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B, OONSTRUCTION MATERIALS

E.l INTRODUCTION

Field survey, test pitting and laboratory test, as well as drilling
and seismic exploration, have been carried out in El Torito arvea and 1os
Veganos area to investigate availability of construction materials, narely
earth, filter, rock and concrete aggregate. The scope of investigations is
briefly explairned hereunder. : '

1) Field reconnaissance and selection of borrow areas and gquarry sites:
peoonnaissance has been exeoated in the field to identify possible
borrow areas and quarry sites for earth, sand, gravel and rock materials.
The £ield reconnaissance has been performed on the basis of 1/5,000 scaled
topographic map and 1/20,000 scaled aerial photographs, as well as by refer-
ring to the results of geologic survey.

2) Test pitting and sarpling of materials:

A total of 6 test pits respectively in El Torito area and los Veganos
area have been excavated and investigated for the purpose of construction
material survey. Sampling of materials has also been in possible borrow
areas for earth, sand and gravel in El Torito and los Veganos areas. (Pefer
to Table E-0}, Fig. £-02, E-07 and E-11)

3) Drilling and geoﬁnysical exploration:

For the purpose of construction material survey, 6 seismic lines
with a total length of 2,040 have been explored, in addition to the geo-
physical and qeologic survey at the major structure sites which have also
been referred to in this study. Oore drillings have been perforrmed at the
possible earth borrow area and quarry sites for rock materials. A total of
5 drillings with a total depth of approximately 148 m, have been investi-
gated. (Refer to Table E-01, Fig. E-02 and E-07)



4) Yaboratory testsi
Laboratory tests to examine quality of- the construction mater'ials
have been exeoited at the Tavera-Bao and Hatillo laboratones arranged by

CDE. A total of 22 sampleés have been tesbed, as shown on Table E-02 and
soil mechanic test sheets appended hereto. .

7 5) Shﬂy on quallty and quantity of avallabie matenalsi o

On the basis of field survey and 1aboratory test, studles have been
exécutéd to evaluate quallty and quantity of available constnlcnm mten—
als, in the light of major sl:ructures o be oonstm(‘:ted for El 'Ibnl:o—los
Vaganos hyd.roelectnc complexi



E.2 MATERIALS IN EL TORITO AREA

E.2.1 Earth Materials

_ 'Ihmw;h the flela reoonnaissance, the borrow areas for earth materials
for i:rpervxcus core and found to be obl:a:mable, in prlnmple, from the two
alternative su:w as follows:

Earth Borrod Area ™1 ¢ located to the south of 1 and T2 dansites,
: : or in the southern abutment of T-3 saddle
' damite. {refer to Fig. E-01 and E-02)

Earth Borrow Avea T-1L Iooated al: a , site 2 km upstream of -1 dam-
. ) _mte, or célled ms Pejes. 1t is linked
with the dasite with the exlstinq road to
Bl Torito. (Refer to Fig., E-O1 and E-02)

o At the T—I earth borrm axea, a selsmm eyploratlon (lmé T3-A) has
bee.n perfomed to cbtain sn.i)scnl proflle as an earth bor row axea and & T3
saidlé damsite. (Refer to F1g 3-03} L:kemse, WO oore drl.lh.ngs have
been e:-oecuted at the borehole No 'IQ-BZ and ’IQ-B3. (Pefer to Pig. B-02 and
: [og Sheets EL-02 to EIr03) 6 te'sl: p).ts have als6 been exca\ated and inves-
' thated At the T—-II earth borrow area, 9011 sarrplmg has been conducted
at ti-p_s_;_tes (I.os Px_ajes 1 and 1os PQ}@ 2, as shown on Flg. E-02).

m the basis of the result of m\,:est.tgatmns as explamed above, '
avallable quantlw of earth matenals is esl:lﬂated as smrranzed heréunder.

Estimated Quantity

Earth bormw area ™1 | _ 700,000 w3
Eaxth borrai area ‘I‘-II ' o 1,000,000 m3

In casé the oombined dem omstxuctlon at T-1 and T-2 damsites is
planned, the excavatlm of earth borrae area ™1 will serve surultaneca.sly
for excavation of cxnruect.lng open channel of feservmm. Available area and
'depth tobebom'ed at LY area are estimated to be 18 ha. and 4 m, respéc-
tively én'an awerage Altha}gh the borroe area ™1 is located close to the
-1 and T-2 damsites, an access road of around 1 km has to be developed,



because the elevation of the borrow area is about 100 m higher than the dam-
sites. The earth borrow area P-1I has an area of about 10 ha., and the av-
erage depth of 10 m.

For construction of fill-type danis at T-1 and T-—2 dams1tes, the

available earth materials for impervious oore are oms1dered as, SUff].Clent
in quantity.

parth matérials available in T-T borrow area aré qualitatively examin-
ed. The materials aré classified into GC-Mi under the unified soil classi-
fication. A plastic index ranges fram 9 to 193. 1The natural moisture con-
tent varies in the range of 19-52%, hhich deviateés by 7-16% wetter than the
optmun moisture content. The result of 1aboratory tests of earth materials -
is smmarwed on Table B-03 and B-04.

The grain size is very fme as illustrated on Fig.e-05. ‘The perm'e—
ability coefficient is as low as a value’ 1n the order of 10 -6 o 10 cm/sec.

To improve the 5011 prc.perties sucn as s‘hear strength, trafflt‘:abllity
and gradation, earm mtenal shall be mxed with sandy material wlucn lam
at the lower part of the clayey soil layer.

Earth materials available in T-II borrow area aré classified into
M.-Mi. Plasticity index ranges from 16 to 243, ‘The natural mlstune oon-

tent varies in the range of 34- 44% whlch devmtes by 6 to 16% wetter
than the optimm moisture content.

The grain size is fine, as shown on Fig. E—05 The perrreablhty o
efficient is as low as a value in the order of 10~ cm/sec ‘ITnese matenals
can be utilized as core materials without mixirg sarﬁy matérials.

BE.2.2 Flltﬁl‘ and Cbncrete A;gregat&c

Sard and gravel for filter and omcrete aggregate are obtamable "
from the riverbed in the vicinity of the proposed darsites. 'Ihree borrow .
areas have been inwestigated. |



Sand—gravel Borrow Area T-1 ¢ Located 600 m downstream of -1
darsite, or immadiately dowmstreanm
from the confluence with Arroyo
Blanco, or about 600 m upstream of
T-4 weir site.

sand-gravel Borrow Area T-1T : Locatéd on Arroyo Blanco, immediate-

' ly upstream of T-2 damsite.

Sard—gravel Borrow Avea T-111: Located on Arroyo Blanoo, about

' ' 1.5 km upstream of T-2 damsite.

At the T-1 sand and gra\)el borrow area, a seismic exploration (line
" T0-B) has been performed, as shown on Fig. E-04, Sampting of materials at
2 sites (TO-Sl and 10-S2) has also been conducted to examine quality of
sand and gravel. At the T-I1 and T-III borrow area, sawplings (TQ-S3 and
)-54) have been conducted. (Pefer to Pig.E-02)

- oa the ba51s of th&ce mvesngatlons, the available quantity of sard
and gravel in these borrow ateas is estimated as swmarized heréunder.

Estimated Quantity

~ Sard-gravel tx)rrm -1 : 150,000 m3
Sa:ﬂ—gravel borrow T-T1 : 20,000 m
San.l—qravel borrow P-I11 e 20,000 m 3
Total : 190,000 >

- ‘The borrow area T-I is the largest in El Torito area. The borrow
area T-1 has an area of about 8 ha., and an average depth of about 2 m.
Total anntxty of sand and gravel avallable in Bl Torito area is oonsidered
as Suffunent for use as fFilter natenals for rock-fill type daxs at T-1
and -2 dawsite. It will also be sufficient to use for concrete aggregates
for construction of a glaV).ty weir at T-4 site. However, to adjust a gra-
dation curve of sand and gravel to required gradation of ooncrete aggrégate,
a crushing plant shall be installed. .The available quantity of sand and
gravel is not sufficient to meet the repirement for oconstruction of a oon-
crete gravity déam at T-1 site. 1In case T-1 dam is designed as a gravity
dam, rocks must be crushed and sieved, which will lead to the implication



that the construction of a gravify dam at T-1 sité will cost mich higher.

pelatively Finer sand and gravel and located at the left abutment of
the Yuna river as a terrace deposit. Gradation of the sand and gravel is
shown in Fig. B-05, ‘he result of gradation analysis indicates that sand
and gravel can be utilized as. filter materials for T-1 and T-2 rock—~£ill
type dams. Besides, it can also be used for concrete aggregate.

Spemfxc grmlty is 2 64 and absorptlon is around 1%. Fn\eness
m)dulus is 3.85 and abrasion is 223 by Ios Angeles abrasion test apparatus.
‘These test results indicate that the rmaterial has a sufficient quality as
a concrete aggregate. ' | ' '

E.2.3 Rock Materials

Fock materials are cbtainable from a quarry site to be located at
1.2 kn upstream of T-2 darsite. (Refer to Fig. E-01 and 3—02) At this
quarry site, a seismic exploraucn (lme 'IQ—A) and a oore dnlhnq (hole
No. TO-Bl Pefer to Log Sheet EL-01) have been conducted. The rock am
 phibolite of the Duarte Formation,

On the basis of 6nllmg and seispie e:-cploratlon, as well as the
field rea:rmalssance, the available quantlty of rock matenals 1s estirated
to excéed over 1 mlllon m3 This quanuty is mldered as suff1c1ent for
omstruction of rock-fill type dams at ™1 and T-2 damsites.

Dnlled oore has been exanuned to fmd that the rock of an;iubohte
has a sufflclent durablhty, hardness and scn.mdness as rod‘-: matenals for a
rock-fill type dam oomtmcum.' Although the laboratory test has nol: been
exemted, it is inferved that the rock property is similar to that of sand’

ard gravel tested for concrete aggreqates, because azrphxbohte orlgm is
the sare in both cases.



B.1 MATERIALS TN I06 VEGANOS ARZA

E.3.1 Earth Materials

Although ‘the construction of a large scale rock-fill type dam at v-1
damsite has been ultimately judged as geotéchnically and economically not
recomendable, ‘availability of 'enbankrent materials has been investigated

in the ocourse of this stlﬁy The result of investigations is brlefly intro-
Guced for réference purposes.

Earth materials for impervious core is obtainable from two borrow
areas, as followsi '

Rarth borrow area V-1 ¢ Located at 1.3 km upstream of V-1 damsite,
' or an the left bank near the village of
Los Veganos. ({Pefer to Fig. E-06 and E-07)

Earth borrow area V-IT: Located cnthe hill-top extending to the
- right abutment of V—l damsite. (Refer to
Fig. E-06 and 3-07) '

) In the v-I borro.v area, a selsmc emlorauon (line VQ—I) has beén
exemted as shom on Fig. B-08. Core dILlhngs (hole No. \Q-BZ and \Q—B3)
have also been oonducted. {Refer to Fig. E-07 and Log Sheet EL-04 and
BI~05) A total of 4 test pits have been excavated and examined. Likewise,
in the v-il borrow area, a seismic exploration (line W-3) and 2 test pit-
tings have been executed. (Refer to Flg E-09)

m the bas;s of t‘hese 1nvestlgaucns, available qwmtlty of earth
uﬁtenals for impervious core is estimated as surmarized hereunder.

Estirated Quantity

Earl:h borrm area V-1 :: _ 300,000 ms
Earth borrow area V-II: 400,000 m3

The earth borros area V-1-is limited to the toe of the mountain
‘slope, and thé treatmént of the excavated borrow area requires special
care due to the substantially stééo slope. In the borrow area V-1I, the



extension and the average depth of carth materials are estimated to be 6 ha,
and 7 m, respectively.

he earth materials in the V-I borror area are classified into G-
wider the unified soil classification. The natural roisture oontent falls
in the rage of 12-40%, vhich deviates by 1198 drier or wetter than the
optimum moisture content. ‘The plasticity index ranges fram 5 to 163, The
permeability ocoefficient is in the corder of_ 107 5 to 10 -6 H/SCC. - (Pefer to
Table B-03 and E-04). The grain size distribution is also iiittstrated on
Fig. E-10.

Judamg from the results of tests, the earth materlals in the V—I
pOFTow area can be utilized as core matérials for the construction of a
rock-fill typé dam. ‘fhey can be used without mi.Xing sandy materials.

The earth materials in the V-1E borrow area are cla531f1ed into ML
wmnder tne unified soil classxﬂcauon. The natural mmstm'e omtent is
about 13%, which is rhearly the sare as the optimn moisture content. The
plasticity index is around 4%. These materials are non or low plastlc
materials, and it is inferior to the earth matenals .m the v-I borm-.r

area. The results of soil mechanic tests are shown on Tablé 8-63 and E—04
as well as on Flg. E-10.

B.3.2 Filter and Ooncrdte pggxegates

Sand and gravel for fllter and ooncxete aggregates are ava11ab1e
fram the riverbed in the vicinity of the alternative damsites. Four borrow
areas have been investigated. (Refer to Fig. E-06) -

Sand-gravel Borrow Area V-1 : [Located along the Yuna river, just
' dovnstream from V-3 chm‘site.

Sand-gravel Borrow Area V-1I ¢ Located 800 i \pstxeam of V-3 damr
site.

Sand-gravel Borrow Area V-11I: Located along the Yuna river, 1.8 km
: wstrean of V-3 gasite, or near the
village of Ios Veganos.



Sand-gravel Borraw Area V-1V ': Located along the Yuna river, 2.2 km
‘ wstream of V-3 damsite,

The borros area V-I has an extension of around 3 ha. with an average
depth of 1 m. On the basis of field survey and 1/5,000 scaled topographic
rap, the availablé quantity of sand and gravel in’'each borrow arvea is esti-~

mated as surmarized herewnder.

. Estimated Cuantity

‘Sand-gravel borrow V-I i 30,000 m3

- Sand=gravel borrow V-1I 25,000 3
. Sand-gravel borrow V-III: 15,000 m3
Sand-gravel boxrrow V-1V @ 20,000 m3
Total e 90,000 m3

It is oonsidered that the available sand and grawel are quantitative-
ly sufficient to meet the requirerent for filter materials for construction
of a rock-fill type dam, or for oconcrete aggrégates of a gravity type weir
oonstruction at V-3 site. Howewer, to adjust a gradation curve of sand and
gravel to required gradation of concrete aggregate, a crushing plant shall

be installed.

The results of grain size distribution analysis on filter and oon-
creté aggregates are shown on Fig. E-10. The gradation is similar to the
results obtained in filter and concrete aggrégate test executed for T-I to
T-TiI borvow area in El Torito area. The properties of specific gravity,
absorption and fineness rodulus are sumarized as follows:

Specific gravity: 2.67
Absorption ¢ 1.0 - 1.1%
Fineness modulus: 4.2

E.3.3 Rock Materials

Rock materials are obtains)le from a quany site to be located on
the left bank of the Yuna river, immediately upstream of the confluence
with Arroyo Oolorado, It is about 200 m downstrean from V-1 darsite, or



E=-10

200 m upstream of V-3 daisite. A seismic ‘eéxploration (line -2 has been
executed at the quany site..  (Refer to Fig. E-08) Although a drilling
originally progranied in the site was cance]led, the geologlc investiga-
tions including drillings along the surge tank and penstod: line for the
downstrean altérnative powsr. statlon of £l Torito schere which aré located
umtadlately to the south of the quariy site, are veferable;

Judging from the results of field survey and seismlc ekploratlon,
available quantlty Of Podk materials is estimated to be rOTe than 1 million
m in volue, which is sufficient for enbamqrent materials for V-1 dan. 7
According to the seismic exploration, the overburden of s0il and weathered
rock is arownd 7-10 m in’depth on an a\.erége Quallt.y of rock materials
{lirestone) wderlying such an overburden - is suitablé for use as rod:/no—
rap materials for a ;:oc;c-hll type dam_ w\struct;m.
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fable E-01  QUANTITY OF TEST PITTING, DRILLING
AND SEISMIC EXPLORATION

(CANTIDAD DE CARICATAS, PERFORACION
Y EXPLORACION SISMICA) '

‘Test Pit No.

Drilling No.  Depth .
Location and Material Seisnic Expl.No. Length Remarks
{A] El Torito Area
(1) Earth Materials _
Earth borrow area T-I TQ-1 2.0 Test Pit
—do- Q-2 2.4 "
-do- T0-3 4,2 o
—co- T0-4 4.0 "
—do~ -5 4,0 "
~do- Terrace deposit 2.0 "
-do- T3-A 460 Seismic
exploration
(T-3 saddle
darsite)
—do- T0Q-B2 24.5 prilling
—do- T0-B3 34.6 "
Earth borrow area T-1I  Los Pejes-1 - Sarnpling
Los Pejes-2 - “
(2) Filter/Concrete
Mgreqgate Materials
Sand and gravel
horros area -1 S-1 2.5 Sampling
' —Go- ™1 TS--2 0.5 "
3o~ ™Y1  TS-3 0.5 -
—do~ TI1I TS-4 0.5 "
-Go— T-1 0-B 245 Seignic
exploration
(3) mock Materials
Quarry site T TR-Bl 40,0 Driiling
-3GO~ T0O-A 150 Seismic
exploration

{to be ocontinued)



B - 12

Test BIC RO,
- - Drilling Mo, Depth
Iocation and Material  Selsnic B¥pl.No. Length’~  Remarks
i8] Los Veganos Area
(1) Earth Materials
Farth borros area V-I W1 ‘ 4.0 Tiest_'i)it
~do- V-2 3.8 LS
—Go- V-4 . 4.0 | .
-do- w-5 _ 6.0 R _
—do- w1 345 Seismic exploration
—do- VO-B2 2.8 Drilling
—do- w83 20.0 ' u
Earth borrow area V-II VO<3-1 4.0 ‘Test pit
—do- v-3-2 | 2.5 .
—do- vo-3 495  Seignic exploration
(2) Filter/Concrete
Aggregate Materials
Sand and gravel _
borrow area v-1 vs-1 . 0.5 Sampling
-do- v-11 VvsS-2 : 0.5 n
-G v-I11L V5-3 0.5 "
~do- v-1v  Vs-4 0.5 Coa
(3) Rock Materials
Quarry site v VOBl ~ {cancellad) ' Drllllng

3o~ w2 : 345 Seignic explorétim
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Table B-02  ITEMS OF LABOPATORY TESTS

(ENSAYOS OE LABORATORIO)

Test Item

El Torito Los Veganos Total

. Earth Material Test

1) Index Pfoperties_Tést ,
- Natural moisture content
- specific gravity

Grexiaum analysis

8011 consxstercy
Umt wenght

2) Engmeenrq Propertles Test
Cmmctxon

- Triaxial u:ﬂlpr%mon

- Permeability

- Consolidation
. Filter and Concréte Aggregate Tests
- Sleve analysis _
- Specific qravlty and absorption
~ Abration of coarse aggregate
- Maximn and minima denéity

w % N oo R e 8

L

LS - B O N NSO

™ -

{14 sanples)

14
14
14
14

14

14

(8 Sanples)

[CR R S I




Fable E~03 -
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SUMMARY OF LABORATORY TEST stums

(EARTH MATERTAL) (1), _

(RESULTADO DEL EWSAYO DE LABOR.ATORIO

MATERIALES IMPERMPABLES X 1}

Sampl- Gradation (Passn‘q 3] Consistency Unifiad
Saople No.  ing Max. 4,76 0,074 0,005 WL wWp 1P Gs ¥wWn Soil clas-
: depth(m) (mm)  (sm) (rrm) tm) (3} () (%) sification

El Torito
T3-1 4.0 25.4 84 50 21 36,5 30.4 6.1 2,97 42,9 ML
13-3 4,0 2.38100 40 28 35.5 27.4 8.1 2.8 33.0 M
fo-1 2.0 238100 76 37 43.0 329 10, 12 73'_'_&"7__{.'2_, M
T4 3,5 25.4 99 96 45 50.5 32,0 18. 5 2.82 45.5
0-5 3,5 2.33100 95 34 55.5 36,9 18.6, 2, 90}_;5‘2,-.0-- M
Terraoce | - S R T
deposit 2.0 38.1 42 31 19 29,2 20.4 6,2 °2.93 185 &
los Pejes 1 0.5  4.76 100 82 39 64.5 40.5 24.0 2.76 335 M
Ios Pojes 2 0,5  4.76 100 77 31 48.5 32,0 16,5 2.82 442 M
1os Veqams
Areéea _
w1 4.0 38.1 36 18 7 32,0 .22,6 9.4 2,65 17.1 @+C
vo-2 3.8 50.8 60 54 28 51.0 353 15.7 2,82 41.2 M
vo-4 40 25.4 37 28 18 30.0 23.6 6.4.2,60 12.2 M
Vo5 4.0 9.52 97 22 10 27,0 22.0 .5.0:2,78 17.2 S%-SC
w341 3.0 4.76 100 2 - 28 29.5 256 3.9 297 128 M
vp-3-2 2.0 50.8 20 S5 2 38,0 28.7 9.3 7.6 SM-5C

2.79
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1.99

Table E-04 . SUMAARY OF LABORATORY TEST RESULTS
- (PARTH MATERIAL) (2) _
(RESULTADO DEL ENSAYO DE LABORATORIO
MATERIALES IMPERMEABLES}(2)
_ Ocmpactmn Shear strength Coef ficient of  Consolidation
Sawple No. Wopt #dmax c', #'  permeability X Ce Py
) (&) /m?) (degree)  (an/sec) ' (kg/an?)

El Torito Aréa _ _
T-3-1 28,4 1.44 - - 23x100° 081 2.0
p-3-3 25.0 1.53 - - 9.7%10°® - -
-4 331 135 055 29 5.6x1 7 0.29 6.0
To-5 36,0 1.36 - - 1.2x ‘10“"? - -

Terrace deposit 12,0 1,97 - - 8.6x10° - -

1os Pejes 1 28,0 1.48 - - esx0’

los Pejes 2 27.9 1.48 0.64 28,5 8.0x 107 0.11 5.2
Ios Veganos Area

-1 16.4  2.07 - - - - -
o2 22.6 1.61 1.60 31  23x107° 0.19 6.2
vo-4 26.0  2.01 - - 9.5 x 107° - -

Vo5 18.2 174 - - - - -

vo-3-1 12.5 1.87 0.45 36  2.5x 10> 016 6.6
vo-3-2 14.0 - ~ 1Lex110° -
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