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Pre-Eruption (1980}
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~{(b) View from Watch Point No.5 of the Pasig River 1.

Figure C.6
Bird's-Eye View of Mt.Pinatubo
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Pinatube Velcano Disaster Map
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Pre-Eruption in 1991

Post Eruption in 1992

Post Eruption in 1994
(after four rainy season)

Figure C.8¢

(after two rainy scason) §
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Pre - Eruption (1980)

Figure C.9

Geomorphotogical Map in EPPFF (Pre-Eruption and October 1991)
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After Two Rziny Season (Qct. 1992)

Figure C.10  Geomorphological Map in EPP'FF (October 1992 and April 1994}

LEGEND
—— = ——  BASIN BOUNDARTY

el RIVEA & ANEA BED . .
e AYAGQCLASTIC FLOW DEROSIT N
vz LD PYROCLASTC DEPOKT

NP Y LBURED )
- Ly SECONDARY EXPLOSION

T3 Temnacs suaracs
70N uréea rERAACE SURFACE
IT7r pawep Lace
T2 uwa peposT

Scale
q ag 14 (A} 1k
1 A L )

THE COVERNMENT OF THE PHILIPPINES
THE DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS

THE STUDY ON FLOOD AND MUDFLOW CONTROL
FOR SACOBIA-BAMBAN/ABACAN RIVER
DRAINING FROM MT.PINATUBO

JAPAN INTERNATIONAL COOPERATION AGENCY

C-35




i o)

Location Map } Kilomzrens

LY

= P B
el Ll

RPN
-

*\ ¢ PasigR.
S ) © 450kt
P O - » X
327 |oammad Lased P K [ LEGEND

) S L BASIN DOUNDARY

R

] OLD PYRGCLASTIC FLOW DECCSIT
7 PYROCLASTIC RLOW DEROSIT (W9 FUNY N
BURLED 0L .-}
&= SCCONDARY EXPLOSION
tnirt DAMMED LAKE

» PIRACY POINT
9 1 2 4

i .

Typical Cross Section Data (distance in meters)

Sectici No. 92

gt VRN e .*‘-vﬂfnﬂ K
5 A £ Shezanill : 800
. . 400
1] 1000 2000 3600 C 4000 5000
Secton ﬁa. 122
600 -
RSNy \_\(_____‘?w-m-y.e-{«\,.,mﬂ 400
L. —d 200
0 1000 2000 3000 4000 3000
Legend: . i
( ) Section Nwnbes (e Aliec2 R‘”"{lg?z%‘;ig
- Before Eru(otion _ . Afterd Rainy seasons
1930) . {1994 Apr.)

“lestimating the area along sections at every 200m near the Crator and

Comments : The analysis was performed using the GIS database
created by JCA Stody Team from the DTM for 1980, 1592 and 1994
with 2 contour interval of Sm mapped to scale of 1:10000 from Aerial
Phatographs of varyisg scales. The data has been modelled with 2
spatial resolution of 10m. The velume analysis was performed by

every 500m at other bocatioas.. The Pyroclastic flow erea was ideatifiad

by the Team Experts by Aerial Photo Intecpretalion.

Section Na 22
; g §300
; ] ‘
AN e s Waah P
T .
- 900
[} 1000 2000 3000 4000 5000
" Seciton Ko. 57
M
. s
WMW“‘_W/\IMJ 908
700
1] 1000 2000 3000 4000 5000
Seeron No. 67 .
ey 1000
» .
e e ....,/ r\\-.«, e 11 )
: S-S =
A 00
[} 1000 2000 . 3000 4000 500G
Secrion No. 82
pmemr i000
—— N .
= -v/ ol . 800
600
1] 1000 2000 3000 4000 3000

Figure C.11

Geomorphologic Seclional Analysis for Pyroclastic flow Deposils
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Pyroclastic Flow Deposit Volume In the Fastera Slope of Mt, Pinatubo

River Basin C.A. | Pyroclastic Flow Deposit Volume {million m)) and Remaining Ratlo {%)
(km2)| 1951 June  [1991 Gclober  [1992 October  J1994 March - [1999 Oclober

Sacobla-Abacan 968 768 19% 688 N% 303 A% 295 0%

Sacobia-Abacan

upsiream 18 550 400 3% 347 63% 303 55%{ 295 54%

Sacobia-Abacan Anncxed to Pasig River

Uppenmost reach 22 418 368 88% 341 82% 320 1%l - 252 60%

Pasie

upsiream 23 430 380 88% 340 9% 285 66%| 223 52%
Pasig 430 Js0 88% 30 9% 605 141% 475 110%

Tolal 63 1,398 1,i48  82%| 1,028 74% 908 65% 770 55%
A
Piracy

Annual Lahar Delivered Volume in the Enstern Drainage of Mt.Pinatube

_ Lahar Delivered Volume {million m3}

"~ River Basin 1991 11992 _ 1991 1994 Tolat
Sacobia-Bamban 150 80 65 ' 8 303
Abacan ' 50 0 _ 0 Q 50
Pasig : 50 . : a0 53 130 ' 275

TOTAL S B E 120 120 ' 138 628

Comments: The Pyroclastic Deposit voluma for 1994 March was estimated using the GIS database created from the -
DTM for 1991,1992, 1994 with a contour interval of Snt mapped to a scale of 1:10,000 from Aerial -
photographs. The Sacobia uppermost stream was annexed to the Pasig in 1993 October,

Lahar déposition volumas are based on PHIVOLCS for 1991 1o 1993 and JICA for 1994,

Variation of Annual Pyreclastic Flow and Lahay Deposits
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Figure C.12 Pyroclastic Flow Deposits and Lahar Delivered Volunies
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Figuré C.17 bvervléw of Abacan Gap
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Figure C.20 Geomorphologlie Map in Sacobia River (April 1994)
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Legend: .

Figure

C.21  Basin Map of Sacebia-Bamban and Abacan Rivers

prured by the Pasing River in Oat. 1993
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Figure C.24 Cross-Sectional Changes from Mactan
to Mabalacat, 1991-1994
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CHANGES OF FREEBOARD AT SAN FRANCISCO BR.
IN 1994
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Figure C.36 Sediment Deposition in Upper Reach

from Watching Point Delta 5

in Pasig-Potrero River
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Volume of Accumulaled

Year | Sediment Yield Volurie

(10°m’ {10%m")
1996 2.0 2.0
1997 0.9 - 29
1998 0.4 33

o 1999 0.4 37
| 2000 0.4 4.1
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D.1 CLIMATE

In the Philippings, the tropical climate is dominated by several air masses throughout a
year. The most dominant air mass around Mt. Pinatubo is the southwesl monsoon that
typically begins in late May or carly June and lasts until September or October, while a
northeast monsoon dominates during the dry months from November to March. The
distinetive wet and dry scasons are brought about by these reversal monsoons. The air
mass of southwest monsoon is classificd into cquatorial maritime and is warm and very
humid, having an average temperature of 26°C and a vapor pressure ol about 30 mb
(Ref.D.1).

Frequency of lyphoons increases gradaally through April and May, and it becomes high
from Junc through November. Among 16 tropical cyclones per annum which allcct

weather condition in the Luzon [sland for the period from 1948 to 1991, five (S) tropical
cyclones on an annual average passed through in the Central Luzon.

D.2 METEOROLOGY
2.1 RAINFALL

- The annual rainfall data at representative rainfall gauging stations (Manila International

Airport, Dagupan Meteorological Station and Clark Air Basc) which have rainfall records
of more than 30 years were discussed about the fluctuation of annual rainfali. Figure D.1
shows that a serics of apnual rainfall and 5-yr moving average for the above three
stations.. The data shows that the remarkable volume of rainfalt occurred in 1972, In
fact, it was reported that a temporary Central Luzon Lake was formed duc to prolonged
and heavy monsoon rains which fell over several weeks, and flooded Pampanga and
Agno river basins were joined together in one inland sea extending from Manila Bay to
Lingayen Bay (Ref.D.2). The monthly rainfall of 2,580 mm was recorded in July 1992
at Apatit, Pampanga. The annual rainfall had receded graduatly for the period from 1972
to 1983 and the drought in 1983 caused a scrious problems in cconomic activitics in
Central Luzon, such as shortage of ‘drinking water and reduction of hydropower
gencration and low agricultural productivity. Thosc after 1983 has been restored by the
level of long-term annual average rainfall. After the cruption of ML Pinatubo for the
period from 1991 to 1993, the annual rainfall was almost cquivalent to the long-term
annual average rainfall. '

Isohyetal map of annual rainfall in Central Luzon is shown in Figure D.2. Itis indicated
that the annual rainfall of more than 4,000 mm are experienced over Mt. Sto.Tomas of
Benguet, west coast of Zambales and Mt. Angilo of Quezon. The rcason for these large
rainfall variations is partly topographical contrasts with the great altitudinal range, and
partly the presence of large water bodies such as Pacific Ocean and South China Sea.

The variation of monthly rainfall at representative rainfall gauging stations in Central
Luzon is shown in Figure D.3. The data clearly shows that the Luzon Island Feceives
fwo main types of rainfall patteins. Eastern part of Luzon Island reccives no really dricst
month but weiter months in November/December, while in the western part, there is a
distinctive weltest month in August and driest months in January/February. About 90%
annual rainfall occurs for the period from June to October in the western pail of Luzon
Island.

An important feature that can describe the rainfall distnbution is the number of rainy days.
The PAGASA defined a rainy day as a day having a rainfall of 0.1 mm or more. The
mean monihly number of rainy days al various stations in Luzon [stand is shown in
Figure D.4.



2.2 TEMPERATURE

The variation of monthly average temperature al representalive stations is shown in Figure
D.5. The monthly average temperature in Luzon Island varies for the range rom 24.8 °C
in January to 28.3°C in May. The diurnal variation of temperature is about 10°C in the
castern part of Mt. Pinatubo as shown in Figure D.6. The maximum temperatures for
most places occur generally between 1:00 p.m. and 3:00 p.m. while the minimum
temperatures occur between 5:00 a.m. and 7:00 am. The absolule maximum temperature
recorded in Luzon Island was 42.2°C at Tuguegarao in April 1912, and the absolute
minimum temperature of 3.0°C was recorded at Baguio in January 1903,

2.3 RELATIVEE HOUMIDITY

The variation of monthly mean relative humidity shows the great difference between the
western part of Luzon [sland and eastern part as shown in Figure D.7. The monthly
relative humidity in western part varies for about 15%, generally for the range from 70%
in April to 85% in August. While, those in the castern part is rather stable throughout a
year at about 85%.

2.4  EVAPORATION

Open pan cvaporation data in Floridablanca (1986-1987) varics for the range from
119.6 mm in November to 204.2 in March. The annual evaporation amount is recorded
at 1,736 mm on an average.

2.5 RAINFALL-RUNOFI RELATIONSHIP

“The ratio of runoff to rainfall volume was estimated on the basis of the monthly rainfall
data at Basa Air Base station { 1958-1972) and concurrent monthly average discharge data
at Del Carmen (CA=111km?2). Whilc the evaporation data at Floridablanca (1985-1987)
were referred. All the stations are located in the Porac river basin which originates at
southern slope of Mt. Pinatubo and has similar characteristics to the Study Area. Figure
.8 shows that the rainfall volume excceds runoff for the months from May to October
and the ratio of annual runoff to annual rainfall volume is estimated at 61 6% annual
rainfall volume on an average. .

2.6 TROPICAL CYCLONE: _
2.6.1 Tropical Cyclones in 1991, 1992 and 1993

The Philippincs is onc of the countries which expericnce tropical cyclones with the
greatest frequency in the world. In 1991, 1992 and 1993, the number of tropical cyclones
which entered or occurred in the Philippine Area of Responsibility (PAR) was 19, 16 and
- 32, rcspcclivcly.

The tracks of troplcal cycloncs which entered or occurred in the Philippine Arca of
Responsibility in 1991, 1992 and 1993 arc indicated in Figures in D.9, D.10 and D. 11,
respectively inwhich lroplcal cyclones are classified into (a) Tropical Depression (T.D. )
with maximum wind speed less than 61 kph, (b) Tropical Storm (T.S.} with wind speed
equal to or more than 61 kph and less than 118 kph and (¢} Typhoon (T) with wind
spccd cqual to or more than 118 kph.

2.6.2 Daily Rainfall and Cause of Rainfall
in the years of 1991, 1992 and 1993, six (6), four (4) and ten (10) tropical cyclones hit

. directly the Luzon lsland respectively. Table D.1 tabulates daily rainfall at the P1E2,
Sacobia, Zaragoza dnd:\myat rainfall gauging stations during these tropical cyciencs. In



Table D.2 which shows point and basin mean rainfall during nyajor floods, name of.
related tropicat cyclones arc also indicated.

In order to grasp the cause of scrious rainfall, the causc of rainfall of more than 100
mmfday at Sacobia Station was studicd. During three (3) years from 1991 to 1993, daily
rainfall with more than 100 mm was observed cight (8) days (fimes) al the Sacobia
Station.

Out of these days wilh scrious rainfall, rainfall of four (4) days was induced by tropical
cyclones such as T.S. Yayang (November 17 1991}, T, Goring (June 26 1993) and T.S.
Kading (October 4 and 5 1993). However, for two (2) days, namely July 2 1993 and

~ August 28 1993, there were no tropical cyclones in the PAR as can be understood from

Figure D.11, while for two (2) days of August 28 and 29 1992, there existed a tropical
cyclone T.S. Isang, but the cyclone was located neat Taiwan and almost 900 km far from
Mt. Pinatubo.

The cause of heavy rainfatl in the study arca is not only tropical cyclones as can be
understood from the above and more detailed study will be required for the cause of
rainfall which may cause heavy rainfall, cspecially the rainfall like on August 28 1992
which recorded annual maximum daily rainfall in this ycear.

2.6.3 Hourly Rainfall Distribution and Tropical Cyclone Track

In order to serve as one of the basic information for flood/mudfow warning in the study
arca, the relation of typhoon track/location and the rainfall al the Sacobia Rainfall Station

~wnder the PHIVOLCS was studied. Figure D.12 indicates houtly rainfall distribution at
* Sacobia Station and tropical cyclone tracks which directly hit the Luzon Island in 1991,

1992 and 1993. Figure D.13 shows the trackflocation of tropical cyclone with or without
rainfall at the Sacobia Station. ‘

‘These figures indicate in general that rainfall at Sacobia Station starts when the tropical
cyclones arrives at long 122.5 E when tropical cyclones cross the Luzon [sland from the
cast and rainfail continues even though tropical cyclones moves to the northwest
direction. _ '

D.3 HYDROLOGY

3.1 H YDROLOGICAL DATA

© 3,11 Rainfall Data

1n and around the study area, 19 rainfall gauges cquipped with an avtomatic recorder or a
telemeter cquipment have been installed. These stations, which can provide hourly or
much shorter rainfall information; are of were operated by the PAGASA, the PHIVOLCS
and the OCD as given in Tables D.3 and 2.4, Their locations are shown in Figure D). 14,
The observation period is also shown in Figure D. 15 for rainfall record and Figure D.16
for water level record. '

" The PAGASA stations can be classificd into Pampanga Food Forecasting and Warning

System (Pampanga FFWS) and Hydromet Stations. Five (5} stalions included in the
Pampanga IFFWS are located along the Pampanga River and the Rio Chico River which
the Bamban River joins into. T hese stations commenced their observation from 1973.
Judging from their location, some of the stations may represeat the rainfall characteristics
of lower basins of the Bamban River and the Abacan River. However, since the
cquipnent became superannuated, recorders and telemeters did not function well and
important data are not available before rehabilitation which was made in 1993,



- The four (4) of the PAGASA hydromet stations arc located in the south or the east of the
study arca. The automatic recorders were used since the beginning of 1970s 1 most
stations. However, these had been abandoned by the beginning of 1980s and at present
manual measurcment of rainfall is undertaken by gauge keepers.

The PHIVOLCS maintains five (5) telemetered rainfall gauging stations in and around the
study arca as given in Table 1.3 and morcover (wo (2) stations of the PHIVOLCS arc
located in the western slope of Mt. Pinatubo. These stations composes the lahar
monitoring system of the PHIVOLCS together with acoustic flow monitors which were
established in 1991 after eruption of Mt. Pihatubo. All the station arc located in high
land, the elevation of which is higher than 500 m. The cquipment are maintained in good
condition and the telemetered data are mostly available.

The OCD operates three (3) rainfall stations at present, which are used for lahar warning
operation together with lahar information sent through radio from observers who stay in
watch points situated at top of hills from which occurrence of lahar can be directly
observed. The data sent to the OCD are not printed out regularly after using the warning -
operation and hard to be used for analysis.

In addition to the above, daily rainfall data are available in six (6) stations under the
PAGASA, namely two (2) hydromet stations and four (4} climate stations.

3.1.2° Waler Level and Discharge Data

The DPWH has water level/discharge data which are obtained by staff reading at 13
stations focated in nivers inand around the study arca, such as the Bamban, the Abacan,
the Pasig-Potrero, the O'Donnell, the Bangut, the Tarlac, the Porac and the Gumain
rivers, while the PAGASA has data of the Tarlac River.- The location of these stations is
indicatedin Table D.4 and Figure D.14. The availability of data are tabulated in Figure
.16 except the Pabanlag Station at the Gumain River for which only annual maximum
daia have been oblained.

“As for the six (6) stations under the DPWH the obscrvation was terminated by 1972, but
lwo (2) stations, namely Cabetican Station in the Pasig-Potrero River and Valdez Stalion
in the Porac Riv er, continued the observation up to 1979,

After 1979, the DPWH stopped stream flow observation but in 1985 resumed
obscrvation at only one (1} station, Nasudeco Station in the Porac River. 1n addition,
after the eruption of MU Pinatubo, the DPWH undertakes observation at several poinis
including San Francisco Bridge of the Bamban River and Ninoy Aquino Bridge of the
- Abacan River.

" The data kept by the DPWH for the observation before 1972 are daily mean water level
and discharge which are summarized in “Surface Water Supply Bulletin™. For the
observation from 1972 (o 79, raw data such as staff reading which was conducted thiee
(3) thmes a day and discharge measurement are available al Burcau of Research and

- Standard (BRS), DPWH but cross-sections with bank height are missing. Regarding the

-observation after 1985, all kinds of the data mentioned above are available also at BRS.

The PAGASA opcerates tefemetered Tibag water level gauging station in the Tarlac River
which is equipped with a sensing pole type gauge and an automatic recorder since 1982,

However, at this section, river bed fluctuation is scrious even before the eruption of
MI. Pinatubo and thercfore discharge data is not available in most ycars also due (o the
trouble of the automatic recorder and the telemeter equipment.




3.2 RAINFALL ANALYSIS

3.2.1 Rainfall Charscteristics

(1} Monthly and Annual Rainfalt

Monthiy and annual rainfall amount was estimated at two (2) PAGASA Stations, namecly,
San Julian and Becuran Stations as tabulated in Table D.5. The annual rainfall amount is
-~ around 1800 mm. The rainy season is from May to October and 50 % of total annuat

rainfall occurs in the rainy season.
- {2) Probabte Daily Rainfali
* To estimate probable daily rainfall, three (3) stations which are near 10 the Sacobia-
* Bamban and the Abacan river basins are selected. These are BAI Magalang, Arayat and
Zaragoza stations, all of which have been opcratcd/maintaincd by the PAGASA.

Figure D.17 indicates probabilily graphs of exceedance and the following table (abulatcs
the probable daily point rainfall at these stations.

{Unit : mm)

Retumn Perdod Station .

{ycar) BAI Magalang Arayat fangoza

100 2573 2764 230.9
S0 217.5 2536 257.6
20 - 1689 2228 . 226.1
10 1349 198.6 12014
5 1028 L1728 175.1
2 © 011 132.4 133.9

Numbersof data:  BAI Magalang: 17 years, Arayal: 13 ycars, Zaragoza: 14 years
(3} Rainfalt Duration Intensity Curve for Long Duration

Out of Arayat and Zaragoza stations, which arc equipped with automatic recorders,
Zaragoza Station is selected to analyze rainfall duration intensity curve because ol
availability of longer data, Figure D.18 shows probability graphs of exceedance for 1-hr,
2-hr, 3-hr, 6-hr and 12-hr rainfall at Zaragoza Station.  The following table indicates
probable rainfall for this duration of rainfall. :

' . {Unit: mn1)

Retum Period__ _ Duration .

{Yr) e 2 3-hr _6hr RS V2
100 972 i21.9 128.7 172 198.5

50 898 1124 “118.9 186.6 1817

25 823 102.7 1089 141.1 1648

10 718 §9.3 95.0 1199 1416

5 597 - 138 78.9 96.1 115.1

2 9.6 61.0 65.5 770 938

Remarks : Number of datais 11 years:

' Figure D. 19 indicates rainfall intensity duration curves which were selected from three (3)
~ types of equations explained below in consideration of deviation from the data.

Typel [2al(U4D) i - (Eq.D.1)
Typell TaZtll e .. {Eq.D.2)
Typelll I=al/(05b) ........ e e e a e ean .~ (BEq.D.3)
Where; | - Rainfall intensity (mnr/hr)
l t : Rainfall duration

abandn : Constant
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(4) Probable Point Rainfall and Rainfall Duration Intensity Curve for Shert Duration

From the last haif of the 1960's to the end of 1980, the PAGASA operaled sonie
automatic rainfall gauges and recorded rainfall data of shert duration in detail. In and
around the study arca, those stations were Becuran, Cansinala, San- Agustin and Sta.
Cruy. However, in the data records of these stations, many missing data arc found and
only San Augustin Station has records of ten (10) ycars as tabulated in Table D.6,
Therefore, using the data of San Agustin Station, probable point rainfall and rainfali
intensity curves for short duration were obtained. Figure .20 shows probability graphs
of excecedance for 5 min., 10 min., 15 min., 30 min., 1 hr. rainfall and Table D.7
indicates probable rainfall obtained from these graphs.

Figure 12,21 indicates rainfall intensity duration curves which are also sclected from three
(3) types of cquations, which arc explained in duration curves for long duration, after
cvaluation of deviation. To cstablish these curves, the probable rainfall for 10 min. in
Table D.7 was excluded, since these for 10 min. show large deviations from probable
rainfall for shorter duration. The following table indicates probable rainfall for short
~duration which is obtained [rom rainfall intensity duration curve indicated in Figure D.21.

{Unit: mm}

Retum Period Dugation
{Yr) S5-min 10-min 15-min 30-min i-he
100 229 - 379 503 79.7 1233
50 215 154 46.7 735 113.0
20 . 19.7 noe 41,9 . 052 993
10 18.1 "29.1 379 58.5 3885
5 164 260 33.7 514 770

2 13.7 21.0 268 40.1 59.0
Remarks : '\’lebcr of data is 10 yearss. -

(5) Relation of Rainfall Amount and Elevation

Rainfall of various duration from 5-min to 24-hr with 100-yr and 10-yr retura period at
three (3) rainfall stations, namely Cabanatuan City (EL 3.2 m MSL), Sta. Cruz (El.
100 m MSL}) and Baguio City {El. 1500 m) are indicated in Figure D.22 (Ref.D.3).
From this ligure, it may be concluded that rainfall amount with duration less than or equal
to one (1) hr is not influenced by the clevation, swhile the ramfall amount for much longer
duration is influcnce by the clevation.

3.2.2 Modet Hyelograph

Model hyctograph with probability of 100-yr, S0-yr, 20-yr, 10-yr, 5-yr, and 2-yr was
cstablished from the rainfall at the Arayat, {magom PIE2 and Sacobia rainfall stations in
consideration of rainfall Lh&l"aC{(‘r!SlICS as well as data quality in order to bc used in flood
runoff calculation.

(1)) Selection of Rainfall Gauging Station

To establish mode! hydrograph, rainfali stations which are cquipped with an automatic
recorder or a telemeter equipment are preferable since the rainfall data with shost duration
are avatlable. And if the existing rainfall slations are used for the establishment of model
hydrograph, the results can be easily applied for the analysis of lahar/flood cvents in the
near fulure. Such stations located in or near to the Sacobia-Bamban and the Abacan river
basins are P1I22, Sacobia and Sunmit Rim stations under the PHIVOL.CS and Arayat and
Zaragorza stations under the PAGASA. The three (3) PHIVOLCS's rainfall gauges are
located in sites ‘elevalion of which are more than 600 m and therefore these stations are
expected fo represent rainfall characteristics of higher river basin, while the rainfall
stations of the PAGASA is for the lower river basin. Qut of these stations, however, it is




judged from the analysis of the data quality that Summit Rim Station gives smaller rainfall
amount compared with other stations and thus remaining four {(4) stations were decided (o
be used to establish the model hydrograph. :

(2) Compensation of Missing Data

Some missing data were found in obscrvation record of four (4) stations. Morcover, the
PIE2 and Sacobia stations under the PHIVOLCS commenced its observation after the
eruption of Mt. Pinatubo. Therefore, the missing data were compensated at first.

Regarding Arayat and Zaragora stations, correlation and the regression coclficients were
obtained using the data from 1974 (o 1993 The same coefficients among PIE2, Sacobia,
7Zaragoza and Arayat were computed from the data during three (3) years [rom 1991 to
1993, The correlation and regression cocfficient thus oblained arc tabulated in Table D.8.

Table D.2 represents obscrved and estimated point daily rainfall during major floods
which is defined as a flood daily rainfalt of which exceeds 75 mm at least at one of the
four (4) rainfall stations. Eslimation of the missing data in this table was made from
stations with higher correlation coefficient using the corcesponding regression coefficient
in Table D.8.

(3) Basin Mean Rainfall
From the point rainfall at four (4) stations, basin mcan rainfall of the Sacobia-Bamban

and the Abacan siver basins were estimated applying Thicssen Polygon Method.  Figure
D.23 shows the Thiessen Polygon made from the four (4) stations. Thiessen cocfficient

- 1o calculate basin mean rainfall are tabulated in the following table.

River Catchment Area Station

- Basin - (km2) PIiZ  ° Sacobia  Yamgoza . Ayt
~ Sacobia-Bamban(*) 2247 0.35 042 . 003 0.20
Abacan 1.2 0.00 070 0.00 - 0.30

Note: (¥} Residual basin of 20.4 k2 in the downistream reach is not included. Total
catchment arca was reduced to 200.6 km2 in October 1993

The obtained basin mean rainfall for the Sacobia-Bamban and the Abacan river basins
during major floods arc also indicated in Table D.2. o

{4) Probable Basin Mcan Daily and 24-hr. Rainfall

‘The annual maximum basin mean rainfall was obtained from Table D.2 and probable
basin mean daily rainfall was compuied from the annual maxinum basin mean rainfall.
Figure D.24 indicates probability graphs of exccedance for the two (2) basins. The
foilowing table tabulates probable basin mean daily rainfall together with 24-hr. rainfall
which is compuled assunting coefficicnt of 1.13 to converl daily rainfall into 24-hr.
rainfatl.

{unit : mm)

RetomPericd  ____° Sacobia-Bamban : - Abacan

(yecar) Daily 24-hr ~ Daily c 24hr

100 C440 497 443 50
50 397 448 404 457
20 3583 399 365 412
10 295 333 311 351
5 231 260 251 : 283
2 180 20 202 228

Remarks : Number of datais 1% years.
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(5) Model Hyctograph

The mode! hyctographs for the basin mean rainfall with probabitity of 100-yr, 50-yr,
20-yr, 10-yr, 5-yr and 2-yr were developed taking the factors mentioned below into
consideration.

1) - Entire Duration of Modcl Hyetograph

The standard value of the continvation time of one flood is an important factor o
determine model hyctograph for runoff analysis of river basins. In this
conncection, actual rainfall continuation times of the four stations, namely PIE2,
Sacobia, Zaragoza and Arayat were analyzed as shown in Figure D.25 using
floods in which continuous rain amount ¢xceeds 100 mm.  In these stations, no
difference are found in as for the rainfall duration. Conscquently, the entire
duration of the modet hyetograph for the basin was sct at 24 hours which is
average continuation tinie of one flood of four (4) stations as can be understood
from Figure D.25.

2} Time Distribution

‘Time when the peak rainfall depth occurred in the four (4) stations was also.

- analyzed on the basis of the observed hourly rainfall depth. As a cesult of the
analysis, it is assumed that the model hyctograph has such a pattern that the
rainfall depth gradually increascs at regular time intervals until it reaches the peak
after 11 hours from the start of rainfall and then, gradually decreases at regular
intervals up to end of rainfall (24 hours after start of rainfall) as presented in
Figure D.25. :

3)  Peak Hourly Rainfall

As discussed in 3.2.1 (5), hourly peak discharge is almost same even though the

clevation becomes higher. In consideration of this charactcristics, peak hourly .
rainfall of the model hyctograph is set almost ¢qual to the probable hourly

rainfall at Zaragoza Station in addition that total depth of model hyetograph for
24 hours is equal to the probable rainfal! for each basin.

" The hourly rainfall distribution for the Sacobia-Bamban and the Abacan river basins
which are developed on the basis of factors mentioned above are presented in Figure
D.25in the form of percentage of cach hourly rainfall to the accumulated 24-hr rainfall.

3.2.3 Lahar - Rainfall Relationship _
(1) ELahar Monitoring System under the PHIVOLCS

The U.S. Geological Survey (USGS) installed a lahar monitoring system in 1991 and
then the PHIVOLCS maintains the system with assistance of the Philippine National
Police.

The lahar monitoring system is composcd of rain gauges and acoustic flow monitors.
Data obscrved by the rin gauges and acoustic {low monitors are radiotransmited and
recorded in the computers localed at both the Pinatubo Volcano Observatory at Clark
Ficld and the head office of the PHIVOLCS in Manila. :

The system installed in 1991 was composed of telemetered six {6) rain gauges and scven
(7) acoustic flow monitors as tabulated in Table D.9. ~ At present, the PHIVOLCS
maintains seven (7) rain gauges and seven (7) acoustic flow monitors also shown in
Table D.9.



“Valdez (Porac River) and Pabanlag (Gumain River) h

(2) Relation between Rainfall and 1.ahar Volume

During the 1992 tahar scason, the PHIVOLCS established a waich point at the Mactan
Gate or No.2 Sabo Dam site of the Sacobia River and conducted the observation/
measurement of active lahar events.

The observation/measurement was continued from end of June through the middle of
September and several information were recorded for the events of 18 days of this period.
The data thus obtained contains information such as {low height, flow velocity, width of
active channe}, discharge, temperature, diameter of sediment transported in lahar, {low
condition and other information related to volcanic activities including time of secondary
explosion. '

The PHIVOL.CS used these data to: (1) correlate the Sacobia acoustic flow monitor data
with the observed flow discharge, (2) estimate the cumulative volume of 1992 lahars
along the Sacobia River using the calibrated flow monitor data, (3) estimate the minimum
intensity and duration of rainfall that triggered lahars along the Sacobia River, and (4)
correlate the total amount of rainfall with the magnitude of the associated tahar (Ref.D.4).

Figure .26 shows the relation between the acoustic flux during one lahar cvet (AP and
observed lahar volume (L.V) in which the correlation can be represented by a lincar fit
LLV=0.014 AV. This refation may be used to estimate the sediment volume transporled to
down reaches. The lahar volume in 1992 estimated from this cquation (including water)

by the PHIVOL.CS gives 100 mil. m?, while the lahar deposils estimated from acrial

photo and thickness estimates in the field is 70 mil. m?, thus giving reasonable results, if
the water volumne contained in the lahar arc considered.

Regarding the rainfali shich triggers lahar along the Sacobia River, the PHIVOLCS
proposcd the following equation (threshold curve) also indicated in Figure D.26.

124569 DI e (Fq.D.4)

where; 1': rainfallintensity (mm/min)
D rainfall duration (min.)

3.3 FLOOD ANALYSIS

3.3.1 Probable Discharge in Neighboring Rivers

 Asexplained in 3.1.2, the DPWH and the PAGASA have water level measurement data

in thirteen (13) stations in and around the study area. However, the record period of most
stations, including the San Nicolas Station located in the Bamban River, is too short (less
than 10 years) and morcover there are too many missing data in most of the stations to
undertake probability analysis. - ' . .

~ Qut of thirteen (13) stations, three (3) stations, namely the Del Carmien (Porac Ri\'cr),

ave data record of 26 years, 15
years and 31 years, respeclively, which may be of enough length to conduct probability
analysis. ' '

These rivers run in the castern/southeastern stope of ML Pinatubo and from the location,
it can be judged that these rivers have same hydrological characieristics with the Sacobia-

‘Bamban and the Abacan river basins.

Therefore, in order to grasp the specific discharge of the Sacabia-Bamban and the Abacan
river basins, the prabability discharge and its specific discharge at these three (3) stations
were computed. Figure D27 indicates probability graphs of two (2) stations in the Porac
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River and one (1) station in the Gumain River. The following table tabulates probable
discharge and its specific discharge at these three (3) stations.

{Unit: m3’s)

Return Porac River Gumain River
Peried 1>el Carmen Valder Pahanlag
(yvar) {111 km?) (118 km?) (128 km?)
100 961 (8.66) 930 (7.88) 710 (5.55)
50 783 (1.05) 751 (6.36) 601 (4.72)
20 576 (5.19) 516 (4.63) 473 (3.70)
10 438 (3.95) 41% (3.48) 381(2.98)
5 315289 292 (2.47) 294 (2.30)
2 168 (1.51) 151 (1.28) 178 (1.39)

Figueés in parenthesis under the name of the station indicates catchment area of the
station. Figurcs in parcnthesis on the right of discharge is specific discharge.

3.3.2 Flood Runoff Model
() Alternative Casces for Flood Runoff Mode!

Flood runoff analysis was made for both of the Sacobia-Bamban River Basin and the
Abacan River Basin. The calculation was made only one (1) case for the Abacan River,
while for the Sacobia-Bamban River Basin, [ ollowing six (6) cascs were calculated in
consideration of (1) river course of the Sacobia River and (2) pitacy of the East Pinatubo
- Pyroclastic Flow Ficld (EPPFF).

1} River Course of the Sacobia River

{a) ' The Sacobia River which contains too much sediment is designed to be
combined to- the Bamban River through the Sapang Balen River after
scdiment deposits in the sand pocket which will cover the same area as
-existing one.

(b) The Sacobia River is designed to be joined between the Road 3 and the Road
329 in which sand pocket will have smaller area than the existing one.

(c) The Sacobia River is desi gned to be joined just after the Road 3 which is the
- condition sediment to be transporied to downstream becomes smaller.

2) Piracy Condition of EPPFF

(a) The EPPEF belongs to the calchhl'cnl arca of the Sacobia River which was a
condition before the river piracy occurred in October 1993,

(b} The EPPFF is caplured to the Pasig River and the Sacobia River reduces its
calchment area as can be seen at present.

As the combination of the cases mentioned above, probable discharge of the following
six (6) alternative cases was calculated for the Sacobia-Bamban River Basin. _

Alternative River Course of Condition of

Case _ Sacobia River EPPIY
-1 @ (a)
1-2 @) ®)
2-% ®) @)
2-2 ®» ()]
341 © )
3-2 {© )




(2) Modeling by Storage Function Model

The Storage Function Methed is employed for the flood runoff analysis because this
nicthod can express the non-lincarity of rainfall-runoff retation and it has been used
widely for a long time to generate hydrographs. A basin runoff is constructed for cach
river bascd on the subbasin divisions and the topographic conditions.

The Storage Function Model was developed to express the non-linear charactenistics of
runoff phenomena by introducing the following function between the storage volume (S)
of a basin and the discharge {Q) from the same.

wheie; K and P are paramcters.

This cquation is uscd with the equation of motion which expresses runoff as proportional
to the exponcnt of storage volume. In this cquation, runo{f phenomena is considered to
be similar to the runofl from the notch of a container filled with water.

~ Runoff calculation is performed in combination with the following equation of continuily

for basin. :

ASIAU=Trpo - Qe (Eq.D.6)
- where; S o _apparent storage volume in the basin {m3/s/hr)

l'_ o inflow coefficient
Lave : basin's average rainfall (mm/hr)

A :arcaof the basin (km2) :

Q) = QU+T) : dircct runoff height with lag time (in3/s)
7 !

lag time {hr)

The Storage Function of the channel is expressed as follows:

S K QP -TQ i (Fq.D.7)
where; KandP : rarametcm
T ag time for river channel

1) Division of Basin

- EBach river basin was divided into several subbasins to construct a flood runoff model.

The division into subbasins was madc in such that a subbasin is approximately 2 to
25 km? taking into consideration the catchment of tributarics and the topographic
conditions as shown in Figure D.28 for the Sacobia-Bamban River Basin and Figure
D.29 for the Abacan River Basin, catchment area of which is tabutaled in Table D.10.

*- Based on this division into subbasins, the basin runoff model is developed as shown in

Figure D.30. This ligure for the Sacobia-Bamban River indicates three (3) cases for the
change of river course of the Sacobia River and the EPPFFE is atlached to the Sacobia
River Basin, :
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2) Constants of Storage Function Model
ay K, p and TL for River Basin

Constants K and p are determined as follows:

K=86A0 (¥q.D.8)
P 206 oo et (Fq.D.9)
T=095A0 14 04 e, (Eq.D.10)

where; A catchmentarea(km?) _
.. height of net supply rainfall calculated from peak discharge

volume Qpinwhichr, =3.6 Qp/ A

In the above, equations for K and p have been proposed by the Public Works Research
Institute, Minisiry of Construction, Japan, while that for T has been proposed by
Kadoya. Those equations are widely used in Japan as synthetic model. The constants
thus, determincd are tabulated in Table D.10.

b) Primary Runoff Rate (f'1) and Salumt:ion Rainfall Depth (Rsa)

The constants of 1 and Rsa are fixed at 0.65 and 300 mm, respectively, which are used
= for river basins on voleanic rocks formed in the quaternary era.

) K, p and T1_ for River Channel

K and P for river channels are determined assuming the flow as Manning's uniform ﬂow
Constant K is expressed in the form of:

K=LB04@mn0-306/36 . (Eq.D.11)

whcrc; B : averagechannel s\idlh {m)
© L channel length (km) _
n :  Manning's roughness cocfficicnt
1 : average channcl slope

In the channels in which sediment has been widely deposited and crosion is

oceurring at present, the following equation is applied to obtain the cinnncl
- width B. Constant 5 is used in the sand pocket.

B=3~5Q0-5 OO SO (Eq.D.12)

The constant “P™ takes the valuc of 0.6 from the Manning's Formula for Steady Flow.
The lag time l‘ is expressed by the following equation: :

T=1 ke potlelPe e, e e (Eq.D.13)
where; L. @ catchment length (kn)
ke (nfso S)P‘*
Pc: 0.6

I« maximum inflow volume {m3/s)

These constants were decided as shown in Table D. 10 after trial calculations.
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3.3.3 Probablc Peak Discharge and Hydrograph

Probable peak discharge distribution of six (6 cases for the Sacobia-Bamban River Basin
is shown in Figure D31 and that of the Abacan River Basin is indicated in Figure D.32.
The probable runoff flood hydrograph at the representative points of the Sacobia-Bamban
River (Alternative Case 1-2) and the Abacan River are presented in Figures D.33 and
D.34, respectively.

3.3.4 Verification of Obtained Peak Discharge

In general, the flood runoff modet should be verificd from the view point of conformity
of the compuled runoff hydrograph with the actual discharge hydrograph, even though
the syathetic model is apptied. However, as for the Sacobia-Bamban and the Abacan
river basins, verilication of this method is difficult to be applied duc to the following
Casons.

1) Before the cruption of Mt. Pinatubo in 1991, there are available discharge data

obtaincd by the DPWH and the PAGASA. However, no rainfall data in high

- elevation arcas are available lo establish runoff model for the purpose of
veritication, though. '

"2} After the cruption of Mt Pinatubo, water level measurement is continued al lhe
NASUDIECO Stations in Porac River and in addilion, new stations have been
cstablished in some rivers running on the castern slope of ML Pinatubo including
the San Francisco Bridge of the Bamban River and the Ninoy Aquino Bridge of the
Abacan River. However, due (o the sedimentation and/or dredging of the riverbed,

- the measured water level is hard to be converted {o discharge.

In consideration of the above restraints, the verification was made in the way thal the
specilic discharge of the obtained probable discharge at the representative points arce
compared with the actual specific discharge at the Del Carmen and Valdez stations in the
Porac River and the Pabantag Station in the Gumain River. These specific discharges are

indicated in Figure D.35 together with the regional specific curves (Rel.D.5). From the
specific discharge, the unoff model and the obtained peak discharge arc appropriatc and
it is judged that the probable peak discharge distribution and hydrograph can be used {or
the planning and design for the Sacobia-Bamban and the Abacan rivers. '

3.4 LOW FLOW ANALYSIS
3.4.1 Sclection of Water Level Gauging Station |

Al present, only one (1) water level gauging station, namely, Nasudeco Station of the
Porac River, is operated continuously for almost ten (10) years in and around the study
arca. In this station, all the data/records such as cross sections of the station, flow
measurement and water level measurement which are conducted three (3) times a day are
available and therefore, it is judged that more reliable analysis may be done through
review of data including rating curve. : ' :

The catchment area of this Nasudeco Station is also located in the castera slope of
Mt. Pinalubo as shown in Figure D.36 and thercfore, similar hydrotogical characteristics
1o the Sacobia-Bamban and the Abacan river basins is expected.

3.4.2 Review of Rating Curve
In Nasudeco Station, the DPWH has cstablished a rating curve. However, this rating
curve was made bascd on discharge data waler depth of which were less than 1.5 m.

Therefore, this rating curve, even if extrapotated, is not applicable for most of Moods
with much higher water level. Hence, new rating curve arc prepared by the Study Team
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to cover up to the bankfu! discharge, applying the Manning's uriform flow formula to the
average cross-sections before the cruption of ML Pinatubo. The rating curve which is
newly established is presented in Figure D.37.

3.4.3 Flow Duration Curve

Based on the established rating curve mentioned above, daily average flow was estimated
for the years of 1986, 1987, 1989 and 1990 using the water level data measured by the
DPWH. The other years without complele observation data were excluded from the
calculation. Also discharge in the ycars after cruption of Mi. Pinatubo was not computed
since the discharge is hardly to be estimated duce to serious riverbed fluctuation in the
Porac River. Figure 12.38 indicates flow duration curves for the year of 1986, 1987,
1989 and 1990.

Using the discharge data for four (4) years mentioned above and annual averige daily

discharge of 4.71 m3/s (Catchment arca of the Nasudeco Station: 119.1 km?), a
nomalized daily Qow duration curve was oblained as indicated in Figure D.39.

As for the Sacobia-Bamban and the Abacan river basins, it may be judged that their
- hydrological characteristics are similar (o that of the Porac River. Therefore, the same
~ average daily discharge per catchment area and normalized daily flow duration curve for
the Nasudeco Station may be applicd to the Sacobia-Bamban and the Abacan river basins.

3.4.4 Dcpendable Discharge

Fow paltern cstimates at the Sacobia-Bamban and Abacan rivers were performed and the
resulis tabulated in Figure D.40 for the pre-cruption cra which respectively shows the
daily llow duration curves for the tributarics of the two rivers and the 10-day, 80%
rcliable daily and monthly flows. Since there are no gauging stations of sufficient record
length in the two river systems, the pre-eruption records of the Porac river from 1945 1o
1979 were utilized in unadjusted form with the assumplion that artificial influences, i.c.,

(upstrcam diversions) above the gauging stations arc insignificant. There arc also no
surveyed communal systems in the upsircam reaches of the Sacobia-Bamban and Abacan
river basins. : :

The cstimale, however, should be considered as preliminary and should be adjusted by a
rainfall proportionality factor to account for rainfall variability on the study arca. A
rainfall ratio of 1.0 was utitized in making the estimates due to the lack of adequately long
and reliable rainfall records over the two calchments.

D.4 GROUNDWATER
4.1 - PRE-ERUPTION

The assessment of groundwater resources in the project area prior to the Pinatubo
eruption was based on the rapid assessment of water supply systems in the Philippines
conducled by the then National Water Resources Council (NWRC). Based on NWRC's
results for the provinces of Pampanga and Tarlac, the project area is generally a shallow
well @rca, i.e., with the static water level generally within 6 m below the ground surface
{mbgs) and wells with depths not greater than 20 m. Difficult areas, i.e., arcas where the
groundwater depths vary considerably and about 25% of which may yicld non-productive
vorcholes, occur onty within the 20 kmy radius of the Mt Pinatubo crater and within the
arcas occupied by Mt. Arayat.

On the basis of abouit 207 test wells within the project area, the average static water level

ranges from 1.8 m tn the town of Concepeion to 11.0 m in Angeles City. The average
well drilling depth varies from 12.3 m to 82.63 m. The range of the average specific
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capacity is from 0.65 to 1.05 ips/m. Tabie D.11 summatizes the average static water
level, well depth and specific capacity in the municipalitics situated within the study arca.

The groundwater mining piciure depicting the relationship between groundwaler mining
withdrawal and the period of exhaustion of the entire influciice area of the Pampanga river
basin is governed by the following equation

Q= (T140/T)+3300 . oiioeiieiinneeieeneireeee s (Eq.D.14)

where:  Q = mining withdrawal (MCM/yr)
T = period of exhaustion (yr)

The total groundwater storage for the cntire Pampanga river basin is estimated to be
77,140 million cubic meters (MCM) with an inflow of 3,300 MCM/yr. For the project
arca which is about 2% of the entire Pampanga river basin, the groundwater storage is
estimated to be 1,638 MCM. The recommended sate yield for the entire Pampanga river
basin is set at 3,300 MCM/yr. A total of 4,850 MCM/yr is available for a 50-year mining
withdrawal.

4.2  POST-ERUPTION

The assessment of (he groundwater resources in the project area during the post-cruption
era was based on 1) actual survey and interview of tubewell owners 2) post-cruption
groundwater assessment by the Burcau of Mines and Geo-Sciences and 3} geo-resislivily
test by the National Water Resources Board. : :

. Result of field survey and interview in Angeles, Mabalacat, Mexico, Bamban and-

Concepeion show that the project arca is still predominantly a shaltow well arca. The
average static water table level ranges from aboutl 1.8 m to 10.4 m below the ground
surface (mbgs) while the well drilling depth ranges [rom 6.0 m to 61.0 m. Table D.12
shows a summary of the essential groundwater and well characteristics in selected sites of
the project area. :

According to the tubewell owners in the project area, the groundwater yicld and static
water table level remained practically the same after the Pinatubo cruption. This is proven
by the fact that tubewells instalted several years before the Pinatubo eruption still yicld
essentially the same discharge at the present time. Although a reduction in well discharge

© by about 30 to 50 % during the dry months of April and May is notable, this discharge

reduction in the said months was already prevalent even during the pre-cruption era.

Of all sites surveyed, the groundwaler wells in the project area are generally of the
shallow type, i.c., with the static water level within 6.0 m below the ground surface and
drifling depths of not more than 20.0 m except in the municipality of Mexicoin Pampanga -

“where the drilling depth goes as deep as 61.0 m. This is atiributable to the fact that the

soil formation within the groundwater reservoir in Mexico is predominantly of the clayey
type and hence, a relatively low transmissibility unlike in the other areas whose soil
formations are predominantly the sandy type.

A study conducied by the Burcau of Mines and Geo-Scicnces after the Pinatubo ciuplion
simitarly indicates that lhe pre and post-cruption groundwater conditions are cssentially
the same. A summary of the groundwater and well characteristics in sclected sampling
points in the project area is presented in Table D.13.

A more meaninglul assessment of groundwater resources in the project arca was
conducled by the NWRB through geo-resistivily survey. Table D.14 summarizes
NWRB's geo-resistivity results in the selected sites located within the project area.



His evident from the geo-resistivity resulled of NWRB that the project area is gencrally a
shallow well area. Productive aquifers in the project area lie within 1.0 to 12.0 m below
the ground surface. There are arcas, however, that are highly stratificd that productive
aquifers lic within shallow and deep layers. Examples of this are some of the barangays
in Mexico namely; San Jose and Dolores where productive aquifers lic at a depth of
120 m and 61 m, respectively, although another productive aquifer in the former lies
within 1.4 mbgs. This stratification partly explains the fact that wells in Mexico are
usually of the deepwell type.

An cstimate of the potential maximum number of wells that could be developed in the
project arca arc bascd on NWRB's data is presented tn Table D.15.

D.5 WATER QUALITY
5.1 WATER QUALITY : PHYSICO-CHEMICAL

The water quality standards of the Philippines and WHO are presented in Table D.16.
Reports about the pre-cruption conditions on surface and ground walter around the
Mt. Pinatubo area are few. The carliest reporls were made by the GIRD (1981) in
connection with an environmental assessment of the Sapang Bato Resetticment Project
(Table D.17). In the same year, GIRD also examined {our rivers, namely; the Mabanglo
River, Manmla River, Sapang Cauvayan River along with the Bangot River and a spring
in San Juan. The same group studicd the Abacan River in 1982. Data on these bodies of
water are presented in Table D.18. The NWRC and the DPWH are the two government
agencics that have gathered information on Central Luzon rivers including those in
Pampanga and Taitac. These data are also found in Table D.19. The rivers examined by
the NWRC in 1983 which are closest (o the Study Arca in Pampanga are those of Slo
Niiio and San Jose rivers, both of the town of San Fernando.

n Total Dissolved Solids ( TDS)

“Tables D.20 and D.21 shows that between .1991 and 1994, the TDS in the Rio Chico |

River stayed below 190 mg/l.. In Sacobia River a dcflnltcly increasing trend was noted
between 1991 and 1994, the amounts in recent determinations being double that carlier
ones. Abacan River, however, did not indicate a ‘;nmhr lrcnd

chulls of the prcscnl study pcrtammg (o surface waler in some arcas in Angelcs City,
Mabalacat, Mexico, and Magalang, all in Pampanga; and Bamban and Concepcion in
TFarlac show that a considerable increase in TDS conceniration has taken place (Table
D.21). The minimuni established in the present study is roughly cquivalent to the

maximum of Sacobia River in 1991-1992 while the maximum is a lttle less than two-and- .

a-half times the same.

© With respect to groundwalers, Table D.22 shows that places in Pampanga and Tar}ac had
TDS levels ranging from 322 mgiL. to 429 mg/i. in 1991. Comparing the presently

obtained Ievels with the above, it can be seen that present minima are slightly higher than

-the maximum mean above. Funhcnnorc the present maximum is slightly higher than
twice the carlicr-reported maximum.: Although rising TDS are indicated, the values are
still below standard.

() pH

The DPWH data on the Rio Chico River indicate that the river developed a minimal
decrcase in pH between 1991 to 1993 which was equivalent to ca. 0.6 unit (Table 1.20).
Most of the present determinations indicate that surface waters tend to be on the slightly
alkaline side (Table D.21). Three places out of cight sampled showed a slight
development acidity. Sapang Bato was found to have changed markedly lrom #1s acidic
pH of 6.3 in 1982 to a present slightly alkaline pH of 7.8. All levels observed are all




within the normal range for bodics of water outside of the influence of Mt. Pinatubo,
Unpublished information obtained by Zafaralla and asscciates in Cauayan River which
presently cmiptics into Sacobia I.ake ranged from 6.5 to 9.6. The Sto. Tomas River
which they likewise sampled have a pH range of 6.510 7.5.

In the casc of ground water, the 1991 pH levels in various sampling arcas in Pampanga
and Tarlac varied within the normal range {(Table D.22).

(3)  Dissolved oxygen

Zafaralla and associates are the only ones engaged in an on-going examination of the
behavior of this parameter in various bodies of water in Tarlac and Zambales. They
report that there was a generally normat level of DO in the Cauayan River and Sacobia
Lake after the cruption, the mean range being fre 5.8 - 9.6 ppm.  Unpublished data in
Sto. Tomas River of Zambales indicate that DO may beconte as low as 2.6 mg/l.. The
minimum amount measured in the present study is more than this minimum. All other
levets noted are within normal.

G Chtorides

Data on the Sacobia and Abacan rivess gathered by the DPWH indicale a sceming
inconsistent trend in the levels of this parameter from 191 to 1994 (Table D.20).
Unpublished data of Zafaralla and associates indicate a chloride mean range of 185 to 258
ppm for the Cauayan River - Sacobia Lake system. The present levels (Table D.21)

‘observed in surface and ground waters compare favorably with reporis extending from

1983 10 1994 (Tables D.16, D.20 to D.23).
{5) Calcivm

Information gathered by the DPWH in surface waters betweea 1986 Lo 1994 in Rio Chico
River indic¢ate a definite increase of over 70 pereent (Tables .16, D.20 and D.21).
Sacobia simitarly manifested an increasing ticnd; but the Abacan River did not.  The
present minirmum of 60 mg/Lis lower than the minimum obscrved by the DPWH but
much higher than the levels noted in 1982 by the GIRD. The prescat maximum of 234

mg/l is lower than the maximum established by the DPWH for Sacobia. '

Groundwater calcium in 1991 had a mean range of 17 to 22 mg/L (Table D.22). An
cvident elevation in calcium content of ground waters from the sampled places indicated.
The increase ranges from four to almost six times the maximum in the above cited range

© (Table D.23).

(G) ~ Magnesium

The IGST findings presented in Table D.23 indicate the mican magnesium range in 1991
10 be fron around 8 mg/L.to 17 mg/L.. The present data (Table D.22) indicate thal present
levels may range from a low of approximately 3 mg/L to 132 mg/L indicative of an

~ elevation of magnesium fevels in surface watcrs.

Present ground water Ic'vcl_s range from non-detectable to 47 mg/L (Table 1.23). l'l_‘hcsc
fevels are more closcly related to the surface water levets reported by the GIRD in 1982,

(D Hardness
Hardness levels indicate an increasing trend in Sacobia River (Tables D.20 and D.21)

from 1991 to 1994, the highest valuc of 923 mg/L having been observed in the middie of
the current year. Abacan river, however, did not concur this observation.
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The Sapang Bato datum of 325 mg/L. indicates that past levels have almost doubled in the
river, evidence of Mt Pinatubo's promolive effect on the development of hardness in
bodics of water within its vicinity. The upper limits pointed out are close to exceeding the
maximum permissible Hmit set by the WHO (1984} which is 500 ppm for both surface
and ground waters. The excessive hardness of river water within the 20-km radius of
ML. Pinatubo is reiterated by the limited sampling done by the Burcau of Rescarch and
Standards (BRS, 1993} of the DPWH which report a value of 1,292 ppm.

5.2 WATER QALITY : BIOLOGICAL

“Allof the ground water samples tested had total coliform counts exceeding 1 x 105 CFU
- {colony forming unit) (Table D.24). Coliforms did not exceed the allowable limit of 50
- MPN/100ml for Class GA (ground water source of domestic water supply). However
[ecal contamination of wells in Culatingan, Conecepeion and Sapang Libutad was indicate.

D.6 INSTALLATION OF HYDROLOGICAL GAUGING EQUIPMENT
Under the Mt. Pinatubo JICA Study, three (3) rainfall gauging stations, five {5) stream
ftow/mudflow gauging stations and twelve (12) ground waler level gauging stations have
been constructed at the sites indicated in Figure D.41.

6.1  RAINFALL GAUGING STATION

"6.1.1 Location

(1) Sacobia Rainfall Gauging Station

Sacobia Rainfall Gauging Station is located at a top of a hill ncar Mactan Gate of
- Clark Ficld (Coordinate: 15°10'56.9"N, 120°29'13.7'E).

{(2) Bamban Rajnfali Gauging Station

This station is located at Bamban Central Elementary. School (Coordinate:
15°16'52.2"N, 120°34'02.8'E ).

(3)  Angcles Rainfall Gauging Station

This station is located at ‘Teodoro P. Tinio Llemcntary School near the Abacan
Bridge of the Abacan River (Coordinate:  15°09'23.8"N, 120°35'19.9"E ).

'6.1.2 Conliguration of Equipment
N Sacobia Rainfail Gauging Station

Automatic rainfall gauge of one unit type (Medel Number: B-432-00) which can be
operated by one dry baltery size C is utilized at this station (Figure D. 42). However,
serious ash fall at this point is judged (o cause clogging of pipe to lipping bucket and
therefore, overflow type rainfall collector was made which has simifar structure used by
‘the PHIVOLCS as indicated in Figure D.43.

When it rains with ash, ash settles into the setling pipe and rain water overflows into the
lipping bucket of the automatic rainfalt gauge through a connecting pipe. A drain is made
at the bottom of the setiling pipe in order to drain the settled ash and make casy (o ctean
the settling pipe.

To protect those cquipment, fence with a height of 2.0 m was installed around the
cquipment as shown in Figure D.44.
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(2) Bamban and Angeles Rainfall Gauging Stations

In these stations, a separate type automatic rainfall gauge (BR-12-10-00) is installed.
This rainfall gauge is composcd of a rainfall collector with tipping bucket (B-011) and an
automalic recorder (B-311) as shown in Figure D.42. The rainfall collector is installed on
a tower newly constructed with height of 6 m (Figure D.45).

The automatic recorder is installed in the Principal's Office at the Angeles Station and in a
small room near the Principal’s Office at the Bamban Station. Rainfall data is sent from
the collector to the recorder through a connection cable. The electricity is supplicd froma
dry battery (size C) so as to move recording chari and from a car batiery which is also
installed in the same room $o as to move a recording pen.

6.1.3 Required Maintenance
()  Sacobia Rainfall Gauging Station

Recording chart (8-001), dry buttery and recording pen (N-015-12) need to be changed
cvery three (3) months. Whenever recording chartis changed, zero point of the recorder
should be adjusted and time line of the chart is adjusted lo the actual time. Also date and
time when the new chart is inscrted should be recorded on the new chart for the
convenience to read recorded rainfall data.

In order to avoid clogging due to ash fall, rainfall collector and parts mentionted in the

Instruction Manual may be cleaned every ten (10) days. In addition to water for cleaning

the rainfall collector and other parts, water of about 3 litler wili be required to fill the

settling pipe up to the cutlel to the tipping bucket. Interval for cleaning should be adjusted.
in consideration of ash fall condition. ' '

(2)  Bamban and Angeles Rainfall Gauging Stations

Car battery should be changed (o the other recharged battery cvery one month {Two sels
of batterics for both of the Bamban Station and Angeles Station and onc baftery charger
are provided). o

Recording chart (8-064) and recording pen (N-016-02) nced to be changed every threc -
(3) months. Whenever recording chart is changed, zcro point should be adjusted and

* time line of the chart is adjusted to the actual tinie. Also date and time when the new charl

is inserted should be writfen on the new chart for the convenicnce to read recorded rainfatl

- data.

Periodical cleaning especially to avoid clogging due to ash fall will be also rcqhircd at
these stations for the parts explained in the Instruction Manual, possibly one a ten days.

6.2 'S?REAMFLOW/MUDI*‘LOW GAUGING STATION

"6,2.1 Location

8} Sacobia Stream Flow/Mud Flow Gauging Station |

Sensors are installed Sacobia Gorge just upstream of the confluence with the left tributary
around 1 km far from the Mactan Gate (Coordinate: 15°11'37.8"N, 120°29'24.9"E),
while an electric house which accommodate several equipment is located on a hill just
beside the acoustic sensor owned by the PHIVOLCS. _
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(#)] San Francisco Stream Flow/Mud Flow Gauging Station

Sensors arc installed on the San Francisco Bridge of the Bamban River (Coordinate:
15°17'42.1"N, 120°38'11.7"E ), while the efectric house is construcied beside the bridge
on the nghl bank.

3) Fricndship Stream Fow/Mud Flow Gauging Station

Sensors are installed on the Friendship Bridge of the Abacan River (Coordinate:
15°0930.9"N, 120°33'31.5"E ), while the clectric house is constructed beside the bridge
on the left bank.

{4) Capaya Stream Flow/Mud Flow Gauging Stafion

Scnsors are installed on the PNCC Bl‘idgc of the Abacan River (Coordinate:
15°09'04.8"N, 20°37'18.6"E ), while the electric house is constructed beside the bridge
on the left bank.

(5  SanJuan Stream Flow/Mud Flow Gauging Station

Sensors are installed on the Ninoy Aquino Bridge of the Abacan River (Coordinate:
15°07'12.6"N, 120°42'05.8"E ), whllc electric house is constructed beside the bridge on
the right bank.

6.2.2 Configuration of Equipmentand Initial Sclling
(1) - Sacobia Stream Flow/Mud Flow Gauging Stalion

Stream flow/mud fiew gauge station has three (3) sensors, namely radio wave current
sensor (Figure D.46), ultrasonic wave water level sensor (Figure D.47), and temperature
sensor which measures air temperature (o adjust the change of propagation 3pccd of
ultrasonic wave by air tcmpcmturc (Figure D.47).

Al Sacobia Station, waler level and temperature sensors arc altachcd to an arm with a
length of 8 m, while velocity sensor is installed on a steel stand wilh a height of 2 m with
30 degree of dcprcssion angle (Figure D.48).

These sensors are connected with three (3} cables with a tength of 200 mio !hc cquipment
installed in the eleciric house {Figure D.49). - The cquipment related to water level
measurentent are; converter (Figure 3.48), 1C memory card logger (Figure D.50) and pen
recorder with two pens (green and red), while those for velocity measurement arc a
converler with [C memory card logger (Figure D.47) and pen recorder with one pen.

The zero pointof the waler level is set at 10 m below the water level sensor. The chart
speed is set at 2 emv/hr, the lowest speed of the pen recorder and therefore, the chait with
alength of 15 m can record one (1) month dala. Recording interval of recording to 1C
memory card for both the water level and flow velocity is variable and for all the strecam
ftow/mud flow stations in this study, the interval was set (o record data every five {5)
minutes and the [C memory card can accommodate one (1) month data for thisinterval.

The power to all the cquipment nentioned above is supplied from the Clark Field by
extending power tine with 3 km inside and 1 km outside the Clark Field. At the clectric
house, the voltage is dropped from 240V to 100 V through a transformer and the power
is stored in the batteries. The power to the equipment is supplied from the batteries

“through the power supply unit (Figure 12.50). The capacity of the batteries for both the
water level and flow velocity is determined so as to supply the power at east hall day in
case of brownoul. Figure D.51 indicates wiring diagram of all equipnicnt mentioned
above.
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(2)  Other Four Stream Flow/Mud Flow Gauging Station

Three (3) sensors, naniely ultrasonic wave water level sensor, radio wave velocity sensor
and temperature sensor, are altached to an arm with a length of 2 m (Figures D.52 and
D.53) fixed on the bridge and velocity sensor is installed with 45 degree of depression
angle.

Same cquipment mentioned in the Sacobia Station arc installed in the clectric houses of
the San Francisco and the San Juan stations. However, for the Friendship and the
Capaya Stations, pen recorders are not equipped and therefore, water level and flow
velocity data are recorded only on the 1C mentory card. '

The power is supplied from the Angeles Electric Company (o the Fricadship and Capaya
Stations, from the Tarlac Electric Company to the San Francisco Company and from the
Anao Cooperative Electric Company fo the San Juan Station. The power supplicd from
these companics is 220/240V and then same power su pply system explained in the
Sacobia Station is also used to drop it to 100V and to supply DC to all the equipment.

6.2.3 Required Maintenance

IC memory card (M-863-20) for all the stations and recording chart (B 9529AA)/
recording pens for three (3) stations mentioned above should be changed cvery one (1}
month. :

Whea new 1C niemory card is inserted, the number (file name) listed below is
recommended to be entered through the key operation of 1C card loggers for identification
of dala.

Sacobia Station: " WaterLevel yymm

Flow Velocily 21yymm

San Francisco Station: ~ Water Level 12yymm
: Flow Velocity “22yymm
Friendship Station: Water Level - 1Byymm

: . Flow Velocily 2yymm

Capaya Station: WaterLevel © IMyymm

- Flow Velocity Ayymm

San Juan Stalion: Waterlevel = 15yymm

Flow Velocity 25yymm

When the data of IC memory card is retricved by a computer with a IC card reader by
running software named “ICUTY.EXE” explained in 6.2.4, this number will be used as a
filc name. The [irst digit mcans type of data (1: Waler level, 2: Velocity) and the second
digit indicates code name of station. Then, “yymm” shows year and month when the IC
ntemory card is inserted . :

Regarding the recording pens, following three (3) pens need lo be changed, namely a
green pen (B9518 CU) lor the water level recorder as well as red pens (B9518 CT) for
both the water level and flow velocily recorders. ' :

Whenever recording chart s changed, zero point shoutd be adjusted and time line of the

~ chart be adjusted to the actual time. Also date and fime when the new charl is inserted

shonld be recorded on the new chart for the convenience to read recorded rainfall data.

For all the stations, adjustment/checking of zero point of water level needs to be
conducied once a year, at the beginning of the rainy season by the portable water level
gauge which is provided by the manufacturer of the equipment.



At the Sacobia Station, there arc many grasses in front of velocity sensor and these
should be cul from time to time to avoid disturbance of radio wave propagation from
and/or to the velocity seasor,

6.2.4 Data Retrieval from IC Memory Card

Velocity and water level data which are recorded in the IC memory card is retrieved
* through the following two (2) sieps.

{1) Making a file from IC memory card using the program “ICUTY.EXE", and

~(2) Making a Lotus file from the file mentioned above using [.otus add-in soft
“Memoria™

The water level data is recorded as the change of vollage in the 1C memory card and
therefore conversion of the voltage into the water level (height from the zero point) will be
required using conversion factor 2.0.

For the [C memory card for flow velocity, two (2) kinds of flow velocity is directly
recorded in the [C memory card, namely value indicated in a unit of m and a unit of cim.

6.3  GROUNDWATER LEVEL GAUGING STATION
- 6.3.1 Location
12 stations were constructed inside the school ground of clementary schools.

{1}  Angeles Ground Water Gauging Station
© Gueco Bahbago Elem. School, Angeles
{Coordinate: 15°10'10.1"N, 120 35'42.1'E)

(2) Dau Ground Water Level Gauging Station
Dau Central Elem. School '
{Coordinate: 15°10'58.3"N, 120° 35033 E)

(3) Mabalacat Ground Water Level Gauging Stauon
Mabalacat Elem. Schoot
{Coordinate: 15°13'38.1"N, 120°34'13.6'E )

(4) Bamban Ground Water Level Gauging Station
Bamban Central Elem. School
{Coordinate: 15°16'52.2"N, 120°34'02.8"E )

(5) Culubasa Ground Water Level Gauging Station
Culubasa Elem. School
{Coordinate: 15°08'41.6"N, 120°39'06.9"13 ) .

(6) San Jose Ground Waler Level Gauging Station
San Jose Elem. School
(Coordinate: 15°1127.6"N, 120°38'04. 7'E }

(7) SantoRosario Ground Water Level Gauging Station
~ Santo Rosario Elem. School _
(Coordinale: 15°14'48.3"N, 120°38'13.9°E }

o (8) San Francisco Ground Water Level Gauging Station

San Francisco Elem. School
(Coordinate: 15°18'46.0"N, 120°38'11.1"E }
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(9)San Juan Ground Water Level Gauging Station
San Juan Elem. School _
(Coordinate: 15°07'06.9"N, 120°42'06.1"E )

(10) Magalang Ground Water Level Gauging Station
Magatang Elem. School
(Coordinate: 15°13'05.2"N, 120°3931.6"E )

(11} Telapayung Ground Water Level Gauging Station
Telapayung Elem. Schoot _
(Coordinate: 15°11'13.1"N, 120°40'26.5"E }

(12) San Bartolome Ground Water Level Gauging Station
San Bartolome Elem. School
(Coordinate: 15°17'02.5"N, 120°40'35.8"E )

6.3.2 Equipment Conﬁguralion and Tnitial Selting

The station consist of observation well witha diameter of 150 mm and depth of 10 m as
well asa pen recorder with wo pens (green and red) to record water tevel as shown in
Figure D.54 which is instailed in a station house shown in Figure D.55. The pen
recorder (W-761-03-00) is operated by four (4) dry batteries of size A. The zero point of
the gauge is set at the ground level and ground water level is measured from this point.

6.3.3 Required Maintenance

The recording chart (S-115), the recording pens of green and red (N-015-11) as well as
four (4) dry batteries should be changed every three (3) months. Whenever chail is
changed newly, the zero point adjustment of recorder will be required. Accuracy of water
level indication should be checked one a year at the beginning of the rainy scason and
necessary adjustment will be required based on the Instruction Manual.

6.4  OBSERVED HYDROLOGICAL DATA

- Hydrological data obscived from the installation 6f_ the equipment until the end of

Noveniber 1994 were collecied and data reading was made by the Abacan Office of MPR-
PMO, DPWH together with the JICA Study Team. Daily rainfall data of three (3) rainfall

- gauging stations arc tabulated in Table D.25. Water level and current velocity of five (5)

streamflow/mudflow gauging stations are shown in Tigures D.56 and D.57, respectively
together with hourly rainfat of related rainfall station. In Table D.26, groundwater level
of twelve (12) stations arc indicated.
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