.7:2). The samples are located in the

- lower area of domain IV or the Na+K dominant area of domains III and IV.
The highly salinized water samples are located in the Cl+S04 area of
domain IV.

"Chloride concentrations of. JICA’s 100-m test wells in Las Pifias show
17,144 mg/1 at LPS-1 and 21,100 mg/l at LPS-2. In addition,  concentra-
‘tions of Na and Ca are higher than those of seawater (Table 3.7.2).

shifts in the chemical composition of seawater entering an aquifer wmay

occur under three processes (Revelle, 1941):

- {1) ~'Base exchange betﬁeen“water'and minerals of the aquifer;

{2} Sﬁlfate reduction-and substitution of carbonic or other weak acid
~ ‘radicals; and _ '
(3) Solution and precipitation.

Only the last process can change the total salt concentration; however,

the'first two processes which require maintenance of ioniec balance can
alter the percentage by weight of the different salt components and
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thereby the total dissolved solids in mg/1 {Todd, 1980).

Clay minerals in the formation generally adsorbs Na. Chemical equilib-
rium is achieved when these minerals come in contact with water contain-

ing Ca as shown below.
2NaX+Ca2+ CaX2+2Na+

Reaction occurs from right to left in the above equation if the conecen

tration of Na is abnormally high.

The Ca/Mg, Ca/Cl and Mg/Cl ratios of samples which denote more than 100
mg/l of chloride concentration are presented in Table 3.7.5. Ca/Mg ratio
of all samples are higher than that of seawater. This ratic ranges from
1 to 10,. even in thé samples which show lower than 200 mg/l of chloride
.concentration. The Ca/Mg ratio of seawater is only 0.0379.

‘Ca/Cl ratios of all samples are higher than the Ca/Cl ratio (0.0211) of
seawater, Suggesting' the chemical composition' of groundwater to have
‘been’ changed by seawater intrusion. On the other hand, Mg/Cl ratios of
almost -all samples are lower than that (0.0684) of seawater, which is
still valid (Tables 3.7.3 and 3.7.4).

Revelle (1941) proposed the C1/HCO3 ratio as a criterion for evaluating
intrusion. Chloride is the dominant anion of ocean water and:is not
affected by the earlier said processes. It normally occurs in“ground~
- water in“only'small amounts. On the other hand, bicarbonate is usually
the most abundant anion in groundwater and occurs in only minor amounts

in seawater.
Groundwater samples in the Study Area show the C1/HCO3 ratio to be

increasing lineafly {Figure 3.7.7), clearly indicating the intrusion of
seawater into the aquifer system.
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- TABLE 3.7.1

LOCATIONS AND NAMES OF WELLS FOR GROUNDWATER SAMPLING

B ND.

NAME

CWELL NG,

LOCATION

—

¥=1 [-~] — o [ ] 3 - S

<

1

g

AT
3

LPS-1 Well 3 2
1§-1 Wall 43

1LPg-7 Hell £3

URIC Sub. Biv.
Hznueli Sub. Div.
LP§-2 Well ¢ 2
:Samonie Jars § 1
Ejercita.pfs
Novelata £lem, Sch,
Soveleta Well ¥ 2
Novelata Wall # 3
Hovelata ¥ell 4§
Nurseey #at] £ 4
saguingin Wil % 10
{ogeq Pung ¥ ¢

San Juaa Pumg 4 3
Jangiad Puss Staticn
§ta. ddningg '
15-1 Wall § 1
i¥2nila Japanase School
EAguinﬂds

I8F # 2

Eairview Pung § 3

Lilagro 4 1
SLELEREY]

San Jose Puiping Station

“tfubiic Markat

LBS-2 Hall # 1
Combaiay
Plaza Garcia

- Green Keadew # 3

Kagitolye
Escooa

¢ataen Deeawell '
ipasolo Elem, School

LP3-147

c¥e-1
CYC-15
Noy-7

NDY-2

NOV-5
NOV-§
ATP-1
ATP-0

HATP=30

ieTA-19
¥~

BT

RHT-4
acT-198
T2

et

L TR~
ISHT-1

i INg-21
HETE
TP8E-97

01269

4L~ 21
911-214

lQuirine dvenue, las Pidas, .M.

Quiring Avenve, Las Pifias, H.X.

Beside Public Market Zapote, Las Pifas
Alabang lapote Rd., tas Pipas

ilabang Zapote Rd., Las Pidas

Baside Public Narket, Zapots, Las Pifias
Samonte Park Comgauad, Cavits City
Ejarcito St., Cavite City ‘

iNovelata Elem. Sch., Ngveleté, Lavite
'§San Antonio, Noveleta, Cavite
“4bandoned Rail Road. Moveleta, Cavita

© ikbandoned R4il Road, Noveleta, Cavite

Sursery, ‘Antigala, Rizal

Coses Villags, Antioalo, Rizal
San Juan Cainta, fizal

~iBangiad, Taviay, Riza!

30, Dominge, Cainta, Rizal

%Quirina Avanue, Las Pifas, M.M.
Levitoun, Perafiaque, M.,

Auinalde Elem. Sch., Kawit, Cavite
datasang Pambansa, G.C.

“ipaard 8t., Fairview, 0.C.
“iLagro, Quezoa City

Hawa, Montaiban, Rizal

“i%an Jose, Montzlbam, Rizal

Begide Public Market, Zagats; Las Pidas
Combalay, Kawit, Cavite

{Flaza Sarcia. Tmus, Cavits

Green Yeadow, 9.0,

Bgy. Caoitalys, Pasiz, M.,

Escopa, Proj. 4, G.C.

iCataon, Halﬁbpn;'ﬂ.ﬁ.

‘asolo Elen, Sch,, Valenzuzta, M.,

Aeng Cirsunferential Rd., Antipots, Riza!

San Mateo Peblic Market, San Mateo, Rizal

e e e b

| SRR
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TABLE 3.7.1

(CONTINUATION)

| IDNO NAME D WELL NO. | LOGATION
18 37, de Leon g‘ﬂl-m i.ﬁcrtune Yill,. Valenzuela. MM,
37 i2anaba-dzpid 1GHT-0 inoid, $an Hateo, Rizal
38 EENI \fvar Electrical Mfq. Inc.. Halanday, Warikina
3 {upee [Hanson Paer Fhil. Coro.. Hangganan, Pasig
40 1LPS-3 Well # 1 R. Castille. Las Pidas, K.M.
41 Talaba acx-3 Bo. Talaba, Bacoor, Cavite
42 INaoa Well 3 2 ILPS-39 Nega, Lss Pifas, WM.
$3:14TP JTCA Tast Well Actiosio, Rizal _
44 :Sucat Elen, School KTL-147 Sucat Elem. Sch., Sucat, Xuntinlusa
45 1NWSS Alahama HTE-150 iAlabang Juncticn, Muntinluga, H.H.. o
46 Huatialuga 1iss ! gﬂan'tinlupa Bliss, Huntinlupa, H..H. -
47 §Herviile Subdivision qLe-101 Tanza M_er'-.ri'lle Subd. . Navotas."H.\H‘
18 gﬁaqét-ﬂa’qatan_# 1 pagat-Dagatan, Mavotes, N.X. |
49 jrorbes Park ¢ 1 HRT-11 \Fortes Park. Cambridss Ciccle, Ha‘zia_’r.i
50 itcatogy Yillage EH&'T—Hﬁ £zology Viliage, Makati- .
51 isiqnal Village II 4 § 766-135 Sigaal ¥ill. i, Taguig, M.X,
52 tSilver Swan Mfg. Co. Panghalo 4., Malzbon
53 iVanson Pagsr Ind, i150 9, Deifin St., Marulas, Yalenzuala
54 ‘Quezon Tstitute £, Rodriguez Avs., 4.C.
55 Horld Paner Hills ¢ Balgr 5t..-Q.C.
5 ifarola ice Cold (10SC) Muzla industria Manila
57 iProcter & Gambie Phil. Inc. Welasauez St.. Tondo, ¥anilz
58 !Sta. Teresita Callege 2. ivazon 0.0, ‘ _
59 LIRNGTECH Canmaneeslth Ave.. UF Diliman, Q.C.
8¢ iSumulong Tayiay PEER
; 81 iCardinal Sants Hedical Canier Hilsen st ..
% THURE S
52 gLatex City Alzbang Zapets R4,
i 84 iGoodysar Stezl Pips 123 Guirino Hi-¥ay @.C.
' §5 iRubber Worid 1198 Quirine Ki-¥ay Q.C.
% 66 {130 (suly 13/31) Quazon City
67 {Hanila Hate) Roxas %ivd., Hanila
l §8 :3F Homes # 22 L.F. Mzdrid St.. las Pidss
' §9 1B Homes 2 ¢ iglaiens Beth St., Pamplona
76 i8F Homes # 9 -~ i3alamita §t., Las Pidas, KM,
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TABLE 3.7.1 . (CONTINUATION) .

DNG. | T NAME TWELL NO. | “LOCATION N
T1IBF .2 4 CRY ' _ gHenche §t.. Almanza. las Pimas
72 |8F awes 4 7 | \Back of Chagsl, Las Piias
, 13 18P Q.C. :

74 ila barly - ' l Quirino Ave., Paraiaoue, ¥.N.
15 [Hyast Regency Holsl ' - Roxas 8lvd., Yanils ;

© 75 10.C. hquz Marine “iparaiaqus, ¥.H. - :
i .Oliwares-ﬂesﬁitai : : : “iSucat Rd.- Paradaqus, Y.X. %
73 Halayan Textile Hill - Sta. Ana Driva .
19 Ireﬁevil}e_Suhd. | h South Swper Hi-way Sunviliey Paradagus

80 itcqze 5 {Sien Dravdown) ' Cogeq, Antisal '
81 iCogeo ATP £ 1 ieagea, Anbigolg
82 iCage0 # 3 ({Constant Pump.} . ‘Cogeo, Antipolo

83 italusr)a HASS Parafiaoue, WM.
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TABLE 3.7.3 CHEMICAL COMPOSITION OF SEAWATER

_________________________________________________________ +
Ion vooefke ) % ' Jon | g/ kg | % !
_________________________________________________________ I
: i

Cl- 18.980 55.04 ' Mg+ 1.272 3.69 !

. 1 ]

] i

Bi- 0.063 0.19 ! Ca2+ 0.400 1.18 )
o_ ' t

e 1 1

SO 2,469 7.68 ! Sr2+ 0.007 0,02 !

H H

HCO-3 0.140 0,41 ' K+ 0.380 1.10 |}

I ]

o 0.001 0.00 ! Na+t 10.556 30.61 |

b e o o e e e e e mm A e 1

I T 1

H3BO3 0.026 0.07 ! Total 314.476 99,97 !

1 ]

] 1

TABLE 3.7.4 DEFINITE WEIGHT AND EQUIVALENT WEIGHT RATIO OF MAJOR
CONSTITUENTS VERSUS CHLORIDE OF SEAWATER

_______________________________________________________ +
'Weight Ratio Equivalent Weight Ratio ;
___________ e T L P T
Na:Cl ! 0.55286 0.85 :

K:Cl ! 0.0200 0.18 !

Mg:Cl | 0.0684 0.20 4
Ca:Cl1l !} 0.0211 0.038 p
Sr:C1l | 0.00042 0.036 ;
s04:C1l ! 0.1396 0.10 !
HCO3:Cl | 0.00738 0.0043 H
H3BO3:Cl | 0.00137(atomic ratio) 0.00083 H
Si:Cl ! 0.0002 (atomic ratiol 0.0002 '

) 1

1 |
___________________________________________ .._.._..._,_.._,——..._._.‘.
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TABLE 3.7.5 WEIGHT RATIO AMONG Ca, Mg, AND C1

INo. | Locations ! Ca/Mg ! Ca/Cl 1 Mg/Cl ! Cl
2° LPS-1-8o.3 v 0,507 ' 0,068 | 0.134 ! 17,144
-3 " LPS-2 No.3 ! - 1.029 0.069 ! - 0.067 | 21,100
6 LPS-2 No.2 ! ' 3.549 ! 0.193 ! 0.054 | 1,923
7. Samonte Park ! 5.714 0.104 | 0.018 | 383
16 ‘San Juan Pump 1 C 472 0.707 | 0.150 | 167
18 ‘Sto. Domingo ! 1.846 |- 0.387 | 0,210 ! 268
18 LPS-1 No.l ! 12.0 ! 0.054 ! - (.005 ! 221
.28 LPS-2 ¥No,2 N . 5.0 ! 0.031 |} . 0.006 ! 162
41 Bo. Talba ' frgl0 0,146 ! - 0.016 !} 123
12 Naga Well No. 2 | 3.476 | ©0.266 | 0.077 ! 274
44" Sucat E/S ! 3,714 ! ~0.361 | 0.097 ! 144
. 52 Silver Swan Nk 3.3 0.081 ! 0.023 | 173
56 - Farola Tce Cold | 9,667 ! - 0.131 } 0.013 ! 221
57~ Procter & Gamble ! 3.667. 0.080 ! 0.022 | 138
63 Latex City S 5.795 |- '0.289 0:.050 | 5,672
74 La Perla ' 1,882} 0,077 | 0.041 ! 418
75 Hyatt Resency = - © 2,65 ! 0.264 | " 0.010 | 201
76 J:C. Aqua -V 1.364 | 0,044 ! 0.032 ! 343
77 Olivares Hospital| 1,270 0.318 | 0.274 135
87 ~National Steel | 1.638 ¢ 0,079 ! 0.048 ! 137

. ) | - 1 1 | :
. ] . ) ) - ! ]
Sea Water | 0.0379 ! 0.0211 | 0.0684 |

©3~1289
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FIGURE 3.7.3 HYDROCHEME&&j&E?SS SECTION
‘ METRO MANILA GROUNDWATER BASIN
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3.8 SALINE WATER INTRUSION.
3.8:1 84line Water Intrusion in Metro Manila

Saline water intrusion in the coastal areas of Metro Manila has already
been observed in the late 1960s. In 1968, Hernando Quiason reported
that (at that time) the groundwater level had dropped to 40 meteps below
sea level in the'Malabon~NaVotas-Caldocan area - and that, from near-
surface to about '100m, saline groundwater was found in the near-shore
- groundwater zones from Las Pifias to Malahon and in the vicihity of areas

away from shore with sally surface water.

In the early 1980s, Electrowatt studied the hydrogeology of Metro Manila
as part of the MWSP-1I project. This study found out in 1981 that the
- groundwater level in the Guadalupe aquifer system in Metro Manila had
continuously declined since 1955, The rate of decline had reached 5 to
; 12'm/year, with .deep cones of depression appearing in areas with heavy
withdrawals of . groundwater. ~This lowering of water level resulted in
the saline water . intrusion of the Guadalupe aquifer system and has
largely -affected the quality of groundwater. Figure 3.8.1 shows the
“distribution of cbﬁduetivity values of groundwater in Meiro Manila. High
.conductivity zones were ohserved in the coastal areas-along Manila Bay.

‘Distribution of electric coﬁducti#ity {EC) values measured in year 1991
is illustrated in Figure 3.8.2. Relation between chloride conteat and
" EC.is presented  in Figure 3L8.3} Pattern of. distribution in year 1991
is basically the same ‘as that in year 1981. Asfsamples were. taken from
operational deéep wells with an average depth'of about 300m,'£he number
of. zones with high conductivity: (more than 1,000 microsiemens (uS)/cm)
is _limited in the ‘area. These zones cannot 'be seen particularly in
Manila, Malabbn and Navotas, where measured EC values range from 400
" to 800 pS/em.  Groundwater tapped by 300-m deep wells is still unaf-
- fected by saline water inirusion even_'iffthey'_dre located near the

shore, ;
: 318.2 Saline Water Intrusion Mechanism

In 1988, MWSS discovered a chloride concentration of 2,884 mg/l at Latex
well located 2.0 km from the coast in Pamplotia, Las Pifias. In addition,
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high chloride concentrations of more than 600 mg/l were observed in an
area of about 6km2 1in Las Pifias. Results of recent measurements show

virtually the same salinity distribution as shown in Figure 3.2.20.

"'Electrie conductivity and chioride concentration of groundwater in the
Las Pifias test ‘wells differ from aquifer to aquifer (Figure 3.8.4). In
the 100-m wells at sites No.l and No.2, high chloride concentrations of
17,144 mg/l and 21,100 mg/l were found, In the 200-m well at las Pifias
No:2, chloride concentration is 4,923 mg/l. However, groundwater is not
dalinized in the deep aquifer as observed ‘in the 200-m and 300-m wells
at Las Pifias No.1, and in the 300-m wells in No.2 and No.3. "Chloride

concentration in these wells is less than 200 mg/l.

Considering the different concentration in each aquiter, it is apparent
that saline water migrates downward from the first- aquifer to the second
aquifer by leakage. Théffirst aquifer may be salinized mainly by sea-
water encroachment from Manila Bay. Another cause of ‘contamination may
be the existence of the marine pond spreading 1.5 to 2:0 km inland from
the coast and the tidal inundation of the Zapote'river.fEC and chloride
distributions in other coastal ‘areas, such as those in Manila, Malabon

and Navotas give the same observations.

In Marikina Valley, saline water was found in the deeper Guadalupe
aquifers, i.e., at the MGB PS-4 well that was drilled in the 1960s. The
recorded well ‘depth is 457.2m. Since groundwater was highly salinized,
the well was sealed below 243.8m. Water afterwards was ‘taken from
shallower aquifers between 100m and 200m. Chloride concentration of
the water then became 574 mg/l, which is abott 1/10"0of that from -deep.
aquifers'(Figure 3.8.5). This finding indicates the possible’ existence

- of fossil water in the Guadalupe aguifers.

As discussed earlier, some of the water samples  from the Marikina-
Valley were plotted on domain I of the trilinear diagram, unlike most of
the samples from Guadalupe Hill and the coastal area. ‘In--this case,
upconing or upward leakage may be happening in shallow aquifefs'(ldo—_
200m). ’ ' '
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3.9 POSSIBILITY OF LAND SUBSIDENCE

The rapid and heavy decline of groundwater level in the coastal. area
throughout the 1980s and 1970s brought forth the belief that land subsi-

“dence may have occurred in some areas in Metro Manila.

Land subsidence in gemeral is prinecipally caused by the withdrawal of
groundwater, partiéularly in the alluvial plain. As the coastal areas

" bf Manila Bay ‘and laguna de Bay and the areas along Marikina River are

covered by soft, clayey deposits of Allu#idm-age, the lowering of the
groundwater head of underlying aquifers could cause the consolidation of
these clayey deposits, Metro Manila in this sense has the requisiﬁé
condition for land subsidence. |

Field Observation

Indications of land subsidence are generally found at well”sites, on

roads, dikes, buildings, bridges, ete. ' Sueh indications can also be
observed on typical foundations such as piles of buildings and bridges.
In the latter case, the displacement between ground surface and building

~can be easily identified. Inclination and cracks on walls of buildings

due to unequal at-place subsidence rates can often be observed.

" A field observation in the downstream area of the Pasig River and the

coastal areas of Manila and Navolas was conducted. Several tall build-
ings and bridges located along the Pasig River (from Nagtahan Bridge

near Malacafiang Palace to Del Pan Bridge) were investigated. No clear

. physical evidence of ‘land subsidence was found by the Study Team.

However, this does'not mean that land subsidence is nof happening in

‘Metro Manila area. What the outcome of the investigation provided was at

- least & negative evidence of 1land subsidence. - The area’s frequent

flooding in.the.rainyfseason is due to its topographieally low elevation

and not due to land subsidence.

3.8.2

soil Properties of Alluvial Clay

':.Aécording‘to a ‘previous soil and foundatiqn-study carried out by DPWH -

(1977)," the ranges of consolidation characteristics -of alluvial clay in

~the coastal areas of Pasay and Manila are shown in Table 3.9.1. The
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data indicate that the alluvial clay is in normally consolidated condi-

‘tion. The range of consolidation parameters is basically the same as

that of alluvial clays found in the world's coastal plains.

The clay layer can be easily consolidated by overburden or by the de-
cline of pore water pressure. The final settlement is determined by the

stress and the thickness of the consolidated layer.

As mentionad earlier, the alluvial clay is generally thin and limited to
the coastal areas of Metro Manila. Also, groundwater is mainly pumped

from deep Guadalupe agquifers. For these reasons, the. probability of

land subsidence taking place is nil, even though the area has the soil

3.9.3

properties required for land subsidence,
Rise of Mean Sea Level

The mean sea level (MSL) in Manila has markedly risen since the mid-
Sixties (Figure 3.9.2). Though not-as marked the same rise and fluctua-

“tion of the MSL can be observed in lLegaspi, Cebu and Davao.

3.9.4

Mote that from 1965 to 1989 the MSL in Manila appears to have risen by
0.478m. Assuming the MSL does not change, it. can be inferred that land

subsidence 1is occurring in the vicinity of the tidal staff'gage.
Elevations of Benchmarks

Though elevation of ihe reference henchmark differs, NAMRIA’S bench-

marks were simply ecompared in order to know the veriical tendency of the

. displacement of land.

Differences  in elevation of benchmarks between years 1966 and 1987
appear to indicate land subsidence. However, several benchmarks are
located on a hill composed of consolidated Guadalupe formation-(Figﬁre
3.9.3 and Table 3.9.3).

Assuming that one of the benchmarks on the hill is "the “reference

benchmark of the levelings in 1987 ‘and those before 1966, the differ-

encés in elevation of other benchmarks become almost négligible errors.
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Obtaining clear evidence of land subsidence therefore requires the
establishment of immovable points (control points) in the regional
leveling in Metro Manila. The control points should 'be placed in a
nearby mountainous area composed of hard rocks to properly evaluate the
difference in elevation between two different levelings. '
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TABLE 3.9.2

ANNUAL, MEAN SEA LEVELS AND VARIATIONS

Huwbér of zonths due bo instrusent breakdoan.

The integer above ihe Bracket zeans the nusber of months,
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fage 1 _ DATA SOURCE:  HAMRIA
B N R TS
PoAnS (0 1 S (un L @S o asaen o esaen oasqun
T Heen Dtiorgonoet Hena. Divergineet Hean bivergencet foon [bivergence! Koan Divergencel foan [ivesenct
T A A 2 A S R N A A A S - TR T O
----- T L LT T T e it LRt T e S EEE P A T T e
2 . { 5 10
1947 :(2.236)) 1(1.595]1 1(1.8063! : i 11,999 : ) i
1940 § 2188 ) 2.198 LS4 -0.0521 L1281 -0.07 m.gfmi CLB68 ) -0.001 11383 ) i
1949 { 20081 ¢ -0.007 1 1542 % 00001 { 17200 -0.008 ! 1.832 ¢ -0.001 :u.gm: -0.020 1 1352 ¢ - 0.038 !
1950 1225 1 0.069 1 145 1 0.003 {1804} 0082} 193]  0.106 :(2.5191: R E R !
1951 1 2.205 ) -0.045 { 1.558 | - 0.013 ] L.733 | -0.07¢ :(1.3201: 0118 1 2.022 | -0.087 ' !
1952 1 2,21 0.008 :fl.éon: 0.049 | 1749} 0.016 :[1.;12'1: 3.092 :[2.;3'5.1,'- 0.012 :' !
1953 } 22521 .04 ':tt.é:m: 0.023 ) LB Y -o.om-m.éoon L :[’1.;941: D040 4 ! !
1954 2 2,238 1 -0.014 :{1.é261: 20004 £ L3 00251 a4t -0.005 L2082 1 -0'.0537{ ! !
1955 1 2,218 1 -0.02 116330  0.007 {18! 0.008 ! 19281  0.034 ':(2.355);' . 0.0 :
1956 ¢ 2.234 1 0.016 1 £.620 [ -0.013 | 1716 -o.oosz:u.gasn -0.040 § 20428 -0.014 ! : !
1957 12,4790 -0.061 ) 1.583 5 -0.037 :[Lgsn; -0.019 :[1.é421: 0045 § 1988 L ~0.044 ! ! :
1958 1 2184 ) -o.'o_m ! 1.5’92::' 9.009 :ufgm: -0.02F ¢ L.BIT ¢ -o.azsm.gam C.016 : ¥
1959 ¢ 2.18 -'0.0261[.5-90} -0.002 ) LT ) 0040 P18 0L - ) | : v !
1960 1 2245 ¢ - 0.085 T 1605 ¢ 0.0I151LT4Z ) 0,028 ;1912 %  0.074 | 2016 } g : :
j951°0 2,215 1 <0.00 1 1579 1 -0.026 ¥ LTI P-0.001 ) L8664 -o.ow':u,;n]: 0,045 ! !
19621 2231 0019 316131 003} LTS 00441 LW 0065 § 20061  0.059 ] : !
4963 1 2.185 % -0.0%9 1 LTI -0.042 189 —e.osz':n.rln:s]: -o.‘osé '1,962 0 -0.062 ) ! ,
MSBLT2.218 0 0024 LS 0.023 ¢ LTI ! 0005 1.903 ¢ 0.030 } Lt ooest o '
1965 1 22238 ¢ 0.019 ! L.6i2 ! 'o.ofa':u.;zz]:_ o.oo¢-:u.§9n: -0.006 ¢ 1970 1 -0.005 | ! !
1966 ¥20262 1 0.024 1 LGIB 3 0.006 31725 1 0.003.) 1012 ] G015 L8 L 00! ; .
1967t 2288 ! 0021 1512 L —0.046-:{'1-.324]: 00001 19041 -0.008 1 1,946 ! < -0.026 ! !
C 1968 § 2,283 4 -0.005 1548 100 m.ésn:’ 0.00 Ly 0.008 1 19521 0.008 ) '
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1983 | 2.716 |
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Page 2 DATA SOURCE:  HAYRES
I R R Aty v oy
PO 00y OFS (1MT) ] 0TS (1935} ) OIS (1T} OIS (194T) 1 018 (1947}
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1963 7 2.328 1 0.045 § 1533 1 -0.015 ) 1.657 | -0.0407) 1.088 ; 0044 ) 1930 1 0.0 H H
1970 { 2.400 7 0072 ) 1593  0.060 :{l.é?ﬂ]: 0.021':[1.;5211 0084 12,0083 0.070 4 i :
19 2.0t 000 :[1.%12]} 0.01% :[1,373]{ 0.095 { 2.022 ) 0.070°) 2.003 ¢ Q.0iL 1. ' '
1972 12441 ) 0.010 § 1.589 ¢ -0.0%4 s L7122 ¢ -0.061 :{1.525]: -0.097 ) 1.932 7 -0.087 ) : |
1973 2420 0 -0.018 } 1579 ¢ -0.009 ! L.78L )  0.069 ! 1.998 ! 0.073 § 1991} 0.059 i H
1974 § 2.488 1 0.085 ) 1.852 ) 0.073 ) L.B71 )  0.080 ¢ 1.994 ! -0.004 :{2.33[]} 0.040 | i ;
1975 12504 ) 0.026-1 1798 1 - 0.085 :[l.:&ﬂ]; -0.083 | 2.056 |  0.062 :[Z.éiﬂ}: 0.017 ] '

1916 :{Z.é{l]: _0.ﬁ27 p 1638 ) -0.040 L1520 -0.03 11979 00017 :71.912 Poo-0.076 '
1911 fIZ,éSB}: -0.003 1 1697} -0.001 | L.M5, -0.007 } 2.008 } 0.029 ) 2.008 !  0.035 ! : '
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STUDY FOR THE GROUNDWATER DEVELOPMENT| FIGURE 3.9.1

IN_METRO MANILA LOCATION OF FOUNDATION

JAPAN INTERNATIONAL COOPERATION AGENCY .| DRILLING (DPWH, 1977)
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CHAPTER 4 GROUNDWATER DATABASE

4.1 GROUNDWATER DATABASE SYSTEM

The groundwater database system aims to support the groundwater develop-
ment and conservation program of the Metropolitan Waterworks and Sewer-
age System (MWSS). The system is designed to facilitate the retrieval
‘of necessary information from the database as well as the inputting of
data directly (from the source document) ‘into the:computer.

- 'The system is composed of five databases containing the following infor-

mation:

o well inventory data

0o meteorological data

0 hydrolegical data

o hydrogeological data

0 related literature records

4.2 HARDWARE REQUIREMENT

The:systeﬁ-runs'on IBM PC/AT or -any compatible microcomputer system
whose ‘configuration is characterized by the following:

A memory size of at least one megabyte (MB)

With at least one 3. 5" floppy disk drive

With hard -disk of at least 40 megabytes (MB) storage capa01ty
Wlth DOS 3.0 or higher

A printer 51m11ar to: Epson. FX-1000

B B - S U S O

JICA provided the following hardware componeﬁts:
a) Computer
-wTOSHIBAiPeréonalaComputer.model J31008GX - with 100 ‘MB hard disk drive

. and. 1 MB “floppy 'disk drives; ROM: 96k; 'RAM:- 2 MB;. CPU: 386 TM
-.f(20MHZ), Operating. ‘systems: MS- -DOS (Ver31on 3. 1)

4-1



b} Display: Plazma

¢) Printer: TOSHIBA PW5269A

d} Mouse: J33MS001

4.3 SOFTWARE REQUIREMENT

The system is designed to be user-friendly and has a program named WELL
which was developed specifically to hide the cqmplexity'of its data-
base's internal siructures and procedures. WELL was based on DBASE III

Plus.

4.4 DATABASE FILE STRUCTURES

4.4.1 Well Inventory Database

.2

Well inventory database includes MWSS-supervised wells and turned-over
deep wells, private wells applying for water rights from NWRB,'weils
inventoried during the Electrowatt project, wells from:MGB, wells visit-
ed during the groundwater use survey and groundwater leveling, test
wells drilled -during this JICA study, wells inventoried 'in NWRB’s

Philippine Groundwater Summary, and wells from drilling companies.
Data gathered from these are stored in four related data files:

i .Filename: WELLDATA . DBF (ContainS‘Well‘Casing Data)
2. TFilename: WCASING.DBF (Contains Well Casing Schedule)
3. PFilename: WSCREEN.DBF'(Contains Well ‘Screen Bection)
4. TFilename: WSTRATUM.DBF (Contains Well Log Record)

Meteorological Database
The meteorological database contains dats on meteorological stafions_
including the daily, monthly, and annual records. of -rainfall, tempera-

ture (mean, minimum and maximum), evaporation, humidity, wind velocity

and sunshine hours measured from.thesefstatioﬂs. There ‘are. 25 data

4-2



4.4.3

files comprising this database,contents of which are:

1. Filename:
"2. Filename:
3. Filename:
4. Filenane:
5. TFilename:
6. Filename:
7. TFilename:
&. Filename:
"9, Filename:
10. Filename:
11, Filename:
12, Fileéname:
13. Filename:
14. Filename:
15, Filename:
16. Filename:
17. Filename:
18. Filename:
19, Filename:
20 .. Filename:
21. Filename:
22. Filename:
23. Filename:
24. Filename:
25. Filename:

MSTATION.DBF (Data on Meteorological Stations)
RAIN D.DBF (Daily Rainfall Data)

TMAV D.DBF (Daily Mean Temperature)

TMIN _D.DBF ( Daily Minimum Temperature)
TMAX_D.DBF'(Daily-Maximum-Temperature)
EVAP_D.DBF (Daily Evapqration)

HUMID_D.DBF (Daily Humidity)

SUN_D.DBF (Daily Sunshine Duration)

"WIND_D.DBF (Daily Wind Velocity)
.RAIN_M.DBF (Monthly Rainfall Data)

TMAV_M.DBF {(Monthly Mean Temperature)
TMIN;MJDBF'(Monthly Minimum Temperature)
TMAX_M.DBF (Monthly Maximum Temperature)
EVAP M.DBF (Monthly Evaporation)

'HUMID M.DBF (Monthly Humidity)
"SUN-M.DBF (Monthly Sunshine Duration) .
 WIND M.DBF {Monthly Wind Velocity)

RAIN Y.DBF (Yearly Rainfall Data)

‘TMAV Y.DBF (Yearly Mean Temperature)
TMIN_Y.DBF (Yearly Minimum Temperature)

TMAX Y.DBF (Yearly Maximum Temperature)
EVAP.Y.DBF (Yearly Evaporation}

HUMID Y.DBF (Yearly Humidity)
SUN_Y.DBF (Yearly Sunshine Duration)
WIND_Y.DBF (Yearly Wind Velocity)

Hydrological Database.

The hydrological -database provides informationgabout.the_hydrologidal
gaging stations as well as the daily, monthly, and annual continuous

said station.
discharge and streamflow in the Antipolo Area.

\observations on the river discharge and gage height measured from the

It also contains. the simultaneous observations on spring

nine data files with the following data items:

1. Filensame:

9.  Filename:

HSTATION DBF (Informatlon on Hydrologlcal Statlon)

RDIS_D. DBF {Daily River Dlscharge)

4-3
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Filename: GAGE_D.DBF (Daily Gage Height)
Filename: RDIS_M.DBF (Monthly River Discharge)
Filename: GAGE_M.DBF -(Monthly Gage Height)
Filename: RDIS_Y:DBF (Yearly River Discharge)
Filename: GAGE;Y.DBF'(Yearly Gage-Height)
Filename: SPRING.DBF.(Spring Discharge)
Filename: -STREAM.DBF (Streamflow)

LW ~3 G ot b W

4.4.4 Hydrogeological Database

The hydrogeological database contains data of those wells tested and
measured during actual test drillings, rehabilitation studies, pumping
test and groundwater quality: investigations of wells. The database is
composed of six related data files containing the following data items.

‘Filename: HGEO.DBF (Pumping Test Data) -
2. Filename: WGWS.DBF (Groundwater Level Simultaneous :Observation)
Filename: WGWC D.DBF (Daily Groundwater Level Continuous
. Observation)
4. Filename: WGWC._M.DBF {Monthly Groundwater Level
Continuous Observation)
5. Filename: WGWC_Y.DBF (Annual Groundwater Level Continuous
Observation)
6. Filename: WCHEM.DBF (Chemical Quantity of Water)

4.4.5 Literature Database

The literature database provides literature récords relevant to the

groundwater development study. Data items are the following: -

1. Filéname: LITR.DBF (Contains Literature Records)
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