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APPENDIX B BATHYMETRIC AND SEISMIC PROFILING SURVEYS

B.1  Introduction

Appendix B covers the bathymetric, seismic and topographic surveys work carried ount
by the JICA Study Team as part of the work for the proposed Port Reactivation Project
in La Unién Province of the Republic of El Salvador.

The main componcnts of the work consisted of a survey of the proposed Reclamation
and Turning Basin of the Cutuco Port area, a survey of the channel which will be
dredged to provide access to the new port, and a survey of the Anchorage Area in the
approaches to the port. The scope of work included the following:

= Establishment of onshore DGPS Céntrol stations at the site;
. Estabhshment of tide recording stations;
» Marine survey at Cutuco in.the Reclamatlon and Turning Basin over an area 1.2
. kilometers by 1.0 kifometers; _
. M_armc survey of the approach channel over an area 18.0 kilometers by 0.4

kilometers; | .

* Maritie survey of the anchorage arca, 3.4 kilometers by 1.8 kilometers;

s Topographic survey of the shoreline in the Reclamation area;

*  The marine survey operations included:
- Positioniﬁg using DGPS |
- Tidal dbsewatjons ,
- Echo._sdunding

- Sub bottom proﬁli'ng

15.2 _ Survey Equlpment :
' The following equipment was utilised during the course of the survey:
Navigation software -
| Survey computers and printers
3 No Aanderaa WLR7 tide gauges
' Trlmble 4000 RL DGPS base station + Satel telemctry links
: Serccl NR103 DGPS receiver
' Odbm dual frequency echo sounder
Sub bottom profiling sys(cnﬁ comprising :

234 power pack
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B3

B.4
B.4.1

Boomer seismic source
" Multi-element hydrophone

Octopus 360 sub-bottom processor

rDowty 3710 thermal line scan recorder

Leica Kmematu, GPS lop();_,raphl(, smvey system ‘

ackup sparc units for most of the survey systems were shlpped 0 El balvador and

'transported by the survey team to the site.

Survey Vessel

An aluminum hu]ied motor patrol boat belongmg to the El Salvador Navy was

chariered for the survey works, The vessel dlmensmns were as follows:

Length - 8.0m

" Beam 3.0m
Draught =~ L 6m _ '

The vessel was called “PCl” and was one of a range of identical Vessels operated by
the Navy from thelr base at La Uni6n. '

Survey Procedure

Hor;znntal Lontml

"~ Several dlffercnt grid systems are currently in use in Bl Salvador These are:

1)  Local Coordinates : Bl Salvador Grid (metric) _

The El Salvador Grid is a Lambest Conformal Conic pmjéction based on the
NAD 27 Geodetic Datum. ThlS system is used for all Natlonal mapping.

2) NAD 27 Geographlc Sysiem

North American Datum 1927, based on the Clarke sphermd of 1880 (NADZ7).
It is used to depict Latitude and Longitude on ihe National Charts.

3) NAD27 UTM System

The metric UTM (Universal I‘ransverse Mercator)’ grxd based on NAD27 is
shown on some of the newer Charts.

y 4y - WGS 84 Geographic System

World Geodetic System 1984 (WGS84) geographic is used to depict Latitude
and Longitude on United States versions of the Charts.
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5)

WGS 84 UTM System

The metric UTM grid bascd on WGS84 is commonly used where GPS is used
for positioning.

It has the following parameters:

Falsc Northing S © 295809.184m
Falsc Basting | 500000.000m
Longitude of the Centre of Projection : T w
Latitude of the Origin of Projection - 13°47° N
Latitude of ihe Sou'th'cm Standard Parallel . | 13°19’ N
Latitude of the Northern Standard Parallel ~ 14°15°' N

~ Survey planning, horizontal control of the sun:ecy and presentation of the results

have all been carried oul using the tollowmg geodetic parameters:

Elhpsmd _ ' _ - WGS84
Datum - ‘ o ' ' WGS84
Projeotioh | UTM Zonc 17 (central meridian 87°W)

Coastal details for the site (ngh Water Line and Outline of Breakwaiers ctc.)

were digitized from the Ei Saiva_dor topographlc map for Conchagua (Ref
HOJA 2655 1V} at a scale of 1:50,000. Survey boundarics were scaled from the

drawings in the Tender Document, This process involved a conversion from the

El Salvador Datum to UTM coordmates on the WGS84 spher(nd

A pnmary grld of control points was estabhshed in the area by the national

Su;vey Department in the 1930s. These points were marked by small concrete
monuments with metal pins. For previous topographic survey work at Cutuco,
a conlrol pomt at Punta Gorda was used as the main refercnce. From this poxnt
:,econdary pomts were established around the site area. Of these, point 27A was

a selccted as being useful for control, since it is visible from Cutuco Jetty. Both

the Punta Gorda Trig pomt and point 27A are surrounded by trees which cause

some obstruotlon_ to signals from the GPS satellites, but no unobstructed control
poinis were available. '

The posghons for the control pomts togcthe,r with coordinate valucs were
prov;ded by CEPA on site. Datum shift paramcters were available for the El
Satvador Gnd for the WGS84 sphermd and for the NAD 27 (North American
Datum) system_ It was therefore possnble to convert posm_ons recorded in
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. East of the calculated UTM coordmates

~ calibration:

" establishced on the llghthouse at Punta El Chlqumn

WGS84/UTM to the altorha_liﬁe Grids.

- A DGPS base station was established on the end of the shed on Cutuco Jcﬂy

The Sercel NR103
receiver was set up over the control (trig) point at Punta Gorda, and positions
were recorded over the pcrlod of 30 minutes. This logged data of WGS84 UTM
posmon was then averaged and compdrcd with the calculated UTM coordmates |

prior to carrying oul marine survey operations on the site.

for the point. The observed vilues gave a position 12.48 m North and 4.74 m
This position offset was entered into
the Trimble 4000 RL D_GPS base station, to ensure that surveyed posmons

matched with map features. The following results were obtained for this |

Calcu]flted Position, from glvcn Punta Gorda Trig Coordmatcs

WGS84 UTM . 411 560. 84E 1 473 151.89N

Observed Positioh'(Avcragc) after applymg base std‘uon shiﬁ

WGS84 UT™M 411 560 95E, 1,473, 151. 85N

For work in the offshore approach charmel a second base alatlon was
The coordmates of this
point were established by setting up the Sercel NR103 recelver at this ]ocahon
and recordmg positions over a penod of 30 mlnutes ' ‘ :

On completion of the survey work, the Sercel NR103 recoivcr' was set up over a
point on Cutuco jetty, and positions were recorded over the period of 30 minutes.
The coordinales of this point were determined by kinematic GPS measurements

relative to conrol point 27A near Punta Gorda Jeity. -

The coordinates of the Base Stations were as follows:

CUTUCO PIER LT o
WGS84 Geographicals 13° 20,0315 N,87° 49, 2066 W
WGSS4UTM 411, 1838 14742029N
AD27 Geographicals 13° 19,9763’ N,87° 49.2055" W
AD27UTM 411,1842E  1,474,010.0 N
El Salvador Grid 6278301 B 2462072 N
CHIQUIRIN POINT R
WGSB4 Geographicals 13°17.4964° N.87° 46.7747' W
WGS84 UTM 4155589E 14695158 N
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- NAD27 Geographicals 13° 17.4411° N,87° 467737 W
NAD27UTM 4155593 - 14693229 N
El Salvador Grid | 632244.8 E 241644.8 N

'The Sercel NR103 DGPS receiver was irlstaf_led on the survey vessel and RTCM
Differential GPS signal corrections were received by VHF telemetry link from
the Trimble 4000 RL GPS receiver set up onshore at the Base Station.

Each_'day, the survey vessel was positioned alongside the jetly at Cutuco to

board personnel to measure the tide height, A position was recorded during

 cach landing, 10 monitor the stability and repeatability of the DGPS position.

An onboard: computer running a navigation sofiware was interfaced to the

' DGPS receiver. This enabled real-time display on the computer screen of the

survey vessel position together with the survey lines. The use of a second
monitor suitably positioned allowed the helmsman to sieer the vessel along the
required survey line. Survey vessel position was logged at a one second update

_rate Every 50 m along track the nav1gat10n bystem generated a fix mark oh the
' echo sounder and seismic profiler records.

. The site was burvcyEd using a line spacing of 25 m perpendicular o the center

line of the mam channels as defined in the tender documents. In the turning

‘circle area off Cutuco three cross ]mes separated by about 400 m were run
- roughly para]lel with the shore. The old center lines of the channels and newly

spec1f1ed center llnes were also survcyed

-~ 1In the.rcclamauon area, seismic survey lines were carried inshore as far as

considered safe by the survey vessel captain, bearing in mind that the seismic
equlpmen( ‘was bemg towed astem and turning room needed 1o be allowed.
Further inshore coverage was then obtained at ngh Water, with the echo-
sounder only deployed. The area of the beach was surveyed at low water using
a Lelca kmematlc GPS system

B 4. 2 Verhcal Contml

- Tides were recorded using three Aanderaa WLR7 automatzc tide gauges. Gauge No

1246 was installed on a chain suspended from the Jetty at Cutuco. This gauge acted as

the ¢ master for ]evel transfers and was leveled in to a local Bench Mark.

Callbratron readmgs of water ]evel were made at the start and end of each survey day

~ bytape measurements from the TBM to the water surface.

For the survey of the approaeh channel and anchorage area, addrtronal gauge

. deploymcnts were carried out to provide data bracketing the survey areas.

" APPENDICES -

B-5 APPENDIX B



DETAILED DESIGN ON PORT REACTIVATION FROJECT : -
IN LA UNION PROVINCE (JICA) FINAL REPORT

The approximetc positions of the deployments (WGS84UTM) Were_:

 Cutuco Jely 411,100E  1,474,200N
Zacatillo Island 416,800E  1,470,400N
Punta Chiquitin 415,560 1469,500N

Punta Las Mueludas  402,400E  1,455,800N

Deployment depths arc approximate and are in meters below NCD.

All gauges except the gange at Cutuco Jetly suffered from eprsodes of mtcrference as
follows: '

The gauge off Zacatillo Istand had onc buoy and attached float stolen, This did not

Y

affect the level of the gauge.

The gauge off 'Punta Chiduirfn had the dcployment rope stolen. It was subscquently
moved into deeper water. The level of the gauge was affected by these Cp]SOdCS

- The gauge off Punta Las Mueludds had the dep]oyment chain slolen The level of the .
gauge was affected by this eprsode

Tidal varialion relative to New Chart Datum was determined as foliows

»  The tide gauge data for all gauges proeessed usmg recent cahbratlon parameters
to give water depths, ' o

. Barometric data corrections were applied based on data recorded on a charl
barograph from 7" October to 25" October. This data was extrapolated back for

~ the period between 28" Septembcr and 7" October; |
e The water depths at Cutuco were compared with the observed water levels during -
* the survey;

= Tidal observations for Cutuco were reduced to New Chart Datum; :

= Tide records at the other gauge posluons were compared with the Cutuco data,
and were divided into segments with a common datum;

= For each scgment, Mean Sea Level was calculated and compared with the mean
Sea Level at Cutuco over the same period; :

= The relevant datum shift was then apphccl to cach segment to rcducc the data to

~ new Chart Datum;

= The sets of data were compared graphically and found 10 be in good ag'reement; '

= The data for Cutuco were sdbjected to harmonic Analysis to determine the Tidal
Constituents and Mean Sea Level; _

= Observed tides were compared with predicted tides to detcrmine the level of the
datum used for predictions.

The data from the gauge at Ct_ltueo were subjecied to Harmonic Adalys’is; Harmonic
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constituents and the Mean Sea Level over the perlod of deployment werce calculated,

A Bench Mark next to the old Port Police office, near the landfail of Cutuco Jetty, was

used as the vertical reference for the marine and topographic surveys. The level of this

Bench Mark was given as 4.1828m on the La Unién Datum, referred to as CNR
(Centro National de Registros), whiéh is a Mean Sea Level (MSL) datum.

The CNR Mean Sea level (MSL of CN R)'h_as been ste as average mean sca level of alf
Central America based on the survey carried out in 1960.

The Bench Mark is aléngside a building and could not be used diréctly for Kinematic
GPS measurements. A combination of raditional leveling (using a Topcon automatic
level) and Kincmatic GPS measurements was therefore used fo determinc the elevation
of a Temporary Bench Mark (TBM) for tide measurements adjacent lo the lide -gauge
location on Cutuco Jetty. ‘

During September and carly October, it was commissioned a set.o_f tide observations at
Cutuco Jeity. On the basis of harmonic analysis of this data, a new Chart Datum
(NCD) was defined by- the JICA Study Team as being 1.652 m below Mean Sea Level
at Cutuco (MSL Cutuco). It was determined that MSL Cutuco lies at 0.367 m above
MSLof CNR. a |

B43 Topagrapliic Survey

Aland topogfaphic survey of the beach between Cutuco Tetty énd the Punta Gorda.
fishing wharf was carried out using a Leica 530 Kinematic GPS system.

The Leica Reference Station was established on the end (south east cornér) of Cutuco
Jetty, and position readings were taken on point 27 A w1th a roving unit to tie
" measurements into the survey gnd Positions and levels of pomts along the shoreline
were then obtained at low water with the roving unit, in order to provide an overlap
with the marine survey data. Readings near the High Water line were sparse in places

due to the presence of ov'erhanging trees which reduced available satellite data.

B.44 Echo S()undi.ng '

E.cho sounding was carried out using an Odom survey echo sounder with a dual
frcqucncy transducer of 210 kHz and 33 kHz. The transduccr assembly was mounted
over the side of the survey vessel on a bracket secured 1o a deck cleat. The transducer
was established forward by a bracing rope. Data were recorded both electronically and
on a paper chart. '

Calibration of thc echo sounder record and dlgltlzed data was checked at the begmmng
~and end of the survey ‘day by the use of a bar check. The draft and speed of sound
settings were adjusted as required.
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B.45

B.5
B31

B.5.2

The ccho sounder was ()pn,rated in conjunction with the selsmlc profiling system at a
boat speed of approximatcly 4 knots.

Scismic l’roﬁling

- The seismic profiling system used for this work comprised a towed boomer sound

source, driven by a high voltage (4,000v) power pack triggcrcd by the line scan
rccorder and a towed multi- clement hydrophone

The boomer is a broad band seismic source offermg a good balance between resolution
and pmetmnon (generally a trade off - one decreases as the other mcrcases), and is the

most frequently used seismic tool for near shore surveys wherc it is common (o

' enc_ountcr very variable sediment types. - The boomer produues a broad range of

frequencies. Unwanted frequenc;ea (contammg noise caused by waves, ship's
movements, engines, pxopellerb) are rejected by passing the seismic mgnal collected by
the hydrophone through a band pass filter. The signal from thc tilter is processed by a
time varied gain signal processor prior to being recorded as a graphic trace of seabed
and sub-scabed reﬂeclmns on the 1hcrmal line scan rccordcr

The boomcr and hydrophone were towed from'the starboard and port stern quarters

Equlpment settings were generally as follows:

Trigger time ' 250 ms

Swéﬁp time : 80 ms
Delay time | _ O ms
Power output . 100 Joules
Band pass filler ' 330 Hz - 4200 Hz

These settings gave the recorder a depth scale of about 0 ~- 60 m.

Seismic data were recorded concurrently with echo sounding data.

" Survey Results

Survey Coverage | _ ‘
The realignments of the pj‘oposéd access channel during' the co'urse of the survey

necessitated extensions and infills of the survey coverage and lines are broken in
several areas due to this rcqu1rement Additional lines were also surveyed

Bathymetry

The values presented in the bathymetric maps are based on measurements along the
survey lines at nommal 10 m intervals, and the contour mterval is gﬁnerally 1m.
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"1t can be seen that a deep scour hollow between Zacatillo Island and the mainland,

- which reaches depths of up to 48m below datum, takes the scabed below the proposed
dredging datum over a considerable distance. Extensive dredging will be required both
at Cutuco and along the channel eastwards from here towards Zacatillo Island, Note
that the sounding records indicate the presence of occasional boulders on the scabced,
parliculaﬂy at the eastern end of this channel,

Within the scour hollow the seabed is uneven, as soft sediments have gencrally been
removed to expose an uneven rocky seabed,

The seabed in the approach channel south of the scour hollow and within the
anchorage aré_a is smboth, rising to a minimum depth of about 9.5 m.

B.53 Seismic Profiling
(1) Genex al |
The seismic data have been 1nterpreted as a soft sequence of sedimenits with a varied

depos;tlonal history ~overlying bedrock. Within the sedimentary sequence arc
\Vldcspread areas of seismic scattering (dtfﬁ‘actlons)

T_he s1tc is in an area of volcanic activity, and the Conchagua Volcano south of La
Uni6n is repérted to have last erupted in 1942. Eruptions during the accumulation of
sediments since the fast ice agé are eXpeéted to have introduced volcanic pyroclastic
| rocks and ash layers into the sedimentary sequence. Several of the echosounding and
seismic records show features on the seabed interpreted as large _bouiders. In these
circumstances, ‘bedrock’ is unlikcly' to be represented by a continuous horizon, and
could be perched in the sedimentary column if sufficient pyroclastic maieriaj has
accumulated. The approach adopted has therefore been to take the top of strong.
concentrations of diffractions as Reflector 2, on the basis that this highly Hregular _
surface represents the minimum depth at which bedrock is likely to be encountered. An
: uﬁcoﬁforrn_ity above this horizon in the Turning Basin and Inner Channel has been
 presented as Reﬂebtor 1. '

_Two phascs of marine gcotechnlcal mvcsngauon are relevant to the survay area.

Durmg 1977 10 boreholes were drlllcd into the seabed from the Cutuco Jeity. These
indicated a wzdespread blanket of organic sediments at the seabed, overlying sandy
and siliy horizons. Rock was encountered in two of the boreholes, at depths of 9 to 10
m below the seabed. Within the organic sediments SPTs generally produced N values
of S 1o 20 Whllﬂ in the undcr]ymg strata N values were typically in the range 50 to 100.

As part of the current ‘investigation, marine boreholes were drilled both in the
reclamation area and in the approach channel west of Zacatillo Island. The boreholes

- in the reclamation area lie in a zone of organic surface sediments which masked the
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eciémic data. These boreholes could therefore not be used directly for correlation of
the seismic data, Boreholes BS-21, BS-22 and BS-23 lay in decpcr waler along the
channel where seismic data were good.

Borehole | Latitude Longitude Findings
BS-21 13 200 |87° 48’ | 8 to 10 m of very soft silt (SPT 1)
06.3” N 525" W over sandy clay with gravel

BS-22 13° i9’ | 87° , 477 { 10 m of very soft silt
17.6” N 513" W .
BS-23 13° 18| 87° 46 | 10 m of very soft silt .
22.7” N 56.07 W :

CQmparison of the data from Boreholes BS-22 and BS-23 with the bathymetric and
- seismic data obtained shows discrepancies, in that:

* The seabed depths obtained by the survey were —7.4 m at Borehole BS-22 and 9.2
m at Borehole BS-23, differences of 4.1 and 3.1 m respectively. |

* The seismic data show bedding planes at shallow depth and ‘Reflector 2’ the
minimum depth to bedrock, at about 12.5m below Chart Datum. This is wﬁhm the
scquence indicated as soft scdlments with SPT values of 1 on the borehole records.

Adifference of water depth may have been measured by the drilling contmcto_r due to:

Sinkage ofa measuring weight into the scabed

Deflection of a measuring weight by strong currents
) Turhing Basin and Reclamatian Area

T_he seismic data obtained offshore were of good quality, but close inshore the seismic
eﬁergy was absorbed at or close to the seabed and penetration was severely restricted.
This area of data masking has been interpreted as a zone of organic'Sediments at the
seabed. This may be duc 1o recent sé\verage contamination from La Unién.

In the offshore area there is a well defined shallow reflector within the sedimentary
sequence. This reflector separates horizontal bcddmg planes from gently dipping
bedding planes. This reflector is referred to as Reflector 1, and marks an unconformity
within the recent sedimentary succession. Although the mgmficance of the
unconformity is not clear from the geotéchﬁical invt_asﬁgation, the level of this horizon
has been mapped. It is anticipated that the materials below the uncbnformity will
generally be more consolidated and have a more varied composition than the
sedimentary sequence above the unconformity.

A deeper, strong, well defined reflector has been identified on the c.)ffsho're‘parl of the
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site and is shown on the Drawings as Reflector 2. For the reasons discussed above it is
unlikely that this reflector represents a continuous geological horizon, But Refiector 2
lies below the dredging datum offshore of Cutuco Jetty. There is some scattering
within the sedimentary succession above Refleclor 2; this is likely to be due to a
variety ol -t_:auses. Several of the ccho sounding and seismic records inshore show
features on the seabed interpreted as large boulders, Thus aithough bedrock is below
the dredging datum, there is a possibility of encountering occasional boulders above
the dredging daturn.

3 Inner Channel

Along the inner channel, seismic data is masked along the southern edge of the survey
area, proliably due to contamination by sewcrage. Reflector 1 is generally well defined
but is of unknown geotechmcai significance, while Reflector 2 is highly irregular and
rises close io the seabed in places. Borcholes BS-22 and BS-23 lie at locations where
they were expected to intersect Reflector 2, but they failed to record anything except
extremely soft sediments. It does not scem likely ‘thaf the diffraction patterns on the
seismic records, which define the Reflcctor 2 surface, are entircly duc to organic
sediments. In particular, both the sounding and seismic records show features
interpreted as boulders andfor gravel beds at the seabed. These features Tie on a slight
ridge, strengthening the view that the seabed is firm in this arca. It may be that
-accumulations of granular material in the sediménts are not continuous, and that the .
boreholes happened to pass through soft sediments lying between patches of
gravel/boulders. It remains likely that gravel and/or boulder beds will be encountered
at shallow _depth during the dredging rbperation, and account should be taken of this in
seleciing dredging plan and procedures. | |

(4) Scour Channel

A scour channel between Punta Chiquirin and Zacatillo Island takes the sea bed to well
below the target dredging depth. In the deep’es.t part of the channel, the seabed is
irregular and sediments are generally absent. Strong currents and scour are to be
expected in this area.

5) Ou ter Channel and Anchorége

In the northern part of the outer channel there is a horizontal reflector just below the
seabed Thls reflector is underlain by material producmU sirong scismic diffractions,
" which largely prevents penetration of the seismic energy. This reflector (Reflector 2)is
over]-ain‘by soft sediments which are probably highly mobile during periods of wave
activity, and hence may well tend to refill any drédged channel. Below this horizon
there are occasional indications that the bedding is horizontal, It is interpreted that this

deeper material is part of the sedimentary succession, and that the scattering observed
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Is due lo either organic or volcanic sedimentary material, The clear sediment layer
thickens to around 8 m and is horizontally bedded, Near the end of the approach

~channel, seismic penctration is variable and the Reflector 2 -horizon is again h'ighly
irregular. It is not clear whether the reflector represé.nts the top of bedrock or simply
the upper limit of localised diffractions. 1t is however unlikely that rock will be
encountered above the dredging datum anywhere in the outer channel.

Photo B.5.1 shows the equipment used for seismic profiling survey. Figure B.5.1 to
B.5.4 arc samples of seismic data.

APPENDICES : B-12 APPENDIX B



el -d

Photo B.5.1  Seismic Profiling Equipment
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Figure B.5.3 Sample Seismic Profiling Output (B — B)
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Figure B.5.4 Sample Seismic Profiling Output (C — C)
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