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D. GBEOLOGY

D.1 INTRODUCTION

D.1.1 Soope of Study

The geologic investigations have been performed extensively and
intensively in and around the study area of El Torito-Los Veganos hydro-
electric compléx. '

Prior to this feasibility study, the project areca was primarily
mapped on geology by G. O. Bowin's academic research {1966), which covered
the central part of the Dominican Pepublic. He establishoed the stratigra-
phic soquence and described the rock facies of éach stratum. (This feasi-
bility will follow the eriteria and namenclature eéstablished by G. 0. Bowin
to mention the geology in the study area.) In 1980-81, CDE-ENEL executed a
prefeasiblity study on the hydroelectric develogrent in the Yuna river basin.
In the study, the project arca was geologically mapped out on the basis of
1/25,000 topographic map, and engincering geologic aspects were preliminar-
ily studied upon several altermative plans.

A variety of alternative development plans have been conceived in
the course of the feasibility study on El Torito-los Veganos complex, and
the geologic investigations covered an extensive area in the upper Yuna
river basin. 10 owver the major alternative structure sites, focuses of
the geologic investigations have been placed on the following sites:

El Torito:

Alternative dassites: T1, T2, T3 {saddle dan)
and T4 (weir site)

Headrace tumnel route and'its inlet

No. 1 Surge tank, penstock and power house

Intake veir

Quarry site



Ios Veganos:
Alternative damsites: V1, V2 and V3 (weir site)
" Headrace tunnel route and its inlet
No. 2 Surge tank, penstock and power house
Intake weir
Quarry site

The geologic investigations have been principally executed through
surface geologic mapping, geophysical exploration and core drilling. dhe
surface geologic mapping in and around the study area has béen performed on
the basis of 1/5,000 scaled topographic fap and 1/20,000 scaled aerial photo-
graphs. A total of about 27 km? have been mapped out. ‘The reservoir area
of cach alternative damsite (T-1, -2, T-4, V-1 -and v-2) has also been in-
vestigatéd on the basis of 1/5,000 scaléd topographic map. At the altérna-
tive damsites (T-1, T2, V-1 and v-2), geologic mapping has béén executed:
on the basis of 1/1,000 scalad topographic maps.

The géophysical exploration has also been executéd at major structure
sites for El Torito scheme and Los Vegaros schemé, by méans of seismic pros-
pecting in refraction method. A total of 42 lines with a length 12,520 m
have been explored and interpreted for El Torito-fos Veganos complex. (Refer
to Table p-01) . _ ]

Core drilling, including perméability test and standard penetration
test, has been carried out at major structure sites by JICA drilling team
and CDE subcontracted Geocivil team. A total of 1,441,05 m have beén
drilled at 37 holes. Permeability test and standard pénetration test have
been performed 143 times and 227 times, respéctively. (Refer to ‘Table
D-02)

Further, Qomputerized Seismic Monitoring System {006MOS) of CDE has
been operating since December 1979, which is oomposed of one (1) central
recording station and fifteen (15) remote stations, The central recording
station is located near the Tavera Damsite and some of the nebwork systems
are imvolved in the study area. The data obtained until the exxd of March

1982 have been analyzed to determine earthquake acoceleration for dam design
of this project. '



D.1.2 Investigation Tactics

(1) Geologic Mapping:

Ground surface investigation is made to cbseérve outcrop and not-
outcrop, as well as land form in the study area. Prior to field execution,
aerial photos have béen interpreted in terms of lineavent, general trend of
geologic structure and distribution, landslide and so forth, Observation
of outcrop and non-outcrop involves the following:

Cutcrops

Rock facies: - kind of rock
- ~ dip and strike, oonformlty or unoomformity
- fault and joint (direction, continuation,
-frequency and kind)
- bédding planeé and foliation
(dlrecl:lm, stretch, exfoliation)
- age of formation

Rock quality: - weathering and deterioration
. ) = cracks .
- unusnal phenarena (alteration, etc.)

Structural
geology! - fault {direction, continuation, disturbed
: zone, fault clay)
- folding (sycline, anticlire, microfolding,
flexure)

Non-outcrop:

Overburden: - kinds
: - = origin
- characters
“distribution and thickness
- vegetation

- Thirty three (33) rock sémplés are petrographically checked under
microscope to réveal detailed texture and camponent mineral of the rock.
The results are described in Teble D-03 to D-05.

{2) Geophysical Bxplorationt

seismc exploratlm is prograrmed to mvest1gate en;meermq geology
at darrsite, tunnel route and pensto-cn line. The exploration is executed by
refraction method, using such instruments as geophones, transmitting cables,



amplifier, oscillograph recorder and electric blaster. These instruments
arc capable in the field to produce visual printed record of seismic waves
received by geophones. 'The record has the time mark of 1/100 second and
the shot-mark indicating the instant of explosion.

Exploration line is set straight. Pegs indicating the receiving
point of seismic waves is placed on the ground at intervals of 5.0 m in
horizon, and numbered continuously from the i_xagirmin; to the end of te
line. ‘ihe elevation of each peg is measured by means of levelling or stadia
survey to draw topographic profile along the lines on the scalé of 1/500.

Shooting is carried ocut with the underground or underwater éxplosion,
using dynamite and electric instantanecus detonator. In case of the underground
explosion, hand-dug pit is excavated to the safe depth in accordanceé with
the geological condition and with the quantity of explosives to be charged
in the shot-point, The field execution to date shows that consuming rate
per one (1) km of seismic exploration line is 12 kq of dynamite and 60 pieces
of detonator. 4

Chsérvation is made to obtain complete coverage over the line. The
lire is divided into the "spreads™ of geophones, corresponding to 24 chan-
nels of amplifier. The boginning point of the spread overlaps with the end
point of the spread previously observed, in order o obtain a contimous
travel timé curve covering the entire lire. Each spread is w.rei‘_e_d by, at
least, three pairs of orderly and reverse travel time curves of a pair of
inset shootings and two pairs of in-line offset shooting. Interval of shot
point for inset shooting is less than the length of a spread in case of the
length being less than 60 m, and it is less than a half of the length of a
spread in casé of the length being more than 60 m. Intervals of shot points
for in-line offset shooting is more than 120 m.

The travel tire curve and the velocity layer profile along each ex-—
ploration line, indicating the velocity of seismic wave and intérface of
the layers, are obtained. The scale of profile is 1/500. The ground sur-
face line of the profile is drawn on the basis of the result of survey on
receiving points. For interpretation of seiénic record, the_tra;ve‘lﬂt'_ime
calculation of the ray path in thé fixed velocity layer model s indicated
on the profile,



(3) Coxe Drilling:

o carry out the core drilling, a joint work has been programed by
(DE retained drilling tean and JICA drilling team. ‘he dril) machines are
two TOC-1G (TONE) by JICA and two Longyear 34 and one Craelius by CDE Team.
Drilling of bore holes, associatod with standard penetration test and per-
reability test, is made at major structure sites. Technical specifications
for drilling of bore holes, stardard penetration test and permeability test
are briefly presented hereinafter.

Prilling of bore holes is executed with rotary drilling machines to
" obtain samples and cores. ‘The initial diareter of bore holés is changed
according to geologic condition but the final diavcter of bit is 55 wm by
© JICA téam and 69,9 mm () by CDE team. Core reoowéry is calaulated in
every one (1) meter of a drilled depth. Fock Quality Pesignation (ROD) is
also caloulated in every one (1) meter by applying the fonmla as follows:

D = 1/, x 100 (3)
where, 1 = total length of cylindric cores longer than 10 aa
L = total core length ‘

~ standard Penetration Test (SPT} is carried cut in the formation of
wverburden and weathered zone, at intervals of one (1} or 0.5 reter in depth
or at eéach change of matérials in soil layers. In the bédrock, perweability
test is perforwed at intervals of five (5) meters in depth.

Standard penetration test (SPP) is done to verify "N-value" and to
obtain vepresentative disturbed sarples of the soil layers. The N-value is
used to cutline subsurface conditions with respect to bearing capacity fox
foundation design. The N-value is expressed as the mmber of blows when a

63.5 kg hamer drops freely by 75 an, until the sampler penetrates by 30 am
into the soil. '

The drilled core is classified in accordance with the criteria for
rock grade classification (Refer to Table D-06), which is based on hardness,
weathering, crack spacing and other conditions of drilled core. In general,
the rocks designated as Ch and D gradeé are not durable encugh for dam



foundation and the grade D is generally incometent for baserents of such
structures as surge tank., penstock and power house, except for highly stiff
deoomposed zone, Therefore, rocks classified into such A grade shauld be
excavated dmm 1o sound rock’ surface Aurther, water table change is noted
in drill logs, ‘because it reflects the ged‘nydrologic condition of subsurface
rock. The geology, change of water table, core reoovely, RQD, SPT and PT -
are to be Gescribed in the drill logs.

{4) Water Pressure Test:
Water préssuré test is ‘performed to get the Ingéon Unit and coeffi-
cient of permeabllity of strata, (In u:ﬂnmgenaws rock formatmns, m-aever,

the coefficient of perreability is rot deterrruﬁed } The test is exeo.\ted at

intervals of five (5) meters in depth or less: ‘The injectlon watér _13 clean,
without any fine materials.

after setting the mstnments, water is sugphed for move than 10
mimtes under the pressure of less than lkg/ar. at the hole mouth. Subse-
quently, measuring of water m]ectmn is started at the reqm_red pressure at
1, 3, 6, 8 and 10 kg/au? and subsequently 10, 8, 6, 3 and 1 kg/aw? in order.
Injection for each pressure is continued at least 10 mirutes. Peading of
water meter is made at every mimte.

The Dngeon unit is decided by the "Pressure-Injection Qlantity Dia—
gran® or in acoordance with the following formila:

a) When injection data at the injection head of 10 kg/an? (purping
pressure plus static head) are available:

1u=:—‘L—.

where: In = Lugeon unit {lfmm/n./lo kgfcmz) |

g = oonstant m;ection quantity at injectmn head of
10 kg/cm (1/m1n)

L = test length (m) -



b) vhen fnjection data at the injection head of 10 }':g/cm2 are
unavailablé:

_ 100
= -
where: In = Ligéon unit
- -Q = donstant injection quantity (1/min)
L = test length ()
H = injection head (kg/an?)

H=p+ (Hs+Hg> x 0.1 - Hf
wherés
P pressure ‘gauge reading {(kg/aw
Hs = static head (m)
'H; auge height {m)

Hf = fncl:mn head loss of injectmn pipe (kg/cm?)

I| e

'Itié‘ddeffiéient of permeability is calonlated as follows!

. Q. . L ' : ‘
k—?ﬂﬂ Inr Lglor

S ) | L
k = Ws’.nh _TF 10 v> L?I

wheret k = coefficiént of pemeabﬂlty {on/séec)
| constant injection quantity (cm3/sec)
length of test section (am) :
radius of hole {(cm) |
differential water head {om)

I

=D
Il

H=p+Hs + g - Hf

where
p = pressure gawje reading
Hs = statiec head -
Hg = gauge height

Hf = friction head loss of 1n3ectmn plpe



D.2  REGIONAL GBEOLOGY

D.2.1 Physiography

The project arvea occupies the eastern edge of ‘the Cordillera Central
mountaneous massif. ‘Ihe highest peak of the aréa rises up to 1,649 m above
mean sea level, whereas the lowest land is approximately 350 m near the
village of Boca de Tireo. ‘The mountain ranges border ing the south of the
project area show open hyperbolic curve, dividing La Vega Province to the
north and Peravia Province to the south.: Yuna river flows down, in general,
from south to rorth, which seams to be well-matched with a consedquent river.
Fram upstream to downstream, the Yuna river is confluent fram tributaries
{arroyo), sich as A. Blanoo, A. (blorado, R. Tiréo and’ A. Avispa. S'poradic
terrace depoeuts are developai along the river oourse, which rise for about
10 m at maximam from the present river le-vel. It is attributable to the
phencrena that the river has beéen intensively incised during uplift movement
in the Quaternary period, which is acoorpanied by intermittent stable dura-
tion of the land. ‘The Yuna river shows its tortuous way at places, where
fractured zone caused by fault is cbservable. |

The mountain slopes in the rangé of 30° to 40° in the western half of
the area where the Duarte Formation ard the Tireo Formation are dominant.
While in the eastern part where the Pluténic igneaus rocks prevall the
mountain shows gentle appearance of slope

2erial photo interpretation 1lﬂxcates that lineaments with mrth—south
direction are predominant,which are followed by east-westward lmeaments.
The former matches the general trend of strike of fault or bedding and schis-
tosity of the Duarte Formation and the Tireo Formation.

Landeslide and surface erosion ocour ‘pértidllarly in the area whére
the tuarte Formation is distributed. It is anticipated “that exfoliation
structure caused by fault ani sclustosnty of the formation is responsible

for the massif movemeént, Oorsequently, fan detritus is sporadically discern-
iblé at the mouth of tributaries.

Old river terrace and its surrounding mountainslépe are used mo-s-tly'



for coffee cultivation, where sevéral small villages are scattered. fhe
forest of mountain flank is widely cleared away for reasons of shifting oul~
tivation., It is inferrad that this land reform may pull a trigger on surface
erosion, followed by subsoquent debris feeding, which are scen at places in

D.2.2 Stratigraphy

The qeology in the sl:udy area is divided into the Duarte Fonmation,

the T]_reo Ebnnatxon, the Plutonlc igneous rocks, Terrace deposlt Debris and

River bad, in an asoe:ﬂ.ur; order. The geologlc age of the Duarte Formation
is uncertain, according to the previous sbidies, but it is considered to be
pre-Middle Alblan (uppeurost of Lower Cretaceous) after G. 0. Bowin (1966) .
The Tireo Formation is 1dent1f1ed to be upper Cretaccous sadinents by fossils.
The Plutonic igneous rocks are not pos1t10ned in geologic age, but are infer-
rad to be successive pl'lase of the Duarte Formatmn or tn be slightly younger.
The stratlgraphlc sequence is shown on Table p-07.

(1) Duarte Formation:

Thé Duarte Formation is composed of three rock facies: a) gneiss,
b) amphibolité, foliated diorite and peridotite and ¢) green schist.

According to the detailed petrographic studies, thé Duarte Formation
shows a systamatic pattera of netarorphisn which was probably caused by the
anatexis {a h.\g‘h tenperature metamorphic process by which the plutonic rock
in the deeper levels of the crust is dissolved and regencrated as a magma)
in the regional metamorphism. = High grade metamorphic rocks of diorite,
gneiss and amphibolite oooupying the eastern part of the Doarte Formation are
in intrusion contact (?) with the Plutonic igneais batholith. On the amphi-
bolite of immédiate surrounding of the contact, however, no contact metamor-
phism is_j:et:i:’ograéhiéaily discernible under microscope. In other words, the
biotite mirEralz'Oriqi_na_tai from thermal metamorphism is not observable.,
Further, the geologic outcrop shows an arbiguous contact between the Duarte
Formation and the Plutonic igneocus rodks. thy, the relation may
be attributable to the transitional change. On the other hand, low grade
metamorphic rocks formed of several kinds of schists are distributed in the
western part. ‘
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The Duarte Formation is in thrust fault contact with the Tireo
Formation in the northern part of the study area, and is acoompanied by a
fractured zone of approximately 15 meters in thickness at maximum, 'Ib the
douth, however, the fractured zone gradually pinches out and eventually the
Duarte Formation have upturned the Tireo Formation near the village of Los
Veqanos.

a) Geiss shows the highest metamorphism grade of the Duarte Forma-
tion and crops out in the v1c_m1ty of Pino de Yuna and T-1 damsite. Gneiss
has extrerely foliated texture and is oomposed of coarse grained constitent
minerals of hornblerde, cnlonte epidote, mica, plagmclase and quartz.
Residual soil is found on the surface of _'.-x:athered gnems. Geiss and aq)hl—
bolite are in fault contact with green schist. Fractured zone is estimated
to reach approximately 30 meters in thickness at £02X TR

b) h@hlbohte, assoc1ated with subordinate foliated dlorll:e and
peridotite are distributed in the \1pperr\ost part of the Yuna river basin
and in the surrcundings of El Torito. The rock is ot by several faults
trending north to south. Two kinds of textures with microcrystalline and
foliated are recognized in awphibolite, which is acCawpanied by-altered zone
at places éspecially in T2 damsite. The foliation trends NE to SW.

¢) Green schist is distributed throughout the study area from El
Torito to Piedra Gorda, having a general tremd of schistosity of H to § in
the dovnstream and MW to SE in the upstream. The rock is intensively schis-
tosed and exfoliated near Piedra Gorda, but rather massive faclies are
dominant in other area except for some sporadic spot.

{2) pPlutonic Igneous Rocks (guartz diorite) :

Judging froa the fact that thé quartz diorite shows concordant tex- -
ture at the contact with aphibolite, it appears that the quartz diorite
was emplacad in the geologic age similay to the period when the Duarte
Formation was formed. This implies that the quartz diorite was re-welted
and re-consolidated in deép subsurface by the régional metaorphism.  The

quartz diorite is easily distinguishable from amphlbohte in field appearance.
Therefore, the both rocks axe separated 'in the geolojic map.
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The plutonic igreous rocks were originally deccribed as nolite by
G. O. Bowin. Since the rock includes the different facies with non-banded
and banded texture, however, ndmenclature of quartz hornblende diorite is
given in the report. The rock is generally coarse-grained holocrystalline
and leucocratic.

The rock ocoupies the eastern part of the study area, vhere the
watershed range with gentle slope runs approximately in the north to south
direction. Furl:her, the rock is widely deocmposed into red clay in the ad-
joining area of Los pejes village. The residual red clay is appropriate
for borrow area of earth material of the dam.

(3) Tireo Formation:

Thé Tireo Formation crops out in the dwmstream parl: of the study
area extending fraa Los Veganos to Pledra Gorda. ‘The rock is made up mostly
of wroclastlc and volcanic rocks such as tuff, toff breccia, lapilli tuf e
and dacite, with subsidiary well-bedded sediments of limesione, slate, oon-
glarerate, cherlt and sandstoné. The Tireo Formation is behe-.red to be late
Cretaceous in age due to key foraminifera fossil found in the lime-
stone. * The Tireo Formation is jinferred to be thrust over by the older
Duarte Formation along the Bonao Fault which is traceable fram Piedra Gorda
as far as Los Veganos. The bedding plane shows & trend of NVMW-SSE strike
and dips 30° to 55° eastward., O the other hand, the Tireo Formation along
the Tireo river trends NE and dips 20° to 30° soutlward. This difference
is probably due to block movement broken by fanlt activity taking places
mostly in parallel to the Bonao fault,

As in the case of the Duarte Pomal:lon, aerial photo interpretation
shows that many lineaments are recognizable and most of them are explicable
as the results of faulting. In addition to ‘these praninent phenaeena, a
large nurber of laJﬁshdas are distinguishable throughout the area of the
Tireo Formation. It is uncertain, at this stage, if these faults and land-
slides will present ;;enws problems to the project.

_ The Tireo Formation distributed near los Veganos is characterizad
by the alternation of limestone and green pyroclastic rocks. Specially
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corroded open crack {6 recognizablé in bedded-limestone cutcrop, showing
high permeability on the basis of water pressure test in drill hole. -

(4) Youny Terrace Deposit: "
It is camposed of the terrace deposit, debris and present river de-
posit. The charactéristics of the young terrace deposit are briefly summa-
rized hereunder. o | o

Ca) The terrace de;cos;.t 13 d_lStIl_b.lted mostly alorag thée main stream
of the Yuna river and is made up of wlcarented loose mixtnre of sand; silt
and gravel. The terrace deposit is ‘divided into lower, middle and upper
deposxt hut the cntena of those are &rblquom. They are classified on
the basis of the gap in elevatlon, where the terrace depomt exists, ‘ihe
hmhest térrace, which shows a ‘biggest elevatlm gap abwe presént river

level, is observable on both’ I‘lVEIS].d&B of the Yuha river néar Piedra Corda.
The ‘elevation gap reaches 60 m, which indicatés the térrace was deposﬁed
in relatively older age’ than the middle and lower- térraces. While, in the
case of middle ani lower terrace, the gap rarges in élevation fram 5 to 30
m above presmt river leve. The terrace deposit offers power station site

because of its flat topograplw and is assessable as aggregate matérials of
a dam. . .

b} Debris conmsts ‘of loose and u:mnsohdatéd deposit of rock and
5011, which 19 ‘distributed in the toes of larﬂshde massif and in the gentle _
slope fan causad by flood pour. - In the geoloqm map, the debris with a '
relatively great extent is mapped. Saie of the_debns, which are distri-
buted near damsites, are acoeptable for earth materials of a dan.

©) Ppresent river deposit forms the present river ¢ourse, whére most
of the deposit wderlies the water level. The deposit is made up ot‘ un-
cerented 1oose mixture of sand, silt and gravel. Consequently, the deposit
can be evaluvated as aggregate materials. N ' :
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D.2.3 ‘I‘ectomc Strucmre

The goology of the shﬂy area is characterizod by faults, same of
‘vhich are recognizablée not only by aix photo interpretation but also by
field geologic survey. It is anticipated that major faults will have an
engincering geologic effect on the project in temms of dam construction and
tunel excavation.

- he ‘major faults in the 'sh:dy area trénd approximately rorth to
south'and dip at hlgn angle in a rarge of 60° to 90°, The Bonao Fault,
wvhich is one of the principal fault or tectonic 1line in the Pominican Repub-
lic, externds north-southward through the study area, - It is clearly recog-
nizable that a conspicucus éscarpment with a gap of approximately 300 m in
elevation runs along the Bonao Fault in the left abutment near Los Quemados.
The Fault is inferred to bevel the Yuna river at Piedra Gorda and stretch
to the right abutment, Further, it is vertified by the outcrop that the
Bonao Fault crosses Arroyo AViSpa , approximately 1 km upstream fram the con-
fluence with the Yuna river. It is presumed that the Fault extends up to
the v1c1n1ty of Los Veganos, bordering the Duarte Formation and the Tireo
fbrlratlon.

The fracturecl zone of the Bonao Fault reaches about 12 m in thickness,
judaing fram the inclined drilling executed at the Piedra Gorda darsite.
However, the fractured zone gradually pinchés out in the direction to the
south and it is inferred to be arcund 5 m in thickness near [os Veganos
and eventually dies cut. It is inferrad that the frachured zone is re-
consolidated after it was crushad, since the low velocity zone corresponding
to the fractured zone demonstratES 2.4 to 3.0 Xm/sec and the drill core shows
moderately hard rock regardl&ss of its exfoliation texture.

Acmally, the fractured zone acoampanicd by the Bonao Fault exists
in the schist of the Diarte Formation, mot in the very contact with the
Tireo Formation. This is probably attributable to the difference of dura-
bilities of the rocks against shear failure causad by compression stress.

The Bonao Fault is conceived to be reverse fault at its high argle
area, while it is thrust at low angle area. It is anticipated that the
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Ponao Fault was formed under the condition where horizontal campression
dominated, which is consistent with subduction movément of the Atlantic
plate against the Caribbean plate,

Thé second major fault:(called Bl Torito Fault hereinafter). in the.
study aréa muns in parallel with the ‘funa river in its upstream'réach and .
probably exténds as far as Arroyo Avispa. The fault dips nearly vértically,
and it is acoorpanied by the fracmred zone of amrmmately 30 meters in
width at maximum.  The expos.lte appearanoa and the elastic velocity. value-
presented by low velocity Zone réveal that the fracta.u:ed zone may be re-.
consolidabed after’ it was crashed. ~The river oourse is sporadically
crooked because of the different durabilities of thé rock affected by the
favlts, ' o AR
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D.3 FENGINEERING GEOLOGY

S The en;ineermg geolcgm oonditions at the possmle alternative
structure sites are studied on the basis of the results of geologic investi-
gations. . ‘The geologic map in the study area has béen prepared as shown on
Fig. D-0l. The results.of investigations are also presented as referred to
in each paragraph,

p.3.1 Alte'rﬁative Damsites in El Torito Area
' (Reference)
(}a)léglc nap ’ I-‘:[g. D—02 and D-03

o _- Bl ‘Ibnto area 13 00019163 by the [narte fbrmatlon and the plutonic
| lgfneo.ls rocxs. 'Ihe former is mnposai of gnelss, amphlbohte and green
schist, wheréas the latter oa@nses quarl:z dlorlte. mt ‘of these rocxs,
arphibolite daminates on all the structure sites. " fhe Kl Torito Fault ex-
tends _in the mrth-south direction to the wesl: of the area. Séveral land-
~slides, aooctrpanled by debns sedments, are obss_rved. 'Ihe river terrace
‘Geposits are dlstnbuted in the oourse of the ‘nma nver. w1th steps in
different elevations.

(1) T-1 Damsite:

(reference)

profile: Flg. D-O!s N
Seisnic profile: Fig. D-14 and Fig. B-15
Drill log: Loy sheet DL-Ol to DL—04
Water pressure

test: - Table D—OB to Table P11

Flg. D-31 to Flg. D-34

 Four (4) dnllmgs and fxve (5) geopl1y51cal mterpretatmns reveal the en-
gineering oond;tlons of the damsite. The riverside ard thé both ahltmenl;s
are oocupied by fohated and mcrocrystall:me amphibolite, which strike FNE
1o WSW and dip 30° south §n general trend of foliatéd plane. Joint is
developed in parallel with foliated plane as well as in beveled direction of
M to SE. Joint is slightly open at exposures, but is estimated to be tight
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in the intact rock, judging from the water pressure test.

" pebris and overburden soil are approiimately 5 m in depth from the
ground surfacé in the 1eft abutment, while they are less in the right abut-
ment.,  Judging from the yock grade of the drilled core and the refraction
interface by the geophysical exploration, it appears possible to construct - .
a concrete gravity dam with a height of 60 to 70 meters. However, a rook
£111 dan is considered as more recamendable from the viewpoint of material
availability and the associated economjic cost.

For the construction of a rock f111-type dam, the core matenal is
required to be emanzced with great care so that d1fferent1&1 settleaent of
core material is av01ded after it is plaoed on thé relatnrely steep ‘Abutments.
Excavation depth of dan axls for a YOoCk ﬁll dam is approxunately 15 i m the
left abutrent and 5 @ in the right ab.liment

Permeabllii:s- is'géner&lly swrall, since the Lugeon unltfart;es fran 21
to 22,3 and water tables rise in elevation toward both abutment intact rocks.
further, the rock is groutable for waterstop

{2) T2 pansite:

{Reference)

Geologic map: Fig. D-02 and Fig. D-03
Profile: ' Fig. D-05 _

Seismic profile: Fig. D-16 to Fig. p-18
Drill log: Log sheet DL-OS to DL-08

Water pressure test: Table p-12 to Table D-15
Fig. D-35 to Fig. D-38

The site is geologically clarified by four (4) drillings and four (4}
seismic line interpretation, A primary concemn with the site is to énsure
the extent and effect on thé foundation rock (foliatéd amd microcrystaline
arphibolite) of the damsite affectéd by thé El Torito Fault exl:e!ﬂnq in
the left abutment with a north-south strike.
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A major fault of about 20 m in width is discernidble not only by
geology but also by seismic exploration at the higher portion of the left
amtment. It is considered, tm.ever, that this fault has no serious effect
on the surrolmdm; rock near the damsite. On the basis of the results
cbtained by drilling and seismic exploration, a rock fill type dan is possi-
ble to be constructed within a limited height of 50 m to 60 m to specially
avoid fourdation excavation of the surrounding rock of the El Torito Fault.

However, arilling core indicated the fact that the amphibolite is
altered and bedcmecracky, being associated with some alter‘ed clay ét places
le.g. TP-B3). Since Lugeon units by water pressure test are in a range of
2.4 to over 100, permeability is high as a whole, probably af fected by fre-
quent joint and alteration. Besides, critical préssure is observable at
mstagesofwaterpressurét&ct such as 5kq/cm inthe 2d m to 30 m
section in depth of drill hole T2-82 and ¢ to 10 kg/cm in the 2 m to 40 m
section of T2-B4. A Cl‘lt!.C-a]. pressure should be carefully checked in speci-
fying grouting plan to stop seepage water of the basement rock.

The rock is more deeply deormposed and weathered if compared with T-1
darsite. ‘Therefore, the basément rock should be excavated down to apprexi-
mately 17 meters at maximum,

 water tableés in drill holes of T2-Bl and T2-B3 are slightly higher
than the river water level in elevation, Further, watexr level of T2-BZ is
approximately 3 m high above the ground, showing a confined groundwater
head. ‘Therefore, a great care should be paid on curtain grounting treatment
for water stop of the dam axis.

The landslide probably affected by the El Torito Fault exists irme-
diately downstream fram the dam axis. The excavation works of T-2 dam should
not be exténded to the toe of the landslide massif. This is another con-
straint to limit the height of T-2 dam. Furthér, landslides seen in the
reservoir area should receive attention on rass movement by impounded water
and sediment storage.
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(3) T-3 Saddle Damsite:

(Reference)

Goologic mapt Fig. D-02 and Fig. D-03
Seiamic profile:  Fig, D-18 and Fig. D-19
Deill log: Log shéet DL~09

fhis site is checked by two (2) geophysical explorations, one (1) -
drilling and three (3) test pittings. Another drilling for material survey
(TO-82) is also referred to. The results indicate that fractured zone is
inferred at éach abutment and that deoumposed zone is-as deep as about 25 m
fram the ground surface at each abutment. ‘Thé weathered cracky rock is ex-
posed at thé col néar the road: - N-values are in & range of 5 to 45 until -
about 10 m in depth fran thé grouwid surface. '

The result of survey démoistratés that construction of a low fill
type dam is possiblée at this site. n casé this site is used as an open
channel connécting the reservoirs impounded by T-1 and T-2 dars, the de-
oarposed zone is easy to be excavated, and the excavated debris may be used
as mipervmus mal:erlals for dam ewbankment.

(4) T-4 weir Site:

{(Reference)

Ceologic map! Fig. D-02

Profiles . Fig: D-06

Seismic profile:  Fig. D-19 and Fig. D-20
brill log: Log sheet DL-10 and Di-11
Water pressure test:Table D-16 and Table D-17

T_4 weir site is located approximately 0.8 km dommstrean fram the
confluence of thé Yuna river and Arioyo Blanco. ‘The riverbed is NArrow, or
15 i in width. The right abutment shows & steép cliff of 40° dip, while
the left abutment demonstrates a thin and a slightly gentle slope of 30° to
35° dip. ‘The two transverse profiles with a 300 m spread each are geophy-
sically explored and the two drillings are performed by CDE.
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The site is geologically coamposced of gneiss, showing a remarkable
foliation dipping to the right abutment. The gneiss crops cut with fresh
appearance in the riverside, as well as in the right abutment, However, in
the left abutment where the decomposed zone is deep, residual rad soil
cwvers the slope surface. ‘The drilling reveals that the thickness of the
decanposed Zone is approximately 6 m from the ground surface and the allu-
vial river gravel is 4.5 m in depth. On the basis of the geologic mapping
of the adjacent aréa, the El Torito Fault with about 20 i in width is infer-
red to exist in the higher portion of the left abutment, Judging from the
drilled core, though same portions show a very poor ¢ore recovery, several
subordinate faults to the major fault are réocognizable in gneiss of the
riverside and the left abutént drillings.

It is concluded that the topographic and geologic conditions permit
to oconstruct a concrete weir with a height of 20 to 25 m at maxim.

D.3.2 Otheér Struchire Sites for El Torito Schare

Waterway works for El Torito scheme consist of a diversion tunnel
fram Arroyo Blanco to T-1 dam, an intake tunnel inlets and a headrace
tunnel to Ios Veganos. . ‘The former two structures are planned in armchibolite
area of the buarte Formation, while the latter is designed to pass not only
aqhil:xilite and green schist of the Duarte Fommation but also the Tireo

Scme porl:lons of l:he diversion tunnel and the intake tunnel outlet
hlll be affected by fractm:ed zone, because they are close to the El Torito
Fault. The headrace tunnel bevels the schistosity plane of green schist
with a low angle.

(1) Piversion Tunnel fran Arroyo Blanoo:
_ (Rafereibe)
Geologic map: Fig. D-02
Seiswic profile:  Fig. D-21
The diversion tunnel was proposed under the ENEL pre—feasxblhty to
connect the intake on Arroyo Blanco’ mth T-1 dan.

b
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On the basis of geophysical interpretation (line TD-p), a wide low
velocity zone (about 70 m in width) probably matching with fractured zone
by the El Torito Fault is reocognizable. : '

{2) Intake Tunnel Inlet:
(Reference)
Geologic mapt Fig. D-02
Seignic profile: Fig. D-20 and Fig. D-21

This sité is located in the left abutment, approximately 400 m up-
stream of T-3 dam axis. veathered arphibolite crops out in a swall stréam
near the site. Several faults acoamanied by the fractured zone are infer—
red in a NE to SW direction, as cbserved through geologic survey. Geo;hy’-—
sical exploration { T~ A and TY-B 1111&6) revéal an éxtent of such frac-
tared zone, The weathered or deoarpose:l Zone is as deep as I0 m from the
ground surface througn the route, but nothing to constrain a oomtr_u.tq:tmn_
of a inlet is found, though the fractured zone is caréfully excavated and
treated by lining and steel support. '

(3) Headrace Tunnel fram El Torito to 106s Veqganos:

Based on tne surface qeologic MEStlgatlm, there is no ser1ou$
constraint to excavate a tunnel (approxnnately 5.3 km in length and 2 m in
diameter). However, since the green schist of the Duarte Formmation devel-
ops exfoliation in parallel with Sd‘llStOS].ty at places, thick concrete lin-
ing work supported by steel is requlred at the fracb.lred zone, well-—schls—a
tosed zone and the zone where o.:erb.mden intact rock is relatlvely thin.

{4) Intake Feir on Arroyo Colorado:

The site is located approximately 775 m in elevation. Both abut-
ments oconsist of hard and fresh dacite and show a small cliff in topograghy.
Riverside of 50 m in width is underlain by boulder sized gravels and sand,
which is estimated to be approximately 5 m in thickness. Pernmeability is
inferred to be in a range of 1 x 1072 an/sec.

The diversion tunncl fram the Intake to No. 1 headrace tunnel
{about 1.6 km long)} is to be excavated in such rocks of the Tireo Formation
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as dacite, andesite, chert and limestone, Except the small valley located
at irmediate downstream from the Intake weir, where the detritus derivod
fraa mass movement is accwmilated, the rock is as a whole very sound,

(5) Gutlet works and Power House Sitesi
Two alternative sites (the upstream site and downstreat site) ave

investigated to locate suxge tank, penstock and power house for EL Torito
schéme. ‘Ihe upstream site along the TP-A seismic exploration line is located
imwediately upstrean of the village of Ios Veganos. fThis site is selected
{n case a dam ard reservoir is planned at V-1 damsite. ‘The downstream site
is located immediately d:r.-.mtre_atﬁ frcm V-1 damsite, and the site is selected
if and when V-1 dam is not plannad to be constructed.

a) Upstream Site:
(Reference)
Geologic mapi Flg. D-08"
Selsmc proflle' Fig. D-22 and [-‘19. D-23
Drill log: " 16g sheét DL-12 to DI-15

A mountain £lank of the site dips 30° to 35° and shows stable slope
where green rock belonging to the Duarte Formation is distributed but widely
overed by talus deposit and residual soil made up of green rock fragrent
and red clay. Three {3) lines of geophysical exploration and four (4) drill-
ings clarify the depth of the talus deposit and the weathered green rock.

‘The rock is durable for surge tank and penstock anchor block founda-
tion, after it is carefully excavatad down to weathered rock surface of
about 7 to 12 m in depth fram the greund level

Ptmer house site 15 mtuateri on a narrow flat land which is higher
than the rwerbed by 10 to 15 m in elevation. It is camposéd of an old
nver terraoe qravel depos1t of 8 to 10 m in thickness. An underlying bed
is a shghtly weathered green rock. This site offers a sound £ foundation

for power house, althwgh excavatmn of gravel -:ieposﬂ: is requived to same
extent.



D - 22

b) Pownstream Site:

(Reference)

Geologic map: Fig. D-08

pProfile: Fig. D-07

Drill log: iog sheet DI~16 to DL-18
vater pressure test: Table D-25

Pig. D-40
 This site is located on the higher portion of ‘the left abutient of -
v-1 damsite. A watér head for powér generation is approximately 200 meters.
e three (3) points are drilléd along thé Penstock line to mainly clarify

the depth of weathered zone, The lower ‘section of the Penstock slope is-

oaapased chiefly of limestone and overburden debris is less than 4 m in
thickness.

Therefore, the linestone mass should be extensively excavated for
providing an open power house and an open ssltcnyard faundation areéas (ap—
proximately 3,000 to 4,000 n?). To save excavation cost of hard rock by
blasting, apprconate measurés are requlred e.g ' bencn—cut rethod is re-
commendable. Toward the higher section of the slope, rm.ever, the thick-
ress of the residual soil reaches 7 m and the weathered zone is getting
thick down to 13 m from the ground surface., However, the site offers a
sound foundation for surge tank and penstock anchor block, after the site
is excavatéd down to the top of the weatherad lirestone.

D.3.3 Alternative Damsites in Ios Veganos Area

(Peference)

Geologic map! Fig. D-08

The area is mostly underlain by the Tiréo Ebmatlon, though the V-1
damsite and the siroundings of the headrace hmnel inlet are oco.lmed by
the green schist of the burte Formation., The both formations are. in fault
oontact, accompanying fractured zone of approxunately 5 to 8 n in width,
However, as mentioned in the section of tectonic structure {Chapter D.2.3),
fractured zone qradually pinches to the south and eventually dies out near
Los Vegamos., ‘The problems revealed by the geologic investigations are such
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a fractured zone and permeability In the limestone.

(1) v-1 Damsite:

(Reference)

Geologic maps Fig. D-08 and Fig. D-09

profile: Fig, D-11

Seismic profile: F¥ig. D-23 to Fig. D-26

brill log: : Iog sheet DI~19 to DI~23
' Water pressure test: Table D-19 to Table D-22

Fig. D-41 to Fig. D-45

| “ahe site shows V-shaped valléy in topography, sloping 30° in the left
abutpent and 40° in the right abutmént. The riverbed is approximately 25 m
in width,

The site consists géologically of green rock and well-bedded lime-
stone (partly muddy or twuffacecus). The former foms the right abutment,
while the latter Oca.lple:S the left abutment. Both are in fault contact hav-
ing a thin fractured zone, In view of xock durability for dam foundation,
both aré fresh and hard, though the gréen rock is weathered to save extent,

A water table of the limestone, however, is found to locate at a
lower level than the river level. ‘This indicates that phreatic water leak-
age from the river to the left abutment is possible to occur probably through
a high permeability zone, such as cave and open crack of the limestone mass.

Further, the water pressuré tests verify that a part of the vadose
zone between top soil and phreatic water table possesses such high permea-
bility to range fran 1 ¥ 103 an/sec to 1 x 10-2 an/sec.” Since the lire-
stone occupies most of the left abutment massif, water will leak fram the
reservoir to a large extent, unless waterstop treatment, such as grouting
or blankét is ekteftsiveiy émployed. Prior to thé treatment, the geohydro-
logical ‘conditions should be clarified in terms of flow potential and direc-
tion of phreatic watér at the presént situation. This study probably oon-
sists of extensive drilling, tracing method and detailéd digital simalation
model study in order to reveal the hydrogeological situation in the surround-
ing area.
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Judging from the required investigation and the treatment damanding
mich cost and a long period, it is considered at the ultimate stage of the
field investigation that the site is geotechnically and eoondmically not
recoamendable for a damsite.

{2) V-2 Damsite:

(Reference)
Geologic map ‘Fig. p-08 and Fig. D-10
Seigmic profile ' qu. D27

This site is mostly oocupled by bedded limestone dipping 35° o the
upstyean. Limestone is exposed in the river side and in the lower slopes of
both ahltments. The higher portlon of the ah.ltments is oovered by talus
deposit and the deposit in the left abutment is rather thick judging from
the test pitting,

leestone shows a network cpen cra:x alonq ]omtmg and bedchng plane
A detailed mv%tmatlm _lS requued to checn such pealhanty to lmestone
having corroawe nature. Po.eever, on the ba51s of the résults of v—l dar—
site, V-2 site probably may bring a problan with sceclal veference to per-
meability and inferred leakage of water. Therefore, the site is cons1dered
as not recomendable for oonsl:mctlm of a large dam.

(3) V-3 Weir Site:

(Reference)

Geologic map: Fig: D-08

Profile: _ - Fig. D-12

xilling log: - Log sheet DL-24 and DL~25
water pressure testt Table D23 and D-24

Fig. D-46 and D—47

This site is situated immediate downstream fram the conf luénce of the
Yuna river and Arroyo Colorado. fThe river flows down in a narrow gorge, - .. -
where both abutrents form steep cliffs with a height of approximatély 15 m.
‘The steep cliff is formed of well-bhedded marl (calcareous clayey stone) and
calcareous green tuff.
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. Two drillings on both abutments reveal that rock quality is durable
epough for a concrete qravity weir with a height of 20 to 30 m and the water
tables rise up to bhoth nnuntainsxdes. Since the vadose zone, however, shows
a high permaabihty 1ike V-1 damsite, a curtain grouting should be treated

on both abutments, to some extent, in order to waterstop leakage from the
reservoir,

D.3.4 Other Structure Sites for Ios Veganos Schame

The waterway works are planned near the geologic contact of the
Duarte Formation and the Tireo Formation. The contact is the extension of
the Bonao Fault, striking approxm\ately north-soutkward continued from
' Pledra Gorda.

The héadrace tunnel from V-3 weir site to No. 2 powerhouse at Poca
dé Titeo, éxténding about 3.3 km, is plannad to locate in the right abutment
of the Yuma river; Aporoximate half séction of the tunnel runs in parallel
with the Bonao Fault. ‘he tunnel is inférred to cross the extension of the
Bona Faull twice, where the fractured zone is considered to be about 7 m to
8 m in thickness.

(1) Intake Tunnel Inleti
This inlet is situated in the right abutment immediately upstream of
V-1 woir. *The inlet exists in the hard marl (silty limestoné). Near the
inlet, hovever, theheadrace tunnel will meet the fractured zZone of approx—
imately 5 m in thickness.

Further groundwater will discharge from the survoundings of the frac-
tured zone during eéxcavation, because Arxoyo Pringamosa flows down above
the tunne} youte. However, an excavation supported by thick concrete lin-
ing and reinforce steel ensbles to overcome such difficulties.

{2) Headrace Tunnel from Los Veganos to Boca de Tireo!

ihe headrace tunnel (approximately 3.3 km in length and 2 m in dia-
meter) bevels the Bonao Fault twice on its way, and about the half section
is aligned in parallel to the Fault. The ocutcrop in the adjacent area of
the Fault, Ixme'ver, reveals that the rock is not deteriorated even in the
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immediate interface of the fractured 20ne. Oonsequently, 1t is anticipatod
that the Bonao Fault does ot oonstram to construct the headrace tunnel if

the route is allgned away by approxumte 100 m fmm the Fault because of
safety countermeasure. ' o

{3) Intake Weir Site on Arroyo Avispat

(Reference) L
Geologic map: Fig. D-01
Seignic profile: . Pig., D-28

The left abutirent and the rivér side of the propossd site are occupied
by hard and fresh diorite, which occurred in a steep Cliff to the abutment.
On the other hand, the right abutment shows gentle slope oonsmtmg of an
old river térrace déposit arﬂ talus seﬂmt. it is est:mated that crverly-
ing déposit on the baseament dlonte is less than 5 m 1n thlcmess, based on
the refraction interface by %1@01ty._5

(4) (ntlet Works and Poﬁet’muse Sltes*

Tvo alternative sites {the left bank site and right bank site) are-
investigated. The left bank site is selected if and when the héadrace tun-
nel is aligned on the. left bank, 1noorporatmg the water diversion from
Arroyo Caha, as proposed by ENEL study. The nght bank site; on the other
hand, is selected if the intake is local:eﬂ dcr.mstream from the oonﬂuence
with Arroyo Colorado and the water diversion from Arroyo Gam is not. emns—
aged.

a) Left Bank Site:

{Reference) Do

Geologic map: - Fig. D01~

Seismic profile: Fig. D-13 and Fig. D-29
prilling log: . Log shéet IL-26 to DL=30 -
Water pressure test:  Table D-26

Fig. D-18

-

Such outlet works as surg'er‘tamc and penstot:k is _firs”jt_ly pmposed m
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the left abutment of approxirrately 1,500 m upstream of Boca de Tireo., The
Irountaln slope, where the penstock and sm’ge tank are planned, dips approx-
imabely 30 and oonsists mainly of ;:orphyritm ardesite altered dolerite -
and calcarecus siltstone belonging to the Tireo Formation. A zoneé dedori-
posed into clay on the n‘ountam slope is less than 3 m in thickness. How-
ever, daomposed zone caused by sulphate alteration is observable in the
drillings of Vip-1 ard VI‘P—Z as well as m the adjacent stream. The mouri-

taln 51de is landshded 0 a large extent in the cracky fragilée andesite
area.

'Ihe subsurfacé geology at the surge tank site is clarified by the
drill vi-Bl that debris is down to 3.15 m in dépth and the decanposéd clay
is down to 9.30 m in depth, where the N-value ranges from 5 to 40, The
weathered green rock classified in rock grade €y, underlain by the strongly
weathered rock from 9.30 to 15.30 m in depth, can become a fourdation rock
for the surge tank. The mountain slope can provide a bascwent for an anch-
or block of penstock line, after the ground is excavated approximately down
0 3 t0 5 n from the ground surfacé.

The flat terrace formed of 0ld river gravel is utilized for power-
house, though the gravel should be excavated down to about 19 m in depth.

b) .VRight Bank Site:

(refexence)

Geologic map Fig. D-01

Seismic profile: Fig. D-13 and Fig. D-30
prilling log: . Log sheet DL-31 and DL-32

This site oocupies a steep mountain slope on the right abutment of
the Yuna river, locatéd approximately 0.5 km upstrean of the alternmative
powerhouse site in the left abutment. The slope consists of weathered
green tuff covered with thin debris, but toward the surge tank site {approx-
jmately 500 m in elevation) the zone decosposed into red clay becomes thick-
er,

The drill VI-B2 at 552.43 m in elevation proves that the residual
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soil oolored in reddlsh brown reaches ’I 0 m from the grourd level follomd
by deomposed wff from 7.0 to 11.5 f in depl:h. The excavation deoth for
surge tank fourr]ati.on 13 approxmtely 12 m from the gmurﬂ léveh )

7 'I'ne power}mse site (approximately 3 000 - 4, (}00 m ) 13 1ocated oh
the old rlver terrace deposu:, which rises its elevatlen by 20 m above the'
present river level The area 13 explored by o (2) geophysical lmes and
, che:kc!] by two (2) dnllmgs. The gravel deposu: reaches aboul: 5w m dep~
th from the ground, ‘which is urﬂerlam by intenswely weathered andemte of
about 2.5 m in thw;mess. ' 'lherefore, l;he site should be excavated down w

a;gproxmately 7 m from the qr(n.mr.l surt’ace in orde_r to obtaln sourd fomﬁa
tion for a powerrmse.
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D.4  DESIGN EARTHOUAKE ACCELERATION

D.4.1 Séiéﬁié Data

_ Hlstorical data of eartixjakes; 138 in rumber, including data with
regard to location (longitnde, 1atit:ude) " depth and maqmtnde of the major
earthquakes are used in this study. Significant events which influénce the
contenplated dansites aré the earthquakes in 1911 (#47.0), 1946(4=8.1),
1946 {4=7.9) and 1962(M=6.5), whose epicenters are shown on Fig. D-49.

he eplcentral Yocation of the earthquakes fran 1911 through 1945
includes a probable distance exror of about 50 km (Referénce: T. Matsumoto,
1981, 82; *I!ec?mlcal Beporl: on Coe Selsmogra;h Network) . Mmong them, it was
thought that the epicenter of éarthquaké in 1911 is located 15 kn west of
piedra Goida, which may have ‘a most _s1gn1f10ant influence on the damsites
oohténplateﬂ in this study. '

The penod frcm 1946 to 1953 was “an active permd on seismicity in
the Daninican Rep)bhc. The maximm magr\itude of 8.1 was observed in 1946,
whose epicentér was éstimated to be located 160 km east of the study area.

. Prior to analysis,: the collected data are evaluated on the basis of
their rehahlhty. The nat10n—w1de se:mm-gra{;h nebwork enables to estimate
the epicentral locatims of thé major events aﬂ:er 1946. It is considered
that the epicentral locatmn of hlstorloal data afl:er 1946 is oconsidered to

have an aomracy to %tmate the naxmu’\ qro.nﬂ acoelerahm for the proposed
darsite, ' '

D.4.2 CDE's Seismograph Nebwork Record

Since Decénber 1979, (DE's Seismograph Network has monitored the
seismic activity in tle Dominican Republic, The (MB's record is used to
estimate rélatlonshm between magmtucle and froquency of earthguakes in the
[)umnlcan R’qnubhc from 1980 to 1981, including available 1, 200 data in
1980 ard 500 data in 1981, Fig. D-50° shows the relations between the mumber
of earthquakes add magnitude in the world, the Dominican Republic, Zone 1
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{between longitude 69.75° ~ 71,50°) and Zone 3 (La Vega ~ Banao - Bani zone),
A lirear rogression of "Dominica 1980" demonstrates similar inclination of
the fitting line to the trend of the world historical earthquake records.

On the basis of these relations, following two fitting lines aré cbtainod:

For the Dominican Republic 1980: Log N = 2,80 — 0,705 x M ...{1)
For Zone 3 ' : Log N 181-0529xH.._.(2}

il

D.4.3 Acceleration |

The peak ground accelération is estimated for the proposéd darnsite
in El Torito (long. 70.45°, lat. 18.77°) which is located in the central
part of the Pominican Republic. TFaking into account the urncertainty of
epicentral location in historical data fraas 1911 through 1945, following 5
cases are interpreted to éstimate the peak ground acceleration at the pro- - -
posad damsite:

Case 1(a) Historical ¢arthquake data fran 1946 through 1980 is
used (data in 1911—45 are excluded) .

Case 2{B) Historical earthquake data from 1911 thralgh 1980 are
all included.

Case 3(B-1) Epicenter of earthquake 1911 (347.0) is assuméd to be
located 70 km (2=0) west of the proposed damsites (after
Taber, '1922) .

Case 4(8-2) 'E:pwenter of earth;uake 1911 (7. 0} is assured o be

located 14.6 km (2=46) west of Piedra Corda {after
Qutenberg and Richter, 1956).

Case 5(8-3) Epicenter of earthquake 1911 {#=7.0) is assuwed to be
located 50 km (2=0) west of Piodra Gorda.

- Each epicenter used in B-1 to B-3 is shown on Fig. D-49.

The first approximation to éxtimate the éxpectéd acceleration at the
proposed damsite is given by Estiva's equation. Following equations are
uséd to estimate the hypocentral distance and acceleration.
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It

(5000 % exp. (0.8 x M)/ (HD + 4002 ....iiiviirieenfersn. 3)
/DR DT LR T vuvesevassvsisivivararsssrssesrassoreesssssld)
23 3.08% RAG/360)  vuvsnssrssriovonnsnnsonsascssacacsnaslS)
cos-1 (sin(yO)sindy) + coslyD)cos{y)oos x40 ) ..vveveres. (8}
Ry X Ry / ﬂl-e-xexcosyxcosy) vesiansanssibsnssnsdd)
= C/Rx .'“..s.ao.-.....-........a....a“.“......;...._.......-(3)

=‘/m x fb( - Ryx l:‘y tot--'-'-ni-n_rciii--in-a.-ood---o--------t(g)

i

i
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It

where, a 1+ Peak ground acceleration in am/sec2

 Magnitude

Hypocentral distance in km

: Distance between damsite (x0, y0) and epicenter (x,y)
Dépth of earthquake in km

Radius Of earth in km ¢ R< = 6,378 and Ry = 6,356
d,e,C ¢ Parareters |

-

e

WNU@‘z

p.4.4 Design Earthquake 2cceleration

on the basis of the equatious as cited above, the peak ground accele-
ration has been calculated in each case, as swimarized hereurder.

{Unit: g)
Peturn Period (yecar)

El Torito (34) (69) 160 700
Case 1 (A ) ' 0.168 - 0,132 0.153
Case 2 (B-1) - 0.110 - .
Case 3 (B-2) - 0.160 _ _
Case 4 (B-3) | - 0.145 - _

It i§ considered that Case 1 is relatively equal to the evaluation
according to the data reliobility. The estimated peak acceleration in Case
1 is also illustrated on Fig. D-51. For the sake of the design earthquake
acceleration of the proposed damsites at El Torito, the valve of 0.15 g is
adopted, including sare sate measure, in this study.
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The studied area covers approximately 27 km? of rugged terrain on the
eastern edge of the Cordillera Cen_i;ral. alpine massif in the Dominican Repub-
lic. fhe Yuna river flows down §ts tortuous way fran south to porth through
the central part of the area. - Fram the upstrédm damsites at El Torito to
the downstrean power house near Boca de Tireo; it is approximately 8.5 km in
length.

The rocks in the studied arxea fall nauuany'imo four major groups:

) l) D.Larte Formation of pre—'mddle A}b1an ar;e (uppemst of Tower
' Cretacetus) ;

2) Plutonic 1qneous rocks probably assomated with the emplacerent of
the Duarte Formation;

3) Tireo Fommation of middle Albian age; and

4) unconsolidated alluvial deposits of (Quaternary age.

The first thrée groups receive most attention with reéspect to dam
foundation, -intact rock of headrace tunnel, basément of such struchures as
surge tank, penstock and power house to be planned for the project. Mean-
while, the last group éiraws attentwn on availability of construction mate—
rials to be dealt mth in Annex-F. The study area is rather extenswely
affected by faults and their accmpa:uai fractured zone, which are repre-

sented by the Bonao Fault and the Bl Torito Fault {tentatively named in this
stidy) .

The Duarte Formation comprises green schist, amphibolite, foliated
dicrite gneiss and peridotite, which aré inferréd to bé formed by régional
metandrphism.  The metandrphism grade rises frdam the fomer rock to the . - '
latter, The Duarte Formation ocomies the dam foundations of T-1, T2, T-3
and T-4, includifg half section of the No. 1 headrace tunnel route for El
Torito scheme. :
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At T-1 damsite, it is possible to construct both concrete gravity
dan and f111-type dam. From the viewpoint of availability of construction raterial,

rethods and project eoormly, it is reconwendable to design a full-type dan
at -1 damsite. As for T-2 damsité, the El Torito Fault has no serious
effects on the surrcunding rock near the damsite and a £ill-type dan is
possible to be constructad within a limited height of 50 to 60 m. Construc-
Lioh of a low fill type dan is possible at the T-3 saddle domsite. With

vegard to T-4 weir site, topographic and geologic conditions favour to con-~
" struct a concrete weir with a heignt of 20 to 25 m at maximwa.

There is no serious constraint to excavate No. 1 headrace tunnel
(approxnnately 4.4 ¥ in length) . However, since the tunnel bevels the
schistosity plané of green schist, thick concrete 1ining work suppor ted by
steel is requiréd to pass fractured zone, well-schistosed zone anxd the zone
where overburden intact rock is relatively thin.

In the area of Ios Veganos sdhme, the Tireo Formation and the
Drarte Formation are involved in such structure sites as Gamsites at v-1,
v-2 and V-3, No. 2 headrace tunnel and surge tank, penstock and power
house. V-1 damsite is ultmately found to be geotechnically and economical -
_ly ot reocrmemhble because of possibility of water leakage through lime-
‘stone widely distributed in the left abutment. V-2 damsite is mostly ocox-
pied by lmestone, which is inferred to have the sare constraint factors
as V=1 damsite. Oonstruction of a large dam at v-2 damsite is not reoom—
mendable. The rock quality of V-3 weir site is durable encugn for a ocon-
crete gravity weir with a height of 20 to 30 m. However, a curtain grout-
ing should be tréated in the intact rock of both abutments to stop leakage
fran a reservoir. '

No. 2 headrace tunnel (approximately 3.3 km in length) bevels the
Bonao Fault bwice on its way, but the Fault does not constrain to construct
the headrace tunnel, if such safety countermeasures as careful lining ard
support are employed -

ihe alternative site of surge tank, penstock and power house in the
right abutment near Boca de Tireo occupies a steep mountain slope, where
weathered green tff is exposed. The slope as a whole offers sourdd
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geologic foundation, though the rock fs rather deeply deteriorated near
surge tank and hence excavation work: is reqwﬁ_rod to somé extent, : A power .

houge is located in the old river terrace déposit Mu.f‘h should be excavated
prior to oconstruction, :
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Table D-01 DEFAILS OF GREOPHYSICAL EXPLORATION
{DETALLE DE LAS EXPLORACIONES GEOFISICAS)

Location/site Line No. Length (m)

EIL, TORETO: pansite -1 F1-A 365
o T1-B 400
T1-C 430

T1-1 170

T1-2 200

(sub-total) {1,565)

pamsite T-2 - T2-A 400
T2-B 460

2-1 115

T2-2 200

{sub-total) (1,175)

Damsite T-3 T3-A 460
73-1 180

{sub-total) (640)

Welr site T—d T4-A 300
T4-B 300

{sut-total) {600)

unnel inlet TU-A 460
™8 345

{sub-total) (805)

Quarry site# TO-A _15{)
TO-B 245

(sub-totat) {395)

bDiversion tunnel T™-A 230
Surge tank, peastock, P-A 575
powet house ™-1 230
T?P-2 115

{sub-total) (1,150)

TOTAL (El Torito) 6,330
LOS VEGANOS: pamsite V-1 V1-A 425
V1-B 460

v1-C 460

vi-1 230

vi-2 230

vi-3 230

vi-4 230

{sub-total) {2,265)

Dansite V-2 v2-A 345
v2-1 115

{sub-total) {460)
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(cmt.d) - T : . - :H’j’_‘ A . . 7
iocation/Site . o : - Line No. Length (m)
qunel inlet VA (23
Quarry siter’ . \Q~1 S 345
w-3 495
"~ (sub-total)  (1,185)
Intake sites AA-1 115
AA-2 115
Ac-1 | 115
_ (sub-total) (345)
Surgé tank, pens.t()ck, BP-A 650
poser house BP-1 185
. BP-2 220
BB-B 500
BP-3 S 150
_ "~ © {Sub-total)  {1,705)
IOHAL (Los Veganos) 6,190
GRAND ‘TOTAL | 42 lineés 12,520

Note: * Profiles are presented in Amex E.
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Table D-02 . RESULT OF DRILLING CAMPAIGH
(DETALLE DE LOS SONDEOS GEOLOGICOS)

Site Nos,  Ground _JICA Team = ¢DE(Geocivil) Team
_ ' Bléeva:  Deépth P.T SPT  Deépth P.T_SPI
" EL, TORITO
T-1 pamsite  Ti-BL 773.05 o 55.0 8 6
T1-B2  757.59 - 40,0 5
T1-B3  709.28 - 45,0 7 -
T1-B5 - _ cancelled
- T1-B6 - . ‘cancelled
- T-B7 = ‘cancelled

(180.0) (21 (13)
72 parsité . T2-B1  752.60  40.0
. . T2-B2 711o54 _ 40.13
T2-B3 ©752.09  40.0
- T2-B4  713.09 404 8
L (160.7) (31} (16

00 =305
1 e

T-3 Saddle dam TPA-1 ~746.44. - 16.0 12

T-4 Weit site T4-Bl 699,93 0.0 2 -
S TA-B2 7669.28 .. - 360 2 0 -
‘Surgé tank  TRBL 0 - - cancelled
| LP-BL 716,70 40,0 -
penstock  TP-BL  705.7L - . - . 30 . - A
' TP-B2 | .- o . cancelled
TP-B3 609,31 . . | 32.75 10
W-Bl  553.5 _ 30.0
Power house TM-1" 543,21 38.5 - -
| TOM-2 545,68 20.0
TH-B3  495.35 20,0 5 -
Mater ialst T0-BL  83L.01 | 0.0 - 7
S 0-B2  773.26 24.5 -
T0-B3 859.59 34,55 - 34
(60.0) (5) (352.8) (4) (11})
V-1 pamsite Vi-Bl 534,53 60.0 12 -
. vi-82 514,22  50.0 § 5
vi-B3 488,52 70.0 18
V1-B4 ©539.41 506 10
V1-85 cancelled

V1-BS 48;.39 55.4 8
(285.4) (54) (5)



{cont'd) I R R I S P
Site Nos.,  Ground  _  JICA Team. CDE(Geocivil) Team
Eleva, Depth P, T SPi__ Depth  P.T SPP

CYa-Bl - . oocaigelled. |

V-2 parsite

V2-B2 . -

PT‘

2

Standard penetral:lm test
Ground elevation in méters

V2-B3 - " cancelled
V-3 weir site V3-BL - 490,97 35.0 8 -
§ V3-B2 523.07 50.0 10 6
Surge tank - VI-Bl  541.90 . 55.0 4
S -. VP-B2  552.43 39.8 :
Penstock ~  VP-BL  495.24 L 50.0
' .VP-B2 = - cancelled
VP-B3  379.89 50,0
Powér house  WM-1 -345.51 23,8
VM2 348,36 24,35
Vo3 1377.12 25,5
Material W-B2 61648 8.8 47
VO-B3  640.09 20.0 29
- (85.0) {18) (6) : (317.15) (4). -{76)
TOTAL I (1,481.05 m)  (S9L.1) (108)- (27) -(849.95) (35) (200}
{37 holes) __ 13 hoies 7 24 holés
Note: *Drill 1645 are preséntéd in Annéx Bi -

- Permeability tést by water pressure test
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Table D-03 . PEI‘IDQRAPHIC DESCRIPTION OP ROCK SAMPLES
' rDEsCRIPcmv PEFROGRAFICA DE LAS ROCAS)

T Mextuce or

.actinolite albite

- schist

chlorite, quartez,
albite

Y : Rodc Name‘ : consr.itue_nt Minerals Oclginal Rock
o Sttucture- ’ ' R | - :
2003 Banded Banded hor_nblende Green hornblénde, -
R ' Diorite - - plagioclase magnetite,
;. : picotite -~ .

1801 Biomicritic Lhrestbne '- - Qolitic caleite, Calcareous
detrital shell, Ooze
micritic caleite,
vein calcite

1808 Ba;uied or G}lonte actmo- Albite, dﬂonte, wffaoewfs

Schistose lité albite actinolite mosaw sandstone
‘schist quartz
1701, Ophitic Altéred p{roxene - Lath plégwc}ase, -
o - andesite " diopside or augite-
. changés to calcite
" and epidote glassy
part thamsonite or
ree o e _mordenite
1706 Banded or  Epidoté actino-  Epidéte, actinolite, Clcareous
Schistose | llte albité calcite, vein calcite tuff or
‘ 'sdnst o altered -
7 andesite
1604 Banc}éﬁ.br - Schlstose , '.,Gréen horrblende, Tuffaceous
' " Schistose. Amghmohte _ : epldoté quartz, - sandy shale
S o alblte, oligoclase :
" yein épidote
' 160) Banded or Sch1stose Green hornblende, Tuffaceous
Sd'nistose Amghlbohte . epidote(?), quartz, sandy shale
‘ albite, oligoclase
1007 : Fohal:ed to Biotite béaring Green horrblende, Granite or
‘Gnéissose bornblended dnlonl:e, epidote arkose
' gneiss biotite, secondary sandstone
_ sericite, oligoclase-
andesine, quarkz
1806 . Spotted Chlorite actino- Fine actinolite, Welded tuff
lite albite quattz, albite,
- schist _calcite, elongated
T chlorite
1705 Banded Epidote chlorite Actinolite, epidote, Basic tuff
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(cont'd) - L A ol T _
No.  ‘Texturé or Rock Name Constitient Minerals Ociginal Rock
Structure . .
1001 Banded or Epidote horn- Epldote (poiklitic), . Sandstone:.
Schistose bléende albite albite,; quartz, gceen :
sohist horrblende, mgnetite
1003 Panded or 'Horrbende albite Green borrblerx!e, sandstone
Schistose schist galaxite, magnetite,
: albite-oligoclase,
quartz -
2001 Mesh peridotite Olivine, antigolite, Serpentinite
, : tremoliteé, piocotite, or pérido-
chromite tite
Sanple Rock Nate Cmsutuent mnerals Ofigirial vock

V3-82

Tuffao:ous lme-

' chrltlc calcite with sparly Calcareous

(39.8m)* stone __'calcite véinlets marl
72202  Green tuff or Chlorite, Albite, Quartz, 'I_b bevwfelded
green rock clay-minerals, iron ore rtuft' (_?)
PG-B3 Oi1 conglomerate ©  Basaltic - andestic pétble  with otganic
(47.2m)* matrix: calcareous marl matter
and tuff
PG-B3 'cmglamxate' Basaltic - andestic pebble = with organie
(38.0m) * _ matfix: calcareous marl mattér and
and tuff foraninifera
' ' shell
22701 Calcareous silt- A little basaltic to ' 'Foramimfera
stone - andesific pebble in shell
bmmicnte
ViP-1  Calcareous silt-  Biomicritic rock with shalé ° Foraminiféra
(37.6m)* stone f patch shell
1138 Chert quartz
Note: * S&‘l‘ple fmm dnlled core ‘

Sample localities are teferred to the nusbers in Dvg. D.1,
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blastic T.

(cont'd} : . - -
Sonple  Texture or RoCk Name Constituent Minerals  Original
Structure Rock
vr-Bl* poleritic 7.  Altered Dolerite Bronzite, Augite, ~
(57 m) : 1 Zoned plagioclose
maémetite
(Hornblende? Chlorite)
1111 \Porphytitzc . Quarkz Porphyry Quartz, plagioclase, : -
R U magnetite
{Sericite, Nontronite,
chlorite, epidote)
2281 'Pdrphyutlc - Quartz- Porphyry Quartz; plagioclase, ~
B or Welded Tuff magnetite
{Sericite, cal_cite,
chlorite épidote)
7503 Amygdaloidal Altered Basalt  Plagioclase, ground Amygdal,
T. or Altéred © mass and matie basult or
Andesite minerals altéred to andesite
: calcite and Irone Ores
Cavities are fill with
calcite
12135 Poliated or  Banded horn- Gréén hornblende, -
Gnéissose T. blende biorite plagxoclase hesting
31te, Quartz, ;tagnetlte
{Chlorite, calcite,
séricite?)
1213} Gneéissose T, - Amphibolite or Green hornblende, Basic Tuff
(Epidote horn- plagicclase, épidote,
blende gneiss) quartz, nagmtite
(Iron ore, sericite?
calcite)
12162 Hypidio- Anphibolite Green hornblende, Basic Tuff
morphic T. ' plagioclase, quartz
{Calcite, ivon ore,
sericite?)
12123 poikilitic = Amphibolite Green hornblende, Basic Tuff
T. plagioclase, magnétite ' '
(Calcite, hematite)
12125 Hypidio- Epidote actino- Actinolite, albite, Rasic Tuft
morghic 7. lite schist quartz, calcite, iron
: ore, epidote
2285 Porphyro- Foidoté actino-  Epidote, actinolite, Basic Tui€
liteé schist albite, quartz, calcite



{(cont'd)
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Samplé  Texturé of
Structure

ROCK Nare

Constltuent Minerals .

322 panded T,
323 Banded T.

72201 Porphyro-
blastic T.

Actinolite - .
chlorite schist

gpidote Actino-
lite schist -

Epidote Actino-

. ppidote, chlorite, -

quartz, calcite, iron
ore :

actinolite, calcite,
quartz, albite, icon
ore

: . Epidote, actinolite, -
_lil:e Schist . )

Albite; quartz, ifon
ore

I

O¢

- Actinolite, chlorite, :

Tuf facébds :
shale

- bithie o

Tuff
(Basic
Tuff)

- Basic ™ ff
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Table D-04 METAMORPHISM GRADE OF THE DUARTE FORMATION

- (including the Ticeo Formation)

(GRADO DE METAMORFISMO}

Sample No.

. ROCK name under microscope -

Igneous rock No.2001  peridotite - Intrusion - Anatexis in
No0.2003  Banded hornblénde diorite regional me-

" Hign grade 16,1007
netam:;h sm N

No.1604

No,1605

No. 1003

No.100)
No.1808

No, 1705 ©

Low grade Ho.lsﬂ':ﬁz.

ma ta'mrph ism

N0.1706 ..

Biotite bearing hornblende tamorphism
greiss

Schistose amphibolite (increase)
“Schistose amphibolite’ -
Hornblende albite schist

Epidote hornblende alblte

- schist .

"Chlorite actmohte albite

schist -~ 7
idoté chlorite actinolite
albite schist.

(:hlonte actinolite albite
schist © {decrease)
ﬁmdol:e a_ct_mol ite albite

schist

Sédinénta‘ty 16,1701
rocx (altered No.1801
by dlagenesxs)

Altered pyroxene andesite
Limestone '
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Tablée D-05 - ROCK NAMR AND FORMATION INCLUDED . -
(NOMENCLATURA DE LAS MUESTRAS DE ROCAS)

Sanplé

Rock Namé by Petrographic Deéscription

Formation

V3-B2 (39.8 m)*
72202

PG-B3 (47.2 m)*
PG-B3 (38,0 m)*
17y
vip-1 (37.6 m*
1138

VI-Bl (57 m)*
1111

2281

7503

12135

12131
12162
12123
12125
2285
322
323
72201

uffaceous limestone
Green tuff or greén rock
0l conglomerate
Conglomerate -

Calcareous snltstone B
Calcareous siltstone .

~ Chert |

Altéred doter ite-" o

 Quartz porphycy |
Quartz porphyry or welded tuff
Altered basall: or andemte _

' Banded aorhbiénae*a}biite"

Epidote horeblende gneiss |
Amghibolite | L

Anphibolite

Epidote actinolite schist

Epidote actinolite schist

Actinolité chlorite schist
Epidote actinolite ‘schist

Epidote actinolite schist

Tigeo'rn;matién

Pired Formation

Plutonic¢ igneous

rocks

(High grade

metanorphisn)

puarte Formatidon

{Low grade
metamor phism)

Note: * Sample from drilled core
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Table D-06

Generally rocks are soft and fri-
éble. Often drilled by ro water
drill, ’

CRITERTA FOR ROCK GRADE CLASSTRICATICH
ACRITERIA PARA CLASIPICACION DE ROCAS)
_ . Goxe
Grade Descrlptmn D (%) Rioriwery PAnarks
: o % i
Very fresh in lithologic char— ) Goo e &
actety:. Constituent miferals are probably :?zorgzggtgrope Y
not woathered and altered at more than 100 foindation (height
all, The rocks as a whole are L I 60mt) ard rock £ill
very s0lid and densely h..rd dam core foundation
FE'h‘ crac:-ts are s&n - {height 60n4)
Frech in 11thologm character. .
- Constibuent ainerals are little: very goad (the
‘wedthered And alterédi . The | moré than ~ 100 sxe as the abhove)
rocks as a whole aré $olid ard o)
densely hard. - Cracks are Spar-
sely seen, 'm_tn close adheswn
Alxost fresh, $olid ard hard in
lithologic charactee. | Aoy
“constituent pirerals, ieldspars . Alpost good {tie
. and colofed mingrals are slight- pore than 160 - 2ae as the abowe)
Ay weatherad and dltéred. Gracks ~ ‘3p ' : s
. are $oén considérably. Crack :
walls aré mostly colored, hut s
closad adhesion.  lLong cjludnc.
- Generally a’ little weat_he_rai and ©Almist durable
‘altered in lithologic' character. S progérty as rock
. Constibient minérals, Eéldspars . £ill da core foun-
" and’ colored mindérals are weather~ rore than dation (héight 60at)
ed, oftén being brown. Cracks 20-30 20 and- corcrete dan
are open with thin materials, faurdation
short cylindric cores. Rocks -
often odllapse by a strong ha'ner '
‘ blow.
Corstituent air:‘als are donsid- . .
erably w.*<heidi.  Pocks are as a - ¥ot appropriate bat
whole brdan or réddis: brown. about sovetines Guable
Cracks are open and contain clay 260 . S0 property as rock
or weathéred paterials. Rocks of- or less - fill d fourda-
_ten collapse by a light hawer tion dntrent
blow. - A]_ﬁr-sl: fl:a;—_ent oores.
Constituént mrr::als are consid-
erably weathered or altered and " Often
sandy of clayey porl:nors aré of- drilled
tén seen. Cracks are unclear. ZETO by no—water Bad
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Table D-07 STRATIGRAPHIC SPOUENCE OF UPPER YUNA PROJECT ARFA
(SECUENCIA ESTRATIGRAPICA DE LA CUENCA ALTA DE YUNA)

Geologlc Age ___Formation . Eithology

present river deposit
‘ o 7 pébris
Cenozoic  Quaternary ‘Alluvial deposit L _ o
' Middle & lower terrace _depos'it
. Upper terrace déposit
{Unconformably) . L

! Upper ' _ Limestoné, Marl
Cretaceous - _ ’
Mesozoic  (Middle = Tiveo formation Andesu:e, Dacu:e, -'mff hreccia,
Albian) *1 - Limestone, - Tutf, Sandstone,
{Fault) : _
, r-.rrzpinbollte, Follated leL’ll’.F’,
_ Per Ldotlte
Age ‘Pre-Middle . :
unXNoWM Albian Duarté Formation (_;reen sdnst'
_(Intrusion) L
Age Pre-Middle Plutonic igneous 'Coorse grainéd quartz dmr ite
unknon Albian (?) rocks : (Partly fohal:ed)

Note: *1  Uppermost of lower Cretacéous. -
*2  Relation is not necessarily confirmed.
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RESULP OF WATER PRESSURE TEST

Table D-08

(PRUEBA DE LA PRESION DE AGUA)
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{cont'd) . S . ) } ‘ o Borebele Xualer: Ti-Bt
- ] . . . S N Cosfticieat

Depth Depth Lenglh Hole Pressure Stalic Gacge Frielion Yotal TVater of tagesn Ste

{fros) {to) Tested Dia., Readiag Head Height ULoss Head [Injected Perecabilit Unit 2
() (@) {n)  (ea) (kgfea?) (s} - (e} () _ (a) (3fein)  Qeals) .. - . ¥,
3600 4100 5.00 T.6 1.0 271.23 1. 001 39.l4 2.9 13805 1.0 1}

36,00 43.00 $.00°7.6 30  27.25 1.90 1L.74 5T.e1 - 22.0 9.98-0% q.7 2

36.00 41,00 5.00. 7.6 6.0 21.23 1.9 8.64 3051 47.0 1.6E-04 182 . 3

35.00 #1.00 5.0 7.6 3.0  27.25 L. 10.11° 97.04 ° 330 14804 10.7T 4

35.00 41.00 3.00 7.6 10.0 21.25  1.93 .75 .90 640 BB D4 n.2 s

34,00 41.00 5.00° 7.6 9.0 21.2% 1.9 23.62 95,53 R0 22894 1H.e -6

34.00 41.0% 3.00 .6 1.0 21.35 1.9 1991 id4d 740 2.4E-04 15.6 7

36.00 “41.00 5.00 1.6 3.0 21.25 1.99 1521 &% 650 - 26204 - 03 8

36,00 41.60 5.00 7.6 4.0  27.25 1.9 13.40 5505 €10 24 N9 9

36.00 4100 &£.00 7.6 2.0 C27:35  1.90 9.36 33.79 5.0 3.3e-04 25.6 - 10

41,00 46,00 500 7.6 1.0 4035 .10 0.50 5095 10.0 ° 5.7E-05 - 44 1

41.00 46.00 5.00 {.6 3.0 42,45 0,10 5.81 €599 3.0 ). it.4 2

11.00 45,00 5,00 7.6 6.0 40.43° 0.10 9.45° '4%1.10 48.0 1.48-04 10.5° 3

21,00 16,00 500 7.6 B.0. 4045 €10 12.40 1C3.15 - 55.0 1.3E04 16.2 4

4,00 £6.00 5.00 7.6 10.0  40.45 . 010 16.73 1276 £1.0 - PIEH4 103 - 5

4160 16,007 3.00 7.5 9.0 40.45 0.10 14.27 116,28 $%.0 1.IE-04 1+ 30 Y

G.0) 46.00 5.00 7.6 7.0 40.45 0.10 10.66 - 97.89 51.0 -1.IE-04 0.2 1

$3.00 15,00 $.99° 7.6 5.0 40,43 0.10 7.9 32.60 - {40 VA0 10.7° -8

41.03 46.0) .00 7.6 4.0 40.4} '0.10 5.56 @261 440 "1.4E-04 0.8 - 9

41.00 45.00 5.00 1.6 2,0  49.45 O.i0 4.45 3503 330 1.58-04 1.8 10

15.00 51,09 5.00 7.6 1.0 .40 L.}3 O.H }.44 5.0 35205 2.7 -1

5500 5100 -5.00. 7.6 3,0 26,40 (L35 1.33 755,22 MO T1.86-05 ‘6.0 2

45.00 31.00 5.00 7.6 6.0 2640 1.15 "3BT 8365 29.0  9.005 "6.9 3

4500 51.00 500 7.6 3.6 2640 .1.15 {.36 100.13 45.0 "1.CE-04 80 4

46.00 51.00° 5.00 7.6 10.6 640, 115 11:50 11665 500 1.3E-04 86 -5

45.00 51.00 5,00 1.6 9.0 26,40 1.35 8.1 105.44 .. 42,0 9.9805 7.1 6

46.00 51,00 5.00 7.6 7.0  26.40 115 (5.63 91.92 350 - 9.5805 .6 7

45.00 '51.00 5.00 7.6 5.0 2649 .15 [5.01 7a.54 130 1. 2804 - 9.1 &

46.00 51.00 5.00 7.6 4.0 %.43 115 3.35 64.20 . 21.0 1.1E204 8.4 9
45,00 51.00 3.00 7.6 2.0 26149 115 2.23 4332 2.0 1.3 2.7 10-
5:.00 55.00 4.00° 7.6 1.0 3170 [0.85 ©0.01 4234 1.5 1.1E-05 0.9 3

5000 $5.00 4.00 7.6 3.0 370 085 T2.25 6030 2.0 1104 87 2

5100 55.00 4.00 3.4 6.0 2.76 0.87 5.9 £.65 M.0 1.78-04 3.8 3

51.00 55.00 4.00 7.6 8.0 IL.70 0.85 9.57 W68 {40 1.32-04 10.7. 4

§1.00 55.00 4.00 7.6 10.0  31.70 - 0.35 13.98 NXs51T 610 LIEST O 14 S

51.00 55.00 4.0 7.6 9.0 370 0.85 15.99 166.56 550 1.68-04 136

$1.00 55.09 4.00 1.6 1.0 31,70 (O.35 1. 8% 5.0 1.88-04 143 1

51.00 55.00 4.00 7.6 5.0 Ji0 0.35 9.87 12.68 4.0  1.9E-04 1518

51000 55.00 4.00 1.6 4.0 }L7Q 0.85 8.16 &30 20,0 1.9E-04 15.5 ¢

SL.O0 55.00 4.00 7.6 2.0 3170 0.35 4.9 48.3% 5.0 1.98-04 ~15.0 " M0

.t




Table D-09

D- 5L

(PRUEBA DE LA PRESION OF AGUA)

- RESULT OF WATER PRESSURE TEST '

Boretole Susker: T1-82

Depth Depth Leaghh Eole Pressure Static Gsuge Priclica Total

Y Coellicieat :
_ . £ Fress : ] ¥ater e Logesn Step
{fres} (to) Tested Pia. Reading  Hesd Height l._-os_s Eea@ Tafected Peiecabliity Toit
(&) . (=) fea) {xefca?) (m) . ) {w) (o} _(1}/ain}) {cals) - Xo.
14.50 19.85° $.35. 7.6 1.0 -17.18 1.50. 0.8 2&.50  M.0 9.52-03 7.2. 1%
14.50 19,85 $.35 7.6 3.0 1718 .50 - 183  45.80 36.0 1.9E-04 M2
14.50 . 19.85 7.6 6.0 1113 .30 5,22 1345 0 800 2.0E-04 5.3 3
14.50  19.85° 7.6 8.0 17.183 130 7.91 9. 40 20804 15.2 4
14.%0 19.85 3.35-7.6 10.9 17.18 1.50 10.43 108.20 -85.0 1.GE-O4 14.7 3
14.50 19.85 $.35 1.6 - 9.0 17.18 | L.50  9.23 92,40 $50.0 2.0E-04 150 &
14.50 19.35 3$.35. 7.6 7.0 17.13 1.0 6.9 8.183 £3.0  2.1E0s 5.8 7
14.50° 19.35 $.33:7.6 3.0 37.18 " 1.50 439 8429 55.0 . Z2.)E-04 16.0 . 3
14.59.19.85 535 1.6 40 118 1,30 243 5500 4.0 19504 144 ¢
14.50 19.35 3.35 1.6 2.0 .13 -1.50 1.53 ° 37.10 2.0 2,2E-34 16.6 10
19.85. 25.00 515 7.6 1.0 22.43 2.00 -3.67 30.16 430 3.58-04 7.1 -1
19.8525.00 5.15 7.6 . - 3.0 22.43 2.00 . 7.15 -47.28 620 | }).26-04 246 2
19.85°25.00° 5.1%3 7.6 4.0 22,43 2.00 1.17 73.26 75.0 Z.68 04 . 19.9 >
19.85 2560 5.15 1.6 8.0 2243 200 270 N7 0 z.28- 16.9. 4
25.00° 29.00 4.00.7.6 1.0 ' 2700 4.84 326F Mo sEo ».7 3
25.00, 29.(0 ;7.6 320 27.00 8.2 49.04 330 mE . s 2
25.00. 29.00 4,00 7.6 60  27.00 .44 - 73.0% . 75.0 32204 . 260 3
235.00. .00 440 7.6 8.0 27.00 16.42 91.03 81.0 2.7E-04 22,2 4
35.00. 9.0 .00 7.6 0.0  H.0D 20.70 166.75 91.0 - 2.6EM . 1.3 .S
25,00 29.00 £.00° 7.6 - 9.0 27.00 - 17.22 100.23  §3).0 2.6E-04 2.7 &
25.00 .00 400 7.6 F.0  27.00 14.82 82.63 11.0 2.92-04 2.3 7
300 23.00 4.00.7.6 3.0 21.00 19.24  67.21 64.0 2.9E-04 3.8 8
33.00 29.00 4.0) 7.6 40 27.00 3830 53.75 5%.0 31804 5.1 . 9
25.00 . 29.00 4.0 7.6 20 27.0 5.29 4216 5.0 3. 4E-0 7.3 10
25.00 ; 35.00 10.00 . 7.0 1.0 30.00 441 3604 22.0 .IE08 171
25.00 . 35.00 7.0 - 3.0 300 8.1z 5233 -57.0 P.6E-Q8 109 - 2
25.00 7 35.00 ;70 6.0 1000 13.69 16.76  14.0 1.4E08 9.6 3
©25.00  35.00 7.0 © 3.0 0.0 16.31 93.64 820 1.3E08 8.8 4
25.00 7:35.09. 7.0. 10.0 . 30.00 20.79 102.75 N0 17609 8.3 ..5
25.09 33.00 1.0 9.0 oo 19.36 100.¢% 83.0 1.3E-04 81 6
25.00 /35,00 ] . 1.9 1.9 30.00 15.21  85.2¢ ' 7.0 .SE-04 9.2 7
25.00 35.00 (1.0 5.0 0 30.00 11.22  £9.23 67.0 1.58-04 9.7 8
25.09 | 335.00 1.0 4.9 W00 961 60.84 620 . 1.5E.04 10.2 .~ 3
25.00 [ 33.03 1.0 20 D.® 6.00 4445 49.0 1.78-04 1.0 10
33.00 .00 1.0 0 1.0 N.i0 001 4291 2.0 1.26-05 0.9 1
35.00 - 4H.00 1.0 36 o 0.09 628 5.0 218905 1.6 2
35.00  4).00 1.0 6.0 310 0.28 ~ 92.67 9.0 2.68-63 1.9 . 3
35,00 J .00 T 80 Mo 1.0 1191 7.0 1.02-05 3.0 4
35.00 40.00 7.0 100 .10 3.3 129.53 N.0 6.3E-95 4.8 5
35.00  40.0% 1.0 %0 31.10 .81 119.14 330 T.3E605 5.5 6
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RESULT OF WATER PRESSURE TEST -

Table D-10

(PRUEBA DE LA PRESION DE AGUA)
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Table D-12  RESULT OF WATER PRESSURE TEST

(PRUEBA DE IA PRESION DE AGUA)

Boretols ¥usbérs 1“2-91'

Depth Depth Length Hole Pressure Statie Ga.l_ge Prietion Toisl W¥aler Ccefliric—'lt l.u;éoﬂ

{fros) {to) Tesied Dia. Reading  Eesd Reight Less Pead Tojected ?en::hhty Cait 3“
(s} (a) __f{a} (o) (xé/ex?) ‘(&) (a) . “{a). (s} {ll-m) {c TR e,
10.00 1500 5.00 5.5 1.0 1reb’ i 259 P62 k.0 k. 82«04 MLt
10.00 "15.00° 500 5.5 3.0 1205 .13 461 33.60 430 C3ENY 92
10.00 15.00 500 5.5 2.5 12.06 1:15:11:25 26.96 75.0 S T.TEO1 . 55.6 7 3
10.00 15.00 5.00 5.5 2.0 12066 115 5.2 2801 510 50808 .4 - 4
15.00 20,00 500 53 1.0 12 15 4.6 1869 w.0 T 5.3E04 428771
15.00 2000 5.00 5.5 2.0 124 115 12.67  20.82  65.0 8524 62.3 2
.00 3500 .00 5.5 0.8 2256 ©.a3 1588 1577 6o  i.aE-03 T 799 T
2.00 23,00 (500755 1.2 2250 15 1690 A5 630 - g.exo1 (493 2
2.00 2500 500 5.5 L0 #2350 L5 1488 18.97 610 9.66-04  65.0 03
25.00 3000 5.00 3.5 3.0 222 1115 ‘.82 44.5) 420 - desar gy oy
23.00 3000 5.0 5.5 5.0 223 1,13 25,30 43.85 0.0 40204 281 2
25.90 000 5.00 5.5 2.0 2220 1.15 13.00 .I5 510 0 2600 - 3DE 3
30.00 “}5.00 5.00 5.5 1.0 25.16 1.5 ooy .u 1.0 74204 0.5 1
)00 353.00 - 5.0 5.5 3.0 26.10 1.5 0.22° 57.03 6.0 2.92-5% 2.1 2
3,00 35.09 - 5007 5.5 5.0 Had RS LM 1831 180 4.6505 .t 3
30.00 33.00 500 5.3 1.6 - 26.10 1:15 0 2,9 S4.35 220 - 6.aB05. 4.7 4.
.00 35.00 500 5.5 10.6 26,10 L5 135 119.9 350 - B1E-05 5.8 .5
3000 35.00 5.00 5.5 $.0 3610 125 340 101.85 0.0 - §.1205 5.9 &
30.00 3500 5.00 5.5 £.0° 26,107 1.15 337 - .68 2.0 7.68-05 5.5 7.
3000 3500 500 %5 4.0 2600 L5 194 6531 18.0 76208 5.5 . 8
30.07 3500 5.00 5.5 2.0 .10 1.15 118 4501 4.0 g4E05 6% @2
15.00 4000 300 5.5 1.6 23.90 L1 25.20 145 6.6 1Y.E0 830 A
35.00 0.0 500 3.5 1.2 28.50 .15 M. 735 709 2.68-03 - 150.5 - 2
35.00 40.00 ~ 3.00 5.3 LO 2850 R.15 3142 8.2} 610 2.2203 1629 3
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Table D-14  RESULT OF WATER PRESSURE TEST

(PRUEBA DE LA PRESION DE AGUA)

. Boretole ¥uzdsr: 12-3)

Depth Pepth Lergth Eole Pressure Statie Gauge Priclion Tolsl: Vater _cf“‘:;‘if“ bugeon gy
{rrca)  {t8) Tested Dia. Sea?hug Bead l'!_eizl.;hl. !..oss Eesd ln]ut?:l FPereesbilily Cail 7 .
(=) (=) {w) (a) (ks/ca?) (8) (m) - (a) (a) (1/ain) {c=2/s) - No,
15.00 20.00 . 5.00 5.5 1.0 17,50, 1:70 10,45 1516 39.0 B.IEDY 629 1
15.00 20,00  5.00 5.5 15 1730 170 12,67 2.5} 65.0 T83E-4 . 604 27
1500 .00 5.00 5.5 1.0 17.50 L.i0  3.75 2045 540  71.IE01  32.8 )
20.00 25.00 5.00 5.3 2.0 225 1.0 10,00 24,20 30.0 S.FE-O4 . 4Ny T 1
20,00 2500 5.03 5.5 1.5 2550 110 16,90 2230  65.0 8.0E-04 58.3 -2
20.00 2500 .5.00 5.3 1.0 0 225 LI 0.0 .20 0.0 5.76-01 41,3 3
25.00 30.00  5.00 5.5 1.0 21,50 1:j0 11.52 27.68 45.0 "4.32.00 347 .1
25.60 30,00 $.00 5.5 Y.¢  27.50 1.70 18.61 40.6) 61.0 4.1e9%9  30.1 2
25.00 30,00 5.60 5.5 2.0 27.50 1.70 14.03-35.16 5.0 4,284 392 73
29,50 35.00 5.50 5.3 1.0 3223 1.0 2.1} 41.82 19.0 W T 3.3 2
29.50 35.00  5.50 5.5 3.0 (3225 1.J0 3.53 59.96 2.0 CVaESs 1.9 2
29.% 3500 5.5 5.5 5.0 32,25 LjO. 803 715.47 31.0 T1L.wO4 %9 3
29.50 33,00 .5.50 $.5 6.5 . 32,25 1.0 1157 85.36  43.0 1404 0.2 4
29.59 35.00 5.50 5.5 4.0 32.25 L0 - 6.82 67.13° 1+.0 13804 9.2 5
29.50 35.00 5.50 5.5 2.0 3225 1.0 34D 50.95 24.0° 1.2E-4 2.6 6,
35.00 20.00 $.00° 5.5 1.0  M.22° Li0  0.1F 45105 5.0 3.0e05 | 2.2 1
35.00 d0.00 503 5.5 3.0 3M.22 "Li0  0.34 65.58. 7.0 2.9805 2.} 2
35.00 40.00 3.00 5.3 5.0 34.22° Li0 045 §5.47 8.0 2.6295 1.9 3.
35.00 40.00 $5.03 5.5 1.0 3422 1.7¢ - 1.18104.74. 130 3.48-03 2.5 4
35,00 4000 $.00 5.5 10.0 34.22 L7 1.9 124,13 16,0 33805 24 S
35.00 40-00 - $.00 5.5 20 3,22 170 . LI7 1435 M0 348485 2.4 6
35,60 43.00 5.60 5.5 6.0 .22 Lis  O.70 95.22 10.0 25805 2. T
35.00 40,00 5.00 $.5 4.0 ° 3422 1L.W° 045 75.47 3.0 2.9£-05 21 8
35.00 49.00 300 5.5 2.0 6.0 3.0E-05 2.2 9

14.22 1.70 0.2 55.67
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Fable D-16 RESULT OF WATER PRESSURE TEST

(PRUEBA DE LA PRESION DE AGUA)

Btorehale 5'u=ber. 14-81

Depth Depth Ik—ﬁglﬁ Bole Pressure Stitic Gauge Frictica fotal  Yater TCeetficieat tugeon

{fro3) (o) Testid Dia. Beading  Feal Height Bess Eas:l Injected ?euf:e-:bilily L-’o_:ll.. Step
{a} e} (8} I~ (kefes?) (n) (e} {a} . . {a) (1/nia} ' (cafs) S Xo,
12,00 1600 100 7.6 1.0 8.50° 2.2 0.6 201 DO 1.5E04 2832 1
12.00 36.00 3.60 #.6 3.0 2.50 2.4 3.3 39.39 30 FEEOA < .9 2
12.00 -16.60 4.06 ‘7.6 5.0 8.3 2.3 116 5.9 560 eeod 2.9 T3 -
12.00 1500 4.0} 7.6 5.0’ 8,507 2.3 - 3.37 57.33 . 53.0 CRSED4 231 4
12.00 16.00 40> 7.5 4.0 8.50° 2.20 2.23 348 430 T.7E-04 2.2 5.
12,00 1600 4.0 7.6 20 8.50° 2.0 Q.75 .35 250 2.6604 .9 &
25.00 30.00 5.00 7.6 1.0 - 200> 0.10 - 0.12 2.9 1.0 f 60808 4T 1
25.00 300 500 1.6 3.0 20.00 6.19 0.30 49.80 11.0 - $.78-05 4.4 2
25.00 3000 5060 7.6 6.0 20.66 0.10 1.35 78.54° 5.0 8.28-65 6.4 3
25.00 .09 5.00 7.6 3.0 2000 0.10 306 97.04° 35.0 9.3E-03 T2 4
25.00 30.0) $.0) 7.6 10.0 ° 20.00 0.10 €41 115.6) 42.0 9.42-65 7.3 3 °
25.00 3.9 500 7.4 2.0 20,00 0.10 3.61 106.49 38.0° 9.22.9% 72 6
25.00 3000 5.0 7.6 7.0 2.0 0.0 2.35 5.4 320 9.5£-05 5 I |
25.00 .00 5.00 7.6 5.0 20.00 0.10 L:21 ¢3.83 22.0 8.32-05 6.4 8
25.00 30.00 590 7.6 4,0 20,00 0.10 0.9 53.20 19.0 2,3E-955 54.-9
35.050 30.00 5.0 7.6 2.0 2.00 ©.10 0.42 33.68 130 6.6 10

&.58-0%




D - 61

RESULT OF WATER PRESSURE TEST

“Table D-17

(PRUEBA DE LA PRESION DE AGUA)
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ST ,: 2.0 . _ - ) Feresability
{=} {a) () . {ca) (kzfea”) (n) (=} {n}) {2} (1/ain)}. = {cofs) ~  Xo.
55.00 60.00 509 3.5 "LO £3.10 - 1.90 ©€.00 £2.00 | 0.0 0.0B100 o0 1
55.00 €0.00 5.00. 5.5 3.0 4310 1.9 0.4 73.60 6.0 ° 2.1205 1.3 2
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D - 68

Table D-21 RESULT OF WATER PRESSURE TEST
{PRUEBA DE LA PRESION DE AGUA)

_B-ureboie Naster: . ¥1-Bd

Depth Deplh Lengih Hole Pressiré Stalid Gauge Friction Tolsd Vater Cotfficieal o ca

MNNNNN&)&-‘a

[ R el
WY

(frox)  (ts) Tested Dis: 2eaflil_:g Eéai Hafght Loss . Haa3 Injected Per-:.::t:ii.lily Unit Step
f2) (=) (=) {ca) (kefca®) =) o)  {w) () . (1fsin)  (enfs} = - . ¥o.
15,00 15.00 5.00 5.5 1.0 3250 2.5 ' 5.83- 9.2 . .0 7.3E04 6.3 1
.00 1560 5.00 5.5 2.0 1250 2353 893 .05 6I0  T.AEM e 2
10.00 1500 5.00 5.5 2.5 1250 2.53 1).43 26.58 820 8554 61T 3 ¢
15.00 20.00 5.0 5.5 0.5 1.2 2,53 - 1.5 1.76 0.0 1.82493 239 1
15.00 20.00 3.00 5.5 0.8  T.73 2.5} 19.68 -1.42 2.0 -1.6EH2 -1 2
29.00 25.00 5.00 .55 1.9 19.30 " 2.5 - 0.00° 31.83 9.0 0.CEDO 6.0 1
20.03 25.00 5.00 5.5 1O 19.30 2.53 0.63 51.3% . 13.0 7.0BE03 s 2
20000 35.00 5.00 5.5 $.0 19.30 - 2.5} 3.3 £3.41 - 9.0 L2 8.5 3
20,00 25.00 5.00 3.5 7.0 19.30 2:53-10.00 $1.83 0.0 KIEHd T 32.2 -4
20.60 - 35.00 500 5.3 10.0 19.30 2.53 24.34 91.49 §8.0  2.75 b« 150 5
23.00  35.00 5.00 5.5 - &0 19.30 2.5 171.%6° 881 61.0° 2.2 ‘160 6
20.00 25.09 5.00 5.5 6.0 19.30 2.5} 1}.00- 68.8y 5.0 2.3BE-M 6.6 7
2003 25.00 5.00 5.5 4.0 19.30 2.53 7 7.06 .77 2.0 _2EH 15.3 8-
20.00 35.00 5.00 5.5 2.0 19.30 2,53 2,70 39.13  #%.0 - 1204 1.3 - 9
.00 30.60 5.00° 5.5 1.0 19.30 2.53 -0.13 .M 5.0  4.295 32
.00 30.00 - 5.00 5.5 3.0 19.20 2.5 0.60 51,23 110 5.9E-43 4.3 -2
0 .00 5.0 5.5 50 19.30 2.53- '3.65° 68.19 27.0  1.15-04 7.3 "3
5.00 30.09 3.00 5.5 1.0 19.30 2,53 10.93 - 31.35 5.0  1.LED4 1.3 4
5.00 20.00 3.00 5.5 10.0 19.30 2.53°12.50 103.33 59,0 1.IE-M T9Y 5
5.00 .03 5.00 5.5 3.0 19.30° 233 1L.84 - 9079 472.0  I4ES4- 104 S & -
5.00 30.00 5.00 3.5 6.0 19.30 2.53 6.48° 75.35 360 1.3E0M 2.6 1
3.00 ¥.00 5.00 5.5 4.0 19.30 2.5} 2,20 59.63 . 1.0 9.7E-05 1.0 -8
5.00 .00 5.00 5.% 2.0 19.30 2.53 . 0.98 40.85 14.0  9.5E-G5 6.9 9
30.00 35.00 5.00 5.5 1.0 19.35 2.53 0.00 - 31.28 0.0  0.0E:00 0.0 1
.09 35.60 5.00 5.5 3.0 19.35 2.53  0.15 5173 5. 2.78-05 . 1.9 2
30.00 35.00 5.00 5.3 5.0 19.35 2.53  1.01 : 70.57  1).0 $.1E05 31 3
.00 35.00 5.09 5,5 T.0 19.35 2.5 1.94 : £3.94 - 18.0 5.358905° 40 4
30.00 35.00 5.00 5.3 10.0 19.35 2.53 0 5.40 11645  30.0  T.AE05 - 5.2 5
30.00 33.00 5.00 5.5 8.0 T19.35 2.5)° 437 951 7.0  7.4EOF TS5 6
X063 35.00 5.6 5.5 6.0 19.35 2.53 3.7 78.11 1.6 8.i2-05 5.3 T
.00 3500 5.00 5.5 4.0 19.35 2,53 L13 &0.15 1.0 - T.BEGS I U
000 35.00 5.0 5.5 2.0 19.33 2.53 0.60 41.28 0.0 &.7E-05 43 9
5.00 40.00 5.00 5.5 1.0 18.65 2.53 003 11.18 0.0  0.08:00 00 1
500 40.00 5.00 5.5 3.0 18.65 _2.53 Q.00 - 51.18 0.0  0.0E+0) 00 2
5.00 40.00 5.00 5.5 5.0 1565 2.5 0.0 F1.18 0.0 002400 0.0 3
5.00 40.00 5.00 5.5 7.0 1265 2.5} €00 91.16 - LS5 438056 03 4
.00 40.00 5.0 $.5 10.0 18.65 2.5} O.70 120.48 10.0  2.3F-05 T 5
35.00 43.00 5.00 5.5 8.0 18.65 2.53 O0.45 100.7) 80 2.28-05 1.6 &
35.00 0.9 5.00 5.5 &0 18.65 2.53 0.7 81.01 5.0 1.7E03 .2 7
35.00 49.09 5.00 3.5 4.0 18.65 2.33 O0.06 61.12 3.0 1.48905 ¥0 8
31500 40.00 $.00 5.5 2.0 18.65 2.53 0.01 4.}7 L. 6.FE-06 2.5 9



(cf;dt'-i} " ] . ) Borehale Nuckar: WV1-B¢

Depl‘!; Deplb.l.én'gui Hole Pressure Siatic Gasge Friéiion Total Viter Co¢fficient

3 T8 e e Bea T fice Pezd Poighl iy oy of U:'g?_ca Step
(f:cﬂ) (!_o)_ I’e_slc—_c? 21__5. Reaf! rg ;”‘ ight l,.oss Eeafl Injected Pereeadilily Unit ~
{a} (s} {a) - {cw) (k¢fes2) (o} (s} {a) (o} {1/min}) {cafs) - No.
40.00 45.00 5.00.5.5 1.0 19.50 2,53 6.0 2.3 0.0 0.CE4H) - 0.0 1
40,00 45.00 5.00:5.3 . 3.0 19.50 2.5 0.9 520} 0.0 0.0E+0) 0.9 2
£0.00 45.09 $S.00 5.5 5.0 19.50 2.3} 6.00° 203 0.5 1.98-05 9.1 3
42.00 45.00 5.00.55%5 1.0 19.50 2.53  0.07 91.96 .0 9.68-06 0.7 .4
40.00 45.00 5.00-5.53 10.0 19.30 " 2.33 0.97 121.06  il.0 2.38-93 1.8 5
4.0 43.09 5.00 5.5 . 8.0 19.50° 2.53 0.65 101.38 9.0 2.58.05 i.8 6
49.00 45.005.00 :5.5 ~ 6.0 19.50 2.3 0.13 21.90 +.0 1.3E-35 1.0 7
.00 45.00 5.00° 5.5 40 - 19.50 2.5 0.02 62.00 1.3 6.7E-74 0.5 8
40.00 45.00 5.0 5.5 20 19.30 2.53 0.00 42.03 0.5 3.3E-56 e.2 9
45.00 50,00 °5.00°5.5° 1.0 . 19.30 2.53 000 3.33 o.0 0_0E1) G.0 1
45.00° 30.00 $.00°5.% 3.0 19.30 2.33 0.00 351,83 0.0  0.06:00 0.0 2
45.60. 50.00 5.00:5.5 5.0 19.30 2.53 ©0.00 71.833 0.0 ©_0E:CO 0.0 3
45,060 50.00 5.40:5.5 7.0 19.30° 2.5 0.0 91.33 Q.0 0.QE:00 0.0 4
45.00 50.00 3.00 -5.5 10.0 19.3¢ 2.53 0.00 121.83- 0.0 0.GE0D 0.0 3
15,00 50.00 5.00 5.5 15.0 .. 9.3 2.53 0.7 110 .0 1.5E-05 1.1 &
§5.00° 50,60 3.00-3.5 8.0 19.39 2.5 0.00 101.3) 0.0 0.0Z:0) 0.0 7
£5.00 $0.00 5.00°.5.5 6.0 19.30 2.53 0.00 8153 0.0 0.0E+00 0.0 8
45,00 50,00 5.00 5.5 4.0 19.30 2.53 0.90 61.83 0.0 0.CE+00 0.0 9
45.00 5000 3.00 %.5 2.0 0.0) 41.8 0.0 0.6 10

19.30 2.5} 0.0E:00 -




D ~70

Table D-22 RESULT OF WATER PRESSURE TEST
(PRUEBA DE IA FPRESION DE AGUA)
Borebole Nuzxbetki
Depth Depth Uengih Hole Pressure Stalié Gauje Friction Total c“':;"“?"
(frod.) _(!_9) Tes.f.ei Di:a. Beading qus Haad Peréabilily
(2)  {m) (ca) (kgfca’) () - (e} (=) {ca/s) ‘ o,
. 7.15 10,20 395 3.5 1.0 .09 0.00 4312 6.0 . 0.0E40D 6.0 1
“7.15 10.2:3.65 5.3 3¢ ©3.00 0,007 3312 0.9 - 0.05:00 - 0.0 2
7.15, 10.20 305 5.5 5.0 3.00 000 312 0.0 0.05+00 . 0.0 3
7.1510.20 3.05 5.5 1.0 3.9 0,9 312 0.0 0.08:00 ¢ 0.0 4
7.15 10.2) .3.05 5.5  19.0 300 6,00 10332 0.0 - O00EHO 0.0 5
7.15 10.20 305 5.3 8.0 3.00  0.00  33.12: o 00800 - 00 -6~
7.15 19.20° 3.0 5.5 6.0 3.00 0,00 332 0.0 0.CE+00 ‘0.0 T
715 10.20 3.0% 5.5 4.0 300 6.00 4332 - 00 0.0EidD " - 0.0 8
7.15 10,20 3.05 5.5 2.0 300 0.00 2332 0.0 0.05:00° 0.0 ‘9
0.9 1500 .52 5.5 1.0 300 9.00 .13.08 0.0 . 0.0E+00 0.3 -1
10.00 15.00 5.9 5.5 3.0 3.00 0.00- 33.08 . 0.0 - 0.GE«(O o0 2
10.02 15.00 590 5.5 5.0 3.00.70.00. 53.00 0.0 QOE:00 0.0 3.
10.00  15.0) 5.00 .5.5 7.0 360, 000 7303 0.0 0.08400 | .0 4
10.00 15.00 5.00 5.5 100 3.0 0.00 10).03 0.0 0.GE;:00 0.0 -3
10.00 15.09 5.00.°5.5 8.9 3.0 C0.00 8308 0.0 0020 0.0 6 .
10.00 15.9) 5.00 (5.5 6.0 T30 0.00 6308 0.0 0.0E0D " 0.0 7 -
10.00 1500 5.00 5.5 4.0 3.00 0.00 43.08 . 0.0 0.0E+00 0.0 8-
0.0 159 500 5.3 2.0 3.00 000 2308 0.0 0.0E:100 0.0. 9
15.65 19.7¢ 4.65 5.3 1.0 3.00 0,00 1318 0.0 0.0840° 0.0 1
15.65° 19.70 465 5.5 L0 3.00 0.00°° 33.18 - 0.0 0.0£:00 0.0 2
15.0% 19.70 4.65 '5.5 5.0 3,00 003 53.13 | 0.0 0.0£:00 © 0.0 Y
15.05 19.90 4.65 -5.3 - 7.0 3.00  0.00 ; 73.18 | 0.0 O.CE«00 - (0.0 5
15.05 1.70 4.65 5.5 10.0 3,00 0.00 101,18 0.0 0. CEL0D 0.¢. .5
15.05 19.70 4.65 5.5 2.0 3.02 000 8).18 0.0 0.0E100 0.0 3
15.05 19.70 4.65 5.5 6.0 3.00 0.00 6).18 0.0 0.CE:00 0.0 7
40.00 45.00 5.00 5.5 L.O© 3.00  0.00. 13.16 0.0 00800 . 0.0 1
£0.00 43.00 5.0 5.5 3.0 300 0.0 3316 0.0 0.08:00 60 2
40.00 45.00 5.9 5.5 5.0 " 3.00 0.90 53.16 - 0.0 0.CE+00 0.0 3
40.00 45.00 5.00 5.5 T.¢ 3.06. 001 - 7335 1.0 I Y T S |
40,00 45.00 5.00 5.5 10.0 3.00 T 0.2 102.96 | 5.0 1.3E-05 1.0 5
20.00 45.00 5.00 5.5 - 8.0 3,00 0.0). 8.1} - 2.0 6.62056 0.5 3
40.00 45.00 5.0 5.5 6.0 3.00 0.0 6315 0.0 G.0E:00 0.0 7
40,00 45.00 5.9 5.5 - 4.0 3.00 0.00  43.156 0.0 0.0F+00 0.0 3
42.00 45.09 3.00 5.5 2.0 3.00 0.00 23.16 0.0 - 00E:O .0 9
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(éml'é} o o B ) ‘ B-Dird:-ole_x'.mber: ﬁ-a&

Oeplﬁ Bépu's I'.e.:':;t!'.\ Ijléle' Fressure Statie Gavge Priclion Yolsl Vater Coeflicieal

s Static of Lugesa st
(fros) (to) Tested Dis. Heedieg Bead Height Goss  Hesd Tajected o0, 0y, Vaid P
() (=) - (=) . {eo) (rafca?) (m). (=) . (u)- {o) (¥/ain) Qeafs) - %o,

45.00 19.50 490 5.5 1.0 0.16 3.0 0.90 1316 0.0 O0.CE:0D 0.0 1
4500 49.90 °4.9.%5.5 3.6 06 3,00 0.03 .16 60 0000 - 0.0 . 2
55.00 19.90 4.9 3.3 3.0 016 300 009 331 O.0 0.08400 00 )
4500 49.90 49035 1.0 0.6 3.0 000 1316 0.0 . (0.6E400 00 -4
4500 43,90 4.90: 5.5 10.0 6.16 3.00 $.00 103.16 0.0 0.08400 0.0 5
T 4300 49.90 4.9 5.5 3.0 0.16 3.9 000 #.16 0.0 0.0E+0D 0.9 6
45.09 42.90 4.93 5.5 6.0 0.16 ~3.00 000 &3156 0.6 005 | 0.0 7
45.00 49.5%0 4.9 5.5 - 4.0 6.15 3.0 0.0 43,36 090 0.0E+00 . 0.0 ]
45.00 43.90 4.90 5.5 220 016 3.00 0.00 236 0.0 0.CE:00 0.0 9
£9.90 5549 5.50°5.5 1.0 0.16 -390  0.00 1316 €0 O.CE#0 0.0 1
49,99 55.20 5.%0.5%.5 10 016 3.00 0,09 3316 0.0  O.0E00 0.0 2
49,90 55.20 5.50.5.5 5.9 6.16 : 300 0,00 353.16 0.0 0.CE+0 0.0 3
43.93 - 55.49 5.50 5.9 7.0 0.6 363 000 3.16 0.0 0.0E0% 0.0 4
43.90 - 53.42 5.50 5.5 10.0 .16 . 3,00 - 0.01 103.15 - 1.0 2.58-06 0.2 5
19.90 55.40 5.50 5.3 8.0 0.16 .00 0.9 8).16 0.0 0.08100 0.6 6
49.99 755.40 5.30 .59 6.0 0.16 300 0.09 6).16 0.0 0.CED0 0.0 -7
43.90 55.4% 5.50.5.3 4.0 0.1 300 0.00 4316 0.0 0.0E+00 20 8
49.9% 3342 5.50 5.3 20 0.14 3.0 0.0 2.6 0.0 008400 0.0 9
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RESULT OF VATER PRESSURE TEST

Table D-23

(PRUEBA DE LA PRESION DE AGUA)
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RESULT OF WATER PRESSURE TEST

Table D-24

(PRUEBA DE LA PRESION DE AGUA)

¥3-E2

Barehole Ybers

W «
s R
@
5w
nrm '
oy
-
- &
4 -
L Ms
.wralm
- O W
a [V
&~ “
8 &
L
& &
el .m.
v e
-
=7
L
-
313
-
a
CE
-
we -
=8 &
™
%
bbb e
53 &
S
&
- e
o o 0
- e
o
-y
=%
S.l-“
L
£33
o v )
e
- T
-
2
-

2 7l
ue(
(=
N1 |
N:\ S
b\J Yz
lm ]
Oy b ]
m‘
R T

el Bl N o]

;55555:
oo ¢

o

u(ilel

,wmmmm_
CRRERRE

mWNMM

R A A

e e

9.5

1.45-03

€3.0

12.91

2.00  18.59

9.5

1.0 -

20.10 szSO 55407 3}5

-

T 303.9
75.2

1.58-04

1.12-03

.).)
55

ﬁm

.)

RE

SRR

mm

2

AN W AAD P SN

FRIARTRLE
HEAREgREAY
252878853
Ao EgRR R
28888282838
AN OO NN N N
mmwmmmmmm

CRRRKKRKKR

gee0e0000

13570364é

555555555
L
\555555555

000000000

TP e e LR

ISR PP A

KERKRRERE.

A A A A 1
3]]]]3133

RARKXZRRR
RRLILRKKR

™M A e SO

95?5880"
1.l_b 610.0 T T_S

FESEERER

1]%99991[

009920000
SHEHGARKER
IRIIILRIS
GREALSLET
- goal
RARIRRRERZ
- ﬂ,‘ SL“AB.b.4 ~

888888888

NN NN N NN

RRRRARALS
AXRSRRRAR

555555555
.555555555

388888888

:wmwmmmmmm
§4999599¢

$53888888

43.50
63.43

.29 8L
0.65 102,85

- A D e

ChTmANA -
L ELL L

1.3E-G5
1.95-05
2.3E-05
“3.SE-GS
3.3ED5
3. 2E-O5

2.98-05
3.

0.02+00)

0.0
3.0
6.0
9.0
7.0
14.0
n.o
8.0
6.9

2 131.19
.57 1n.93
92.53
22.9%
53.21

.07
2.3

0.97
.51
0.29

o
@
0

223852233

22?222222

mwmmmwmw%

"
.

08880 e09
1351m8642

55—)555535
555’__).\.555

RRRREIRRR

i VA

mmmmmmmnm

APt LR U AN 1A
tToetrrevTY

mmmmmmwom
wmmwmmww”



(cent’a) ] ) A C e queﬁoié_ Xuzher: ¥3-32

Depth Bepih 'Le.ngth Hole Prk'ssr_;r}e Sialii: Q—auge _ftié;ion ‘l'otgl‘- Vater coe"l_l_icie_et_‘ Digeon
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RESULT OF WATER DRESSURE TEST

(PRUEBA DE LA PRESION DE AGUA)
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(PRUEBA DE LA PRESION DE AGUA)
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RESULT OF WATER PRESSURE TEST
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