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Table C.3.1 Observed Daily Runoff of Gauging Sites (1/2)

(Unit : m¥/sec)

s m—

Month Day Wangal Balili Pico : Bahong . _ Bineng =
1
2
3
A4
]
[0 .
7 : :
B 1.853 b 8%
g - 1,099 0.812 1.472
19 0.625 0.650 0. 180
it 0.672 0.5580 0.1920
Sept. 12 0.435 0.875 g.110
_ 13 - 0.295 0.550 0.110
14 0.227 0.350 0.080
15 0.181 0:300 0.1t00
15 - 0189 0.3040 4.9080
17 0.136 0.230 o 0.0680
i8 S 0,518 0.210 0.0560
19 g.113 0.180 0.140
20 040.091 0.210 . 0. 080
21 - 0.169 0. 170 0.060
29 0.159 150 0.047
24 6.136 - 0.160 0.045
74 0.136 0210 0.045%
95 3.136 0.230 - 0.039
26 0.452 o 0.189 0.550 0.037
27 0,452 0.272 0.170 0.039
28 0.416 0.249 b:190 0.037
99 - 0.452 0.227 0170 0.037
30 . 0.452 0. 159 0.130 0.034
. 0.4186 0.158 9. 130 0.034
§ g.gii 0.159 0.130 6.0285
i 0.308 £.136 §.180 0.026
1. 0.308 0.113 0.150 0.026
E 0.308 0.13¢6 {}.150 . 0.029
6 0.308 0.113 0.150 0.026
g 07272 0.081 0,150 0.026
3 0-,235_ 0.691 6.130 0.026
0 9 53 0.068 o. 110 0.026
1 0o 0.023 0.110 0,026
o i2 0. 199 0.023- 0.110 - 0.024
ct. ¥ 9. 199 0136 4.690 - 0,028
i 0,199 f.113 0.0906 0.026
1 0:189 0.t59 0.040 0.026
ie 0 235 0,136 g.090 0,026
1 0238 0.113 0.090¢ 0.026
18 0 a0t 0.091 0.070 - 0.026
19 0,091 0.091] 0.070 0.026
28 0051 0.091 0.050 - .024
o 0127 g-igﬁ . 0.130- 0.026
22 0% 09 0 i 0.110 0-024
23 0.878 1,689 - 0.090 g.024
24 9,500 8.551 0.550. 0. 160
56 2 993 8.580 3.200 1.549
26 . 0.544 1.099 0.650 3412
21 0,452 0.957 9.500 g. 1o
28 8.380 9,626 g.540 g.090
o et .62 0.600 0.050
30 0. 308 0-22;] 0.300 0.039
11 0,308 . C0.230 042
. 0.227 0.230 0.0456
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Table C.3.1 Observed Daily Runoff of Gauging Sites (%/2)

(Unit : m¥sec) .

Month _Day Wangal Balili Pico _Bahong .~ Bineng
| 0.272 0.136 0.210 0.045
2 6.272 0.136 0,170 0.037
5 0.272 0,136 0,150 0.034
1 0,235 0.950. 0.113 0. 150 0.026
5 0.235 0.650 0.113 0.130 0.021
0 0,235 - 0.950 . 0,113 0.130 4.02(
7 0,235 0.950 0,113 0.110 0.018
3 - 0.1989 : 0.860 0.091 0.110 0.018
5 - 0,189 : 0.860 0,091 0.090 0.018

(0 0.199 L0770 0091 0.090 - 0.016
i 0.163 0.580 " 0.968 0.070 0.01§
Nov. 2 0.163 0.590 .. 0.068 0.070 0.016
13 3.163 0.596. . . b. 068 ’ 0.080 0.016
¥ 0.163 - 0.590 0.060 0.050 0.016
15 S 0.163 a.550 .068 ~0.050 0.0186
i 0.163 10.500 0.068 0.050 0.013
(7 0.163 0.475 0.068 0.050 0.013
I8 - 0.199 0.500 2.091 0.050 0.016
19 0.19a 0.475 0.091 0.050 0.016
50 6.199 0.475 0. 091 0.050 0.016
o1 0.199 0,475 2.081 0.050 0.016
o9 0.199 ©0.450 0.091 0.050 0.016
23 0.199 “0.475 0.091 0.050 0.016
24 - 6.108 9. 650 0.091 0.050 9.016
b9 0.272 0.450 G.136 0.050 0.013
96 0.272 . 0.450 0.1386 3.45608 3.013
o 0.272 1 0.425 0.136 0.050 0.013
e 0.235 0.400 6.113 0.050 Q.013
59 0.199 0.375 ¢.091 0.050 0.01!
4 0 0.199 0.375 0.091 0.050 0.011
| 6.163 o 06 P
! 0.163 _ 7 00050 6.01i
0.050 0.011
3 0.163 0.050 0,011
A 0.235 Y 0,050 0.008
5 .0.272 : - 0.050 0.011
6 0.212 0,045 B.011
7 0.272 - - 0. 045 0.011
8 0.235 . 8.045 0.041
9 0.199 ©0.035 '
0,035 0.611
(1] 0.199 . : 0,035 © o Q.008
11 0.199 0.030 " 0.008
i2 0.091 ' . 0,030 " 0.008
Dec. |5 9,091 o o 0.030 ©9.008
14 0.091 : © 07030 . 0.008
15 0.¢81 . 0.025 0.008
16 4.153 0.025 ' 0.005
(7 - 0.235 o020 0.005
18 0.235 6020 0.005
19 0.235 o 0,020 : 0.008
20 0.199 0.020 0,008
21 0.127 . ' ) : )
0.020 0.008
22 0.127 . ©0.020 ©4.008
23 - 0.127 - ' - '
0.015 0.008
24 9.091 _ : ¢.015 0.018
25 0.055 : ’
0.015 0.018
26 8,055 : L 0.015 ¢.011
27 0,055 _ Y :
0.015 0.011
28 6,163 . : 0.010 0.011
29 0. 163 :
_ 0.010 0.011
30 0,163 0.01¢ -0.011
31 0.163 ; '
3 0.010 0.01!

C- 38



LT

O'8T6T

0061

= OW Iy

(ur{bs $1€) Teany IIRg A1 JO Jjoumy ﬁ&mﬁmmm D RI9eL

6FL $5°09 : 610 1590F 1861
§08 - L'LSOF  €°L9TE C 6S7TOT - €5TE LOTO- - TESTIL . 9861
TULL ¥T9EY  0'E9EE  Q9S01  6¥EC G610 BLLTF  §B6I
YL L'STPE  L€8§T . EU'I8 99ST  PLYO . ¥ESLY 861
8'€L  U9TULT  §ISLT L0SS vpLT L6TO - 8SEWE €861
L8L 9CE0P - STLIE  T966 - 6STE . 6ETO 606°VE. TR6T
S6LC LL86E L'OLIE | 9§66 . LSTE  LTTO  6LIEY  I86Y
P08 OYISY  v8E9E  BTPIL €IS - L9100 0SI'98 - 0861
L'sL FE06T . §'L6IT 10769 . 88IT  LOTO . PLTSE - 6L6T
L OLL £90¥E . 61797 E€T®  TI9T 1610 - ¥9€9§ - 8LST
S TLL §'9L9E  T'YERT  TU63. 9T8T . TITO . STHPS  LLGY
(%) (umm)- () GADW) . (S/wrmd)  (SAu'mo) . (s/n)
WD lepwey gouny  jjoumy ogouny  joury oy
Joury  [enuuy [Enudy  Tenuuy AfrRQreAy ATIRCIUNN A[TeQXRIN SBOX
- eTolje0) Jjoumy [enuy
_ : =
1 s 89 861 8T . ¢'S1 L6 69 T L0 9°0 60 agERAyY <
OI'L - €8T - _€0TT - 8TTY - TEEL 0SS 778 66T 65°0 $9°0 §9°¢ . 080 L1861
o1 oLt wy §9°ST  86'€T  ¥SLT . L $0°8 §6°0° 890 . 890 £6°0- 9861
€T .69 . 8b¢ STST EPTE O TYOl . 59T 689 95°1 L9°0 650 - LLD 861
80T P8I 6L A4 I N A A €L UL 61T S50 TE0 . 590 861
£0°1 LT vy g 681 L9S LS I8 6570 '89°0 - OLO 10°1- €861
€T e 169 0TET  OIVZ  680E  ILL 99°¢ 92T 890 . 890 66°0 7861
YT -T§'9 vl'8 B6'LT - TE'9T  LSTT LELT 79 62°1 690 TLO AR 1861
1 LLYT. w09 1€°61 €18 ST €079 60T iFO ¥80 50 oL 0861
960 - 1€T wLS 169 8612 96€1 099 0£'8 #0'1 790 €90 ¥6°0 6L61
CTET 99T 98°9 SEEL - - LLLT - 60Tl £9°6 (A4 L§°0 +9°0 90 L80 - 8L8T
i T 6L°L §SIE - HLOT. Q0TI 9P LTE . £60 61°1 850 §L°0 LLST
(T >OZ PO . ...ummm. .,.m.nd‘ %SH auny hﬁz.. CL .a‘.q. “TRIA gqed ..n.mh h«@Nf



B INTERNATIONAL TREATY LIMITS :

S B

LEGEND.

L4 . .
. E:] Yype 1 -Two pronounced seasons, dry from
November to Apcllliwel duting the restof the yeqr

t

BALINTANG GHANNEL

=

Type T -No dyseason with.dvery.prenounced
A

v e CALAYAN 2 moximum rain fali.from Nove mber to Jafuary
[4 : ;
- . R
44 BARR Type I ~Seasons not very pronounced,relofively
Lﬁomﬁ‘ % dry fjom November toApri) and wet during
& i— . -~ the rest of the yeor
' 'wcmél TUBUEGARAG .| . '

ez Type W-Rainfallmore or fess evenly dis-tributes
///’- thioughou! the year, 3

sacud o : :
CASIBURAN
DAGURAN {0 —— :
! _

. BALER
184 :

.l o
MANILA ! '

P
™ ie

ROXA

F cuvo

e

B S

r™

SULU  SEA st BORONSAN -
- COTABATO Z Valfo
ZAMBOANGA - [ 7 _
o / -
JoL0 -
J\ﬂ\\ L : o — N.SANTOS
. . = o n
o> Ja CRLEDES SEA |
ﬁ‘ :’ Do | T INTERNATIONAL T .
L IO INORS S o] -

Fig.C.1.1 Climate Map of the Philippi'nas |

C- 40



Y s
B AA S Kl
: .

S

AL L A g . :
Bolo-. P iy : y
Dolo ek AL creck

SRS At Y o
SRR b ekl
& Ambi eck

L,

&
ENR

R ,’:-:"‘l—‘_
T
AR N

S S e
220 Ry ¢ a!ih‘n.v s

B
=

SR '
LEGEND!

— Caxchmeht Area

it Riire,r or Creek

Fig.C.1.2 River System of Baliii River Basin

C- 41



T
RS
R 20

T
1

M

“a q oBinn x>
et

Dorigayos Burgs
»

MoYaye gde
Sonfrorde
aréri oo,

i Sreind
[T\ n1ey
R L
2 At

d:&éi{‘};%i;ﬁ%: ,
¢

@ Rainfall station

.

® Streamflow gaging station

e
I

\ 2
0 T
Sl

e SN

.. 1/250000

Fig.C.2.1 Location of Existing Rainfall and Streamflow Stations

C- 42



.

Weal YOIL AQ PIaIssqo ‘ATUO BIEP TIRIUIRY I /E

Atuo ejep 1Tejuley

17g

elep 1e518010J08%38K /T

|

I

gpoplulsl o] ’Busuig

|

£ POPIULLL 7 ‘Buoypg

g popiudL 7 ‘sinbng

N ETE YT

7 PPy B TBuciquiy

77 C.O%Uﬂ DM ho ng

F7unAogpy} ‘opbung

~postog ' BupABupy

 foignL 20-s0q

_ .\.m._ro.mox ‘dindn)ng

rzuebo}] dojnipg

rzuoboy] ‘pbuig

g boog Hogog

7z posog ‘oppinquiy

oYY sipeg

; VSYOVd NSH

o ._.

mVSYOVd on bpg

12981 |

9861 {5861

M %.@

086l

661 ”

9.6l

‘GLSL

746!

aWDU UOIIDIS

eyeq 20IBOI0I00IaN PRBHOD 272 Bid

”
8.6l | LL61

C-43



e N PO ST
e AR
Dulpsan,

iy $ihs

R R
T AR OM s

@  PAGASA Statlon

® Jica o o LR

Fig.C.2.3 - Rainfall Stations Installed by JICA  Beaulo "““_’AIS"‘-

2 *a -2
SR |
TR ST

C- 44



UOREIS NSY pue uohels oinbeg usamiaq
ifejurey Ajleq Jo uoe|ay uopepLod 20 bid

fep/ww Qtnave

008 00! 0Cs 00 . 00y 00e 00z ool 0
T T w ...ﬂ\%
R
—— it ool
- .. e m 002
: . 00€
— N _ — 0ov L6°0 : 102101190
. m ’ _ UOLEIRLOD)
T ; ] ; _ 005 o
_ | in
m ! R
ﬂ ) i Oom. w
=
=
: 0 B
L % 008
Kep/ww

LEBT - LLBT

C-45



mm

Fig. C.25 Accumulation of Observed Rainfall
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Automatic Water Leve Gauge 2 points
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Fig.C.3.2  Location Map of Gauging Sites
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Fig.C.33 Rating Curve of Gauging Site in the Project Area  (1/3)
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Wangal gaug'ing site
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Bahong gauging site
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APPENDIX D GEOLOGY AND HYDROGEOLOGY

1. GENERAL

B The Projcct area of some 15 km2 surface area hes in the souihwcstem part of
the Central Cordlllcra mountain range in Northern Luzon. The Cordlllera is flanked on
the east ‘oy the Cagayan valiey and Eastem Cordillcra, and on the west by foothills
whlch are thc norther continuation of the Luzon Central valley. '

South of La Trinidad, the Central Cm_‘dillcra takes a southeasterly COUISE. The
central valley lies to the southwest of the Central Cordillera and is borders on the Sierra
Madre in the east and on the Zambales Range in'the west.

The Ccnnal Cordlllera consists iargely of early to middle Tertiary volcamc and
platomc rock and early Tertiary or older metamorphic rock, all of which are known in
great detail from the Baguic area, and Tertiary volcanic and sedunentary rocks.

There are no active vo]'canoés_or confirmed volcanic landforms although
Pliocence pyrociastics have been reporied from the Guinaoang area, 50 km. north-
northeast of Baguio.



2. GEOLOGY
2.1  Geological Cdmponents in the Project Arca

The geology of the project area consists of quaternary and the 'tgrt_i'ary
sedimentation, The quaternary formations are divided into the alluvium of the Trinidad
Valley and the Talus deposits presenting avound the area with liniestone formations,

The tertiary formations occupying most of the mountainous areas consist of the

following:

- Tuffbreccia-Basalt

- Agglomerate-Lapilli Tuff
- Conglomerates '

- Shale-Sandstone-Tuff

- Limestone |
-Andesitic Sediment

Table D.2 gives a breakdown of these components in the Project area.

2.2,  Quatcrnary Formation
2.2.1 Alluvium

This formation reaches a thickness of 14 m in the central pai‘t of the Trinidad
Valley, more than 43 m aiogg the national road at the northeast of Zone i, and 2mof
Stock Farm. The upper layer of this formation is of poorly sorted soil with a thickness
of 1 to 2 m, and the lower layer is composed of well rounded silt and clay.' Sandy soil
of more than 2 m in thickness is distributed in the Alno Valley. |

2.2.2 Limestone fragmént

Limestone fragment is predominantly piled up at the foot of the steep cliffs in
Zone I1, and a part of the formation stretches into Sadag or Talingting.

This formation consists mainly of limestone Bou]der-and reddish clay of
terrestrial deposits. The formation is also observed at the foot of the Pico mountain and
the Wangal creek.



2.3 Tertiaty Formations
2.3; L T_uﬁhreécia and Basalt
This fdnpatidn consists of altemaiing béds of dark-éreyey ba_salis and greenish-
greyey tuftbrcccia,_ a:nd chstrxbutcd in the db_wné_tréaga arca _of*hc_Bal-ili river.
. ThlS f;n;;natioﬁ is Vsubposéd to be the oldest basement in the Baguio-Tfinidﬁd

district.

2.3.2 Agglomerate-Lapilli Tuff
- This formation occurs at the mountainside. Andesitic boulder is predominant at

the top of the mountain.

This formation consists of granule to rounded cobble of andesite/tuff with a
matrix of fine grades of the above, siowing a reddish brown hue.

'_ B T‘h_is' fo_miation is considered to be hgtérotopic faeces of conglomerate and shale-

sandstone.

2.3.3 Conglomerates

This formation is widely distributed in the western pant of the Project area. The
formation consists of pebbles of andesite or granite and matrix of sandstone, and is
almost jointless, hard to medium-hard.

_ W_eathering residue 10 to 20 meters in thickness, is widely distributed in
Puguis, in the LOWCr Wangal and Bineng. The formation dips to the north or to the
~west at angles genewally ranging from 20 to 30 degrees,



2.3.4 Shale-Sandstone-Tuff

This formation is observed in Zone 11, the upstream aréa of the Balili river and
the peripheral area of the Trinidad Valley except at thc castern part of it. It has a gray,
reddnsh brown and greemsh gray color Gencral!y, it consists of soft to medium hard
rocks with little fracture. Dlpping angies of the formahon range from 20 to 30 degrees
to the north. S

2.3.5 Limestone

Limestone occurs in the area from the back of Zone I through the Pico
mountain, Basement rock of the ’I‘nmdad Valley consists of limestone stretchmg to the
Westside of the Wangal creek.

Htisof hard_ to meditim-hard rock well jointed, showing grayish white color.
The formation at the mountain ranges dips 30 to 40 degrees to the north-west, overlying
the basal conglomerate, Thickness of the limestone layer in the Trinidad Valley is about
92 meters on the right bank, 40 meters on the left bank of the Balili river and 90 meters
in the Stock farm area. '

2.3.6 Andesitic sediment

Andesitic sed1ment is d1stnbuted in the mountam ranges at the back of Cruz
through Alno; COmposing the mountain range.

This formation consists of ande‘site breccia, being hard and gray in color.

This Andesitic Sediment as well as Tuff m‘émioned in 2.3.4, are assumed to be
a contributing factor to the formation of the Trinidad Valley and the Alno Valley.

"D-4



3.  HYDROGEOLOGY
3.1 General

“The aHuvwm in, thc Trinidad Valley is generally water xmpermcable to semi-
pcrmeable as it consists of clayey sedimest. But, in certain parts in the southem and
western areas of the Trinidad Valley, the alluvium retains ground-water as it contains
interbedded thin sandy Iayetsr. _ '

" There are several shallow wells of 10 to 20 meters dcbth and a static water level
ranging from 3 to 7 meters. Itis often the casé thai these shallow wells ca_nnbt be used
in the dry season because of poor discharge from the wells and water contamination.
This contammanon is assumed to extend from the Balili river basm to'the Bayabas creek
basin. '

_ Tertlary limestone mterbedded With poorly cemented layer of coral fragments
aﬂd loose soil of terrestrial deposxts is an externally permeable layer because cracks
along the bedding plane and joints are well developed in it. The mountain slope has no
natural waterstops in the form of impervious rocks, so that no aquiferous strata are
found here. A good aquifer does exist, however, in the Trinidad Valley.

On account of its high permeability in the Trinidad Valley, the aquifer found
here is affected by the contamination from the Balili river,

3.2 Springs

Several springs are found in the mountainside areas consisting of limestone
formations. Their oceurrence suggests that the impervious shale or other tertiary rocks

exist with the limestone formations.

Water from the Dinog cave contains lather, offensive odor, garbage and other
wastes. The mains water is therefore assumed to come from the Balili river.

This indicates that the Bahong cave {Dinog Cave) is natural tunnel. outlet
connecting the downstream side (EL. 1,310 m) of the Balili river in Zone 1 and the
Bahong spring (EL. 1,230 m). The !éng’th of this tunnel is about 1,500 meters.

- The low quality of the water from the Bahong spring has a negative effect on the
westemn side of sloping outlet downsiream area, except Peril creek.



3.3 Groundwater

Groundwater in the tertiary rocks which generally form impermeable strata
oceurs as fissure water, while Puguis and Lower Wangal, mostly composed of
weathered conglomerates, have phreat:c ground water, with the rocks having a high
water retention ratio. '

In Longlong in the upstream area of the Wangal creek, groundwater may exist
in the conglomerates as a confined water, with the conglomerates intercalated with loose
and poorly graded layer$ along the accumulation surfaces.

As the thin layers of sandstone and coarse tuff in Zone 11 are rather loose, duc io
weathering, small but stable amount of groundwater discharge are obtained. Therefore
several shallow wells ace explmted in the layers.

Rich aquifer is found in the h:lly areas of Amblong-Busal in Zone I where

bouldeis of agglomerates are concentratéd.



4. FLECTRIC RESISTIVITY SURVEYS

Electric rcs:sttvity suweys of the rock strata are the most cff‘cctwe mcthod of
obtalmng information about the hydrogeolognc condxtmns

_T:hé electric properties of most déposits and rocks vary over a wide range,
dep.cnding upon the material, density, porosity, water content and quality, and the
distribution of the water in the materials. Water saturated materials have lower
'resis_tivity%than unsaturated and dry materials. The higher the porosity of the saturated
materials, the lower their resistivity. The presence of clays and conductive minerals
also reduces the resistivity of the materials.

Efectric resistivity surveying is based on evaluating the apparent resistivity (Pa)
of subsurface materials by passing a known electric current through the ground and
measuring the potential difference between two points. The electric current is applied
by using buried metal rods driven into the ground as the electrodes. The distance
between the current electrodes depends on the desired range (depth) of observation.
The potential difference is' measured with two separate electrodes located symmetrically
on a line between the current elecirodes. '

With the Wenner configuration, the distance between the voltage-applying
_ elcctrodcs {a) is one-third the distance between the current applying electrodes (L),
Apparent resistivity (Pa) is calculated as

Pa=‘27rayl—

where V is the potential difference between the voltage electrodes, [ is the total current
in the electsic field.

When the apparent resistivity (Pa) is plotted against the electrode spacing (a) for
various spacing distances in a given site, the measurement points (coordinates) can be
connected by a regular carve.

The interpretation of such a resistivity-spacing(depth) curve in terms of the
associated subsurface conditions is a complex problem. A measured apparent
resistivitwdq;th curve is matched against the familiar standard theoretical curves
{(Sundberg and Hummel’s curve) in order to determine the true resistivities of individual

layers,

Electric resistivity surveys were carried out at 18 sites to make clear the
hydrogeologic structure in Zone I, IT and II1. True resistivity values are given below.



Resulis of Electric Resistivity Susveys

True Reslstivity Value ‘Material Geology Permeability
(ohm - m) : & _ .
0.2 Alluvium (Clay - Silt), - . :
| Argillaceous Shale, Toff, Impermeable Layer
15 . Sandy Conglomerate 1
15 : _ Sandy Clay - Sand,
| ‘Arenaceous Sandy Rocks, -
40 _ Conglometate
o Coarse Sandstone, _ .
1 Sand ot Giavel  Weathered Conglotnérate, Permeable Layer
60 ' Limestone, Porous Rocks: S
200 Limestone Fragment,
i Gravel Cracky Sandsione and Conglomerate,

Jointful

* 1,000 ohm-m in Alno is the unknown values.



Results of Pumping Tests of Deepwells

Well No, 7
Ttem ' DZ-1 (Stock Farm) - 1DZ-11 (Bahong) DZ.1i {Bincng) - Remarks
vumping Setilng (m) 42.7 488 488
Static water Level {m) 6.7 10.57 '30.18
0-21 C0-1 ¢-8 Permeable layer : Ls.
Talus deposits and . Talus deposit ‘Weathéred
Alluvial Sand conglomerates
Lithologic Log (m} _ 21 - 87 1-33 8-78 Semipcrmeab[e layer :
Limestone and Sand - | Limestone ' Con'glom.eratés - Sand, Sandstone, .
Conglomerates
8- {12 33-100 76-80
Marl Sandstone, Shale, Mudstone Impermeable layer :
i i2- 120 Conglomerates - Marl, Tuff, Mudstone
Tuif and Tuff
Thicknoss of the §0.29 89.43(L.S. 22.43 45.82  Below the Static
Aquifer M {m) . : ' S.8alt 67.0 Water Level
Discharge Q {m>/sec) 4.4X10°3 4.7X10°3 4.4X10°3  Final
Drawdown s(it) 26.52 069 3.40 Maximum
Specific Capacity ©1.6%1074 6.8x10°3 1.3X10°3 c=9
C (wi3/secim) s
Transmisstvity T (m3/sec)
Draw down TD
by Yacob and Cowper 9.0X10°3 5.1x10°3 7.0X10°4 TR in DZ-L ;
by Theis 8.8X10°3 5.6X1073 7.2X107% 11X 102
by Chow Lixio4 42X10°3 5.9x107% TR in DZ-II:
by Yocob 7.9x10°5 47%10-3 7.0%10-4 38X 1073
Rccovet;y ™R S_BXlQ‘S . .-
Average 9.0X10°3 ~49x1073 6.8X10°4
Hydraulic conductivity 1.1x10°6 5.5%10°3 1.5%10°5
K (.mIScc} K= '1\'-1;_



5. DEEPWELL AND RESULT OF PUMPING TEST
5.1 General

Pumping tests for three deepwells were executed during the HIRDP survey
period. The locations for each of the deepwells in the three zones were selected by
taking into account the electric resistivity survey results and the estimation of the hydro-
geological conditions,

Fig. D.S..Z gives the specifications of the deepwells for the pumping tests.

The pumping test resulted in an adequate and clean water discharge from the test
wells. Table D.5.2 sums up the results while Table D.5.3 shows the corresponding
hydrogeological conditions.

5.2 Pumping Capacity of Deepwells

Three (3) observation wells have been installed in appropriate locations on the
inferred lineation along the fault line in the expectation that groundwater may exist in the
cracks and fissures that have developed in the zigzag formation,

Hydraulic conductivity analyses have been carried out on the prcmisé that there
is a free groundwater sucface. The results of the analysis are presented in Table D.5.4,
the relationship between the specific capacity ( C: m3/sec/m) and the hydrauiic
conductivity (K: m/sec) in particﬁlar, was found 1o be as follows;

C=# 150K
(1) Zone I (DZ-1 : Stock farm)

Tt can be inferred from the data of the pumping tests that groundwater near a
well is possibly formed on a free groundwater surface. A slightly recovering tendency
of groundwater level was observed during the puniping_ tesf period. This suggestsk a
yield capacity in excess of the test results, ‘Given that the _pehncahiiity value of the
limestone sand may be K = 1.1 X 10-6 m/sec, the design drawdown (s) value shall be
less than 30 meters, | o

The results suggest that the design yield capacity of a well F = 250 mm reaches
Q = 4.8 X 10-3 m¥/sec when the drawdown (s) is 30 meters.
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In order to maximize groundwater utilization in Zone 1, the installation of one
" more production well with a casing diameter = 200 to 300 min might be effective at the
promising site in Puguis in the Zigzag zone. Tts pumping capacity may be in the same
order as that of production wells such as DZ-II and DZ-III in the zigzag formation.

(2) ~ ZoneI1(DZ -1I Bahong)

Although a large specific capacity was recorded in the tests in the first half of the
dry seasen, its value may decrease in progress of the groundwater level lowering to the
end of the dry season. Since the groundwater level reaches a depth of 33 meters below
the ground surface and since the permeability is K = 5 X 10-6 m/sec, the design yield
capacity of one well ® =250 mm becomes Q =7.5 X 10-3 m3/sec, when the drawdown

(s) is 1.0 meters.

Six (6) wells have been designed to ineet the water demand in Zone II at the
location decided in the topography viewpoints, geology and the electrical exploration
results. with the expectation of the above capacity. More accurate estimates very

difficult due to uncertainty of the lineament on the geographical map.

The depth of the production well at Tawang may be req_uired to be more than
100 meters r'esglting from the thickness of the limestone at the high elevated land.

The depth of the other'productibn wéli—in Zone II may be 80 meters in
consideration of the above conditions.

(3)  Zone IIL(DZ-II Bineng)

Accofdmg to the pumping test results, the existence of water-retaining fissure
and leakable cracks has been obseved, so that, it may be difficult to be successful in
finding the aquifer at a different site.

Based on the anaiysm on DZ-JIT pumping test the dcsngn yield capacity can be
secured at a value of Q=13X 10-2 m¥sec when the drawdown s=10 meters. Stable
pumping-up is essential in the dry season so that the pump settmg must be desrgned
underneath the level of the possible leaking cracks. Its level may be about 59 meters in
depth from the ground surface.



6. SOIL PROPERTY FOR PROPOSED PONDS

Soils in the foundations of the proposed ponds and proposed borrow pit areas
can be classified into the foliowing categorics as their origin,

(1) Soils derived from limestone

{2} Soils derived from conglomefatos

3 Soils desived from shale, sandstone and tuff
(4) Alluvial clay

Soil derived from limestone is composed principally of talus deposits,
weathered residual soil and reddish clay. Talus deposits and weathered residual soil
contain fewer fine particles and have a high permeability.

Reddish clay indicates a high natural moisture content and may be considered to

have poor workability characteristics.

Soils derived from cohglomerait:s are mainly composed of talus dep_dsits and
weathered residual soil. They are widespread within areas as Puguis in Zone I, Alno in
Zone Il and elsewhere in Zone IIL. This kind of soil shows high shear strength and low
compresmbxhiy and it is expected to be the most suitable for embankment materials and
for foundation of embankment, except the soil extended at apast of Puguis in Zone |
which has a possibility of depression of strength in water because it is composed of
tuffaceous particles.

Soils derived from shale, sandstone and tuff are mainly composed of totally
weathered residual soil and they are found widespread in Zone 11 They have a high
resistance against piping by have a water and are expected to be sultabie for
embankment materials and for embankment foundatlon

Ailuvial soils are found in the swamp area of Zone 1. They are expected to
show excessive settlement for embankment foundation and low strength for materials
because their natural moisture content is higher than the llqmd limit,

In addilicn, when the foundation is composed of limestone, it is necessary to
take a countermeasures for the confrol of leakage.
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7.  GEOLOGY OF WANGAL DAMSITE
7.1 Geology

Three alternatives of the dam axes have been selected a}ong the Wangal creck By
considering the geological conditions as well as the specifications of damtype and
required water capacity came from water demand,

Topographical and geological characteristics of the three alternatives are
sommarized as in Table.4.3.6. .

There are topographical and geological limitations on the maximization of dams,

i.e.:

-highest elevation of saddle having EL. 1,249.62 meters at the left bank of the
Wangal creek, 350 m up-stream from No. 2 point.

. -existing leaky limestone on EL. 1,260 mefers height up-stream of the Wangal

creek.

In case of an earth/rock fill type dam, impervious and rock materials for the
embankment should be secured from the borrow pit consisting of totally weathered
congloin’efate’s in the Lower Wangal creek, The gquarry site of medium hard
bonglomerates on the right bank of 200 meters up-stream site from No. 2, respectively.

In case of a concrete gravity dam, the most suitable site would be selected at 1.8

kms up-stream site from No, 2.

7.2 Testhole drilling

Test hole drilling specified in Table D.7.2 was executed at the No.2 point by
the study team to obtain the geological informations for a dam foundations.

According to the results given in Table D.7.4, a low groundwater level is found
left of the abutment, so that, curtain grouting would be required. Consolidation
grouting would also be necessary for dam foundation to expect more increase of
bearing capacity thereof. '



Table D.2  Stratigraphic Classificatin

Period Epoch : Geology
Recent - Alluvium
Quarternary
Recentto | Limestone Fragment
Pleistocene :
Upper Miocene Andesitic Sediment

to Pliocene

Limestone

Shale - Sandstine - Tuff

.  Barly Middle
Tertiary R
Miocene
i Con_giomemtes
Agglomerates - Lapilli Toff
_'_Up'pefﬁidéerie I Tuff B.rccci.a'-Ba._sallts_
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Table D.3.1 Available River Water on February

-7 Geology River o E Water Source

{1} Limeslone Baliti River _ _(Béguio district), Pico Mountain, Trinidad Valley
Alspang Creek Tawang-Lubas Piedmont o
Wal‘lgal: Riﬁer Longiong-Timay-Sadiatan range

(2) Conglometates Bolo Creck

' Bedeweng Creek Bineng Spring
{3 Agglomerates Ambiong Nortk Creek  Busol-Ambiong Mountainous
{4 AndesitiéSediment Peril C.fe_ek' _ o Bagto range

Table D.3.2  Classification of Spring Condition

- Type Location Elevation (m)
(1) Piedmont fowland East and South ends of Trinidad Valley ; 1310 - 1320
.. (Limestone}) Pico Spring, Balili Spring
{2} Bed on impervious Lubas Spring 1385
rocks Bahong-Alapang Spring 1200 - 1350
{3) Fissure Conglomerates area ' 700 - 1400
L Sadag-Alno 980 - 1100




Table D.4 Results of Electric Resistivity Survey

True resistivity Material Geology Permeability
value {ohm-m) . ' ' .
0.2 _ Alluvium (clay - silt) | |
l al'giliacéous _ shate, Tuff Impermeable layer
15 : sound conglomerate - R
) sandy clgiy - sand
l arenaceous sandy rocks
40 ' --conglomerate -
40 coarse sandstone _ _
I sand or granel wethered conglomerate Permeable layer
60 limestone, pbrus rocks
200 Limestone &agﬁrﬁcnt

l gravel

cracky sandstone and

_conglomerate, jointful

* 1000 ohm-m in Alno js the unknown values.
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Table D.5.1 {1) Record of Pumpmg Test of Deep Well (DZ 0 {1/4)

WFLLNO - ZONEI JICA - HIRDP BUYAGAN, LA TRINIDAD
' DATE STARTED JAN. 24, 1988 ... - STOPPED JAN 26 1988
PUMP TYPE SUBMERSIBLE TURBINE o
PUMP SETTING - 140 feet {42.67 m) STATIC WAI‘ERLI”VEL 22 feet (6 7056 m)
REMARKES

r=0.075m
. Time . Pumping Water DrawDown Weir Level .']jischarge Remarkes
Clock  Elapsed Level (feet) {feet) {feet) {GPM) -
1000 . : K
01 0t ' _ 80
:02 02 80.
03 03 30 o
104 04 ' 80 Fast Drawdown No
:05 . 08 - B0 Reading Taken
:06 06 : 80 :
107 07 - 80
108 08 80
-:09 09 . 20
110 10 : : 80
1212 : 80
114 14 o 80
16 16 75
18 18 75
120 0 20 . 75
122 22 ) 75
24 24 75
126 (26 ' 75
128 28 75
:30 30 . 75
:35 35 75
40 40 oF 72.0 75
435 45 95’44” 73.3 75 -
:50 50 99* 77.0 75
:55 55 o3 78.3 75
11:.00 60 19157 79.4 . 75
10 70 104737, 82.3 . 75
120 80 1047 82.6 _ 75
30 90 105'10" 23.3 : 75
40 100 106’107 84.8 75
150 fio 106'97 ‘84,8 75
12:00 120 10719” 85.8 75
120 140 ore 85.6 : 75
46 160 1078” 85.7 - 70
100 180 1077 85.0 70

D- 17



Table D.5.1 (1) Record of Pumping Test of DeepWeﬂ (DZ-1) (2/4)

WELLNO, .- ZONE I :JICA-HIRDP BUYAGAN, LA TRINIDAD

DATE STARTED JAN. 24, 1988 STOPPED 'JAN 26 1988-\--

PUMP TYPE  SUBMERSIBLE TURBINE S

PUMP SETTING - 140 fect (42 67m) - STATIC WATER LEVEL . 22 fcet (6 7056 m)
REMARKES

t=0,075m

Time :. "Pumping Water Draw Down Weir Level - Discharge Remarkes
Clock Elapsed . Level (feet) (feet) (feet) (GPM) I
2:06 240 1075" 85.4 ' 70
3:.00 300 108%6" 6.5 : 70
400 360 109°0” 87.0 70
5:00 420 1090" 87.0 - .70
6:00 480 108'7” 86.6 0
7:00 540 1085" 86,4 ' 70
800 600 108'5" 36.4 70
9:00 660 108’5” 86.4 70
10:00 720 1084 86.3 70
11:00 780 108> 86.3 70
12:00 840 108'5” 86.4 70
o0 900 108'5” 86.4 70
2:00 960 108'5” 86.4 70
300 1020 10847 86.3 70
4:00 - 1080 108'5” 86.4 10
5:.00 1140 1086 86.5 . 70
5:00 1200 108'6” 86.5 70
7:00 1260 108" " 86.6 : 70
8:00 1320 108°6” 86.5 70
9:00 1380 108%” 6.5 70
10:00 1440 10877 86.6 70
11:06 1500 108'5” 86.4 70
12:00 1560 108°7” 86.6 70
1:00 1620 . 108%6” 86.5 70
2:00 1680 1087 86.6 70
300 1740 107 . 86.6 : 70
4:00 1800 108"7” 86.6 0
5:00 1860 1085 86.4 : .70
6:00 1920 108'6” ©86.5 70
7:00 - 1980 108%6” 6.5 : 70
8:00 2040 .108'8” 86.7 70°
9:00 2100 - 108'%6” 86.5 : 70
10:00 2160 108°7” - 86.6 : 70
11:00 2220 108°6” 86.5 . 70

12:00 2280 108'%6" 86.5 _ . 70




Table D.5.1(1) Record of Pumping Test of Deep Well (DZ-1) (¥4)
_ZONE I JICA- HIRDP BUYAGAN, LA TRINIDAD

WELLNO,

DATE STARTED. JAN. 24,1988 ... -

-STOPPED - JAN. 26, 1988

PUMP TYPE SUBMERSIBLE TURBINE = . o TR -
PUMP SEITING 140 feet (42.67m) - STATIC WATER LEVEL 22 feet (6.7056m)
REMARKES ' . . _
£=0.075m
Time . Pumping Water . Draw Down Weir Lével Discharge = Remarkes
Clock " Elapsed  Level (fect) {feet) {feet) - (GPM)
1:00 2340 1085t 86.4 70
2:00 2400 1084” . 863 70
3:00 2460 108'4” 86.3 70
4:00 2520 108'4" $6.2 7
5:00 2580 108'3” 86.2 70
6:00 2640 1081 86.1 70
7:00 2700 10810» 86.0 70
8:00 2760 108°2” 86.2 70
9:00 2820 108'1” 86.0 70
10:00 2880 108'0” £6.0 70
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Table D.5.1 (1) Record of Puinping Test of Deep Well (DZ 1) (4/4)

WELLNO.  ZONE I JICA -HIRDP BUYAGAN, LA TRINIDAD
DATESTARTED JAN. 28,1988 - sSTOPPED  TAN. 28,1988 °
AVERAGEPUMPING RATE 70 GPM (264.95 Vmin) —~ = .
STATIC WATER LEVEL 22 feet (67056 m)
REMARKES _
Clock ~  Time since Pumping -~ = Ratio Weir Level “ Residual =~ Remarkes
Time Started -~ Stopped t/e - Diawdown ' '
t {min} ¢ (min) . {fect) {feet)
10:01 2881 1 2881
02 2882 2 1441
03 2883 3 961
:04 2884 4 721
:05 2885 5 577
:06 2886 6 481
<07 2887 7. 412
:08 2888 8 361
:09 2889 9 321
:10 2890 10 289
112 2892 12 241
14 2894 14 207
:16 2896 16 181 55 33
:18 2898 s, 16l 50 28
20 2900 20 145 49 27
125 2905 25 116 46 24
:30 2910 30 97 42 20
40 2920 40 73 39 17
:50 2030 50 59 36 14
11:00 2940 60 49 34 12
:10 2950 70 .42 32 10
120 2960 80 37 30 8
:30 2970 90 33 28.5 6.5
150 2990 1o 27 26 4
12:10 . 3010 130 23 25.7 3.7
:30 3030 150 20 23.7 1.7
1330 3090 210 15 22,9 0.9
2:30 3150 270 . 12 22.7 0.7




Tal__)le D.5.1(2) Recordof -Piamping Test of Deep Well (DZ -11)  (1/3)

WELLNO. . ZONE II JICA -HIRDP. BAHONG, LA 'IRINIDAD .
DATES’I‘ARTED JAN. 20, 1988.. 8:00 A.M. STOPPED JAN 26 ‘1988, 8: OOAM
PUMP TYPE . SUBMERSFBLE SHP MOTER _ .

PUMP SETTING 160 feet (48.77m) = STATIC WATER IZE.VBL 34 8 feet (10 5664 m)
RFMARKFS _

r= 0 075 m
- Time * Pumping Water Draw Down Weir Level Discharge Remarkes
CIock Elap_scd Level (feet). (feet) (fee) . (GPM) :
801 0l - L - : ' :
:02 02 358 10 75 Cloudy Discharge
:03 03 35'8” ro” o 75
04 04 358" 1'0” 75
05 05 35'8.5” 10.5" . 75
06 06 358.5 10.5” 75
07 07 35'8.5". 10.5” 75
:08 08 35'8.5". 1'0.5” ' 75
09 09 359" 17 ' 75
:10 10 359" re” . 75
iz 12 359" I 75
:14 14 359" I : 75
116 16 359.5” s 75
|8 18 35'9.5” Irs” . 75
120 20 35°10” 2 - 75
125 25 39117 ry ' 75
30 30 36007 4 75
135 35 36'00" 14 75
140 40 36°00” 14 75
9:00 60 3601" 1’5 75
20 80 362,57 1'6.5” 75
40 100 363" Wi 75
10:00 120 36%4 18 ' 75 Clearer Watler
11:00 180 365" 1'9® 73
12:00 240 365" 1g» 75 .
1:00 300 36°5.5" 19.5” 75
200 360 366" rier 75
"3:00 420 36'7” riy 75
4:00 480 369" . 217 75
5:00 540 36°10” 227 75
6:00 . 600 36'10” 2" 75
700 660 - 36107 22" . 75
8:00 720 36’10" 227 75
9:00 780 36'10” 22 75
10:00 840 36'10” 72 75
11:00 900 36'10” 22" 75
12:00 960 36'10" 2 75
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Table D.5.1(2) Record of Pumping Test of Deep Well (DZ - 1) ~ (/3)
ZONE II JICA - HIRDP BAHONG, LA TRINIDAD

WELLNO, -

DATE STARTED JAN. 20, 1988. 8:00 A.M.

STOPPE

D JAN. 26, 1988, 8:00 A.M.

PUMP TYPE SUBMERSIBLE 5HP MOTER -~ _
PUMP SETTING 160 feet (48.77m)  STATIC WATER LEVEL 34.8 feet (10.5664 m)
REMARKES '
r=0.075m
“Time' Pumping Water Draw Downn Weir Level  Discharge Remarkes

Clock Elapsed Level (feet) {feet) - (feet) (GPM) o

106 1020 36’107 Vi - 75

2:00 1030 36'10° i 75

3:00 1140 310" 22 75

4:00 1200 36'10” 72 75

5:00 1260 36107 22.5” 75

6:00 1320 36'10.5” 225 75

7:00 1380 36°10,5” 22 75

8:00 1440 36°10” 22" 75

9:00 1500 36°10” 272.5” 75
10:00 1560 36'10.5” 22.5” 75

11:00 1620 36'10.5” 22.5" 75

12:00 1680 36'10.5” 22.5” 75

1:00 1740 36°10.5” 22.57 75

2:00 1800 36°10.5" 22.5% 15

3:00 1860 36'10.5” 22,57 75

4:00 1920 36'10.5” 22.5” 75

-5:00 1980 36°10.5” 212.5" 75

6:00 2040 36'10.5” 22.5” 75

7:00 2100 36'10.5” 225" 75

8:00 2160 36'10,5” 22.5" 75

9:00 2220 36°10.5” 22.57 75

10:00 2280 1 23 75

11:00 2340 36117 23 75

12:00 2400 36'11” 73" 75

1:06 2460 36°11” 73" 75

2:00 2520 36'11” 23" 75

300 2580 3617 23" 75

4:00 2640 3611 »3” 75

5:00 2700 36’117 737 75

6:00 2760 3611 23" 75

7:00 2820 - 36117 23" 75

8:00 2880 23" 75

36’11
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Table D.5.1 {2) Record of Pumping Test of Deep Well (DZ - IT) (3/3)

wiELLNO. ZONE 1l JICA - HIRDP BAHONG, LA TRINIDAD :
D)}\}ESTAR’!ED JAN 22, 1988, SOOAM STOPPED IAN 22, 1988. 12:00
P Lo
AVERAGE PUMPING RATE 75 GPM (238 875 l/mm)
STATIC WATER LAVEL 34.8 feet {10.5664 m)
REMARKES
Ciock  Time since Pumping Ratio WeirLevel Residual - Remarkes
Time Started - Stopped t/t Diawdown '
t {min) t (min) {feet) {feet)
8:01 2881 1 2881 36727 16”
102 2882 2 1441 361" 157
03 2883 3 961 3617 r’s”
104 2884 4 721 361" rs”
105 2885 5 571 10 s
:06 2886 b 481 36°0.5" 10.5”
07 2887 7 412 36'0.5” 14,57
:08 2888 8 361 36'0.5” 14.5”
09 2889 9 321 36°0” 4
110 2890 10 289 360" 14
12 2892 12 241 360" ra”
14 2894 14 207 360" P4’
46 289 16 181 ST 135
18 2898 18 161 35°11” r3»
20 2900 20 145 3511 3
25 2905 25 16 35'11" r3
30 2910 30 97 3511” '3
:35 2915 35 82 35117 ry
:40 2920 40 73 35'10.5 r2.s”
50 2930 50 58 35°10” r2”
9:00 2940 69 49 35'10” v
210 2950 70 42 35'9.5” r1.s”
202960 80 - 37 3597 "
30 . 2970 90 33 35'8.5” 10.5”
40 2920 100 29 358" ro”
10:00 3000 120 25 358" 1o
:30 3030 150 20 358" 10
11:00 3060 180 17 357.5” 11°0.5"
11:30 3090 210 15 357 11”
12:00 3120 249 13 337 1
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Table D.5.1(3) Record of Pumping Test of Deep Well (DZ - 1IT)  (1/4)

WELL NO. ZONE 1IN JICA ~HIRDP BINENG, LA TRINIDAD

DATE STARTED JAN. 29, 1988, 2:00 PM. STOPPED JAN. 31, 1988.

PUMP TYPE SUBMERSIBLE TURBINE . o :
PUMP SETTING 160 feet (48.768 m) =~ 'STATIC WATER LEVEL 99 feet (30.1752 m)
REMARKES ' - ' _

r=0.075m
Time . Pumping Water Draw Down Weir Level - Discharge Remarkes
Ciock Elapsed Level {feet) - {feet) (feet) {GPM)
2:01 ot 99 ' ‘
:02 02 , _
23 63 106.6 7.5 T6 Cloudy Water
104 04 _ 76
05 05 107.3 8.3 76
106 06 _ 16
07 07 107.9 8.8 76
:08 08 : . 76
:09 09 76
:10 10 76
:12 2 108.6 9.5 76
114 14 108.8 9.7, 76
116 16 109.2 10.2 7%
:18 18 109.5 10.4 . 16
:20 20 109.8 10.7 7%
22 22 109.9 10.8 76
124 24 1102 1.2 76
126 26 {102 11.2 76
:28 28 110.2 11.2 76
30 30 110.2 11.2 ' 76
:35 35 110.2 11.2 76 Clearer Water
40 40 110.2 11.2 76
45 45 110.2 11.2 76
150 50 110.2 112 76
:55 55 110.2 11.2 76
3:00 60 110.2 1.2 70
:10 70 110.2 11.2 70
120 80 110.2 11.2 70
:30 90 110.2 112 70
140 100 110.2 11.2 70
50 110 110.2 11.2 0
4:00 120 110.2 11.2 70
(15 135 110.2 1.2 70
30 150 110.2 11.2 _ 70
45 165 110.2 11.2 70
5:00 180 110.2 11.2 ' 70
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Table D.5.1(3) Record of Pumping Test of Decp Well (DZ - 1IT) {2/4)

WELLNO.. - ZONE III JICA - HIRDP BINENG, LA TRINIDAD

DATE STARTED - JAN 29, 1988. 2,00 P.M, - STOPPED JAN. 31, 1988, =

pUMP TYPE = SUBMERSIBLE TURBINE o

PUMP SETTING 160 feet (48.768 m)  STATIC WATER LEVEL 99 feet (30.1752 m)
REMARKES'

r=0.075m
“Time . Pumping Water Draw Down Weir Level Discharge Remarkes
Clock Elapsed Level (feet) {fect) {feet) (GPM)
520 200 110.2 1.2 ' 70
40 220 110.2 . 1.2 . 70
6:00 240 110.2 11.2 _ 70
30 270 110.2 11.2 70
7:00 300 110.2 11.2 70
30 330 110.2 11.2 70
300 360 110.2 11.2 70
30 390 110.2 11.2 70
9:00 420 110.2 11.2 70
130 450 110.2 11.2 70
10:00 480 110.2 11.2 70
1100 540 110.2 1.2 70
12:00 600 110.2 11.2 70
100 660 110,2 11.2 C 70
2:00 720 110.2 1.2 70
3:00 780 110.2 11.2 70
400 840 110.2 1.2 70
5:00 900 110.2 11.2 70
6:00 960 110.2 11.2 70
7:00 1020 110.2 11.2 70
8:00 1080 110.2 1.2 70
9:00 1140 110.2 11.2 70
10:00 1200 110.2 1.2 70
11:00 1260 110.2 11.2 70
12:00 1320 110.2 1.2 70
1:00 1320 110.2 11.2 70
2:00 1440 110.2 11.2 70
3:00 1500 110.2 1.2 70
4:00 1560 110.2 1.2 70
5:00 1620 110.2 1.2 70
6:00 1680 110.2 11.2 70
7:00 1740 110.2 11.2 70
8:00 1800 110.2 11.2 70
9:00 1860 110.2 11.2 70
10:00 1920 110.2 112 70
11:00 - 1980 110.2 11.2 70
12:00 2040 110.2 11.2 70




Table D.5.1(3) Record of Pumping Test of Deep Well (DZ - XI) (3/4)
ZONE HI- JICA - HIRDP BINENG, LA TRINIDAD

WELLNO.

DATE STARTED JAN. 29, 1988. 2:00 P.M. STOPPED

JAN, 31, 1988.

PUMP TYPE SUBMERSIBLE TURBINE * : , '
PUMP SETTING - 160 feet (48.768 ) - STATIC WATER LEVEL 99 feet (30.1752 m)
REMARKES . -
r=0075m
Time Pumping Water Draw Down Weir Level Discharge Remarkes

Clock  FElapsed Lével (feet) . (feet) {fect)  -(GPM) _ o

160 2100 110.2 1.2 M

2:00 2160 110.2 11.2 70

300 2220 1102 11.2 70

4:00 2280 110.2 11.2 70

5:00 2340 110.2 11.2 70

6:00 2400 110.2 112 70

7:00 2460 110.2 11.2 70

8:00 2520 110.2 11.2 70 -

9:00 2580 110.2 11.2 70

10:00 2640 110.2 11.2 70

11:00 2700 110.2 11.2 70

12:00 2760 110.2 11.2 70

1:00 2320 110.2 11.2 70

2:00 2880 110.2 11.2 70
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Téble D.S.__l (3) ~ Record of Pumping Test of Deep Well (DZ-1I1)  (4/4)

WELL NO. ZONE 11l JICA - HIRDP BINENG, LA TRINIDAD
DATE STARTED JAN, 31, 1988. 2:00 P.M. storpED JAN. 31, 1988,
AVERAGE PUMPING RATE . 70 GPM (264,95 Vmin) '

STATIC WATER LAVEL 99 feet (30.1752 m)
REMARKES '
Clock  Time since Pumping =~ Ratio Weir Level Residual = Remarkes
Time Started . Stopped iy Drawdown
<t {min) t {(min) {feet) * (feet)
200 2880 ' 110.2 1.2
Wl 2881 1 2881 '
02 2882 2 1441 100 @ Lo
03 2883 3 961 99.8 0.8
04 2884 4 721 99.8 0.8
05 2885 5 577
06 2386 6 481 _ :
07 2887 7 412 - 995 0.5
08 2888 8 361
:09 2889 9 321 : :
0 2890 10 289 99.4 0.4
112 2892 12 241 993 03
14 2894 14 207 993 0.3
<16 2896 16 181 99.3 0.3
:18 2898 18 16l
200 29000 20 145
30 2910 30 97
140 2920 40 73
50 2930 50 53 .
3000 2940 60 49 993 03
:30 2970 90 33 99.2 0.2
4:00 3000 120 25 99.2 0.2
500 3060 180 17 99.2 0.2

6:00 . 3120 240 13 " 892 0.2
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‘Table D.5.4

Resu]_ts of Dgep Wells Analysis

Casing dla. thine

January, 1988

[ Lew

DZ-1 (Stﬁck 'raru) '

DZ- I {Bineng)

.—-_.u-—-—"”‘“"" -
| puaping setting ()

gtaticwater level{m)
e

Lithotoglc Tog  (x)

‘DZ-1 {Bahong) Rerarks
S 1 48.8 48.8
X 10.51 20.13 |
¢ ~21 0 ~8 - perneable layer :is,

Talus 'debosits and
Ajluvial sand

21 ~81

0~ 1
Talus deposit

Heathered conglomerates

- sexipermeable faver

1 ~33 8 ~78
Lisestone and sand © {ipestone L‘owfowrates. Sard, Sandstone,
' - Conglomarates
g~112 33100 16 ~80
Harl Sandstone, Shals, Hudstons . |apemeéb1e tayer
112~120 tongionerates and marl.tu[f.mudsiohe.
Tutt e _
Thickness of tho 80.29 89, 43( L§ 22,43 45.82 below the static water fevel
aquifer M (m) _ §.6.alt 61.9 i
| Discharve Q( mi/sec) 4 %103 7 X103 44 X0 ™ ,
|y —— 26,5 0.69 3.40 aximm |
Specite capacity Q
C tatssecm) 1.8 x10™ 8.8 X107 1.3 %10 CC=—
. 8
Transaisslvity
T wf/sec)
| draw dom TO TRin DZ~F:1.1 %1072
| by vocob acd Couped  9.0x10™S 5.1 %10 7.0 %™ |
1 by thels ‘8.8x4078 5.6 x10° r.2 xw |
| by chow 1ax1e7t 1.2 %107 5.9 x10°" TR in DZ—1:3.8 x10°
by Yocob 7.9%10°3 2.7 x1073 7.0 x107
E '-recove.ry TR - 8.3x107 —_ —
- averago 9.0%10™ 4.9 %107 8.8 X107
“Hytrautlc conduactivity Lixw?® 5.5 %100 st
k¢ (a/sec) o
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“Table D.7.3 Result of Test Hole Drilling

: Per_meabmly

Depth  Clessification and Physical Condition
: ( Lugson)
(m) '
0 =~12.7 weathered zone, poor core recovery less than 2
12.7- 300 saund zone, medium hard te hard.greenish 5-10
. greyincolor S -
- conglomerales consisting of subrounded Andesite:
ranging from 2 cm 1010 cm tn dismeter and
graded sand
30.0 ~ 40.0 fractured zone, friable and slightly hard 7-23
reck - ' :
40.0 - 50.0 sound zone, medium hard to herd, jointed 410

gray tn color

D- 32
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Table D.7.6 (1)  Results of Rock Test of Drilling Core Sample (S-1)

MATERIALS DESCRIPTION: CONGLOMERATE
SPECIMEN SUBHITTED: CORE_SAHPLES , 27 & NOMINAL _DIAMETER
A. SPECIFIC GRAVITY TEST R o
TEST HETHOD: _ VOLLY BALANCE METHOD . SANPLE NO.: S-1
DATE OF TEST: ___FEB, 27, 1988 REFERENCE LOCATION: _ @ DEPTH_13.60 —13.75
| TRIAL T o | 3
WEIGHT INATR: WA~ f 42 4 BB .6
HEIGHT LOSS TN WATER; WL} 1.71 S < S 0.69 ..
..... APPARENT S.6. -WAML ) 2318 | ard | 2881
HEAN SPECIFIC GRAVITY $.6. = 255
B. ABSORPTION TEST : : o K :
SAHPLE NO. _8=1 REFERENCE LOCATION: @ DEPTH 13.60 —13.75
TRIAL 1 ' 2
| CONTAINER + SﬁT”RATE?m§EﬁEPEWH?%ﬁ§ ..................... s L . 855 .
CUNTA!?Eﬁw*‘ DRY SAMPLE, Wdry - | ... .80 .8
CONTAINER , Ve - 615 | 585
ABSORBED WATER, W1 =MW =d 0.10 .10
DRY WEIGHT, W2 -Wd-We 4 405 ) 3.60
% ABSORPTION =W /W2 oy M8 | 2T
AVERAGE ABSORPTION . - 2.6235 %

C. UNCONFINED COMPRESSION TEST e
' ' SKETCH AT FATLURE
DATE OF TEST: : . FEB, 27, 1988 R

LOAD PACER, RPH: 0.5
RANGE SELECTOR: 10

- SAMPLE DIAMETOR, CH: NG
SAMPLE ARTA, CH2 17.72
HAXTHUM LOAD, Kg: 0

UNCORFINED COMPRESSIVE
STRENGTH, Kg/CH2= . 125.84
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Table D.7.6 (2)  Resutis of Rock Test of Drilling Core Sample (S-2)

HATERTALS DESCRIPTION: _ CONGLOMERATE
SPECIMER SUBMITTED: __ CORE SAMPLES » 2”7 ¢ NOMINAL DIAMETER
A. SPECIFIC GRAVITY TEST o
TEST METHOD: _VOLLY BALANCE METHOD  SAMPLE HO.: _8-2
DATE OF TEST: ___ FEB, 27. 1988 REFERENCE LOCATION: __ @ DEPTH 21,35 —21.71
T RIAL - [ 1. 2 3
VEIGHT N ATR; WA} A3 T 2@ 1%

e SPECIFIC GRAVITY 1 se -

B. ABSORPTION TEST -

SAMPLE NO. S—2 REFERENCE LOCATION: __@ DEPTH_21.35 —21.7)
| TRIAL. | 1 2.
CONTATHER + SRTURATED SAMPLE, Wwet |~ 10,85 | 12.55 -

AVERAGE “ABSORPT 1 GN

C. WCONFINED COMPRESSION TEST | |
S | SKETCH AT FALLURE
DATE OF TEST: _ FE8, 27, 1988

"LOAD PACER, RPH: 0.5
RANGE SELECTOR: 10
SAMPLE DIAMETOR, CH: 4.7
SAMPLE AREA, CH2 : 17.349
HAXIMUM LOAD, Xg: 2180
UNCONF [NED COMPRESSIVE

STRENGTH, Kg/CH2= 125.65_
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Table D.7.6 (3) ~ Results of Rock Test of Drilling Core Sampie (8-3) .

MATERIALS DESCRIPTION:  CONGLOMERATE L
SPECIMEN SUBMITTED: - CORE SAMPLES o 2 & NOMINAL DIAMETER
A. SPECIFIC GRAVITY TEST I AR
TEST METHOD: _ VOLLY BALANCE METHOD  SMMPLENO.: - S-3 (D&@)
© DATE OF TEST: .. FEB, 27, 1988 REFEREMCE LOCATION: @ DEPTH 49.60
TRIAL. A 23
HETGHT IN AIR: WA ] 8% 0.91 08
VEIGIT LoSS I WATER; |8 | em | om
APPARINT S.6. = WAL ) 2.582 | 297 283
MEAN SPECIFIC GRAVITY | $.6. = 2,664
B. ABSORPTION TEST | ._ _ |
SAMPLE NO. S—8 . REFERENCE LOCATION: @ DEPTH 49.60
2
1060
s
6.55
0’ 15 ...................
3‘90 ......
N 380 .
AVERAGE ARSORPYION 3.516%
C. UNCONFINED COMPRESSION TEST | g
o ‘ | o | SKETCH AT FATLURE.
DATE OF TEST: FEB, 27, 1988 © - TYPICAL FAJLURE
LOAD PACER,RPH: - - 0.5 - FOR SAHPLE. D&®
RANGE SELECTOR: 0.0 ‘ , | L
SAHPLE DIAHETOR,CH: __ @ 4.7 |@ 4.7
SAMPLE AREA, 42 73491 17.349
MAXTHUM LOAD, Kg: 2740 | 2540

UNCONFINED COMPRESSIVE |
STRENGTH, Ko/CH2=  146.40 — 157.93
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The apparent resistivity () - depth {a) curve
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The apparent resistivity (P) -~ depfh (a) curve
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The apparent resistivity (r).— depth {a) curve
£ apparent resistivity (ohm-m)
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The apparent resistivity (f) - depth {a) curve

Fig.D.4 Results of the Electrical Resistivity 'Sijrvey (4/9)
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