oooo
Journal of Geography
110 4[0461-481 1111

doodooooooooo
Pasig-PotrerodPorac U 0 0000000000000 OOO

0000000 YYW O 0O 0O 0O OoJooooooo e
00 000 O *JRONDAL, J.D.“TJCOLLADO, M.B.*"
ooooooose

The Groundwater Flow and Recharge in Lahar Disaster Area,
Pasig-Potrero and Porac River Basins, Philippines
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Abstract

O O Pyroclastic deposits of the Mt. Pinatubo eruption in 1991 have been transported as Lahar
0O Mud flowlby rainfall and inflicted damage to the area surrounding the Mt. Pinatubo. changes
in the quality and quantity of groundwater have affected the regional community, which
mainly depends on underground water for water resources.

O O The purpose of this study is to understand groundwater flow and recharge in the Lahar
disaster area around Pasig-Potrero and Porac river basins, Pampanga province, Philippines.
0 O Resistivity sounding was applied to measure underground water level, and a water
analysis was conducted to understand the regional distribution of ion concentration.

OO A landform classification was carried out to consider the influence of landforms on
underground water flow and regional distribution of water quality. The former landforms
O before 1991 eruptionOwere classified into mountain, alluvial fan at volcanic foot, alluvial fan
0 Porac, Pasig, Abacanl] delta, and flood plain. Underground water flow and regional distri-
bution of water quality were prescribed by these former landforms, except in the area
surrounding Sand-Pocket. From the fact that the deposition of lahar in Sand-Pocket has
raised the bed of Pasig-Potrero River, it is considered that river water has intended to

HDooooooooooo

MOo00000000000O00000O0ooooooo

‘Mo000O000O00oO00oooooa

‘Oo0000000000000000D0

‘o000 00D0D0D0000ooooo

HEnvironment Planning Division, Environment Department, Yokosuka City

2rokyo Institute of Technology, Interdisciplinary Graduate School of Science and Engineering, Department of
Environment Science and Technology

3{Edogawa University, College of Sociology, Department of Environmental Design

4 Department of Agriculture, Bureau of Soil and Water Management, Soil Conservation Division, Philippines

SqTCentral Research Institute of Electric Power Industry, Abiko Research Laboratory, Geosphere Environmental
Science Department

IO —



infiltrate into the underground water in the area surrounding Sand-Pocket. The influences of
former landform and artificial landformd Mega Dike were pointed out as factors regulating
characteristic underground water flow and distribution of water quality in this area.

00 O Spatial distribution and seasonal changes of underground water flow and water quality
were obtained from observed results of resistivity soundings and analytical results of water
quality. Underground water flow, which had small seasonal changes, was classified into 3
regional groups] 0 0O O 0O The existence of a peculiar regulating factor for underground water
flow was suggested. In addition, monthly changes of water level indicate a translocation of the
recharge area. The propagation speed of recharge area was related to the true speed of the
translocation of recharge area, which was estimated from the results of a pumping test and
from calculations of the apparent velocity of underground water flow. Furthermore, the
distribution of SO, concentration showed a good correspondence with underground water
flow. In particular, the high concentration area of SO,* was distributed inside the Mega-Dike.
From the results obtained, a model was suggested to explain the formation of water quality in
this area characterized by the underground water flow from Pasig-Potrero River.

O O From above results, groundwater flow and recharge in Lahar disaster area around Pasig-
Potrero and Porac river basins were understood.

Key words Philippines volcanod lahard underground water flow landform
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Fig. 10 Regional distribution of SO, ion of
underground water and river water in
Lahar disaster areal] May 1998[1
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Fig. 20 Distribution of Lahar at surrounding area
of Mt. PinatuboO Light colored areall
Frame of satellite image shows study
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Fig. 30 Location of observation well and measurement point of resistivity sounding.
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Fig. 50 Landform classification map before eruption of Mt. Pinatubol
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Table 10 Measured underground water level and estimated underground water level.

20010 70 20010 110 20020 30 20020 60000000

A 3.6 4.1 5.3 5.7

B 5.3 4.7 6.3 7.3

C 3.5 4.4 5.2 5.8

D 0.5 1.1 1.3 2.0

E 0.0 0.8 1.9 2.4

F 5.3 4.5 6.0 6.7

G 2.9 2.2 4.2 5.0

H 8.1 5.7 8.1 9.2

| 5.9 6.4 7.1 7.6

oo J 9.0 6.8 8.7 10.3

K 0.9 3.8 25 15

L 1.8 2.4 2.9 2.8

M 0.7 2.3 1.9

N 0.8 1.2 2.9

(@) 4.6 3.3 3.2

P 2.6 2.1 2.0

}{ Q 2.6 1.8 3.9 1.9

EP1 3.5 24.4 4.9 2.0

EP2 5.5 2.4 0.7 2.3

EP3 7.2 11.6 9.6 29.1

EP4 12.7 12.2

EP5 10.8 18.7

EP6 0.4 55

EP7 2.2 3.3

EP8 12.0 24.2

oooooo EP9 2.0 6.9

EP10 23.2 21.0

EP11 9.1

EP12 2.8

EP13 1.4

EP14 2.5
EP15 O

EP16 5.0

EP17 2.8

v EP18 5.0
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Fig. 70 Regional distribution of water level.

C40 SanmabiacreekD OO OO OOOOOODO
JoopopooooOoositePO0O0OOOOOO
Pasig-Potrero0 00 C4A00000O00O0OOOO
oooooo
ObODiladila000O00O00OOO0OO
OSitel0 EP110 EP30 00 Site GO EP6 0
EPOO000DDOO0ODOOOOODODOOODODOO
J0o0oooooopooositeBODOOO EP2
00D00000o00oOoooclono siteAOO
O0EPIODODDOOOC2000000000
gooopOoggsitelDDOODDOOOC3
OReritalcreeklJ C2000000000000O0O0
OcOPoracODO0ODOOOOODODOO
OSiteQUO EPSOODDOODODOOIODODOO
0000000 0OOEPSOOEPBODOOOO
PoracO0DDO0DOO0ODOOODODOODOOOOODODO
OO0 PoracOO000OD0OO0OOOODOOOODODOO
ooooooooo

goboooobobooooobobbooooboobo
O0000o0oooooooooooooooo
gogbooboboooobobouoooobbooboobo
gobooboooobooboooboooo
00000 7al0d00OO0OOOODOODOO
gogoboboooobobbooobobouooooboobo
gobooboooboboooboooo
O00oOooooooooooooooooooo
Sand-Pocket 0 00O 000D 0OOOOOOOO
0000000000000 0dsand-Pocket D0
O0000oooooooOooOooooooooo
00000000 Sand-Pocket O O O O Pasig-
Potrero0 00 0OO0OOO S0OmMOOOOOOOO
O00000OMega-DikeO OO OOOOOOOO
gboooobooboboooobooboobooo
00000 9al Sand-Pocket0 OO O OOOO
O0000o0oooooooooooooooo
OO00Sand-Pocket 000000000 OOODO

IO —



 EEEENH
Cx M2
—* TR

R o AR )

0O 80O0O00O0o00ODb20020 6000

Fig. 80 Underground water flow[J Jun 20020 .

0 30 0 00 Pasig-Potrero0 0000000
000000000000 90 Sand-Pocket O
0000000000000 OMega-DikeD OO
oooooooD 12zmobcbOob0oOogoooog
00 Mega-DikeOOOOODOOGQOOoOoOOOOO
O00000000O000OSand-Pocketd OO0
ggbobooooboboooobboooooo
00O0o0o0O0ooooobOoboooongo sand-
PocketDOODODODOOOODOOOOODOOOO
ggbobooooboboooobobboooooo
goobooooboouoobobbuoooooo
Mega-Dike DO OO0 OD0OO0OOOOOOOOOO
00po00o0ooOd7a0doooooonOOg

000 Sand-Pocket DO OO OO0 OOOoOnO
goobooooooddoooooooooo
g2000000000000

o0 l1o00ooooboobooooooooao
ogoooooooozooioOooooooooOOO
Pasig-Potrero0 0000000 SiteCHO OO
Oo0oz2001080000O0OoOOOOOOOOOO
000000000000 Site NCOCP O O 2002
0700000000000000D0000O0O0
goboo0ooooobobbooooooooga
goooo0oooooooooobooooooo
ooooooooooo
dOO0DO0ogsSiteCOO O 50 POO O 30O

IO —



L]

x A— -
" ll,-" o "

E —— AT
e ’_,a”'/.# = BN ]
Cl "'—-_t“nf_}l’;‘

5 TR

al ; .

L] R TEE) LB L HEE1 P ki) HER

& aira D ERIn) o'
0 90 Sand-Pocket 0 00 D0OOOOOOOOO

al00000000000bOOOODO

Fig. 90 Results of survey around Sand-Pocket.
alContour map by survey] Jun 20020} b0O
Cross section between inside and outside
of Mega-Dike.

goobooboobobobobuooboobo
OO0 sitecOPOOOOOODOOOODOOOO
ooooo0o0oooooooooooo
000o000ooooboooobOoOon Creagerd
OoooKOOooOoooO i1ooooooood
0Ooo0oo0opoooooooooooog v
Ocm/sODO0000D0ODOOOOOOO

Ov=KI 010
O000o0oKODOoODoDOOem/stO 0000000
goooog

000000000000 Angeles sand series
0 LaPazsand series0 00000 00O OO Teo-
domero, 195610 Creager 0 0 000 0O OODO
00000000 1.1x 107°0 3.6 x 107'dm/sO

00O00doodo 1.8@dmx 100/sO0O0000O0O,
19890 00SiteCOPODOIOIDODD 11.1%0
goooobobooooo KOlioooogogo
010000000000 oooodooodm/O
O000oo0oooooooooDoooogo 31.6m/
00 1036m/O0000O0OSB179m/ 000000
SiteCOPOODODO22EMmIDOOOOOODO
O000000O0DpoOggsSiteCOO SitePOD
goboobobooobuoobbooouooon 21.2
ges.6el00dD00O 4200000000000
OO00oO0poOoogsSiteCcOPOODODOODOD
gobooboobobonnooooboogoo
000o0doooooooboooob .20 21.2
ggooboooobobboobobboooobo
gooboooobobooobobbooooobo
gobobbbooooogoooobboooooog
gogobodooobobuoooobobbouoogobo
gooboooobobooobobbooooobo
ggo

000000020020 110 OO Pasig-Potrero
0O00O0poOoogsitecOOdODODOODODOO
gooooolesuoooobooooooo
goboboooobbuooobbbouooobobo
goobobooooobbooooboooooo
g 11todogg
o0oo0bODbOobOOOg NoOODDODDO SmmOO0O
ImdOdQOzooUdOobOOoOoooooobooooo
0000000000000 0ONo0.10 No.30OO
gobobobooobobbooobbouoooboobo
gobooboobooo
0012000000000 000000000
O00000005.78x 10720 x 9.02x 107
cm/sO00000000D0O0ODO0O0OOO0OO 1.1x%
10°'0 3.6x 10'dm/sO0 0000000000
000000 100 1000000 oooo
Joboooobobooooboooobono ax
1070 1x 10”0 00000000000000
gbo0ooDbile83boobooooooooonbo
gooboboooboooobobooooboobo
gobobooooobbbbbbooooog
goobooooobobuooobbouoooobobo

IO —



(hRIES)
—@— H(70m)
—0— C (50m)

T IKBL(m)

10 PR NPUN R SRS

T T —A— P (30m)
—v— N (20m)
A\ﬂ —&— 0 (10m)

N

7 891011 23 45 67 89 11

20024
®saA

B
]

20014 g

»
»

Jlooooooooooooomm

Fig. 10 Changes of underground water level by elevation[l
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Fig. 11 Specification and arrangement of well for pumping test.
all Specification of pumping test, b Arrangement of well for pumping test
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Table 200 Changes of underground water level.

site oo 2001/07 - 11 2001/11 - 2002/03
Q 110 0.9 022
A 50 0Jo.5 012
B 50 0.6 016
C 50 0.9 0.8
D 50 0J0.6 00.2
E 50 0Jo.8 011
G 50 0.7 020
| 50 0Jo0.4 0o0.8
F 70 0.8 015
H 70 2.4 024
J 70 2.2 019
K 70 029 13
L 70 0.6 005
P 30 0.6
N 20 0o0.3
(e] 10 1.3
OmQd

00 10 Pasig-Potrero0 0000 0O000ODOO 00 20Porac0 0000000000

Photo 100 Condition of traction in Pasig-Potrero river. Photo 200 Condition of traction in Porac river.
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