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APPENDIX-I -~ METEOROLOGY AND HYDR_()LOGY
1 Basin System and Climate
1.1 Basin Syétem

The whole country is divided into twelve (12) Water Rcsourccs Regions as units for comprehensive
water resources developmem and management The Study area is located at the Water Resource Region IV
(Southern Tagalog). ‘The Water Resources Region IV is further divided into five (5) water resources planning
uoits,,vi.z...Lagunla Lake basins, Taal Lake basins, Quezon basin.s, Mindoro island basins and Palawan island
.basins. The Study area is located in southern-most part of the Laguna Lake basins, which has a total area of
5,078 sq.km. |

The Laguna Lake basin is bounded on the. north by the Province of Balacan, on the east and south by
the Province of Quezon and on the west by the Provinces of Cavite and Batangas. It is composed of the Pasig-
Laguna Bay river basin with 4,678 sq.km and 400 sq.km of watersheds. Fig. L1.1 presents the boundaries of
the Laguna L,akc basins and t.ho Province of Laguna. 'Most part of tho Province of Laguna is located in the
Laguna Lake basins, however, south-east pari of the Province is in the Quezon basins which are bounded in the
north by the Provinces of Bulacan, Rizal, Laguna and Batangas, in the cast by the Pacific Ocean, in the _
southeast by the Provinces of Carmarines Norte and Carmarines Sur, and in the southwest by Tayabas Bay. The

Quezon basins have generally ragged terrains with the Sierra Madre mountain range and Mt. Banahaw.

2 Meteorology
2.1 ) Coron'as.Climate Classification

The Ph:hppme Atmospheric Geophysmal and Astronomxcal Services Admmlstratlon (PAGASA)
' utlhzes the Coronas climate clasmﬁcanon system based on the rainfall distribution, in which a climate condmon

in a particular area in the Philippines is classified into four (4) types as follows: (see Fig. 1.2.1)

Typel Type I has two (2) pronouhced seasons, the dry season from November to April, and the
wet season during the rest of the year.

(western Luzon, western Mmdoro, western Panay, western Palawan, and western Negros
islands)

- M S Type Il has no dry season with a very pronounced much ramfall from November to

. E . January . . .-
(south-castern Luzon eastem Samar eastern Lyte, Eastern Mmdoro, and eastern Mmdanao
ns}ands)



Type Il Type III has a feature that the seasons are not pronounced, relatively the dry season from
November to April and the wet season during the rest of the year.
(eastern Palawan, eastern Panay, eastern Negros,, and southern Cebu islands)

Type IV Type 1V has a rainfall more or less evenly distﬁbuted thfoughout the year and no clear
boundary between the dry and wet seasons.
(north-western Luzon, western Lyte, Bohol, and western Mindanao islands)

The Study area is 1ocated at the northern hilly area of Mts. Banahaw and San Cristobal in the southern -
most part of the Laguna Lake basins. The Laguna Lake basins exhxb:t two (2) types of chmate as shown in
Fxg 12.2. Inthe eastern—most part of the basin, which is olass:ﬁed cllmate Type IV by PAGASA based on the
rainfall dlslrlbuuon ramfall is more or less evenly dlsmbuted mroughout the ycar, The rest has two pronounced
seasons of the dry season from Now:mber to Apn} and the wet season durmg the rest of the year class1ﬁed in
Type I The Study area ranges from EL 300 m to 1,300 m of the northern slopes of Mis. Banahaw and San
Cristobal. The climate of the Study area is oategonzed in the Type L However the rainfall pattern shows the
intermediate types of Type I'and IV at castern part of the Study area for the reasons that the Study area is located
close to the boundary of Type I and IV, which is topographlcally d:v1ded by the Sierra Madre mountain range and
also its eIevated location of the northern slope-of Mis. Banahaw and San Cristobal as indicated in Flg. 122,

Rainfall distribution in accordance with the different period of the dry and wet seasons is indicated in Fig.1.2.3.

2.2 Meteorological Data Collection
(1) Observation Stations

Meteorological observation stations in the vicinity area of the Study area are shov;'_n in F:g i.2‘4. The
rainfall data and other meteorological data, such as temperature, relative humidity, and pan evaporation data in
the Study area have been observed at three (3) stations in Nagcarlan and Liliw. Tt is, 'however, not available for a
statistical data analysis due to its considerably short observation period. The reliable meteoro]ogu:al data in the
'wcmlty area have observed at the stauons of Sta Cruz and Los Bafios (Umversny of the Phlllppmes ‘UPLB, the
International Rice Research Institute: IRRI} and Cavmu The observation periods of these meteoroiogxcal

observation data in the v1cm1ty of the Study area are referred to in Fig. 125.
) Rainfall

Distribution of the ramfall in the dramage area of the Laguna Lake basms is shown in F1g L 2.6. The’
Laguna Lake basms shows pronounced dlffcrences in the annual ramfall amount The:distribution rangés from
1,950 mm in the Westem area 1o 2, 450 mm in the eastern area. Annual average ramfall amount of 4 200 mm

was observed at Cavinti, Laguna which is located at the eastem most boundary of the Laguna Lake basms and

also located in Climate Type IV.



N Annual average rainfall amount in the Study area is around 2,350 to 2,400 mm on the basis of the
observation data for three (3} years from 1.979 to 1981 at the Municipality of Liliw. Around 80 % of the annual
ré.infal! is observe.cl in seven months, from May to November, Monthly rainfall of more than 400 mm has
scarcely observed.in the Study area due to infrequeﬁt influence of typhoons. Monthly rainfall amount of 200

mm to 370 mm is more or less evenly distributed during the wet season.

The observation data of the rainfall in the vicinity of the Study area are summarized below:

Mean Monthly Rainfall (mm)

Station Jan Feb Mar  Apr May Jun Jul Aug Sep Oct Nov  Dec Annual

Los Bafios 46,2 20.9 299 35.1 ESQ.? ' 237...6 267.7 2548 242.1 2748 251.0 159.3 1,980.2
Sta.Cruz 42.9 18.4 27.3 393 128.5 212.5 247.6 2588 243.5 265.1 225.1 123.9 1,832.9
Cavinti 274.9 180.5 111.6 172.8 119.8 371.7 440.2 391.7 301.6 670.5 597.1 4344 4,195.8
'f‘ayabas 156.2 -90.0 93.0 101.0 215.0 266.2 272.7 188.3 275.3 476.5 520.0 364.7 3,018.9
Liliw 67.2 '31.0 33.2 121.8 219.6 327.3 276.1 1344 279.2 368.8 321.2 204.5 2,384.3

Caliraya 107.0 .51.1 86.8 104.1 241.4 306.6 284.5 262.4 280.7 390.2 547.5 455.1 3,117.6
Source: PAGASA (rainfall data of Kaliraya were observed by Kaliraya Hydraulic Electric Plant Office)

Observation period of Liliw was 3 years (1979 to 1981}

Observation period of other stations are illustrated in Fig. 1.1.6

Monthly rainfall arri_oun’t of the above stations are tabulated in Tabte 1.2.1 to Table 1.2.5. Monthly
rainfall data observed in the Study area during the Study period are also shown in Table 1.2.6 and Table 12.7.

(€)] Temperature

Temperature have observed at Los Bafios, Cavinti and Barangay Poblacion and Bukal in the Study area.
Mean monthly temperature ranges from a minimum of 14°C to a maximum of 29°C at the elevation of 700 m
at Barangay Bukal, Nagcarlan in the Study area. The coldest months are from December to March while the

warmest months are April to June.

The following are mean monthly temperature data observed at Los Bafios, Cavinti, Barangays

Poblacion and Bukal in the Municipality of Nagcarlan.

1-3



Mean Monthly Temperature ("C)

Station Jan Feb Mar  Apr . May Jun -'Jul Aug Sep Oct Nov  Dec Annual

Los Bafios 25.1 25.6  26.8 28.4 290 283 277 275 27.4 271 265 255  27.1
Cavinti 224 237 239 256 26.4 255 253 252 350 246 238 224  24.4

Nagcarlan 24.2 24.6 254 27.0 285 278 273 272 270 1254 253 240 ° 26.1
(Poblacion} L _ : - . o )
Nagcarlan 20,6 206 21.2 22,2 23,6 23.0 220 228 22,5 222 220 21.0 22.0
{Bukal) ) ) ) .
Source: UPLB, IRRI (Los Bafios)

Compilation of Weather Data: IRRI (Cavinti)

JICA Study Team (Nagcarlan)
Observation period is illustrated in Fig. L1.6
Station elevation: Los Bafios(El. 21 m), Cavinti(El. 305 m), Poblacion{ElL 300 m), Bukal(ElL. 700 m)

Temperature decrease is esttmated at around 0.7 C per 100 m. Tables 12.8,9, 10 11 show mean

- (max mm) temperature data of Los Banos Cavinti, Poblacron and Bukal, Nagcarlan
@ _ Rel'at_ive humidity

_ Relatlve humidity have observed at Los Bafios, Cavmtl and Barangays Poblacron and Bukal in the '
Study area. Mean monthly relative humidity ranges from a minimum of 68 % to a maximum of 98 % at the

clevation of 700 m at Barangay Bukal, Nagcarlan in the Study area.

... The following are mean monthly relati_ve'hur'nidity data observed at Los Bafios, Cavinti, Poblacion arrd
Bukal in Nagcarlan. Monthly relative humidity, on the average, ra_nge_s' from a maximum-of 91 % toa
minimum of 73 % at Barangay Bukal, Nagcarlan. Monthly relative humidity observed at Los Bafios is shovtrn |
in Table 1.2.12, |

Station Jan Feb - Mar _ Apr May Jun Jul Aug . Sep ~ -Oct . Nov - Dec ; ‘Annual
Loz Bafios 82 79 75 74 76 80 82 . B3 83 - 84 ‘83 - 83 - 80
Cavinti 93 93 92 90 90 91 92 93 93 93 93 93 92
Nagcarlan 84 78 717 73 - 16 82 7973 79 81 84 90 - 80
(Poblacion) ' : ‘ _ U S
Nagcarlan 89 82 82 81 87 88 85 8BS 85 85 n.a. 9] 85
(Bukal) . ' : . ' : '

“Source: UPLB, IRRI (Los Bafios) _
Compilation of Weather Data:IRRI (Cavinti)
JICA Study Team (Nagcarlan) '

. Observation period is illustrated in Fig, 1.1.6

n.a.: not available
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5) Evaporation

Evaporation data (Class A-pan) are observed at Los Bafios (refer to Table 1.2.13), Cavinti and Barangay
Bukal, Nagcarlan. The following are the monthly pan evaporation data:

Station Jan Feb Mar Apr May  Jun Jul Aug Sep Oct Nov  Dec Annual

Los Bafios119.6 14_3'.8 1954 218.0 1955 146.7 130.2 127.7 116.6 117.9 1013 100.2 11,7129
Cavinti 1054 115.6 161.0 173.4 178.0 1450 136.9 130.2 118.0 [10.8 98.3 92.8 1,565.4

Nagcarlan n.a. 93.2 791 100.8 884 861 704 8272 n.a. 83.1 114.6 n.a. n.a.
{Bukal) ) -
Source: UPLB, IRRI (Los Bafios)
Compilation of Weather Data:IRRI (Cavini)
JICA Study Team (Nagcarlan)
QObservation period is illustrated in Fig. 1.1.6
n.a.: not available

(6) Wind velocity and direction

Wind velocity and direction data were observed at the stations of Los Bafios and Cavinti, Average wind
velocity observed at Los Bafios and Cavinti range from a minimum of 0.8 m/sec, 1.4 m/sec to a maximum of
1.3 mfsec, 2.7 m/sec, respectively.

nthly Wind V.

Station Jan .. Feh Mar  Apr May  Jun Jul Aug Sep Oct Nov  Dec  Average

LosBafos 1.1 1.2 13 13 11 09 09 09 08 08 1.0 1.1 1.0

" Cavinti 2.6 2.4 2.3 2.0 1.7 i.5 1.4 1.7 1.4 1.5 2.2 2.7 2.0
Source: UPLB, IRRI {Los Bafios) :
Compilation of Weather Data:IRRI (Cavinti)
Observation period is illustrated in Fig, 1.1.6

Prevailing Wind . Direction

Station Jan__ Feb. Mar Apr May ' Jun Jul Aug  Sep Oct Nov_ Dec
LosBaios ___ NE _E N N MNE E SWE SW B E B NE

Source: - UPLB, IRRI (Los Bafios) - :
Observation period is illustrated in Fig. 1.1.6

_ Mdn_lhly wind velocity and prevailing wind direction observed at Los Baiios are tabulated in
. T_ables'-l_.2.i4. - ‘ - - '
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) Sunshine duration

Momilly percent possible sunshine were observed at Los Bafios. The average high possible sunshinel
was 72 % in April and low possible sunshine was 38 % in August. Mean monthly percent possible sunshine

and sunshine duration data observed at Los Bafios are listed in Tables 1.2.15,1_6.

Station  Jan  "Feb Mar Apr May Jun Jul Aug  Sep _ Oct Nov  Dec  Annual

Los Bafios 47 58 66 72 61 45 41 38 39 43 43 49 49
Source: UPLB, IRRI (Los Bafios) : e :
Observation period is illustrated. in Fig. 1.1.6

can Monthly Sunshine Duration (h

Station Jan Feb Mar  Apr May Jun Jul’ Aug Sep Oct Nov  Dec  Arnual

Los Bafios 5.3 6.8 . 1.9 8.8 7.8 5.8 52 4.8 4.8 51 5.0 4.5 6.0
Source: UPLB, IRRI (Los Bafios)
Observation period is illustrated in Fig. 1.1.6

:(8) Tropical cye]oneé

Frequency of tropical cyclones and annual dlstrlbutlon of troplcal cyclones by intensity are referred to
Tables 1.1.17, 18,19. ' '

2.3 Statistical Data Analysis

The rainfall data and ether .meteorological data:, such as'temp_er.ature, relative humidity, and pan
evaporalion data in the Study area have been observed at three (3) stations in the Municipalities of Nagcarlan and
Lihw It is, however, not available for a, staustieai data analysis due to its conmderably short’ observahon '
period The reliable meteorological data in the vncmlty area have observed at the statioris of Sta Cruz, Laguna,
Los Bafios, Laguna (Umversxty of the Phl]ippmes UPLB International Rice Research Insmute IRRI), Cavmti, B

‘T.aguna, and Tayabas Quezon Province.,

In the statistlcal data analysis, (1) prebable ramfall (2) probable rainfall mtensxty curve, (3) parameter
for Penman method, (4) number of the rainy days, (5) correlation of rainfall amongst several observauon stations
were estimated applying the meteorological observation data in the Study area and in the vncimty area as .

described above in due consideration of its data reliabihty



) Probable rainfall

Probable annual rainfalls were estimated using the Iwai method at the stations of Los Bafios, Sta, Cruz, .

Tayabas, Ambulong and Caliraya. -

Return period T _ Observation station
{years)] Los Bafios Sta. Cruz Tayabas _Ambulong Caliraya Remarks
7] 1,949.9 1,835.5 2,991.5 1,899.0 3,078.6
3 - 1,777.9]  1,656.2 27784 71,1321 2,855.4]
5 1,622.0 1,496.1  2,588.8 1,575.4 2,657.5
71 1,539 1.412.5 3.490.3| 1,490.4 2,554.8
0] - 1,463.5 1,336.0 2,400.3 (4104 2,460.9]
15 1,387.6 1,260.2 2,311.5 1,329.0 2,368.3
20 1,339.0 1,212.0 ~ 2,255.1 1,276.1 2,309.6
25 1,303.6 1.177.1 2,214.4] 7 12373 2,267
30 1,276.3 1,150.3 2.183.0 1,207.0 2,234.5
40 1,235.2 1,110.0 2.136.20  1,160.1 2,185.7
50 1,205.3 1,080.8 2,102.2 1,127.3 2,150.4
100 1,119.6 997 8 2,005.9 1,029.1 2,050.2
150 1,0743] 954.20  1.955.4 976.2 1,997.8
200 1,043.8 925.1] © 1,921.7 940.2 1.962.7
Max. annual 3,016.9 2,851.4]  4,143.2 76023 3.674.0]
rainfall (year) 1 .. (1986) (1960) . (1976) (1976) (1975)
TMin. annual | 1,216.0]  1,145.1 1,983.5 1,179.2 1,990.3
tainfall (year) (1965) (1983)! - (1982)° {1965) (1969)
Observation period| 1950 - 1993[ 1956 - 1993] 1971 - 1992] 1961 - 1984] 1965 - 1983
Number of 44 - 35 20 24 10
observation years -

Source: JICA. Study Team
Probable rainfal]l more than 15 year return period at Caliraya is not reliable due to its short observation data.

) : Pr_obable'raiﬁfall intensity curve

Probable ramfali 1nten51ty curves were calculated using the data of Tayabas in Quezon Province, and
Ambulong in Batangas Province. These two (2) stations are close to the Study area amongst 38 selected
stations in the PhlllpplneS(RalnfaH Intensity-Duration Frequency Data). For an estimate of flood discharge in
connecnon to the proposed fac:lmes plannmg, such as intake, road dramage rainfall intensity data observed at
Ambu]ong in Batangas Province should be apphed for the reason that the rainfal! intensity at Ambulong gives

. larger amount comparing w1th that at Tayabas taking safely factor for the planning mto account,’
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Observation station: Tayabas, Quezon Province

Observation period: 30 ycars

‘Retumn Period’ .
Return Period 15 30 60 2 6 12 24]. Intensity Curve
(S'ears) (min) {min) {min) (hrs) (hrs) (hrs) {hrs) {mm/hr)
2 91.6 66.8 49.2 33.7 16.5 10.5 5.7 R= 68.14
: DR . _ 977 4 040
5 104.0 80.2y  60.1 43.3) 22.7 16.3|. 10.1| R= 83.73 :
S | 1065 + 040
10 112.0 89.0 - -67.3] 49.6 26,7 - 20.2 13.0) R=- 95.89
' ' ' : L 1061 4 0.43
15| 116.8 940 713 532 2000 224 147 R= 102.24
1 ; ' t 059 4 043
20| 120.0 97.6( 742 55.7 30.7 23.9 15.8/ R= 110.63
_ EERE _ : ' 10:39 4 048
25 122.4 100.2 76.4/: 57.6 .31.9 25.1 16.7) R= 113.51
: ’ e o . ’ 10'58 + (.48
50 - 130.0 108.6 -83.1 63.6 35.7 28.7 19.5 R= 125.44
] t0-56 4 0.50
100} - 137.6 1i6.8 89.8 69.5 39.5 32.4 22.2| R= 139.66
' ' 1055 4 g.55
Source First Edition, Rainfall Intensny-Duratmn Frequency Data, January 1981
The Hydmlogy and Flood Forecast Center, PAGASA
Observation station: Ambulong, Tanauan, Batarigas'Province
Observation period: 14 years .
i - Retum Period . _
Return Period 15 - 30 60 2 6 12[ 24/ . Intensity Curve
(years)| - (min) {(min) {min) (hrs)] . (hrs) (hrs)| (hrs) (mm/hr)
2 100.4] 76.8 .49.0[: 32.4 15.5 9.7 5.6 R= 68.73
‘ : 1 1078 4035
5 134.4 _101.2 66.0 42.5 23.8 18.2 11.3| R= - 75.01
: | _ : 10394012
10 156.8 117.4 77.3 49.3 29.2 23.7 15.0f R= 81.43
053 +0.04
15 169.2 126.6 83.7 53.0 32.3 26.9 17.2| R= 8422
' ' 1050 0,00
20 178.0 133.0 88.2 55.7 34.5_ 29.1 18.7 R= 88.57
| B B R RE R F T e L T
25 184.8 1378 '91_.6 57.8 1361 30.8 19.8) R= . 90.55
1} | | L T e
- 50 206.01 - 153.0 102.2- 640 : 413 . 36.1]. : 23.3] R= L9572
| . 0 1045007
100 . 226.8 168.2 1127 70.3 46.3] 413 26.8f R= - 102.45
' S Cp 1043 fgg
Source: L o

The Hydrology and Flood Forecast Center, PAGASA
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@ Parameter for Penman method

Potential evapotranspiration is estimatéd by Penman method using the data of temperature, relative
humidity, wind velocity, sunshine duration; In this paragraph, these meteorological parameter for the estimate

of the potential evapotranspiration are estimated.

a) Temperature

Mean monthly temperature is not fluctuated throughout several years. The difference of mean
monthly temperature daia b_étween at Loa Bafios and Nagcarlan ranged from 4 to 5 °C in each month.
In this fact, temperature observed at Barangay Bukal, Nagcarlan in the Study area is available despite of

its one (1) year observation period.

!I EI " ] I I [GQ]

Station Jdn Feb Mar  Apr May Hhun Jul Aug Sep  Oct Nov  Dec Annual

Nagearlan 20.6. 20,6 21.2 222 236 23..0 22.0 228 225 222 22.0 21.0 22.0
(Bukal)

Source: JICA Study Team

b) Relative humidity

. In general, relative humidity indicates high percentage during rainy days.- In this connection,
one (1) year observation data in the Study area was affected by the number of rainy days. Relative
humidity data observed at Los Bafios are applied for potential evapotranspiration calculation due to its

long observation period.

. Mcan Monthly Relative Humidity (%)

Station  Jan Feb Mar  Apr May Jun Jul Aug Sep Oct Nov  Dec Annual

Loé Bafios §2 79 73 74 76 80 82 83 83 84 83 83 30
Source: UPLB, IRRI

<) Wind velocity

Wind velocity data were observed at Los Baiios and Cavinti. Wind velocity data observed at
Los Bafios are applied for ;Sbténtial_evapotranspiralion calculation because of a topographical similarity
" of Los Baiios and the Study area.
Wind_Velocity (m/sec)

Station Jan Feb Mar- Apr May Jun  Jul Aug Sep Ocl Nov  Dec  Average

. Los Bafios 1.1 1.2 1.3 i3 1.1 0.9 0.9 0.9 0.8 0.8 1.0 1.1 1.0
-Source; UPLB, IRRI ' '

1-9



d) Sunshine duration

Sunshine duration data were given at Los Bafies. However, it is assumed that the percent

" possible sunshine is certainly small in the Study area comparing with that of at Los Bafios because of
the difference of the eievation and influence of the monsoon wind direction throﬁghout the year. For
the calculation of potential evapotranspiration, 80 % of sunshine duration observed at Los Bafios is
applied at the Study area based on the monthly rainy days rates between those of at Loa Bafios and

Nagcarlan.

Mean _Monthly Sunshine D ration  (hr/d

“Station Jan Feb Mar  Apr May - Jun Jui Aug _ Sep Oct Nov ~ Dec  Annual

(Nagearlan) 4.2 54 63 7.1 62 45 42 39 38 41 40 3.6 43
Source: JICA Study Team _ . - '

® . Number of réiny days

Number of rainy days were observed at the station of Los Bafios, Cavinti, sta. Cruz. and the

Municipality of Liliw. The Following are mean monthly data of each stations.

n_Monthly Rainy D d

Station - Jén Ff_:b Mar . Apr May Jun “Jul 4Aug. Sep Qct Nov  Dec  Annual
Los Bafios 12 7 . 6 6 12 18 20 . .20 20 19 18 17 176
(1950~ 1993y - - = ' : . , : DY _

Cavinti 24 19 14 . 13 17 19 20 21 21 23 24 25 240
(1085 - 1993) '

Sta.Cruz 9 6 6 -6 10 15 18 18 18 18 16 13 153
(1956 - 1990) - : S _
Liliw 9 5 . 6 7 12 16 16 13 18 20 18 18 163

(1979 - 1981)
Source; PAGASA (Los Bafios, Sta Cruz Llllw) _
Compilation of Weather Data; IRRI (Cavinti)

() Correlation of rainfall data amongst several observation stations -

In connection to the watcr requlremcnt for 1mgat10n planmng, correlat;on of the dally ramfali data
observed in the vmmty of the Study area was exammed in due consideration of the shortage of the rainfall data at
Liliw station focated at the Study area for the reliable simulation of the water-require_me'm. The foilowing are
the correlation coefficient of each observed rainfall data at the stationsbf Liiiw VSta Cruz, 'Los Baifios and _
Caliraya, As a resul( of the- anaiyqls ramfall data observed at Cahraya has hl.ghes( correlation’ coefﬁcwnt thh :

that of L111w



Correlation_Coefficient of Rainfall D

Station______ Liliw —_Sta, Cruz, Tos Bafios Caliraya
Liiw 1 |

Sta. Cruz 0.347 1

Los Bafios 0.391 - 0.568 1

Caliraya 0.464 0.607 0.640 . 1

Source : JICA Study Team
Rainfall data: 1979 - 1981 (3 years)

3 Hydrology
3.1 River System
)] Laguna Lake basins

The Laguna Lake basins is composed of the Pasig-Laguna Bay river basin with total drainage area of
4,678 sq.km and small watersheds with its total area of 400 sq.km. The Pasig-Laguna Bay river basin drains
three (3) district and different sub-basins, viz., the Marikina river basin, the Laguna Lake basin, and the urban
watershed which includes the Manila urban area. The Study area is included in the Laguna Lake basin. Laguna
~de Bay is a shallow lake. It serves as a natural detention reservoir for discharges from the surrounding forty (40}
tributaries. Major tributaries amongst them are Pila-Santa Cruz, San Juan, San Cristobal, Pagsanjan and

Romero-Sta. Maria rivers, The only outlet is the Pasig river via Napindan channel.

There are twenty two (22) stream gaging stations within the Laguna Lake basins, of which nine (9)
stations have discharge data. The mean annual runoff depth of the Laguna Lake basins is placed at 1,435 mm or
approximately 7,287 MCM with the Pasig-Laguna de Bay river basin (Laguna Lake Basins) accounting for more
than 92 %, supplying 6,713 M_CM. The following are the runoff data of main rivers in Laguna Lake basins.



River Drainage ar¢a Mcan discharge = Specific discharge Max. Annual Min. Annual *Runoff ratio
(sq.km) (cu.mfsec) {cu/m/sec/sq.km)  (cu.m/sec) {cu.m/sec)

[-- TS N« T T R St )

1 Marikina river 499 30.31 0.061 3,420.0 0.07 0.89
(Sto. Nifio) . : . :

2  Marikina river 282 16.60 0.059 1,017.0 : 0.01 0.86
(San Rafael) B .
Arangilan river 87 0.64 0.007 380.7. 0.02 ©0.13
Mabacan river 46 1.21 0.026 2153 0.01 0.38
Paputok river - 8.5 0.95 0.111 91.1 0.12 -
Sta. Cruz river 103 474 0.460 298.0 0.02 0.63
Balanac river (upper) 116 - 8.72. 0.752 5312 0.89 0.82
-Balanac rivet (lower) n.d. - 1.75 Co- ) 175.5 ) 0.03 -

9  Mayor river 45 1.64 0.037 139.5 D..‘Dl. - 0.52

n.d.: not defined : ‘
Source : Laguna Lake Basins, National Water Resources Council, 1983
Source*: The Master Plan Study on the project CALABARZON

Observation period: 1 . Marikina river {Sto. Nifip) (1958 - 69)
2 Marikina river (San Rafael) (1956 - 69)
-3 Arangilan river : (1956 - 70)
4  Mabacan river (1955 - 70)
. 5 Paputok river : (1955 - 70)
6  Sta. Cruz river {1944 - 70)
7 Balanac dver (upper) = . (1958 - 70) .
8  Balanac river (lower) ‘ (1956 - 70)
9

Mayor dver o (1949 - 70)

Fig. 1.3.1 presents the flow duration curve of above main rivers in the Laguna Lake basins. As'a
results, annual fluctuation of the runoff of the rivers of Sta. Cruz and Balanac, which are originated from the
Mts. Banahaw and San Cristobal, is considerably small comparing with those of the other rivers because of

predominant recharge cépacity-of groundwater due to permeable volcanic deposils in their watersheds,

2) The Study area

The Study area is located at the upstream- of the drainage areas of the Sta. Cruz and Balanac rivers.
Drainage areas of the several tributaries of the Sta. Cruz and Balanac rivers are shown in Fig. 1.3.2. Drainage

area of each river is as follows:



D . 5 [ R.v . " S! ! !l'

Rivers ‘ S Drainage area (sq.km)
(Sta. Cruz river) ) _ 103.00
1 San Dicgo river 7.65
2 Nagcearlan river 17.95
3 Oples river 3.28
4 Liliw river 10.27
5  Buncol river 6.19
6 Bancal river . 5.63
T Maimpis river 15.40
(Balanac river) _ 116.00
7 Olariver . 6.76
8  Atila river 5.65

Drainage area of each river is estimated at conjection with Sta. Cruz and Balanac rivers.

Drainage areas of the Sta. Cruz and Balanac rivers are at runoff observation stations.

Source: Sta. Cruz/Balanac rivers: Laguna Lake Basins, National Water Resources Council
Other rivers: JICA Study Team

As shown in Fig. 1.3.2, the San Diego, Nagcarlan, Oples, Liliw, Bancal and Maimpis rivers are
tributaries of the Sta. Cruz river. Meanwhile, the Olla river is tributary of the Balanac river. The following are

monthly flow of these rivers. Runoff ratios of the Sta. Cruz and Balanac rivers are 0.63, 0.82, respectively.

Mean. Monthly Flow
Rivers Jan Feb Mar  Apr May Jun Jul Aup Sep.  Oct Nov  Dec Annual

Sta.Cruz 5,82 4.59 373 3.05 294 3.59 3.86 4.64 5.44 6.04 6.59 6.62 4.74
(1944 - 70) :

Balanac 8.76 7.27 6.60 6.01 556 6.08 7.43 825 10.59 11.98 13.96 12,16 8.72
(1958 - 10)

Source: Laguna Lake Basins, National Water Resources Council

3.2 Surface Run-off

3.2.1 Geperal

Around 8C % of the annual rainfall is observed in seven months, from May to November, Monthly
_rainfall amount of 200 mm to 350 mm is more or less evenly distributed during the wet season. From the
geological point of view, perme'a'ble volcanic deposits that thickly ﬁantlc the mountainsides of Mts. Banahaw
and San Cristobal accelerate recharge of groundwater by runoff percolation. In relation to the fact, stable spring

yield and surface water oﬁg_inated from springs are perennially observed in the Study arca.

: Major rivers in the Study area are illustrated in Fig. 1.3, 3 There are seven (7) ﬁvers namely, the San
:chgO and the Nagcarlan Tivers in Nagcarian Mumc;pahty, the Oples the Liliw and Bancal rivers in Liliw
Mumcxpahty, and the Ma:mpxs and the Olla rivers in Majay]ay Mumclpamy Out of these rivers, three (3) the

San Dlego the Oples and the Banca] rivers dry up 1n the dry season, where as the Nagcarlan, the Liliw, the

__Malmpls, the 011a nvcrs are perenmal



In this survey period, four (4) springs with considerable yield were cdnfirmed. Bukal sprig in
Nagcarlan, tower Luquin and upper Luquin springs, and Maimpis river spring in Majayjay. Several springs werc
also observed at the lower elevated area (EL 45C m or less). These spnng have adequate yields and have been

utilized for the domestic water use outside of the Study area.

3.2.2 River runoff

During the dry season, dlschargc of 0.17 to 0.22 cu. m/sec in the Liliw river, and 0.28 to
0.34 cu.m/sec in the Maimpis river were observed at the observation stations shown in Fig. 1.3.4. Runoff
observation of the rivers were carried out at the rivers of Liliw and Maimpis. Monthly runoff data are as

follows:

Rivers Jan Feb Mar  Apr May  Jun Jul Aug Sep  Oct Nov__ Dec Annual
Liliw river ' . o ' '
1993 - 0.165 0.218 0.351 0.239 0.24% 0.230 0.250 0.281 0.315

1994 na. 0.218 0.223 : _ ' ‘ . _ 0.249
Maimpis river . : : o B

1993 . : 0.440 0.493 0.514 0.459 0,474 0.461 0.373 0.446 0.461 L

1994 0.342 0.29]1 0.284 ' : 0.420

Na. not available
Source: JICA Study Team

Drainage areas of the rivers at the observation points, annual flow, minimum flow during the Study

.p'eriod and runoff ratios are as follows (refer to Fig. 1.3.4):

Runoff observation Data of Rivers in the Study Area

Rivers ~ Drainage area Annual flow Specific discharge . Minimum flow Specific discharge

(sg.km) ~ (cu.mfsec) {cu.m/sec/sq.km) {cu.m/sec) = {cu.m/sec/sg.km)
Liliwdver 668 0249 0037 0120 - 0.018
Maimpis river 875 . 0.420 0.048 .- 0279 C U 0.032

Source: . JICA Study Team. .
Location is indicated in Fig, 1.3.4

3.2.3 Spring vield

In the Sludy area four G sprmgs w1th conmderable yleld were conﬁrmed at the eievahon of more than
5()0 m. Bukal sprmg m Nagcarlan’ y:elds 0 040 to 0.045 cu. m/sec at El 890 m. Two sprmgs lowcr Luqum
and upper Luqum sprmgs ylcld 0.200 cum/sec and 0. 070 cu m/sec at El 560 m and E] 010 m, respectlvely



Maimpis river spring in Majayjay yields as large as 0.200 cu.m/sec at E1. 600 m. The yield frequency of Bukal
spring are listed below for one year observation period from May 1993 to April 1994,

ring Yield of Bukal rin
: (unit: cu.mfsec)

Year Jan Feb - Mar Apr  May Jun  Jul Aug Sep Oct  Nov Dec

1993 | _ 0.041 0.054 0.046 0.042 n.a. 0.042 0.041 0.048

1994  0.075  n.a. 0.043 0.055
na.: not available

Source: JICA Study Team

Location is indicaled in Fig. 1.3.4

' Sﬁring yields in December 1993 and January 1994 were remarkably abundant due to the rainfall as the
end of the wet season. Deépite the short observation period of the spring yields, it is estimated that the spring
yield is not less than 0,040 cu.m/sec at Bukal spring. Few observation data at the springs of the Luquin and
Majg_yjay were not useful to estimate their spring yield, However, as described above, the observation yield

during the dry season give minimum spring yields assuming a spring yield in the dry season to be constant,

Sori Yield of I in_Spri
. : (unit : cu.m/sec)
Year Jan Feb  Mar Apr - May Jun . Jul - Aug Sep Oct  Nov Dec
1994 0.07 0.06 n.a. n.a. na. (.08 n.a, n.a.

n.a.: not available
Source; JICA Study Team
Location is indicated in Fig. 1.3.4

4. . Water Quality

4.1 Water Quality Test

Water quality of the surface water and spring is an important factor for the water resources development,

Water quality test is key determinant to identify sound water resources availability.

Twenty (20) sampling sites were speciﬁe.d in the Study area as shown in Fig. 1.4.1.

(I Items of water quality test

Six (6) itemé: of water qual:i'ty. test. (temperatufe_, pH, conductivity, dissolved oxygen (DO), total
suspended solids (TSS) and chemical oxygen demand (COD)), were conducted taking matters mentioned below

into consideration.

a) to complete test quickly (avoiding change in water quality)

b) to examine the availability of surface or spring water for irrigation and domestic use.



() Results of the test

Resuits of the water quality test is listed as follows:

Resolts of Water Quality Test
Area Sample No, Temperature  pH - Conductivity DO TS8 COPB . Sources
CCy (pmho/cm) (mg/l} (mg/l) (mg/1)
Nagearlan 1 25.7 6.30 32 8.43 <10 <4.0 Spring(river)
2 251  6.85 42 8.43 <1.0 <4.0  Spring
3 24.5 6.35 52 8.17 <l.0 <4.0 Spring
4 25.1 6.62 82 8.69 <1.0, <4.0  Spring
5 24.5 6.60 68 8.61 9.9 <4.0 Spring(river)
6 24.5 6.01 51 8.11 4.5 . <4.0 Spring(river)
7 24.2 5.70 38 8.13 3.0 <4.0 Spring
3 25.2 6.55 67 6.78 <1.0 <4.0 Spring
9 24.6 6.65 48 7.05 <1.0 <4.0 Spring(river) .
10 . 4.4 5.78 167 ~8.53 <1.0 -<4.0  Spring(river)
11 24,2 5.88 i1¢ 7.57 - <10 - <4.0 Spring(river)
12 25.8 5.78 120 T 7.46 <1.0 <4.0 Spring(river)
i3 24.7 6.60 . 60 .. .8.96 <1.0 <4.0 Spring
14 24.8 6.48 92 . g.52 <1.0 <4.0 Spring(river)
.15 25.1 6.62 93 - 5.14 26.5 <4.0 Spring -
16 24.3 6.70 66 8.11 . <1.0 <4,0 River
Liliw 17 24.6 6.55 .55 7.65 2.0 <4.0 River
Majayjay 18 . 243 6.65. . 50 8.66 .<1,0 <4.0 River
Nagcarlan . 19- 259 5.80 157 1.61 8.0 <4.0 Fish pond
‘ 20 -~ 24.6. 6.30 82 5.24 2.0 <4.0  Pond
. Test date: February 1994
3 Considerations

According to an authorized water quality .guideline listed below, irrigation water had levels above 6 ppm
of BOD, COD, and 1 m.mho of electrical conductivity and less than 5 ppm of dissolved oxygén, thus

constituting a growth impediment for crop plants. As a reference, guidelines of water quality for irrigation in

the Philippines is shown as follows:

Limited Content of Water Pollution_or Crop Growth

Items Unit Unaffected Content . Notes

pH " 'pH o 60-70 - Acidity - Alkalinity = =~

Cl ppm 500 - 700 : Chloride

EC m.mho/cm Less than 1 Blectrical Conductivity

T-N PPm Less than 5 Total - Nitrogen

NH4-N ppm . Less than 3 Ammonia - Nitrogei

ABS PPm Less than 3 . Alkyl Benzene Sulfonate

oD ppm - Less than 6 Chemical Oxygen Demand
BOD - ppm Lessthan S-8 . Biochemical Oxygen Demand
DO, ppm More than 5 Dissolved Oxygen :
As ppm - Less than 1 - Arsenic ~

88 ppm Less than 100 Suspended Solid

Source : Agricultural pollution handbook in Japan



Water Quality Standards for Potable Water

Items ~ Unit AA . A B

pH H  65-85 6.5 - 8.5 6.5 - 8.5

BOD ppm - Lessthan 1 Less than 2 Less than 3

COD ppm Less than 1 Lc-ss than 3 Less than 3

Do ppm : More than 7.5 - More than 7.5 More than 5.0
- 88 ppm ~ Less than 25 Less than 25 Less than 25

Source : Design Criteria for Waterworks Facilities (Japan Water Works Association)

AA - Filtration, disinfection are required.
A : Filtration, sedimentation and disinfection are required.
B : Special treatment are required. ‘

Water temperature data in the Study area show almost the same ranging from 24°C to 26°C. Acidity -
alkahmty values range from pH 5.70 to 6. 85, and electrical conductivity values show less than 200 pmhe/em,
thus these are quite harmless for irrigdtion use. As for ac1d1ty alkalinity, the value shows slightly acidic. This

tendency is generally observed from the water in the PYrogenous area.

Dissolved oxygen (DO) values show more than ﬁve (5 mgA except the water in fish pond (Sample No.
19) It is assumed that the low values of DO of the spring water (Sample No. 15) and pond water (Sample No.
20) are caused by contamination by bacilli due to its stagnation. Total suspended solid values are less than 25

and chemical oxygén demand values also _éhow less than 4 mg/l.

As described above, almost surface and spring water is harmless for irrigation use, Meéanwhile, it is
recommended that the intake facilities for domestic water supply should be provided at highly elevated springs to

avoid an contamination as indicated in the DO values.

4.2 Water Quality of the Laguna de Bay

The Laguna de Bay is a shallow with its average depth of around three (3) m. At present, the lake is

‘mainly used for fishery, naviga;ic_n and limited irrigation. The Laguna Lake Development Authority (LLDA) is

: ﬁndertaking water quality monitoring program at four (4) monitoring stations on the Laguna.de Bay: The water
_ qﬁzility data for recent six years ar:e shown in Table I 4.2. The current water of the Laguna de Baf is rather clean

conditions- with high concentration of DO (7.- 8 ppm) and low of BOD (2 - 3 ppm), and it complxes with the
dcsngnated cmena of Class e (rcfer to Table 14 3)



Table 1.2.1

* Monthly Rairifall Data of Los Bajios (UPLB)

Observation Station:

University of the Philippines
Los Banos, Laguna

: _ {unit:mm)
Year Jan Feh Mar = Apr May Jun Jul | Aug Sep Oct - Nov. Dec Annual
1950 932 447 714 310 2319 1499 1179 1826 2029 2004 1808 1262 16329
1951 292 114 13 467 1745 1496 1877 2222 2182 1600 5375 1425 18808
1952 500 427 213 96 1166 2172 4574 T 1999 4133 805 3922 T
1953 206 671 348 41 1361 2560 1153 2954 1029 785 2667 1907 15682
1954 282 437 683 267 1001 1570 2644 2332 1831 1626 1448 1847  1596.8
1955 1062 36 96 483 1499 1163 1267 1379 1544 2304 3976 234 15043
1956 - 409 18 226 744 2098 1806 2441 317.0 3492 1130 1808 3574 20916
1957 1272 33 279 272 267 1694 2248 2131 1092 3995 610 188  1408.1
1958 424 315 284 170 955 3307 2438 1951 1902 3218 919  B1 15964
1959 316 S0 751 82 1474 1311 4189 2106 770 829 3349 2086 17313
1960 1616 1327 387 787 4550 4425 1527 3542 3343 4582 1360 - 331 27717
1961 200 117 131 229 1595 3516 1751 3170 3058 2154 3944 636 20501
1962 113 102 152 245 1389 1524 4407 1900 7150 628 3168 302 21080
1963 106 40 10 ‘130 480 - 270.8 2688 3266 4835 1316 777 1361 - 17717
1964 . 205 . 667 173 356 1906 4873 2667 2623 2456 2899 4555 1007 = 24387
1965 335 103 201 797 1335 910 2383 1066 1232 844 1739 1215 12160
1966 361 236 220 41 4416 1940 1679 1987 2017 - 1400 4104 4230  2263.1
1967 1742 119 112 171 209 2329 1262 297.5 267.5 1776 4285 367 18022
1968 - 21.6 36 107 159 1134 2457 2210 207.0 1921 1580 721 203 . 12814
1969 127 03 243 21 605 1348 3318 1460 1672 1061 1222 2531 - 1361.1
1970° 410 168 = 202 203" 199 1779 1497 1826 2946 5605 4128 1527 20490
1971 133 13310737 . 141 2138 3206 3388 653 1337 3135 2601 487.3 22811
1972 521 46 317 173 1703 3344 8152 3220 2252 1505 2189 1413 24835
1973 353 1201 - 235 349 925 1710 2276 2201 1625 3145 5131 2885 20956
1974 34 149 234 29 1320 3070 1656 4396 1333 3728 5010 3984 24943
1975 685 52 315 1363 690 1358 2161 2652 2141 1659 1877 3388 18341
1976 341 81 358 210 8577 3514 854 2961 2307 1096 1340 2029 23668
1977 - 848 408 188 180 1037 1349 2344 1987 3904 1023 2392 193 - 15853
1978 108 47 41 387 2281 876 2739 5261 4613 7298 2172 909 26732
1979 115 60 58 1637 2313 2873 1422 3954 3730 1242 1465 694 19564
1980 150 167 1190 77 12725 3701 3312 2932 1567 4225 2983 968  2254.8
1981 274 92 16 SO 875 3320 2787 796 2652 2859 2895 1194 17810
1982 140 122 126 439 -S540 812 3205 1916 4544 548 744 1227 14363
1983 721 16 54 02 483 1922 6194 1792 1412° 3696 304 179 16715
1984 438 79 324 818 2755 2874 - 798 3005 1190 7579. 1284 . 256 - 21400
1985 117 .46 295 949 570 .6653. 3913. 591 .2477 3466 .1458 . 912 21507
1986 1L1 530 88 109 1472 1841 5030 4180 3199 8124 4227 1258 30169 .
1987 396" 32 35 185 738 2553 1269 1520 2879 759 2524 ‘2814 15704
1988 2253 282 109 1172 . 920- 2479 19607 1928 . 927 8465 . 4335 232 .-25062
1989 717 801 1186 112 400.1 2062 2951 229.1' 2711 - 3019 403 298 20552
1990 127 39 311 © 66 2397 3692 2545 4260 2031 3105 3236 1505 23315
1991 333 - 236 725 292 503 2814 2954 S04.6° 1862 - 667 2879 1617 19928 |
1992 B4 157 321 375 1144 740 40637 3294 2409 - 168.7..3824. 1020 19118
1993 221 28 26 241 358 1415 2417 2777 2247 3397 2401 5964 21492
Average 462 209 299 351 1607 237.6 2677 2548 2421 2748 2510 1593

19802



Table 1.2.2

Monthly Rainfall Data of Sta. Cruz

Observation Station:

Sta. Cruz (MRAINO34)

Sta. Cruz, Laguna

: - (unit:mm)
Year Jan ~ Feb  Mar Apt  May Jun Jul  Aug Sep Oct  Nov  Dec  Annual
1956 43,1 33 6335 1362 2108 2398 3072 4581 4947 1956 1586 w4 262210
1957 1396 4.6 28.5 783 - 54 1307 2029 2830 2045 3267 590 2772 1490.4
1958 386 113 46 384 577 2090 2574 2148 2919 2944 1358 232 15772
1959 458 120 560 49 63.3 979 3226 3660 1049 1574 3811 1723 1786.2
1960 1464 1298 328 817 3263 5011 1367 4879 4336 4449 1097 28.2  2859.1
1961 196 84 322 89 1873 2496 3208 3724 4673 2390 3828 656 23540
1962 6.7 7.6 54 439 1968 3026 4219 2802 5489 - 610 1284 913 20947
1963 59 351 08 73 73 3264 1976 4610 5116 1577 1120 864 19092
1964 431 351 315 192 1098 249.1 3076 1853 3512 2827 3759 1354 ° 21459
1965 335 103 0 203 350 1339 1255 2383 103.0 1232 826 1731 1086 11874
1966 505 355 505 6.9 3779 1114 2444 1275 2239 1955 406 72807 - 21063
1967 1758 12.0 7.0 171 305 2332 1226 2823 1739 1672 4277 364 1685.7
"1958 374 38 48 ° 45 775 1570 1763 2151 2334 225.8 59.6 20.3 12256
1969 163 05 118 95 6%1 1118 3629 1418 1411 1242 1306 2322 i351.%
1970 304 177 - 213 380 11LD 2060 2560 1348 3592 5166 5770 1788 24468
A971 125 256 827 183 2208 3928 3179 1658 2085 4185 3409 4496 26629
1972 652 30 654 381 1455 3305 7531 2749 1268 2274 1792 110 23192
1973 349 6.3 15 96 B6O 2094 1855 1356 2578 .321.0 3567 288.0 18983
1974 38 - 224 116 B9 1232 . 1545 1459 4297 151.5 3261 3862 2700 2073%
1875 1135 835 906 2023 - 625 1498 860 2463 . 2364 2694 1845 3551 20049
1976 257 8.6 133 392 5392 2274 2026 2562 2284 127.1° 197.8 2133 20783
1977 1438 217 275 - IL3 856 2720 1795 2307 2563 1337 1905 210  1573.6
1978 216 74 05 285 1055 973 1269 5036 2996 7490 1488 071 21958
1979 29 10,7 33 I885 2284 2792 1358 2716 2317 2307 2063 246 18207
1980 49 T 915 139 961 2329 S0 2155 1357 T 3624 152 T
1981 18,1 . 37 .49 239.- 1085 2163 3532 742 26L.0 . 305.1 3168 78.1 1863.8
1982 14 148 269 227 654 1314 4640 1510 3122 1119 1602 599 - i521.8
1983 54.7 .3.2 14,7 a.5 185 1012 2228 [89.8 1263 3002 1070 5.2 1144.1
1984 9.1 1.6 10.8 511 1786 203.7 70.2 3234 629 6184 1224 213 1785.5
1985 9.1 124 219 549 - 1146 4654 2112 935 1590 3612 1159 814 17005
1586 10.6 8.8 1.0 4.2 1096 30,0 2268 3415 1927 3405 2999 80.5 1646.1
1987 14.8 1.4 1.0 1.0 334 1187 T 1708 2451 861 2188 1066 T
1988 98.6 471 - LS 1247 835 2969 (47.1 1859 1467 5824 3729 1.6 20949
1989 809 1006 1097 00 1853 1644 3123 3284 2701 1673 217.0 149 1760.9
1990 30,0 82 322 48 2044 2992 0006 3302 1938 3016 1836 109.0 18976
1991 224 31.5 15.8 436 409 1628 2064 3205 1784 1038 65.5 1366 1328.2
1992 9.6 0.0 6.0 422 710 90.0 2444 2298 1486 925 2444 52.5 1241.0
1993 | 4.0 54 36 .38 00 1582 2487 1516 600 1630 1522 T T
Ave, 429 184 . 213 393 1285 2125 2476 2588 2435 2651 2251 . 1239 18329



Table 1.2.3

Monthly Rainfall Data of Tayahas
Observation Station: Tayabas, Quezon
_ {unit:mm)
Year Jan . Feb  Mar Apr  May Jun Jul  Aug Sep  Oct Nov Pec  Annual
1971 1099 859 1447 65.1 4948 4274 4237 790 157.0 4725 5223 6541 36364
1972 2046 611 768 907 2843 2836 4675 2454 2821 3820 5975 2072 32728
1973 1944 685 ‘474 1016 811 1850 2546 168.1 248.1° 4554 5010 790.8  3096.0
1974 414 1343 - 653 508 2456 2052 1443 1484 1831 3734 8513 591.5 3040.6
1975 2295 ° 792 1521 3455 827 2745 1475 1384 4892 2053 3859 8927 342_2.5
1976 2139 273 434 382 [060.8 2148 1697 3073 2783 5176 6535 6184 41432
1977 1594 1867 967 363 149.5 1826 3253 2352 2379 4155 5839 1943 28033
1978 1377 645 197 1209 1545 1610 1559 223.0 505.1° T 419.9° 319.1 T
1979. 1023 = 508 65 2241 1710 308.0 919 1311 3504 2391 3717 1187 21_65.6
1980 - 67.9 863 2273  25.1 130.8 5438 2792 2362 1394 T 5108 2600 T
1981 1206 290 161 919 2018 2547 2813 756 2987 5879 9455 3324 32355
1982 1268 906 356 519 658 491 213.6-- 2186 4669 133.0 2904 2412 19835
1983 2533 90 262 419 193 1059. 7850 1053 2173 9429 2031 1284 2837.6
1984 1943 754 428 1175 1315 1862 803 2411 3123 6218 - 2235 102.0 23287
1985 - 953 © 299 2548  '169.6. 2753 4376 - 1659 46 4703 4477 4600 2728 30838
1986 ‘1977 442 278 679 740 2890 4485 2550 1793 10676 . 6007 1888 34405
1987- 2398 - 430 736 761 414 4238 1288 3577 1567 1795 3983 6730 - 27917
1988 3542 2075 502 2435 2305 2364 1349 873 35856 10304 7568 856 37829
1980 * 174.8 2235 2887 - 884 3303 - 2976 2701 1218 2151 553 124.2 794 27669
1990 109 675 11001 65 1545 2620 2541 4117 189.6 3847 6186 4725 20427
1991 T 2217 1643 T 1330 3776 3420 2077 1113 2472 5622 4389 T
1992 516 945 753 6BS5 2175 1497 4356 1439 2034 2726 8591 2666 28383
1993 ' o -
Average 1562 900 . 930 1010 2150 2662 2727 1883 2753 4765 5200 3647 30189
Source: PAGASA '
~ Table1.2.4 Monthly Rainfall Data of Liliw
" Observation Station: Liliw, Laguna
: : ' . {unit:mm)
Year Jan _Feb  Mar  Apr  May  Jun - Jul. Aug - .Sep Oct Nov Dec Annual
1978 T T T T T 2187 T T T T T T T
1979 297 307 47 2524 2649 1758 3138 2790 5290 2604 2539 1351 25294
1980 210 316 T 356 1026 5031 1804 363 693 2649 3884 2739 T
1981 1509 308 617 - 775 2913 3030 3340  B7.8 2388 S8l T. T T
1982 T 1044 T 85 760 - T. T T T T T 231 T
1983 1039 16.5 0.0 235 . 273 1021 2794 316 259.8 T T T T
Average 672, 310 332 1218 2196 3273 2761 1344 2792 3688 3212 2045 23843

Source: PAGASA-

Average rainfall was calculated for 3 years, 1979 - 1981



Table 1.2.5  Monthly Rainfall Data of Caliraya

Observation Station: Caliraya Hydro Electric Plant
(unit:mm)
Year Jan Feb Mar Apr  May Jun Jul  Aug Sep Oct  Nov Dec  Annual
1965 1422 613 1106 828 . 1567 1542 3855 2172 3319 3259 4904 5595 30182
1966 805 363 254 20 1832 T T T 3315 2734 6768 8077 T
1967 5033 296 433 815 7.6 3210 1798 4553 1749 2015 T T T
1968 T T 1022 165 739 2792 2613 2541 2415 1878 1504 977 T
1969 1506 178 362 466 99 344 3810 2523 2049 2107 1791 4668 19903
1970 734 232 181 428 298 2473 1724 595 4667 6707 09566 380.8 31413
1971 523 657 807 150 2254 3940 3133 579 948 631.1 5823 6708 31833
1972 736 94 288 285 508 2646 7913 T 1001 2782 3229 2600 T
1973 977 T 303 252 792 1620 2489 1645 2632 5530 4868 274.8 T
1974 94 476 536 285 2063 2086 2532 4578 2384 4455 R58.0 6587  3555.6
1975, 2542 484 1794 4200 1352 2009 1445 2820 2962 1377.8 4292 9063 3674.1
1976 1500 268 476 574 8275 4246 1557 3456 2803 3017 3904 4125 34201
1977 1442 1459 909 457 1116 1916 4789 4014 3020 2095 5241 1327 27785
1978 - 110.0 300 102 1409 142.1 1987 1855 601.6 T 12531 3020 2757 T
1979 - 303 .69 106 2539 4749 4614 1715 3459 3167 3639 4662 1304 30326
1980 635 678 2403 482 2370 6590 3889 2048 2753 3654 5988 2325 33815
1981 80.7 490 636 T T 2995 4027 2738 T 35331 6979 603 T
1982 T T B850 T 1895 T T T 478.2 1875 3877 2484 T
- 1983 . 2355 136 190 396 265 1505 5650 2111 T 6568 T T T
Average 107.0 511 868 104.1 2414 3066 2845 2624 2807 3902 5475 4551 31176
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Table 1.2.6 Monthly Rainfall Data of sthdy Area (Poblacion, Nagearlan)(1/2)
' ' Station: Municipal Office of Nagcarlan
Period: March to December, 1993

. (unit: mm)
Jan. Feb. Mar. Apr.. May  Jn Jul. . Aug.  Sep. Oct. . Nov. . Dec.
1 00 00 00 150 186 510 24 29 . 88 193
2 00 00 00 00 02 56 00 28 934 700
3 00 00 00, 00 78 10 00 00 00 100
4 00 00 00 44 298 68 248 168 00 63
5 00 00 00 08 74 00 00 594 57 176
6. 00 00 00 34 . 92 00 52 300 61 3254
1 00 00 00 186 00 00 0O 75 126 380
8 00 00 00 00 94 250 00 08 78 850
9 00 - 00 00 138 50 270 108 00 62 10
10 00 00 00 100 16 716 134 00 20 90
11 00 00 00 00 162 12 00 00 04 624
12 60 00. 10 102 08 00 00 00 42 178
13 00 76 14 06 34. 238 306 180 04 84
14 00 50 00 00 120 00 . 66 217 00 78
15 00 10 00 00 40 .00 00 466 00 118
16 00 00 00 26 272 00 120 89 18 566
17 00 00 00 06 00 00 22 68 84 90
18 00 00 00 08 00 70 20 178 04 638
19 00 00 10 00 00 88 344 112 78 05
20 00 00 00 826 216 26 258 85 10 00
21 00 00 00 72 00 00 00 00 650 188
2 148 00 00 00 160 30 144 55 638 354
23 04 00 00 08 30 198 00 106 18 31
24 00 00 06 .00 00 138 02 278 66 00
25 00 00 00 16 00 00 22 1196 190 = 36
26 00 00 00 62 00 00 00 89 . 51 S8
27 00 00 00 64 00 58 28 16 158 884
28 00 00 38 00 80 380 92 22 38 914
29 00 00 00 150 94 422 30 40 18 146
30 00 68 - 00 118 420 22 44 65 90 00
31 00 0.0 84 . 00 0.6 0.0
Total 152 204 72 2664 3150 3562 2064 4470 3587 10238
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Table 1.2.6 Monthly Rainfall Data of Study Area (Poblacion, Nagcarlan)(2/2)
' : ' Station: Municipal Office of Nagcarlan
Period: January to August, 1994

(unit: min)

Jan. Feb.  Mar. Apr.  May Jun. Jul.  Aug. Sep. Oct.  Nov. Dec.

I 158 00 00 00 00 120 32 14
2 152 00 00 00 280 00 64 210
3 0.0 0.0 22 00 00 180 0.0 0.0
4 00 38 00 . 00 64 652 618 00
5 04 00 844 00 00 268 14 00
6 200 0.0 50 0.0 0.0 30 166 184
7 144 00 00 00 550 12 106 00
&8 30 00 00 00 28 22 100 00
9 00 00 00 00 70 00 00 00
1 00 32 00 00 226 00 334 00
11 16 98 00 108 58 00 148 00
12 242 124 00 50 00 320 02 00
13 04 30 00 00 00 100 04 00

14 00 84 13 00 00 480 28 00

15 08 0.0 0.5 0.0 0.0 1.2 6.4 0.0
6 20 00 01 52 00 14 08 00

17 138 00 03 02 156 00 600 00

18 00 00 00 00 183 00 00 00
19 22 00 00 00 00 428 210 00
20 00 00 00 00 00 70 166 00
200 00 00 00 08 00 10 00 00

22 0.0 0.0 108 0.0 00 120 164 0.0
22 12 00 00 00 00 1638 00 200
24 92 . 00 00 00 300 770 18 92
25 20 00 00 56 340 66 248 00
26 416 104 00 30 540 00 88 62
27 90 00 00 40 00 28 48 00

28 50 00 00 30 00 02 124 598

29 100 392 00 06 28 302 172
30 63 20 18 04 132 132 87

31 1711 e 30.0 00 07

CTowl 2052 510 1458 394 3105 6402 3788 1626 00 00 00 00



Table 1.2.7 Monthly Rainfall Data of Studt Area (Bukal Nagcarlan}(1/2)
: ' ' Stat.ion: Barangay Bukal (Demo-Farm)
Period: Qctober to December, 1993
3 (unit; mm)
Jan. Feb. ~Mar. Apr.  May Jun.  Jul. _Aug.  Sep. Oct.__ Nov. _ Dec.
i - 20 70 210
2 1.0 250 522
3 00 00 131
4 190 00 20
5 810 20 204
6 340 170 1000
7 150 140 346
8 50 170 622
9 00 120 20
10 00 110 560
11 00 70 720
12 00 1.0 140
13 60 00 112
14 240 00 261
15 100 00 320
16 270 . 00 842
17 70 180 114
18 250 00 73
19 11.0. 140 00
20 60 10 72
21 20 600 356
22 50 520 596
23 100 80 70
24 210 460 00
25 680 60 .00
26 40 90 222
27 00 50 1020
28 00 140 1040
29 30 130 210
30 : 6.0._' 19..0.'. 0.0 '
31 100 . 100
Total 00 00 00 00 00 - 00 00 4020 9903

3780



Table 2.7 Monthly Rainfall Data of Studt Area (Bukal, Nagcarlan}(2/2)
' Station: Barangay Bukal (Demo-Farm)
Period: January to Scptember, 1994

(unit; mm)

Jan. - Feb, Mar. = Apr.. May Jun. Jul,  Aug. Sep. Oct.  Nov. Dec.

I 100 00 00 00 00 00 110 375 15 280
2 20 00 00 15 65 00 00 90 290 00
3 00 60 00 255 265 190 15 00 70 00
4 00 530 00 1045 145 - 675 00 65 4.0
5 00 00 00 00 00 - 1S 00 00 245
6 40 00 00 00 20 - 90 260 00 40
7 240 00 00 00 840 - 215 00 205 00
§ 00 00 00 00 240 . 100 00 35 00
9 00 00 00 00 00 - 330 00 00 60
10 00 160 00- 00 210 - 260 0.0 00 00
11 00 370 520 00 160 - 05 00 00 00
12 140 00 470 10 00 - 00 00 110 00
13 80 00 00 30 00 - 165 00 70 00

14 00 00 00 00 40 - 95 0D 250 35
15 00 00 110 20 16 00 95 00 00 10
16 00 00 05 145 70 00 65 00 190 00
17 92 00 00 00 1.0 00 00 00 20

18 10 060 00 00 70 00 190 00 05

19 100 00 55 00 15 335 85 300 190

20 00 00 20 00 05 345 155 00 20

20 00 00 00 30 00 105 00 00 30

2 00 00 00 .05 2010 130 60 05

22 33 00 10 . 05 180 05 45 05

24 333 00 25 ~ 330 295 45 150 25

25 00 00 200 - 120 230 340 S50 415

2% 422 40 210 - L5, 35 150 90 130

27 . 62 00 00 - - 00 00 225 325 15

2 10 20 00 - 057 20 145 480 1.0

29 00 00 380 195 00 345 85 00

30 20 . 00 .00 60 375 105 00 155

31294 00 - - 00 10 05

Total .199.6 .118.0 1625 193.0 353.0 4120 4265 2315 2325 710

- : data missing

- Rainfall were observed by automatic recording rainfall gauge since March 15, 1994
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. Table1.2.8

Monthly Temperature of Los Baiios
Observation Station: University of the Philippines
L _ » (Los Banos)
Jan Feb  Mar Apr  May Jun Jul Aug Sep Oct Nov Dec  Annual |
Max, 294 307 - 324 340 342 328 317 313 - 3L5 309 - 302 290 31.5
Min, 216 215 2201 235 242 242 . 236 237 236 234 232 222 23.1
Mean 255  26.1 273 287 292 2835 276 275 M5 212 267 256 27.3
Source: Compilation of Weather Data, IRRT :
Observation period: 1979 - 1993
‘Table 1.2.9 Monthly Temperature of Cavinti
Observation Station: Cavinti, Laguna
Jan . Feb Mar  Apr May Jun Jul  Aug Sep Oct . Nov  Dec  Annual
Max, 253 0 %0 217 300 310 302 294 289 289 281 269 253 28.1
Min. - 194 193 200 214 218 219 214 . 216 0 213 212 209 197 - 208
Mean 224 227 23.9 25.6 26.4 26.1 254 2520 25.1 24.7 239 225 245
Source: Compiltation of Weather Data, IRRI : i : '
Observation period: 1985 - 1993
Table 1.2,10 Monthly Temperature of Poblacion, Nagcarlan
. Observation Station: _ Poblacion, Nagcarlan
Jan Feb Mar  Apr  May Jun Ju Aug - Sep  Oct - Nov . Dec ' Annual
Max. 27.2 278 28.5 30.9 326 317 30.7 30.5 307 280 . 274 25.6 - 293
Min, 212 214 223 223 243 239 238 233 232 228 232 221 20.8
Mean 242 246 254 27.0 285 218 213 212 270, 254 253 0 240 . 26.1
Source: JICA Study Team ‘ o ! - :
Observation period: 1993 - 1994
Table 1.2.11 Monthly Temperature of Bukal, Nagcarlan
Observation Station: Bukal, Nagcarlan
Jan Feb Mar Apr  May Jun Jul Aug Sep. - Oct . Nov Dec Annual
Max, 235 0 238 244 259 2T 262 240 254 251 244 na 221 147
Min. 17.8 17.4 178 - 185 ZQ.O 197 19_._9 15.8 199 200 na. - 198 - 19.1
Mean 206 206 212 236 230 210

22.2

20

22.8

225

~ 222 na..

22.0

Source: JICA Study Team
Observation period; 1993 - 1994 -



Table 12,12 Monthly Relative Humidity of Los Bafios

UPLB-NAS . Observation Station: University of the Philippines
{Los Banos)

Year Jan Feb Mar Apr  May Jun Jul Aug Sep Oct Nov Dec  Annual

1954 77 75 77 65 66 74 77 82 80 81 82 87 77

1955 87 69 62 65 65 76 5 78 78 71 80 74 74
1956 76 69 67 69 3.1 79 82 79 77 76 82 76
1957 78 68 65 62 58 7 o.19 - 718 76 78 74 77 7
1958 74 7 64 60 65 77 75 78 77 81 80 75 73
1959 84 80 82 75 81 83 88 87 - 88 88 89 90 85
1960 88 86 79 82 87 84 85 85 9i 87 89 86 86
1961 84 81 80 78 84 88 87 88 89 %0 88 87 85
1962 87 84 83 - B4 83 87 90 84 92 85 85 86 86
1963 84 78 75 75 73 82 83 82 84 79 76 82 79

- 1964 83 87 81 .79 82 86 88 - 85 90 89 %0 84 85
1965 82 79 76 8l 84 84 89 88 87 87 90 89 8s
1966 84 81 78 74 87 84 87 85 87 88 88 89 84
1967 89 84 82 77 76 83 84 87 87 86 87 86 84
1968 82 79 81 7% 77 8 85 85 85 84 84 86 82
1969 82 %M 74 74 81 - 84 - 82 85 84 84 88 81
1970 85 - 78 75 7% 15 .80 84 87 86 88 87 85 82
1971 81 80 78 7 86 87 86 84 88 89 . 89 91 85
1972 84 80 79 7781 85 83 86 87 86 87 84 83
1973 81 78 4 7476 82 83 86 85 86 86 88 82
1974 82 8 75 74 82 8 8 8 8 8 8 85 82
1975 82 7T 82 79 84 86 84 88 86 84 87 83
1976 83 78 M 72 78 80 82 87 88 88 89 - 89 83
1977 89 92 81 . 77 82 87 90 83 90 85 87 85 86
1978 79 767 68 61 62 66 82 82 82 80 83 74
1979 82 8. -75. 76 79 78 81 80 81 80 82 79 79
1980 80 78 876 76 82 80 81 80 80 79 81 79

| 1981 8 77 74 7375 80 79 7 79 82 82 81 78
19827 78 78 73 5 74 74 79 78 80 76 79 77 77
1983 . 77 - 69 69 66 72 74 80 78 77 - 81 78 79 75
1984 80 76 r- R %1976 719 75 78 16 77 7
1985 82 % 177 75 .78 81 75 80 85 85 81 80
1986 82 - 82 75 73 75 81 84 82 84 . 87 85 81 81

| 1987 st .80 73 70 69. 75 18 80 82 78 85 86 78
1988 84 78 T 76 378 79 76 76 86 82 78 8
1989 8l 83 . 719 75 77 79 80 84 81 83 80 82 80
1990 8L - 7 77T 70 76 81 81 80 80 82 82 84 79
1991 - 82 8 .7 75 7318 83 - 8 81 80 82 82 80
1992 B3 81 76 .75 % 78 84 .86 82 82 82 81 80
1993 B8l 77 16 73 72 8 86 86 85 - 85 82 85 81
Average 82 79 T5 74 76 80 82 83 83 84 83 83 80
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Table 12,13~ Monthly Pan Evaporation of Loa Bafios

UPLB-NAS | ' . Observation Station: University of the Philippines -

(Los Banos)
 Year Jan Feb Mar  Apr May Jun - Jul  Aug  Sep Oct Nov  Dec Annual

1959 1361 19301 2039 2749 2326 2015 1390 1448 1445 1375 1151 1160 20390
1960 * 1373 1361 2474 2216 1780 1694 1719 1744 1310 1535 1212 1353 19771
196] 1488 1766 227.5 2763 2009 1237 1400 1105 1309 1284 1100 1178 18914
1962 1173 1521 2095 2140 2374 1675 829 1347 651 1505 1156 1075 1744,
1963 1030 1571 2266 2442 2843 1314 1276 1087 787 1446 1260 1003 18325
1964 1310 1265 2001 2471 2062 1563 1436 1277 1003 944 538 932 16802
1965 1232 1495 1974 2193 -1668 1431 1120 1333 1313 1281 972 958 16971
1966 1375 1365 1850 2496 973 1321 1336 1375 1224 1189 1074 ~ 947 16525
1967 1085 1448 1794 2343 2454 1593 1448 1128 1172 998 1003 1047 17513
1968 1238 1607 1954 2367 2205 1532 1345 1240 1323 1434 1219 1196 18660 -
1969 1537 1808 2177 2652 2552 1672 1208 1342 1265 1412 1293 839 19757
1970 1228 1560 2032 2281 2629 1479 1389 1216 1198 1045 810 1200 18067
1971 1381 - 1383 1854 2260 1600 1181 1369 1801 1292 1074 . 950 874 17019
1972 1300 1735 1855 2330 2200 150.5 1288 1325 1346 1574 1196 1311 18965
1973 1505 1563 2269 2540 2624 1945 1691 1360 1353 1265 1164 731 20010
1974 1393 1463 2103 2570 2036 167.1 1187 1304 1605 1071 984 1199 18586
1975 1282 1603 2170 1906 2209 1668 1680 1379 1335 1371 836 612  1805.1
1976 1177 1659 2162 2525 1804 1784 1850 1216 1345 1490 1106 1028 19146
1977 1256 1166 2186 2616 230.1 1810 1538 1652 1162 1610 103.1' 1217 19545
1978 1260 1400 2106 1918 1653 1302 110.1 989 893 75 - 948 899 15344
1979 1096 1341 1869 1726 1249 - 1139 1257 1187 1073 1076 902 1064 14979
1980 984 1300 1623 1682 1575 1150 1070 1134 929 1060 1052 903 - 14464
1981 1019 1345 2180 2253 1698 1300 1319 1542 1243 S127 984 939 16950
1982 1193 1235 1858 1636 1649 1493 - 1146 1270 1032 1219 1100 994 15825
1983 1082 1683 1707 2192 2267 1789 1150 - 1171 1039 929 988 908 16905
1984 953 1229 1649 1838 1406 1073 1320 1178 1369 &9 - 978 1023 . 14907
1985 1175 1487 1801 1893 1979 1400 1377 1597 1218 1120 988 1004 17040
1986 985 1252 ' 1936 1965 1561 1477 1367 1125 1152 880 902 1181 15783
1987 1106 1347 1924 2182 2116 1403 1148 1402 1058 1377 962 793 16816
1988 942 1307 1808 169.6 1921 . 1254 1212 1301 1253 562 870 963 15089
1989 1069 924 1280 ‘1608 1318 1168 1205 1202 1021 = 1089 1149 1082 - 14115
1950 1203 1343 1735 2108 1635 '1025 1090 ' 1172 - 1125 1028 - 961 - 940 15365
1991 1079 1102 1706 1810 ' 1947 1439 112 766 1072 1227 878 958 © 1509.6
1992 1024 1322 1878 1928 1801 1430 1020 1040 995 1180 926 862 15406
1993 949 1445- 1796 2006 2116 1427 1169 © 937 900 713 826 692 14976

Average 119.6 1438 1954 218.0 1955 1467 1302 1277 - 1166 1179 101.3 1002 . 17129
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Table 1.2.14  Monthly Wind Velocity of Los Bafios

: Observation Station: University of the Philippines
UPLB-NAS {Loa Banos)

Year Jan Feb  Mar  Apr May Jun Juu Aug Sep QOct Nov Dec  Annual

195 09 14 15 23 13 09 09 09 08 09 L1 10 12
1960 11 106 12 12 09 11 09 16 08 12 10 10 11
1961 13 13 13 16 13 11 12 11 11t 08 12 12 1.2
1962 11 15 15 14 14 08 10 10 08 08 12 11 11
1963 11 16 17 16 16 14 09 08 11 09 Ll 1D 1.2
1964 LI 14 14 17 12 LI 08 13 08 08 09 13 1.1
965 13 14 13 13 11 09 10 08 08 09 08 12 1.1
1966 12 13 .13 15 11 09 08 09 12 10 12 Ll 1.1
1967 16 16 14 14 13 14 10 0% 06 09 14 12 . 12
1968 12 13 14 14 L1 08 13 L1 L3 10 13 LI 12
1969 11 12 13 15 12 09 L1 09 10 08 09 09 1.1
1970 08 09 10 10 10 06 05 05 06 08 08 09 0.8
971 14 12 12 11 08 06 L1 08 06 10 07 09 09
972 11 10 11 12 069 67 19 ©68 05 08 09 09 10
973 08 10 13 13 i1 07 07 05 05 10 09 09 09
1974 10 11 12 11 08 08 06 11 06 08 10 10 0.9
1975 10 10 10 10 07 06 04 09 05 05 08 09 08
1976 10 10 12 12 18 12 07 06 07 05 07 07 0.9
1977 07 11 1t 13 11 07 08 08 10 09 12 13 1.0
1978 13 13 13 14 09 06 04 08 07 09 08 10 1.0
1979 10 10 13 12 09 08 10 10 67 08 08 L1 1.0
1980 10 11 12 1.2 L1 08 10 06 06 06 10 08 09
1981 12 12 14 i3 09 09 07 11 08 05 08 10 1.0
1982 11 11 13 08 09 0% 09 07 06 06 06 07 09
1983 06 08 09 13 14 12 11 08 06 07 10 14 10
1984 12 13 12 11 08 09 06 L5 08 08 10 12 1.0
1985 12 13 13 12 12 18 08 11 08 07 08 09 1.1
1986 13 10 13 ‘14 08 05 07 08 07 06 07 09 0.9
1987 160 14 12 11 09 066 05 07 06 08 09 10 0.9
1988 09 09 LI 1O LL 0% 07 05 06 10 13 16 1.0
1989 17 13 12 13 13 09 13 11 11 12 15 14 13
1990 .13 16 15 15 12 0% 08 20 10 07 i1 12 12
1991 11 11 13 13 13 13 10 06 10 LI L1 13 1

1992 0 09 kP 13 12 11 -t0 08 14 10 10 10 12 1.1
1993 12 13 15 14 14 10 08 06 04 10 L1 13 11
Average - 1.1 - 12 13 13 11 09 09 09 08 08 1.0 Ll 1.0




Table 1.2.15

Monthly Percent Possible Sunshine of Los Baiios

Observation Station:

Univrtsity of the Philippines

. ‘ {Los Banos) . L
-~ Year Jan  Feb Mar Apr May . Jun  Jul  Aug  Sep Oct  Nov  Dec Annual
195¢ 40 57 39 51 51 45 39 46 47 40 31 4t 44
1960 39 22 Sl 3 22 28 41 48 43 47 35 34 37
1961 40 4 55 64 55 40 50 42 56 58 61 63 52
1962 57 70 78 84 8 67 47 60 53 57 4] 41 61
1963 38 60 73 g4 T 33 39 4 0 54 56 38 52
1964 61 48 60 75 - 66 48 43 33 30 34 26 .31 46
1965 38 60 5 1 st 40 26 43 38 46 40 37 45
1966 52 61 65 76 34. 58 a4l 55 37 40 52 - 42 51
1967 42 3 6 1M M 42 8 27 # 46 41 47 50
1968 48 64 65 80 67 56 42 6 42 58 49 50 55
1969 68 81 68 79 68 50 0 38 42 3 5l 47 27 54
1970 - 48 65 62 10 73 3540 31 43 35 36 47 49
1971 . 53 45 57 73 49 36 32 55 40 37 37 37 46

1972 42 - 71 53 72 63 52 24 2 4 56 53 59 52
1973 59 62 6% 79 77 58 46 35 34 3 50 18 52,
1974 50 s 71 78 58 58 4 25 .54 25 39 47 50
1975 - 45 62 713 62 73 -4 50 36 44 44 53 28 51
1976 39 64 67 - 718 47 53 51 35 40 54 37.. 38 50
1977 47 32 70 79 67 57 43 52 33 56 43 53 53
1978 52 58 716 71 58 17 40 23 29 33 46 40 47
1579 60 72 80 71 50 40 - 42 41 46 -39 39 49 52
1980 47 S8 65 74 5% 4 41 41 25 43 53 35 49
1981 33 61 83 77 56 3l 40 492 44 35 31 40 48
1982 49 52 71 62 56 - 50 2200029 29 50 50 41 .47
1983 45 81 75 79 71 58 42 39 37 32 18 2 - 52
1984 34 55 63 70 .50 33 55 .22 48 28 48 40 45
1985 45 7 70 60 65 39 48 48 39 4 43 42 .51
1986 2% 53 65 68 56 4 4 29 36 36 . 46 50 46
1987 51 - 57 78 78 T3 45 32 42 34 54 42 30 58
1988 45 66 74 - 64 66 43 39 49 45 16 31 34 48
1989 38 34 46 70 54 46 37 34 39 56 49 43 .45
1990 56 77 68 78 51 36 40 30 44 38 43 43 50
1991 48 48 66 71 - 69 44 39 16 33 48 40 36 46
11992 52 6 74 7% 6l 44 35 26 37 49 44 43 50
1993 43 69 67 74 16 48 43 35 28 28 4 23 48
Average 47 . 58 66 1 61 45 4] 38 39 43 43 40 49



‘Table 1.2.16 Monthly Sunshine Duration of Los Baiios

Observation Station: Univrisity of the Philippines
(Los Banos)

Year Jan Feb Mar  Apr May Jun Jul.  Aug  Sep Oct  Nov  Dec Annual

1959 8496 11180 8647 11296 11987 10579 9355 10797 10314 8839 6346 8355 0683
1960 8295 4476 10666 8759 6283 6538 9780 11317 9473 10350 7345 7247 8377
1961 8741 8952 12247 14454 13113 9477 11958 9706 12181 12757 12528 13365 11623
1962 12150 13839 17719 18772 18981 15589 11187 14144 11889 12441 8551 8529 13649
1963 8011 11854 13697 11373 18670 7671 9367 9605 6663 11798 11594 8338 10720
1964 11341 10121 13537 - 16834 15751 11054 10588 7809 6545 7438 5383 6612 10251
1965 7980 11875 12378 16008 12132 8881 6455 10139 8253 10096 8307 7824 10027
1966 10926 11964 14490 16944 8500 13589 9843 12782 8036 8877 10845 9080 11323
1967 8926 10334 14358 17237 18196 9745 10435 6262 8992 10085 8447 9849 11072
1968 10225 13005 14017 17878 15942 13016 10132 83490 9241 12772 10149 10203 12077
1969 14442 15862 15379 17615 16071 11690 8544 9832 7197 11186 9719 65i8 12005
1970 10112 12214 13986 15782 16806 7783 9624 7232 9519 7798 7516 9920 10691
1971 11017 8821 12861 16288 11605 8227 7774 12936 8920 8194 7671 7453 10147
1972 8806 14038 11955 16249 14398 12126 S778 7519 9644 12615 10912 12312 11363
1973 12522 12221 15406 17684 .18287 13464 10770 8196 7218 8433 10208 3751 11521
1974 10634 9833 15955 17428 13894 13595 11263 5932 11957 5583 8018 9959 11171
1975 9601 12180 16394 13918 17375 10306 11911 8424 9819 9686 10880 5948 11370
1976 8323 12388 15128 '.]7139 11125 12459 12255 8187 9147 (1653 7628 8059 111_24
1977 9832 6350 15707 17776 15919 13236 10297 12262 7266 12364 8739 11268 11751
1978 11403 11636 17086 15953 13823 8626 9594 5260 6722 7310 0459 8333 10434
1979 12771 14163 18005 15498 11834 9204 10089 9538 10156 .8477 8138 10387 11522
1980 9938 11846 14446 16493 13028 9663 9774 9603 S427 9520 10889 7462 10749
1981 6994 11965 18513 17137 13263 7234 9672 9804 9485 7657 6502 8469 10558
1982 10394 10158 15891 13974 13412 11775 6657 6770 6300 10985 10328 8673 10443
1983 9520 15804 16835 17790 16943 13399 10075 9211 8228 7129 7931 4701 11464
1984 7255 11276 14132 15564 11967 7660 12203 5114 10674 6129 10019 8443 10036
1985 9457 13871 15794 13498 15479 9138 11441 11135 8561 9466 8953 8885 11307
1986 5665 10418 14503 15195 13331 10356 0776 6779 7981 7841 9612 10491 10162
1987 10994 11202 17542 17387 17292 10463 7584 0777 7488 11872 8759 6255 11385
1988 0480 13376 16522 ‘14604 15219 9963 9383 11347 9852 3792. 6283 7151 10581
1989 7997 6607 9713 15771 12374 10652 8908 8032 8549 12219 10090 8958 9989
1990 11830 15007 15187 17522 12661 8042 9563 7127 9657 8575 8791 9010 11081
1991 10070 9323 14837 15967 16393 10340 9320 3710 7228 10540 8283 7529 10295
1992 10925 12278 16658 17537 14845 10173 8300 6158 8251 9495 9095 8688 11001
1993 9085 13450 14920 16498 18067 11252 10209 8469 6226 6180 9027 4862 10688

Average 9833 11540 14718 15881 14442 10485 9711 8836 8659. 9433 80944 8368 10904



Table 1.2,17 Frequency of Tropical Cyclones in the Philippine Area

May Jun Jul

Ot

Year  Jan _ Feb  Mar_ .Apr Agg- Sep Nov_ Dec  Total
19481986 19 13 | 16 3 . 60 126 13 18 101 . 88 7 775
9 1 0 0 o0 o 1 4 3 2 2 2 i 16
1988 1 0 0 0 1 3 3 0 3 6 2 1 20
1989 1 o .0 0 1 2 6 .t 2 3 2 1 19
1990 0 0 0 0 3 3 2 3 4 1 3 1 20
Totst 22 13 1l 16 37 69 14l 141 129 113 . 97 6. 850
Mean 05 03 03 04 09 16 33 | .3.3 30 26 23 14 198
. Table 1.2.18 | Frgquency of Tropical C_yclones'C'rossin'g the ﬁﬁlippines
Year  Jan F%b Mar  Apr  May  Jun ;lul .Aug ~ Sep Oct_ Nov Déc Total
148-19%6 6 2 6 9 15 3 st 4 s s s 35 353
1987 0 o 0 0 0 0 0 2 1 1 2 | 1 7
1988 1 0 0 0 0 2 1 0 1 2 2 0 9
1989 0 0 0 0 1 1 3 0 -0 3 1 0 9
19 0 0 0 o 0 3 0o 1 1 0 1 "o
Total 7 2 6 o 16 3. 55 45 53 & 59 36 | 384
%ofTotal 18 05 _ 16 23 42 81 '_ 143 117 138 169 154 94
Table..l.z.lfii Aﬁnual bistribution of Tr_opic_al .(chldnes. b& Intensnty _l ' N
Year Tropical Depression Trobica.l Storm ” T‘yphodn ' Total
1948 - 1986 1:54 202 o 419 | 775
1987 L 2 13 16
1988 3 | :7 o e 16 20
1989 3 B . 8 19
19% 3 | 6 } o 2
Total 164 ﬁzs | 461 850 :
Mean 3.8 ) 107 108

* Source Philippine Atmospheric, Geophysical and Astronomical Services Administra

132

tion (PAGASA) .



-adeurep doio pue -

uondiospe Jeaj 2A15590%a 03 Pa}[NSAI SBY UONIPUOD UL J9pun bauws ¢¢ Jo s$90%2 st apuoy2 10 wWinipos ‘sdoxd sanisuss 1o voneSuur mpfunrds A

"2AIISUSS 30U ae sdoId [enuue JSOTAL (UMOYS anjes 35T SPLIOIUD pue UWINIPOS 0 SATNSUSS 318 S[EUaUIRU Jo Apoosm pue doid 2an 1SO

TWIB/SOULWINL ¢ 2. Jo juuy 1addn 9sy) “wo/sOuuIW 91 - $'( A0F J1 2TURT J)RIPIULINUL 3 98] “WIO/SOUUEII () M JI 9FURL IoMO] 911 95[}

“MO[ §1 AJIUIES I91EM h.be_: azow Y31y st Afuires s1em 31 dojaasp 01 »_BE §59] T SWIQOLd (SL61 .:o.vmonm
pue 996 ‘Furjey) odA) Aepo SNOULA 91} USIMIDQ SILIBA ANTIQEIS [BNIONIIS Q0UIS [I0§ ) U0 [euatet Ar[o Jo adA) juruniuop 24 10 eare pajuasaid sanep

‘oney uondiospy wmipos paisnipe uest Yv'g oy

Sx
e
£x

T

Te

{(¥°'8 - 69 o3UB1 [pULIOW)

Bd

'8 £8-81 &l (Jurppuuds puej 1ead) (Ibow) E0DH
ot 0E-§ S (V8u) N - ¥HN (V3W) N - EON
(sdor aiqndsosns 10aje) SHOaURISTIA
0¢ 0T -SLO eL0 {1/3w) worog
o1 0t-v 14 (Vbows) ¢ 4 9PHOTYD
6 6-¢ € L« CEVS ‘W) ¢, 4, WMIPOS
{sdo1d aamisuas ﬁuurﬁv ANOTO], uo uaaomm
¥ g7 = 91 91 (son1e] MASAID 111} mc_uio:&mum auory
91 £.91 -8 g (29138] [RISAI0 1:7) SINOTULIAA - S]] -
6 £ 079 9 (30mEf [BISAIS [:7) SHUO[LIOUNUOIA
0 T0-50 0 (woysoguuun) ANg
Qsm EE 3181 UOBEA(IIUI 19aJe) AITHQEa0LIsf
0t 0€-SL0 SL0 (wsoyurur) MO -
{(Arqeireae 1aem doxd pajosye) Ze Ares
waqolg w3jqoig woqoIg R
2I2A2G Fusearouy oN w9goLy voneSiy
uRqoId Jo aadag

sawmddipiyg 3 ux Topediiay 10} GiEnd 11eM Jo uonByRIdIN] J0] SAUIPPML) TY19198L

1-33



Table 1.4.2

Water Quality Conditions of the Laguna Lake

Year W.Temp. pH TURB. DSS DO BCD COD
© (NTU)  (mg/l)  (mgliy  (mgliy  (mg/lit
LI-1. West Bay :
1982 30.0 8.4 18 1,378 8.4 - -
1983 28.8 8.1 2 780 8.6 - 26.8
1984 290 8.1 24 508 7.7 - 312
1985 280 8.0 a6 308 - 7.2 - 36.7
1986 274 82 34 609 8.1 3.5 42,0
1987 29,0 82 29 337 8.0 24 31
Mean 8.7 82 29 718 80 3.0 33.6
LL-2. East Bay
1982 301 8.1 15 875 78 - -
1983 303 8.2 21 797 8.8 - 27.3
1984 280 7.8 18 390 68 - 283
1985 28.0 7.9 32 246 75 - 259
1986 274 8.0- 40 342 7.7 2.8 13.1
1987 285 7.8 28 36 74 22 24.6
Mean 287 8.0 25 530 77 25 238
LL-3. Central Bay . _
1982 30.7 8.3 15 1272 8.8 . - -
1983 30.8 8.1 22 - 812 8.8 - -
1984 28.0 8.0 18 511 79 - -
1985 280 80 37 311 74 - -
1986 216 8.1 28 646 8.4 33 2043
1987 282 80 26 349 78 - 2.8 241
Mean 28.9 8.1 - %m0 - - .82 3.1 22
LL-4, South Bay
1982 - - - - - - -
1983 - - - - - - -
1984 - - - - - - -
1985 - - - - - - -
1986 27.6 80 - 35 402 80 . 24 172
1987 292 82 29 326 81 23 255
Mean 284 81 3 364 BEAT 2.4

214 -

Note - Not analysed. . :
Source: Flood Control and Drainage Project in Metro Manila, JICA

: 1L34-



Table 1.4.3 Parameters of the Water Quality Criteria

Quality Parameter Fresh Surface Water

Class AA A B C D E
Color, Units 5 50 50

Temperature Aé 30 30 ie) 3(e)
Transparency (c) {c) {c)

Dissolved Oxygen 5 5 5 3 2
5-day BOD at 20 Aé 10 15 20

Total Dissolved Solids 1,000 1,000

Total Solids (a) {(a) ' 2,000 2,000

pH (a) 6.5-8.5 6.5-85 65-85 60-85 50-9.0
Coliform, MPN/100 mlit 50 5,000 1,000 5,000

Phenolic substances (a) (a) 0.002 .02

Remarks: 1. {(a) National standards for Drinking Water in the Philippines,
{b) Shall not be present in concentration to cause deleterious or abnormal biotic growth.
{¢) Secchi Disk shall be visible at a minimum depth of one (1) meter.
{d} Recommended maximum concentration for irrigating citrus is 0.075 mg/it.
(e) Rise in temperature.

2. All values are maximum permissible except for Dissolved Oxygen which is minimum permissible.

3. All units in mg/lit except those indicated.

4. Water usage and classification of fresh surface water:

Cl .ﬁ: ..

Best usage
~Class AA For souice of public water suppl&. This class is intended primarily for water
: having watersheds which are uninhabited and otherwise protected and which

require only approved disinfection in order to meet the National Standards for
Drinking Water (NSDW) of the Philippines.

~Class A For sdurce éf water supply that will require complete treatment (coagulation,

- sedimentation, filtration and disinfection) in order to meet the NSDW,

—Class B For primary contact recreation.

—Class C ' For the propagation and growth of fish and other aquatic resources.

~Class D For agriculture, irrigation, livestock watering and industrial cooling and
processing.

—Class E For navigational use.

Sou'rcc:‘ Rules & Regu.lalib'ns of the National Pollution Control Cemmission (1978},

Section 69, Table 1 - NPCC Water Quality Criteria (1978)

1-35



v '\“—--.____
\ -

Legend

Boundary of Province

Boundary of i-,éguna Lake Basin

Provincial Capito]
City

Municipality
River. Creek
Road

Fig. L1.1

M.".ﬁ‘ayahaw dad.unban

- ’
e o’
Mt SapTistobal
e - - Mt Banahaw
R
+

5 10 15

-

Boundaries of the Lagunq_Laké Basins

20 km

I-36




170 .
1 - L |
INTERNATIONAL TREATY LIMITS
-4 LEGEND
*
L. D Type I-Two pronounc ed seasens; dry from
: .. November fo Apritijwet during the rest of the year
E-
BALINTANG CHANNEL
m Type T -Mo dry seoson with dvery.pronouvnced
A - CALAYAN moklmum roin fal from Nove mber 1o January
Ly Type X -Seasons not very pronounced,relalively
LAOAG{ % dry fpom Novembe'r toAprii and wet during
1 the rest of the yeor
& - d
viGa : \ |
t Type W-Rainfollmore or less evenly dis- tributed
//Zé throughout the yeor, D
T odmd
DAGUPAN
2z
1BA
18 129"
- o I
MANILA v
I
VIRAD e
ALEGASPI -
£
Y catarnan
() ! i
- ; *
A A™y, roxas EE conensan
o } .
.0 (&)
4 cuYo l o . )
CEBU o
10° / Wrre.] )
/ PTO PRINCEAS 5 &7 o
s PUMAGUET ‘
w/ /1 = 5 — 7
/ DIPOLOG o CAGATAN/S :
. i BORONSAN
Zz k SULU  SEA. = RONSAN
. 60_\:‘ COTABATO / VA o
/b ZAMBOANGA ? % ra
e\ @ JoLo N N.SANTOS
~ p¥ ¥
- 4 . _\\ [ *
[ 0 J\ 8 . . ob
BORNEO | - ] 2 4 CRLEDES SEA
g ” Bt . _INTERNATIONAL TRATY (RIS —
SERR

- Fig, L2.1

Coronas Climate Classification in the Philippines




PASIG-LAGUNA BAY R 1 © 2 :
Pasay Citi#)

Legend

Typel Two pronounced seasons: Dry
from November to April, Rainy
during the rest of the year

Type IV Rainfall is evenly distributed
throughout the year

S : : 0 . B 10 15 20

. Fig.122 . ',C:iinatg_xypepfthei.ggunaLake'na;iq's- St g

T-38




Casiguran

Polilio ).

6Rombton

o No'month with moré than 500 mm per month
' @ 'One or more months with more than 500 mm per month

‘Fig. 123 Rainfall Distribution”

Burias L.

B : dry 3-4 wet
<2 dry 7-9 wet
<2dry >9 wel
2-4 dry 5-6 wet
2-4 dry 7-9 wet
5-6diy 3-4 wet

: - 5-6 dry 5-6 wet




- -
—-—-—""_'_
-

e A

-
- P

¥ \C4mia
; oTay!ay Tersda
R (=2

[ .

{- Moron B%Bs:

(s} - i b L5
-

o Mﬂﬁdabna

"‘ San F'ablo .

"/ 'f';:::_':‘/ i
/_ﬁ'

[T Rainfall Observation Sations 0o 8- 10 - 15

N~ o <

20

C " Run off Observation Sations R _ =“'_4 —

Fig. 124 Location Map of the Meteorogical/Hydrological Observation Stations

%0




SPI0IY HOPEAIISqQ) [eIHB0[0I03PN [LIL0ISIY ST 3Ly

m m ] ! ¢ k i _ﬁ i
: . m ; i
1_ - _ 08 1T i 1 BN OUIALD) uousany/
t N - w I TR 4 A 4 vunde ‘Soleg s01 f0@A PO
o , : _ BE AR oS
, ST 1Z0 | JH1 b Bunde] Soueq s07j|  uopmsoduAg ueg
i _ Bz 0TL | <0 ¢ T iwpeOReN
; : : 08 AT1 | LU b0 | vunde uuise)
it - _ BEL Lﬁ. A1 71 . ..w::ms.nmcn«mmo.._ ApIuny INeY
- ; . SEEE S BTN FA R TRIgeN|
||| prem——— | I B ERRY T AT A VR GO
. - p—— LI I | e “punder] soueq 0 amerdos],
i | ; -
i AL ; RN TR e weekem
ﬁ w— _ ! . . . . RN F AT N 4 | ~EURdeT l0wn eAeRE)
. N4 LU FI [ oo gaR eleED
I FA S B R | © T nozang) ‘seqeAe],
L2 B | T uOZ3N) TWeIu]
LT K3 £ - uGzZang) Taoon'y
LJAZT |80 b — eunde| uepeodeN |
9T IT0 [ .80 Y : eange] "M
N Tnde] F00 6
JZ0 | s Tunfe] WAL WO,
—— ! B 2 e L Bune] Soueq S07 . feyurey)
7 ﬁ H “ ﬁ | W ‘ _ _ _ m | [ epwsduo | spameT | _ 1
| | _ : : o _
Mﬁ%MMﬂﬂw%ﬁ%ﬂﬂm_m,rm.muM%WHMHuLWW@Bmewwwwwmmﬁ%w.%rﬂSﬁmwmﬁﬂww © L sIreupioo) T ORI  swaly.

1-41




© Manild

PASIG-LAGUNA BAY RB %
: Pasay City’

.

LEGEND

= <1900
{573 1800 - 1950
$27 1950 - 2000
] 2000 - 2050
BHER 2080 - 2100
2100 - 2150
FERER 2150 - 2200
P 2200 - 2250
LI 2250 - 2300
E—=4 2300 - 2350
2350 - 2400
[TIII1] -2400 - 2450
> 2450

A

Fi
""4'2‘9\

e

A A

Muntinlupa

San Pedro

-

b s s hBinan
5

ol

Fig. 12.6

b
® H
[?‘L
z . i
Cabuyﬂc'ny IE

Jala ;iala

-

>

$
- StaCruz o

T T "’-
! \
h
UG |
F
b
M=
11§ -~ ,\‘;
Pakit [

> g
} ’ [ HFE

.15_:

o 8 10 20

Mean Annusl Rainfall of the Laguna Lake Basios -

1-42




DISCHARGE {Q) iIN CMS

100
20 \“
®
70 \.‘
& N
L)
50 \ - -
. 407 MARIKINA FIVER (1958-71.72-75)
&0 LY TO. NINO MARIKINA, RIZAL
\ N D.A x 499 SO.KM
. <
N A \ yd
\ AW
B \
2R \ \
' N,
i\ \
H . . 418 BALANAC RIVER {UPPER) {1958-1978)
N \ BUKAL, MAGDALENA, LAGUN
N HELY ™~ D.A. = 116 SG.XM.
g - 2 AN /
H s ‘\ /
8 H . s RN A
| E—— N
~ AN
5 t .'- ~~ - ‘\\
[} . \
E kY R AN \\ 417 STA.CRUZ RIVER (1950-1074)
4 5 LN CALUMPANG, ULIW, LAGUNA -
LR 5, \ D.A. = 103 SOKM
no 419 BALANAC RIVER (195676
af+ . BUKAL, MAGDALENA, LAGUNA > i
‘\ -, D.A. = Undefined \\ _ \
\ " !Q\. ' \ \
N 1,4 NN
1 A} tay h \
L) L]
v . \ \
L O
\ \*"-...'_, b--"“-. .\\
A . T
1 T ' i *
g , i Y s b - LR LY
- A} . [ -—..._____. . \ A}
B [ 1. T\
[N h ) el M
7 Y 7u PAPUTOK RIVER (1954.1977) ~ T
s — Lmanggus:gln‘t'fun , LAGUNA ) ) \
* N LA. = 8. i L AP \
¢ 1 N
4 b \&"
4 x G
/ \\ \ A
~. . \'\".
.~ W
2 B y “‘i
-
413 ARANGILAN RIVER (1956-76) ~ - \ ’
CALAMAS, CABUYAO, LAGUNA ~[. \
D.A. = 07 SQKM -
R 15
A i |
) * - {
08 < v
o7 N }
06 - \
.05 ‘\ \.
*
3
04 X
W
.03 \%
3
0
o 1
.0 10 20 30 40 - 5 80 70 ‘80 80 100
PERGENT OF TIME FLOW IS EQUAL GR GREATER THAN G
Fig. 1.3.1

Flow Dumﬁon Curves of Rivers in the Laguna Lake Basins

I '_43'



ML Atimbie
—h654
¥

(

M. M :r'fa 1

LAGUNA DE BAY

PR

Matauban
318

o e

Rivers

: _ Drainage area

@ San Diego river. 7.65 sq.km.
@ Nagcarlan river . 17.95 sq.km.
@ Oplis river 3.28 sq.km.

- { (@) Liliw river 10.27 sg.km.
@ Buncol river '6.19 sq.km.
@ Bancal river 5.63 sq.km:
1@ Maimpis river - 15.40 sq.km.
: Atilariver 5.65 sq.km.
; @ Ollariver 6.76 sq.km.

Mt Bayaouitos
/A318

r
/_.'
x

'\ I ‘jzrss _

Y a

L

T et

)

,/'

\

0

05

' -Dirainage Area

.

iy
‘-..,,__._ _r’"_'"-/
w15 . 2.0km

Fig 132 DrainageArea of Rivers in the StudvArea S

144.'




0 200 400 500 B0 1090 m

No. Rivers Na, Springs

1 San Diego River A Bukal Spring

2 Nagcarlan River B Lower Liliw River Spring

3 Oples River € Upper Liliw River Spring
-4 Liliw River D Maimpis River Spring

5 Bancal River

6  Maimpis River -

7 OllaRiver

. Fig.133  Majoir Rivers in the Study Area




REETIE THI G )
X
(NN
o4 Munting W, \
A Kawayan* TR
[ T
-.\I‘ N ! "
T s S N TR A
;-_it::-:[;nra_lg.g_-‘.;'\.,,/' (.-':_ i I
S . Laina \\' " Oy ': -+ b ! \] 3\
LAY Wt et o ] Y,
RO NG 7 N e A (A

- .-
¥ -

¥ o (
o - !
e AN AT N
- \ WEN ~'7~‘-:»_
™ o - £ _-g_'- I T N
o LB NS ES e A

o -*——;-"—-;Maimpis River Discharge Ob R
\ - scrvation P .
e ;::\5] ,u’_ .(_.A=8‘75 sq'k!-n) . oint

" ( -.\
2}, W
AR bt W

Lac R LA Y i
L kY

N

“1-..._,:_ . .1 A ‘. “:K‘—T:. M .\QK" .
LD sy o TINER A
‘ '--'*l-;» N
- Sk "\\“ A S

[P, J';, . O I
i X Lo o Tayang Taykiy ;-
e PRI ) WY
C e \}K - %ﬂh’ﬁ'f R\
- . A ST N f(_/l hd - \\‘?‘\.\f'} \ﬂfﬂj"’ N ?_tl %) {
. . Liliw River Discharge Observation Point. ;7 b 13 Va0

TP (A=6.88sakm)
7 By AN P A ORE
o _f X - A \

ST (
G %
NG A (AT v

g -{-‘S,i:ﬂﬁéf'?i".:a‘
B D J\w\“&r
ST, R '\(

i e (e £l
o \ _ Ma':_r[ip:_s Spring (A=4.18 5q.km

¥ ( f

o

. KR TR e s 1A VTN
SR sl CINEIN o

T ) v O N % . Y N - & P 1)

. TREEN Napapilid” SIS g A s st
S 4 A AN = A0~ SN
:3' S ¢ l-/nlur'iﬁ"kﬂag at] “’f/{}‘v\ﬁ} ; “:& . :'.T’(’F-:;r-thnio ?fyd
NG IR AT RNl
GO )

§ ;.( AN

N A=Y, S ( IV WA A, \

%@‘Wm%/} ' e
1 By

~/

Do s
(G e N, (LF—L‘,:S?\S\ h.As
f/}@;\:\ oy /Liﬂgw Spring (A=2.28 sq
NER NN N
N ”flyg:’t"rff . Lo

A E@TP\P'

}.

-e;%gf“ AL 20
. ;»' t":j} - : ‘ ! : u‘:i— o ?‘)-'_’,,
..{T?%Tﬁgz ) T /.L; {//(\\%\ SS&&& g
S RIS W dJ 7 PR
ﬁﬁ};‘:—, Bukal Spring (A=1.68 sq.km) - {((
5 It ot ot S u

. (e | e &
Tl é\g&\%gg{g{(g — _- g %oucﬁdal’y of Drainage A;ca :
SIS S ARG SR S S S
R s e

2

g
O Ny
s NG

SH SCALE 150000
T Maem 1000 %00 0 1 ) 3 o e dt

L R O Y e S P L2077, M A e S A (SR P SR ).
A T e e s e (G i
4 Runoff Observation Points - 3

o --‘;‘_T"{’:,"’.. Jﬁjﬁ(’lﬂ{%@\%ﬁg '%é}i%m LSl 1“ TS




0 200 400 600 800 4,000m’
el —

-y

Tt

—::::—x““-—a-'"\-""-\—"‘\! F

v

J

Water scurces Sampling No.  Water sources
1 Spring (River) |} Spring (River)
2 Spring 12 Spring {River) ,
3 Spring i3 Spring
-4 Spring 14 Speing (River}
) Spring (River) 15 River Waler
6 Spring {River) 16 River Water
7 Spring 17 River Water
8 Spring 13 River Waier
9 Spring (River) 19 Fish Pond
10 Spring (River) - 20 Pord

Fig. 1.4.1 Sampling Sites of Water Quality Test

1-47







FEASIBILITY STUDY ON

THE UPLAND IRRIGATION AND
RURAL DEVELOPMENT PROJECT
IN SOUTHERN LUZON

APPENDIX-1I

GEOLOGY AND GROUNDWATER






FEASIBILITY STUDY
ON
THE UPLAND IRRIGATION AND RURAL DEVELOPMENT PROJECT
IN SOUTHERN LUZON

: APPENDIX-IT
GEOLOGY AND GROUNDWATER

Contents |

Page

INEEOAUCTION  +-veeeeeeeveesieveetssssseseiaenseresessrestrsasaneobessesessasssrrsensseemessansineeeeemeabssienes Im-1
Data Collection and Field Checking ... E P P II-1
Geography and GEOLOEY ivcvivviviiciviriiiirnisrierisine serer e ieriebrrsiesssseeibt e e iiss s eenans -2
31 Geographical Condition ...........ccviiiiiiiiiiii Ir-2

- 3.2 Geological Condition ....... PSPPSR PPP PP 1-3
33 Hydrogeological Condition .......ocoocvvieriviiiniiiiiiioni s II-3
TSt Wl DETHNE —.vv.oveoreeeeveseeneeseeseessesessseesssessssssssssssesssseessesosseesseesesnsesen -4
4.1 ‘General ............. e TP -4
4.2 Location and QUANTIIES .....oovvviiiniieriiiecmicrinar st ernase e an s rnasas -5
43 Design of Test Well and Procedure .........ooivcoinimicoimcmm i I-5
4.4 Electric Logging ........ PR PPN II-6
4.5 Test Well CONSITUCHON L1ivvveiiieiieeiiiriitierieereirresisresseseaeaemsnrrrsrensaaesrasanaesnns -6
4.6  Lithology and Groundwater Level ... s -7
Ge0eleCtric SUTVEY it nen st s e ba s st nsraars et e e snens -7
T I ¢ T ER et -7
52 Survey Area and Measured POINIS ..........ccvvivevrerirnirrrerirerieinsnrreieeireenines In-7
53 . Selection of Survey POIRTS ..o st -8
5.4 . Instrument of Geoelectric SUIVEY ..o, Ii-8
55, Survey Method ....oovvivieriiiiiii i II-8
5.6 Interpretation of Data and Resistivity Structure ........oooovecviiiiiiiiiimnninnninnnnnn, -9
Groundwater RESOUICES ..oviviiviioriceriiriiciisias s srensr e rs s s aar s - 16
6.1 Previous Assessment for Groundwatér Availability ..o II-10

_ 6.2 - Present Groundwater Use ............ i et bt e aa e aeraas o-10
- 63 Possibility of Groundwater Irrigation ................. el II-11
Geotechnical Investigation ....... SO II-11
7.1 General R T m-11
7.2 . Location of the Selected Core-Boring Sites .................... OSSR Im-11
- 1.3 Operation of the Core Boring Works ........ocoovoiiiiicini, m-12
1.4 Geotechnical CONItION ........oocoriiiiennmiiiieion sl Ii-12
Bearing C.apaci[y of Foundation Ground ... I-13

iI =i



Fig. 1.1.1
Fig. I1.3.1
Fig. 11.4.1
Fig. I1.4.2
Fig. 11.4.3
Fig. I15.1

Fig. 1152

Fig. I1.5.3
 Fig. IL5.4
Fig. 11.5.5
Fig. I1.5.6
Fig. 11.5.7
Fig. I1.5.8
Fig. I1.5.9
Fig. IL.7.1
Fig. 11.7.2
Fig. 11.7.3
Fig. 11.7.4

Attachment IL] - Resistivity-Electrode Spacing Curves

Page
Location Map of Geological Investigation ..........cccvivvrevncinnneiniiniiinnn II-15
Geological Condition around the Study Area ..ol reinnnns II-16
Lithology and Efectric Logging of TW=1(ABO} «cvveeovreseererrsreerererorroesreseen I-17
Lithology and Electric Logging of TW-2 (Silangan Lazaan} .......ceeeemiienns n-18
Lithology and Electric Logging of TW-3 (Malinao) .........c.co.vveervniiinnnnnion Ir-19
Location Map of Geoelectric Survey (Bukal Area) ................. ereeeeereeeean s II-20
Location Map of Geoelectric Survey and Test Well (Abo Aré'a) SOTTRTOTOTe T Ir-21
Location Map. of Geoelectric Survey and ‘Test Well (Lazaan , Malinao) ............. 11-22
Resistivity Log in Bukal Area ........ccooiiiiniiiiiiiiiininiii e sssensrneesnonns _ II—_23
Resistivity Log in Abo Area ...t i s II-24
Resistivity Log in Silangan Lazaan and Malinao.Area U TTTRUUI | O
Typical Resistivity Profile in Bukal Area ......ccooooososesesrrvvssssooss e . I-27
~ Typical Resistivity Profile in Abo Area ........ciiousiiviusiniionsscoors o Ir-28
Typical Resistivity Profile in Silangan Lazaan and Malinao Areé ..... Seereirernreeee CIE-29
Location of Core Boring CB-1 in'the Barangay Bukal ..vrwwrirrs - 30
Location of Core Boring CB-2 in the Barangay Novaliches ............ R hereeens II-31
Boring Log and N-Values of CB-1 ...........icovoivrmsrassiseossesmsrsevessesnronene 11232
Boring Log and N-Values of CB-2 ................eoovorvvvoveesvoseesereeseeeesrsoorinnenrnss 11233

Bukal Area (B-1 to B-8, Total-S.points) .......

Ao Area (A-1 10 A-25, Total 25 POINLS) -vrvcevrrsssionrrseovecsoonsrrrrs.

Silangan Lazaan_ Area (L-1 to L- 10; Total 10.points)

Malinao Area (M-1 1o’ M-5,Total 5 points) .............




APPENDIX-11 GEOLOGY AND GROUNDWATER

1 Introduction

This Appendix-II was prepared based on the results of geological, hydrogeological and groundwater
surveys which were carried out during the both Phase 1 and Phase 2 field works of the Feasibility Study on the

Upland Irrigation and Rural Development Project in Southern Luzon.

During the Phase I field work, test well drillings including electric logging and geoelectric survey were
conducted in order to clarify hydrogeological condition in the Study area and to make a rough cvaluation of
groundwater resources for providing a comprehensive guideline for the planning of an optimum irrigation
system in the area. In the Phase 2 stage, core borings and associated stasdard penetration tests were made=in

order to obtain basic geotechnical data for foundation design of the structures.

Whole locations of the above mentioned geological surveys are shown in Fig, IL1.1. Main work

iterns conducted under the geological, hydrogeological and groundwater surveys are as follows:

- To collect and review of the existing data and reports from government agencies concerned,

- To carry out field reconnaissance survey for general geological condition and present
groundwater use,

- "To execute the test well dullmgs w1th 50 to 125 m depth and 4" diameter at the 3 selected
- siles, - o

- . To execute the geoelectric resistivity survey with sounding depth of more than 200 m at the 4
selected typical area,

- - To execute the core borings including standard penetration tests with the depth of 25 m each at
the 2 selected sites, and

.- To study possibility of the groundwater irrigation system, and to estimate bearing capacity for
structure designing.

2 ) "Data Collection and Field Checking

In order to estimate the aquifer potential in the Study drea, the following data and maps regarding to the
- geological and hy_drogeological'con'ditibn were collected and reviewed through geological reconnaissance and field
checking of the existihg gr()undwater fécilities at the site:

L -Gcologlcal Map of the Macolod Corridor (Taal - Banahaw) Scale. 1: 100,000

Department of Science and Technology, Phlhppme Institute of Volcanology and Selsmology,
Cuezon City, 1991 :

L ... Rapid Assessment of Water Supply Sources Province of Laguna, Nauonal Water Louncxi
1982,



3 Geography and Geology
3.1 Geographical Condition

The Study area, in the Mumcrpallty of Nagcarlan and its vicinities, Province of Laguna, southern
Luzon is abOut 75 km soulheast of Manila as seen in General Locallon Map attached at the head of volume of
the main report, and is also located on the area from northwestern foot of Mt. Banahaw to northeastern foot of
Mt. San Cristobal geographically. It has about 3,000 ha and extend in the section between 300 to 1,300 m

above sea level.

Mt. Banahaw (EL 2,165 m) is the't'allest. activé volcano of the Macolod Corridor and surrounding
* volcanic fields. It has secondary lava cones of Mt San Cristobal (El. 1,470 m) on the west and Mt. Banahaw de
Lucban (El. 1,850 m) on the east. The summit caldera is 600 m deep and has a diameter of 2 km. The caldera
opens southward in a'4 km long canyon. Mt. San C'rlstobél is a complex doming structure with two smalt
crater lake at its summit. Mt. Banahaw de Lucban is the only dome on the east side. Iti is reported that the
actmty of Mt. Banahaw is from 1.6 Ma to 1743, and after. last eruption in 1743 no remarkable volcanic
activity has been recorded. Although debris avalanche occurred at the southern side in 1982 has been réported
(Barcelona et al. 1982}, the northem side including the Study area seems to be stable against future debris

avalanche controlled by the topographical shape of the summrt Caldera

‘ Terrain found within the Study area includes steep moumam slopes moderately to gently sloping hllly
'area and lava dome mounds. The steep mountain slopes above around EL. 700 m are covered with natural forest
in which major river systems such as Nagcarlan river, Liliw river and Maimpis river are originating. The .
tropical forests at higher portion of Mt. Banahaw have been conserved their ecological 'envirohment as the
National Park by the government agency. The hilly area underlain by pyroclastics widely extend to the
northward. Most of the hilly land is used as coconuts field and small-scale uplarn_d_ field. The dome mounts

formed by lava cone are locally found at the northern foots of Mt. San Cristobal in the western side of the Study

arca.

- River systém in the Study area is permanent and 's'ern'i-perrnane_nt stream. M'r'ijor" pennahenl streams,
from west to east, are the Nagearlan' river, the Liliw river and the.Maihrp':s ri\ler_ which are originating northern - '
shoulder of Mt. Banahaw and havmg wide catchment ared. The Nagcarlan and 'the Liliw rivers flow
northwestward through the Mumc:pality of Nagcarlan and the Municipality of Liliw respectwely The Manmp:s
river flows along the boundary between the Mumcrpahty of Liliw and Majay}ay The San Dlego tiver
originating Mt. San Cnstobal and its tributary of the Lameo nver have revwed water at the lower portion of the a
Study area at around El, 340 0 320 m even in the dry season “The Oples nver the boundary between |
Mumc:palny of Nagcarlan and the Mumelpahty of Llllw as well as many other tnbutarles flow only i in the

rainy season. ’I‘hese rivers reach to Lake Laguna (Wl 1 rn) at around 30 km riorth from the Study area, g



- Annual rainfall is about 2,400 mm at the Municipality of Liliw site where corresponding to the lower
outside of the Study area, while that in the Study. area seems to be more high. Monthly rainfall varies yearly,

however 72 % of the total annual rainfal! falls in the period between June and November.

Springs are sporadically found at the riverside cliff and river floor. These spring water has been used as

domestic water by pipe line network. The major springs at the higher portion, which expected to be available

_water sourcés for the upland irrigation, are around El. 890 m in the Nagecarlan river and around El. 560 m and EL
610 in the Liliw river.

3.2 Geological Condition

. Geologically, the Study area is underlain by Quaternary volcanic products of Mt. Banahaw, which
consist of andestic lava flow, tephra (fallen pyroclastic materials) deposits, ash flow and lahar deposits.
According to the Geological Map of the Macolod Corridor (see Fig, 11.3.1), published by Philippine Institute of
Volcanology and Seismology, et al. 1991, Mt. San Cristobal and Mt.Banahaw de Lucban are built up on the
secondary andestic Java cones of Mt.Banahaw. The upper regions of Mt. Banahaw are covered with lava flows
and extrusive lava breccias. Steep slopes Between ElL 800 m and 700 m, pyroclastics and lahar deposits are
predominant. Below EL 700m, ash flow and lahar deposits extend northward to the Laguna de Bay. ‘The steep
slopes at upper part of Mt. San Cristobal consist of andestic lava of secondary cone. In addition, small-scale
mounds formed by andestic lava dome and basaltic andesite lava are distributed on the north to northeastern part

of Mt. San Cristobal in the Study area.

Greater part of the Study area is moderately_to gentle sloping hilly area except the riverside cliffs, and is
covered with pyroclastics of Mt, Banahaw and Mt. San Cristobal. It mainly consists of brown loam originating
fallen volcanic ash, ash flow and lahar debosits. According to the core horings in the Phase 2 stage, the
thickness of the uppenﬁ(.)st‘ loam layer is around 6 m, and its N-Values range from 7 to 10 with average value of
8 except the rock fragments contained section. The Tahar deposits observed along the Abo-Bukal Barangay road

contain a large quantity of big andesite boulders of more than 1 m in diameter.

3.3 Hydroge'olo_gical Condition

Hydrogéo]ogical conditions in the Study area, such as lithologic condition, depth of the groundwater
level, shape of the water 'bearihg formations, and the resistivity structure are revealed by execution of the field

surveys as follows:

Thlck andestic lava, tuff and superﬁclal silt and loam were observed by. execution of three (3) test well

i _dnllmgs conducted at the Abo (TW 1: 125 m) Sllangan Lazaan (TW 2, 50 m), and Malinao (’I'W 3 125 m)
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sites. The andestic lava is thick but generally highly fissured. The tuff formation is intercalated within _the
andestic lava in the section from 80 to 98 m in the drilling hole of TW-1, and from 22 to 42 m in the TW-3.
The uppermost silty and loamy layers with grave! are distributed with the thickness of 6 to 10 m from the

ground surface.

During the test well drilling works, léakage of the drilling waler was observed through the whole
sections. 'Trial measurement for the permeability coefficient 'was also made in the Phase 2 stage. Although -
more than 500 lit, of water was injected into boring hblc, no rise up of the water level was observed due to

sudden leakage. Accordingly, the straia in the Study area should be highly porous and permeable.

Groundwater level observed in the drilling holes was generally low, namely at the depth of 57 m and 47
m from the ground surface in the holes of TW-1 and TW-3. The groundwater level in the TW-2 seems to be
below the bottom of the hole, because no groundwater level was observed during the drilling operation up to the

depth of S0 m.

" Water bearing forma.tions wete found from the electric logging in the drilling holes. The sections of
the water bearing zones are 59 to 62 m, 79 to 93 m-107 td 121 m in the TW-1, 38 to 39 m, 45 to 47 m in the ~
TW-2, and 69 to 71 m, 88 to 100 m, 109 to 113 m in the TW-3. Since these zones are generally thin, the

aquifer system is to be fissure water system in the andestic lava.

Resistivity structure in the Study area is divided into two (2) to five (5) Iaye:rs, however, it is fairly
difﬁcﬂlt to follow the continuity of resistivity layer. The thin first and second layers are distributed near the -
surface with depth of around 10 m, and their resistivity varjr from 300 to 8,000 Q-m.- The third resistivity layer
has specific resistivity ﬁith 200 to 900 Q-m in low values and 1,500 to 6,000 Q-m in high values. The fourth
resistivity layer appedrs at the depth below 30 to 130 m from the groﬁn_d surface and its resistivity values range
from 100 to over 10,000 Q-m.” The fifth layer is partially found in the Bukal and Matinao area with 200 to"
4,000 Q-m. S S |

Based on the ahove mentioned hydrogeological conditions, the groundwater in the Study area is deep
due to fissure water in the andestic lava and its continuity is assumed to be poor. Therefore, it suggests that the
good aquifer suitable for the groundwater irrigation purpose is absent.

4 Test Well Drilling

4.1 General

‘The exploratory well driltings with a dgbth of 50 to 125 m were carried out at the 3 sites by'e-inpio'yin:g :

a local drilling contractor, Mineral Exploration ‘and Geo Analysis, in the Municipality of Nagcarlan wheré will
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be major development area. The drilling work was done in the Phase 1 stage under the supervision by the JICA
Study team in order to get all information of hydrogeological condition of the area and to estimate possibility of

the groundwater irrigation. These wells will be used for further groundwater observation.

4.2 Location and Quantities

Arrangement for test' well drillings was made at the selected three (3) locations. The test drilling sites
were selected in the Barangay of Abo, Silangan Lazaan and Malinao in the Municipality of Nagcarian
considering accessibility and workability as shown in Fig. [1.5.2 and Fig. [L.5.3, Selected locations, driliing

depth, and elevation of the test wells are shown as follows;

Nos.of Well Depth Barangay Elevation
TW-1 125 m Abo 462 m
T™W-2 50m Silangan Lazaan 475 m
TW-3 - 126m Malinao - 411 m
Total 300 m

4.3 Design of Test Well and Procedure

The test wells were designed as a observation well which is proposed to be observation borehole for
groundwatér level. Installation of casing pipes and screen were also designed in the 125 m deep wells of TW-1
and TW-3. The casing of piezometer is 3" diameter galvanized steel, while screen section is 3" galvanized

slotted steel pipe. The standard procedure of drilling works is briefed as follows:

- .- Drilling 12" borehole from surface down to 3 m depth.

- Installation of 12" temporary conductor pipe down to 3 m depth.

- Drilling 4" pilot hole from bottom of conductor pipe including sampling of drill cutting in
each meter.

- Electric logging. - _

- Installation of 3" dia. steel casing and screen pipes to'designed depth.

- Pldcing of grével pack grading 2 to 7 mm in annular spacc; from the bottom.

-  Well development by high velocity water jetting and over pumping.

- " Construction of concrete slab and well cap.



4.4 Electric Logging

To carry out the electric logging, one sét of automatic operated geologger 300 was used in the test
drilling program. The well probe consists of a current electrode and three potential electrodes spaced at 25 cm,

50 ¢m and 100 ¢m from the current electrode.

The normal electrode management for resistivity measurement are used for all test wells. The
measurement was derived from four electrode systems, using two electrode A and B, and two potential electrode

M and N. The electrode spacing used for Short Normal is AM=50 cm and for Long Normal is AM=100 cm.

The self potential (SP) measurement is conduct using electrode spacing similar to the res_isti\}ity
measurement. The SP log records the natural potential developed between the borehall fluid and the surrounding

rock material.

The measured values of the Short Normal resistivity and the self potential ranged from 100 to 4,000 Q-
m and from (-) 60 to (+) 25 mili volt respectivély as shown in Fig. 11.4.1 to 11.4.3. The logging" peaks of

relatively high resistivity sections indicating water bearing formation were found as follows: -

TW-1 TW-2 ' TW-3

S9t062m B0I¥m . QwTim
791093 m | 451047m 88 10 100 m
107t0 121 m : L 1090 113 m

4.8 Test Well Construction

‘The works were started on February 24 by using three (3) sets of drilling rigs and is completed on the
end of March 1994, - |

The test wells were constructed in accordance with the standard well design. The 3" diameter galvanized
steel and 3" galvanized slotted steel for 20 m long screen section were instalied in the TW-1 and TW-3. To

develop the well, high velocity water jetting and over pumping were conducted at the test wells for total amount

of more than 24 hours.



4.6 Lithology and Groundwater Level

- Thick andestic lava, tuff, and superficial silt and loam were observed by execution of the test well
drillings. The andestic lava is thick but generally highly fissured. The tuff formation is intercalated within the
andestic lava in the section from .80 to 98 m in the drilling hole of TW-1, and from 22 to 42 m in the TW-3.
The uppermost silty and loamy layers with gravel due to tephra deposits, ash flow and lahar deposits are

distributed with the thickness of 6 to 10 m from the ground surface.

Groundwater level observed in the drilling holes was generally low, namely at the depth of 57 m and
47 m from the ground surface in the holes of TW-1 and TW-3. The groundwater level in the TW-2 seems to be

below the bottom of the hole, because no groundwater level was observed during the drilling operation up to the
depth of 50 m.

The lithological condition and groundwater level in each drilling hole are shown in Fig. IL4.1 to IL4.3
together with result of electric logging.
5 Geoelectric Survey

5.1 General

In order to clarify the hydrogeologicat condition and aquifer distribution, the geoelectric survey was
conducted by resistivity method with survey depth of more than 200 m. Field measurement was done in the

period from middle Febrﬁary to early March 1994.

5.2 Survey Area. and Measured Points

Measurement was made at 48 points surrou'ndi'ng the test well drilling sites located in the Barangay of
Bukal, Abo, Silangan Lazaan and Malinao. The measured sounding points and referenced test well locations are

' shown in Fig. I1.5.1 to I1.5.3 and summarized below:

Area Nos. of Scunding Points Referenced Test Well
| l'Bukal _ o . IR . . ] .
CAbo T g TW-1
Silangan Lazaan . ) 10 _ TW-2
- Malinao i 5 TW-3
Total : 48 -



5.3 Selection of Survey Points

Survey points are arranged to form a suitable profile line or zone in an interval of 50 to 100 m at each

area, and are decided with the following consideration:

w

@
6))

5.4 Instrument “of Geoelectric Survey

“for spreading electrodes, select the site flat as possible

over contact resistance on the ground

avoiding such site having electric noise in the earth caused on electric transmission line,

" buried sieel pipe, etc.

Instrument Mcohm, Model-2115, used for this survey was prepared by the JICA Study Team and its

specifications are as follows:

* ‘Transmitter

Output voltage
Input voltage

Operating potential

* Receiver

Input impedance

Measurement potential
Resolution :

Noise reduction ratio

Stack count

Time of one measurement cycle

* Data memory

Max. no. of files
Max. no. of data
Max. no, of data files

* Interface
* Power

* Operative temperature range
* Dimensions

400 Vpp max,

1, 2, 3; 10, 20, 50, 100, 200 mA
{Constant Current)

12vDC

1 M-ohm

+0.6 V, £ 6 V (auto range)

200V

90 dB (with 50/60 Hz power)

1, 4, 16, 64 (Stackmg can bc stoppcd)
3.5 sec.

128

2,000

110

RS-232C

DC 12 battery, externally connected,or rechargcable
batteries, installed in the. battery holder.

0-50°C

206 x 281 x 200 mm

* Weight

5.5 Survey Methed -

A_pprox.T.S kg _

The resiétivily survey was carried out by the vertical electric sounding method adopted Schlumberger‘s .

electorode conﬁguratxon The potential (M and N) and current (A and B} eleclrodes of orlgmale from a center

point. The electrode spacing adopled for this survey’ were as follows:



MN (m) AB/2 (m)

0.3 - 1.0 1.5 2.5 335 5.0

1.0 7 7.0 10.0  15.0.

3.0 22.0 32.0 47.0

10.0. 69.0 100.0  125.0 150.0. 180.0 20.0  270.0

5.6 Interpretation of Data and Resistivity Structure

Based on the measured resistance (), the apparent resistivities were given through the following

formula:

pa=pxXRX{AB/2)* —(MN12)*}/ MN
where, R: measﬁred resistance (€2}
pua : apparent resistivity (€}-m }
AB : current electrode sei)aration (m)

MN : potential electrode separation (m)

The resistivity - spacing curves in which apparent resistivity Was.p!otted against various spacing
(AB/2) at one sounding point, are interpreted by curve-matching méthed as shown in the attachment. The result
of interpretation obtained by curve-matching method is used at first approximate, then after this is modified by
try and crror to get goéd céincident between theoretical curve and the observation curve. The resistivity-electrode

spacing curves for each survey point are attached in the end of volume.

The resistivity logs for each sounding point and the typical resistivity profiles obtained by
interpretation of the re31st1v1ty -electrode spacing curves are shown Fig. 11.5.4 to 11.5.6 and Fig. 11.5.7 to IL.5.9,

respectwely

Aécording to the interpretation results, resistivity structure in the Study area was divided into two (2) to
five (5) layers, however, it is fairly difficult to follow the continuity of resistivity layer. The thin first and
second layers are distributed near the surface with depth of around 10 m, and their resistivity vary from 300 to

" 8,000 £2-m. The third resistivity layer has specific reéistivity with 200 to 900 £2-m'in low.values and 1,500 to
6,000 £2-m in high values. The fourth resistivity layer appears at the depth below 30 to 130 m from the ground

surface and its resxsuvuy range from 100 to over 10, 000 2-m. The fifth layer is parually found in the Bukal
and Ma]mao area with 200 fo 4, 000 Q— ' ' '



6 Groundwater Resources
6.1 Previo.us Assessment for Groundwater Availability

A study on Rapid Assessment of Water Supply Sources at the provinci'al and municipal levels had been
carried out by the National Water Resources Council (NWRC) in May 1982. According to the report, there
were 587 developed and operational water resources as of 1980 in the province of Laguna, Of this total, 7 %

were springs, 8 % were shallow wells and 85 % were deep wells.. .

"The study had also included an assessment of groundwater resources and the preparation of a provincial
base groundwater map. From the view points of groundwater avallabll:ty, each provmce had been divided into

three categories as follows:

4)] Shallow Well Areas are suitable for construction of wells with depths of within 20 m below
ground surface. The static water level in these areas are generally within 6 m.

2 Deep Well Areas are characterized by aquxfef of water beérl'n.g formation generally located at a
depth of more than 20 m below ground suiface. Therefore deep wells with depths of more
than 20 m are recommended in these areas,

3) Difficult Areas where groundwater supply is minimal and the probability of encountering non-
productive boreholes is very high. Groundwater replenishment in these areas are only through
rock fissures, cracks and crevices, which predornmantly exist in place where there are faults
and other geologic dlSCOHtlnultleS

Based on the ‘above class1ﬁcauon the Province of Laguna consists of 15 % shaﬂow well areas and
85 % difficult areas. The shallow well areas in the province are on]y ]ocated at the alluvial flat plam along the
shore of Lake Laguna. All of the hilly and Mountainous areas including the Study area have been classified as

the difficult areas for groundwater development.

The numbers of wells constructed as of 1980 were 13 wells in the Mun.ici.pality of Nagcarlan aﬁd 6
wells in the Municipality of Liliw. However, no water wells had been recorded in any Barangay conceming to

the Study area.

6.2 Pi;ese_nt | Groundwater Use

_During the P_i)a'sé I field work of the S.tudy, present groundwater usé _wg's surveyed __thfough the site
reconnaissance, review of existing data and hearing survey.  There are no groundwater _facilities_'s_tich_ as dug well,
shallow well and deep well in the Study area at present, because both of tht_é water resources for domésiic and .

irrigation water in the Study area are springs.



On the other hand, there are five mineral water factories including suspending ones, Pagoda, Ligo,
Hidden Spriﬁg‘, Cosmic and Klear Water, near the lower boundary of the Study area along the national highway
connected from Nagcarlan to San Pablo. -According to information obtained from the biggest company of
Hidden Spring located at just cutside of the Study area, the factory has two deep tube wells with depths of 60 m
and 9" in diameter, The groundwater at the factory site has been pumped up with the ratio about 1 to 1.3 lit/sec

by using 2" diameter jet pump.

6.3 Possibility of Groundwaiter Irrigation

According to the hydrogeological invcstigaﬁons consist of the test well drillings including electric
logging and the geoelectric survey, the Study area is mainly underlain by andestic lava and surface soil layer.
The groundwater level was around 50 m from the ground surface or more. The walcr.bearing formations due to
fissure water from the andestic lava are generally thin. The resistivity structure indicates the poor continuity of

the aquifer. .

Based on the above mentioned hydrogeoiogicé] condition in addition to the previous assessment results
of difﬁcult area about the groundwater development, planning of the groundwater irrigation system will be not
recommended due to technical-and economical difficulty of pumping up from the deep aquifer and its uncertain
yield of groundwater. In the case of groundwater irrigation, numinous pumping test will be required additionally
to evaluate the groundwater yield in the Study area. Furthermore, influence survey to the existing mineral water
facilities and the springs are also required 1o assess decrease of water quantities. Therefore, springs or river water

will be recommended for the optimum water sources for the upland irtigation.

7 : Geotechnical Investigation
7.1 General

--Based on the basic 'developmcm concept established through the Phase 1 Study, geotechnical

investigation. consisting of core borings and standard penetration test (SPT) was planned in the Phase 2 stage in

order to obtain basic data for foundation design of structures.

7.2 - Locations of the Selected Core Boring Sites .
“Through the preparatory work and the field reconnaissance of the Phase 2 Study, two (2) core boring
sites were selected in Barangay Bukal, Municipality of Nagcarlan and Barangay Novaliches, Municipality of

Liliw as shqwn in Fig_.lLl.Ihr_ld ‘Fig.I'I.’)‘.l toI17.2 vﬂ_}ere the most heavy structures of farm ponds are planned.
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“The core borings, CB-1 at the Bukal site and CB-2 at the Novaliches site, were planned to the depth of
25 m each with SPT at 1. m interval.

7.3 Operation of the Core Boring Works

The core boring works including SPT were carried out at the two (2) selected sites. The field operation
was done during the period from middle June to late July, 1994, by the local contractor, Mineral Exploration and

Geo-Analysis, under supervision of the JICA Study Team.

7.4  Geotechnical Condition

The strata underlain at the boring sites are geotechnically classified into two layers, namely

unconsolidated tephra composed of loam and hard lava rocks of basall and andesite.

The uppermost stratum of loam is brown colored and its thickness is 5.57 m at the- CB-1 and 6.0 m at
the CB-2 from the ground surface. It is mamly composed of ¢layey materials, and a small quantity of pebb]es of

basalt and andesite are pamally contained.

-The basalt lava appears in the section between 5.6 m and 8.9 m below the loam stratum at the CB-1
with fractured part in the upper section. - The andesite lava, observed in the both bore holes of CB-1 and CB-2, is
generally tuffaceous and hard, At the bore hole CB-1, it colors pale.gray and its rock faces is generally fresh
although cracks are partially developéd. At the CB-2, the andesite lava appears in alternation of gray colored part -
and reddish g.ray part. It includes moderatcly to highly fractured zone even in the deeper section in aﬁditil)n to the
fresh section. Since the lava formatlons including fractured part have sufﬁcmnt bearmg capac:ty, serious

problem on foundation demgn may be neghg:bly small

Leakage of drilling water which indicates porous and pérmeable of the strata wﬁs ob_servecl. Although
the boring works was done in the rainy seaéon, no groundwater level was observed in the both boreholes of CB-
I and CB-2. In order to grasp the permeabili.ly of the ground, more than 500 lit of water was injected in the
boring hole. However, the permeability coefficient could not be .measured due 10 no rise up of water level
resulting from sudden leakage. According to this permeable co'ndition,'spécial pl"otec_tion against leakage such

as vinyl shegting or water-proof mat shielding will be required if reservoir type irrigation system is adopted, - .
-The N-values obtained from SPT vary. from 7 to 31 in the loam layer ‘with anaverage of N—8 as
shown:in Fig.IL.7.3 and 11 74, of whlch the layers with'N-values ‘of more: than 10 contam pebbles or rock:

fragmems The N—values in the lava layers mcludmg fracture part are gencra!ly more than 50
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