





CI—U\I’I‘ER L3 NATURAL ENVIRONMENT
Ir,l'QeogPaphy~of the Cguntfy

(1) General | |
' Thewqountry-of Chi1e_Stretches from norfh to south along the southwest -
coastal zone of the South Amerioan contiﬁeht facing the Pacific OGecean, It
cncompaases an Braea of dppPOX. ‘TUO Lhou&and 5q. km from latitude 1/ a0'S to
)5 5915 and Irom longlfudn 66°30'W to - 75740, 1) The country strétches
apppox. ﬁ,300 lemn from_north to south -but only an_average of” 180 km from east
to west. ' | _ |
This country is located on the Pacific Qcean sfde of the Andes Mountain
Rénge' that runs down the western side of the South American continent.
About 600 -th0u3and‘ sq. km or B80% of the fotal land area,:of Chile is
' mbuntainous' -Chile has a rich variety of land Form owing to its geogrdphlc
features, Fhe Andes Mountain Range constitutes a belt of volcanic act1v1ty
Becéﬁse'of the tectonic plate of the Pacific slipping under the plate of the
South_Amefi¢an continent from thé west,_the.country 0f Chile.lies in an

earthquake belt,

-(Zj Geogvaphy

The Lwo maln mountdln rangeu in Chile are the Ande {La Cordillera de
los Andes) dnd the coastal mountain rarge (La Cordlllera de Costa) running
longitudiﬁaliy fb¢m north to south thfough the country. These two mountain
'pangeshdivide ths;céuntry into four distinctive géographical fegions, the
-Andes Méﬂﬂt#iné, the.Ceneral Basin, the Coastal Mountains and the Coastal
Plain, B |

?he Andes Mounta:n range runs along the western edge of the South Ame -
rican Lontlnent shreichlng over 8, 500 km, hlthln Chilean terrltory, there
are mgre‘than_EO high mountains ranging from 5,000 to 6,000 m in height in
‘the”noftﬁéfn and central,sé¢tidns'0f the éoﬂntry while the southern part of
the sqﬂntry'isfchéractefized‘by lower_mountéinsg 3,000 to 4,000 m in height.
Moﬁeo#ér- the Chilian side of the Andés has at least 55 active volcanoes.
' ' The  Central Babln,.a'éoncave belt of lénd.running north to south, is
boundcd on “the cast by.. the Andcs and on the west by thé-Gdastal_Mountéin_

‘angel ?he northern part-oi this zone is a desert bell that  is. famous for

1) SOUfcc. Republic of Chile ; Catin Ameérica Associatién'Jépan
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the production of copbef and Chilean saltpeter.  Uﬂ the OFhGP ha”?, the
southern paft is a fertile agricultural belt for production of crops apd
1ivestdck. The najority of the country's population lives iﬂ thg.conprgi
zone of the country.

The- Coastal Mountain vange runs alonb the coas st fron gbout 20 kw |
CThe slightly round

south

the north to thc'laltao Penlnsula.

of Arica city in _ _ _
This mountainous bélt signifi- -

mountains are 1:000 to 2,000 m in height.
cantly effects on the weather of Chile,

The prominent feature 'of the Loastdl Plaln is the'prevenbc of Jar

urban areaé;'Major'Chilean ports -are doveloped nL pidvca whero the: LOdSLSl

plain is relatively wide. This can be seen all such cities as Antofaguota,

La Sereﬁa;'ValparaisQ and Lota,

(3) Climate |
The major factor of climate change in Chile is latitude with a variety

of c¢limates from north to scuth as follows: -

@ North Country: - desert zone having 1ittlé"rainfall,_eiténding from

the Peruvian bordér to the latitude of 30&'8.

@ Central: area of mediterranean climate with a warm, ‘dry summer

season and rain falling mostly in the winter season.

@ South Couhtry: mild climate area with heavy rainfall,'formfng a

grassland belt

® South Extfemity' area of Steppe or Lundra ¢limate .haﬁing low
temperatures and mitch rain. |

_'_The geography of: Lhe country playo an 1mporLdnt roio in d&téfhlulnb the
climate. TﬂlS ig manlfestcd An tw0 ways: ' (1) the mounLaLnOUb Levvajn dig~
tributed over 4 wide area of the country 11m1t¢ the 1nf1uanrﬁ ol the ocaanic
climate and (;1) the Andes act as a “»edther sereen” which prdtcdts_tﬁe
country except_for the Patagonian region Trom the inflﬂehéc of cbntiﬁénhai 

climates,
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1) Rainfall o
_. Thgre is a. trcnd of" a Sharp increase in rﬁinfail towards the Sduth
whilc’.gt”the same latitude, rainfall is higher_én the coastal side than on
the -Andes side, “The desert region in the north of Chile is extremely dry
with. pracLicully no rainfall, The south regions have much rainfall, and

partxcularlj the aPPhile&gO in goubhern Chile is an area of heavy rain.

2) ‘lemperature _ |
Tho'annua}.mean"températufc is rather uniform despite Chile being a

Long and narrow counLPy‘”tretchzng {'rom north to south, The gnnual mean is

"18.8°C at Arice and 5,8fC at Navari, for instance. In general, the inland

aveas exhibit a large differcnce between diurnal and nocturnal temperatures.

3) Winds | |

Narth of 1&titﬂde 30°C, southerly w1nds 1nclud1ng southwesterly and
sbﬁéheasterly winds 'are more frcquent throughouc the year, But in the
='coast§l areas, both sea and.land breezes play 1mportaﬁt roles in the local
wind.ﬁaﬁterns' In. the arca from 35°S to H0"S, the dominant southerly winds
w1thdraw in the wlnter edson of June and July and northbrly winds become
-predomlnant.- South . of 40°s, northwesterly  winds prevall in the winter
_seaéon from June to August, but westerly winds are most frequent during the

rest of the year,

) bog and Vl%lbllTLV over the Sea

bog at - sea is most- frpquent in April and Nav petween Lats. 30°S and
1578, Fig. IT-1- 1 1llustrat s the ave rave frequency of fog at sea (visibi-
lity-léss-than 1,100 yards at sea) in the months of April and October.

These.mOnthsfshows the highest and lowest Trequency for the region.

(I}) Currents and'Tidal Streamv
: Nuar-thc Cﬂllldﬂ coast from Isla Chilot. northward fhe general trend of
Lhc Peru curvenr is northnrly ﬁlong the coast. The strength of the Peru
_LUIIOHL does not vary appreciably throughout the year. The speed of the
northoriy LUPPGHL ‘ig from halfl a knoL to threc-quarters of a- knot
Along Lhn gr cater pa"t of the western coast of Scuth America, which is
Pfaivly steep and free fProm major obslrubtion to the water flow; the tidal
stfgnms -ﬁre weak, and in general, negligible compared with the currents

previously described,
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(5) Earthquake- : . .
The country 11@5 in part of the eastern region of ‘the Pan. Paclfic

Earthquake Belt of volcanic activities. in Chile, 55 velcanoes: are s'u_i)poa’ed
to be active at present. o . _ : :
Since 151}3 Chile ‘has e\p rmnccd some 15 thoucsaud edrthquakcu.

Althogh the ma30mty of these were :\mpwcc,phble, about 90 ear thuakes of‘

strong intensity have been recorded. In.this century, 2'-! earthquakes - havo

‘been recorded,
The secondary i'nf‘l'uences o'f‘" carthquakes are the
astation ko the- coast of Chile

huge . waves  known as

_tsun'ami; ‘One -which brought large-scale dev

‘oceurred on May 22, 1960, and destroyed all the ports between Conceptisn: and

-Aisén.
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_1142 NatuPal.ConditionS Sunrohnding Lthe Ports

(1) heneral

EXJsLing data and :nformatlon on the natural conditions surrounding the
ports wcre-pollectgd by the JICA team.  Also, . the JICA'study teaﬁ carried
out fiejd suﬁﬁeys on topography, mctcoro]og;cal, conditions, subsoil and
FCOlOglLdl profiles for.the port areas. Tablc I1-2-1 113Ls the items of the
Iio]d survey worha CuPPlOd ouL by the team,’

Al1 Lhe {ield works as well as laboratory Le leon subsoii samples were
_cntrustcd to local firms under the supervis sion of the team_specialists. The
work schedule of the field surveys was determined under consultation with
the’ JJCA Iechnlca} AdV1serq togethcr with the LOUHtEPDaPLS ‘of the Ministry
oF Publac WOrko of Chile. An outline of the field surveys is presented

below

@) onographlc Survey.

The topographlc features of the ports of Valparalso ‘and San Antonio as'
._well ‘as the closeiy ﬂelated back of-port areas were surveyed by a plane
.SUPVGJ based on ex1sting geographlc ‘data and aerophotos The results

of the topographlc survcv are plotted on a map w1th a scale of 1 to

2,000,

GD_.Currcnt : _
. The current observatlon was carried out with 25 hours of continuous
.freadlngs u51ng the currént._meter supplemented by floaf trécking
 ¢Qnducted for_-a to .3 hours-ﬁuring flood and ebb tides, Within the

. harbour, t#o'poiﬁts_and thPee_points for: the currént reading and  the

- Tloat tracking3'resﬁéctiveiy, were cobserved at both ports.

&) 'Bﬁth&ﬁétry
The bathymptrv An Lhe water arvea of the ports was checked using an eoho
sounder. The survey was conducted along the survey 11nes arranged for

-gedlogical exploration adopting the continuous sonic profllxng method.

@ %ub&oil Invest:gation ' _
_The uUbejl 1nve&LJgaLJons on land and geo]oglcal exploratlon in the
water arca ubing tho continuous sonic proflllng method were carried out

;a? ?OIIOh&.

.;”47—-.



3

5. boring holcg at lho por

with: standard ponctratlon t
on the subs011
ed holes at Lﬂ(h por

'1aboratory tasts

P.S. prospécting_using 3 bot

Géological_exploratioﬁ using
‘at. the ports

nine and  six
respectively.

Table 1T-2-1

lines

of Valparaiso and
émples pakel

a Geo~boﬁer

of Valparaiso:

19CHE

{ qurl\e

and" - San:

. hblés*at'Sun_AntQﬁio
LL (8P and %ub3011 bampiLngb _
1. from tho bored holc%

. type) aidhg_

Antonio

Field Investigdtion on Natural Conditions

i i : Port 5
Ttem Investligation SN 5. L SRR P
Part ' Ite‘l?;l Method \hipammn S:m Antonm
Natural 1) Topography ® Plane Survey 150 ha 60 ha ' e
Conditions I - e = - i R
: 2) Current ° Fioat Tracking. 3 points/2 cimes 3. pomtalz times
{Topographic : ’ ° Current Observation | = 2 points/25 hours| - 2 pmn};lZ_S hours
‘and - RO - R
Metebrological |3) Tide: ° Data Gollection I BT S
Conditions) : : L o : .
s 4) Waves °® Data Collectlon: - o -
) and Hindcasting S
5) 'Métep‘rological _‘5 Data Collection - - ’ -
Conditions
6) Bathymetry ° Echo Sounding g'iﬁﬁgs
Katural - 1) Seil Conditions .°.Bor_iné. - ‘5-points 4 points -
Conditions Il : ° SPT .. 59 points 58 points-
o ® PS Praspecting 3 points "3 points

(Subsoil ° Laboratory test 22 samples 31 samples .
Conditions} - |— . A 3 R T .
2} Geology’ ° Acoustic Profiling 9: lines 6 lines
Natural 1) Underwater °'V15ual Inspec.t.mn I E el
Conditions II1 Inspaction ¢ Underwal:er phocogra* " 10 berths / 7iberths
L , *phy : ' '
{Present Condit-{] o Undewater measure-
ion of Port L - anent B B S : 5 i
Facilities) 2} Pbrt_Facilities ® fuaywall 110 berths 7 berths
- Inspection on ® Rail Conditign 10 berths . 7 berths
land = ® {thers L i T )
3) Backfilied ° Observatlon by 1 point = T ;;a_int :
: Condition .. - excavation . . - B ;
{4} -Detérioration “ e cers Samplmg for 6' samples R MA.w."jmh"‘—w’:‘w—.—“ e
of Concrete . testing . :
_ : : ° viswpal inspection 10 berchs 7 bertm
5) Inspection ? Sampling for 3 .;ianqjia; I
- of steel . tension test ‘ ' :
Materials ? Paco Merer

Visual Inspection
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‘(2)'.The'Powt'6T Valparaiso

1)  Top0gr1ﬁh& _
CFig, L1-2- ] shows the port of ValparaJso dcveloped at ‘the bOULhan LJp
T-Vﬂlparilso Bav behwoen Punta’ Angclcc and Punta Concén, The watcr[ront
ared 01 about - 3 km from Punta Angels on the west Lo the Baron dler1cL on
=Lhc UﬂbL is used as Lhe port area, The bdy is’ h]dely open to the. Pac1f10 to
‘thq nothwe 1 dlonb the 15 km coastline between Puntd Angele& and Punta
Concon. The PunLa Angelcs naLuraLiy shcltera the port of Va]pdraluo from
offshore wavaa exu0pt fo" nothcrly and north-westerly waves that are moatly
p]edomlnanh in Lhe winrcr seagon.
 p10.-I1—“~2_1s a Ltopographic map prepared by the team through fieid

3urveys of'the;porf area and its hinterland.

2) Sedbed lopography

. PJg 11-2- 3 lS a ‘cross sectlon of the seabed topography. of Valparaiso
Bay.' The %eabed feahures shom_;-steep slope in the water depths between
'_dpprox 10rn Lo 30 m uhlch then slopes gently offshore until it becomen
almost f'lat aL -a water depth oF around MO m. The gradlent of the slope is
'appPOXAmatcly 1 10 aL the steepest “and becomes 1: 50 to 1:60 in the deeper
water area, - The ex15t1ng berth no. 7 was conotructed at an area of 35 m
orlglndl hater depth whlle tbe breakhaier (Mole de Abrigo)} upon the rock

mound was placed in extremely deep_hatez, 45 m in original depth.
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Fig. 0-2-3 Seabed Cross Section at Valparaiso -

C]Lmate

(i) Temperature and Rainfa]l

The cllmate at Valparalgo is a warm, d*"y summer and a wet winter.

Duv Lo the 1nf‘1uence of thc Peru Current {cool), ‘the annual mean

. _temper‘ature is 134 2° C whlle the annual mean maximum and minimum are
'-19 0°C. and 10'6 2, respectlve]y The monthly mean tempeérature and
-r'ar‘if‘all are shown in’ Table I1-2-2 and Fig, TI-2-4.

The monthly mean tbmperatures are 11.8°C minimum and 18°¢C maximum,

whlch gives a sma]l arinual difference of only 6.2°C. ‘This is very
dlf‘ferent from ‘those, at Santlago wher‘e the monthly means are 20 C
maximum and 8 1°C minimum with a difference of 11.9 C

‘ValparaJSO haﬁ. a Pelatlvely laige ralnfall The ‘monthly. mean

' l'ainf‘all is 1arge<;t in June, belng 126.3 mm, but it drops to 1.2 mm

in !*ebruary. 'I‘he.total annual rainfall is §h1.3 mm,

Table II-2~2 Monthly Temperature and Rainfall at Valparaiso

'_:Jany feb, | Mar.] Apr. | May Jun. | Jul. Aug . Sep. Oce, | Nov. Dec.

Max,

(°C}

Fomperatuve | 22.4| 22.4] 21.2] 19,31 17.3] 15.8 | 15.6] 16.1| 16.9] 18.3) 20.4| 21.8

Rasnfall (m) 11|12 6.9017.5| 88.5]126.3 | 95.6°| 65.2| 25.1| 12.3} 5.6, 2.9

Min, |

ey

tean Temperature | 18.0] 17.9]16.7| 14.9| 13.5] 12.3| 11.8] 12.1| 12.9 14.1 | 15.8] 17.3

TN S _ _ . : _
Temperature | 1337 13.3 _12.3 10.9:°10.1 8.9 8.4 8.4 9.0 10.0 | 1L.1} 12.4
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Fig. 124 ‘Mean Ter:nperﬁture and Rainfall at Valparaiso

Source: Instituto Hidrografico de fa Armada-Chile

(ii) Winds : . R ’
i) On-land Winds '
The section of the Chllean coast in which Va3para1so ;s located is
sandwiched between the South Pacific and the South Atlantlc hlgh
pressure Zones which causes pressure throughs to develop, Pesultlng:
in the southwesterly winds which predam1nate ‘hroughout the yeat.

Particularly in the summer season; the “South pdC}flC hlgh preabure
zones generate in the further bouth and. causes iower presaure zoncs.

on the South Amerlcan'contlnent. This prSuUVc ﬂlSLPIbdthﬂ gives
rise. to sea breezes _aﬁd the relatlvely {requent occurxencc of

southwestetly w1nds. | |
Table II-2- 3 (monthly frequency of w3nd dlvectionq) “and Fig. 1L1-2-

{monthly wind roses) show the statistics on winds obaerved on-land
at-Valparéiso. ﬂs.can he seen, vinds fﬁom Lhc southwnst occur aL 2]
frequency of approx. 36% in May Lo August and HO - )O% in oLhcr
“months. Winds from.othef‘directiqns occub.mostly ffom.ﬁay to Tuly_
when fhe_nértherly and'northéastefly winds arc somewhat Tfequent.
This is'due to the more frequeﬁt:passing‘bf léﬁ»ppessure troughs.
The annual mean wind éélocity is SW 3 (3.4 - S.S_Q/Séc), but there

is a fairly large daily variation due to -the generation of sea.
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Fig 112:5 (1) Monthly Wind Rose of Valparaiso (1968 ~ 1962)

© Source: !n’ét_i_n)n:) Hidrografico de la Ar_n"na‘da — Chile, . - :
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Fig. 11-2-5 (2) Monthily Wind Rose of Valparaiso (1968 ~ 1982)

Source: Institute Hidrografico de la Armada — Chile.
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Fig. [1-2:5 (3) Monthly Wind Rose of Valparaiso (1968 ~ 1982)

Source: Institute Hidrografico de la Armada - Chile.
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ii)

breozcs The winds In the morning are weak but strengthen throu-

ghout the day Lo bogomo about 5 - 6 m/sec in winter and 8 - 9m/sec

- in summer,

Mostly southwevtérly winds prevail., The fréquency of gales is
remarkable in summer but PdPQ in“wintbr and their direction is

mainly southwest,  Since sllong ga]gs are generated by the passing

~of extbemvly low ﬂFCSuUTQ tPOUghb the frequcncy of strong gales is

Lelapivel}_low. _But;'when Lhey do occur, northerly or northwester-
ly winds become extrémely sLrong.

Extrem:ly low-pressure thughs generally occur from the end of
aUtumn-qntil'the éprihg when-thg prevaiiing westerly surface winds
ﬁqvc to the norih anci-become stfonger Along with the eastward
prqgression of" these low- prcssurc troughs comes the northeasterly

movement of cold fronts, When these cold fronts approach, sirong

_winds'.from_ the north to northwest blow over the .coastal region

“around Valparaiso. The southwesterly winds prevail generally after

this cold ffont.paéses by. It is not unusual for these winds to
blqw.Fof over'Z;ODO km. :

It is also ﬂbte&.in Table II-2-3 that the maximum velocity winds
uéually come from the southwest, but they come from the north in
May. and June., The maximum wind velocity is SW 44 knots (22.6 m/

sec) and N37 knots (19 m/sec)

Winds bver sea afeas_

The wind data obséb#ed.at the lighthouse on the breakwater are
avatlable to study the wind patterns over the sea. The wind
records of maximum monthly velocity for the peériod 1980 - 1983 are

shown in Table I1- 2'4 Extremely high Velocitiés of 70-'- 80 knots

. havo bcen PCCOvdud from the north to west. Although these winds

LdQL iov only a shorl: period of time during the approach of cold
Vfronts,_they are prélatively strong compared with the'southwesterly

winds, -

Moreover, southwesterly winds also blow due to pressure troughs

which are easilyIFOPmed'along_the coast of Chile and, therefore,

stvong'rsouthwcstcrly winds tend to develop freguently over the

oPfshore area of the coast,

" The winds that . affect the port of 'Vaipapaiso are mostly south-

_4.61,,,



Table TI-2-4 I?i.nd Data at Breakwater of Valparaiso -

62

EN. EL FARQ DUPHAT  MOLO DE ABRIGO {VALPARALSQ)
ARO 1980 :
MES DIA DIREC. E7A. RDS, HORA
ENERO NO SE HABIA INSTALADO ANEMOGRAFO -EN Bt MOLD
‘TEBRERO NG SE HABIA INSTAL ANO ANEMOGRAFU EN Bl MOLO
MARZO NO SE HABIA - INSTALADO ANEMOGRAFOQ EN EL MOLG-
ABRLL 10 NORTE . 70/80 NDS. 0000 /0600
MAYQ 10 NORTE 200 WS, 0300/0600
JUNIC 07 Ring 20 NDS. 1200/1600
JULIO 23/18 N/ 35 NDS. 1304/1 500
AGOSTO 18 SURWESTE 20 NDS. 1300/1400
SEPT. 29 HORTE 38 NBS. 060070800
QCTUBRE | 2 SW/ sk 20 NDS. 150072030
NOVIEMBRE 22 sk 22 NDS. L300/1600
DLCIEMBRE 24 W 30 NDY, L700/2000
ARO 1981 -
MES BIA - - DIREC. PZA. NDS.. HORA
ENERO 20 SE: _18 - nps. 1600/} 700
FEBRERO FALLA EL REGISTRADOR DE - INTENSIDAD DEL  VIENTG - -
MARZO 04 W/NY 35 NDS, 0800/2600
ABRIL 02 SE/S 24 NDS. - 1500/1800
MAYO 11 W 30 HBS. 0500/1600
JUNIO 20 W 18 . NDS. 0700/1100
JULIO i3 W 18 NDS. 150071800
AGOSTO 22 W ‘15 “NBS. T LEOR/1500
SEPT. L4 5E 20 - NDS. 1R/ 1400
OCTUBRE 11 SE. 24 - NDS. 1400/1600-
HOVIEMBRE 29 K 20 - . NDS. 140071800
DICIEMBRE 23 ] 16 NDS. 100071300
ANC 1982
HES DIA " DIREC, “F2A. RDS. HORA-
ENERO 20 NE/N 20 HPS, - 1300/1600 -
FEBRERC 02 NE 20 RDS. 1400/1700
MARZO 16 - NE/E 16 NDS. 1300/1400
APRIL SE CORTAN LOS CABLES DE ALIMENTACION
MAYO SIGE MALA LA LINEA DE ALIMENTACLON DEL FARD
JUNIO SE CAMBIA LA LINEA DE ALIMENTACION COMPLETA. N
JULIG 23 . E. 20 . DS, 1500/190G
AGOSTO 12 W, 80 NS, U300 /0345
SEPT, 13 CORTAN LOS CABLES DE CHILECTRA ALIMENTACIO oo :
OCTURRE 23 S <18 - HDS 120671600
NOVEEMBRE 26 Hy 19 NS, 0904/ 2000
. ' DICIEMBRE 19 s9 20 NDS. 1000/1200
ARO 1983
MES 1A DIREC. FIA NN, HORA
ENERO 13 s 20 wps, 160071800
FEBRERO 18 NW 18 Hps, 140071 700
MARZO 17 WSH 14 ups, 1100 /1400
ABRIL 28 5/84 16 HDS. 1506/1600
o, 18/19 - 0 wws.  1500/2000
JUNIO 20 e 30 wps. 0200/0400,
NORTE 60 NDS. 100071 H0
. JULIO 06 Ry 60 NbS 150071900
 AGOSTO . 19 BN W0 e e
ACOSTO ] NDS, 04070806
yitundis 12 4 30 Hs 100071200
'SEPT. 2: W/ K 18 ;. 1160/171
"GUTUBRE - - - * NpS. 1180/1 100
NOVIEMBRE ~ - - B N
DICIEMRRE - - - -



~westerly, but strong winds from the north to northwest are the most

important in formation of extremely high waves.

1ii) Fog _ _
. At yalparaiso, Ffog days with visibility lesa.than 1100 yds are most
Freduent {about. 6 'days per mdnth) in Aprilf'and .May and ieast
Frequent (botwuen 1 and 2 days) in Novomber and December, Table

1I-2-% ummar;zes thc frequency of fog at the port of Valparaiso,

Table I1-2-5 Average Frequency of Fog (Number of Days) at Valparaiso

Month Jan, Feb.Mgr.Apr.May Jun,|July| Aug.| Sep. oct . Nov.| Dec.| Total

——— USSP RV SRS VST SO e e

No. of days with] = > . : _
visibility less 23 314 |6 16 | 4 i 2 2 3 3 1 i 37
than 1100 yds : : '

Source: . South America Pliot

h) . Sea Cbhditions:f
(1) Offshore Wéves
i) Wave Data _
Table T1-2-6 summarizes the wave data for a 19 year period recorded
offshore of Valpéraiso where the water depth is approximately 100
m. Thc f?équency of northwestérly waves ié 1333 than the actual
freqﬁenéy due ‘to the éffects of Punta Craumilla and Punta Angeles;
Waves up to i.5 m high'cqnstitute.glﬁ of all waves and waves of a
.0 - 16.0 second period-compriée 85.1%. Although wave periods are
_widely-diStributed; they are cenfered in thé range of 8.0 - 10.0
sec, _ S , ' . _
The offéhéf& high waves which affect the port of Valparaiso are
' pfincipaily-gehévated by the nprthebly to northweéterly winds due

Lo the shelter of Punta Angeles.

ii) Hindcnsting of Offshore Waves _
" 'Phe maximum offéhorclwavoé at the port of Valparaiso are hindcast
using  the PélatiOnship between'the_fetch*and cdntinuation time of

" wind blow by wilson's'diagrém for the period from 1980 to 1983

._‘63\.,
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hased on Table TT-2-4.

'B@ﬁéd on Table IIw2~6, the maximumn wave height with respect of the
'ﬂéﬁurh-period is'deﬁerminéd on Gumbel extreme probalility paper as
showrt in Pig. Ilm2~6.':1t is éhown that waves of 9.2 m in height
may - occur ornice in 50 years. : The wave period of the maximum wave
can be cohsidefed'tb be 11.0 sec, from'thc wind data at Valparaiso.
“The design waves for the port facilities at Valparaiso are goverﬁed
by those {rom the north ”to north-northwest, The waves are
Pefructéd ahdudiffractéd.as they approach the shore. Fig. I1-2-7
indicates the wave UYrefraction and diffraction in the case of

norhterly and north-northwesterly waves of 11.0 sec. period.

Valparaiso
Fladutan : Entiaa Probabilily Pases ' Fletarn
Virinly T pariod
¥y [Fix) Yy}
8-
1w 41003
938 =4 B0
&
031
995 4 2
5] we1
P : o 4 100
#1750 ' _ : {s
870 1w
3] 250 4 20
9w
500 0
T
B 5
14 2
&0
BO% 4z
I
% Rt
300
avg
50
L1113
2]
3. S N s i A Y B |} L. £
L] ] 1] H g 8 EIEa tbE 2

»
Wave Haight im}

" Fig. 1626 Max. Wave Height and Return Period at Valparaiso



“ Wave Height™ . Hp=92m .
- Wave Period ~ Ty =11 sac -
Diffraction Coeflicient. Kp = 0.94
Refraction Coefficient” K, = 0.89
Sigaiticant Wave Height Hy = 7.7m

Wave Height  Hy =82 m '

Wave Pariod To= 11sec

Diffraction Coefficient  Kp, + 0,84

* Refraction Cosfficient K, = 0.88
Significant Wave Height Hp=88m -

| (2) N.NW. T=11 sec )
- Fig. I1-2-7 Wave Refs‘action and Diffraction Diagrmﬁ at Valparaiéo |
e L R



(1) Tide Levels

The datum and tide levelq For the port are summarized as follows
based on the Tide Table, 1) _
- Nighest High Water ' + 2,07 m

{recorded in'1958 at Valparaiso)

. = Mean 1ligh Waterp + 1.90
- Mean Water + 0,91
- Mean Low Water + 0.15
- Lowest Low Water _ o+ 0,00

(port'datum ol tide table)

(iii) Current

Accodingiy to available data, the current movements outside Lhe

port area vary in directioﬁ:by location and time bul are generally

in line with the shopeliﬁe at a veloclity of 0,10 - 0.25 knots; al-

"though they'afe iargoly related Lo waves, tides, winds and offshore

currents,
Fig. 1T-2- 8 shows the current observétibn carried out at two

locatlons for'Lhe current meter survey and three locations for the

'F;oat trhcklng dur1ng-Lhe_27th to 29Lh October, 1985. The obser-~

“vation was'mode'during the spring tides of the port. The observa-

tion by'cﬂrrent meter with automatic recorder was performed in two
layers near the wator'surfacé and the sea bottom for a period of 25
hours Lontlnuously

Fig, I1-2- 9 show notherly and easterly vuloo1ty components of the

-

chfbont observod_at 3 m water depth at StaLlOﬂ 1 and 3 respecti-

_vely; The.wosterly and southerly .components are dominant during
flood tide while the easterly and northerly components are stronger

. during ebb - tide. Tie current is not so strong, being 23 cwm/s (0.45

knots) and 15 Cm/s (0;29 knots) maximum, at location 1 and 3

'rcspcétivély, The surface flows are stronger in the port area as

oombared with those néar:thé sea bottom,
On the other. hand, tho'fésultq’of the current abservation by float
tracking ohow Lhat northeaoLerly current at a velocity of 0.11 -

0.34 knots is remarkablo ab - station l durlng ebb tide while

1) Source: Lnsitlhule Hldvograflco de la Armada-Chile, Tables de Mareas

de la Costa de Chile 1985



[N

stations 2 and 3 show a trend of northerly to casterly current at a
velocity of approx. 0.10 - 0.30 knots, The dii‘f‘ercﬁxce'_-with-L}_he
results by current meler obscrvation-may be due to the stronger
effects of diurnal winds and waves which generally intensify ‘the

floot movement toward the shore.

N

ESTACION1 .
CORRENTOMETRO
CURRENT METER

ESTACION 2
CORRENTOMETRO

CURRENT METER

0

ESTACION 3.

O CORRENTOMETRO. 1N |
" CURRENT METER ~ '

. -;g.f;.ggu"".'-%w

Fig. 11:2-8 Location of Current Observation at Vaiparéiso
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5)

features that 1ndlcate a typlcal regre851ve coast.

‘ments, the cliff and the deep va]lny

Geolopical and Stibs 011 Condi tions

{i) Geological Features Surroundlng Lhe Pov

Fig. II-2- 10 is a geological map. of the Valpavalso Aone Vﬂlpaviso

area 1is gener11ly characterized by topo PdphlL
The remarkabLo

and its adjacent

1eaLurce are the marlne abra81on Levrace and its: &ed1*
The c¢liff along the Coastllne

geological

is'partly interrupted by the marine deposits formin?.snnd beaches.."

The present coastal area of Valparalso city and most of the va]ley

bellnd Lhe'arban area 1is developed upon marine 5dnd depOblts and
art1f1c1al £fi1l. These marine dep0815s are supposod to - be. the

sedlments of the quarternary to the preuenf The céastal depositsf

at Valparalso city are emb?aced by the lamc]lar dmphlbole of the

Precambrian. “In the western zone of Valparaloo granltlc gralse of
the Precambrian and granite of blOtlLe of thL Paleozoic are w1delv
extended' up to the Marga-Marga faulL running northwester]br to
Vind-del-mar which is developbd upon mafine__and fluvial sand-

deposits.

Mo armrmy
q_,/._
_"/

2
L
M

b
L1 b
RERRANS
ol {4 1

YALPAAMISG

LEYENDA. ‘ ' E SIMBOLOS

. . ) I Sedimenten 43 Mestate ) - K
CUAT_H_INARIO Gt Argags flurisian e Cvnltci-c
. : Qm  Arenss masings - .
A ) R ) . . l;urno 'l b'ui?mlm!o
T — )
[[[[[ﬂ]] _ PALEROICO SUPERICR {OP Granlto ds bisllie -:lrc:fﬁ:az:&:“ e
. \ : : Enquitlosidad /e
e ) O ) sstietitizactde verfiesl
s ] © JPCg Hals qranfiice
PRECAHBAICH ; o e

eC . Anlibolalw . v Lion
Eiqqmp; 1eAble urhong

Fig. 11- 2-10° Geological Map at Valparaiso

Source Instituto de invesugaclones Geolégicas, Edades Radiométricas de racas lntruswas :
y Metaméfficas de 1a Hoja Valparaiso — San Antonio (Boletin NO 28}
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- {ii) Geblogica1 and Subsoil Conditions of the Port

-~ Our bhoring works_ﬁith SPT and soil saipling werce exccuted at five

locations on land, principally up to the depth of 25m. The onland

- boring works were Suppléménted.by

water areca of the port adopting

the

g geological exploration on the

continuous sonic profiling

method,  The locations of the investigation are shown in Fig.

TT-2-11.

Geological formations in the'poft are of Valpéraiso are generally

classitied into the following three major strata.

Table 11-2-7.

Geelogy in the Port of Valpaféiso

Description

4-15m depth soft silty
deposit or medium dense
sands, marine Formation
and artificial filling

Geinbol Geological Subsoil _
ym Period Classification
Sl- Recent Sandy or
' Stage Silty Soil
'Quartéfnary _
Pleistocene | Sand or
Sz Stage Gravel
S — L . —
B - | Precambrian Rock

7-20m depth very dense
deposit, sediments from
the terraces by marine
formation

§

Lamelilar émphibole produced
by local metamorphism from

andesite lava

o

o e
b s s s X - <

L s R

REMARKS
_ o {BORING POWNT
+—a |SURYETLINE
[+ _iConTeaL POWT|

- Fig. 1-2-11 | L(i_C:iiiOﬂ uf Soil Investigation at the Port of Valparaiso
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The subsurface layer (5 ) is almost uniformly diStribuﬁed over the

whole area of the port, The layer deposits alb the water area of

the port are around S'm deep, but near the shoreline become thicker

up to 10 m deep in front oF_berths nos. 1 Lo 3 and Lhe Baron pier.
Rasically, this layer is'medium dense {'ine sand of more ov lésé'aol
N-value in SPT. o L

But, at the area around Bavon pier, the layer (Sl) is plassified
into vefy sofﬁ silty soils of about 5 m - deplh ae shown'in th¢
boring log of hole no.ui. Fig. [I 2-12 SHOWb the qubsdil profjle
obtained through. our boring -works upplumentcd with Lhose cdppled.
out by Difoccion de Obras_Portuarias, Nlnlbterlo de Obras Publicas.
Soft subsurface ciéys of considerable thickness are obéerved_in the'
water area between berths U to 6. | _ | _
The sand formatlon of dztlflclal fill is, located in the. SUbaUP[dCG '
layer (S ) at the land area, Sand or_gravel deposits (82) ex15t.
under the subsurface layer (S } in a rhickhess of 7_;-'20 m, ai—“
though its lower boundary wLih the rock’ formatlon (B) is hot 50
clearly indicated by thedrecordéd geo-sonar prof;les. _:; o
The 1§yer(52)-shows a high dggrée of hardness being not.lqss than
40 in N-value of SPT and is technically regarded te he a reliable
bearing stratum for pért facilities. _Tﬁis layer iS deeper at off--
shore areas, but is found at the depth of -10 m ét berthS'Nos._l to_:
3 (Br., 1 and'Z),.-B.S m at Br. 5 and -20.0.m at tﬁe water area df
the Baron.pier (Br. 4). | _ | L R
By boring works, the base rock fqrmétion (B} ié_foﬂnd.at.m16 m {Br,
1) and -17 m (Br. 2)Y. This base‘rock‘may be distribﬁtéd.ovef the
ofFshore area of the port in a qteep.sldpe of 1/10 %0 1/20'£ouards.
the offshore, altnough it lS not clearlv 1nd1cated in tho offshore‘
area partly due to the weak _reflecLlon pattern ahowed in the.
recorded profiles. ' | _ . ,.

Fig, 2-13 shows Lhe geologlcai pfofile .6F"the port drea by
SGCthﬂ: along the 1nvebL1gated llnes fOP..thé continuous sbni(
profiling. The boring logs Wlbh the results of - Lhe Laboratory tests
on ub501l samplee and PS5 proapectlng at boreholes Nos, 1 Lo 3 are
also shown in Plg Ii-2- 14 |
'_Dlsturbed backfllled sands Laken f'rom boreholes Nos. 1 and 2 were

used to the cycljﬂ traax1al tests of" thch rvsult& are shown in |
-Table 11-2-8. ' ' N |
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Soisrce: Our Boring Works supplemented with data from
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de Obras Publicas, Julic — 1986

Fig. 112-12 Subsoil Profiles at the Port of Valparaiso

SECTION B8

the report of “Proyecto fAeparacion ¥y Peposicion,
nicos’": Direccion de Obras Portuarias, Ministerio
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Table ¥1-2-8 Cycle Triaxial Test Result

Boriug.No; Number of Cycles Cycle'Stress Ratio|Relative Density Rewarks
NE REL Dy o
No.1 1140 0.141 50 e
32.0 0.211 50 o
33.0 o250 | so. | e
I o Y W e £ R
e i -
53.0 " 0.201 50 A
38.5 ©0.246- 50 A
ST 1ss 0,312 50 A
56.0 ©0.179 70 o |
31.0 0.246 700 1O -
7.5 T 0.424 0 o
No.2 8.0 0.15- 50 @ omit
| 3.0 0.37 50 @ Omit
4.0 0.20 50 A, Omit
2.5 0.30 1 50 A Omit |
31,5 0.20 70 o
19.5 0.30 0 | &
5.5 0.56 70 Oy

Re

1.0

0.5
0.4

0.3

0.2

0.1 - ! i - — - 1

Mo« 1.11 x Ng~0.44

9 : .
-5 ,
| \“AJ o1

A'-z .

2

5 10

Cycle Stress F_ia_tio vs. Number of Cycles




{3) “The Port of San Antonio

1) poograpﬁy _

Pig. IT~?¥15 shows bdn Anton]o port which is embraced at the north by
the hi]lby terrace of Co. Rl LenL1nela There is bdndy beach stretching
:bouth FPom Lhc port aud gontiy ujOde hills to the east,

San AnLonlo poBL is plotectgd_from the west by a breakwatef extended
to the horth. from the soﬁtherﬁ part of the sand beach. ‘The waber region
betweon the breakwaler and Punta_San Antonio forms Lhe mouth of the port,
which opéﬂs to the Pacifie Ocean to the northwesty,

The source of the sand ﬂQDDblLS in and arcund San Antonio port is the
Maipo Biver Lhat lies appr0x1mataly 2 km to the south of the port. The
Maipo river has a large discharge of sandy .sediment and the shoreline
.change eit the river nmhth is i@mafkable reaultlng in the formation of
lagoons as well as .the sandy bcach south of San Antonio,

'ing 'II 2-16 shows the topographic map of San Antonio port and its

hlnterland prepared by the team Lhrough the Field survey.

2} Seabed Topography |
| © Fig. 1I-2-17 shows cross sections of the seabed topography at San
Antonio'port 'The seabed topography shows deéps about 50 w in depth and
250 m w1dc runnlﬂg east to west at the north of the port. The deeps reach
. a waLer depth of around 110 m . offshore of the port with..the depth’
inéreasing toﬁards the weqt' At approx. 1.5 km from the mouth of the pori
Lhe leECLlOH of the deeps changes to the north to pass by Punta Panul
locateéd 2 kin away Lo the north of San Antonio where the deeps then fall
into the deeps rﬁnning along the coast of Chile,

. The outhcrn water area 1nglde the port is shallow with a depth of not
: more=tﬁan 10 m, with part of the water area showlng a sandy beach. This
sandy behch‘is assumed to have been fO?ﬁed by aceretion of littoral draft

sand before the construction of the breakwater,
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. Fig. 11216 To.pogr.aphic. Suw’ey Map of the Port of Vaiparhim_ .
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Fig. 11-2-17 Seabed Cross Sections at San Antonio Port

Climate.

(i) Temperature and Rainfall

'Simila_r to Valparaiso, San’ Antonio is under the influence of the

Peru’ Current. The. climate at San Antonio is warm, having an
anpual mean  temperature of 13.2°C, an annual mean maximum of

16.5°C and an annual mean winimum of 9.2 C,

The monthly mean temperatures and rainfall are shown in Table
AL-2-9 and Fig., 1I-2-18. ‘The monthly mean: temperatures arve 10.2°C
minimum and 16.6°C e XA mum; the | temperature variation is very

small - only 6.41°C. Moreover, the monthly rainfalls are almost

the same as those at Valparaiso with the minimum of 1.0 mm falling

in January, and a total rainfall of 448.7 mm.

—_ ‘(;3



Table-IIl—2“9_ Monthlv Tempefatures'and-Rainfall
Jani|Feb.|Mar, | Apr . {May |Jun,lJul.[aug.|Sep.|cct. [Nov, Dac,
(&) : N K 3 | ]
Max. Temperature‘_ 13.0{19.6 §7}3 L7,5 16}3_14.7:16.1 14,3115.1115.9|17.1(18.6
: (°c) 1 _ o b
Mean Temperature |15,2|16.6|14.3/13.8/13.3{10,6/10.2/10.7[10.9]/11.9 14.0]15,1
Min. Tewperature {12,1 13.3110.8; 9.7110.1| 6.4 6.2 7.01 6.3} 7.6410,5{10.9
Rain fall (nm) 1.4] 5.4) 6.1}20.3]80.9112.398.0]71.0]24.4|14.7| a.4] 2.3]
Tﬂ:::p- Raihfalli.
. L Somm
30 — S
| Rainfali
. 20 4t e
. : . : - |
o Méan.Tem;i./‘lf/’k“‘\ : ._/
P - 10— : : : 50

g_mﬂﬂﬂjl Hﬂr'\:—- 0
JFMAMJJASUND.

I‘lg 11—2—18 Mean Temperatme and Ramfaii a! San Antonio

Source: Instltum Hydrograitco de ks Armada Ch:!e

(11} W1nds.

" The frequencv of wlnd leeCthﬂ in Table Ii-2-~ 10 aﬁd Fig. I1I- 2 19
cleary 1ndlcates that southwesterly w1nds are’ thc most common 1n
all months,.bpt the; occurrence is not ‘as large as at Valpdvaaso
In. the wiﬂter seéébh winds from d]PﬂCthﬂ? other than the north~‘
east and north occur at about ‘the same frequency. Ihe mean . wind

'velOC1ty liS”_around 5 tq 10 knots: —w1th the excnptlon “af
northeasterly w:nds and the southerly to southwooterly winds mhlch

. prevail throughout the. year ' _ _

 The maxlmum w1nd ve10c1ty observcd up to the prescnt is 28 knot&
uouthwesterly in- January, 1970 ‘The annual mean frcquency of'

-Eoccurrence of w1nds over 20 knotr ig 23 aays 1hc comparLaon wILh'.

'Valpafalso 1ndlcdteb relatlvely-,wgdk-.windb 'at ‘San - Antonlo)

e G o



.ﬁfGSQmably because of the further iniand location,

Ailfﬁhe-wind data so Tar umntioﬁed were observed at the inland
_station.. Although no clenr-relationéhip between the inland and
‘.seaLWind pattorn 1s obtainable due to the lack of coastal winds,

“the wind,velocities over the sea would be at least 1.5 times those

inland,
.' Fable 11-2- 10 Wlnd Data at San Antonio
MowTH | N | NE B SE s | sw Wl o Calm
o ' PR - — :
,knl.r;?w__milﬁﬁ_wuj;:i_qfw}lé S'BVA_W}S'S 4;;3¥inn__ﬂlglih, 19'%__m.li;ﬁ__
A58 IR PSS NN W Rt R 1 S M 78 | ]
AN B RECH BEHA N INUEE B XS RS IR A TR
SRR 3 112 10 0| 7 5
R 3.2 | 4.57110.7 | 11.0 | 235 | 11.4 | 12.5 | 18.5
L I S R 9 7 7
(o 35 20| 35| 84| 105 181 | 9.4 146 | 30,0 |
it I TN T T AT BT A I T
7.6 1 3.2 | 3.9 | 0.7 15.0 | 13.9 | 10.4 ) 12.1 ] 23.2 |
Hay 0t |8 | 9 10 | 10 8 7o
uns ;P:wg__{:_fmw_iws__ 12.3 | 12.7 | 14,9 | 104 | 11.2 | 17.9
v | 8 4 8 g | 10 | 10 8 7
o Io | 72 25 | s | i2.2 | 147 | 8.6 | 12.9 | 25
A TR B Y R N N T IS 8 | 6 | 8 | 1 |
o 3s ]2 |2 e s | e | 127 | 02 | 20,7
P YT T e 7 [0 | s | 7 | o
vl 28 20| 35| 99 92| 215 | 134 | 10.2 | 27.5 |
S I VR R S I T AT 7 Lo | ]
| 225 139 106 | 160 | 346 | 6.1 | 3.9 | 19.3
e T s s T e T s 6 ]
o | 53| 18 | w2 s | 140 | 209 | 16 | 155 | 19.0 |
vy s T W T e T s o |
 p | 25| 1.8 | 18| 2.2 | 219 [ 305 | 1356 | 16.8 | 10.0
Peee v e s s e |10 | w0 | s 8

D: Irequency (%) of wind dlecthﬂ
Ve Mean veloczry (knots)

Total Ob&L}VQL}Oan{ 3332 (about three years)
Soutde: InStituto Hydloglafigo_dt ia A;mada Chile

__..95_;
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Sea Conditions
(i) Ofrshore Waves

- Extremely high waves at San Antonlo are those from the northwest

to the southwest. San Antonio port is located approximately 50 km

from Valparaiso but the off'shore wave data at Valparaiso can be

- used practically in the case of northuesterly waves. Because of

the lack of statistical data on southwesterly waves, the weather
charts of tvhe southern hemisphere arve used to hindeast Lhe

offshore waves at the port of San Antonio.

“The weather charts used for the off'shore wave hindcasting are for

“a period of 12 #0&?5: in 1970 and from 1972 to 1982. The wave

hlndCH“Llﬂg is niade by adoptlng the relationship beLween the fetch

'and the conLJnuatlon time of ulnd blow and/or by using Wilson' 5
method. - The lqndcast; waves are plotted on Gumbel extreme

probability paper as shown in Fig. 11-2-20, waves 11.2 m high or

§f 15,2 sec.period_erm the WSH—SW will probably occur once in'50
years, . | .

The we$t4$0uthﬁesterly and northwesterly wave refraction diégrams
are drawn .as shown in Fig. 11—2—21, According to these diagrams,

design wave hights for the San Antonio breakwater are calculated

" as follows

@  Waves of WSW, H1/3 =11.2m, T = 15.0 scc
~ Design wave height HO' = Krl x Kr2 x H 1/3
' 0.93 x 0.65 x 11.2

6.7 m

1l

1f

where . Krl: vrefraction coefficient to the water depth
of 40 m _
Kr2: ditto, but from the 30 m waber depth

@ Waves of NW, H1/3 = 9.2 m, T = 11.0 sec
Kt » Ko x H 1/3
0.65 x 0.88 x 9.2

"

Design wave height Ho'

i

= 5.3 m
where Kr: refraction coefficient

Ko: = diffraction coefficient
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Fig. 112-20 Max. Wave Height and Return Périod at San Antonio

(ii) Tide Levels o _
The  datum and tide levels for the port of Valparaisc are also
adopted for thé port of San Antonio as follows.

~ Hean High_&ater +

- Mean_Waﬁer + 0.91
- Mean Low watcr | + 0,15
- Loﬁest Low Water - + 0.00

{Port datum'of'tide tab1e)

— 1005

1.80



_ (2) Wave Direction NW Period 11. 0'sec. .

Flg 11-2-21 Ware Refr'\cnon Dlagram at San Antomo
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(iii)

Current . _ _

The current obée]‘?va_tion was pabi‘.o_rme.d_ uging a curvent 'nie.tc;.‘__aind_
float tracking'nf the locations it:l. the 'p‘dft"'hs sh’.{)wh in Iﬁig'.
11-2-22, The'obsefvation‘was made during Sﬁviﬁg tidés Trom Qct .

31 to Nov. 2, 1985, The current meter was sot 1n tw0'dépths 6f

: water;'B'm beneath the Sur?ace'and_S m above the sea bed This

obsei?vat:i.os_\'was_ _cohtinousiy cmn-ied out- fop 8_ hours

Fig. 1I-2-23 shows the horthéfly and easterly component of the
cu’rrent_velbcity at 3 m water depth ot‘:_loézitzizi.on_s 1 and 3..' '1‘}1.(-:
resuits éhow a'variablé flow in directioﬁ' But no apphrént-rela~
L]OIlShlp between the current and tide was observed. Thisg nny be

due to the stronger 1nf‘luence of ‘wlnd“ and longshore current_

‘induced by waves to the_shorellne around the. port 1t is also

noted that the dﬁfféfence of the éurrent ve3001ty recordéd.is_ndt’
so great between the burface flow and the seabud _

The results of fha float tracklng show a complcx movemcnt gl ‘the
current inside the harbour- and ‘no CleP.Peldtlonuhlp_Wan th
tidal varlatlons is obtained. The maximum veloéity of Flows are

0.15 knots at locatlon 1, 0.25% knots 4t logatlon 2 and 0.48 knota

at 1dcétion 3.

’ : T Etacion ¥ ;
. . CeonprnTouzTRe -
EITACHMN 2 cUARENT VEIER - ] o
Scoamenrouvin BAN ANIONO
CURRENT MLTEA C T ke
SR TV . ; -

wﬂn:mwum__. X
&_ :
L]

/<>

an 15-2-22 Locatmn of Current Observatlon :
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5) Geological and Subsoil Conditions

(i

} Geological Features Surrounding‘fhé'Port' .
' Fig. Ii»2~211_shows the :geologi'cal_'ineip in t}_ie vi:.c‘:::i.ni't;y of - San _mii;c_j_ 7:
nio. The geological feaﬁures'ét_the porg OFISdn.Anthioﬁreflect
the topography of its‘viéinity.' Tﬁe'dee?s_running-eaét ﬁo“weét at'
the north of the poft indicate _th.e clc.)n'c.z'we_ along the’ ge'ol:ogic'all,'
fault, ' ., _' . ' ;
Co. El Centinela at_ﬁhe,néfth”of'the-pbrt_is a 180 mfhigh hill:
poééibly of‘ﬁm&ﬁtérﬁary chk.J In cdntrast'wiﬁh_the ﬁorth, the
co’éé-tjal area south of the port is mainly“f’lat,: énd a'l"l(wi_al dép_o—
'sits_are obséfvéd up to the month of.the Naipp.river and along the
riVQP‘banks.- Rock terraces of‘Quarternary ahd'Palcdzoid ages éve-

located extensively behind the port zone,

h!: Depdsitos aluviates v durds ' i B FOMACION. GUINTAY {Basasnent Metamorticol i;!ihcimlmeme
Qo Hemanégntes de terrazas con # sin cublerta depositos de terrazes . - anfibolitas y goaizes S e X T
TTm: Rocas sedimentarias mafinas. Incluye Forinacidn Navidad Pri: | BATOLITO DE LA ‘CO_ST;A Principatmente giangdioritarita;
. {Mioceno] v estratos dal Pliecenn . . : -+ tambled tonalita y adamalita o - )
,‘,\Y’.' a:_m.uot
ARTAGENS AT
FNTA VENA ao i
FH) \
. RNE T
) 6:’;.‘.',' '
«
1
PV S, \-.-' ’
- A g
O Rt :E}
ST Y R

F.ig-, 1-2-24 Géol(;)éi_;:al‘ﬁi'ap‘of San Antonio ahd'i_tjs Yiéi_ni_tjz n

Source: Institute de |nvestigationes Ge@l’égicas-chile, Maps Geologico de Ja Héj_n \_lal,':a:faisd-s_;:'n_l\nfonio
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" (ii) Subsoil Conditions
rThe_ohflgnd boring works supplemented by geological exploration at
the Water'aréa ol Lhe port.wéré Cérfied oul, at locations.shown in
Fig., 11-2-25. | |
'Fig. TI—?~26 shows Lhé Ouhéoil profile at the port of San Antonio
bbtained through - the borlng works which were carried out by the

Chilean Government. lhe gcologlca] formation in the porL area of

San Antonio can bhe summarized as follows,

Table_11~2mll Geology of the San Antonio Area

L ' Geological ~ Subsoil

Symbol X ipti

ym © Period o - Classification _ bescraption
S.' ' - " - ' Siity or .

1 SN o ‘ . Clayey Soil :
i U e _ Marine or alluvial

g Quarternary Sand ‘and sediments of 3 - 15m
2 . to the Recent Gravel depth for (S ) and not less
_ . : than 7m for
Bl S Quafternary or
: _ ' no data

B, {- Paleozoic 1 —_— |

The. subsurface layer (5 } is uniformly distributed ¢ver the port
_area and CORblStS of flne sand dep081ts at the upper layer and -
clayey deposils at the lower 1dyer The 1ower clayey SOll with a
';thjnner' sandy laycr 1s domlnant at the onshore side of the port as
qhown 1n the borlng logs of Br. Nos. 3 and 4, while the upper
'bandy g0il with a thlnner clayey layer is notable at the of:shore
-j”31de neay Lhe bre akwaLer as shown:in Br. Nos. 1 and 2. The upper
‘1sandu of 20 N value in SPT are deemed to be sedlments of littoral
“sand drift from. the Maipo river. The 1ower ‘clayey layer is hard,
_ hav1ng an’ N-value in b?T‘ of 13 to 20. The thickness of this
clayey 1aver is around 10 m-at Br No.
'The gecond layer (@2) is very dcnsc sand or gravel Technically,
this stratum is “regarded as the bearing layeL for ‘structural

foundations. for poft facilities due to its hardness of not:less
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than B0 N-value., The layer was found at the depth of apppok.-flg
m. at Br,. 1 and 2, =24 m at Br. 3 and =16 m at Br. 4. - ‘The upper

boundary ‘with the 5. layer varies by location, indicating marine

1
abrasion in Lhe past, _ _
Tha Jlayers Bl and B? are not explored by the boring: work. Thé

 reflection pattern of the B, layer shows a slant and discommected

bouhdafy. '1‘1118 indicates'i‘.%}e p’resenco of faults. The presence of
these Faults were observed in survey lines 3 tc_)'fG. These f&zui&.ts
run east to.west E_il'ong t‘ile deeps intruding into the onshore area
of the pOI.'t;f Bo'th. Bl a.nd B2 1z:1ye}:'s are .consid:éredf very -hard
“strata due to a weak reflection in the z'écdrded profiles..

Fig. It-2-27 show the .Subsoil 'pr"o'f‘.i'les of the port of San
_An'ténib bbtaiﬁed*:by the geological exp'].bvatién.' The boring logs
with the regults of :lébéfato;‘y_tests on subsoil samples. and PS
”p'rospecting at béi’eho:lé's Nos, ‘1 to 3 are s_h'.c\-.r.n 3'.'n. Fig., 1r-2-28. .

Distuvbed'_'b._a_dk"f‘iileﬁi sands taken from borcholes Nos, . 1 to 3
were used to the cyeclic i:riaxialj"test:s':. The test presulls are

‘shown in Tableé II-2-12.

MARK
BORING FOINT
SURVEY LINE
1 conTrn, POINT

| F.ig. Ii~2;25 - Location of Soil Investigation at the i"mft__'(')__f: San Antonio
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~10.0~ o pen I S~ R

i

i

=T
]
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~30.01- 9

Subsoil Prt_;file atong A-A Line

POZA GRANDE

AN

Location of Boring Wnﬂ(_é

‘Source: Proyecto Reparacidn ¥ Hé'posig:ion Puerto de San Antonio — X parte
Sondeds Geotecnicos Valumen 1; Direccion de Obras Portuarias,
Ministeric de Qbiras _Pub!icas, Abril — 1986

Fig. 11-2-26  Subsoil Condigtions at the Port of San Antonio
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 Table 11-2-12 Cycle Triaxial Test Result

Boring .No.

No.1

: .No.?.

 Number of Cyele | Cyele Stresé-R_atio Rélative'Density'.
Ne RE Dr . Remarks
B O S S S e L.;, ,,,,,,,,,, N
6L.0 0.14 50 &, :
| 21,0 0.20 W 50 | @ |
1.0 0,25 50 A, Omit
6.5 0.25 65 A,
1.0 0,31 68 Oy Omit
0.5 0.42 68 O, Omit
78.0 0.15 50 @,
4.5 . 0,37 50 ®,
96.5 0.25 50 A,
| O e :__Tvi,,—.,, ,.‘H,Au-,,.U.._kf,...‘L,,._.,A__.‘,..&_L;_.,._,A__,.__ e —
12.0 0131 50 A,
18.5 0,23 68 O
14.5 0.30. 68 O
4.0 0.40 65 O
14,0 0.15 50 @,
S — v T — — b . — s ———— . e — S — - ]
2,0 0.37 50 @,
5.0 0.25 1 50 A
5.0 0.30 50 A,
13.5 | 0.20 67 Oy
6.0 0.30 60 O
1.0 0.40 67 O, Omit

R = 0.46 x Ni-0.28
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